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PAPERS AND SHORT REPORTS

Blood pressure and five year survival in the very old

KARI MATTILA, MATTI HAAVISTO, SULO RAJALA, RAUNO HEIKINHEIMO

Abstract

During 1977-8 we measured blood pressure in 561 old people
(83% of those aged 85 or more living in Tampere) and analysed
their five year survival according to their blood pressure group.
The subjects were divided into six groups on the basis of their
blood pressures (from <120 to >200 mm Hg systolic, from <70
to >110 diastolic). The greatest mortality was observed in
those in the lowest systolic and lowest diastolic groups. Mortality
was least in subjects with systolic pressures of 160 mm Hg or
more and diastolic pressures of 90 mm Hg or more.
The most essential finding in this series of the very old was an

increased mortality in the lowest blood pressure groups.

Introduction

On World Health Organisation criteria blood pressure is considered
to be increased when the systolic pressure is over 160 mm Hg and
the diastolic pressure over 95 mm Hg.'2 These levels may mark the
point at which medical treatment for high blood pressure should be
called for in the elderly.3
We were surprised to observe an inverse relation between both

systolic and diastolic blood pressures and the two year mortality in
people aged 85 years and older.4 We then discovered that others had
previously found that high blood pressure did not seem to increase
the risk of death in the elderly.59 Our observation also provoked
discussion about its possible causes and practical importance.1'12
The purpose of the five year follow up study reported here was to

confirm the observation and further analyse this phenomenon.
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Study population and methods

The target group in this study consisted of 674 people born in 1892 or
earlier and living in the city of Tampere in 1977. Out of the total cohort 561
people (83%) participated in the initial examination in 1977-8.'3 Their mean
age (standard deviation) was 88-4 (2 8) years, and 462 (82%) were women (fig
1). More than half the subjects (272) were living at home, 162 in old people's
homes, and 123 in hospital (4 not classified).

Blood pressures were measured by a physician (MH), after rest with the
subject sitting, by a mercury manometer with the cuffon the right arm. The
blood pressure of bedridden patients was measured in recumbent position.
The level of diastolic blood pressure was recorded at the fourth phase of
Korotkoff's sounds. 14 The subjects were divided into six groups according to
their level of systolic and diastolic blood pressure. The limits of systolic
blood pressure were 120, 140, 160, 180, and 200 mm Hg and those of
diastolic pressure 70, 80, 90, 100, and 110 mm Hg.
The criterion for arterial hypertension was hypertensive disease diagnosed

and treated by a physician or a diastolic blood pressure of 110mm Hg or over
in repeated measurements. The number of hypertensive subjects was 37
(6 6%). Only one new hypertensive patient was discovered.
The survival of the cohort was followed until 31 December 1982. Four of

the 561 subjects were lost to follow up. The survival rates and the relative
survival rates were estimated using a method which takes into account the
error caused by the heterogeneity in age and sex of the subjects to be followed
up.5 The Finnish population aged 85 years or over (1976-80) was used as a
normal population. With this method, if the survival of the group examined
corresponds to that in the normal population of the same sex and age
distribution the relative survival rate is 1. Values over 1 represent lower
mortality and values less than 1 higher mortality, and the more the value
deviates from 1 the greater is the divergence from average.
The significance of differences between blood pressure groups was

investigated by Student's t test. The statistical significance of the difference
between the two curves made up of relative survival rates was tested by a
likelihood ratio test. 16

Results

Blood pressure averaged 144/83 (18/11) mm Hg among men and 154/84
(25/13) mm Hg among women (systolic difference: t=3 77, df=558,
p<0-001; diastolic difference: t=0-71, df=558, p>0 05).
Those with low systolic and diastolic blood pressures were leaner and their

average blood glucose and serum cholesterol concentrations and packed cell
volumes were lower (table I). The proportion of hospital inpatients was
greatest in the lowest blood pressure groups and that of subjects at home was
greatest in the high blood pressure groups (tables II and III). The prevalence
of dementia was higher in the lowest systolic and diastolic groups than in the
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other groups (tables II and III). The proportion of people with hypertensive
disease was, of course, greatest in the highest blood pressure groups.

TABLE I-Correlations of age, body mass index, blood glucose and serum cholesterol
concentrations, and packed cell volume with systolic and diastolic blood pressure

Blood pressure

Mean (SD) Systolic Diastolic
(n=561) r r

Age (years) 88-4 (2 8) -0-17 -0 21
Body mass index (kg/m2) 23-4 (4-2) 0-27 0 31
Fasting blood glucose (mmol/l) 5 1 (1-5) 0-15 0-14
Serum cholesterol (mmol/l) 63 (1-4) 0-15 0-17
Packedcellvolume(%) 41 (4-3) 0-17 0-26

p<OOOl when r=0 14.

The increased survival of subjects in the highest blood pressure groups
was clear (table IV). The trend did not depend on place of residence. The
mortality was highest in the lowest systolic (fig 2) and in the lowest diastolic
(fig 3) blood pressure groups. The mortality was lowest in the groups with
systolic pressures of 160 mm Hg and over and with diastolic pressures of
90 mm Hg and over. The relative survival curve of subjects in the lowest
systolic blood pressure group was significantly different from the "normal"
140-159 mm Hg group curve (X2=18 9, df=5, p<0 001). The relative
survival curve of the lowest diastolic blood pressure group was significantly
different from the "normal" 80-89 mm Hg curve (X2=23-3, df=5,
p<O-OO1). The difference between the highest systolic curve (>200mm Hg)
and the "normal" 140-159 mm Hg curve was also significant (x2= 10-9,
df=4, p<005), whereas the difference between the highest diastolic curve
(>110 mm Hg) and the "normal" 80-89 mm Hg curve was not (X2=5-2,
df=5, p>0 05).
The five year survival rate of patients with hypertensive disease (59%) was

higher than that of others (28%). The average blood pressures of patients

TABLE iI-Place of treatment, diseases, and sex of the examined persons in systolic blood pressure
groups. Results are numbers (and percentages)

Systolic blood pressure (mm Hg)

<120 120-139 140-159 160-179 180-199 >200
(n=38) (n=91) (n= 178) (n= 163) (n=67) (n=20)

Place of treatment:
Home 7 (18) 25 (27) 87 (49) 95 (59) 43 (64) 15 (75)
Old people's home 12 (32) 27 (31) 54 (30) 49 (30) 17 (25) 3 (15)
Hospital 19 (50) 39 (43) 37 (21) 19 (12) 7 (10) 2 (10)

Diseases:
Dementia, confusion 26 (68) 39 (43) 53 (30) 35 (21) 14 (21) 4 (20)
Heart failure 18 (47) 51 (56) 84 (47) 77 (47) 34 (51) 10 (50)
Coronary heart disease 4 (11) 17 (19) 27 (15) 25 (15) 10 (15) 3 (15)
Atrial fibrillation 9 (24) 18 (20) 28 (16) 28 (17) 11 (16) 3 (15)
Hypertensive disease 0 2 (2) 5 (3) 15 (9) 10 (15) 5 (25)
Diabetes 1 (3) 15 (17) 36 (20) 28 (17) 11 (17) 4 (20)
Urinary tract infection 12 (32) 20 (22) 36 (20) 33 (20) 15 (22) 6 (30)

Sex:
Men 7 (18) 21 (23) 45 (25) 22 (13) 4 (6) 0

TABLE iII-Place of treatment, diseases, and sex of the people examined according to diastolic blood
pressure groups. Results are numbers (and percentages)

Diastolic blood pressure (mm Hg)

<70 70-79 80-89 90-99 100-109 >110
(n=47) (n=89) (n= 185) (n= 154) (n=59) (n=23)

Place of treatment:
Home 10 (21) 30 (33) 95 (51) 86 (55) 34 (59) 17 (74)
Old people's home 9 (19) 28 (31) 57 (31) 47 (31) 17 (28) 4 (17)
Hospital 28 (60) 31 (35) 33 (18) 21 (14) 8 (14) 2 (9)

Diseases:
Dementia, confusion 28 (60) 30 (33) 59 (32) 39 (25) 13 (22) 4 (17)
Heart failure 24 (52) 47 (53) 104 (56) 66 (43) 28 (47) 6 (26)
Coronary heart disease 11 (23) 15 (17) 28 (15) 28 (18) 4 (7) 3 (13)
Atrial fibrillation 8 (17) 12 (13) 41 (22) 20 (13) 15 (25) 1 (4)
Hypertensive disease 0 0 6 (3) 12 (8) 10 (17) 8 (35)
Diabetes 4 (8) 13 (14) 30 (16) 34 (22) 12 (21) 5 (22)
Urinary tract infection 14 (30) 17 (19) 33 (18) 35 (23) 13 (22) 10 (43)

Sex:
Men 7 (15) 19 (21) 39 (21) 22 (14) 11(18) 1 (4)

| Men

| Women

90 95

with arterial hypertension were also higher (173/97 (24/12) mm Hg) than
those of the rest of the subjects (151/83 (24/12)) mm Hg (systolic difference:
t=5 43, df=558, p<0 001; diastolic difference: t=6-89, df=558, p<0.001).

Discussion

The people examined were very old and thus, as shown by their
long lives, genetically selected.'2 As we aimed to include all the
inhabitants of Tampere aged over 85 our study also included the
frailest old people. The cohort was strongly dominated by women.
The methods we used corrected the bias of survival comparison
caused by this predominance of women and by the age difference
between the sexes in the cohort.

Ill health has been suggested to cause both a fall in blood pressure
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FIG 1-Age and sex distribution of subjects in initial health survey.
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and an increase in mortality."017 The inverse association between
blood pressure and mortality in our series was not, however, related
to the health of these elderly people as shown by their place of
residence.

TABLE Iv-Five year survival (SD) in systolic and diastolic blood pressure groups
according to place ofresidence. Institutional care means living at hospital or old people's
home

At home In institutional care Total

Five year Five year Five year
Blood pressure survival (SD) survival (SD) survival (SD)
(mm Hg) No (%) No (%) No (%)

Systolic:
<120 7 14 (13) 31 3 (3) 38 5 (4)
120-139 25 24 (9) 66 10 (4) 91 14 (4)
140-159 87 43 (5) 91 15 (4) 178 29 (4)
160-179 95 49 (5) 68 28 (6) 163 40 (4)
180-199 43 50 (8) 24 17 (8) 67 39 (6)
>200 15 40 (13) 5 60 (22) 20 44 (12)

Diastolic:
<70 10 20 (13) 37 4 (3) 47 8 (4)
70-79 30 39 (9) 59 8 (4) 89 19 (4)
80-89 95 42 (5) 90 18 (4) 185 31 (3)
90-99 86 48 (5) 68 26 (6) 154 39 (4)
100-109 34 45 (9) 25 20 (9) 59 35 (7)
>110 17 47(12) 6 40(24) 23 46(11)

Systolic blood No Five year 2 x SD
pressure (mm Hg) relative

survival rate
1-6

200 20 1-49 0-76
1 4 K 160-179 163 1-41 0-28

180-199 67 1 32 0-42

1-2 ,. __-
12 < ,, 140-159 178 1-08 0-26

- 1*0- -- _

0-8 \

_, 0-6 \ 120-139 91 0 59 0-32

0.4

0-2 \\_ c<120 38 0-22 0 30
02

0 1 2 3 4 5

Years of follow up

FiHG 2-Relative survival curves and 5 year relative survival rates y2 x SI) of
subjects in systolic blood pressure groups.

Raised blood pressure has usually been regarded as increasing the
risk of mortality in the elderly.'8" Our results lend support to
observations that high blood pressure is not associated with an
excess risk of mortality.`- In fact, our findings suggest that as blood
pressure is raised in the very old the risk of death is no longer
increased but diminished. Those people with hypertensive disease
had higher blood pressures and a better survival prognosis than the

Diastolic blood No Five year 2 x SD
pressure (mm Hg) relative

survival rate
1 6 1-6-

al10 23 154 072

1-4- 90- 99 154 1-35 0-28

1-2 / 100-109 59 1*19 0 45
X /.--- ~ ~ 80- 89 185 1-13 0-26

X 1-0 - 4 --. -

0-8 70- 79 89 0-76 0.35

X~0-6\

0-46
<70 47 0-72 0.34

0-2-

0. I

0 1 2 3 4 5
Years of follow up

FIG 3-The relative survival curves and 5 year relative survival rates (and 2 x SD)
of subjects in diastolic blood pressure groups.

others. A moderately high blood pressure would seem to indicate an
adequately functioning cardiovascular system.

It is now essential to ascertain-whether raised blood pressure
ceases to be a risk factor in the very old. The criteria for treating high
blood pressure in the elderly and the target levels for treatment
should thereafter be reviewed, at least in the very old.

This study was supported by the Yrjo Jahnsson Foundation, Finland.
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