The Effect of Age on Blood Pressure and Heart Rate Variability

in Hypertension
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There is confusion in the literature as to the effect of ageing on blood pressure
variability. The lack of consistency in reports probably reflects differences in blood
pressure measurement techniques and in the choice of statistics used to describe
variability. We studied 16 hypertensives (clinical biood pressure >140 /90 mmHg on 3
occasions) over 60 (67 £ 5.5 years) and 16 under 60 years of age (44 * 8.9 years)
using the Remler M 2000 ambulatory system to measure blood pressure and heart rate
every 30 min during the awake hours of the day.

Mean * s.e.m. blood pressure and heart rate for the elderly was 168+
2.5/95 + 1.0 mmHg and 72 *+ 1.5 beats/min, corresponding values for the young being
162 + 53/103 + 2.1 and 78 + 2.5. Four statistics of variability were used: standard
deviation, coefficient of variation, range and mean hourly change. Differences between
old and young were found only for the range of systolic and diastolic blood pressure
which was lower in the elderly (52 £ 3.9/32 £ 2.4 versus 67 + 5.2/46 + 4.8 mmHg,
both P < 0.05) and mean hourly change of heart rate (P < 0.05). The standard
deviation of heart rate was negatively correlated with age (r = —0.37; P < 0.05).

Only the systolic and diastolic blood pressure ranges were found to differ with age;
the more rigorous tests of variability, standard deviation and coefficient of variation,
were not changed. These data show that in hypertensives of different age but with
roughly comparable blood pressure levels, variability of blood pressure is not consis-
tently related to age. We conclude that clinical decision and assessment of blood
pressure behaviour can be made with similar confidence in old and young hyper-
tensives.
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Introduction

Although variability of blood pressure is well recognized
clinically, large variations on replicate readings or on
readings on separate occasions in both normotensives
and hypertensive patients may not be widely appreciated
[1]. Epidemiologic data show that the level of blood
pressure increases with age [2]. Blood pressure variability
in studies using ambulatory blood pressure measure-
ment has been shown both to increase with age [3—5] or
to be unrelated to age [6-8]. In these studies variability
has been expressed by statistics such as standard devia-
tion or coefficient of variation of the mean blood
pressure measurement for young and old. However,
comparisons between these groups have not produced
consistent findings of the relationship between blood

pressure variability and age. In this paper we report data
obtained by non-invasive ambulatory blood pressure
measurement in 16 young and 16 elderly essential
hypertensives on no medication. Blood pressure variabil-
ity is compared between groups using absolute measure-
ments derived from the ambulatory data as well as
standard deviation and coefficient of variation.

Methods

Seven hundred and fifty ambulatory blood pressure
recordings were done at the Unit from January 1980 to
September 1984 using the Remler M-2000 recorder.
Referrals were mainly from the outpatient hypertensive
clinic. The Remler M-2000 is a portable patient-activated
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blood pressure recorder which is both accurate [9) and
reliable [10].

All recordings were reviewed. For inclusion, patients
had both mean systolic and diastolic values on ambula-
tory measurements greater than 140/90 mmHg. One
hundred and fiftv-five recordings were carried out on
patients over 60 vears of age. One hundred and eighteen
patients had taken antihypertensive medication within
two weeks prior to the Remler recording and were
excluded. Patients with diabetes, alcohol-related disease
or secondary hypertension were also excluded. Sixteen
patients met the above criteria. Casual clinic blood
pressure was recorded with a conventional mercury
sphygmomanometer after several minutes of rest with
the patient either supine or seated.

The ambulatory recordings of all patients under 60
vears of age were reviewed alphabetically. The same
criteria were applied. The first 16 eligible voung patients
were matched with the 16 elderly patients by sex and
body mass index. When more than one ambulatory
recording was available for a patient the initial recording
was used.

Data analysis

In our system, routine statistics on each ambulatory
recording include the 12~16 h mean blood pressure and
heart rate with standard deviation, standard error and
coefficient of variation. Peak and trough svstolic and
diastolic pressure and heart rate were also available. The
range is herein defined as the peak minus the trough
ambulatory value for svstolic pressure, diastolic pressure
and heart rate. The mean hourly change is defined as the
sum of the changes in recording measurement for each
interval divided by the number of intervals minus one.
Paired t-tests were used to compare the elderly and
voung values for standard deviation, coefficient of varia-
tion, range and mean hourly change. Correlation and
linear regression of the statistics were performed on age.

Resulits

The mean (% s.e.m.) age of the elderly was 67 + 5.5 years
(range 60-75) and the young were 44 + 8.9 vears (range
21-58). There was no difference in the number of blood
pressure measurements per ambulatory recording be-
tween groups: for the elderly 21 * 4.6 and for the young
22 +63.

The mean clinic blood pressure was 180+
39/98 * 1.7mmHg for the elderly and 168 £ 3.7/
104 + 1.5 mmHg for the young. Mean systolic blood
pressure was greater in the elderly (P < 0.05) but mean
diastolic blood pressure was greater in the young
(P <0.05). The mean daily ambulatory measurement
was 168 * 2.5/95 + 1.0 mmHg for the elderly and 162 *
5.3/103 = 2.1 mmHg for the voung. The corresponding
ambulatory heart rates were 72 % 1.5 and 78 £ 25. There
was no significant difference in ambulatory mean systolic
blood pressure or heart rate between elderly and young,
but mean diastolic blood pressure was greater in the
young. The average difference between clinic and ambu-
latory blood pressure was 13.3 + 5.3/4.7 + 1.6 mmHg in

the elderly and 6.5 % 2.1/-0.3 £ 2.5 in the voung. Al-
though both systolic and diastolic pressure fell more,
from clinic to ambulatory measurement, in the elderly
than in the young this difference did not reach statistical
significance.

Four statistics used to describe blood pressure variabil-
ity, the standard deviation of the ambulatory mean,
coefficient of variation of the ambulatory mean, range
and mean hourly change in measurement, were com-
pared between elderly and young (Table 1). The range
for systolic and diastolic ambulatory blood pressure
measurement was significantly greater in the young.
Mean hourly change in heart rate was significantly greater
in the voung.

Table 1. Comparison of variability by age group.

Statistic Variable Elderly Young P
Range Systolic 52+39 67x52 <0.05
Diastolic 32+24 46148 <0.05
Heartrate 34 %+33 41+26 NS
Mean hourly change  Systolic 1310 13%x10 NS
Diastolic 84 *06 76+05 NS
Heartrate 66+06 9510 <0.05
s.d Systolic 14.7+11 13.8+08 NS
Diastolic 81+05 82+08 NS
Heartrate 9.2+09 114 £06 NS
Cv Systolic 88107 86+05 NS
Diastolic 8705 82+09 NS

Heartrate 10.2+1.0 11.7+05 NS

Values are mean * s.e.m.; s.d., standard deviation; n = 16 in both
groups. CV, coefficient of variation.

Linear regression of each statistic of variability on age
showed that the only significant correlation was for
the standard deviation of heart rate (r = 0.37, P < 0.05).

Discussion

variability in blood pressure measurement results both
from true variation in arterial pressure and variation due
t0 measurement error [11,12). Ambulatory blood pres-
sure measurement with the Remler M-2000 provides
accurate and reproducible data which eliminate
observer-measurement error [9,10]. True variation in
blood pressure is related to many factors including
physical activity, emotional state, ambient temperature,
season, associated medical conditions, body weight and
the level of blood pressure {7,8,11]. To make a valid
comparison of blood pressure variability between groups
both the statistic itself and the characteristics of the
groups to be compared must be strictly defined. Our
patients all had essential hypertension and were hyperten-
sive by office blood pressure measurement and ambula-
tory blood pressure measurement. They were closely
matched by body-mass index and had no medical
conditions known to be associated with altered blood
pressure variability. Comparison of standard deviation
and coefficient of variation failed to demonstrate a
difference in variability between the two groups.
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Using standard deviation alone as a measure of
variability Rowlands er @/ (4] and Draver et al. {3] showed
increased systolic pressure variability in the elderly.
Clement et al. [12] also found increased variability with
age as measured by the standard deviation. However, this
result was lost when the standard deviation relative to
mean pressure, as in the coefficient of variation, was used
to define variability. In the present study, blood pressure
was roughly comparable in the two groups (though
ambulatory diastolic pressure was significantly higher in
the young group) and paired analysis failed to demon-
strate a difference in these indirect statistics of variability.

However, the range of systolic pressure and diastolic
pressure was greater in the young than in the elderly, as
was the mean hourly change in heart rate. Richardson et
al. [6] studied a group of hospitalized patients (normo-
tensive and hypertensive) using intra-arterial measure-
ment and found the range in the elderly (47 mmHg) was
greater than in the young (36 mmtg). On the other hand,
our patients were all hypertensives, were not hospitaliz-
ed and went about their usual daily activities.

Isolated systolic hypertension may be due to increased
cardiac output with a normal vascular resistance in the
young, but to decreased arterial compliance in the
elderly. Arterial compliance is determined by both the
level of arterial pressure and intrinsic arterial disten-
sibility. The latter may be altered in the elderly. As
isolated systolic hvpertension may represent a distinct
entity we felt it appropriate 10 exclude such patients from
the study. Thus, all our patients had combined systolic
and diastolic hypertension.

The elderly group had an average fall in blood
pressure from clinic to ambulatory measurement of
13.3 £5.3/4.7 £ 1.6 mmHg. The voung had an average
fall of 6.5+ 2.1/—0.3 + 2.5 mmHg. Although this differ-
ence did not reach statistical significance in our study, a
significant difference between these measurements in
the elderly has been previously described by Rowlands et
al. [4], who found a greater fall in systolic and diastolic
pressure on ambulatory recordings in elderly hyper-
tensives. Thus comparison of methodology  within
patients adds an additional complication in the evaluation
of variability.

There was significantly less variability in heart rate in
the elderly as measured by the mean hourly change in
heart rate and there was a significant negative correlation
between age and standard deviation of the heart rate but
not with the heart rate coefficient of variation. Baro-
receptor function in the elderlvy and heart rate response
to changes in arterial blood pressure have been well
characterized [5,13]. Age and hvpertension may act
independently to reduce baroreceptor sensitivity [13,14]
and heart rate variabilitv. Mancia ef al. (5] identified a
relationship of borderline significance between decreas-
ed baroreceptor sensitivity and increased blood pressure
variability, but concluded that it could only account for a
small portion of the difference in variability with age they
identified using standard deviation and coefficient of
variation. In our study the decreased heart rate variability
is associated with a decrease in the range of systolic and
diastolic blood pressure in the elderly.

In conclusion, we were unable to demonstrate age-

related differences in blood pressure variability using
rigorous tests (standard deviation or coefficient of varia-
tion), vet the range of blood pressure was different in
young and elderly. Furthermore, there may well be
differences in the blood pressure obtained by ambula-
tory compared with clinic methods. This difference
concerns a method and circumstances of blood pressure
measurement that must be taken into account in clinical
decision-making as well as research. However, when a
single accurate method, in this case ambulatory measure-
ment, is used one cannot demonstrate consistent age
effects on blood pressure variability. We conclude that
the outcome of studies of variability is influenced by
study design and the methods used for blood pressure
measurement and statistical expression of variability.
Between-method differences may be quite large in the
elderly compared to the young but, when the same
methods are used in the elderly and young, differences in
variability are probably not large.
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