
Twenty-fourhour ambulatory blood pressure in men and 
women aged 17 to 80 years: the Allied Irish Bank Study 

Eoin O'Brien, Joan Murphy, Anne Tyndall*, Neil Atkins, Hinsia Mee, 

Gerry McCarthp, jan StaessenD, john Cox and Kevin O'Malley 

In order to determine reference values for ambulatory blood pressure, a sample of 
815 healthy bank employees (399 men and 416 women), aged 17-79 years, were 
investigated. Ambulatory blood pressure was recorded over 24 h, taking measurements 
at U)-min intervals. Blood pressure was also measured by trained observers in the 
clinic Ambulatory blood pressure in the 815 subjects averaged 118172 mmHg over 24h, 
124178 mmHg during the day (1000-2259 h) and 106161 mmHg at night (0100-0659 h). 
Office blood pressure, measured by an observer, was 412 mmHg lower (P < 0.0001) than 
daytime arnbulatory pressure. The 95th centiles for the daytime ambulatory pressure in 
men were: 114188 mmHg for the age group 17-29 years (n = 107); 143/91 mmHg from 
30-39 years (n = 123); 150198 mmHg from 40-49 years (n = 109); and 1551103 mmHg 
in 50-79 year old men (n = 60); for the corresponding age groups in women, the 95th 
centiles of the daytime pressure were: 131183 mmHg (n = 174); 132J85 mmHg (n 149); 
150194 mmHg (n = 55); and 177197 mmHg (n = 38). 
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Introduction 
- 

The conventional technique of blood pressure measure- 
ment in the hospital clinic or doctor's surgery, prwid- 
ing a reading representathe of only a fraction of the 24-h 
blood pressure prome under what are often suessful cir- 
cumstances, may result in excessive diagnosis and treat- 
ment of hypertension [l] .  With the Wopment  of de- 
vices capable of accurately measuring 24-h blood pm- 
sure non-hasivdy, the use of the technique in clinical 
p h c e  has increased greatty in the last decade (23). 
Surprisingty, the growing application of the technique has 
occurred in the absence of aMilable reference values for 
24-h ambulatory blood pressure. This study was estab- 
lished to determine 24-h blood pressure in healthy p 
ple suatified for sex and four age groups. 

Subiects and methods 

Subjects 
Subjects for the study were recruited by the Medical Cm- 
ue of the Allied Irish Bank (AB) in Dublin from among 

its employees in the offices and branches of the bank 
throughout Mand Volunteers from the bank d were 
invited to bring their spouses for 24-h ambulamly mea- 
surement if they wished Retired bank employees were 
aIso invited to participate in the study. 

Methods 
Blood pressure was measured in the sitting position by a 
txained nurse on two occasions, using a merculy sphyg- 
mornanometer according to the fe~~mmendations of the 
British Hypertension Society [4]. A mercury sphygme 
manometer %as used in preference to a HmWey sphyg- 
mornanometer because a systemic tedency to under- 
estimate pressure has been demonstrated with this de- 
vice [ 5 ] .  The majority of subjects had the 6rst and sec- 
ond office blood pressure measurement performed at the 
h t  attendance, before and after completing a question- 
naire seeking derails of postcardiovascular histo~y, fam- 
ily history, weight, height, smoking habits, alcohol con- 
sumption and current drug treament (including anovu- 
lant drugs). In some subjects, the lint o5ce blood pres- 
sure measurement was separated from the second mea- 
surement by an intenal of some days. The mean of the 
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two office measurements has been used in the amlysb. 
Subjects undetgoing treatment for hypertension were ex- 
cluded From the analysis, but hypertensive subjects not 
on anhhypextensive medication were not excluded 

Twenty-four-hour ambulatory blood pressure measure- 
ment was performed using the SpaceLabs 90202 (Space- 
labs Inc., Redmond, Washington, USA; Spacelabs, Wok- 
ingham, Berkshire, UK) which we have shown to be ac- 
curate [6] and, latterly, the Spacelabs 90207 which we 
have also validated (unpublished data). Subjects were 
seen between 0900 and 1100 h for fitting of the recorder 
which was programmed to deflate in 4 mmHg bleed steps 
(Spacelabs 90202) and in 8mmHg bleed steps (Space- 
labs 90207) at 30-min intervals for 24h Subjects were 
instructed to keep stil the arm in witich blood pres- 
sure was being measured, from the h t  bleeps, indicating 
measurement was about to begu~, until the signing off 
bleep, indicating completion of measurement Arm cir- 
cumference was measured as the mid-point between the 
olecranon and acromial processes (71. A cuff containing 
a bladder with suitable dimensions for the arm drcum- 
ference was selected. 

Data analysis 
Tknty-four-hour ambulatory blood pressure recordings 
were unedited as it was considered that any editing pro- 
cess introduced a potential source of bias. A half-hour 
period was taken as commendng From the hour or half- 
hour and ending the minute before the next hour or half- 
hour. If more than one recording was taken within a half- 
hour period (either by the subject activating the recorder 
or the recorder attempting a second measurement), the 
d u e  for that period was calculated from the mean of all 
readings taken during it The 24-h intend was divided 
into daytime a;qd night-time periods Daytime was defined 
as the period from 1000 to 2259 h and night-time from 
0100 to 0659 h The daytime period was determined by 
the fact that all blood pressure readhgs outside of this 
period were signi6cantly dieerent from all blood pres- 
sures within this period. A similar approach was used 
to determine the night-time periods. A 24-h record was 
rejected for analysis if more than one-third of potential 
daytime and night-time measurements were absent (day- 
time minimum, 18; night-time minimum, 8). For analysis, 
the SAS Sofmm Padrage (SAS Institute Inc., Carqr, North 
Carolina, USA) was used [8]. 

Results 

Characteristics of the participants 
A total of 948 subjects participated Fifty-six subjects 
had a personal histov of hypertension Circumference 
of the upper arm averaged less than 32 an in 880 sub- 
jects in whom a standard cuff with bladder dimensions 
23 X 12 an was designated; in 68 subjects in whom arm 
circumference was greater than 32 an, a cuff containing 
a bladder 15 X 32 an was designated for both office and 
24-h blood pressure measurement 

One hundred and chitty-duee subjects were excluded 
from analysis: 42 were on treaunent for hypertension, 85 
records were lacking more than one-third of measure- 
ments and, in the remaining six subjects, necessary clin- 
ical information was unavailable. 

Of the remaining 815 subjects, 399 were men and 416 
women, aged 17-79 years (mean age 36 f 11 years). 
There we& 107 men and 174 women in the 17-29 age 
group, 123 men and 149 women in the 30-39 age group, 
109 men and 55 women in the 4049 age group and 60 
men and 38 women in the 50-79 age group. 

One hundred and ninety-four subjects had a family his- 
tory of hypertension (81 men and 113 women); 229 sub- 
jects were smokers; 658 reported alcohol consumption; 
49 women were taking the conuaceptive pill; and four 
were on hormone replacement therapy. 

Ambulatory measurements 
Analysis of variance showed that daytime and night-time 
systolic and diastolic blood pressure were sigmficantly 
and independently related to gender and age, but the in- 
teraction between age and sex was not significant Re- 
sults are, therefore, presented - for men and 
women and for age groups. Ambulatory recordings were 
performed only on w o h g  days (Monday to Friday in- 
clusive). A total of 35 890 ambulatory measurements were 
obtained (19035 daytime, 9436 night-time were used in 
amlysis of day and night pressures). 

office melsunmtnb 
The m n d  office blood pressure measurement was 
shghtly lower than the first in all age p u p s  and this 
reached statistical signihnce (1.7 f 7.6, P < 0.01) for 
diastolic blood ptessure in women aged 4049 years. 
The mean f s.d, median, 95th cenriles and d c i e n t s  
of variation for office blood pressure for men and women 
and the four age groups are given in Table 1. 

Analysis of ambulatory blood pmsure 
The means f s.d, median, 95th cenriles and coefficients 
of W o n  for daytime and night-time systolic and di- 
astolic blood pressure for men and women and all age 
groups are shown in Table 1. The mean 24-h pressure 
for each age group and for both sexes is plotted in Fig. 
1. 

Discussion 

Non-invasive ambulatory blood pressure measurement 
has become increasingly popular in recent years. The 
technique is now used in clinical practice where it is 
proving particularly useful in diagnosing borderline hy- 
pertension [ l  ,9], in detemining the severity of hyperten- 
sion and, consequentty, the patients in need of therapeu- 
tic intervention [10]. Ambulatory blood pressure mea- 
surement is also helpful in determining the eflicacy of 
antihypertensivle medication over the 24-h period so that 
optimal therapy can be prescribed [11,12]. Patterns of 
blood pmsme behaviour such as 'white coat hyper- 
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l* 1. Mean f rd. median and 95th centila and codficima of variation (d. var] for olficl and 24-h unbuhtory bkod p r e ~ s u n ~  in 815 people 
according to age d su 

Men All Women All Both -- 
Agerange(year5) 17-29 W 3 9  4 C ~ 9  5&79 17-79 17-29 30-39 40-49 50-79 17-79 17-79 

(ion (123) (109) (60) 099) (174) (149) (55) 08) (41 6) (815) 

Office measurements: 
5BP (mrnH@ 

Mean f s.d. 121 f 12 122 f 11 125 i 16 133 f 15 124 ', 14 110 f 11 113 i 10 121 t 17 130 f 24 115 f 15 119 .L 15 
Median 121 122 l22 130 122 110 113 116 123 114 118 
95th 140 142 153 160 150 1 30 131 1 54 193 139 145 
C&. vat. 10 9 13 11 11 10 9 14 19 13 13 

DBP (rnmH@ 
Mean f s.d. 73 f 9 n f 8 81 i 10 85 f 11 78 f 10 71 f 8 72 f 8 78 f 9 81 f 12 73 f 9 76 f 10 
Median 73 n 80 B4 78 70 72 76 80 72 75 
95th 89 90 99 110 % 83 84 96 103 88 93 
Cod. var. 12 10 13 13 13 11 11 12 15 12 13 

Ambulatory measurements: 
Daytime: 

SBP (mmHg) 
Mean f s.d. 129 f 8 128 f 9 129 f 12 132 f 12 129 1 1 0  118 f 8 117 f 8 121 f 12 126 f 18 118 f 10 124 f 12 
Median 129 128 127 134 128 118 116 120 122 118 123 
05th 144 143 150 155 146 131 132 150 in 135 143 
C&. var. 6 7 9 9 8 7 7 10 14 9 9 

DBP (rnmHg) 
Meanfs.d.  7 7 f 7  8 0 f  6 8 3 f 9  8 4 f 9  8 1 f 8  7 4 f 6  7 5 f 7  7 6 f 9  7 8 f 9  7 5 f 7  78f 8 
Median 77 80 82 85 80 73 74 74 76 74 n 
95th 88 91 98 103 92 83 85 W 97 88 91 

W. var. 8 8 10 11 10 8 9 12 12 10 10 

Night-time 
SBP (mmHg) 

Meanfs.d.  1 1 0 f 9  1 0 B f 8  109f12  1 1 3 f 1 3  l l O f l O  1 0 2 f 9  1 0 1 f 9  103f11  10Bf12 102*9  1wf11 

Median 110 108 107 110 109 101 100 101 106 101 105 

95th 125 121 128 140 126 117 116 125 133 120 123 

W. var. 8 8 11 11 9 9 8 10 11 9 10 
DBP (mmHg) 

M e a n f s . d  5 9 f 6  6 2 f 6  6 6 f 1 0  6 8 f 9  ' 6 3 f 8  5 7 f 6  5 8 f 7  6 1 f 8  6 3 f 7  5 8 f 7  6 1 f 8  

Median 59 ' 61 65 66 62 56 57 59 63 - 57 60 

95th 70 71 80 90 77 68 71 n 75 72 75 

C d .  var. 10 9 15 14 13 10 11 13 10 12 13 
24 h: 

S 1  (rnrnHg) 
Mean f s.d 123 f 8 121 f 8 122 f 11 126 f 12 122 f 10 112 f 7 111 f 8 114 f 10 120 f 15 113 f 9 118 f 11 
Median 123 120 122 125 122 112 110 112 118 112 117 
95th 1 36 133 136 151 1 37 125 126 141 160 129 134 

C d .  var. 6 7 9 9 8 7 7 9 13 8 9 
DBP (mmHg) 

M e a n f s . d  n f  5 7 4 f 5  n f 8  7 9 f 9  7 5 f 7  6 8 f 5  6 9 f 6  7 1 f 8  7 3 f 8  6 9 f 6  7 2 f 7  
Median 71 74 76 n 74 67 68 69 72 68 71 

95th 81 82 89 98 86 78 78 87 87 82 B4 

C d .  var. 8 7 11 11 10 8 9 11 10 9 10 

Numbers are indicsted in parentheses. SBP, synolic blood pressure: DBP, diastolic blood pressure 

tension' [l31 and the eJfect of work [14,15] and sleep 
on blood pressure [16,17], which cannot be detected 
by conventional techniques, become apparent with am- 
bulatory measurement There are man!? studies show- 
ing that ambulatory blood pressure gives lower readings 
than casual, office or home measurement [2$,1%20] 
and there is evidence that ambulatory blood pressure 
may be a better predictor of cardicxascular morbidity 
and morcaliry than conventional methods of measure- 
ment [10,21,22-251. Until recently, the technique of am- 

bulatory blood pressure measurement has been largely 
conlined to hypertension research. However, manufacrur- 
ers of ambulatory qstems, den to the vast potential mar- 
ket that exists, are now directing their sales drive to hos- 
pitals, general practices and prhate dinics. Surprisingly, 
this expansion in the use of a technique has taken place 
in the absence of reference values for 24-h ambulatory 
blood pressure being adable. 
The earliest estimates of normal ambulatory pressure 
were provided from direct inna-arterial measurement of 
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fig 1. Mean 24-h systolic and diastolic blood pressure in men (-1 and women (--S) aged (a) 17-29 years, 0) 30-39 years, (3 40-49 years 
and (d) 50-79 years. 

24-h blood pressure [26-301, but these studies were per- 
formed on patients who had been referred for assess- 
ment because of previous blood pressure elevation and 
they cannot, therefore, be taken as being representative 
of the 'normal' population. Direct intra-arterial measure- 
ment provides Merent blood pressure levels than the 
non-inmsive techniques used in clinical practice and mea- 
surements obtained by the two techniques, although ca- 
pable of determining similar wends, do not give the same 
absolute values. Moreover, ethical considerations in us- 
ing the direct technique have preduded its use in large 
numbers and studies in normotensive subjects have, con- 
sequently, been small. 

With the introduction of techniques for non-invasive 
measurement of 24-h blood presswe, larger studies have 

been performed in an attempt to determine the normal 
reference values for 24-h blood pressure (9,1031-41). In 
many of these studies, the numbers are too small to per- 
mit adequate smtification for sex and age and in others 
the subjects have been referred for assessment of an ob- 
served rise in blood pressure which subsequently settles 
to normal and cannot, therefore, be regarded as repre- 
sentative of the normal population Recent studies have 
sought to redre& these deficiencies (421. 

The 24-h ambulatory dam in our study were obtained 
from healthy individuals during a working day. Only those 
undergoing drug treatment for hypertension were ex- 
cluded from adysis. Quite definite differences in relation 
to age and sex were observed For all age groups, men 
had higher 24-h daytime and &t-time pressures. The 
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diEerences tended to lessen with adwncing years for sys- 
tolic but not for diastolic pressure. Both men and women 
over 40 years old had higher office and daytime pressures 
than the younger age groups and this tendency was also 
seen at night-time, but more so for diastolic than qstolic 
pressure. Office blood pressures were lower than day- 
time ambulatory blood pressures in subjects less than 50 
years old; the Uerence was greatest for the 17-29-year- 
old men and women (8/4 and 7i3 mmHg, respectiveh.) 
and the 30-39-year-old men (7/3 mrnHg) and by the age 
of 40 years in women and 50 years in men, this trend was 
reversed with office pressures being higher than daytune 
pressure for both men and women The Merences be- 
tween office and dayame ambulatory blood pressures are 
small, probably reflecting the lm7 mean blood pressure 
lcx!s of the subjects, although it is also possible that the 
relationship between office and ambulatory pressure is 
modified as blood pressure rises in hypertemiw subjects. 
Interindividual variability, as reflected by the standard de- 
viation and coefficient of variation of each age group, in- 
creased with age for both males and females. 

The mean 24-h ambulatory b l d  pressure for the en- 
tire group m a s  118172 &g. If the mean + 2 s.d 
is chosen as the upper limit of normal, our data 
yield values of 139/87 &g. The corresponding ~ a l -  
ues for daytime and night-time blood pressure are 
147/94 mmHg and 127/76 mmHg The 95th centile values 
were 1W84 mmHg for 24-h pressures, 143/91 mmHg for 
daytune and 123/75 mmHg for night-time pressures. 

As there are substantial independent &ects of age and 
sex on arnbdamry blood pressure and there are large 
numbers of subjects in each category, we are in a p 
sition to give values for the upper limits of normal in 
relation to both these variables. For example, the over- 
all 24-h mean + 2 s.d for women was 131/82.&g 
compared with 142/89rnmHg for men The lowest \al- 
ues were found in young females aged 17-29 years 
(127/79mmHg) and the highest values in older males 
aged 50-79 years (149/96 mmHg) and older females 
( 1 50/88 mmHg). 

We present these data from the AIB study as reference 
values for non-invasive ambulatory blood pressure, while 
bearing in mind that the relevance of such data to end- 
organ &em, morbidity and mortality awaits elucidation 
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