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Reproducibility of Resting Blood Pressure and Heart Rate Measurements:

The HERITAGE Family Study

PHILIP R. STANFORTH, Ms, JACQUES GAGNON, PuD, TREVA RICE, PuD,
CLAUDE BOUCHARD, P«D, ARTHUR S. LEON, MD, D. C. RAQ, PxD,
JAMES S. SKINNER, PuD, AND JACK H. WILMORE, PuD

PURPOSE: This study determined the reproducibility of resting systolic and diascolic blood pressure,
mean artenal pressure, and heart rate (the average of three measures/day).

METHODS: The data were ohtained oa two separace days prior to 2n exercise training intervention
in a sample of 822 subjects participating in th= HERITAGE Family Study. The same protocol was
conducted actass three days in an intracenter quality control substudy, which included an additional

60 subjects

RESULTS: Reproducibiliry estimates included technical error, cocfficient of variation within subjects,
and incraclass correlation with results expressed by sex, race, age, cuff size, BMI, and %fat, Since the

Jam were collected across four Clinical Centers,
separacely for each Center. The systolic, diastolic, andm

the reproducibility estimates were also computed

can arterial blood pressures were highly reproduc-

ihle with technical crrors less chan 5.1 mmHg, cocfhicients of variation of less than 7.0% and intraclass
corcelations > 0.75. The heact rates wete slightly less reproducible. These results were fairly consistent
actoss subjece populations and across all four Clinical Cencers.

CONCLUSION: It is concluded that within subject day-to-day variations sre small compared to
between subject variance for resting systolic, diascolic, and mean arterial bload pressuce and heart rate
a¢ each of the Clinical Centers for all of che HERITAGE Family Study data. This makes it appropriate
to peal rhe duea and analyze it for changes suksequent o endurance excreise teaining and to determine

che possible genctic basis for these changes.
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wEy worDs:  Blood Pressure Determination, Reproducibility of Results, Blood Pressure Variability,

Quality Conteol

INTRODUCTION

The abiluy 1o accurately track change in cardiovascular risk
factors consequent to any intervention is dependent in part
on the reproducibility of the measurements. When measure-
mencs are less reliable or when the phenotypes are characrer-
ized by wide day-to-day variation, itis difficule to accurately
idenufy statistically significant change. In addition, for the
HER(TAGE Family Study, which uses an exercise interven-
tion, it ts imperative to have high reproducibility to be able
to establish the possible genctic basis for the heterogeneity
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in response. Even under standardized conditions of measure-
ment, the within-subject standard deviation for resting
blood pressure has been shown to be about half of the rcal
between-subject standard deviation (1), making accurate
determination of scaristically significant change in resting
blood pressure difficult.

The reproducitility of measurements may reflect trial-
to-trial reliability as well as day-to-day variubility. Biond
pressure variability has been shown to vary considerably
tased on a number of factors including: number of measure-
ments (2, 3), number of days on which measurements ar¢
taken (2, 3), level of blood pressure (2. 4), and age (4). Far
fawer studies (5, 6) exist that investigate the reproducibility
of resting heart rate, but heart rate has been shown
dacrease daily over a 5-day period (7).

The HERITAGE Family Study is a large multicenter
clinical mial investigating possible genetic bases for the vari-
ability in the response of physiological measures, and risk
factors for cardiovascular disease and non-insulin-depen-
dent diaberes mellitus, to endurance exercise training. The
purpose of this study was to establish the reproducibility of
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Selected Abbreviations and Acronyms
SEP = Syualic blood pressure
DAP = Duszolic bloed pressure
MAP = Mean acteqial pressure
ICQC = Intracenter quality control substudy
BMI = Body mas index
TE = Technical errar
CV = Ceefhicient of variation
ICC = [ntraclass correlations

resting blood pressure and heart race values before a 20-
week endurance training program in HERITAGE Family
Study subjects, and in a separate group of qualiry control
subjects, across four participating Clinical Centers. Derails
of the HERITAGE Family Study have been published pre-
viously (8).

METHODS
Subjects

The HERITAGE Family Study subject population consists
of Black and White families, including the natural father
snd mocher and their offspring 16 years of age and older.
Subjects were recruited over a period of about four ycars by
each of the four Clinical Centers located at Arizona State
University (relocated to Indiana University), Laval Univer-
sity, the Univensity of Minnesora, and The University of
Texas at Austin. Subjeces for this study were the 822 subjects
who completed a minimum of pre-training blood pressure
and heart race measurements on two separate days. Of these
subjecs, 108 were Black men, 199 were Black women, 255
were Whice men, and 260 were White women. Physical
characteristics are presented in Table 1. All subjects were
healthy, were not on any anti-hypertension medication at
the tine of the study or for 3 months prior to the starc of
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the study, and had a screening blood pressure below 160/
90 mm Hg. All subjects met additional inclusionary criteria,
and passed a physician-administered physical examination,
including a resting and excreise 12-lead clectrocardiogram
(8). The study protocol had been previously approved by
each Clinical Centers Institutional Review Board, and in-
formed consent was obtained from each subject.

During the second and third years of data collection, an
intracenter quality control substudy (1ICQC) was conducted
to determine the reproducibilicy of measurements within
each center. During this time, each Clinical Center re-
cruited additional subjects every 6 months over three con-
secutive 6-month periods. Subjects in ‘the 1CQC were re-
quired to meer all the criteria for admission to the
HERITAGE Family Study with the exception of family
membertship and degree of sedentariness. The physical char-
acteristics for these 60 subjects are also presented in Table
1. The ICQC subjects were younger and had lower body
mass and BMI than the main HERITAGE subjects.

Experimental Design
Each subject in the HERITAGE Family Study completed

an extensive batcery of tests prior to starcing the 20-week
endurance aining program. A series of 4 to 8 blood pressure
and heart rate measurements were conducted on two sepa-
rate days. The mean syscolic pressure (SBP), diastolic pres-
sure (DBP), mean arterial pressure (MAP), end heurt rate
from each day were used in the analysis.

Blood Pressure and Heart Rate Methodolgy

Blood pressure and heart race measures were taken using
the Colin STBP-780 sutomated blood pressure unit. This
system craploys two electrocondenser microphones embed-
ded in the cuff. The sound signal is syachronized to the
electrocardiograph R wave, and 4 detection algorichm is
used 1o determine both SBP and DBP. Earphones wom by

the techaician allowed for a manual confirmacion of the

TABLE 1. Physical characteristics of the subjects in the HERITAGE Family Study and in the ICQC Substudy*

Age Heighe Weight BML

Sabjects a {yeans) {erm) (kg) (xg/m*)
HERITAGE

Black men 108 33.0=123 1766 = 6.8 849 % 189 274 =56

Black women 199 329 =113 1623 2 6.7 747 = 18.0 283 = 6.6

White men 155 359 = 15.0 1777 = 65 844 = 183 267 = 4.9

White women 160 348 = 140 163.8 = 6.5 67.L = 13.6 25.0 = 4.8

Tozal 822 344 £ 135 165.3 = 9.6 66 =179 287 = 5.6
IcQC

Mea 25 28.5 =95 176.0 = 6.} 764 = 114 247 =33

Wemen 35 274 =64 1656 = 69 €33 = 115 234 = 3.6

Tol ] 281 =90 171.7 2 82 714 =119 241 =35

* Dats are expressed as mean = SO,

1ICQC, lncracenter Quality Conzeot Substudy with 15 subjeces provided by cuch of the four clinical ceaters.
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algorichm-determined blood pressure values. In addition,
the printer function enabled the technician to visually con-
firm rhe accuracy of the reading with its graphic Korotkoff
sounds (K-sounds).

Subjects reported to the laboratory before 11:00 AM.
having refrained from tobacco, caffeine and any blood pres-
sure or heart rare alcering medication for 2 hours prior to
testing. Proper cuff size (child. regular adult, or large adulc)
was determined using the guidelines from the 1988 Report
of the Joint National Commuttee on Detection, Evaluation,
and Treatment of High Blood Pressure (9) and the size was
recorded in the subject’s file. The blood pressure cuff was
placed snugly around the right upper arm so that the micro-
phones were over the brachial arcery and the lower margin
of the cuff was 2-3 cm above the antecubiral space. Elec-
trodes were placed over the munubrium, and on the mid-
clavicular line over the lower left and right ribs. The subject
was then seated in a reclining chair in a semi-recumbent
position (legs supparted parallel to the floor and the back
support rechined at 45° angle from the floor), with the arms
relaxed and supported. The laberatory was quiet, wich little
or no light and a room temperature between 23°C and 26°C.
A sheet or blanket was available if the subject requested .
The blood pressure equipment and technician were to the
side or behind the subject so that the subject could not see
the blood pressure monitor or the technician.

Following a rest period of at least 5 minutes, four blood
pressure and hearc rate readings were taken at 2-minute
intervals (2 minuces from che starc of one to the starc of
the next blood pressure measurement). The first reading
was atways deleted. If the next threc messurements were
considered “reliable”, no more measurements were takea.
If one or more of these measurcments were considered “unre-
liable", additional measurements were taken until there were
three reliable measurements or until eight measurcments
had been taken. Even though several blood pressures were
taken on a subject each day, there was only one blood
pressure measure reported each day. This repocted bleed
pressure was the mean of the three reliable measurements
or the mean of all available reliable readings. Subjects re-
ported to the laboratory on a second day and cthe same
procedures were repeated. Most subjects reporced within
= 2 hours of tire for the fust day.

Unreliable measurements were those considered to be
invalid because of subject movement, machine malfunceion,
technician eccor or where by checking the graph of K-sounds
it was obvious thac thz Colin STBP-780 had chosen the
wrong systolic or diastolic blood pressure. For each bleed
pressuce measurement two separate readings were manually
recorded; the automated value determined by the Celin
STRP-78C and the manual reading value determined by the
technician listening chrough headphones. The technician
first recorded the manual reading without looking at the
automated reading and thea recorded the automated reading
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from the print out from the Colin STBP-780. When there
was a significant discrepancy between the automarted and
manual reading the technician examined the graph of the
K-sounds to determine if the Colin STBP-780 reading
was valid.

Heare rate was measured by the STBP-780 as a moving
average of six beats. The heart rate measured during each
blood pressure measurement was printed out by the STBP-
780 and recorded. Heart rate values reported were those
on the STBP printout corresponding to the blood pressure
measurement used.

SBP was defined as the first sound (appearance of
K-sounds) and DBP was defined as the fifth sound (disap-
pearance of K-sounds). The Colin STBP-780 was calibrated
using a mercury manometer at the beginning of most testing
days. Colin STBP-780 values were recorded at mercury ma-
nometer pressures of 200, 150, 100, 50 and O mmHg. The
Colin STBP-780 was éonsidered calibeated if its values were
within * 2 mmHg of the mercury manometer values. If the
Colin STBE-780 failed calibration, the Colin STBP-780

was recalibrared.

Quality Assurance, Quality Control, and
Sutistical Methodology

Important quality assurance and quality control procedures
were iastituted across all four Clinical Centers, as decailed
by Gagnon et al. (10), including, a) central training for
staff members, b) development and use of a detailed Manual
of Procedures, and ¢) resting on two saparate occasions
during each of the fisst 2 yr of 4 subjects who went to each
of the Clinical Cencers over & 3- to 4-week period.

All statistical analyses were performed from one blood
pressure and heact rate measurement, which was the mean
of the reliable measures caken on that day. Technical errors
(TE), coeffcients of variation within subjeces (CV), and
intraclass correlations (1CC) were computed to evaluate the
reproducibilicy of SBP, DBP, and heart rate measurements
using the model of Shrout and Fleiss (11). Wich this model.
the i* measurement on the j* subject, x,, is given by:

x, =W+ b+ w

where p is the population mean. b, is the difference from
L of the mean of the measurements on the J*® subject, and
w, is the difference from p -+ b of the i measuremenz on
the j% subject (w, is a residual that encompasses the effects
of the rater, the rater x subject ineraction, and the error).
Borh b, and w, are assumed to be normally distnibuzed and
independent with standard deviations of o7 and gu. U4 18
the within-subjects standard deviation, also called TE. The
CV was computed as :

CV = (100 X a.)/p
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To compute the ICC, PROC GLM in SAS was used to
run an ANOVA, providing between-subjects mean square
(BMS) and within-subjects mean square (WMS) values.
These wera used o estimate the intraclass correlation (ICC)
according to Shrout and Fleiss (11):

ICC = (BMS — WMS)/ [BMS + (k = 1) X WMS],

where k is the number of replicate measurements on a sub-
ject. TE, the within-subjact standard deviation, is computed
as the square root of the WMS from the ANOVA. TE, CV,
andd 1CC wece caleulated for SBP, DBP, MAP and heart
rate for the overall sample; by sex; by race; by catcgory of
age, cuff size, BMI, and %fat; by Clinical Center; and for
the eatire [CQC sample.

A S-factor (sex, race, age, cuff size, and time) repeated
measures ANOVA was used to determine if there were
any significant within-subject (Day-1 vs. Day-2) or between
subjectdifferences for the entire HERITAGE sample. A one
{actor repeated measures ANOVA was used to determine if
there were any sianificant day within-subjects or between
subjectdifferences among the three days in the [CQC study.

Ape cateyorics were: 17-25; 26-35; 36-45; 46-55; > 35.
The cufi-size catcgories were: small, regular, and large. The
two categories for BMI and %fat were: above the median
and kelow the meduan.

RESULTS

The SBP, DBP, MAP, and heart rate values for the toral
sample and for the total sample split by race and sex for
Day } and Day 2 arc presenced in Table 2. Flewss (12)
constders ICC values > 0.75 to represent excellent reliabil-
iy, between 0.40 and 0.75 to represenc fair to good reliabil-
iy, and values less than 0.40 to represent poor reliability.
All of the ICC values from the current study, excepe for
heart rate, exceeded 0.75 and would therefore be considered
excellent. According to Scotr et al. (13), for most biological
Jata, a CV of < 10% is considered good. According to this
cricerion, the CVs in the current study (4.1-4.3% for SBP,
6.1-6.7% far DBP, 4.6-5.0% for MAP, and 7.4-8.0% for
heart rare) for che HERITAGE Family Seudy data, would
be very geod. The TE, CV, and ICC were similar for men,
woren, Blacks and Whites. The TE, CV, and ICC values
by category for age, BMI and %fat arc noc presented since
they were nearly identical to those presented in Table 2.
Using TE, CV, and ICC as the criteria, the SBP was the
most reproducible and heart rate was the least reproducible.

Table 3 gives the TE, CV and ICC for SBP, DBP, MAP,
and heart rate for each of the four Clinical Centers in the
HERITAGE Family Study. All of the CV values were under
10% and all of che ICC values were 0.75 and above except
for DBP for Center C and heart rate for Centers A, B,and C.

A S-factor (sex. race, age, cuff size, and time) repearted
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measures ANOVA was used to test for within-subject differ-
ences (Day-1 and Day-2) or hetween subject differences for
SBP, DBP, MAP and heart race. Although interactions were
not the focus of the study, they were examined to ensure
that main effect interpretacion was unambiguous. The time
effect was examined first. Interactions (berween this factor
and orhers) were not significant (SBP, 0/15 interactions
significant; DBP, 0/15 significant: MAP, (/15 significant;
hearc rate 015 significant). The time main effect also was
not significant (SBP, F = 2.2, p = 0.138; DBP, F = 0.66,
p = 0417 MAP, F = 152, p = 0.217; HR, F = 1.03,
p = 0.J311).

Because it was not a focus of the study, only the main
effects of berween-subject differences were analyzed. For the
between-subject terms, medns averaged over Day 1 and 2
were examined. Men had significantly higher SBP (F = 3.9,
p =0.049), DBP (F =5.82,p = 0.016) and MAP (F = 6.00,
p = 0.015) than women. Blacks had significantly higher
SBP (F = 11.42, p = 0.001), DBP (F = 6.74, p = 0.010)
and MAP (F = 10.18, p = 0.001) than whites. Older age
categories had higher SBP (F = 333, p = 0.010), DBP
(F = 9.0l, p = 0.000), und MAP (F = 7.08, p = 0.001)
than younger age categorics. There was a significant cuff
size main cffect for SBP (F = 3.82, p = 0.022) and MAP
(F = 3.62, p = 0.027), but not for DBP (F = 2.65, p =
0.071). A Bonferonni/Dunn post-hoc test determined chat:
(1) for SBP those wich large cuffs had higher values (123.0 =
13.4) than those with small (118.5 = 12.1) or regulur cuffs
(118.3 = 12.0); and (2) for MAP those wich large cuffs had
higher values (85.3 = 9.7) than those with regular cuffs
(84.7 = 9.0), but there was no significant difference between
those wirh small cuffs {85.1 £ 9.2) and those with regular
or large cufs. There were no significant main effects for
heart rate (F = 0.00-2.09, p > 0.05).

The resting SBP, DBP, MAP and heart rate values for
the ICQC subjects are presented in Table 4. As with dats
from the entire HERITAGE Family Study, the SBP mea-
sures were the most reproducible and heurt rate was the
least reproducible. All CV values were under 10%. The
ICC values were abave 0.75 for SBP and MAP and below
0.75 for DBP and heare rate. A one-way repeated measures
ANOVA determined that chere were no significant differ-
ences among the three days for SBP (F = 0.66, p = 0.521),
DBP (F = 0.30, p = 0.744), MAP (F = 0.44, p = 0.649)
or hearz rate (F = 0.19, p = 0.828).

DISCUSSION

The reproducibilicy of resting blood pressure for HERI-
TAGE subjects (Tuble 2), for the HERITAGE study by
Clinical Center (Table 3) and for the ICQC subjects (Table
4) compare favorably with that found in other studies. The
[CCs in the current study ranged from 0.76 to 0.87 for SBP
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TABLE 2. Reproducibility of resting systolic, diastolic and mean arcerial hlood pressures and heart rate across two days

TE
._.M_ ._D_alz— {mmHg or cv
n {Mean = SD) {Mean = SD) beats/min) (%) IcC
Systalic
Men 363 1213 = 115 122.1 = 10.8 51 4.2 c.80
Wernen 459 1173 = 129 165 = 12.6 5.0 4.2 0.85
ack 307 1234 = 128 1231 = 123 5.0 4.2 0.54
Whaite 515 1164 = 11.5 1165 = 11.4 5.0 4.3 0.81
Ton! 822 119.1 = 12.4 119.0 = 122 5.0 4.1 0.54
Diasiohe
Men 363 69.7 = 9.5 6§92 =93 4.6 6.7 0.76
Wemen 459 8.0 = 9.8 673 = 9.5 4.2 6.2 0.81
Black 307 72794 723 = 87 4.4 6.1 0.74
White 518 66.4 = 8.9 §5.6 = 89 4.4 6.7 0.76
Tozal 822 637 =96 8.1 = 9.4 4.4 6.4 0.79
MAP?P
Men 363 869 = 9.2 86.6 = 8.7 4.0 50 058t
Women 459 344 = 100 837 =99 39 4.6 0.45
Black 307 89.6 = 9.6 89.3 = 9.1 39 . 4.4 0.83
White 51§ 811 =90 826 + 8.8 39 4.7 0.81
Total §12 855 >9.7 85.1 = 9.5 39 4.6 0.34
Hearr rate
Men 363 62.1 =290 624 =92 4.6 74 0.74
Women 459 617 =51 63.4 = 6.7 5.4 19 0.68
tuck ie? 66.6 = 9.7 611 =98 5.4 8.0 0.70
White 515 644 =93 64.6 = 9.8 4.8 7.5 0.74
Teaa! 812 €52 =95 €5.7 =99 5.0 1.7 .73

TE, technucal errar, CV, coeficrent af variation; ICC. intractusy correlacion; MAP, mean arterial pressure,

TABLE 3. Regroducibility of resting systolic, duastolic, and
mean artenal blood pressure and heart rate accoss Clinical
Centers for the HERITAGE Family Scudy Subjeces

TE
{(mmHg or CcvV
Clincal Cencer N beaw/min) (%) ICC
Svsealic
Cenzer A 195 4.5 36 0.86
Center B 211 6.5 56 0.77
Center C 112 4.6 4.0 0.81
Center D 204 4.1 34 c.87
Diaszelic
Centzr A 195 4.4 6.1 0.80
Center B 211 4.6 7.0 0.7%
Centec C 212 44 69 0.69
Cenier O 204 4.2 59 0.76
MAP
Center A 195 38 4.2 0.85
Cenier B m 4.4 5.3 0.7%
Center C 212 4.0 4.9 0.75
Cenzer D 204 3.8 40 0.85
Hear: Rate
Cencer A 195 5.7 §¢ 0.66
Center B 11 5.0 16 0.12
Cencer C 212 5.2 1.8 0.72
Ceneer D 204 412 6.6 0.80

TE. technical error; CV, cocfiicient of vaciation; ICC, intraclass corrclacion;
MAP, mean artienial pressure.

and from 0.69 to 0.81 for DBP. The ICC values of 0.84 and
0.79 for SBP and DBP for the total HERITAGE population,
comparte favorably with those from previous studies (see
Table 5). Llabre et al. (2) took six resting seated blood
pressures on each of 5 days on 128 normotensive Black and
White males and females. They decermined the ICC for a
matrix of 1 to 5 days and | or 2 measucements. The ICCs
for 2 replications and 2 days (the combination most similar
to the HERITAGE sample) were 0.84 and 0.74 for SBP
and DBP, respectively. Llabre et al. (3) also studicd 40 mild
hypertensives and 79 normotensive Black and White males
and females with the same study design. They determined
the [CCs for a mazrix of 1 to 3 days and 1 to 6 measurements.
For 2-days and 3-measurements, their 1CCs for SBP and
DBP were 0.91 and 0.89, respectively, for the entire sample.
Values for che normotensives were slightly betzer than those
of the hypertensives. Wactigney ecal. (14) derermined ICCs
in the Bogalusa Heart Study, measuring blood pressures on
417 children, 6-18 years of age, on two separate days using
both a mercury sphygmomanometer and a Dinamap auto-
matic blood pressure monitor. They had ICCs of 0.90 and
0.82 for SBP measured with the sphygmomanometer and
Dinamap, respectively, and ICCs of 0.76 and 0.68 for DBP
measured with the sphygmomanometer and Dinamap, re-
spectively.

The TE and (CV) in the current study ranged from
4.1-6.5 mmHg (3.4-5.6 %) and from 4.2-4.6 mmHg (5.9-
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TABLE 4. Reproducibility of resting systolic, diastolic, and mean arcerial blood pressures and hescc rate across three days for the

ICQC substudy (n = €0)

TE
Day 1 Day 2 Day 3 (mmHg or cv
(Mean = SD) (Mcan = SD) (Mecan = SD) beatg/min) (95) ICC
Systohie 1187 = 103 119.1 = 9.6 117.9 =101 4.9 4.1 0.76
Duastolic 648 = 7.8 650 x 83 64.2 = 63 4.8 7.2 0.59
MAP 829 =177 31.7 2 134 823 = 34 4.0 4.8 0.75
[1eare tate 60.5 = 9.7 6l.2 = 11.0 60.6 = 107 6.0 9.8 0.67

TE, rechnical error; CV, coefizient of variationy 1CC, intraclass correlation; MAP, mean accerial prossure.

7 2%) for SBP and DBP, respectively. The TE and (CV)
values of 5.0 mmHg (4.2%) and 4.4 mmHg (6.4%) for SBP
and DBP for the total HERITAGE population, compare
favorably with those from previous studies (see Table 5.)
Scott et al. (13) measured resting SBP and DBP on days 1,
2, and 30 in 10 healthy subjects, 21-35 yrs of age, and
reported TE and (CVs) of 5.7 mmHg (5.3%) and 4.2 mmHg
(5.8%) for SBP and DBP, respectively. (The number of
blood pressure measurernents was not explicitly given, bur
was assumed co be one per visit.) Sime etal (17) conducted
one blood pressure measurement on 46 men, 40-57 years
of age, seated on a cycle crgometer immediately prior to an
exercise test on (wo occasions, one week apart. The TE
(CV) was 10.6 mmHg (8.4%) and 7.8 mmHg (9.6%) for
SBP and DBP, respectively. In the Hypertension Detection
and Follow-up Program (16), approximately 159,000 men
and wotnen, 30-69 years of age, were screened for hyperten-
sion in their home by tratned professionals and then 72
hours later at a clinic. During the in-home visit three blood
pressure measurements were raken. Using DBP measure-
ment 2 and 3, the CV was calculated by 10-year age catego-
ries for Black and White males and females for those with
no hiscory of high blood pressure, those with a history of high
blood pressure but not on anti-hypertension medication, and
those currently on hypertensive medication. The TEs (CVs)
ranged from a low of 10.6 mmHg (11.4%) to a highof 15.2

mmHg (16.6%). Other studies only repore TE or CV dara.
Glasgow et al. (18) had 254 subjects with borderline or
established hypertension, 186 of whom were taking hyper-
tension medication, monitor their own blood pressure by
taking three consecutive readings and averaging them into
one reading. They did this three times 2 day (morning,
midday, and evening) for 28 successive days. The TEs com-
paring onc day one week vs the same day of the week the
nexc week ranged from 2.54.5 mmHg and 1.5-3.4 mmHg,
for SBP and DBP, respectively. Wattigney et al. (14) re-
ported CVs of 3.6 and 4.6% for SBP measured using a
sphygmomanometer and Dinamap, respectively, and 17.1
and 7.4% for DBP measured using 2 sphygmomanometer
and Dinamap, respectively, in the Bogalusa Heart Study.
Canner ec al. (15) determined CVs for the Hypertension
Prevencion Trial, where two blood pressure measurements
were made ar lease 30 seconds apart at three baseline visics
and ac six follow-up visits an 841 parcicipants. The CVs
were 3.8 and 4.5% for SBP and DBP, respectively.

The reproducibility of resting hearc rate for HERITAGE
subjects (Table 2), for the HERITAGE scudy by Clinical
Center (Table 3) and for the ICQC subjects (Table 4), was
slightly less than reported in the limited number of swdies
found for comparison. The TE and (CV) for the toral HERI-
TAGE population was 5.0 beats/min (7.7%). Scotc et al.
(13) measured resting heart rate on days 1,2, and 30in 10

TABLE 5. Reproducibility of resting systolic and diastolic blood pressute from previously published studies and the HERITAGE

Family Scudy

TE (mmHg) CV (%} ICC
Study N (SB2/DBP) (3BP/DBP) (SBP/DBP)
Canner et al (15) 841 3.8/4.5
Glasgew ot al. (18) 254 2.5-45/15-34
HERITAGE Furnily Scudy 822 5.0/4.4 4.2/5.4 0.84/0.79
Hyperteasion Detection (16) 159,000 10 6-15.2*% ”Y11.4-16.6
Llabee ez al. (2) 128 0.84/C.74
Liabre ez al (3) 19 0.91/0.8%
Seott ct al. (13) 10 5.7/4.2" 5.3/5.8
Sime et al. (17) 17 10.4/1.8 8.4/9.6*
Wattingly et al. (14) (sphygmomanometer) 417 3601714 0.90/0.76
Wattingly et al. {14) {Dwnamap) 417 4.601.4 0.82/0.68

« These values were derived from the data givea in the onginal manuscripe. TE. cecheical eor; CY

. cocfhicient of variazion; ICC, intraclass correlation.
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healthy subjects, 21-35 yrs of age, and reported a TE of 4.8
beats/min and a CV of 7.1%. (The number of heart rate
measurements was not explicicly given, but was assumed to
be one per visit.) Laird and Campbell (6) had six men and
six women, ages 21-90 years, measure their own heart rate
at roughly the same time of day after sitting for 5 min on
three separace days. Heart rate was palpated at the radial
artery and measured as the number of beats counted in one
minute. The CV was 5.7%. Bacon et al. (5) measured resting
heart rate after 10 minutes of seated rest using an electrocar-
diogram on four men and four women, ages 34-58 years,
on four occasions before administering eye drops at the same
time of day separated by at least 7 days. The CV was 7.1%.

In pooling the data for analysis in a study involving
different clinicsl centers, it is important to ensure that a
standardized protocol is strictly enforced 2nd that the repro-
ducibility of the measures is high 1n each of the centers
(10). Asshown in Table 3, the reproducibility values among
the 4 Clinical Centers 1n the HERITAGE Family Scudy
were quire high.

Because it is possible for initial blood pressure and heart
rate values to be higher than the true blood pressure and
heart rate due to test anxiety, rhe protocol of the HERI-
TAGE Family Study involved taking up to eight blood
pressure and heart rate measurements on two separate occa-
sions before training. The fact that there were no significant
differences between Day-1 and Day-2 for SBP, DBP, MAP,
and heart rate indicates that crue resting values were
achieved.

In conclusion, in the HERITAGE Family Study the re-
producibility of che SBP, DBP, and MAP was excellent and
the reproducibility of heart rate was good. This makes i:
appropriate for the daca from the four Clinical Centers to
be pooled and o analyze this data set for changes subsequent
to endurance exercise training and to determine the pessible
genetic basis for these changes.

The HERITAGE Famuly Study 1s supported by the Nauunal Heart, Lung
and Blood Institute through the following granes: HL45670 (C. Bouchard,
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Skinner, Pl): and HL47321 () H. Wilmore, Pl). Credit is ulso given
the Univerity of Minnesaca Clinical Rescarch Ceater, NIH Crant MOL-
RRCOO400. Claude Bouchard is supported in part by the Danald B. Brown
Research Chuir on Obesity funded by MRC and Roche Canada, Art Leen
w partially supported by the Heney L. Taylor Professenhip in Exercise
Science and Health Enhancement.
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