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Factors Predicting the Fall in Clinic Blood Pressure
on Repeated Measurements

Cheung BMY and Cheung AJ

Abstract— Aim: Clinic blood pressure (BP) readings tend
to decrease towards the true value on repeated measurements.
We aimed to identify factors associated with the fall in systolic
and diastolic BP on repeated measurements.

Methods: We used BP data on 4943 participants aged >20 (2475
men, 2468 women; mean age+SD, 50+18 years) in the United
States National Health and Nutrition Examination Survey
(NHANES) 2007-8. Repeated measurements analysis of
variance was used to identify predictors of the change in BP with
time.

Results: As expected, BP was significantly related to age, gender
and body mass index (P<0.001). Both systolic and diastolic BP
decreased significantly with time (P<0.001). These decreases
were significantly related to age and the maximum cuff pressure
(P<0.001). They were not related to body weight, arm
dimension, triceps skinfold thickness, cuff size, and
consumption of food, coffee and tobacco in the preceding 30
minutes.

Conclusion: Older persons and those with high systolic BP had
larger decreases in BP on repeated measurements. Hence,
adequate inflation of cuff and repeated measurements in the
elderly are key factors for measuring clinic BP accurately.
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l. INTRODUCTION

Clinic blood pressure (BP) is known to be an
approximate estimate of a person’s true BP [1]. There are
many reasons for this lack of accuracy. On one hand, the
person undergoing BP measurement may not have rested for
a long enough period of time, or the person is anxious and is
unaccustomed to the clinical environment and the procedure
[2]. Onthe other hand, because BP by its nature is a constantly
changing variable, taking the mean of repeated readings is
always superior to a single reading no matter how carefully it
is measured. In recent years, many people have come to
regard ambulatory blood pressure as the gold standard in the
diagnosis of hypertension, white-coat hypertension and
masked hypertension [1, 3, 4]. While it is very useful in the
diagnosis of hypertension, it is not practical in the routine
follow-up of patients to carry out repeated ambulatory blood
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pressure monitoring. Therefore, it has not replaced careful
clinic BP measurements in daily practice.

In usual clinical settings, it is customary to take the BP
more than once because it is well know that BP readings tend
to decrease towards the true value on repeated measurements
[5]. In this analysis, we aimed to identify the factors related
to the change in systolic and diastolic BP on repeated
measurements.

1. METHODS

The United States National Health and Nutritional
Examination Survey (NHANES) 2007-8 database was used in
this analysis [6]. Ethical approval for the study was granted
by the Centers for Disease Control and Prevention
Institutional Review Board. Participants were included in the
analysis if they had undergone no fewer than three BP
readings. All BP measurements were conducted in mobile
examination centers by trained and certified personnel [7].
After giving informed consent, participants sat quietly for five
minutes.  The maximum inflation cuff pressure was
determined, and the BP was then measured three times. A
further reading could be taken if an earlier reading was
interrupted or failed.

Data analysis was performed using SPSS version 22
(IBM). Repeated measurements analysis of variance was used
to identify variables that showed significant interaction with
time. A P-value of less than 0.05 was considered significant.

1. RESULTS

In NHANES 2007-8, there were 4943 participants aged
20 or over with repeated BP measurements.  Their
characteristics are shown in Table 1. As expected, BP was
significantly related to gender, age, body mass index and pulse
rate (Table 2). Systolic and diastolic BP both decreased
significantly (p<0.001) with time (Table 1 and Fig. 1). The
decrease in systolic BP with time was significantly related to
age (partial n?=0.008, p<0.001) (Fig. 1) and the maximum
cuff pressure (partial 112=0.025, p<0.001) (Fig. 2). The
decrease in diastolic BP with time was also related to age
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(partial n2:0_002, p=0.006) (Fig. 1) and the maximum cuff FIGURE 1_Repeated systolic and diastolic BP readings in three
pressure (partial 12=0.002, p=0.001). The decrease in BP different age groups (20-39, 40-59 and 260)
readings was not related to body weight, arm dimension, 150
triceps skinfold thickness, cuff size, and consumption of food, 125
coffee and tobacco in the preceding 30 minutes. It was 140
observed in men and women alike, even though men and ® 135
women had different levels of BP (Fig. 3). It was also not E 130
related to whether the participant was hypertensive and taking £ 125
hypertensive medication (Fig. 4). & 120 20-39
Plotting the decrease in SBP between the 1% and 3 2 1 = 40-59
reading against the arithmetic mean of the 3 readings showed 3 110
that there was some regression to the mean (r=0.2, p<0.001) a 13(5) H>=60
(Fig. 5). 95
TABLE 1 90
Characteristics of participants in NHANES 2007-8 1 2 3
Men Women Time
|
Number of participants 2475 2468
Age (years) 50.4+17.6 50.1+17.6
Race/Ethnicity
Mexican American 422 445 80
Other Hispanic 253 305 78
o 8 76 T T
Non-Hispanic white 1221 1122 :lE: 24
Non-Hispanic black 480 507 £
- 72
Other 99 89 & 7o T T T - T 20-39
Systolic BP (mmH L 1 —
ystolic BP (mmHg) 5 68 W 40-59
1% reading 127.4417.7 124.5+20.9 2 66 1
2" reading 125.6+16.9 122.5+20.0 [S) gg T1 w>=60
3" reading 124.1+16.4 121.4+19.5 60
Diastolic BP (mmHg) 1 2 3
1% reading 72.5+12.7 68.7+12.7 Time
2" reading 71.7£12.9 68.3+12.6
3" reading 71.5+13.0 67.8+12.8

Error bars denote SE of the group mean. The decreases in BP

Continuous variables are expressed as mean+SD. e - o= g
with time were significant (p<0.05) in all age groups.

TABLE 2 Variables correlated with systolic and diastolic BP FIGURE 2 Relationship between the change in systolic BP between
Systolic BP Diastolic BP the first and third reading with the maximum cuff pressure
p P-value p P-value o © r=029
Gender 0.079 <0.001 0.146 <0.001 50004 ° ° ° o
o ° 8 °
Age 0.444 <0.001 -0.051 0.001 Z § § § § § . e o
Body mass index 0.110 <0.001 0.077 <0.001 2 49 8383 88 &5 ®©
- [+ Q Q Q o Q 2] o a
Pulse rate -0.046  0.001 0111  <0.001 & oo & 6 & 8 8 8 & 8 8 o o
[+ Q Q Q o =] o Q
@ o ¢ 0 6 0 © © o o
p, Spearman correlation coefficient. & S & & 8 3 3 a9—5_98 o
m o Q Q Q Q Q Q o o
W o ] [2] o o [} =] o (=] o o
] o =] o o [=] =] o o o (=]
=] o] o o =] =] [+ o
o =] o o [=] =] [=] [=] o] o O
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o [=] o O
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=] [e]
o o O
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FIGURE 3 Repeated systolic BP readings in males and females IV. DISCUSSION

126
I Data from NHANES, which is a large continuous

survey of the health and nutrition of the American general
population, is uniquely useful in the study of BP in the general
1261 population [8]. The advantage of NHANES is not only its
I large sample size, but also its generalizability to the general
population. The sample population includes many who have
I no known chronic medical conditions and do not see a doctor
regularly. In NHANES, the personnel who perform BP
measurements are trained and certified, and readings are made
under controlled conditions according to a strict protocol. Due
I to the rigor with which BP measurements were made, many
1277 of the variables commonly assumed to affect BP readings did
not do so. Thus, the decreases in BP readings with repeated
: : measurements were not related to body weight, arm
male female dimension, triceps skinfold thickness, cuff size, and
Gender consumption of food, coffee and tobacco in the preceding 30
Error bars denote SE. The decreases in BP with time were minutes. Instead, we found that age and the level of maximal
significant (p<0.05) in both groups. pressure to which the cuff was inflated were related to the
amount of fall in BP on repeated measurements. Older
FIGURE 4 Repeated systolic BP readings in participants taking ornot ~ Ppersons had a larger fall in BP on repeated measurements.
taking antihypertensive medication Inflating the cuff to a higher initial pressure was associated
with a definite fall in the BP reading on repeat measurements.
¥ These findings are relevant to clinical practice; they suggest
1351 that BP should be measured slowly and carefully in the
¥ elderly, and that inflating the cuff to a higher initial pressure
may give more accurate readings. Both are related to time and
patience when measuring BP.

124
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We included a wide range of adults in our analysis. Of
note, diastolic BP increases in middle age but it decreases in
1251 old age, when isolated systolic hypertension is often found.
Because the diastolic BP is normal in isolated systolic
s hypertension, the accurate measurement of systolic BP is

= especially important in the elderly.

SBP (mmHg)

1201

fel

Due to the physiological variation in BP from beat to

. | beat, and the inaccuracy of non-invasive measurements of

yes no BP, regression to the mean can occur with repeated BP

Taking anti-hypertensive medication readings. This commonly occurs when people with initially

Error bars denote SE. The decreases in BP with time were ~ €lévated readings undergo repeated measurements. In our

significant (p<0.05) in both groups. fin_a_ly3|s, there_was no selection of participants bf'as_ed on thglr

initial BP readings. Moreover, even among participants with

FIGURE 5 Relationship between the change in systolic BP between lower than average.BP’ there V\.Ias still a tendency’ albeit

the first and third reading with the mean of the three BP readings smaller, for BR readings to fall with repeated measurements.

Therefore, while there was a degree of regression to the

) o mean, this did not entirely account for the fall in BP with
207 R . repeated measurements in our sample population.

The NHANES study is not without limitations. The
participants were examined only once and so this study does
not reproduce the situation in general practice in which
patients can come on repeated visits to have blood pressure
measurements.

SBP3-5BP1

In conclusion, systolic and diastolic BP readings decrease
on repeated measurements. Care should be taken when
7 , measuring BP in the elderly, and the BP cuff should be

&0 120 190 180 210 inflated to adequate levels.

SBPmean
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