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See the editorial comment for this article ‘Newanswers to an old question: howmany office blood pressuremeasurements are needed?’,
by G. Bilo et al., https://doi.org/10.1093/eurjpc/zwac158.

Aims Most international guidelines recommend that repeat blood pressure (BP) readings are required for BP classification. Two
international guidelines diverge from this by recommending that no further BPmeasurements are required if the first clinic
BP is below a hypertension threshold. The extent to which within-visit BP variability patterns change over time, and
whether this could impact BP classification is unknown. We sought to examine this.

Methods
and results

Data were from the Cardiovascular Risk in Young Finns Study, a prospective cohort study. Up to 2799 participants were
followed from childhood (9–15 years) to adulthood (18–49 years) over up to six visits. Patterns of within-visit systolic BP
(SBP) variability were defined as no-change, decrease, increase between consecutive readings (with 5 mmHg change
thresholds). Classification of SBP (normal, high-normal, hypertension) using the first reading was compared with repeat
readings. On average, SBP decreased with subsequent measures, but with major individual variability (no-change: 56.9–
62.7%; decrease: 24.1–31.6%; increase: 11.5–16.8%). Patterns of SBP variability were broadly similar from childhood to
adulthood, with the highest prevalence of an increase among participants categorized with normal SBP (12.6–20.3%).
The highest prevalence of SBP reclassification occurred among participants with hypertension (28.9–45.3% reclassified
as normal or high-normal). The prevalence of reclassification increased with the magnitude of change between readings.

Conclusion There is a major individual variation of within-visit SBP change in childhood and adulthood and can influence BP classifi-
cation. This highlights the importance of consistency among guidelines recommending that repeat BP measurements are
needed for BP classification.
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Introduction
In-office measured blood pressure (BP) is the basis for diagnosis and
management of hypertension.1 However, BP changes dynamically
among consecutive readings in a single clinic visit, known as within-
visit BP variability (WVV), and this might affect the accuracy of in-
office BP evalution.2 Population-level data show that the mean of
the first BP reading within a clinic visit is typically highest and that
on average BP decreases upon successive readings.3 This appears
to underlie the rationale for the National Institute for Health and
Care Excellence in the United Kingdom to recommend that no fur-
ther BP measurements are required if the first clinic BP is ,140/
90 mmHg (Supplementary material online, Table S1).4 Only one
other international society recommends such an approach, but is
based on the lower hypertension threshold of ,130/85 mmHg
(Supplementary material online, Table S1).5

The above rationale of only taking one BP reading could be flawed
on the basis of individual-level analysis of cross-sectional data in adults6

and young people7 in which highly variable WVV change patterns
were observed between consecutive BP readings (i.e. no change, de-
crease, increase). These changes could be of such a magnitude to po-
tentially influence BP classification, especially if only one BP reading is
relied upon for diagnostic workup. To our knowledge, there has never
been a longitudinal analysis on the individual variation in the patterns of

WVV over time, nor the extent to which WVV could impact BP
classification. In this study, we sought to examine this in the population-
based Cardiovascular Risk in Young Finns Study in which repeat mea-
sures of WVV were recorded from childhood to adulthood.

Methods

Study design and setting
Data were available from the Cardiovascular Risk in Young Finns Study, a
population-based ongoing prospective cohort study. Full details of themeth-
odology and study design of the Cardiovascular Risk in Young Finns Study
have been presented elsewhere.8 In brief, participants from five Finnish cities
and their rural surroundings who were representative of the underlying
population were recruited to a population-based prospective cohort study
to examine risk factors and precursors of cardiovascular disease from child-
hood to adulthood. In 1980, the first cross-sectional study was carried out
among 3596 participants aged 3, 6, 9, 12, 15, and 18 years. Thereafter,
follow-up surveys were conducted in 1983, 1986, 1989, 1992, 2001,
2007, and 2011 (Supplementary material online, Table S2).

Participants
BP was recorded at each survey visit using the same protocol.8 However,
there was a change in BP devices in 1986, thus for this analysis, data were
only included for those participants who had completed three BP
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readings at each visit using the same device from 1986 (when participants
were aged 9–24 years) to 2011 (when participants were aged 34–49
years) (Supplementary material online, Table S2). Written informed con-
sent was provided by all participants or their guardians. The study fol-
lowed the guiding principles of the Helsinki Declaration and had local
ethics committee approval.

BP measurement and classification
BP was measured with a random zero sphygmomanometer (Hawksley &
Sons, Lancin, UK) using an appropriate cuff size by trained nurses using a
standardized protocol.8 All BP measures were performed between 8 am
and 10 am from the right arm after participants had been seated and
rested for 5 min. The proper cuff size was selected at each survey ac-
cording to the circumference and length of the upper arm at the time
of BP measurement. There were two choices of cuff size (9.5 cm×
28 cm and 13 cm× 40 cm) for children, with the most appropriate
cuff covering at least two-thirds of the upper arm surface. In adults, there
were three choices of cuff size: 12 cm wide (for arm circumference
26–32 cm), 14 or 15 cm wide (for arm circumference 33–41 cm), and
18 cm wide (for arm circumference .41 cm). BP measurements were
undertaken in outpatient clinics of the Departments of Paediatrics for
participants in the cities, and at public health centres for participants
in the rural communes. Three measurements were performed with a
2- to 3-min interval between successive readings. This study focused
on WVV of systolic BP (SBP) because SBP is the most important single
component of BP and the main determinant of cardiovascular events ir-
respective of age.9 The SBP values analysed at each visit included one of
the three single readings (SBP1, SBP2, SBP3), the mean of the first two or
last two successive readings (SBP1 and SBP2 or SBP2 and SBP3), and
mean of all three readings. For completeness, some analyses were also
conducted for the WVV in diastolic BP (DBP), following the same con-
vention as described for SBP above.
For participants aged ,18 years, BP classification was determined by

the 2016 European Society of Hypertension (ESH) guidelines in children
and adolescents.10 For participants aged ≥18 years, BP classification was
determined by the 2018 European Society of Cardiology (ESC)/ESH
guidelines in adults.11 At the ages of 9, 12, and 15 years, BP classification
was defined as normal (,90th percentile for age, sex, and height), high-
normal (≥90th to ,95th percentile), or hypertension (≥95th percent-
ile).10 At the age of ≥18 years, BP classification was defined as optimal
(,120/80 mmHg), normal (,130/85 mmHg), high-normal (130–139/
85–90 mmHg), or hypertension (≥140/90 mmHg).11 For the purpose
of consistent BP classification from childhood (aged 9, 12, and 15 years)
to adulthood (aged 18–49 years), the categories of ‘optimal’ and ‘normal’
were combined and referred to as ‘normal’ for participants aged ≥18
years. In this study, BP was first classified based on the first BP measure,
then the change of BP classification compared with using the mean of
two or three readings was referred to ‘reclassification’. Reclassification
included ‘down-reclassification’ (either from high-normal to normal BP,
or from hypertension to high-normal or normal BP) and ‘up-
reclassification’ (either from high-normal to hypertension BP, or from
normal to high-normal or hypertension BP).

Patterns of change in WVV
The patterns of no-change, decrease, or increase in WVV were analysed
separately at each study time point and defined according to 5 mmHg
change thresholds as follows: no change (SBP2 minus SBP1 from −4
to 4 mmHg); decrease (SBP2 minus SBP1 ≥−5 mmHg); and increase
(SBP2 minus SBP1 ≥5 mmHg). The threshold change of 5 mmHg was
determined on the basis that it was reasonable to expect a small amount
of random error in SBP measurement, and a magnitude of .5 mmHg

change in SBP has clinical significance.12 A threshold change of
10 mmHg was also analysed. Additionally, analysis was undertaken using
the change patterns between SBP2 and the third SBP reading (SBP3), be-
tween SBP1 and SBP3, as well as between SBP1 and the mean values of
SBP2 and SBP3 (meanSBP23).

Weight status
At all surveys, height and weight were measured and the body mass index
(BMI) was calculated as weight in kilograms divided by height in m2. Weight
status was determined by the BMI. Participants aged ≤18 years were clas-
sified as underweight if the BMI was ,5th age- and sex-specific percentile,
normal if the BMI was ≥5th and ,85th percentile, overweight if the BMI
was≥85th and,95th percentile, obesity if the BMIwas≥95th percentile.13

Weight status in participants aged.18 years were classified as underweight
if the BMI was,18.5 kg/m2, normal if the BMI was ≥18.5 and,25 kg/m2,
overweight if the BMI was ≥25 and ,30 kg/m2, obesity if the BMI was
≥30 kg/m2.14 Owing to the small proportion of the sample that met the cri-
teria for underweight at each time-point, the categories of ‘underweight’
and ‘normal weight’ were combined and referred to as ‘normal’.

Statistical methods
Data were presented as mean (standard deviation, SD) or as percentages
(%). Analyses were performed using Stata 16.0 (StataCorp, College
Station, USA) with a two-tailed P-value,0.05 regarded as statistically sig-
nificant. Cross-tabulation was applied to assess the reclassification of the
SBP category (normal, high-normal, hypertension) based on SBP1 com-
pared with the mean of SBP1 and SBP2 (meanSBP12), the mean of SBP2
and SBP3 and the mean of all three readings (meanSBP123). Seven age
groups were generated to calculate age-specific BP reclassification. The
ages of 9, 12, and 15 years were combined (childhood) as the first age
group, and the remaining discrete time points in adulthood aged
18–49 years were divided into six subgroups according to 3- to 4-year
intervals between successive subgroups. Given regression to the mean
may influence change patterns,15 we assessed the regression to the
mean and regression dilution ratios among repeated SBP readings at
each study time point using the following two methods: the
MacMahon method,16 where participants were divided into five groups
according to 10 mmHg strata of SBP1 (,110, 110–119, 120–129,
130–139, ≥140 mmHg), then regression dilution ratios were calculated
as the range between the mean values of highest (≥140 mmHg) and low-
est (,110 mmHg) SBP groups of SBP3 divided by the range between the
mean values of the highest and lowest SBP groups of SBP1; the Rosner
method,17 where the slope of the regression line was calculated after re-
gression of SBP3 on SBP1, which represented the regression dilution ra-
tio. Given that SBP1 level, age,6 sex, and weight status may affect WVV
patterns, we examined the distribution of the patterns across SBP status
classified from SBP1 and stratified by baseline age, sex, and weight status.
Given SBP1 levels may affect the reclassification of the SBP category, we
examined reclassification of the SBP category stratified by different SBP
groups according to percentiles (childhood) or 5 mmHg (adulthood) stra-
ta of SBP1 (childhood: ,80th, 80–84th, 85–89th, 90–94th, 95–98th,
≥99th percentile for age, sex, and height; adulthood: ,110, 110–119,
120–129, 130–139, 140–149, ≥150 mmHg). Given weight status may af-
fect the reclassifications of the SBP category and SBP1 levels, we further
assessed the reclassification of BP categories stratified by weight status
and SBP1 levels. Given DBP increased earlier than SBP and predicts the
risk of cardiovascular mortality, we assessed patterns of within-visit DBP
variability and examined reclassifications of DBP categories. Given that
DBP also determines BP classification, this study additionally assessed
the reclassification of BP status using a different number and combination
of BP measurements, considering SBP and DBP together. Because anti-
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hypertensive medication usage might affect BP categories, we also exam-
ined the reclassification of SBP categories after excluding participants who
had ever used anti-hypertensive medication. Given the heterogeneities
among the participants regarding the different number of visits and the
length of follow-up, we repeated the above analyses among the partici-
pants who attended all surveys from 1986 to 2011.

Results

Distribution of patterns of WVV from
childhood to adulthood
The mean (SD) length of follow-up was 16.8 (9.8) years and the
mean (SD) number of separate visits at which WVV was measured

was 3.1 (1.4). Table 1 shows participant demographics and the
mean values from the first to third SBP reading at each visit. On
average, SBP decreased with subsequent measures. However, there
was major individual variability in the direction of change from SBP1
to SBP2, as shown in Table 2 (56.9–62.7% no change; 24.1–31.6%
decrease; 11.5–16.8% increase). The distribution patterns of WVV
from SBP1 to SBP2 were broadly similar across each visit from
childhood to adulthood. The distribution of WVV patterns from
SBP1 to SBP2 was consistent irrespective of different age groups
at baseline or sex (data are not shown). The distribution of
WVV patterns from SBP1 to SBP2 was consistent by weight status
(Normal weight: 56.9–63.6% no-change; 22.3–31.2% decrease;
11.9–16.5% increase; overweight or obesity: 56.4–61.8% no-
change; 25.2–34.7% decrease; 8.6–16.7% increase). The distribution
patterns of WVV from SBP1 to SBP2 among 1191 participants who
attended all surveys from 1986 to 2011 were essentially unchanged
(57.0–63.1% no change; 24.3–31.3% decrease; 11.7–17.8% in-
crease). With a change threshold of 10 mmHg about 80% of par-
ticipants had no change from SBP1 to SBP2 whereas between 9
and 14% of participants had a decrease and 4–8% had an increase
from SBP1 to SBP2. The results were largely consistent for change
patterns between SBP2 and SBP3, as well as between SBP1 and
SBP3 (data are not shown). Table 3 shows that there was a consid-
erable proportion of participants with an increase in SBP with con-
secutive readings among all BP categories determined by SBP1. The
highest prevalence of an increase in SBP (either from SBP1 to SBP2
or SBP1 to meanSBP23) was among those participants categorized
with normal SBP1. For these participants, the prevalence of an in-
crease in SBP ranged from 12.6 to 20.3% between SBP1 and SBP2,
and 11.4 to 17.1% between SBP1 and meanSBP23. These results
were similar when BP categories were determined by first SBP
and first diastolic BP readings together (data are not shown). The
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Table 2 Distribution of patterns of within-visit
systolic blood pressure variability from first to second
reading at each survey time-point

1986 n (%) 2001 n (%) 2007 n (%) 2011 n (%)

5 mmHg threshold

No change 1419 (56.9) 1321 (58.6) 1278 (58.6) 1273 (62.7)

Decrease 787 (31.6) 642 (28.5) 538 (24.7) 489 (24.1)

Increase 287 (11.5) 291 (12.9) 366 (16.8) 270 (13.3)

10 mmHg threshold

No change 2053 (82.4) 1887 (83.7) 1791 (82.1) 1774 (87.3)

Decrease 344 (13.8) 271 (12.0) 216 (9.9) 175 (8.6)

Increase 96 (3.9) 96 (4.3) 175 (8.0) 83 (4.1)

All participants with complete three systolic blood pressure readings at each visit.
Because the limitation in the sampling size in 1989 and 1992, this table did not
show the measures in these 2 years.
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Table 1 Participant demographics and systolic blood pressure indices at six surveys of the Cardiovascular Risk in
Young Finns Study

Study year

1986 1989 1992 2001 2007 2011

n Values n Values n Values n Values n Values n Values

Demographic characteristics

Female, n (%) 2493 1312 (53.0) 376 194 (51.6) 446 234 (52.5) 2254 1239 (55.0) 2182 1198 (55.0) 2032 1108 (55.0)

Age (years) 2493 16.0 (5.0) 376 19.0 (5.0) 446 22.0 (5.1) 2254 31.5 (5.0) 2182 37.7 (5.0) 2032 41.8 (5.0)

Body mass index (kg/m2) 2492 20.0 (3.4) 375 21.9 (3.7) 443 22.7 (3.9) 2247 25.1 (4.4) 2152 26.0 (4.8) 2026 26.5 (5.1)

Overweight or obesitya, n (%) 2492 303 (12.2) 375 64 (17.1) 443 104 (23.5) 2247 978 (43.5) 2152 1147 (53.3) 2026 1155 (57.0)

SBP indices

SBP1 2493 116 (14) 376 116 (12) 446 117 (12) 2254 118 (14) 2182 122 (15) 2032 120 (15)

SBP2 2493 113 (13) 376 114 (11) 446 115 (12) 2254 116 (14) 2182 121 (15) 2032 119 (14)

SBP3 2493 112 (13) 376 113 (10) 446 114 (12) 2254 115 (13) 2182 120 (14) 2032 118 (14)

Mean of SBP1 and SBP2 2493 114 (13) 376 115 (11) 446 116 (11) 2254 117 (13) 2182 121 (15) 2032 119 (14)

Mean of SBP2 and SBP3 2493 113 (13) 376 114 (10) 446 114 (11) 2254 116 (13) 2182 120 (14) 2032 118 (14)

Mean of SBP1, SBP2 and SBP3 2493 114 (13) 376 115 (11) 446 115 (11) 2254 117 (131) 2182 121 (14) 2032 119 (14)

Values are continuous data with normal distribution expressed as mean (standard deviation); categorical data expressed as proportions.
SBP1, the first SBP reading at each visit; SBP2, the second SBP reading at each visit; SBP3, the third SBP reading at each visit.
aParticipants aged.18 years were classified as overweight or obesity if body mass index≥25 kg/m2. Participants aged≤18 years were classified as overweight or obesity if body mass
index was at least 85th age- and sex-specific percentile.
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consistency of the individual variations of WVV patterns using a
5 mmHg threshold was evaluated among participants who at-
tended baseline (1986) and all follow-up surveys in 2001, 2007,
and 2011. Of the 139 participants who had an increase from
SBP1 to SBP2 at baseline, 10.8–15.8% continued to have an
increase in SBP at each subsequent follow-up survey. Of the 373
participants who had a decrease from SBP1 to SBP2 at baseline,
21.5–29.2% maintained this pattern at each subsequent follow-up
survey (Supplementary material online, Table S3). Similar results
were observed when we considered only those with two consecu-
tive surveys (i.e. between 1986 and 2001, between 2001 and 2007,
between 2007 and 2011) (Supplementary material online,

Figure S1). For example, among 212 participants who had an in-
crease from SBP1 to SBP2 in 2007, 14.6% maintained this WVV
pattern in 2011. The distribution of WVV patterns were similar
for DBP (with a change threshold of 5 mmHg: no-change: 58–
70%; decrease:16–23%; increase:14–19%).

Reclassification of BP based on SBP1
compared with subsequent readings
Across all participants, 76.6% were categorized as normal using
SBP1, whereas 13.7 and 9.7% were categorized as high-normal and
hypertension, respectively (Figure 1). Irrespective of age, there was
a low prevalence of BP reclassification among people with normal
SBP1, whereas there was a larger prevalence of BP reclassification
among people with higher SBP1 (Figure 1). Specifically, of those cate-
gorized with normal SBP using SBP1, only 1.5% (110/7495) were re-
classified as high-normal or hypertension using meanSBP12.
Furthermore, only 2.5% (191/7495) were reclassified using
meanSBP23, and only 1.5% (109/7495) were reclassified using
meanSBP123 (Figure 1). Conversely, of those categorized with
hypertension using SBP1, 29.0% (274/946) were reclassified as nor-
mal or high-normal using meanSBP12. Furthermore, 45.3% (429/
946) were reclassified using meanSBP23, and 37.2% (352/946)
were reclassified using meanSBP123 (Figure 1). Reclassification in-
creased the closer SBP1 was to the BP classification threshold (i.e.
childhood: age-, sex-, and height-specific percentile: 90th for normal
SBP, 95th for high SBP; adulthood: 130 mmHg for normal SBP,
140 mmHg for high SBP) (Supplementary material online,
Figure S2). The reclassifications of SBP categories were consistent
by weight categories (Supplementary material online, Figure S3).
After excluding participants who had ever used antihypertensive
medication, the results were essentially unchanged. For example,
of those categorized with normal SBP using SBP1, 1.2% (86/7046)
were reclassified as high-normal or hypertension using
meanSBP12, 2.0% (144/7046) were reclassified using meanSBP23,
and 1.0% (85/7046) were reclassified using meanSBP123. Of those
categorized with hypertension using SBP1, 31.1% (224/721) were re-
classified as normal or high-normal using meanSBP12, 48.0% (346/
721) were reclassified using meanSBP23, and 40.0% (289/721)
were reclassified using meanSBP123. Furthermore, the reclassifica-
tions of SBP categories were similar among 1191 participants with
complete SBP data across 1986, 2001, 2007, and 2011 (data are
not shown). The reclassifications were similar for DBP. For example,
of those categorized with normal DBP using the first DBP reading,
1.8% (146/8329) were reclassified as high-normal or hypertension
using the mean of the first and second reading, 3.6% (283/8329)
were reclassified using the mean of the second and third readings,
and 1.6% (109/8329) were reclassified using the mean of all three
readings. The results were also similar when BP categories were de-
termined by both SBP and DBP together (Supplementary material
online, Table S4).

Supplementary material online, Figure S4 shows the percentage of
reclassification in BP category according to the patterns of WVV (i.e.
no-change, decrease, increase) from SBP1 to SBP2 using a threshold
change of 5 mmHg. In general, the prevalence of reclassification in-
creased with the magnitude of the change between readings. For ex-
ample, those with an increase from SBP1 to SBP2 ranging from 5 to
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Table 3 Distribution of patterns of within-visit
systolic blood pressure variability at each visit across
systolic blood pressure categories classified from the
first measured systolic blood pressure

BP
category

1986 n
(%)

2001 n
(%)

2007 n
(%)

2011 n
(%)

From first to second SBP reading

Normala

No changeb 1182 (60.4) 1086 (61.1) 891 (58.2) 1032 (66.9)

Decreaseb 529 (27.0) 438 (24.6) 329 (21.5) 288 (18.7)

Increaseb 247 (12.6) 254 (14.3) 310 (20.3) 223 (14.5)

High normala

No changeb 144 (48.7) 172 (54.4) 225 (61.3) 145 (55.3)

Decreaseb 124 (41.9) 122 (38.6) 102 (27.8) 96 (36.6)

Increaseb 28 (9.5) 22 (7.0) 40 (10.9) 21 (8.0)

Hypertensiona

No changeb 93 (38.9) 63 (39.4) 162 (56.8) 96 (42.3)

Decreaseb 134 (56.1) 82 (51.3) 107 (37.5) 105 (46.3)

Increaseb 12 (5.0) 15 (9.4) 16 (5.6) 26 (11.5)

From first SBP reading to the mean of second and third readings

Normala

No changeb 1126 (57.5) 1027 (57.8) 932 (60.9) 1036 (67.1)

Decreaseb 608 (31.1) 520 (29.3) 336 (22.0) 307 (19.9)

Increaseb 224 (11.4) 231 (13.0) 262 (17.1) 200 (13.0)

High normala

No changeb 130 (43.9) 161 (51.0) 221 (60.2) 147 (56.1)

Decreaseb 146 (49.3) 136 (43.0) 119 (32.4) 100 (38.2)

Increaseb 20 (6.8) 19 (6.0) 27 (7.4) 15 (5.7)

Hypertensiona

No changeb 75 (31.4) 63 (39.4) 140 (49.1) 95 (41.9)

Decreaseb 153 (64.0) 92 (57.5) 134 (47.0) 112 (49.3)

Increaseb 11 (4.6) 5 (3.1) 11 (3.9) 20 (8.8)

Data are from participants with three complete SBP readings at each visit. Because
the limitation in the sampling size in 1989 and 1992, this table did not show the
measures in these 2 years.
aAt ages of 9, 12, 15 years, SBP was classified as: normal (,90th percentile),
high-normal (≥90th to ,95th percentile), hypertension (≥95th percentile). At
the age of ≥18 years, SBP was classified as: normal (SBP, 130 mmHg),
high-normal (SBP≥ 130–139 mmHg), hypertension (SBP≥ 140 mmHg).
bNo change means that the difference between the first and second SBP reading or
the mean of second and third readings is from –4 to 4 mmHg. Decrease means that
the difference between first and second SBP reading or the mean of second and
third readings is ≤−5 mmHg. Increase means that the difference between first
and second SBP reading or the mean of second and third readings is ≥5 mmHg.
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10 mmHg, 7.8% were reclassified to a higher BP category (up-
reclassification) using meanSBP12, 9.6% had up-reclassification using
meanSBP23, and 5.6% had up-reclassification using meanSBP123.
Whereas there was about a two-fold increase in this pattern of re-
classification when the magnitude of the increase from SBP1 to
SBP2 was more than 10 mmHg.
Regression to the mean analyses among within-visit consecutive

SBP readings is shown in Supplementary material online, Figure S5
(MacMahon method) and Supplementary material online, Figure S6
(Rosner method). Supplementary material online, Figure S5 shows
general trends towards regression to the mean from SBP1 to
SBP3 among those with higher SBP upon first measurement, but
with high regression dilution ratios (ranging from 0.836 to 0.867
for the MacMahon method and from 0.832 to 0.866 for the
Rosner method) altogether indicating a minimal influence of regres-
sion to the mean. The results were essentially unchanged when the
regression to the mean analyses were constructed using SBP1 and
SBP2 (regression dilution ratios: the MacMahon method, 0.866–
0.892; the Rosner method, 0.858–0.890) and using SBP2 and SBP3
(regression dilution ratios: the MacMahon method, 0.963–0.971;
the Rosner method, 0.910–0.939).

Discussion
In this population-based longitudinal study, we found large individual
variability in the change in BP with repeat measures at a single clinic
visit. Consistent with other studies,3,18 we showed that BP declines
on average with repeated measurement, but a novel observation
was that a sizeable percentage of participants had an increase among
their consecutive within-visit SBP readings, and this is similar at each
observed time-point from childhood to adulthood. The most im-
portant consequence of individual variations of patterns of WVV
was a change in BP classification when using a single SBP reading ver-
sus subsequent readings. This was most pronounced among people
who were hypertensive according to their first SBP reading and were
reclassified as normal or high-normal by the average of repeat mea-
sures. Critically, reclassification also occurred in the opposite direc-
tion among people who had increases in SBP with consecutive
readings (albeit with lower prevalence). The results were consistent
when BP categories were determined by either SBP or diastolic BP.
Overall, these findings have implications regarding the recommended
protocols for accurate BP measurement and hypertension diagnosis
in childhood and adulthood.

Figure 1 Age-specific systolic blood pressure classification based on the first systolic blood pressure reading compared with the mean of two or
three systolic blood pressure readings among individuals with three complete systolic blood pressure readings at a single visit aged 9–49 years.
Values (%) indicate the percentage of the reclassification of systolic blood pressure categories based on the first reading compared with using
the mean of two or three readings. Down-reclassification was either from high-normal to normal systolic blood pressure, or from hypertension
to high-normal or normal. No-reclassification indicates the blood pressure classification did not change. Up-reclassification was either from high-
normal to hypertension, or from normal to high-normal or hypertension. meanSBP12, mean of the first and second systolic blood pressure readings
at each visit; meanSBP23, mean of the second and third systolic blood pressure readings at each visit; meanSBP123, mean of the first, second and
third systolic blood pressure readings at each visit. For measures collected at ages 9, 12, 15 years, systolic blood pressure was classified as: normal
(,90th percentile), high-normal (≥90th to,95th percentile), hypertension (≥95th percentile). For measures collected a≥18 years, systolic blood
pressure was classified as: normal (,130 mmHg), high-normal (≥130–139 mmHg), hypertension (≥140 mmHg).
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Comparison with other studies
To our knowledge, this is the first study to examine individual vari-
ation in patterns of WVV from childhood to adulthood, encompass-
ing an extensive follow-up time (31 years). The variability in the
direction of BP changes from one reading to the next are broadly
similar to other research that has examined this using a cross-
sectional design. In 20716 adults from a general population with a
mean age of 45 years, 18% of subjects had an increase, 33% had a de-
crease and 49% had no change in SBP from the first to the second BP
readings according to 5 mmHg as the threshold of a change.6

Another analysis using data from 3047 children and adolescents,
aged 5–17 years, showed that from the first to second BP measure-
ments, SBP decreased in 58% (95%CI 56–60) of subjects, did not
change in 10% (95%CI 9–12), and increased in the remaining 32%
(95%CI 29–34) of the population.7 Our study extends on these ob-
servations showing that there is a similar distribution of variability of
within clinic BP (no-change, decrease, increase) over many years of
measurement, with nearly 10–15% of people maintaining the subse-
quently increase across the observed lifespan. This study also pro-
vides the first evidence that these individual variations in patterns
of WVV result in reclassification of BP categories when using a single
reading compared with repeated readings in childhood and adult-
hood. These data are relevant to international guideline recommen-
dations on BP measurement and underscore the need to use
repeated measurements for BP classification across all guidelines.

Interpretation of results and implications
Currently there are subtle variations between international hyper-
tension practice guidelines on the recommended protocols to meas-
ure BP. Most guidelines recommend taking at least two BP readings,
or more if there are major differences between BP readings.1,11,19–21

However, the 2019 National Institute for Health and Care
Excellence guideline for the United Kingdom only recommends tak-
ing additional BP measures if the first reading is ≥140/90 mmHg.4

Similarly, the 2020 worldwide practice guidelines developed by the
International Society of Hypertension advise that no further BP
measurement is required if the first reading is ,130/85 mmHg.5

These protocols would be optimal for accurate diagnosis if the first
BP reading was always higher than subsequent readings. Certainly,
this is true for the average of consecutive BP readings at the popula-
tion level, but is not the case at the individual level according to our
findings, nor those of other recent analyses showing that BP in-
creases upon repeat measures in about 11–18% of the population.6,7

Our findings argue that a second BP measurement is needed in those
with normal BP on the first measurement, based on the relatively
consistent individual variation of WVV across multiple time-points
(Supplementary material online, Table S3 and Supplementary
material online, Figure S1) and the sizeable proportion that subse-
quently increase (Table 3), rather than the relatively small impact
this has on reclassification of those who are ‘normal’ from the first
measurement (Figure 1). Nevertheless, the proportion reclassified
is more pronounced the closer SBP1 values are to the BP classifica-
tion threshold (Supplementary material online, Figure S2). The other
important finding of this current study was that it was not uncom-
mon for large differences between consecutive BP readings to occur
(.10 mmHg), and this was related to a higher prevalence of BP

recategorization. Altogether our study emphasizes that accurate
BP measurement should be based on the average of repeated read-
ings, regardless of whether the first value is normal or high especially
when SBP1 levels are closer to the classification threshold.

According to the threshold changed of 5 mmHg, about 40% of the
study sample experienced an increase or decrease from the first SBP
reading to consecutive readings, and this was consistent in both child-
hood and adulthood. These data relating to decreases in SBP may be
partly explained by regression to the mean, whereby those partici-
pants with higher SBP at first measurement had a trend towards low-
er SBP reading at the final measurement. However, there was less
evidence of regression to the mean among participants with low
SBP at first measurement, and statistical tests overall indicated min-
imal influence of regression to the mean (Supplementary material
online, Figure S5 and S6). It is less likely that themeasurement method
itself has contributed to the SBP variability between readings because
a standardized auscultatory method by trained operators using the
same device was undertaken. On the other hand, if automated BP
devices were used instead, this could have been a source of random
error in BP measurement.22 Spontaneous variability of BP occurring
over minutes or between beats (due to many factors, such as emo-
tional stimuli, respiratory variation or local vasomotor phenom-
ena23) could have contributed to the study findings. We cannot
rule out that the BP changes observed between readings in this study
represent real physiological variability that must be considered in BP
measurement protocols, and again supports the importance of using
repeated BP readings during diagnostic workup regardless of the first
BP value.

Strengths and limitations
The main strengths of this study are using a large, established, and
well-characterized, longitudinal study derived from the general popu-
lation. Furthermore, each BP measurement was undertaken with
manual auscultation using a standardized, international protocol.
This will reduce the potential influence from measurement error.
A possible study limitation is bias due to differential loss to follow-up.
However, compared with other similar studies, participant retention
in the Young Finns Study was high, with non-participants at earlier
surveys re-entering at later time-points. Furthermore, baseline risk
factor levels between participants and non-participants in adult sur-
veys have largely been comparable.24 Another study limitation was
that all BP measures at each survey in the Young Finns Study were
performed on the right arm and did not consider between-arm dif-
ference as suggested by the BP guidelines (Supplementary material
online, Table S1). Thus, our protocol was not the same as that re-
commended in either the NICE or ISH guidelines, and this could in-
fluence the interpretation of our results as they relate to these
guidelines. Our study population was young at baseline and the old-
est age at follow up was 49 years. Thus, our findings may not be gen-
eralizable to older age strata, which is a population most likely to be
affected by hypertension. Finally, as surveys in the Young Finns Study
were conducted a minimum of 3-years apart [median (interquartile
range), 6 (4–15) years], BP status was classified according to BP read-
ings collected at a single visit, rather than at repeat clinic visits or using
out-of-clinic measures to confirm clinical diagnosis as recommended
by the guidelines (Supplementary material online, Table S1).
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Conclusion
WVV change patterns are highly variable at the individual-level
whereby BP does not drop with repeated measurements for a size-
able proportion of the population. These individual variations in pat-
terns of WVV result in reclassification of BP category when using a
single reading versus the mean of repeated readings, and this is evi-
dent across childhood to adulthood. Irrespective of age, reclassifica-
tion was most pronounced in those who were hypertensive based
on the first SBP reading and were below the hypertension threshold
on repeat measurements. Importantly, reclassification also occurred
in the opposite direction, albeit with lower prevalence. These find-
ings have implications for BP guidelines on how to measure BP for
both children and adults. Accurate BP evaluation should be based
on the average of repeated readings, regardless of whether the first
value is normal or high.
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