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A 15-year longitudinal study on ambulatory blood
pressure tracking from childhood to early adulthood

Zhibin Li1, Harold Snieder1,2,3, Gregory A Harshfield1, Frank A Treiber1,4 and Xiaoling Wang1

This study evaluates the tracking stability of office blood pressure (BP), ambulatory BP (ABP), BP variability (BPV) and nocturnal BP

drops (dipping) from childhood to early adulthood, and their dependence on ethnicity, gender and family history (FH) of essential

hypertension (EH). Generalized estimating equations (GEEs) were used to estimate tracking coefficients for 295 European Americans

and 252 African Americans, with a maximum of 12 measurements over a 15-year period. Office BP and ABP had moderate-to-

relatively high tracking coefficients (r¼ 0.30–0.59; Pp0.001). Twenty-four hour readings tracked better than office readings for

diastolic BP (DBP; 0.57 vs. 0.46, P¼1.72�10�6) and pulse pressure (PP) (0.59 vs. 0.51, P¼2.70�10�4), and equally well for

systolic BP (SBP; 0.55 vs. 0.54, P¼0.805). Daytime readings tracked better than their night-time counterparts for SBP (0.50 vs.

0.37, P¼7.62�10�13), DBP (0.49 vs. 0.30, P¼7.98�10�32) and PP (0.55 vs. 0.50, P¼0.0061). All BPV (r¼0.08–0.28;

Pp0.001) and dipping measures (r¼0.07–0.12; odds ratio, 1.60–1.73; Pp0.001) had low tracking coefficients. Males had

significantly higher tracking stability for office SBP, DBP and ambulatory PP than females (Po0.01). Subjects with a positive FH of

EH had significantly higher tracking stability for daytime and night-time DBP and dipping indexed by continuous variables than those

with a negative FH (Po0.001). No significant ethnic differences were observed. The high tracking stability of 24-h ABP highlights the

importance of using ambulatory BP monitoring in both research and clinical settings.
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INTRODUCTION

Tracking of a characteristic is defined as either the stability of a certain
variable over time or the predictability of later values from earlier
measurements.1,2 Longitudinal studies have shown significant office
blood pressure (BP) tracking stability from childhood to adulthood,3–8

which is of considerable public health interest because children who
are at high risk to develop adult hypertension might be identified at an
early age. Although existing evidence suggests that ambulatory BP
(ABP) is superior to office BP as a predictor of target-organ damage
and cardiac morbidity and mortality,9–13 little is known about the
long-term tracking ability of ABP, especially during the important
transition period from childhood to early adulthood.
A non-invasive ABP monitor makes it possible to measure not only

the ABP mean value, but also BP variability (BPV), which is generally
estimated by the s.d. of ABP measures over 24h and the separate
subperiods of daytime and night time. Recently, BPV has been increas-
ingly used as a predictor of target-organ damage and cardiovascular
events;9,14–17 however, little is known about its stability over time.
A nocturnal BP drop is another interesting feature revealed by ABP. A

large number of studies have reported that individuals with a blunted
nocturnal decline in BP, referred to as non-dippers, display the highest
risk of target-organ damage and cardiovascular disease morbidity,18,19

because this pattern exposes these individuals to a greater cardiovascular
load each day. Limited evidence is available on the reproducibility of the
nocturnal BP drop. The evidence is conflicting: some studies show no
reproducibility,20–24 whereas others indicate relatively good reproduci-
bility.25–28 It should be noted that, in all of the available evidence, the
nocturnal BP drop was studied across only two visits within a short
period of follow-up, so evidence regarding tracking of the nocturnal BP
drop from multiple visits with a longer period of follow-up is needed.
In this study of 295 European American (EA) and 252 African

American (AA) youths evaluated up to 12 times over a 15-year period
from childhood to early adulthood, we examined and contrasted the
tracking ability of office BP and ABP, as well as the tracking stability of
BPV and the nocturnal BP drop. We further determined the extent to
which these tracking stabilities may depend on gender, ethnicity and
family history (FH) of essential hypertension (EH).

METHODS

Study population
Subjects were selected from participants (n¼745) in an ongoing longitudinal

study evaluating the development of cardiovascular risk factors in youth.29,30

The data encompass a 15-year period (1989–2004) in which 12 assessments

were conducted. The data set is complicated because not all subjects had the
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same number of visits; subjects were recruited into the study at different ages

and in different years. Of the 745 subjects, 547 participants were included in

this study based on the following criteria: (1) valid readings for both office and

ABP and (2) at least two visits during the 15-year period. No significant

difference in either office BP or ABP was found between individuals who

qualified for this study and those who were excluded. The median age at the

first visit was 14.1 years (range: 7.4–27.4; 25–75%: 12.2–16.2), and the median

age at the last visit was 20.1 years (range: 11.4–29.5; 25–75%: 18.4–22.1). The

median follow-up period was 5.8 years (range: 0.8–18; 25–75%: 3.6–7.9). The

number of subjects with different numbers of office and ABP assessments is

shown in Supplementary Table 1. More than 60% of participants hadX4 visits,

making this data set very informative for the study of BP tracking over time.

Subject recruitment, evaluation, classification and attrition rate have been

described earlier.29 Briefly, recruitment and evaluation of subjects began in

1989. Participants who met the following criteria were recruited: (1) 7–16 years

old in 1989; (2) AAs or EAs; (3) normotensive for age and gender based on BP

screening; and (4) apparently healthy based on parental reports of medical

history. The annualized attrition rate was o4% per year. There were no

significant differences in age, ethnicity or gender distribution between dropouts

and the subjects who remained in the study. A positive FH of EH was defined as

the occurrence of EH in one or both biological parents at any visit. The

diagnosis of EH was verified by the physician or medical records.29 Eleven

subjects began to take antihypertensive medication during the study, and the

data obtained during this period were excluded from analyses. The Institutional

Review Board at the Medical College of Georgia gave approval for the

study, and informed consent was obtained from one of the parents and from

the child.

Measurements
Office BP recordings. At each annual laboratory visit during the 15-year

period, both anthropometric and cardiovascular evaluations were con-

ducted.29,31,32 Subjects’ height and weight were measured with a Healthometer

medical scale that was calibrated daily. Body mass index (BMI) was calculated

as a measure of general obesity. Office systolic BP (SBP) and diastolic BP (DBP)

were measured with the Dinamap Vital Signs Monitor (model 1864 SX;

Criticon Incorporated, Tampa, FL, USA). Cuff size was selected according to

mid-arm circumference (12–19, 17–25, 23–33, 31–40 and 38–50 cm). BP

measurements were taken at the 11th, 13th and 15thminutes of a 15-min

supine relaxation period. The average of the last two readings was used to

represent SBP and DBP values. Pulse pressure (PP) was defined as the

difference between SBP and DBP (SBP�DBP).

Ambulatory BP recordings. Our procedures for ABP recordings have been

described earlier in detail.30,33 Briefly, an ABP monitor was fitted to the non-

dominant arm (model 90207, SpaceLabs, Redmond, WA, USA). Cuff size was

selected according to mid-arm circumference (12–20, 17–26, 24–32, 32–42 and

38–50 cm). Measures were obtained every 20min during the day (0800–2200

hours) and every 30min at night (2400–0600 hours). Transitional periods from

0600 to 0800 hours and from 2200 hours to midnight were not included in the

analyses. Adequacy of the recordings was based on acceptable readings using

previously established criteria33 for X14 readings over the 14h designated as

daytime and X6 readings over the 6 h designated as the night time, as

suggested by the European Society of Hypertension Working Group on Blood

Pressure Monitoring.34 Mean values of SBP, DBP and PP for 24-h daytime and

night-time subperiods were used as indices of ABP recordings.

BP variability. BP variability was indexed by the s.d. of the ABP recordings

over the entire 24-h period and separately for daytime and night-time subper-

iods. In addition, to account for the influence of the nocturnal BP fall on the

24-h BP s.d., and to quantify 24-h BPV without the circadian component, the

weighted 24-h BP s.d. was also used in this study, which is the mean of the

daytime and night-time s.d. weighted for the duration of the daytime and night-

time subperiods.35

Nocturnal BP fall (dipping). Three indices of the nocturnal BP drop were

used in this study. First, the difference between daytime and night time was

evaluated. Second, the night-time BP drop expressed as a proportion of the

daytime value was evaluated ((daytime�night time)/daytime). Third, subjects

were classified into two categories: those whose night-time BP fell more

than 10% of the daytime values (dippers) and those in whom it fell less

(non-dippers).12

Statistical analyses
Tracking coefficients were estimated using the following multivariate linear

regression model.

Yit ¼ b0+b1Yit1+b2t+
Xj

j¼1

b3jXijt+
Xk
k¼1

b4kZik+eit

Yit is the dependent variable (which, in our study, may be office BP, ABP,

BPV or dipping) for individual i from t2 to tm (where m is the number

of measurements). Yit1 is the initial observation of individual i at t1 (t¼time).

Xijt is the time-dependent covariate j for individual i. Zik is the time-

independent covariate k for subject i. eit is the measurement error for individual i.

In this model, the initial measurement of the dependent variable Y at time t1
(for example, office SBP reading on the first visit) is regressed on the same

variable Y from time t2 to tm. b1 is the standardized regression coefficient of the

initial measurement of the dependent variable, which can be interpreted as the

average tracking coefficient across the duration of the study.36 A logistic

regression model can be used to quantify tracking of a dichotomous variable

(for example, dipper vs. non-dippers). In this case, the coefficient b1 can

be transformed into an odds ratio, which gives the magnitude of

the ‘odds’ of a subject belonging to a group at t1, with regard to the

development of the subject’s group status from t2 to tm relative to the ‘odds’

of a subject not belonging to that group at t1.
36

This model has several advantages compared with other tracking models.

First, it can handle missing values of the dependent variable, so a balanced data

set is not required. Second, the use of covariates allowed us to adjust for

possible confounders. In the present analysis, ethnicity, gender, FH of EH, age

of the subjects’ initial visit and age of the subjects at follow-up visits were

included as covariates.

To contrast tracking ability between office BP and 24-h BP or

between daytime and night-time BP, we calculated the test statistic

Z ¼ ðb1 � b2Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðs:e:1�b1Þ2+ðs:e:2�b2Þ2

q
which approximately follows a

standard normal distribution, where b1 and b2 are standardized regression

coefficients for different BP measurements, and s.e.1 and s.e.2 are s.e. for b1 and
b2, respectively.37 A Bonferroni correction for multiple comparisons (n¼6) was

applied, and a value of Po0.008 was deemed statistically significant for this

comparison.

For the tracking of BPV, mean ABP values were also included as a covariate.

To investigate whether there was a significant effect of ethnicity, gender or FH of

EH on tracking stability, the interaction terms among ethnicity, gender, FH of EH

and Yit1 were tested. In an alternative model, BMI, height, weight and heart rate

were further added to the model separately. To control for dependence between

repeated observations in the same subjects, we used generalized estimating

equations (GEEs), which yield unbiased s.e. and P-values.36 For the dichotomous

variable of nocturnal BP drop, a GEE analysis for dichotomous outcome

variables was used.36 All analyses were performed using STATA 8.0 (StataCorp,

College Station, TX, USA).

RESULTS

The baseline (first visit) characteristics of demographics, office BP,
ABP, BPV and dipping by ethnicity and gender are shown in Table 1.
For the mean values of office BP and ABP, males had higher SBP and
PP than females, whereas AAs had higher SBP and DBP than EAs. For
BPV, males had higher levels in both SBP and DBP during 24 -h,
daytime and weighted 24-h periods, whereas AAs had higher values of
DBP during daytime, night-time, and weighted 24-h periods. For the
nocturnal BP drop, EAs had a higher prevalence of dippers than AAs.
After adjustment for age, gender, ethnicity and FH of EH (with

additional adjustment for mean ABP values for BPV measures), the
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tracking coefficients and their 95% confidence intervals (CIs) for office
BP, ABP, BPV and dipping are shown in Table 2. The tracking
coefficients of office BP and ABP measures ranged from 0.30–0.59
(Pp0.001), which indicated moderate-to-relatively high stability of
tracking. In all, 24-h readings tracked better than office readings
for DBP (0.57 vs. 0.46, P¼1.72�10�6) and PP (0.59 vs. 0.51,
P¼2.70�10�4), whereas they tracked equally well for SBP
(0.55 vs. 0.54, P¼0.805). Daytime readings tracked better than their
night-time counterparts for SBP (0.50 vs. 0.37, P¼7.62�10�13),

DBP (0.49 vs. 0.30, P¼7.98�10�32) and PP (0.55 vs. 0.50, P¼0.0061).
Additional adjustments for other potential confounders (BMI, height,
weight and heart rate separately) did not change the results (data not
shown).
Tracking coefficients for all measures of BPV were lower than 0.30

(range: 0.08–0.28, Pp0.001), indicating that BPV was not very stable
over time.
For the nocturnal BP drop, both the absolute value of the difference

between daytime and night time, and the night-time drop expressed as

Table 1 Characteristics of subjects’ first visit by ethnicity and gender

EA AA P-value

Males Females Males Females Gender Ethnicity

Demographics

n 156 139 107 145

Age, years 14.2±3.1 14.4±3.1 14.2±3.0 14.4±3.2 NS NS

Family history of EH, % 65.4 64.5 84.1 88.7 NS o0.001

Subjects with X4 visits, % 60.3 64.0 72.0 71.7 NS o0.05

Anthropometrics

Height, cm 162.8±16.3 158.1±11.2 162.2±14.1 159.2±10.9 o0.001 NS

Weight, kg 58.5±19.3 56.6±17.4 61.2±22.1 63.5±22.4 NS o0.01

BMI, kg/m2 21.4±4.5 22.3±5.3 22.6±5.6 24.7±7.3 o0.01 o0.001

Office BP, mmHg

SBP 109.3±9.5 104.9±8.1 112.5±11.0 108.3±9.6 o0.001 0.001

DBP 56.9±5.7 58.3±6.0 59.8±6.5 60.0±6.3 NS o0.001

PP 52.4±9.3 46.6±7.0 52.7±10.0 48.4±8.6 o0.001 NS

ABP, mmHg

24-h SBP 115.1±7.7 111.3±6.6 117.7±9.0 113.6±7.1 o0.001 o0.001

24-h DBP 66.2±4.6 65.9±5.0 68.1±5.9 68.0±5.2 NS o0.001

24-h PP 48.9±6.8 45.5±4.5 49.6±7.3 45.6±5.3 o0.001 NS

Daytime SBP 119.4±8.5 115.5±7.4 121.4±9.6 117.2±7.9 o0.001 o0.05

Daytime DBP 70.8±5.9 70.6±6.4 72.5±7.0 72.1±6.1 NS o0.01

Daytime PP 48.6±7.0 44.9±4.4 48.9±7.6 45.1±5.5 o0.001 NS

Night-time SBP 107.4±8.9 104.1±8.0 110.8±9.9 106.8±8.1 o0.001 0.001

Night-time DBP 57.9±6.8 57.7±5.8 60.2±6.9 60.3±7.0 NS o0.001

Night-time PP 49.5±7.6 46.4±5.4 50.7±8.2 46.4±6.1 o0.001 NS

BPV, mmHg

24-h SBP s.d. 11.5±2.3 10.7±2.0 10.8±2.0 10.6±2.1 o0.01 o0.05

24-h DBP s.d. 11.5±1.8 10.8±2.0 11.5±2.2 11.3±2.1 o0.01 NS

Daytime SBP s.d. 9.9±2.4 9.3±2.1 9.5±2.1 9.3±2.0 o0.05 NS

Daytime DBP s.d. 9.7±2.1 9.0±2.0 10.2±2.4 9.8±2.3 o0.01 0.001

Night-time SBP s.d. 8.0±3.0 7.5±2.7 8.4±2.7 8.1±2.7 NS o0.05

Night-time DBP s.d. 7.8±2.8 7.1±2.6 8.2±3.0 8.2±3.0 NS 0.001

Weighted 24-h SBP s.d. 9.3±2.1 8.7±1.6 9.2±1.8 9.0±1.7 o0.01 NS

Weighted 24-h DBP s.d. 9.1±1.8 8.4±1.7 9.5±2.0 9.3±2.0 o0.01 o0.001

Dipping

Day–night SBP, mm Hg 12.1±8.3 11.4±7.6 10.6±7.8 10.4±7.8 NS NS

Day–night DBP, mmHg 13.0±8.4 12.9±6.9 12.3±7.5 11.8±8.1 NS NS

(Day–night)/day SBP, % 9.9 9.7 8.6 8.7 NS NS

(Day–night)/day DBP, % 17.8 17.8 16.6 16.0 NS NS

Dipper for SBP, % 57.1 54.0 44.9 43.4 NS o0.01

Dipper for DBP, % 84.0 85.6 77.6 76.6 NS o0.05

Abbreviations: AA, African American; ABP, ambulatory blood pressure; BMI, body mass index; BPV, blood pressure variability; DBP, diastolic blood pressure; EA, European American; EH, essential
hypertension; NS, not significant; PP, pulse pressure; SBP, systolic blood pressure.
Values are mean ±s.d.
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a proportion of the daytime BP had low tracking coefficients (range:
0.07–0.12). When subjects were classified as dippers vs. non-dippers,
the tracking stability indexed by the odds ratio (range: 1.60–1.73) was
also quite low. These results indicated that nocturnal BP drop was not
stable over time, regardless of the index used.
Males had significantly higher tracking stability of office SBP, office

DBP and ambulatory PP, but lower tracking stability on weighted 24-h
s.d. of SBP than females (Table 3, Pso0.01). Subjects with a positive
FH of EH had significantly higher tracking of daytime and night-time
DBP as well as the nocturnal BP drop in comparison with subjects
with a negative FH (Table 4, Psp0.001). No significant ethnic
differences in tracking stability of office BP, ABP, BPV and dipping
were found (data not shown).

DISCUSSION

Consistent with most of the earlier studies that have shown significant
tracking of office BP from childhood to adulthood, we found
moderate-to-relatively high tracking stability for office BP in this
study. Little is known about the long-term tracking stability of ABP,
especially during the important transition period from childhood to
early adulthood. Lurbe et al.38 found good reproducibility of ABP
monitoring in 30 healthy normotensive children. O’Sullivan et al.39

found high correlation coefficients for 24-h SBP (0.79) and DBP
(0.55) in a study of 50 teenagers in whom ABP measurements were
repeated 1 year later. On the basis of a 5-year follow-up of ABP in 162
healthy older adults, Goldstein et al.40 also found relatively high
correlation coefficients for ABP (range: 0.62–0.70). It should be

Table 2 Tracking coefficients of office BP, ABP, BPV and nocturnal BP fall (dipping) in all subjects

SBP DBP PP

Tracking coefficient (95% CI) Tracking coefficient (95% CI) Tracking coefficient (95% CI)

Office BPa 0.54 (0.49, 0.60) 0.46 (0.41, 0.51) 0.51 (0.46, 0.56)

ABP a

24h 0.55 (0.50, 0.60) 0.57 (0.51, 0.62) 0.59 (0.53, 0.64)

Daytime 0.50 (0.45, 0.55) 0.49 (0.44, 0.55) 0.55 (0.50, 0.60)

Night time 0.37 (0.31, 0.42) 0.30 (0.23, 0.36) 0.50 (0.44, 0.55)

BPV b

24-h s.d. 0.20 (0.14, 0.25) 0.28 (0.22, 0.33) —

Daytime s.d. 0.08 (0.02, 0.13) 0.21 (0.15, 0.26) —

Night-time s.d. 0.08 (0.03, 0.13) 0.11 (0.06, 0.16) —

Weighted 24-h s.d. 0.09 (0.04, 0.15) 0.21 (0.16, 0.27) —

Dipping a

1. Day–night 0.12 (0.07, 0.18) 0.09 (0.04, 0.15) —

2. (Day–night)/day 0.11 (0.06, 0.17) 0.07 (0.02, 0.12) —

3. Dipper vs. non-dipperc 1.73 (1.39, 2.16) 1.60 (1.17, 2.18) —

Abbreviations: ABP, ambulatory blood pressure; BPV, blood pressure variability; DBP, diastolic blood pressure; PP, pulse pressure; SBP, systolic blood pressure.
P-value for tracking coefficients is p0.001.Tracking coefficient is the standardized regression coefficient for continuous variables.
aAll the tracking coefficients were adjusted for age, gender, ethnicity and family history of essential hypertension.
bAll the tracking coefficients were adjusted for age, gender, ethnicity, family history of essential hypertension and mean BP.
cOdds ratio for dichotomous dipping (dipper: those whose night-time BP drop is 410% of the daytime values; non-dipper: those whose night-time BP drop is o10% of the daytime values).

Table 3 Tracking coefficients of office BP, ABP and BPV by gender

Male Female

Tracking coefficient (95% CI) P-value Tracking coefficient (95% CI) P-value

Office BP a

SBP 0.62 (0.54, 0.70) o0.001 0.51 (0.43, 0.59) o0.001

DBP 0.50 (0.42, 0.57) o0.001 0.44 (0.36, 0.51) o0.001

ABP a

24-h PP 0.73 (0.64, 0.83) o0.001 0.64 (0.57, 0.71) o0.001

Daytime PP 0.69 (0.60, 0.79) o0.001 0.58 (0.51, 0.66) o0.001

Night-time PP 0.58 (0.49, 0.67) o0.001 0.54 (0.46, 0.62) o0.001

BPV b

Weighted 24-h SBP s.d. 0.05 (�0.03, 0.13) NS 0.14 (0.06, 0.21) o0.001

Abbreviations: ABP, ambulatory blood pressure; BPV, blood pressure variability; DBP, diastolic blood pressure; PP, pulse pressure; SBP indicates systolic blood pressure.
Tracking coefficient is the standardized regression coefficient.
aAll the tracking coefficients were adjusted for age, ethnicity and family history of essential hypertension.
bAll the tracking coefficients were adjusted for age, ethnicity, 24-h mean SBP and family history of essential hypertension.
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noted, however, that in these studies that suggest high tracking of ABP,
only ABP at the first and the last visits within relatively short periods
of follow-up was measured.38–40 In this study with up to 12 repeated
measurements over a 15-year period from childhood to early adult-
hood, we found moderate-to-relatively high tracking stability for all of
the ABP measurements. The only earlier study comparing the tracking
stability of ABP with that of office BP showed that 24-h ABP tracked
better than office BP.39 We also found that 24-h ABP generally tracked
better than office BP, although office SBP and 24-h SBP tracked
equally well. Together with the evidence that ABP is a better predictor
of organ damage, cardiovascular morbidity and mortality than office
BP,9–13,41 our results highlight the importance of the use of ABP
monitoring in clinical practice and the entire 24-h BP monitoring
period in predicting future BP.
Evidence regarding BPV tracking stability over a long time

period is lacking. In this study, we found that BPV had much lower
tracking coefficients in comparison with ABP and office BP.
Existing evidence indicates that the predictability/reproducibility
of BPV is also low during a short time period,40,42,43 which is
consistent with our results on the low tracking stability of BPV
during a long time period. Some studies have suggested that the
underlying reason for the low reproducibility of BPV may be
frequent behavior changes and the responsiveness of BP to ‘external
demands and internal homeostatic requirements’.44 Another possible
reason for the low tracking stability of BPV is that BPV is strongly
affected by outliers of ABP recordings; however, there is still no gold
standard for the ABP editing procedure.34 Therefore, more objective
criteria to identify a universally accepted editing procedure for ABP
recordings and more suitable methods to properly assess BPV are
warranted.
Existing evidence on the tracking stability of the nocturnal BP drop

is conflicting; some studies show no reproducibility,20–24 whereas
others studies have indicate relatively good reproducibility.25–28 On
the basis of an investigation of 18 normotensive and 3 unmedicated
hypertensive young adults, Dimsdale and Heeren20 found no repro-
ducibility of nocturnal BP dipping indexed by the decrease in BP from
daytime to night-time levels. In this study, consistent with the study of
Dimsdale and Heeren,20 we found that the tracking coefficients were
quite low (range: 0.07–0.13) for both the absolute difference between
daytime and night time, and the night-time BP drop expressed as a
proportion of the daytime values. With regard to dichotomous
dipping (dipper vs. non-dipper), we found that the odds ratios were
also quite low, which indicated that the nocturnal BP drop was not

stable over time in youth and young adults, regardless of the index of
dipping used.
In earlier studies concerning gender differences in office BP track-

ing, neither the Tromso Study5 nor the Amsterdam Growth and
Health Study45 found any major differences. In this study, we found
that males tracked better than females not only for office BP but also
for ambulatory PP. The underlying reason for different tracking in
males and females from childhood to adulthood in this study is not
fully understood. One possible reason is that BP for females in
adolescence or early adulthood is more likely to be influenced by
their pubertal circadian activities (for example, menses) resulting in
relatively poorer tracking stability than in males.
Although a positive FH of EH has been shown to predict higher BP

levels in childhood and hypertension in later life,46 most of the earlier
studies on tracking of BP failed to adjust for FH of EH as a potential
confounder. To the best of our knowledge, we are the first to test
potential differences on the basis of FH of EH in tracking ABP and the
nocturnal BP drop. We found that individuals who had positive FHs
of EH had significantly higher tracking stability of daytime and night-
time DBP and all measures of the nocturnal BP drop than those who
did not. The potential mechanisms behind this intriguing finding
await further clarification.
The existing evidence on ethnic differences in BP tracking from

childhood to early adulthood is scarce. Bao et al.47 showed similar
tracking of BP in EAs and AAs from childhood to early adulthood,
with correlation coefficients ranging from 0.36 to 0.50. In this study,
consistent with the study of Bao et al.47, we did not find significant
ethnic differences in the tracking of office BP, and this lack of ethnic
differences in tracking was further extended to ABP, BPV and the
nocturnal BP drop.
There are four limitations to this study. First, the pubertal matura-

tion stage may have an effect on the tracking stability of BP, BPV and
dipping. According to Daniels et al.48 the effect of sexual maturation
on BP was dependent on body size. As we addressed the effects of
height and BMI in our study, which did not change the tracking
coefficients of BP, BPV and dipping, we have at least partly controlled
for sexual maturation. Second, the use of Dinamap to measure office
BP has been criticized.49 This should not have had any influence on
the tracking stability of office BP because the same device was used
throughout the study. Moreover, in a recent meta-analysis by Chen
et al.,50 an automated BP device was equally good or even better than
other devices at predicting long-term DBP tracking from childhood to
adulthood. Third, BPV indices in this study represented 20 (daytime)/

Table 4 Tracking coefficients of ABP and dipping by family history of essential hypertension

Negative on family history of EH Positive on family history of EH

Tracking coefficient (95% CI) P-value Tracking coefficient (95% CI) P-value

ABP a

Daytime DBP 0.40 (0.28, 0.53) o0.001 0.52 (0.46, 0.58) o0.001

Night-time DBP 0.18 (0.06, 0.30) o0.01 0.32 (0.26, 0.38) o0.001

Dipping a

SBP (day–night) 0.03 (�0.09, 0.15) NS 0.16 (0.11, 0.22) o0.001

DBP (day–night) 0.02 (�0.10, 0.14) NS 0.12 (0.06, 0.18) o0.001

SBP ((day–night)/day) 0.01 (�0.10, 0.13) NS 0.16 (0.10, 0.21) o0.001

DBP ((day–night)/day) �0.01 (�0.12, 0.10) NS 0.10 (0.04, 0.16) 0.001

Abbreviations: ABP, ambulatory blood pressure; DBP, diastolic blood pressure; EH, essential hypertension; NS, not significant; SBP, systolic blood pressure.
Tracking coefficient is the standardized regression coefficient.
aAll the tracking coefficients were adjusted for age, gender and ethnicity.
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30min (night time) intermittent BPV, but not beat-to-beat BPV.
Although a study by di Rienzo et al.51 showed that BPV obtained by
intermittent measurements was not significantly different from that
obtained by beat-to-beat measurements when the time period between
the intermittent measurements of ABP ranged from 5 to 20min,
future studies on BPV using beat-to-beat BP measurement are
warranted. Fourth, the method used to calculate tracking coefficients
in this study differs from that used by others (for example, correlation
coefficients). Thus, we should be cautious in generalizing of the
magnitude of the tracking coefficients in this study in comparison
with those assessed using different methods.
In this study, we observed that office BP and ABP had moderate-to-

relatively high tracking stability from childhood to early adulthood.
The better tracking stability of 24-h ABP in comparison with office BP
established by this study does not suggest that 24-h ABP will be able to
identify children who will definitely develop hypertension in their
adult life. In combination with the better predictive values of end-
organ damage and cardiovascular events of 24-h ABP, however, it does
indicate the use of 24-h ABP monitoring in future cardiovascular risk
assessment and daily clinical practice. Furthermore, the better tracking
stability of 24-h ABP monitoring will increase the acceptance of ABP
monitoring as a useful modality for the evaluation of BP levels in
children and adolescents. Although BPV and nocturnal dipping have
been widely used to predict target-organ damage and cardiovascular
events, this study suggests that neither of these measures shows
stability over time. This should be emphasized in longitudinal studies
using these two measures to predict the development of target-organ
damage and cardiovascular outcomes, especially in studies involving
pediatric populations.
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