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Analysis of beat-to-beat blood pressure variability
response to the cold pressor test in the offspring
of hypertensive and normotensive parents

Dan Wul"28, Lin Xu?8, Derek Abbott* William Kongto Hau?, Lijie Ren®, Heye Zhang1 and Kelvin KL Wong7

Abnormal autonomic nervous regulation has an important role in the development of hypertension. As to whether blood pressure
(BP) or BP variability represents the proper characteristics for predisposition to hypertension in Chinese young adults remains
controversial. We studied the properties of the indices extracted from beat-to-beat BP during a 13 min cold pressor test (CPT). In
this study, 69 Chinese young adults including 34 offspring of hypertensive parents (OHPs; 25.6 + 2.5 years) and 35 offspring of

normotensive parents (ONPs; 25.3 + 2.3 years) were analyzed. We assessed the differences between the two groups regarding
mean beat-to-beat BP and variability indices. Beat-to-beat BP variability indices included time-domain indices and frequency-
domain indices. Our results showed that the differences in beat-to-beat systolic BP and mean BP levels between the OHPs and
the ONPs were statistically significant (P<0.05). Furthermore, more BP variability indices in the frequency domain were
significantly different between the two groups. We concluded that BP variability was superior to BP as an index to evaluate the
cardiovascular and sympathetic reactivity to the CPT. Moreover, compared with time-domain BP variability, we found more
differences in frequency-domain BP variability between the two groups, thus indicating that frequency-domain BP variability may

be a potential index of predisposition to hypertension.
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INTRODUCTION

The occurrence of essential hypertension is the result of genetic and
metabolic disorders as well as the influence of many unhealthy lifestyle
factors, which are closely related to the occurrence of cardiovascular
events."> The offspring of hypertensive parents (OHPs) are more
susceptible to hypertension than the offspring of normotensive parents
(ONPs).? Therefore, many studies have compared different parameters
of blood pressure (BP) between the OHPs and the ONPs to identify the
potential cardiovascular characteristics that are predispositions to the
development of hypertension.>!,

Abnormal autonomic nervous regulation has an important role in
the development of hypertension.!>!3 Sympathetic nerve activity is a
potential factor that predicts the occurrence of essential hypertension
during mental arithmetic, independent of blood pressure.'* Lambert
et al."> found that burst amplitude increased in mean arterial pressure
and muscle sympathetic nerve activity (MSNA) during arousal by

observing ambulatory blood pressure monitoring. These results
indicated that the morning surge in BP was associated with sympa-
thetic reactivity.!® Some studies reported that BP was higher in healthy
OHPs than in ONPs,>»7"!! whereas others showed that the difference
was without statistical significance.»® Part of the contradiction may be
explained by the fact that the conventional brachial BP used in
previous studies was captured at a specified time point and that this
sparse measurement may not be able to reflect the real-time dynamics
of BP. Currently, compared with clinical and 24 h ambulatory BP
measurement, beat-to-beat BP collected by a continuous monitoring
technique can capture natural BP variability, and the significance of
the beat-to-beat BP has increased in clinical practice.'®~>? For example,
Greaney et al.>> hypothesized that young women with family histories
of hypertension have more exaggerated BP and sympathetic reactivity
than young women without family histories of hypertension during
acute sympathoexcitatory experiments. In their study, beat-to-beat BP
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measurement was used, and only the change of BP was evaluated,
whereas BP variability was not mentioned. Particularly, beat-to-beat
BP can provide the spectral analysis of BP variability, and these novel
BP variability indices can assess autonomic cardiovascular modulation.
Moreover, these indices may imply the mechanisms that increase
central sympathetic drive. Therefore, beat-to-beat BP shows the
potential for evaluating sympathetic reactivity in the early hyperten-
sion stage. However, to the best of our knowledge, most of the
previous studies suggested that BP hyper-reactivity during the cold
pressor test (CPT) was a predictor of hypertension. However, studies
of BP variability, especially BP variability, in the frequency domain in
this area are rare.

In our present study, we analyze beat-to-beat BP variability based
on the known conclusion that OHPs have a higher risk of developing
hypertension in later life compared with ONPs. The objective of our
study was to compare the cardiovascular reactivity and BP variation of
these two groups during cold stimulation. The main objective of our
study is to collect beat-to-beat BP data during the CPT,?*%> a standard
stress test for evaluating cardiac autonomic function. In our present
study, we examine the beat-to-beat BP/heart rate (HR) level and BP
variability/heart rate variability (HRV) both in the time domain and
the frequency domain. We aim to determine whether the BP
variability/HRV in the frequency domain, which reflects sympathetic
activity, can be a potential indicator for the development of
hypertension as its early stage.

METHODS

Study population

The experiment received ethical approval from the Shenzhen Institutes of
Advanced Technology Institutional Review Board. After a preliminary artificial
selection of hypertension history, 90 Chinese young adults with no known
histories of hypertension were included in this experiment. The number of
OHPs reached nearly fifty percent. Finally, we excluded 21 subjects from
the study during the CPT. There are several reasons for rejection, inclu-
ding (i) some subjects with critical hypertension (135 mm Hg< systolic
BP <160 mm Hg or 90 mm Hg <diastolic BP <95mm Hg); (i) some
subjects who had motion artifacts during the CPT; (iii) some subjects who
terminated the measurement because of personal reasons. The criteria for
defining the motion artifact is removal of the hand from the cold water more
than three times or for more than 15 s. Hence, a total of 69 qualified subjects
were used for the statistical analysis. Thirty-four subjects were OHPs in the test
group, and 35 subjects were ONPs in the control group. In the test group, at
least one parent (father, mother or both) was determined to have high BP
(systolic BP > 140 mm Hg or diastolic BP >90 mm Hg). In the control group,
both parents had normal BP (90 mm Hg< systolic BP <140 mm Hg and
60 mm Hg< diastolic BP <90 mm Hg). All subjects were required to refrain
from influencing their BP with exercise, alcohol, medicine or coffee during the
24 h period before conducting the experiment. A consent form was obtained
from each subject. Information regarding demographics, family history of
hypertension and use of medicine were first collected from each subject using a
questionnaire. We note that all the qualified subjects were nonsmokers. Two
subjects in the younger OHP group and one subject in the younger ONP group
frequently drank alcohol. Four subjects in the OHP group and one subject in
the ONP group frequently drank coffee. No subject took medications to control
their BP. Twenty-one subjects from the OHP group and 21 subjects from the
ONP group regularly exercised. Therefore, subject-related confounding factors
were similar between the two groups.

Conventional measurements at resting state

The experiment was conducted in an air-conditioned room in which the
temperature was kept at 20 °C. Conventional measurements, including HR, BP,
pulse pressure, pulse wave velocity and ankle-brachial blood pressure index
were measured by an Omron Atherosclerosis Detector VP-1000 (BP-203RPEII,
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Omron Colin, Tokyo, Japan).2¢ Each subject was asked to quietly lie on a bed
in the supine position for 5 min.

Beat-to-beat measurements during the CPT

Beat-to-beat recordings of systolic BP (in mm Hg), diastolic BP (in mm Hg),
mean BP (in mm Hg) and HR (in b.p.m.) were measured using a Finometer
system Model-2(Midi, Finapres Medical Systems, Amsterdam, the Netherlands)
during the CPT.?” A proper cuff was selected for each subject’s arm and was
placed on the left upper arm close to the elbow during beat-to-beat recordings.
ECG signals were also collected by this instrument. Three ECG electrodes were
placed on the right leg, the left leg and the right arm. A washbasin containing
ice bags and water was used for generating cold stimulation, and a thermometer
monitored the temperature of the water during the experiment. The tempera-
ture of the ice water was kept between 2 and 6 °C. The whole procedure was
divided into three phases as follows:

Phase 1 (baseline): the subject was asked to remain lying on the bed quietly
in the supine position for 5 min.

Phase 2 (cold stimulus): the subject was asked to immerse the left hand into
a mixture of ice and water to the wrist level for 3 min.

Phase 3 (post-baseline): after taking the hand out of the water, the subject
was asked to remain lying on the bed quietly in the supine position again for
5 min.

Beat-to-beat systolic BP, diastolic BP and R-R interval (RRI) series
(i.e., systolic BP-t, diastolic BP-t and RRI-t) were used for systolic BP
variability, diastolic BP variability and HRV analysis, respectively. RRI was
defined as the time interval between two successive R peaks of the ECG signal.
Beat-to-beat BP and HR were assessed by mean level and variability indices that
were quantified in both the time domain and the frequency domain. The BP
variability indices in the time domain included s.d., the coefficient of variation
(CV), average real variability (ARV), and successive variation (SuV).!®1828 The
HRV indices in the time domain included the s.d. of the RRIs (SDNN), the
coefficient of variation of RRIs (CVrr), and the square root of the mean
squared differences of successive RRIs (rMSSD).?’ Then, the power spectrum
distributions of beat-to-beat systolic BP-t and RRI-t series were analyzed for
calculating the frequency-domain systolic BP variability and HRV indices. Data
series were first interpolated using the cubic spline to arrive at a unified
sampling rate of 4 Hz. The DC component was removed by subtracting the
mean value of the series. Finally, the spectrum of the series was estimated using
the Fast Fourier Transform with a window length of 256. Subsequently, the
frequency-domain systolic BP variability and HRV indices were classified
as very low-frequency power (VLF=0.003-0.04 Hz), low-frequency power
(LF=0.04-0.15 Hz) and high-frequency power (HF = 0.15-0.4 Hz),?’ with VLF
in normalized units (VLFn), LF in normalized units (LFn), HF in normalized
units (HFn) and LF/HF ratios of the BP variability and HRV spectra.

Statistical analysis

Data analysis was performed using SPSS version 13.0 statistical software (SPSS,
Chicago, IL, USA). The heterogeneity between two subgroups was assessed by
the two-sample t-test and chi-square test, among which, the two-sample #-test
was used to examine quantitative data, while the chi-square test was used for
the analysis of qualitative data. A P-value <0.05 was statistically significant.

RESULTS

Properties of conventional measurements at the resting state

BP variability (evaluated by s.d., CV, ARV and SuV) and
HRV (evaluated by SDNN, CVrr and rMSSD) were calculated
(the definitions and equations are shown in Supplementary
Table 1). Supplementary Table 2 shows the baseline clinical
characteristics of the subjects. The average age was 25.6 +2.5 years
in the OHP group, and 25.3 +2.3 years in the ONP group. The age
differences between the two groups were not statistically significant.
OHPs had higher systolic and diastolic BP than the ONPs. However,
the differences were not statistically significant (P=0.428 and
P=0.423, respectively). In contrast, the HR in the OHP group was



significantly higher than in the ONP group (P=0.014). Otherwise, no
significant difference was found in the other characteristics.

Properties of beat-to-beat measurements during the CPT

Mean level properties. Figure 1 shows the mean level change of each
beat-to-beat measurement during every minute of the CPT for both
OHPs and ONPs. Squares and circles show the mean values of the
BP/HR, respectively. The error bar shows the s.d. of the data set.
Systolic BP, diastolic BP, mean BP and HR all increased during the cold
stimulus phase and gradually returned to the baseline values during the
post-baseline phase. The values reached their maximums during the
second minute of the cold stimulus phase. The OHP group showed
significantly higher systolic BP, mean BP and HR than the ONP group
(P<0.05) during some periods of the CPT test. Only systolic BP, mean
BP and HR showed significant differences between the two groups.
These differences were marked in bold and with an asterisk * in the
figure. Because the subjects were kept in the same state during the entire
initial baseline phase, each parameter changed during the cold stimulus
phase (7th minute) and gradually returned to the initial baseline during
the post-baseline phase (Figure 1). Table 1 presents the detailed values
of the mean level of each beat-to-beat measurement in these repre-
sentative time periods for both OHPs and ONPs. The HR between the
OHPs and the ONPs showed statistical significance during the baseline
phase (P=0.008) and the post-baseline phase (P=0.024) of the CPT.
Values were 68.0+8.3 vs. 62.5+85 (P=0.008) and 67.0+7.6 vs.
62.5+8.8 (P=0.024), respectively. In addition, the OHP group showed
higher mean BP levels (ie., systolic BP, diastolic BP and mean BP)
during all CPT phases than the ONP group (Table 1). However, the
differences had no statistical significance. Table 2 reveals the reactivity
and recovery properties of OHPs and ONPs during CPT. Reactivity was
calculated by the mean value in the 7th minute minus the mean value
during the 1st=5th minute. Recovery was calculated by the mean value
in the 13th minute minus the mean value during the 1st=5th minute. As
shown in the table, although OHPs had a greater BP reactivity, this
difference showed no statistical significance. In contrast, the BP
parameters including systolic BP, diastolic BP and mean BP during
recovery showed significant differences between the OHP and ONP
groups (P<0.05).

Variability properties. Figure 2 shows the time-domain beat-to-beat
BP variability during every minute of the whole CPT for both OHPs
and ONPs. In general, all characteristics significantly changed between
the 6th minute and the 9th minute in response to the cold stimulus.
However, all indices of systolic BP variability showed no statistical
significance between OHPs and the ONPs during the cold stimulus
phase. Differences in the CV, ARV and SuV of diastolic BP were
significant between the OHPs and ONPs during the 11th minute
during the post-baseline phase, while ARV, SuV of diastolic BP and
HRYV indices, including SDNN and rMSSD, also showed significant
differences between the two groups during the 13th minute in the post-
baseline phase. They were marked in bold and with an asterisk * in the
figure. Table 3 displays the detailed values of the time-domain BP
variability and HRV indices during these representative time periods.
Although most of the BP variability indices increased during the cold
stimulus phase, the significant difference between the two groups only
showed in the post-baseline phase. The ARV and SuV of diastolic BP
showed significantly (P<0.05) lower values in the OHP group than in
the ONP group in the post-baseline phase. Furthermore, the SDNN
and rMSSD also showed significantly (P<0.05) lower values in the
OHP group than in the ONP group. Table 4 shows the detailed values
of the frequency domain BP variability and HRV indices of the OHP
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and ONP groups during each phase of the CPT. The significant
differences are shown in bold. In the baseline phase, the LF of systolic
BP between the two groups showed a significant difference (P<0.05).
In addition, LF, normalized LF, normalized HF and LHR of diastolic
BP variability were also significantly different between the two groups.
Regarding HRV indices, only the VLF of HRV was significantly
different between OHPs and ONPs (P<0.05). In the cold stimulus
phase, the VLF of systolic BP in OHPs was significantly higher than in
ONPs (P<0.05). Notably, no indices were significantly different
between the two groups in this phase. In the post-baseline phase, the
LHR of the systolic BP, the normalized LF and the normalized HF of
HRYV between the two groups were significantly different (P<0.05).

DISCUSSION

In our present study, we tested the hypothesis that the frequency-
domain BP variability indices, which reflect autonomic nervous
regulation, have a role in the development of later hypertension.
The major findings were as follows. First, compared with time-domain
BP variability, frequency-domain BP variability may be a better index
to predict the predisposition to hypertension. Second, although the
OHPs had greater BP reactivity in the CPT, BP variability was superior
to BP as an index to evaluate cardiovascular and sympathetic reactivity
to the CPT. Third, HRV and BP variability may have different
mechanisms in the progression of hypertension.

Many previous studies have shown that essential hypertension is
accompanied by sympathetic nerve activation.!>3%3! Smith et al.??
estimated sympathetic action using MSNA by comparing the white coat
hypertension group with the normotensive group and essential hyper-
tensive group. The study showed that the white coat hypertension group
had greater MSNA compared with the normotensive group and that the
essential hypertension group still had an exaggerated increase in MSNA.
In another study, Greaney et al.>® concluded that systolic BP, diastolic
BP, mean arterial pressure, and MSNA were excessively increased in
young normotensive women with family histories of hypertension
compared with those without family histories of hypertension during
CPT, isometric handgrip exercise, and post-exercise ischemia. The
results implied that the OHP group had greater cardiovascular reactivity
than the ONP group, which indicated that the OHP group had
undergone abnormal changes in neural control of the cardiovascular
system. However, unlike the complicated experiments performed in the
above studies, such as isometric handgrip and post-exercise ischemia,
our research only used beat-to-beat BP measurement during the three
phases of CPT. Compared with other experiments, CPT is useful as a
predictor of future hypertension in a young study population, as claimed
by Menkes.*> and Woods.>* The frequency domain of BP variability,
which reflects autonomic nervous system regulation, showed significant
differences between the two groups. Particularly, some differences of
parameters exist at baseline. These results are beyond our expectations.
These results indicate that BP variability in the frequency domain may
reveal the potential preclinical significance of evaluating the predisposi-
tion to later hypertension. Moreover, if the follow-up study can validate
these findings, perhaps frequency domain analysis can replace CPT as a
predictor of hypertension.

The LF of BP variability and HRV represent both sympathetic and
parasympathetic activity, while the HF component is solely an index of
parasympathetic activity. Both the LF and HF of the systolic BP
variability increased in the cold stimulus phase, indicating that both
enhancements of sympathetic and parasympathetic activity are present
in the cold stimulus phase. In our present study, the variability of
systolic and diastolic BP in the LF between the OHP group and the
ONP group in the baseline phase was significantly different, and the
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Figure 1 Mean levels and s.d. of beat-to-beat measurements during every minute of the cold pressure test, stratified by parental history of hypertension, OHP
vs. ONP. Squares and circles show the mean values, and the error bar shows the s.d. of the data set. Baseline (1-5th minute), Cold stimulus (6-8th
minute), Post-baseline (9-13th minute); significance of the estimates, *P<0.05; *P<0.01. OHP, offspring with hypertensive parents; ONP, offspring with
normotensive parents.

Table 1 Mean levels of the beat-to-beat measurements in the cold pressor test of the study subjects, stratified by parental history of

hypertension, OHP vs. ONP

Baseline (1 ~5 min)

Cold stimulus (7th min)

Post-baseline (13th min)

Variables OHP ONP P-value OHP ONP P-value OHP ONP P-value
SBP, mm Hg 130.1+24.2 122.2+12.9 0.096 148.7 +22.2 138.5+14.1 0.025* 132.5+20.5 128.5+13.4 0.331
DBP, mm Hg 75.6+15.7 71.0+10.7 0.155 89.3+14.6 83.4+11.3 0.067 76.9+13.6 74.2+10.3 0.354
MBP, mm Hg 96.7+17.4 91.0+£10.9 0.111 113.5+16.9 105.9+12.5 0.038* 98.5+15.2 953+11.2 0.318
HR, b.p.m. 68.0+8.3 62.5+8.5 0.008* 71.3+10.5 67.6+10.0 0.140 67.0+7.6 62.5+8.8 0.024*

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; MBP, mean blood pressure; OHP, offspring with hypertensive parents; ONP, offspring with normotensive parents; SBP, systolic blood

pressure.

The results with the statistical significance are marked in bold. Significance of the estimates, *P<0.05. Values are means +s.d.
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Table 2 Cardiac response to cold pressor test of the study subjects,
stratified by parental history of hypertension, OHP vs. ONP

Reactivity (7th min to 1 ~5th min) Recovery (13th min to 1 ~5th min)

Variables OHP ONP P-value OHP ONP P-value
SBP 18.7+95 16.2+75 0238 2.5+6.3 6.2+5.5 0.010*
DBP 13.7+6.1 12.4+52 0378 13+3.6 3.2+3.6 0.028*
MBP 16.8+7.0 149+6.2 0230 18+4.0 4.2+4.0 0.015*
HR 33+6.3 52+66 0228 -19+29 -0.9+25 0.132

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; MBP, mean blood pressure; OHP,
offspring with hypertensive parents; ONP, offspring with normotensive parents; SBP, systolic
blood pressure.

The results with the statistical significance are marked in bold. Significance of the estimates,
*P<0.05. Values are means+s.d.

variability of diastolic BP in the normalized HF was also significantly
different. The results indicate that there is a distinct difference in
sympathetic activity between the OHP group and the ONP group. The
OHP group had higher levels of the LF and HF of systolic BP than the
ONP group in the baseline phase. Duprez et al3® studied power
spectral analysis of BP variability and the change of the R-R-interval
between a borderline arterial hypertension group and a normotensive
group. The results showed that the LF and HF of the BP were already
significantly increased in borderline arterial hypertension at rest.’®
Furthermore, systolic BP in the VLF was significantly higher in the
OHP group than in the ONP group in the cold stimulus phase. Few
studies have reported the physiological mechanism of BP variability in
VLEF. It may reflect myogenic vascular function, the renin-angiotensin
system and endothelium-derived NO.% As is commonly known, the
LHR is a sensitive indicator of sympathovagal balance.>” The LHR of
BP variability in OHPs was significantly higher than in ONPs during
the base baseline phase of our study. However, OHPs had a lower
LHR of BP than ONPs in the post-baseline phase. Some of these
differences were statistically significant. According to the autonomic
nervous system regulation mechanism, when the human body is
subjected to an external stimulus, sympathetic nerve activity has an
important role first; subsequently, parasympathetic nerve activity
gradually dominates. However, in our study, OHPs had a greater
decrease in the LHR of diastolic BP during the cold stimulus phase
and a clear increase in the post-baseline phase. This finding shows that
the sympathovagal balance changed in the OHP group during the
CPT. In conclusion, we speculated that the sympathovagal balance
might be different in the OHP group. Accordingly, the lower LHR in
the post-baseline phase may increase the risk of future hypertension.

In addition to the BP variability in the frequency domain, BP
variability in the time domain has been known to be a prognostic
indicator of hypertension and can also predict cardiovascular
disease.’®3° The ARV and SuV of diastolic BP increased in the cold
stimulus phase and returned to the baseline level gradually in the post-
baseline phase (Figure 2). We also found that the ARV and SuV of
diastolic BP were significantly different between the OHPs and ONPs
in the post-baseline phase (13th minute; Figure 2, Table 3). The results
indicate that these indices of BP variability may have a certain role in
predicting later hypertension and that diastolic BP variability is
superior to systolic BP variability in this predictive role. In this study,
we used four indices to evaluate BP variability. The s.d. and CV are
mathematically equal to the total power of spectral analysis, while ARV
and SuV estimate high-frequency variations.”? ARV and SuV are
two new measures proposed recently that are calculated from
the difference between adjacent measurements.*’ Different from
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the traditional indicator of s.d., these new measures represent the
short-term fluctuation of BP. Therefore, ARV and SuV can provide a
simple way of estimating variation while avoiding the influence of a
trend and are thus more suitable for our analysis of BP variability,
especially for exploring the potential factors underlying the predis-
position to hypertension.

To take this discussion further, the HR and HRV indices in the CPT
also deserve to be discussed. First, the difference of the conventional
occasional HR (P<0.05, Table 1) and the difference between OHPs and
the ONPs in HR calculated from beat-to-beat measurements in the
baseline phase and the post-baseline phase (P<0.05, Table 1) were
statistically significant. These differences indicate that HR may be an
important marker for evaluating sympathetic reactivity in the early stage
of hypertension. This conclusion is consistent with Huynh'’s study,
which discussed resting HR in the correlation between fitness and
arterial stiffness, wherein higher cardiorespiratory fitness may reduce
arterial stiffness mainly by affecting resting HR.*! We also found that
rMSSD and SDNN changed little in the cold stimulus phase, but showed
significantly lower values in the OHP group and higher values in the
ONP group in the post-baseline phase. We presume that HRV has a
certain contribution to the activation of the autonomic nervous system
in the early hypertension stage. Wustmann et al.*? studied HRV and HR
turbulence using 24 h ECG in a sub-study of the Device-Based Therapy
in Hypertension Trial and demonstrated sustained changes in HRV and
HR turbulence, which were caused by chronic baroreceptor stimulation.
Note that the baroreceptor correlates to the inhibition of sympathetic
nerve activity and increased parasympathetic nerve activity.#> Therefore,
HR and HRV can evaluate sympathetic reactivity in the early hyperten-
sion stage, and they can be the potential cardiovascular characteristics
that predispose to the development of hypertension.

Furthermore, the mean level properties should also be discussed in
this session. First, the OHPs had higher BP values than the ONPs.
However, this difference was without significance. These results are in
accordance with two previous studies.*® However, several studies
reported differences in BP between the OHP and ONP groups, which
were statistically significant.>*> These controversial results may depend
on the number, age, and race of the subjects used for the analysis.
Kaess et al** showed that aortic stiffness was associated with
hypertension in a longitudinal cohort study. Treiber et al.'! indicated
that children with family histories of essential hypertension showed
increases in systemic vascular resistance and systolic and diastolic BP
and decreases in HR in response to a cold stressor. These findings
demonstrated our assumption that OHPs had more risk and like-
lihood of developing hypertension in later life.

Although we found that beat-to-beat BP variability, especially
frequency domain BP variability, may have a certain role in increasing
the risk for future hypertension in Chinese young adults, the present
study still had some limitations. First, it was a cross-sectional
comparative study. Therefore, we could not conclude the cause-and-
effect characteristics to predict later hypertension. These potential
factors that increase the likelihood of future hypertension need to be
verified in our follow-up study. Second, further analysis is required to
study the influence of age and gender in greater detail. Finally, this was
only a single center study, and the sample size was relatively small in
comparison with other well-established existing studies.

CONCLUSIONS

In summary, to find the potential characteristics that increase the
likelihood of hypertension, we analyzed the properties of beat-to-beat
BP of OHPs compared with ONPs during a CPT, a standard stress test
for evaluating cardiac autonomic function. Changes in beat-to-beat BP
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Figure 2 Beat-to-beat BP variability and HRV indices during every minute of the cold pressure test, stratified by parental history of hypertension, OHP vs.
ONP. Baseline (1-5th minute), cold stimulus (6-8th minute), post-baseline (9-13th minute); significance of the estimates, *P<0.05. BP variability;
HRV, heart rate variability; OHP, offspring with hypertensive parents; ONP, offspring with normotensive parents.

have existed during the early lives of Chinese young adults with
hypertensive parents. Moreover, beat-to-beat BP level and variability,
especially frequency domain BP variability, can potentially predict
hypertension at an early stage. Hypertension is a chronic disease
caused by long-term cumulative damage due to various factors.
Evaluating the predisposition to develop hypertension in later life
can help prevent hypertension and provide an early warning for

Hypertension Research

treatment before major clinical events occur. Current knowledge of
the mechanisms of beat-to-beat BP is limited. More studies are needed
to improve the understanding of the potential mechanisms and their
potential prognostic implications. If our findings can be verified in
prospective studies with hypertension outcomes, a method using beat-
to-beat BP variability as a risk factor to identify the early occurrence of
hypertension may be provided as the most promising indicator.
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Table 3 Time-domain BP variability and HRV indices in the cold pressor test of the study subjects, stratified by parental history of

hypertension, OHP vs. ONP

Baseline (1 ~ 5th min)

Cold stimulus (7th min)

Post-baseline (13th min)

Variables OHP ONP P-value OHP ONP P-value OHP ONP P-value
SBPV_SD,mm Hg 5.73+1.88 5.25+1.13 0.201 5.17+3.11 5.65+3.32 0.543 4.08+1.24 3.95+1.58 0.696
SBPV_CV, % 4.42+1.10 4.34+1.06 0.757 3.51+2.13 4.14+2.71 0.286 3.15+1.09 3.10+1.24 0.858
SBPV_ARV, mm Hg 1.77+0.42 1.65+0.36 0.220 1.92+0.69 2.02+0.77 0.570 1.63+0.43 1.61+0.43 0.838
SBPV_SuV, mm Hg 2.39+0.50 2.31+0.46 0.514 2.81+1.29 2.83+1.15 0.942 2.11+0.53 2.10+0.52 0.882
DBPV_SD, mm Hg 3.90+0.95 3.93+0.92 0.897 4.06+1.94 5.53+3.20 0.350 3.22+0.89 3.34+1.27 0.632
DBPV_CV, % 5.29+1.48 5.68+1.71 0.309 4.61+1.75 5.53+3.20 0.155 4.31+1.53 4.56+1.74 0.530
DBPV_ARV, mm Hg 1.39+0.42 1.53+0.51 0.223 1.74 +0.56 1.82+0.66 0.557 1.32+0.42 1.59+0.63 0.036*
DBPV_SuV, mm Hg 1.93+0.54 2.11+0.64 0.221 2.50+0.96 2.50+0.94 0.969 1.77 +0.53 2.17+0.80 0.019*
SDNN, ms 58.3+19.6 65.3+23.9 0.193 58.5+26.0 63.6+28.0 0.432 49.9+19.5 65.3+35.2 0.028*
CVrr, % 6.62 +2.22 6.25+1.93 0.464 6.66+2.45 6.91+2.56 0.672 5.35+1.81 6.43+2.84 0.067
rMSSD, ms 50.1+20.3 62.0+33.7 0.082 49.5+28.7 58.5+33.2 0.230 47.4+20.1 71.8+54.2 0.016*

Abbreviations: ARV, average real variability; BP, blood pressure; CV, coefficient of variation; CVrr, coefficient of variation of R-R intervals; DBPV, diastolic BP variability; HRV, heart rate variability;
OHP, offspring with hypertensive parents; ONP, offspring with normotensive parents; rMSSD, square root of the mean squared differences of successive R-R intervals; SBPV, systolic BP variability;
SDNN, s.d. of R-R intervals; SuV, successive variation.
The results with the statistical significance are marked in bold. Significance of the estimates, *P<0.05. Values are means +s.d.

Table 4 Frequency-domain BPV and HRV indices in the cold pressor test of the study subjects, stratified by parental history of hypertension,

OHP vs. ONP
Baseline Cold stimulus Post-baseline

Variables OHP ONP P-value OHP ONP P-value OHP ONP P-value
SBPV_VLF 21.0+15.4 21.1+16.0 0.994 1254.6 +410.5 1055.6 + 266.4 0.019* 18.1+12.2 14.0+9.3 0.121
SBPV_LF 8.9+5.2 6.8+3.1 0.045* 123+7.5 12.0+8.2 0.879 6.9+3.2 7.6+3.0 0.324
SBPV_LFn 77.8+12.2 78.0+10.9 0.928 77.2+8.9 77.9+8.7 0.747 77.2+9.1 81.5+9.5 0.066
SBPV_HF 23+13 1.8+0.9 0.092 3.7+3.0 3.3+23 0.582 1.9+1.0 1.6+0.8 0.174
SBPV_HFn 22.2+12.2 22.0+10.9 0.928 22.8+8.9 22.1+8.7 0.747 22.8+9.1 18.6+9.5 0.066
SBPV_LHR 4.8+2.7 45+2.4 0.657 40+1.8 43+23 0.610 4.2+2.3 55+2.5 0.028*
DBPV_VLF 8.6+5.2 10.2+9.3 0.385 471.1+173.1 408.2+125.6 0.088 7.6+4.1 7.5+4.2 0.970
DBPV_LF 5.7+2.6 41+2.1 0.008" 7.2+3.1 7.0+3.6 0.755 40+1.8 5.0+2.7 0.075
DBPV_LFn 84.1+8.4 75.9+13.7 0.004% 78.8+10.1 79.2+10.0 0.854 79.9+8.3 78.9+15.1 0.737
DBPV_HF 1.0+0.7 1.3+1.0 0.251 20+15 19+15 0.745 0.9+0.5 1.3+1.3 0.130
DBPV_HFn 159+8.4 24.1+13.7 0.0041 21.2+10.1 20.8+10.0 0.854 20.1+8.3 21.1+15.1 0.737
DBPV_LHR 7.0+4.0 44+28 0.003f 4.8+2.7 5.2+3.4 0.621 51+3.1 6.4+5.6 0.252
HRV_VLF 830.0+630.6 1334.2+1277.1 0.042* 1836.8+1707.7 2450.4+2316.9 0.216 997.5+1380.4 1356.8+1462.4 0.298
HRV_LF 1320.1+£1503.4 1149.5+952.1 0.574 1031.9+963.9 1136.6 +880.4 0.639 921.7+1043.3 1328.7+902.4 0.087
HRV_LFn 50.8+18.7 47.4+16.7 0.429 48.1+19.2 48.1+16.6 0.821 44.3+15.5 52.4+15.7 0.034*
HRV_HF 1121.7 +860.0 1759.2+2961.2 0.232 1314.1+£1728.3 1501.9+2366.6 0.709 1006.7 +714.3 1679.9+2878.7 0.190
HRV_HFn 49.2+18.7 52.6+16.7 0.429 51.9+19.2 50.9+16.6 0.821 55.7+15.5 47.6 +15.7 0.034*
HRV_LHR 1.55+1.63 1.14+0.83 0.191 1.23+0.88 1.25+0.97 0.924 44.3+15.5 52.4+15.7 0.054

Abbreviations: HF, high-frequency power; HFn, HF in normalized units; HRV, heart rate variability; LF, low-frequency power; LFn, LF in normalized units; LHR, LF/HF ratio; OHP, offspring with
hypertensive parents; ONP indicates offspring with normotensive parents; SBPV, systolic blood pressure variability; VLF, very-low-frequency power.
The results with the statistical significance are marked in bold. Significance of the estimates, *P<0.05; TP<0.01. Values are means+s.d.
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