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Abstract
Objective: To determine the association between heart rate variability (HRV) and hypertension in Chinesechildren.
Methods: The study was conducted in First Hospital of Jilin University, China. A total of 101 children wererecruited in this study. They were divided into a high systolic blood pressure (SBP) group (HS group) andnormal SBP group (NS group) according to the SBP levels. In the second set of experiments, the children weredivided into a high diastolic blood pressure (DBP) group (HD group) and normal DBP group (ND group)according to the DBP levels. HRV measurements were performed, and the time domain and power spectrumvalues were calculated.
Findings: The differences of low frequency (LF)/high frequency (HF) ratio, HF, and standard deviation ofnormal-to-normal RR intervals (SDNN) between daytime and nighttime were obviously abolished in HS andHD groups. The HS group displayed significantly lower values of HRV over a 24 h period compared to the NSgroup (SDNN, standard deviation of the averaged normal-to-normal RR intervals [SDANN], Triangle Index,root mean square successive difference [RMSSD], total power [TP], ultra-LF [ULF], and HF). Only the TriangleIndex in the HD group was lower than that in ND group.
Conclusion: We provide evidence that HRV is reduced and the circadian rhythm of HRV is weakened inhypertensive children, and hypothesize that a reduced HRV is a potential pathophysiological mechanismlinking childhood hypertension and adulthood cardiovascular diseases.
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IntroductionCoronary heart disease (CHD) and cerebro-vascular disease (CVD) represent the mostcommon causes of death worldwide. It has beenwell-established that one of the most importantcauses of CHD and CVD is hypertension, whichcreates a major economic burden in variouscountries throughout the world[1]. Childhoodhypertension has become a widely investigatedtopic within the last decade due to its risingprevalence and associated sequelae[2]. Due to

blood pressure (BP) tracking, which is describedas “a phenomenon when a BP level early in lifepredicts a BP level later on”, childhoodhypertension has been thought to be tightlyassociated with adulthood hypertension[3]. TheAmerican Heart Association (AHA) guidelinesstate the importance of preventing atheroscleroticcardiovascular disease beginning in hypertensivechildren[4]. Thus, childhood hypertension is a keyrisk factor of CHD and CVD in adulthood[2].Heart rate variability (HRV), which is measuredas variation in the beat-to-beat interval, is a
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physiological phenomenon where the timeinterval between heart beats varies. During thelast two decades, HRV has been extensivelystudied and represents one of the most promisingmarkers for cardiac autonomic nerve function. Thenoninvasiveness and easy derivation of the HRVmeasurement make it more practical and widelystudied. Measures of HRV in both the time andfrequency domains have been used successfully toindex cardiovascular autonomic nervous functionactivity. A large number of studies havedemonstrated that HRV is associated withcardiovascular diseases and mortality[5-7].Hypertension is commonly associated withincreased sympathetic activity and decreasedparasympathetic activity. Reduced HRV has beenpreviously reported in adulthood hypertension[8].Recently, reduced HRV was observed in salt-sensitive men[9], and negatively correlated withthe prolonged QT interval in patients withuncomplicated essential hypertension[10].However, the association between childhoodhypertension and HRV is largely unknown.Moreover, reliability of findings in adults may notbe generalized to younger individuals and childrendue to age-dependent differences in autonomicfunctioning[11]. Thus, the aim of this study was toexplore the possible association between HRV andBP levels in children
Subjects and Methods

Selection of study participantsA total of 150 healthy children in a primary schoolreceiving routine physical examination in the FirstHospital of Jilin University from January 2010 toAugust 2010 were recruited for the study, whichtook place at the same hospital. Informed consentwas obtained from parents and participants priorto testing. The study was approved by the ethicalcommittees of Jilin University. After obtaining ahistory, physical examination, and series ofadditional examinations, including myocardialenzyme assays, routine analysis of blood, cardiaccolor ultrasonography, chest radiography, andresting electrocardiogram, 105 healthy childrenbetween the ages of 9 and 11 years were chosen.‘Healthy’ was defined as being free of any major

cardiovascular or metabolic disease diagnoses,such as diabetes, arrhythmia, orthostaticintolerance, unexplained syncopal episodes, andobstructive sleep apnea. After a Holterexamination, 49 of the subjects were excludedbecause of arrhythmias (18 children withoccasional atrial premature beats, 20 childrenwith occasional premature ventricularcontractions, and 11 children with first-degreeatrioventricular block). A total of 101 children (58males and 43 females) subsequently entered thestudy. Based on the SBP levels, 28 children (19males, 9 females) entered the HS group, while theother 73 children (39 males, 34 females) enteredthe NS group. Based on the DBP levels, 23 children(12 males, 11 females) entered the HD group andthe other 78 children (46 males, 32 females)entered the ND group.
Blood pressure measurement and groupingThe height, body weight, waist line, and hipcircumference of the subjects were measured. Thesystolic BP (SBP) and diastolic BP (DBP) weremeasured and recorded 3 times with a mercurysphygmomanometer on the right arm after thechildren had rested for 30 minutes. The averagevalues obtained were recorded as the BP.According to the criteria for child hypertension bythe National High Blood Pressure EducationProgram of the USA[12] and the distributiontendency of hypertension in Chinese children[13],the children were divided into a high SBP group(HS) and a normal SBP group (NS) based on SBPlevels. The children with normal SBP in this studywere defined as children with an average SBP lessthan the 90th percentile for gender, age, andheight. The children with high SBP were defined aschildren with an average SBP greater than orequal to the 90th percentile for gender, age, andheight.In another set of experiments, the samechildren were divided into a high DBP group (HD)and a normal DBP group (ND) according to theirDBP levels. The normal DBP and high DBP weredefined similarly as the SBP.
HRV analysisFor the HRV parameters, the Triangle Index,standard deviation of normal-to-normal RRintervals (SDNN), and total power (TP) reflectedthe total variability of HRV. The power of ultra low
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frequency (ULF <0.003 Hz), low frequency (LF0.04-0.15 Hz), and standard deviation of theaveraged normal-to-normal RR intervals (SDANN)were primarily sympathetic effects on cardiacautonomic function, while high frequency (HF0.15-0.40 Hz) was mediated primarily byparasympathetic innervation of the heart[14].Moreover, the root mean square successivedifference (rMSSD) and the RR intervals greaterthan 50 ms (PNN50) were also useful indices ofparasympathetic activity, and the LF/HF ratioindicated the balance of sympathetic andparasympathetic nervous modulation[14].HRV measurements were performed aspreviously described[15]. The participants did notreceive medication for 1 week prior to theinitiation of the study or during the study, and hadno coffee or tea before and during the day ofexamination. The participants slept for more than8 h and did not watch TV the night before andduring the study. They were asked to continuetheir usual daily activities (avoiding strenuousexercise) before and during the 24 h Holterelectrocardiographic recording. Electro-cardiograms were obtained using a 24 hambulatory electrocardiographic recorder(Bristol-Myers Squibb Pharmaceutical ResearchInstitute, Wallingford, Connecticut, USA)[16]. Eachrecording began between 08:00-09:00 and lasted24 h. During the 24 h study, patients followedtheir usual daily activities.After the experiment, the analog ECG signal wasdigitally sampled at 1000 Hz. The digitized ECGdata were differentiated, and the length of onecardiac cycle was determined as instantaneous HR(beats/min). These data were then analyzed bythe BMS Century 3000 HRV analysis software

package (version 5.2). According to a previousstudy[17], the mean heart rate and the followingdomain measures of HRV were calculated fordaytime (10:00-11:00), nighttime (01:00-02:00),and over a 24 h period: SDNN, RMSSD, PNN50,ULF, LF, HF, and LF/HF ratio. The SDANN, TriangleIndex, and TP over a 24 h period were alsocalculated. The mean RR intervals for daytime andnighttime were also calculated.
Statistical analysisValues were expressed as mean±standard errorfor each study group. Independent-samples t test(Gaussian distribution) and Mann-Whitney test[18](non-Gaussian distribution) were used to compareindexes between groups. Paired-samples t test(Gaussian distribution) and Wilcoxon SignedRanks Test (non-Gaussian distribution) were usedto compare the HRV values between nighttime anddaytime. All statistical procedures wereperformed using SPSS 13.0 (SPSS Inc., Chicago,IL)[19]. An alpha level of 0.05 was used to denotestatistical significance.
Findings

Characteristics of the study populationA total of 101 Chinese children were included inthe study. As shown in Table 1, there were nodifferences in age, height, and body weightbetween the HS group and NS group or betweenthe HD group and ND group. The BMI index (20.15±4.59 vs. 17.31±3.36, P<0.01), waist/hip ratio(0.88±0.06 vs. 0.84±0.05, P<0.01), and waistline
Table 1: General characteristics of the study population grouped by blood pressure

Variables
Grouped by SBP

P Value
Grouped by DBP

P ValueHS group
(n = 28)

NS group
(n = 73)

HD group
(n = 23)

ND group
(n = 78)

Male/female 19/9 39/34 0.2 12/11 46/32 0.6
Age 10.26(1.69) 10.13 (1.15) 0.8 10.00(1.59) 10.25(1.26) 0.7
Height (cm) 143.8(14.98) 139.44(10.76) 0.6 139.51(14.5) 141.4 (11.6) 0.6
Body weight (kg) 43.32(16.87) 33.76 (8.4) 0.05 38.47(15.99) 36.42(11.24) 0.9
BMI (kg/m2) 20.15(4.59) 17.31 (3.36) 0.008# 18.96(4.1) 18(4.0) 0.3
Waist/hip ratio 0.88(0.06) 0.84 (0.05) 0.006* 0.88 (0.064) 0.85(0.054) 0.2
Waistline height ratio 0.49 (0.07) 0.43 (0.06) <0.001# 0.47 ( 0.06) 0.44(0.07) 0.05The values are mean (standard error). *P <0.05 HS Group vs. NS Group by independent t-test. #P <0.05 HS Group vs. NS Group by Mann-Whitney test.HS: high SBP; NS: normal SBP; HD: high DBP; ND: normal DBP; BMI: body mass index
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height ratio (0.49±0.07 vs 0.43±0.06, P<0.001,) inthe HS group were significantly higher than thosein the NS group, respectively. However, nosignificant differences in these parameters wereobserved between HD and ND groups (P>0.05).
Comparison of HRV indexes between groupsAs shown in Table 2, the HS group displayedsignificantly lower HRV values over a 24 h periodcompared to the NS group (SDNN, P<0.001;SDANN, P<0.001; Triangle Index, P<0.001; RMSSD,
P=0.04; TP, P<0.001; ULF, P<0.001; and HF
P=0.04). When the children were divided into twogroups (HD and ND groups) based on the DBPlevels, only the Triangle Index (P=0.04) in the HDgroup was lower than that in the ND group.
Comparison of HRV indexes between daytime
and nighttimeWe also compared the HRV indexes betweendaytime and nighttime in children of the HS, NS,HD, and ND groups. As shown in Table 3, themeans of the RR interval (P=0.00), SDNN (P=0.01),PNN50 (P<0.001), and HF (P=0.04) during the

nighttime in the NS group were higher than thoseduring the daytime; however, the LF/HF (P=0.01)ratio was lower. In the HS group, only the meansof the RR (P<0.001) interval and PNN50 (P<0.001)during the nighttime were higher than thoseduring the daytime.Similar results were observed in the HD and NDgroups. In the ND group, the means of the RRinterval (P<0.001), SDNN (P=0.01), PNN50(P<0.001) during the nighttime were higher thanthose during the daytime; however the LF/HF(P<0.001) ratio was lower. In contrast, in the HDgroup, only the means of the RR interval (P<0.001)and PNN50 (P<0.001) during the nighttime werehigher than those during the daytime.
DiscussionIn the present study, we provide evidence that anincreased BP level is associated with reduced HRVin Chinese children. Although previous work has

Table 2: HRV parameters and the mean heart rate of the study population grouped by blood pressure
Parameters Variables

Grouped by SBP P
Value

Grouped by DBP P
ValueHS group

(n = 28)
NS group
(n = 73)

HD group
(n = 23)

ND Group
(n = 78)

Parameters reflecting total
HRV

Mean HR(beats/min) 89(10.2) 82.3(7.8) <0.001* 86.3(12.5) 83.9(7.6 ) 0.5SDNN (ms) 127.9(28.4) 153.9(32.9) <0.001* 144.4(42.0) 145.4(30.2) 0.9TriangleIndex 511.7(149.9) 658.3 (121.3) <0.001* 559.9(159.9) 622.2(143.5) 0.04TP (ms2/HZ) 8392(4065) 16275 (5330) <0.001‡ 11316.0(5837.1) 11184.4(5163) 0.9
Parameters primarily
reflecting parasympathetic
activity

rMSSD(ms) 61.4(26.9) 72.9(39.4) 0.04 ‡ 70.2(33.1) 68.8(27.6) 0.9PNN50 (%) 24.6(14.2) 28.7(14.2) 0.1 30.7(17.1) 26.3(13.0) 0.4HF(ms2/HZ) 582.3(518.9) 750.1 (582.9) 0.04‡ 648.7(479.6) 710.9(597.9) 0.8
Parameters primarily
reflecting sympathetic
activity

SDANN(ms) 256.2(506.1) 265.8( 471.3) <0.001 ‡ 198.2(267.6) 156.5(99.2) 0.8ULF(ms2/HZ) 5448(2904) 7702.4(634.1) <0.001‡ 6935.6(3785.8) 6938.5(493.6) 0.8LF(ms2/HZ) 572.8(283.2) 647.7 (300.6) 0.09 661.5(329.3) 610.1(284.4) 0.5
Parameter reflecting the
balance of sympathetic and
parasympathetic activity

LF/HF 1.3(0.6) 1.2 (0.5) 0.5 1.3(0.7) 1.2(0.5) 0.9
The values are mean±standard error. HS: high SBP; NS: normal SBP; HD: high DBP; ND: normal DBP; HR: Heart Rate; SDNN: standard deviation ofnormal-to-normal RR intervals; SDANN: standard deviation of the averaged normal-to-normal RR intervals; RMSSD: the root mean squaresuccessive difference; PNN50: RR intervals greater than 50 ms; TP: total spectral; ULF: ultra low frequency; LF: low frequency; HF: high frequency;LF/HF: LF-HF ratio. *P <0.05 HS Group vs. NS Group by unpaired t-test. ‡P<0.05 HS Group vs. NS Group by Mann-Whitney test. P <0.05 HD Groupvs. ND Group by independent t-test
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shown that HRV is reduced in adulthoodhypertension[8], the current understanding of HRVin children is not sufficient. In this population-based investigation, we examined HRV variablesacross the spectrum of normal and abnormal BPlevels in children. Our findings extend previousobservations of HRV and hypertension in adulthypertensive patients.HRV is affected by many factors, includinggender, age, nervous system diseases, renalfailure, diabetes, myocarditis, arrhythmia, food(such as tea and coffee), and exercise. In thepresent study, there were no significantdifferences between gender, age, and body weight(Table 1) among the different groups, whichexcluded the possibility that these factors had aninfluence on HRV. After the participants weregrouped by SBP levels, the HS group (high SBPgroup) exhibited a high BMI, waist/hip ratio, andwaistline height ratio compared to the NS group(normal SBP group).In children with arterial hypertension, theincrease of sympathetic activity during sleep hasbeen shown to significantly correlate with leftventricular mass and a corrected left ventricularmass index[20]. Moreover, HRV can predict theoutcome of children with pulmonary arterialhypertension[21]. Urbina et al tested HRV duringcardiovascular reactivity testing in 39 maleadolescents with high and low blood pressure.They found that the LF/HF ratio was significantlyhigher and the PNN50 was significantly lower inwhite adolescents compared to blackadolescents[22].Notably, the authors also reported that therewas a trend of a higher LF/HF ratio and lowerPNN50 in blacks and whites with higher levels ofBP, although this did not reach statistical signi-ficance. Unlike their results, our data clearlydemonstrate there are significant differences inSDNN, rMSSD, TP, and ULF between the HS and NSgroups. However, differences in most of theseparameters did not reach statistical significancewhen the HD and ND groups were compared(Table 2). These data indicate that both para-sympathetic activity and sympathetic activity areimpaired in hypertensive children. In our opinion,the absence of differences in HRV between the HDand ND groups suggest that the influence of SBPon HRV may be greater than the influence of DBP.

In the NS and ND groups, sympathetic andparasympathetic nervous system modulationexisted, which was shown by the significantdifferences in the means of the RR interval, SDNN,PNN50, HF, and LF/HF ratios between daytimeand nighttime. Differences in the LF/HF ratio, HF,and SDNN were clearly abolished in the HS and HDgroups, indicating that the circadian rhythm ofHRV was impaired (Table 3). This was the mostimportant finding in our study of children shownhere. Our data support a previous study thatevaluated the contribution of the parasympatheticand sympathetic nervous systems to the diurnalcardiovascular rhythms, which found that neitherthe sympathetic activity nor parasympatheticactivity, at least in isolation, was essential forgenerating cardiovascular diurnal rhythms in thefetus[23].Our results explicitly show that increased BP,and particularly SBP, is tightly associated withdysfunction of the autonomic nervous system inchildren. Christensen et al reported thathypercholesterolemia was associated with adecreased 24 h HRV in men with and withoutischemic heart disease[24]. In addition, Liao et alshowed that lower HRV was associated with thedevelopment of coronary heart disease inindividuals with diabetes[25]. Gianaros et alreported that in postmenopausal women, agreater reduction in HRV might be an independentcorrelate of subclinical atherosclerosis[26].Recently, more evidence for the relationship ofHRV and atherosclerosis in adults has beenreported[27-31]. Since it is well accepted that thedisease process of atherosclerosis begins inchildhood and adolescence, we propose that thechronic stress of hypertension and dysfunction ofthe autonomic nervous system in children mayaccelerate atherosclerosis. Thus, dysfunction ofthe autonomic nervous system and hypertensionduring childhood may be possible causes ofatherosclerosis and atherosclerosis-relateddisorders during adulthood (i.e., myocardialinfarction and ischemic stroke). However, thishypothesis will require additional studies forfurther analysis. Moreover, there was a strongassociation between blood pressure and BMI,suggesting that obesity may contribute to thisassociation. Since we cannot exclude thispossibility, it may be a limitation of our study.
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Table 3: Comparison of HRV parameters observed during the daytime and nighttime in the study populationgrouped by blood pressure
Balance of

sympathetic and
parasympathetic

activity

Sympathetic
activityParasympathetic activityTotal HRV

LF/HFULFLFHFPNN50RMSSDSDNNMean RR
interval

Group

1.2 (0.6)548.5(96.5)626.5(6.5)805.4(2.6)18.9(15.3)85.7(49.5)87.1(32.8)616.3(24.9)Day
time

HS
Group 1.1 (0.5)823.9(348.4)546.4(28.7)913.9(41.8)34.4(23.8)76.9(43.3)890.1(107.6)803.5(21.4)Night

time 0.10.60.10.8<0.001*0.40.7<0.001 ‡P Value 1.2 (0.6)862.7(968.9)961.1(726.2)1040.9(935.4)22.8(13.7)92.9(44.0)100.1(29.7)624.9(71.8)Day
time

NS
Group 0.9 (0.5)1604.4(6629.3)944.8(795.6)1375.1(1379.3)44.5(26.5)99.9(60.7)114.9(44.4)639.4(73.8)Night

time <0.001*0.30.80.04*<0.001*0.40.01*<0.001 ‡P Value 1.3 (0.6)890.2(1057.3)794.3(731.3)861.8(988.9)22.5(17.4)87.7(59.1)95.0(44.8)617.2(75.8)Day
time

HD
Group 1.1 (0.6)558.7(327.4)686.7(452.8)967.7(796.6)41.4(23.6)86.5(42.1)100.0(25.6)835.6(148.1)Night

time 0.40.80.50.5<0.001*0.70.5<0.001 ‡P Value 1.2 (0.5)746.9(822.1)898.5(650.9)1017.3(873.1)21.5(13.1)92.0(40.5)96.9(25.2)625.7(81.6)Day
time

ND
Group 0.9 (0.5)1682.9(614.4)893.9(806.2)1346.3(1043.4)41.9(26.9)96.4(61.4)115.5(50.3)876.1(104.9)Night

time <0.001 *0.070.60.06<0.001*0.60.01*<0.001 *P ValueThe values are mean (standard error). HS: high SBP; NS: normal SBP; HD: high DBP; ND: normal DBP; SDNN: standard deviation of normal-to-normalRR intervals; RMSSD: the root mean square successive difference; PNN50: RR intervals greater than 50 ms; ULF: ultra low frequency; LF: lowfrequency; HF: high frequency; LF/HF: LF-HF ratio. ‡<0.05 nighttime HRV vs. daytime HRV by paired t-test; *P <0.05 nighttime HRV vs. daytime HRV byWilcoxon test
A previous study has shown the presence of anautonomic nervous system dysfunction, and inparticular a baroreflex impairment, in bothhypertensive and pre-hypertensive children[32].However, the methodology used in that study wasdifferent from what was used in this study. Theauthors mainly focused on the relationshipbetween spontaneous baroreflex and RR variance.In contrast, we evaluated several other HRVparameters in the current study, including SDNN,SDANN, triangle index, RMSSD, TP, ULF, and HF,which may provide more information regardingHRV dysfunction. Nevertheless, our conclusion isclearly in agreement with the previous study,which suggests that autonomic nervous systemdysfunction is a critical feature in hypertensiveand pre-hypertensive children.The major limitation of this study, besides therelatively small number of study participants, wasthat we did not study the difference between maleand female children. There were obvious gender-related differences in animal and humanstudies[33,43]. Young women have higher day-and

nighttime vagal tone than men with similar agerange[34]. Therefore, whether the hypertensivegirls have similar phenotypes is an interestingissue.Since dysfunction of the autonomic nervoussystem is a common complication of childhoodhypertension, the early subclinical detection ofautonomic dysfunction may be useful for the riskstratification and subsequent management ofhypertension in children, and thereby may dictatethe aggressiveness of intervention and the choiceof therapy in adulthood.
ConclusionOur data provide evidence that an increased BPlevel is associated with reduced HRV in children,which may further our understanding of theassociation of high blood pressure with cardiacautonomic nerve function in children.
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