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ABSTRACT 
        
Objective: To present normal spontaneous baroreflex sensitivity (BRS) values and 

investigate the influence of posture, gender, age, pubertal stage, body mass index 

(BMI), and physical activity level on BRS in (pre)adolescents. BRS is a sensitive 

measure of both sympathetic and parasympathetic cardiovascular regulation that 

may help detect early subclinical autonomic dysfunction. Design: Cross-sectional 

cohort study in a large sample of 10-to-13-year-old Dutch (pre)adolescents from 

the general population. Methods: Short-term spontaneous BRS was determined 

non-invasively by Portapres in both the supine and standing position. BRS was 

calculated by power spectral analysis using the discrete Fourier method (frequency 

band 0.07-0.14 Hz). Univariate statistical methods and multiple regression 

analyses were applied. Results: BRS in standing position was lower than in supine 

position (9.0+/-4.9 vs 15.3+/-9.1 ms/mmHg; t=27.8, p<0.001). Girls had lower 

BRS values than boys in both postures (supine: 14.3+/-8.7 vs 16.4+/-9.4 

ms/mmHg, β=0.12, p<0.001) standing: 8.4+/-4.4 vs 9.5+/-5.4 ms/mmHg, 

β=0.08, p=0.012), independent of age, pubertal stage, BMI, and physical activity. 

Lower limits (P2.5) for normal BRS values in supine and standing positions were for 

girls 3.6 and 2.2 ms/mmHg and for boys 3.9 and 2.5 ms/mmHg, respectively. BRS 

declined with age in the standing position (β=-0.13, p<0.001). In obese 

(pre)adolescents, BMI was negatively associated with BRS during standing 

(Kendall’s τ=-0.26, p=0.010). Conclusions: (Pre)adolescent‘s BRS was negatively 

related to female gender, age, and obesity. A reduced BRS in obese 

(pre)adolescents might be a candidate predictor of future cardiovascular health 

and therefore warrants further exploration.     
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INTRODUCTION 
 

The baroreflex loop is an important cardiovascular control mechanism for short-

term blood pressure (BP) regulation. Based on afferent information of arterial 

baroreceptors reacting on changes in BP, central cardiovascular control is exerted 

on different peripheral effector systems (i.e. heart rate (HR), cardiac output, 

peripheral resistance) to keep BP between narrow limits. Baroreflex sensitivity (BRS) 

is a sensitive integrated measure of both sympathetic and parasympathetic 

autonomic regulation in which changes in HR due to variation in BP are reflected. 

Different techniques (e.g. spectral analysis, sequence method) are available to 

quantify baroreflex gain (Parlow et al. 1995), all of which are well-recognized 

methods. Traditionally, BRS is assessed pharmacologically, using the HR response to 

vasoactive drugs. In recent years, non-invasive methods of BRS measurement have 

become available that are based on spontaneous fluctuations of HR and BP obtained 

from continuous beat-to-beat recordings. Pharmacological and non-invasive BRS 

measurements have been found to correlate significantly (Parlow et al. 1995, 

Watkins et al. 1996), although some controversy still exists which of these methods 

should be preferred (Lipman et al. 2003, Parati et al. 2004). However, the invasive 

nature of the pharmacological method obviously limits its applicability in children and 

in large cohort studies.  

BRS measurements are an important prognostic tool to detect early 

subclinical autonomic dysfunction, especially in high-risk populations. Reduced BRS, 

resulting largely from vagal withdrawal, has been shown to be a valuable predictor of 

future cardiovascular morbidity and mortality in a variety of disease states that are 

associated with autonomic failure, such as myocardial infarction or diabetes mellitus 

(Gerritsen et al. 2001, La Rovere et al. 1998). In addition, reduced baroreflex 

control has been suggested in normotensive offspring of individuals with essential 

hypertension (Ditto & France 1990). More recently, an association between 

diminished BRS and psychopathology has been shown (Virtanen et al. 2003).  

Pathophysiological processes may only be judged adequately against the 

background of normal physiological processes of apparently healthy individuals. Of 

the currently available studies on normal baroreflex function and its general 

determinants, most have focused on adults. Presently, large studies on normal BRS 

values and determinants of spontaneous BRS in children and adolescents from the 

general population are lacking. The possible association of gender, age, pubertal 

stage, and obesity with baroreflex function has not been studied extensively in this 

group. The few small-sized studies often covered wide age ranges and have yielded 

equivocal results (Allen et al. 2000, Constant et al. 2002, Jartti et al. 1996, Rüdiger 

& Bald 2001, Scaramuzza et al. 1998, Tank et al. 2000, Veerman et al. 1994).  

In the present study, we aimed to investigate spontaneous BRS based on 

spectral analysis in a large, population-based cohort of 10–13-year-old 

(pre)adolescents, in relation to sex, age, pubertal stage, body mass index (BMI), and 
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physical activity level. In addition to BRS measured in the supine and standing 

positions, the difference in BRS level between both positions was calculated to 

assess possible differences in autonomic adaptation to orthostatic stress. Given the 

decline of BRS with age in adults (Dawson et al. 1999, Tank et al. 2000), and the 

suggested changes in children’s autonomic function throughout childhood and 

adolescence (Faulkner et al. 2003, Tanaka & Tamai 1998), we expected a negative 

association of BRS with age. Furthermore, also based on studies in adults, we 

hypothesized that BRS would be negatively associated with female sex (Beske et al. 

2002, Laitinen et al. 1998) and obesity (Emdin et al. 2001). 

    

    

METHODS 
    

Participants  
We included 1868 (84%) 10-to-13-year-old (pre)adolescents who all participate in 

the ongoing longitudinal community-study “TRacking Adolescents’ Individual Lives 

Survey” (TRAILS) (De Winter et al. 2005) that originally consisted of 2230 children 

from the general Dutch population. For practical reasons (e.g., moving to another 

town, time constraints), 16% of the TRAILS participants were not included in the 

present study. Our study sample was slightly older (11.6+/-0.5 years) than the 

TRAILS cohort (11.1+/-0.6 years; t=38.6, p<0.001), as BRS assessments started a 

few months after the first wave of the main TRAILS data collection had begun. 

Otherwise, our sample did not differ from the TRAILS population with regard to 

sex, pubertal stage, and BMI. Collection of the cardiovascular data took place 

between July 2001 and December 2002. Written informed consent was obtained 

from the children’s parents. The study was approved by the Central Dutch Medical 

Ethics Committee. 

  

Anthropometric measures and questionnaires 
Children’s weight (SECA761, Seca Vogel & Halke GmbH & Co., Hammer 

Steindamm 9-25, 22089 Hamburg, Germany) and height (SECA208, Seca Vogel & 

Halke GmbH & Co., Hammer Steindamm 9-25, 22089 Hamburg, Germany) were 

assessed individually at school. BMI was determined for each child by dividing the 

weight (kg) by the square of the height (m2). According to international standards, 

age- and sex-specific BMI cut-off points for children were used to classify them as 

having a normal weight, being overweight, or obese (Cole et al. 2000). Pubertal 

stage was determined by information from a parental interview, using Tanner’s 

criteria (Tanner 1962). Children with Tanner stage 1 were regarded as 

preadolescents and children with Tanner stage 2-5 as adolescents. Most of these 

adolescents (80%) were in Tanner stage 2.  

Through questionnaires, parents also indicated the level of physical activity 

of their child by reporting how often he or she performed sports, such as 
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swimming, playing soccer, or horse riding on a five-point Likert scale (0, never; 1, 

once a week; 2, 2–3 times a week; 3, 4–5 times a week; 4, 6–7 times a week). In 

addition, the children reported the intensity or frequency at which they smoked, 

chewed, or sniffed tobacco, using the Youth Self-Report Questionnaire (Achenbach, 

1991). Furthermore, parents indicated the health problems of their child in a 

questionnaire that included the most common diseases in (pre)adolescence: 15% of 

the children had an allergy; 6.6% had asthma or chronic bronchitis (and 5.9% of all 

children used medication for this health problem); 0.8% had anaemia (and 0.3% of 

all children used medication for this health problem); and 0.1% had diabetes mellitus 

during the past year. Table 1 shows the general characteristics of our study 

population. 

 

Assessment of baroreflex sensitivity  
HR and BP measurements took place individually in a quiet room at school, 

generally between 8.30 a.m. and noon, and sometimes between 1.00-3.00 p.m. 

First, children were asked to lie down. We checked the temperature of the hands 

and when necessary these were warmed up before the recording, as cold fingers 

are associated with insufficient blood supply possibly leading to inadequate finger BP 

assessment. In addition, we asked whether children had been physically active 

immediately prior to the measurement. When this was the case (about 1% of the 

children), we extended the pre-measurement resting period for a few minutes. 

While the children were in the supine position, the procedure was explained to the 

children, a cuff was fixed around the middle phalanx of the third finger on the right 

hand, and a three-lead electrocardiogram was applied for registering HR. Children 

were encouraged to relax and asked not to move or speak during data acquisition. 

All in all, children were in supine position for about 5 minutes before measurements 

began. Moreover, recordings did not start until circulatory readjustments of body 

fluid changes were completed and signals had reached a stabilized steady-state, 

generally within one to three minutes, in accordance with Tanaka et al. (1994a). 

Then, BP and HR signals were registered for four minutes in supine position, 

followed by two minutes in standing position, again after signals had stabilized. 

Breathing rate was uncontrolled.  

Spontaneous fluctuations in beat-to-beat finger BP were recorded non-

invasively and continuously using the Portapres device (FMS Finapres Medical 

Systems BV, Paasheuvelweg 34a, 1105 BJ Amsterdam, the Netherlands). This 

instrument is comparable to the Finapres device (Wesseling et al. 1982) that is 

based on the volume clamp technique by Péñaz (Peñàz J. 1973). BP recordings by 

Finapres have been validated in children by Tanaka et al. (1994b). Recordings were 

digitized (sample rate 100 Hz, using a DAS-12 data acquisition card for notebooks, 

Keithley Instruments, Cleveland, Ohio, USA) and stored on hard disk for off-line 

analysis. 
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Table 1.Table 1.Table 1.Table 1. General characteristics of the study population. 

Notes.Notes.Notes.Notes. BMI, body mass index; NS, not significant. aBased on Tanner’s criteria. bgroups of 

children    based on international BMI cut-off values. Percentages represent valid 
percentage based on non-missing values for the variable in question.  

 

 

 BoysBoysBoysBoys    

N=909 

(48.7%) 

GirlsGirlsGirlsGirls    

N=959 

(51.3%) 

Boys vs Boys vs Boys vs Boys vs 

girlsgirlsgirlsgirls    

Statistics 

PreadolescentsPreadolescentsPreadolescentsPreadolescentsaaaa    

AdAdAdAdolescentsolescentsolescentsolescentsaaaa    

N=294 (32.3%) 

N=560 (61.6%) 

N=292 (30.4%) 

N=642 (66.9%) 

χ2=4.6 

p=0.033 

Age (years)Age (years)Age (years)Age (years)    

Mean (SD) 

Range 

 

11.6 (0.5) 

10.3 - 13.0 

 

11.6 (0.5) 

9.9 - 13.2 

 

t=-0.5 

NS 

Height (cm)Height (cm)Height (cm)Height (cm)    
Mean (SD) 

Range 

 
151.1 (7.7) 

126.8 - 179.1 

 
152.0 (7.6) 

123.4 - 175.3 

 
t=2.4 

p=0.018 

Weight (kg)Weight (kg)Weight (kg)Weight (kg)    

Mean (SD)  

Range 

 

41.0 (9.3) 

23.0 - 109.0 

 

42.5 (9.5) 

22.0 - 88.0 

 

t=3.7 

p<0.001 

BMI (kg/mBMI (kg/mBMI (kg/mBMI (kg/m2222))))    

Mean (SD)  

Range 

 

17.8 (3.0) 

11.0 - 35.0 

 

18.3 (3.2) 

12.7 - 33.9 

 

t=3.6 

p<0.001 

BMIBMIBMIBMI----categoriescategoriescategoriescategoriesbbbb    

Normal weight 

Overweight 

Obesity 

 

N=771 (84.8%) 

N=104 (11.4%) 

N=26 (2.9%) 

 

N=773 (80.6%) 

N=138 (14.4%) 

N=38 (4.0%) 

 

χ2=12.1 

p=0.002 

 

Physical activityPhysical activityPhysical activityPhysical activity    

(Almost) Never 

Once a week 

2-3 times a week 

4-5 times a week 
6-7 times a week 

 

N=104 (11.6%) 

N=157 (17.5%) 

N=301 (33.6%) 

N=157 (17.5%) 
N=177 (19.8%) 

 

N=128 (13.4%) 

N=303 (31.8%) 

N=343 (36.0%) 

N=117 (12.3%) 
N=61 (6.4%) 

 

 

χ2=112.3 

p<0.001 

Use of tobaccoUse of tobaccoUse of tobaccoUse of tobacco    

Never 
A little bit or 

sometimes 

Clearly or regularly  

 

N=870 (97.2%) 
N=22 (2.5%) 

 

N=3 (0.3%) 

 

N=932 (98.3%) 
N=15 (1.6%) 

 

N=1 (0.1%) 

 

χ2=2.9  
NS 
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Calculation and attainability of baroreflex sensitivity 
Visual inspection of BP and inter-beat-interval (IBI) signals yielded 1823 supine and 

1792 standing recordings that were suitable for BRS calculation. Measurements 

were regarded unsuitable when adequate signal recording failed. Also, children 

demonstrating arrhythmia were excluded from the analyses.  

We applied the transfer function technique to determine BRS using the 

CARSPAN software program (Mulder et al. 1988), as previously described by 

(Robbe et al. 1987). This program allows for discrete Fourier transformation of non-

equidistant systolic blood pressure (SBP) and IBI-series. The analyzed time series 

were corrected for artifacts and checked for stationarity. BRS was defined as the 

mean modulus between spectral values of SBP variability and IBI variability in the 

0.07-0.14 Hz frequency band with a coherence of more than 0.3. BRS is expressed 

in ms/mmHg. It has previously been shown that the narrow band around 0.10 Hz is 

a valid band for determining changes in short-term blood pressure regulation and 

that the frequency range above 0.07 Hz is sufficient for the determination of BRS 

(Robbe et al. 1987, van Roon et al. 2004). A comparable method for BRS 

calculation has also been applied in other studies (Althaus et al. 2004, Lefrandt et al. 

1999). 

We used a minimal coherence of 0.3, because the overall coherence level 

between the IBI- and SBP-series is reduced when SBP is determined by the 

Portapres device compared to intra-arterial measurements for which a coherence 

level of 0.5 is generally applied. This reduction in coherence is explained by an 

increased noise level that is introduced by interpolations of regular physio-

calibrations of the Portapres device. By using a coherence level of 0.3, a higher 

number of reliable BRS values can be obtained due to an increase in coherence 

points on which BRS calculation is based, compared to the 0.5 coherence level.  

Because the 0.5 coherence level is more in line with scientific costum, we 

tested the appropriateness of the 0.3 coherence level as compared to the 0.5 

coherence level by recalculating the BRS values using this more stringent criterion 

(n=1027). We found that BRS values derived from calculations with a coherence 

level of 0.3 and 0.5 correlated almost perfectly with each other (supine BRS: 

Pearson’s r=0.98, p<0.001; standing BRS: Pearson’s r=0.99, p<0.001). Also, 

absolute BRS values (means and standard deviations) in both positions were nearly 

identical (the 0.5 coherence limit showed about 0.5-1 ms/mmHG higher average 

BRS values). In addition, we conducted statistical analyses with BRS values based on 

both coherence levels of 0.3 and 0.5, finding very similar results. Taken together, it 

should be concluded that a coherence level of 0.5 is not superior to one of 0.3 

given the present methodology.  

Furthermore, although the measurement time in our study was relatively 

short compared to general scientific practice, the recording length of at least two 

minutes should be sufficient to cover the 0.07-0.14 Hz frequency range, as the 

lowest frequency of 0.07 Hz would be detected about eight times within 120 

seconds. Moreover, to test the reliability of our short recordings, we correlated 



Baroreflex Sensitivity CHAPTER 3 
 

 47 

supine BRS based on a stable signal recording interval of 200 sec with the 

corresponding first and second 100 sec periods in a small subsample (n=25) from 

our study population. BRS values derived from the first and second 100 sec periods 

were strongly correlated with the BRS values derived from the total length of 200 

sec (Pearsons’s r=0.86, p<0.001 and Pearson’s r=0.96, p<0.001, respectively). 

This indicates the reliability of 100 sec recordings. Nevertheless, we recognize that, 

ideally, the measurement period should be extended to improve the reliability of the 

recordings. However, the possible reduction in reliability as a result of the generally 

short measurements in our study as compared to accepted standards may be 

counterbalanced by the sample size, which is large enough to set off random 

fluctuations in individual values.  

After BRS calculation, the quality of the dataset was assured by exclusion of 

1) BRS values that were based on measurements of which more than 10% of the 

BP signal had been corrected by CARSPAN and/or contained too many artifacts 

(that is, showing signal gaps of more than 5 seconds of IBI’s and/or more than 10 

seconds of SBP signals) (292 supine and 588 standing measurements were thus 

excluded); 2) BRS values that were based on less than three frequency points (46 

supine and 39 standing measurements were thus excluded); and 3) BRS values that 

were based on signal recordings lasting less than 100 seconds (13 supine and 35 

standing measurements were thus excluded). All in all, we obtained 1472 (81%    of 

1823) supine and 1129 (63% of 1792) standing measurements that met our quality 

criteria. This result is in line with previous studies using spectral analysis; e.g., 

Veerman et al. (1994) reported 25% and Pitzalis et al. (1998) 34% unobtainable 

BRS. Individuals of whom no reliable supine or standing BRS measurement was 

available were comparable to participants with reliable BRS regarding sex, age, 

pubertal stage, BMI, and level of physical activity. Table 2 gives BP and HR variables 

in the supine and standing position of the children for whom a reliable BRS both in 

the supine and standing position was available (n=1027).  
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Tabel 2.Tabel 2.Tabel 2.Tabel 2. Blood pressure and heart rate variables of children in the supine and standing 

position.  

 

 

Supine positionSupine positionSupine positionSupine position    

(N=1027) 

Standing positionStanding positionStanding positionStanding position    

(N=1027) 

 Mean SD Median Mean SD Median 

SBP SBP SBP SBP     

(mmHg) 

93.9 23.0 91.1 

 

110.3 

 

27.7 

 

104.7 

PwSBP PwSBP PwSBP PwSBP     
ln(mmHg2) 

0.9 0.8 1.0 
 

1.7 0.8 1.7 
 

IBIIBIIBIIBI    

(ms) 

788.5 

 

111.2 779.3 

 

650.2 94.6 641.4 

PwIBIPwIBIPwIBIPwIBI    

ln(ms2) 

6.4 1.1 6.4 6.2 0.9 6.3 

Notes.Notes.Notes.Notes. SBP, systolic blood pressure; Pw, power in the frequency-band 0.07-0.14 Hz; ln, 

transformed by natural logarithm; IBI, inter-beat-interval. Only data of participants are 

presented for whom a reliable BRS both in the supine and standing position was available.  

    

 

Statistical analysis  
To avoid any bias due to differences in group size between the supine and standing 

measurements, we included only those individuals in the statistical analyses of whom 

a reliable BRS value in both the supine and standing position was available. BRS and 

BMI values were transformed to a normal distribution by taking their natural 

logarithm before entering in statistical analysis. The difference between supine and 

standing BRS values was calculated for each individual and used as a measure of 

autonomic adaptation to orthostatic stress (dBRS). Lower limits of the distribution of 

supine and standing BRS were defined at the 2.5th percentile, in keeping with the 

lower limits of adult BRS values given in the ATRAMI-study (La Rovere et al. 1998). 

(Paired) Student’s t-tests were used to test for BRS differences between supine and 

standing position, between boys and girls, and between prepubertal children and 

adolescents. Pearson’s correlation coefficients were calculated to investigate possible 

associations between BRS with BMI, physical activity, and age (years, two decimals). 

Correlations between BRS and BMI within the group of overweight and obese 

(pre)adolescents were explored non-parametrically by Kendall’s τ. Multiple 

regression analyses were adopted to assess the independent effects of sex, pubertal 

stage, BMI, and level of physical activity on BRS, for supine and standing BRS values, 

and dBRS separately. Standardized β’s are given. P values smaller than 0.05 were 

considered statistically significant. Values are given as mean+/-SD, unless otherwise 

stated.  
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RESULTS 
 

BRS values and effects of posture and sex  
Table 3 shows BRS values for the supine and standing position, as well as the lowest 

BRS scores in the 2.5th percentile, for both boys and girls. BRS was significantly 

higher in the supine than the standing position in the whole group of 

(pre)adolescents as well as in boys and girls separately (figure 1). In addition, a sex-

effect was found: girls demonstrated significantly lower BRS values in supine and 

standing position than boys (figure 1). However, sex had no effect on dBRS, the 

difference between BRS in the supine and standing position, suggesting no 

differences in autonomic adaptation to orthostatic stress between boys and girls 

(boys 0.5+/-0.6 vs girls 0.5+/-0.6; t=1.2, p=0.217).  

 
Tabel 3.Tabel 3.Tabel 3.Tabel 3. Gender-specific BRS in supine and standing position. 

Notes.Notes.Notes.Notes. M, mean; Md, median; BRS, baroreflex sensitivity (frequency band 0.07-0.14 Hz); 

P2.5, 2.5th percentile. Supine and standing BRS values differed significantly in all children 

(t=27.8, p<0.001), boys (t=20.2, p<0.001), and girls (t=19.2, p<0.001). Boys vs girls: 
†(t=4.1, p<0.001), ‡(t=3.0, p=0.003). 

 

 

 

 

 

 

 

 

 

 

 
    

Figure 1.Figure 1.Figure 1.Figure 1. Posture- and gender effects for BRS. Error bars represent SE.  

BRS was lower in the standing than in the supine position. Girls had lower  

BRS values than boys in both positions. Additional statistics are reported  
in table 3. 

  

Supine BRSSupine BRSSupine BRSSupine BRS (ms/mmHg) 

 

Standing BRSStanding BRSStanding BRSStanding BRS (ms/mmHg) 

 M 

 (SD) 

Md Range P2.5 M 

(SD) 

Md Range P2.5 

BoysBoysBoysBoys    16.4 
(9.4) † 

 

14.4 
 

2.6 – 
66.6 

3.9 9.5 
(5.4)‡ 

 

8.5 1.1 – 
43.0 

2.5 

GirlsGirlsGirlsGirls    14.3 

(8.7)† 

12.4 2.3 – 

73.3 

3.6 8.4 

(4.4)‡ 

7.6 1.3 – 

31.2 

2.2 
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Age and pubertal stage 
In table 4, correlations of BRS with age are given. Age was negatively correlated with 

BRS in the standing position, but was not significantly associated with BRS in the 

supine position. Pubertal stage was unrelated to BRS in the supine (15.0+/-9.6 vs 

15.3+/-8.9 ms/mmHg, t=-1.1, p=0.263) and the standing position (9.1+/-5.0 vs 

8.8+/-4.9 ms/mmHg, t=1.0, p====0.328). When examining the difference between 

supine and standing BRS (dBRS), we found that older individuals (table 4) and 

adolescents (preadolescents vs adolescents: 0.45+/-0.60 vs 0.54+/-0.59; t=-2.0, 

p<0.050) had significantly larger dBRS values than younger children or 

preadolescents. 

        

    
Tabel 4.Tabel 4.Tabel 4.Tabel 4. Correlations of BRS with age, level of physical activity, and BMI.  

 Supine BRSSupine BRSSupine BRSSupine BRS    

 r                       p 

Standing BRSStanding BRSStanding BRSStanding BRS    

 r                       p 

ChangeChangeChangeChange (dBRS) 

 r                    p 

All children: 

Age Age Age Age     

Physical activityPhysical activityPhysical activityPhysical activity    

BMIBMIBMIBMI (kg/m2) 

 

-0.01 

0.05 

-0.01 

 

0.692 

0.135 

0.857 

 

-0.13*** 

0.08** 

0.01 

 

0.001 

0.010 

0.743 

 

0.11*** 

0.03 

0.02 

 

0.001 

0.397 

0.628 

BMI in children 

with: 

Normal weight Normal weight Normal weight Normal weight     

OverweightOverweightOverweightOverweight†  

ObesityObesityObesityObesity†  

 

 

 0.01 

-0.05 

-0.16 

 

 

0.824 

0.404 

0.141 

 

 

-0.01 

-0.01 

-0.26** 

 

 

0.687 

0.942 

0.010 

 

 

0.02 

0.07 

0.11 

 

 

0.577 

0.211 

0.317 

Note.Note.Note.Note. †Kendall’s τ was used in the group of children with overweight or obesity. **p<0.01, 

*** p<0.001. 

 

 

Body Mass Index  
BMI was not significantly correlated with BRS in supine and standing position, nor 

with dBRS. Since previous studies suggested a relationship between BRS and BMI in 

overweight and obese individuals (Beske et al. 2002, Emdin et al. 2001), we 

additionally studied correlations between BRS and BMI within three groups stratified 

by weight: children with normal weight (n=845), overweight (n=130), or obesity 

(n=41). We found that only within the group of obese children, BMI correlated 

negatively with standing BRS, but not with supine BRS or dBRS. In contrast to obese 

children, BMI did not correlate significantly with BRS within the group of children 

with normal weight or overweight. Statistics and p-values are given in table 4.  

 

Physical activity 
The level of physical activity was positively related to BRS in the standing position, 

but not to BRS in the supine position and to dBRS. Statistics and p-values are shown 

in table 4. Physical activity was not related to age.  

    

    



Baroreflex Sensitivity CHAPTER 3 
 

 51 

Multivariate analyses  
We used multiple regression analyses to assess the independent contribution of 

gender, age, pubertal stage, BMI, and physical activity on BRS, for supine and 

standing BRS, and dBRS separately. In a model that included all independent 

variables, gender retained a significant main effect in both the supine (β=0.12, 

p<0.001) and in the standing (β=0.08, p=0.012) position, independent of the 

influence of age, pubertal stage, BMI, and physical activity level. In addition, as in the 

univariate analysis, age was significantly associated with BRS in the standing (β=-

0.13, p<0.001), but not the supine position (β=-0.01, p=0.675). Also, pubertal 

stage was unrelated to BRS in the supine (β=0.05, p=0.149) and the standing 

position (β=-0.02, p=0.593). With respect to dBRS, both, age (β=0.11, 

p<0.001) and pubertal stage (β=0.06, p<0.050) emerged as significant main 

effects, whereas gender (β=-0.05, p=0.167) and BMI (β=-0.03, p=0.331) did 

not. Finally, the level of physical activity was not related to BRS in the supine 

(β=0.03, p=0.368) and standing position (β=0.06, p=0.075), nor to dBRS (β=-

0.03, p=0.455).     

    

    

DISCUSSION 

 
In order to gain a better understanding of diminished baroreflex function, which 

reflects suboptimal short-term blood pressure regulation and is predictive of 

cardiovascular morbidity and mortality, it is important to know determinants of 

baroreflex function in a non-clinical population. This is the first study that reports on 

normal spontaneous BRS and the possible influence of posture, age, pubertal stage, 

gender, BMI, and physical activity on BRS in (pre)adolescents from a large sample of 

the general population.  

Our results regarding the effect of posture are in line with the literature. As 

reported before in children (Scaramuzza et al. 1998, Veerman et al. 1994) and 

adults (Kim & Euler 1997, Laude et al. 2004, Veerman et al. 1994), BRS in the 

supine position was considerably higher than in the standing position. This is not 

surprising, since a change from supine to erect posture causes redistribution of 

blood to the lower extremities, which results in an acute fall of cardiac-arterial BP 

leading to increased sympathetic activity (Guyton 1986). Sympathetic stimulation 

during standing decreases vagal cardiac efferent tone (Pomeranz et al. 1985) and 

reduces baroreceptor control (Sundblad 1996).  

Average supine and standing BRS values found in our study are comparable 

to BRS values in children and adolescents of similar age reported in other studies 

that also used spectral analysis with roughly the same frequency bands (Scaramuzza 

et al. 1998, Tank et al. 2000, Veerman et al. 1994). However, other spectral 

analysis-based studies in (pre)adolescents have reported average supine BRS values 

that differ considerably from those found in the present study (Constant et al. 2002, 
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Jartti et al. 1996, Rüdiger & Bald 2001). Rüdiger & Bald (2001) and Constant et al. 

(2002) found lower supine BRS values, whereas Jartti et al. (1996) reported clearly 

higher supine BRS outcomes. These discrepancies may be attributable to the use of 

small sample sizes, use of wider age ranges or differences in applied methodology. 

Presently, no “gold standard” for measuring non-invasive BRS exists and 

methodological differences can produce different results, although different indices 

for BRS derived from spectral analysis (in the low or high frequency band, 

respectively) are strongly correlated (Laude et al. 2004). 

Given the decline of BRS with increasing age in adults (Kardos et al. 2001, 

Laitinen et al. 1998), we would have expected clearly higher average BRS values in 

our (pre)adolescent sample compared to adults. Surprisingly, the present BRS values 

were strikingly similar to the BRS values of non-elderly adults reported in other 

studies that have also applied spectral analysis in the low frequency band, even 

though slight methodological differences between these studies may exist (Dawson 

et al. 1999, Kardos et al. 2001, Kim & Euler 1997, Tank et al. 2000). This is in 

accordance with a few other studies that would not suggest a major decline in BRS 

in the age range from middle childhood to middle adulthood either (Allen et al. 

2000, Ohuchi et al. 2000, Rüdiger & Bald 2001, Tank et al. 2000, Veerman et al. 

1994). Thus, this may indicate that no major changes in BRS from middle childhood 

to middle adulthood take place. Nonetheless, despite the limited age range of our 

study sample, we found a significant, albeit small, negative effect of age on BRS in the 

standing position, suggesting a subtle decrease of BRS in (pre)adolescents. Although 

it remains unclear why age was only related to BRS in the standing position, we 

assume that age-related increases in body height and weight may partly explain the 

present effect. It may be expected that an increased body height and weight would 

be associated with stronger sympathetic reactions and hence a more reduced BRS 

during orthostatic stress than when resting in a supine position. Furthermore, our 

results show that postural differences in BRS were larger in the older participants 

(adolescents) than in the younger children (preadolescents). This may suggest that 

the dynamic autonomic adaptation to orthostatic stress becomes more pronounced 

with increasing age in (pre)adolescents. However, it should be stressed that the age 

range in our study is rather small, so that our findings regarding the role of age and 

pubertal stage should be considered preliminary. Clearly, definite conclusions 

regarding possible age-related BRS changes in children, adolescents, and young 

adults will have to await longitudinal studies. Indeed, we intend to follow our study 

population into early adulthood and repeat BRS measurements regularly. 

The influence of gender on baroreflex control had not been adequately 

examined in children and adolescents so far. The two existing studies in children and 

adolescents did not find significant differences in BRS between boys and girls, 

possibly due to the use of small sample sizes (Allen et al. 2000, Tanaka et al. 

1994a). In the present study, we were able to reliably address this issue. Girls 

appeared to have significantly lower BRS levels than boys, in both the supine and the 

standing position, even though gender appeared to explain only a small percentage 
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of the total BRS variability (as had been reported earlier in adults by Kardos et al. 

2001). Still, the role of gender on BRS according to our data is in keeping with 

pediatric studies reporting lower HR variability in girls (Faulkner et al. 2003, Silvetti 

et al. 2001] and with a number of adult studies that have also found lower BRS in 

females (Beske et al. 2001, Laitinen et al. 1998). Others, however, failed to find 

BRS differences between men and women (Dawson et al. 1999, Sevre et al. 2001). 

These contrasting results may be explained by differences in factors that are known 

to independently influence BRS, such as obesity (Emdin et al. 2001) or age (Kardos 

et al. 2001). In the present study, however, the independent effect of gender 

remained significant, even after adjustment for the possible influence of age, pubertal 

stage, BMI, and physical activity level. In addition, gender-differences in BRS have 

predominantly been reported in younger adults compared to elderly individuals 

(Laitinen et al. 1998, Sevre et al. 2001), which is in keeping with our finding. The 

mechanisms underlying this gender difference remain to be determined.  

We found a negative correlation between BRS and BMI in obese children, 

even though BMI did not correlate significantly with BRS in the wide group of 

children or in overweight children. To our knowledge, no studies in children are 

available that focused on BRS in relation to obesity. However, a reduced HR 

variability, another well-known measure of autonomic function, has been reported 

in obese children or adolescents (Riva et al. 2001, Silvetti et al. 2001). Studies in 

adults suggested a diminished baroreflex function in severely obese individuals 

(Emdin et al. 2001) and in those with mild-to-moderate levels of obesity or 

overweight (Beske et al. 2002). The underlying mechanism of the link between 

obesity and BRS is not fully understood, but obesity has been found to be related to 

sympathetic hyperactivity, that, in turn, is associated with a reduction in BRS (Emdin 

et al. 2001, Riva et al. 2001, Sundblad 1996). Our results may point to this 

possibility, as an association in obese children between BMI and BRS was only found 

in the upright position in which a sympathetic challenge takes place. Taken together, 

our results could suggest that appropriate adaptation to cardiovascular changes 

induced by orthostatic stress is impaired in obese children. It would be interesting to 

prospectively investigate the possible role of diminished autonomic function in 

children versus obesity per se as an early independent predictor of future 

cardiovascular morbidity. 

In conclusion, the effects of gender, age, and obesity on BRS found in this 

child population parallel those reported in adult studies, demonstrating that these 

factors are already evident at an early developmental stage. A reduced BRS in obese 

(pre)adolescents might be a candidate predictor of future cardiovascular health and 

therefore warrants further exploration. Early risk detection of autonomic dysfunction 

by measuring BRS may also be valuable in other risk groups, for example, in children 

with diabetes mellitus or in offspring of parents with hypertension.  
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