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Abstract

Preeclampsia is related with elevated systolic blood pressure (SBP) in children. We studied if preeclampsia-exposed (PE) children de-
velop alterations in heart rate variability (HRV) and if this is reflected in their blood pressure (BP), as well as overall associations with
body size and composition, gestational and perinatal factors. We examined 182 PE (46 early-onset PE) and 85 unexposed (non-PE)
children 8–12 yr after preeclampsia exposure. HRV monitoring was performed 5 min in supine followed by 5 min in standing position
and compared with office, 24-h ambulatory, and central BPs in relation to body anthropometrics and composition, gestational, and
perinatal data. There were no major differences in HRV between PE and non-PE children. HRV in supine position was strongly associ-
ated with office and ambulatory heart rates (HRs), and HR was independently associated with office BPs. However, HRV was not
related with office or 24-h SBP and PP, nor with elevated SBP in PE compared with non-PE children [adjusted mean differences for
office and 24-h SBP 4.8 (P < 0.001) and 2.5 mmHg (P ¼ 0.049), respectively]. In supine position, high-frequency (HF) power [b, �0.04
(95% CI �0.06 to �0.01)], root mean square of successive differences in R-R intervals (rMSSD) [�0.015 (�0.028 to �0.002)], and the
ratio of low-frequency (LF) to HF power [0.03 (0.01–0.04)] were independently associated with child fat mass. LF and HF power and
rMSSD displayed independent inverse associations with child age. There were no significant associations between child HRV and ges-
tational and perinatal factors. During prepuberty, the HRV in children with PE is similar to that in non-PE children. Elevated SBP follow-
ing preeclampsia exposure is not related with HRV. Child adiposity could be related to decreased cardiac vagal tone.

NEW & NOTEWORTHY Heart rate variability in preadolescent children exposed to preeclampsia in utero is no different from
age-matched controls. Preeclampsia-exposed children’s elevated SBP is not related to alterations in heart rate variability, which
is a noninvasive measure of the modulation of heart rate by autonomic tone. However, childhood adiposity might be coupled
with diminished cardiac vagal tone.

adiposity; blood pressure; cardiovascular disease; heart rate variability; preeclampsia

INTRODUCTION

Heart rate variability (HRV) is a noninvasive measure of
the modulation of heart rate (HR) by autonomic tone (1).
Altered cardiovascular autonomic regulation, more specifi-
cally lowered HRV, has been linked to cardiovascular risk
factors and mortality long term (1, 2). In children, cardiovas-
cular risk factors, including obesity and systolic blood pres-
sure (SBP), are associated with altered HRV (3). Children and
adolescents with hypertension or high blood pressure (BP),

but still within the normal range, show a trend toward sym-
pathetic predominance (4), as well as reduced autonomic
regulation and impaired baroreflex sensitivity (5). Niemirska
et al. (6) examined adolescents with primary hypertension
after successful antihypertensive treatment, but despite
treatment, altered cardiovascular rhythmicity persisted as a
potential primary indicator of aberrancy.

Preterm birth and born small for gestational age (SGA) are
conditions coupled with increased sympathoadrenal activity
in children (7). Prematurity has also been associated with
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modified autonomic nervous system function through alter-
ations in HRV (8), and prematurity is linked with cardiome-
tabolic risk factors in adolescence (9). Preterm birth is
common in early-onset preeclampsia and other hypertensive
disorders of pregnancy (HDPs)(10). Preeclampsia is charac-
terized by new-onset hypertension and proteinuria after 20
gestational wk or new-onset preeclampsia-associated signs
in the absence of proteinuria, and it affects up to 10% of all
pregnancies (11). Plasma epinephrine levels have been
related with elevated 24-h SBP in preeclampsia-exposed (PE)
children, but similar associations were also observed for
unexposed (non-PE) children in the same study (12). We
have recently reported elevated office, 24-h ambulatory, and
central BPs in PE children (13).

To the best of our knowledge, there are no previous studies
investigating children’s HRV following preeclampsia exposure
in utero. Our hypothesis was that PE children develop altera-
tions in HRV reflecting cardiac autonomic dysfunction, and
that this is reflected in their elevated BP.We aimed to prospec-
tively compare PE children 8–12 yr after index pregnancy with
age-matched children without preeclampsia or other HDP.
Furthermore, we aimed to evaluate relations between HRV
and BP, body anthropometrics and composition at follow-up,
andmaternal, gestational, and perinatal factors.

MATERIALS AND METHODS

Study Design, Sample, and Setting

The Finnish Genetics of Preeclampsia Consortium (FINNPEC)
multicenter study cohort recruited prospectively between
2008 and 2011 nulli- or multiparous PE and non-PE white
Caucasian women, as well as their partners and newborns
(14). The FINNPEC cohort defined preeclampsia as hyper-
tension and proteinuria arising after 20 wk of gestation:
SBP � 140 mmHg and/or diastolic BP (DBP) � 90 mmHg,
and urinary excretion of �0.3 g of protein in a 24-h speci-
men, or 0.3 g/L, or two �1 þ readings on dipstick.

In the FINNCARE study, we recalled 366 out of 471
FINNPEC PE families and 233 out of 307 FINNPEC non-PE
families living in the Hospital district of Helsinki and
Uusimaa (NCT04676295) (15). Study families were examined
prospectively in a cohort study setting from June 2019 to
June 2022 at the Clinical Trial Unit at the Children’s Hospital
(Helsinki, Finland). One hundred and eighty-two PE and 85
non-PE children’s CVD risk profiles were prospectively
assessed. We excluded study families where the mother had
ongoing pregnancy or lactation, multiple pregnancy, or was
not able to communicate in Finnish. Exclusion criteria for
non-PE families also included the following: PE or other HDP,
chronic hypertension, gestational diabetes, and/or diabetes
during or after the index pregnancy. Background characteris-
tics were compared between participating and nonparticipat-
ing PE mothers from the Hospital district of Helsinki and
Uusimaa FINNPEC cohort to assess possible recruitment bias.
No significant differences were found in major maternal, ges-
tational, and child perinatal factors (results not shown).
Signed informed consent was gathered from all study partici-
pants, and the FINNCARE study protocol was approved in
December 2018 by the Ethics Committee of the Hospital
District of Helsinki and Uusimaa (HUS/3347/2018).

Index Pregnancy and Questionnaire Data

Data on index pregnancy were gathered from the FINNPEC
database (14). Early-onset preeclampsia was defined as diag-
nosis or delivery before 340/7 gestational wk. Children were
classified as premature when delivered before 370/7 gesta-
tional wk. Z-scores were calculated for birth height, weight,
and head circumference (16). SGA was defined as birth weight
<�2 standard deviations (SDs). We collected information on
family health history and current household income through
standard questionnaires at the FINNCARE study visits.

Heart Rate Variability

An HR monitor (Bittium Faros 360, Oulu, Finland) was
placed on the study participant’s chest following a 30-min rest
in the supine position to assess HRV. Monitoring was then
performed during spontaneous and quiet breathing at rest in
the supine position for 5 min and directly continued for an
additional 5 min in a still-standing position. A 4-min supine
position interval starting 30 s from beginning, and a 4-min
standing position interval at the end of the total 10-min re-
cording were then analyzed with the operator (M.P.T) blinded
to study subject characteristics (Hearts 1.2, University of Oulu,
Oulu, Finland). Artifacts and ectopic beats were removed and
replaced by the local average. However, sequences with �10
consecutive beats of noise or ectopic beats were deleted. The
R-R interval series with �80% accepted data were included in
the analyses. Two-hundred and thirty-seven PE and non-PE
children provided R-R interval recordings, with 230 (97%) hav-
ing eligible HRV data for both phases, supine and standing
intervals. Mean HR, average R-R interval, standard deviation
of all R-R intervals over the total 4-min period (RR-SD, ms),
root mean square of successive differences in R-R intervals
(rMSSD, ms), spectral power densities (fast-Fourier transfor-
mations) at low-frequency (LF, 0.04–0.15Hz, ms2) and high-
frequency (HF, 0.15–0.40Hz, ms2) components of HRV, and
their ratio (LF:HF) were analyzed (17). Coefficient of compo-
nent variance (CCV%) for LF and HF power, respectively, was
calculated as square root of power divided by mean R-R inter-
val. Furthermore, we assessed autonomic nervous system
function also as parameter change from supine to standing
position since LF:HF ratio may estimate sympathetic modula-
tion throughout the sympathetic activation mediated by or-
thostatic stimulus (18). HF power and rMSSD are regarded
as markers of parasympathetic regulation and vagal tone,
whereas LF power is a marker of both parasympathetic and
sympathetic modulation (17). LF power has also been sug-
gested to even more reflect modulation of cardiac autonomic
outflow by baroreflexes than by sympathetic tone (19). LF:HF
ratio has been considered a marker of sympathovagal balance
(20), but this perception has been challenged and the interpre-
tation is still under debate (21).

Blood Pressure and Pulse Wave Velocity

BP was measured from the nondominant arm at the office
with Omron HBP-1300 or HBP-1320 devices and monitored
during 24-h with an oscillometric Schiller BR-102 plus de-
vice. Ambulatory BP (ABP) was assessed at 30-min intervals
during daytime and at 1-h intervals during nighttime. One
investigator analyzed the ambulatory BP data in agreement
with BP diaries and ultimately rejected 16 daytime and 18
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nighttime ABP registrations due to less than 65% valid meas-
urements (22). Mean arterial pressure (MAP) was calculated
from DBP þ 1/3(SBP � DBP) and pulse pressure (PP) as the
difference between SBP and DBP.

We measured carotid-femoral (CF-PWV) and carotid-radial
pulse wave velocity (CR-PWV) at rest with the study partici-
pant in a supine position (Complior Analyze, Alam Medical,
Saint-Quentin-Fallavier, France). In analyses, themean of two
measurements was used, and we multiplied the CF distance
by 0.8. We obtained central BPs from the Complior device
and its direct analysis of the carotid waveform and calibration
with diastolic andmean office brachial BP.

Anthropometrics

We used a Seca 285 scale and stadiometer (Seca GmBH &
Co, Hamburg, Germany) to measure height and weight to the
nearest 0.1 cm and 0.05 kg, respectively. Waist, hip, and tho-
racic circumferences were estimated to the closest 0.1 cm
with a measuring tape. Z-scores based on age and sex were
generated for height, weight, and body mass index (BMI), and
for weight separately for height and sex based on national
data (23). Lean body mass, skeletal muscle mass, fat mass,

and body fat percentage were computed with bioelectrical im-
pedance (InBody 720, InBody Bldg, Korea). Haycock’s formula
was used to calculate body surface area (BSA).

Data Analysis

We present results as means (SD), medians (interquartile
ranges), and counts (percentages) as appropriate. Histograms,
normality tests, and skewness were used to assess normality.
Group differences were calculated using independent sam-
ples t test or Mann–Whitney U test for numerical data, and
Pearson v2 or two-tailed Fisher’s exact test for categorical
data. LF and HF power, LF:HF ratio, and rMSSD were trans-
formed into natural logarithm (ln) in analyses because of
skewed distributions. Delta (change) was calculated for HRV
variables by mathematically subtracting supine values from
standing values for each study subject.

Potential predictors for children’s HRV variables were an-
alyzed with univariate linear regression analyses and we
report in RESULTS only associations with a P < 0.015 when
considering the number of tests in univariate regression
analyses and possibility of type 1 error. Multiple linear
regression models were then built to assess potential
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Figure 1. Children’s heart rate variability at follow-up in supine and standing positions. early onset PE, preeclampsia diagnosis before 340/7 gestational
wk; HF power, high-frequency power of R-R intervals from spectral band 0.15–0.4 Hz (fast-Fourier transformation); LF power, low-frequency power of R-
R intervals from spectral band 0.04–0.15 Hz (fast-Fourier transformation); late-onset PE, preeclampsia diagnosis at or after 340/7 gestational wk; non-PE,
unexposed control group; PE, preeclampsia-exposed group; rMSSD, root mean square of successive differences in R-R intervals. Horizontal line shows
median value for all other variables except heart rate showing mean value. P< 0.05, significance threshold.
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predictors’ combined influence on children’s HRV in supine
position. The models were checked for linearity, normality,
homoscedasticity, and independence. Multicollinearity was
evaluated with a variance influence factor <2.5 and colli-
nearity tolerance >0.3 was deemed appropriate. Twenty-
four-hour SBP and PP ANCOVA models have previously
been analyzed and published by us (13), and here we checked
the influence of HRV variables on the adjusted office and 24-
h SBP and PPmean differences between PE and non-PE chil-
dren. P < 0.05 was considered significant and two-tailed
tests were used in analyses. Statistical analysis was per-
formed using SPSS v. 27 (IBM).

RESULTS

Perinatal and Child Background Characteristics

One-hundred and eighty-two PE children (46 early-onset
based on diagnosis, 25 on delivery) and 85 non-PE children
were examined at the follow-up visit (Table 1). Preterm birth
and SGA were common among PE children, as expected, but
there were no major differences in body anthropometrics
and composition. Office BPs were higher among PE versus
non-PE children.

Heart Rate Variability in PE and non-PE Children at 8–12
yr Follow-Up

LF:HF ratio in supine positionwas borderline elevated among
PE versus non-PE children {mean difference 0.23 [95% confi-
dence interval (CI) 0.02–0.45]; P ¼ 0.030; Fig. 1, Supplemental
Table S1; all Supplemental material is available at https://doi.
org/10.6084/m9.figshare.24304450.v1}, and this was attributed

to the late-onset PE group [mean difference 0.27 (95% CI 0.05–
0.49);P¼ 0.016]. No other differences inHRVvariables between
PE (including early- and late-onset PE) and non-PE children
were found (results not shown for early and late PE by delivery
definition). CCV%s for LF and HF power were no different
between groups (including early- and late-onset PE; results not
shown).

Predictors of Heart Rate Variability in PE and Non-PE
Children

HR in supine position was in univariate analyses inversely
associated with height z-score, while positively associated
with weight z-score, adiposity measures, office BPs, as well as
with office and 24-h (including daytime and nighttime) HRs
(Supplemental Table S2). rMSSD, LF, and HF power in supine
position showed clear inverse associations with office and
day- and nighttime HR. Furthermore, rMSSD and HF power
in supine position showed significant inverse relations with
child age at follow-up, office BPs, several anthropometric
(weight, BSA, LBM,muscle mass, and thoracic circumference)
and adiposity measures [waist circumference, BMI (and its z-
score), fat mass and body fat percentage], as well as rMSSD
with office central DBP. LF power in supine position was
related withmale sex and inversely related with age, while LF:
HF ratio displayed positive associations with several anthro-
pometric (weight, BSA, LBM, muscle mass, and thoracic cir-
cumference) and adiposity measures (BMI, fat mass, waist
circumference, and waist-hip ratio). No associations were
seen between HRV variables and maternal (age at delivery,
prepregnancy BMI, parity, smoking during pregnancy, and
gestational and follow-up office BPs) and perinatal parame-
ters (gestational time at delivery, prematurity, SGA, birth

Table 2. Multiple linear regression models for all children’s heart rate variability in supine position

Heart Rate Variability/Predictor Unstandardized b (95% CI) Standardized b P Value Adjusted R2 Model P Value

HR
Constant 38.94 (22.74–55.15) 0.096 <0.001
Preeclampsia exposure (0 ¼ no, 1 ¼ yes) �1.12 (�3.84 to 1.61) �0.052 0.421
Child height z-score at follow-up �2.20 (�3.39 to �1.01) �0.232 <0.001
Child office SBP at follow-up, mmHg 0.33 (0.18–0.47) 0.286 <0.001

ln rMSSD
Constant 7.98 (6.66–9.31) 0.184 <0.001
Preeclampsia exposure (0 ¼ no, 1 ¼ yes) �0.06 (�0.23 to 0.10) �0.052 0.452
Child age at follow-up, yr �0.12 (�0.21 to �0.04) �0.210 0.004
Child fat mass at follow-up, kg �0.015 (�0.028 to �0.002) �0.162 0.022
Child 24-h HR, beats/min �0.03 (�0.04 to �0.02) �0.342 <0.001

ln LF power
Constant 12.62 (10.60–14.64) 0.134 <0.001
Preeclampsia exposure (0 ¼ no, 1 ¼ yes) 0.10 (�0.16 to 0.36) 0.056 0.432
Child age at follow-up, yr �0.25 (�0.37 to �0.12) �0.279 <0.001
Child 24-h HR, beats/min �0.04 (�0.05 to �0.02) �0.300 <0.001

ln HF power
Constant 14.52 (11.93–17.10) 0.183 <0.001
Preeclampsia exposure (0 ¼ no, 1 ¼ yes) �0.13 (�0.46 to 0.20) �0.053 0.445
Child age at follow-up, yr �0.24 (�0.40 to �0.07) �0.206 0.005
Child fat mass at follow-up, kg �0.04 (�0.06 to �0.01) �0.195 0.006
Child 24-h HR, beats/min �0.05 (�0.07 to �0.03) �0.318 <0.001

ln LF:HF ratio
Constant �1.83 (�1.05 to �0.62) 0.065 <0.001
Preeclampsia exposure (0 ¼ no, 1 ¼ yes) 0.22 (0.01–0.43) 0.133 0.039
Child fat mass at follow-up, kg 0.03 (0.01–0.04) 0.204 0.002

Values are b (95% confidence intervals, CI). HR, heart rate; SBP, systolic blood pressure; rMSSD, root mean square of successive differ-
ences in R-R intervals; LF power, low-frequency power of R-R intervals from spectral band 0.04–0.15 Hz (fast-Fourier transformation);
HF power, high-frequency power of R-R intervals from spectral band 0.15–0.4 Hz (fast-Fourier transformation). Significant P values <
0.05, shown in boldface.
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height, weight, and head circumference). Children’s HRV var-
iables in standing position displayed no associations, and the
change in HRV variables from supine to standing position
showed no associations in univariate regressions.

For HR inmultiple linear regression analyses, child height
z-score and office SBP at follow-up were significant inde-
pendent predictors (model’s adjusted R2 ¼ 0.096, P < 0.001;
Table 2). Both rMSSD and HF power were in models inde-
pendently inversely associated with child age, fat mass, and
24-h HR (rMSSDmodel’s adjusted R2 ¼ 0.184, P < 0.001; and
HF power model’s adjusted R2 ¼ 0.183, P < 0.001). LF power
was independently inversely related with child age and 24-h
HR (model’s adjusted R2 ¼ 0.134, P < 0.001). LF:HF ratio was
positively associated with child fat mass (model’s adjusted
R2 ¼ 0.065, P < 0.001). Preeclampsia exposure displayed
only borderline significance in the LF:HF ratio model (stand-
ardized b coefficient, 0.133, P¼ 0.039).

Adjusted Differences for HRV and BP Variables
between PE and Non-PE Children

Adjusted office and 24-h SBP and PP mean differences
between PE and non-PE children remained significant or
borderline significant when adding rMSSD (supine) or LF:HF
ratio (supine and standing, respectively) together with child
body fat percentage at follow-up (Table 3).

DISCUSSION

This study found no significant alterations in HRV in pre-
pubertal children with PE compared with those without.
HRV variables were strongly associated with office and am-
bulatory HRs indicating valid and concordant methodology.
Associations between HR and office BPs are likely explained
by simultaneous situational factors during HRV monitoring.
However, no relations between HRV and elevated office and
24-h SBP and PP in PE children were found. HF power and
rMSSD in supine position were negatively associated, and
LF:HF ratio was positively associated, with adiposity meas-
ures. No associations between HRV during standing position
or between HRV change from supine to standing and child
parameters at follow-up, maternal, gestational, and perinatal
factors variables were found. Taken together, HRV altera-
tions are not associated with PE children’s elevated BP pro-
file during preadolescent age.

Borderline significantly higher LF:HF ratio among the late-
onset PE children was the only noted difference in HRV
between PE and non-PE children. This could indicate impaired
sympathovagal balance and increased sympathetic activity,
although, the significance of the variable is debated (21). The
relevance of this finding is questionable and does not seem to
be related with blood pressure control as early-onset PE chil-
dren did not display any alterations in the LF:HF ratio, and
early-onset preeclampsia is associated with amore severe form
of preeclampsia than late onset. A trend toward higher LF:HF
ratio in adolescent males with higher BP (4) and significantly
higher LF:HF ratio among 11–14-yr-old children with elevated
BP has previously been reported (5). In preadolescent children,
presence of cardiovascular risk factors has also been associated
with higher LF:HF ratio (3). To our knowledge, PE children’s
HRV has not previously been assessed and this study therefore

brings new information to the literature. Our reported HRV
variable levels in our relatively low cardiovascular-risk child
study population are similar or somewhat higher than previ-
ously reported in a population of 465 healthy Finnish children
aged 6–8 yr assessed during similar conditions (24).

We have recently reported elevated BPs in this same popu-
lation of 8–12-yr-old preadolescent PE children compared
with non-PE children (13). In the present study, HF power
and rMSSD showed negative associations with office BP vari-
ables suggesting a role of vagal tone in BP regulation. In con-
trast, none of the HRV variables were, however, associated
with ambulatory BPs, and thus associated with diurnal BP
levels. Moreover, HRV was not related with the observed dif-
ference in office or 24-h SBP (or PP) between PE and non-PE
children suggesting a limited role of the autonomic nervous
system in PE children’s elevated BP. Our results are thus in
contrast with previous studies reporting altered autonomic
activation in premature young adults (8) and premature and
SGA-born children (7). Although preeclampsia is strongly

Table 3. Adjusted mean differences for office and 24-h
SBP and PP in preeclampsia-exposed versus -unex-
posed children

Outcome/Covariates

Mean Difference

(95% CI) P Value

Office SBP
Unadjusted mean difference 5.3 (3.2–7.4) <0.001
Model 1: %Child fat at follow-up 5.4 (3.1–7.7) <0.001
Model 2: %Child fat þ ln rMSSD
(supine)

4.7 (2.4–7.0) <0.001

Model 3: %Child fat þ ln LFHF ra-
tio (supine)

4.6 (2.2–6.9) <0.001

Model 4: %Child fat þ ln LFHF ra-
tio (standing)

4.8 (2.4–7.2) <0.001

24-h SBP
Unadjusted mean difference 2.9 (0.4–5.3) 0.024
Model 1: %Child fat at follow-up 2.9 (0.4–5.3) 0.023
Model 2: %Child fatþ ln rMSSD
(supine)

2.4 (�0.09 to 4.9) 0.059

Model 3: %Child fatþ ln LFHF ra-
tio (supine)

2.4 (�0.12 to 4.9) 0.062

Model 4: %Child fatþ ln LFHF ra-
tio (standing)

2.1 (�0.4 to 4.6) 0.104

Office PP
Unadjusted mean difference 3.2 (1.3–5.1) 0.001
Model 1: %Child fatat follow-up 3.5 (1.4–5.5) <0.001
Model 2: %Child fatþ ln rMSSD
(supine)

3.5 (1.4–5.5) 0.001

Model 3: %Child fatþ ln LFHF ra-
tio (supine)

3.3 (1.3–5.4) 0.002

Model 4: %Child fatþ ln LFHF ra-
tio (standing)

3.6 (1.5–5.7) <0.001

24-h PP
Unadjusted mean difference 3.7 (1.9–5.4) <0.001
Model 1: %Child fat at follow-up 3.6 (1.5–5.6) <0.001
Model 2: %Child fatþ ln rMSSD
(supine)

3.4 (1.3–5.4) 0.001

Model 3: %Child fatþ ln LFHF ra-
tio (supine)

3.3 (1.2–5.4) 0.002

Model 4: %Child fatþ ln LFHF ra-
tio (standing)

3.2 (1.2–5.3) 0.002

Values are mean differences (95% confidence intervals, CI).
SBP, systolic blood pressure; PP, pulse pressure; rMSSD, root mean
square of successive differences in R-R intervals; LF power, low-
frequency power of R-R intervals from spectral band 0.04–0.15 Hz
(fast-Fourier transformation); HF power, high LF and HF.
Significant P values < 0.05, shown in boldface.
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associated with prematurity (10), and in the present study,
one-fourth of PE children were born premature, PE children’s
HRV was no different from non-PE children. In agreement
with this, we found no statistically significant associations
between HRV and anymaternal, gestational, or perinatal fac-
tors. These differences between current and previous find-
ings might be due to alterations in cardiac autonomic
regulatory control becoming more evident later in adult age
(8). In addition, urinary catecholamines, which are not direct
indicators of sympathetic nervous tone, have been shown to
be borderline elevated in prematurely born children (7). Our
results then suggest that HRV, as a measure of the modula-
tion of HR by autonomic tone, is not a key factor in the prea-
dolescent PE children’s pathway to elevated BP that is likely
influenced by maternal BP through shared genetics, in utero
and/or postnatal lifestyle factors (25).

In the present study, children’s HF power and rMSSD
demonstrated independent and negative associations with
adiposity measures. This finding is consistent with previous
reports in children with different cardiovascular risk factors
(3) and obesity in particular (26–28). Furthermore, the find-
ing that children’s LF:HF ratio was positively associated with
adiposity measures is in agreement with previous reports in
children with obesity although not previously reported in
overweight children (26, 27). As our preadolescent PE popu-
lation was primarily nonobese, we can only speculate if pree-
clampsia combined with more obesity would have been
reflected in a more adverse HRV profile or if HRV alterations
could emerge later in adolescence or early adulthood.

We found no clear independent associations between HRV
variables and sex, and this is consistent with previous reports
in healthy children (24, 29). Studies report parasympathetic
HRV variables, such as rMSSD, not to be influenced by sex,
but different standard deviations of R-R intervals to be higher
inmales (28, 30). In our population of 8–12-yr-old children, LF
and HF power and rMSSD were negatively and independently
predicted by child age as also previously reported (24, 30).
Finley et al, (31) showed an increase in HRV during first 6
years of life followed by a decrease until 24 yr.

The prospective study design, age-matched control group,
relatively large sample size, and comprehensive evaluation
of HRV, BP, and maternal, gestational, and perinatal factors
are considered strengths of this study. Limitations include
the inability to assess associations with race and absence of
postnatal child growth data.

In conclusion, PE children at mean 11 yr of age display no
clear alterations in HRV compared with age-matched con-
trols. PE children’s elevated SBP is not related with altera-
tions in HRV, which reflects the modulation of HR by
autonomic tone. Adiposity may, however, be related with
decreased cardiac vagal tone during preadolescence.
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