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Introduction
Functional misbalance of the autonomic nervous system (ANS) is 
associated with chronic diseases as a consequence of the underly-
ing neurodegenerative influence of ANS neurons [1], which may be 
influenced by both physiological and psychological factors [2]. The 
sympathovagal balance has been reported in the literature as one 
of the main elements of the ANS and its dysfunctions are consid-
ered as an early predictor of clinical changes [3]. Thus a simple and 
non-invasive method to analyze the ANS function is to evaluate the 
sympathetic-parasympathetic balance, which can be measured 
through heart rate variability (HRV) [4]. While heart rate (HR) is the 

number of heartbeats per minute, HRV is the fluctuation in the time 
intervals between adjacent heartbeats [5], which is associated with 
the neurocardiac function and generated by the brain-heart inter-
actions and dynamic nonlinear modulation of the ANS. This varia-
bility provides individuals with the flexibility to rapidly cope with 
internal or external environmental changes [6], reflecting the reg-
ulation of sympathovagal balance, blood pressure, gas exchange 
and cardiac function. Thus, HRV has long been used in stratifica-
tion of the risk of sudden cardiac death, diabetic autonomic neu-
ropathy and several chronic diseases [3].
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Abstrac t

This study analyzed the effects of physical training programs 
on heart rate variability, as a measure of sympathovagal bal-
ance, in children and adolescents with chronic diseases. Rele-
vant articles were systematically searched in Pubmed, Science 
Direct, Web of Science, Scopus, Google Scholar and Embase 
scientific databases. We performed a meta-analysis using an 
inverse variance heterogeneity model. Effect size calculation 
was based on the standardized mean differences between pre- 
and post-intervention assessments, assuring at least a single-
group repeated-measures model for each extracted group. Ten 
studies (252 participants) were included, seven in obese sub-
jects, two in type-1 diabetes, and one in cerebral palsy. When 
time-domain variables were analyzed, exercise was found to 
moderately increase RMSSD (SMD = 0.478; 95 %CI: 0.227 to 
0.729; p < 0.001), SDNN (SMD = 0.367; 95 %CI: 0.139 to 0.595; 
p = 0.002) and pNN50 (SMD = 0.817; 95 %CI: 0.139 to 0.595; 
p = 0.002). As for frequency-domain variables, exercise pre-
sented a moderate increasing effect on HF (SMD = 0.512; 
95 %CI: 0.240 to 0.783; p < 0.001), a negligible effect for LF 
(SMD = 0.077; 95 %CI: –0.259 to 0.412; p < 0.001) and a non-
significant reduction for LF/HF (SMD = –0.519; 95 %CI: -1.162 
to 0.124; p = 0.114). In conclusion, physical training programs 
are able to modulate heart rate variability in children and ado-
lescents with chronic diseases, affecting mainly the time-do-
main variables.
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In recent years, HRV frequency and time-domain indices have 
also gained interest in sports science. The sympathovagal activity, 
measured through HRV, has been used for several purposes, includ-
ing training status monitoring of top athletes [7] in order to con-
trol the working load during training periods [8]. Researchers from 
other areas such as nutrition have also studied the influence of er-
gogenic supplements and their association with changes in the ANS 
[9]. Therefore, in order to analyze HRV, different protocol durations 
have been established [10, 11], including “long-term” (24 hours) 
and “short-term” (approximately 5 min). Long-term recordings are 
used as a tool to gather information related to the prognostic and risk 
of cardiovascular illnesses, while short-term protocols report imme-
diate effects. Electrocardiographic short-term records (5–15 min) per-
formed under a controlled situation (lying down position without 
moving or speaking) may provide information about changes on 
physiological, pharmacological or pathological functions of the 
ANS. On the other hand, 24 h recordings may assess responses of 
the ANS to daily life activities, disorders and therapeutic interven-
tions [12]. Although the measured values are not interchangeable, 
both long and short-term protocols assess HRV information 
through data on parametric variables, and are usually categorized 
in two main domains: time-domain and frequency-domain. In the 
time-domain analysis, the intervals between adjacent normal R 
waves (NN intervals) are measured over the recording period and 
a variety of statistical variables can be calculated directly from the 
intervals or derived from the differences between intervals [12]. 
On the other hand, frequency-domain is the estimate distribution 
of absolute or relative power values into different frequency bands 
[13].

Previous studies have reported lower HRV in children and ado-
lescents with chronic diseases [14, 15], indicating an impaired bal-
ance of the ANS [16]. In fact, the clinical importance of exercise has 
long been recognized, as well as its influence on the regulation of 
the sympathovagal balance, increasing parasympathetic activity 
and decreasing sympathetic activity [17]. Although the beneficial 
effects of physical training on HRV in healthy adults are well docu-
mented in the literature [7], data regarding both acute and long-
term effects are not to be directly applied to children. However, 
specific evidence for pediatric population has also shown that ex-
ercise in healthy children may positively modulate the ANS [18].

Although populations with chronic disease may not present clin-
ical symptoms or abnormalities, subclinical alterations still may be 
present [3]. Several studies indicate that metabolic diseases, such 
as diabetes or obesity, are also characterized by cardiac autonom-
ic dysfunction [19, 20], usually with reduced HRV, leading to poor-
er cardiovascular health outcomes [21]. Considering that the ANS 
regulates both cardiovascular and respiratory physical activities, 
exercise programs have focused on aerobic training, not only to re-
duce comorbidities in children but also aiming to improve HRV [22], 
as evidence has shown that physical activity and diet interventions 
may regulate HRV [23]. Therefore, HRV parameters may be used 
to evaluate health status in risk populations.

Thus we hypothesized that physical training may modulate the 
ANS activity in children and adolescents with chronic diseases. Con-
sequently, the present study aimed to perform a systematic review 
and quantitative synthesis of all available studies that reported the ef-

fects of physical training programs on HRV, as a measure of sympa-
thovagal balance, in children and adolescents with chronic diseases.

Materials and Methods

Protocol and registration
This systematic review was conducted following the Preferred Re-
porting Items for Systematic reviews and Meta-Analysis (PRISMA) 
guidelines [24]. The study protocol was registered at the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO) 
under the registry number CRD42020175377.

Search strategy
The search was conducted in June 2020 on Pubmed, Science Direct, 
Web of Science, Scopus, Google Scholar and Embase scientific data-
bases. Tentatively, a combination of the following terms were used 
to search records: (((heart rate variability OR vagal tone OR auto
nomic nervous system OR cardiac autonomic regulation OR cardio
vascular autonomic function OR cardiac autonomic nervous system) 
AND (child OR children OR adolescents)) AND (exercise OR training 
OR physical activity)) AND (diabetes OR diabetic OR asthma OR obe-
sity OR obese OR cerebral palsy OR cystic fibrosis). A record of search 
terms and strategies was saved for further publication in order to  
assure reproducibility (see Supplementary Material, ▶Table 1S). 
No filters were used. Additionally, a manual search was performed 
on the bibliographic references of the selected articles to search for  
additional publications that were pertinent to the study purpose.

Inclusion and exclusion criteria
The review aimed to find studies evaluating physical activity pro-
grams in children and adolescents, including aerobic, endurance, 
resistance, sports, and other recreational physical activity pro-
grams. The main inclusion criteria were the following: (i) presence 
of a physical training protocol; (ii) participants aged between 6 and 
17 years; (iii) clinical diagnosis of a chronic disease; (iv) measure-
ment of either short or long-term of HRV outcomes; (v) presence 
of at least an English-written abstract. On the other hand, the fol-
lowing exclusion criteria were used: (i) sample of healthy or athlete 
individuals; (ii) studies performed on adults; (iii) studies present-
ing only reference values for HRV; (iv) not fully peer-reviewed pub-
lications, such as abstracts from conferences or similar.

Study selection
Titles and abstracts of the studies were independently assessed for el-
igibility by two investigators according to inclusion and exclusion cri-
teria. Researchers were blinded to each other’s decisions. In case of 
discrepancy on the study selection, a third investigator assessed the 
study and the disagreement was resolved by consensus. Spreadsheets 
and reference managing software were used for selection.

Data extraction
Data of included records were obtained independently by two in-
vestigators. In case of disagreement, a third investigator performed 
a review and discrepancies were resolved by consensus. Pre- and 
post-exercise mean (M) and standard deviation (SD) parameters of 
each outcome variable were extracted and recorded using a spread-
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sheet. If raw data were not included in the text, the investigators 
searched for any additional effect size or graphical information that 
could be used for effect size calculation. In the absence of any avail-
able data, an attempt to contact the correspondence author was 
made. Time, frequency and non-linear domains of HRV measure-
ments were sought within the study outcomes. Based on these cat-
egories, the HRV variable extraction included: (i) mean HR, the 
standard deviation of normal R-R (N-N) interval - SDNN (ms), the 
root mean square of successive R-R interval differences - RMSSD 
(ms), and the percentage of successive R-R intervals that differ by 
more than 50 ms - PNN50 ( %) for the time-domain; (ii) low frequency 
- LF (ms2; log and n.u), high frequency - HF (ms2; log and n.u), and 
LF/HF ratio for the frequency-domain; and (iii) SD1, SD2 and SD1/
SD2 for non-linear measurements. Furthermore, sample size, HRV 
recording protocol and device used, type of intervention and exercise, 
and dietary intervention were extracted from the records. When  
median, range (minimum and maximum), and standard error (SE) 
were provided, we estimated mean and standard deviation values 
using the methods described in Hozo et al. [25]. For one study [26] 
that presented relevant data in figures, we first saved the graphs as 
high-quality digital images and then used image-processing soft-
ware to measure the distances of all markers from the y-axis origin 
in pixels and transformed the values into the original scale.

Risk of bias assessment
A revised Cochrane risk-of-bias tool for randomized trials (RoB 2) 
was used to assess the following characteristics: (i) bias arising from 
the randomization process; (ii) bias due to deviations from intend-
ed interventions; (iii) bias due to missing outcome data; (iv) bias in 
the measurement of the outcomes; (v) bias in the selection of the 
reported results. Two investigators performed separate assess-
ments of risk-of-bias (Cohen's Kappa was 0.94, showing almost per-
fect agreement). In case of disagreement, a third investigator as-
sessed the study and the disagreement was resolved by consensus.

The quality of included records was reported as the overall risk 
of bias, which was categorized as: (i) low risk of bias, (ii) some con-
cerns for risk of bias, or (iii) high risk of bias. Considering that not 
all studies were randomized controlled trials, the following adjust-
ment was performed to the score computation: (i) if at least two 
out of five domains were assessed as high risk, the overall risk of 
bias score was considered high risk; (ii) if at least two out of five do-
mains presented some concerns, the overall risk of bias score was 
considered some concerns; (iii) if at least one domain was assessed 
as high risk and another one presented some concerns, the overall 
risk of bias score was considered high risk; (iv) the rest of combina-
tions were considered as low overall risk of bias.

Effect size calculation
As a result of the variety of study designs used in the included re-
search areas, we found that some studies in this review did not in-
clude a control group. Therefore, the effect size calculation was 
based on the standardized mean differences (SMD) between pre- 
and post-intervention assessments on the same participants, as-
suring at least a single-group repeated-measures model for each 
extracted group. Using the equations recommended in Borenstein 
et al. [27], we computed Hedges’ g and SE of g from the sample 
size, M and SD data at baseline and post-treatment for each group. 

Hedges’ g effect size is a variation of Cohen’s d that corrects for bi-
ases associated with small sample sizes [28] and might be inter-
preted in the same way as Cohen’s d: 0.2, small; 0.5, medium; 0.8, 
large [29]. For frequency-domain measurements (i. e. HF, LF), ef-
fect sizes were calculated using the available data regardless of the 
unit (e. g. absolute power in ms2 vs. relative power in normal units), 
since we aimed to address the magnitude of the effects in the do-
main irrespective of the specific scales of measurement.

Statistical analysis
Data synthesis was performed when at least four studies per out-
come were found, provided enough statistical power was achieved. 
Due to the variety of designs and interventions, some variability of 
true effects between studies was expected, suggesting the need 
for a random effects (RE) meta-analysis model. However, due to 
the generalized presence of heterogeneity among studies, in order 
to overcome the underestimation of the statistical error and spu-
riously overconfident estimates with the RE model, we adopted the 
inverse variance heterogeneity (IVhet) model [30]. The statistical 
analyses were performed using admetan [31] package in Stata 15.1 
(StataCorp, College Station, TX, USA). For each outcome, summa-
ry SMD and 95 % CI was calculated from Hedges’ g and SE, and  
Q-values and I2 were used to assess heterogeneity between studies. 
For outcomes including at least nine studies, the effect of combin-
ing diet (or calorie restriction) with exercise was compared with 
exercise alone as a moderator using Q statistic.

Publication bias was assessed using funnel plots of effect size 
against SE of the effect size. We also examined the regression of 
the intervention effect estimates on their standard errors, weight-
ing by the reciprocal of the variance of the intervention effect es-
timate (Egger’s test). Significance level was set at 0.05 for all tests.

Results

Study selection
The total number of records found was 791. However, after remov-
ing duplicates, 696 studies were selected for title and abstract 
screening. Once inclusion/exclusion criteria were applied, 17 re-
cords remained to be assessed for eligibility, from which 7 studies 
were rejected. Reasons for rejection included: i) Presenting data 
from previously published studies; ii) HRV measurement in response 
to a physical test; and iii) presence of an intervention program that 
was not based on a physical training protocol. Thus a total of 10 
studies were included for both qualitative and quantitative syntheses. 
The total number of participants was 252 (99 female). Although 7 
studies used a comparison group, three reports did not include a 
control group or equivalent. ▶Fig. 1 presents the complete flow 
diagram of the study.

Quality assessment
The risk of bias analysis revealed that four studies (40 %) presented 
low risk, two studies (20 %) were classified as presenting some con-
cerns, and four studies (40 %) presented high risk of bias. The com-
plete risk of bias assessment of the included studies is presented in 
▶Fig. 1S, and the overall quality is shown in ▶Fig. 2S. Neither funnel 
plots nor Egger’s test showed evidence of significant publication 
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bias for any of the six HRV metrics assessed. Funnel plots, bias co
efficients and p values are available as Supplementary Material 
(▶Fig. 3S).

Characteristics of included studies
All selected studies included individuals with chronic diseases. 7 
out of ten were carried out in obese subjects, two in type-1 diabe-
tes, and one in cerebral palsy. All reports assessed the effects of an 
exercise program on HRV, although intervention protocols were 
heterogeneous. Only one study included resistance training, four 
were based on aerobic training, and two used a combination of 
both training program types. Moreover, three studies included diet 
as a complement of the intervention. Nine studies specified the 
tool used for HRV recording. Six articles measured HRV using ECG, 
two used a HR Band, one used a SphygmoCor device, and one did 
not specify the tool employed. No long-term (24 h) protocol was 
found; five articles used short-term protocols (5 to 20 min), one 
used an ultra-short-term protocol ( < 5 min), and four studies did 
not describe the time of HRV recording. ▶Table 1 shows the main 
characteristics of the included studies.

Effect of exercise on time-domain metrics
Based on the available 158 participants’ data from 7 groups (▶Fig. 2a), 
exercise was found to moderately increase RMSSD (SMD = 0.478; 
95 %CI: 0.227 to 0.729; p < 0.001). Heterogeneity between studies 
was small to moderate but not statistically significant for this meas-
ure (Q[6] = 10.0, p = 0.125; I2 = 40.0 %). Similarly, the SDNN data 
(n = 141) reported in six groups (▶Fig. 2b) showed a small to mod-
erate positive effect of exercise (SMD = 0.367; 95 %CI: 0.139 to 
0.595; p = 0.002), where heterogeneity between studies was not 
statistically significant (Q[5] = 7.54, p = 0.183; I2 = 33.7 %). Finally, 
pNN50 data (n = 57) only included four groups showing a signifi-
cant amount of heterogeneity (Q[3] = 9.47, p = 0.024; I2 = 68.3 %). 
Besides the small number of studies included, evidence for large 
effects of exercise on pNN50 was found (SMD = 0.817; 95 %CI: 0.139 
to 0.595; p = 0.002), as depicted in ▶Fig. 2c.

No statistically significant differences were found when studies 
were compared based on the use of additional diet or calorie re-
striction treatment. Exercise and diet (E + D) vs. exercise-only (EO) 
SMD [95 %CI] estimates were: RMSSD, (E + D) 0.468 [–0.237 to 
1.173] vs. (EO) 0.489 [0.212 to 0.766], p = 0.903; SDNN, (E + D) 0.46 
[–0.113 to 1.033] vs. (EO) 0.26 [0.016 to 0.504], p = 0.240; pNN50, 
(E + D) 0.701 [1.823 to 28.08] vs. (EO) –0.069 [1.355 to 71.92], 
p = 0.066.

Effect of exercise on frequency-domain metrics
Regarding frequency-domain measures, nine groups (n = 216) in-
cluded HF data, another nine (n = 207) included LF data, and six 
studies (n = 179) presented LF/HF ratio. Programmed exercise was 
shown to have a moderate increasing effect on HF (SMD = 0.512; 
95 %CI: 0.240 to 0.783; p < 0.001), although significant heteroge-
neity (Q[8] = 20.33, p = 0.009; I2 = 60.7 %) between studies was  
also found (▶Fig. 3a). However, mixed results were found for LF 
(▶Fig. 3b), resulting in a negligible summary effect of exercise on 
this measure (SMD = 0.077; 95 %CI: –0.259 to 0.412; p < 0.001), 
which also presented large heterogeneity between studies (Q[8] = 
28.53, p < 0.001; I2 = 72 %). Finally, LF/HF ratio data (▶Fig. 3c) also 
presented very large heterogeneity (Q[5] = 42.29, p < 0.001; 
I2 = 88.2 %) and the overall reduction due to programmed exercise 
was not statistically significant (SMD = –0.519; 95 %CI: –1.162 to 
0.124; p = 0.114).
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Records after duplicates removed
(n = 696)

Records screened
(n = 696)

Records excluded
(n = 679)

Full-text articles excluded, with reasons (n = 7)
• Duplicated results from previous studies (n = 2)

• No data on children/adolescents (n = 1)
• Intervention did not include physical training (n = 2)
• HRV measured in response to a physical test (n = 2)

Full-text articles
assessed for eligibility

(n = 17)

Studies included in
qualitative synthesis

(n = 10)

Studies included in
quantitative synthesis

(n = 10)

Additional records identified
through other sources

(n = 2)

▶Fig. 1	 Flow diagram of the study.

RMSSDa

SDNNb

pNN50c

▶Fig. 2	 Effect of exercise on time-domain heart rate variability 
(HRV) measurements. (a) RMSSD: Root Mean Square of standard 
deviation of N-N intervals; (b) SDNN: Standard deviation of N-N 
intervals; and (c) PNN50: the percentage of successive R-R intervals 
that differ by more than 50 ms.
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No statistically significant differences were found when E + D 
and EO studies were compared. SMD [95 %CI] estimates were: HF, 
(E + D) 0.207 [0.609 to 51.07] vs. (EO) 0.198 [1.042 to 48.93], 
p = 0.148; LF, (E + D) -0.617 [0.955 to 49.02] vs. (EO) –0.32 [0.295 
to 50.98], p = 0.213; LF/HF ratio, (E + D) –1.47 [0.686 to 62.11] vs. 
(EO) –1.591 [0.138 to 37.89], p = 0.057.

Discussion
The present study reviewed 10 articles included in the systematic 
review, as well as performed statistical analysis for the main HRV 
variables, demonstrating that the use of exercise programs for chil-
dren diagnosed with obesity, cerebral palsy and type-1 diabetes 
were effective in modulating the sympathovagal balance. Although 
the evidence is still limited, this study reveals that exercise tends 
to positively modulate sympathovagal balance measured through 
HRV for both frequency and time domains in children diagnosed 
with chronic diseases (obesity, cerebral palsy and type-1 diabetes). 
Furthermore, the effects of exercise on all time-domain parame-
ters (i. e. SDNN, RMMSSD and PNN50 %) showed that exercise might 
moderately increase HRV, although for frequency-domain the evi-
dence is less clear, as a moderate effect was seen for HF, but very 
heterogeneous results for LF and LF/HF ratio were found.

ANS evaluation, measured through HRV, is usually categorized 
in time and frequency domains [13]. Time-domain indices of HRV 

quantify the amount of variability in measurements of the inter-
beat interval, which is the time period between successive heart-
beats. The results of the present review and meta-analysis have 
shown that exercise-training programs were able to positively in-
fluence all time-domain variables evaluated (i. e. SDNN, RMMSSD 
and PNN50 %). Similar findings were found by Mandigout et al. 
(2002) for healthy children, where 13 weeks of aerobic training in-
duced changes in HRV by increasing SDNN, RMSSD and PNN50 %. 
In contrast to time-domain findings, heterogeneous results for fre-
quency-domain values were found in the present review with me-
ta-analysis, especially LF and LF/HF ratio. However, a moderate ef-
fect was seen for HF. Positive effects of exercise-training on HF were 
also seen in healthy children [32, 33], adolescents [34] and young 
obese adults [35], although there is also evidence of no significant 
effects in prepubescent children [32, 33]. It is possible that type of 
exercise, health condition and the level of ANS alteration may play 
a role in the effects of exercise on frequency-domain response [32–
34]. Taken together, the results indicate that an exercise-training 
program is able to modulate the autonomic dysfunction of children 
with chronic diseases.

The present study shows that exercise programs have induced 
overall positive results on HRV in children with chronic diseases, al-
though there is still contradictory evidence. A recent systematic 
review and meta-analysis in healthy children and adolescents have 
shown no major impacts of physical training on HRV, although only 
two studies were included [18]. It is possible that both direct and 
indirect influence of underlying alterations from chronic diseases 
upon the ANS would create an unbalanced scenario in which exer-
cise may have a positive impact [36]. Moreover, the large hetero-
geneity of results could be related with either dose or intensity at 
which exercise is prescribed. The study by Farah et al. (2014) com-
pared the effects of two different exercise programs on HRV and 
results suggested that high-intensity aerobic exercise could induce 
greater changes upon the ANS. On the other hand, 7 weeks of high-
intensity intermittent exercise did not induce positive effects on 
the heart rate autonomic function in healthy children [32]. In phys-
ically inactive adults, a high-intensity exercise program was supe-
rior when compared to a moderate intensity program in improving 
HRV [37]. When a structured program was compared to an unstruc-
tured one, results have shown that structured exercise is more ben-
eficial for improving HRV in adolescents, irrespective of their gen-
der and sports activities [34]. In children with asthma, high-inten-
sity interval training was associated with a short-term shift towards 
greater sympathetic predominance in response to an exercise chal-
lenge [38]. In the present review, length of the exercise programs 
ranged from 26 days to 16 months, and the most frequent type 
was the aerobic training. It is possible that different length, intensity, 
type and duration may influence outcomes related to the effects on 
the modulation of the ANS in children with chronic diseases.

Although HRV is considered and easy and simple-to-perform 
measurement, protocols are very heterogeneous in the literature 
[10, 11, 39]. Our findings reveal that all studies included in the pre-
sent review have used different protocols. Thus, as there is no con-
sensus regarding an optimal protocol, different variables involving 
HRV measurements may influence results, including the respira-
tory pattern [40], the position of the body, and the duration of the 
recordings [10, 11]. Other factors considered as non-controllable, 

a HF

b LF

c LF/HF ratio

▶Fig. 3	 Effect of exercise on frequency-domain heart rate variabil-
ity (HRV) measurements. (a) HF: high-frequency band; (b) LF: low-
frequency band; and (c) LF/HF: ratio between LF and HF.
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such as age [6] and gender [41] may also affect the results obtained 
and must be considered carefully when interpreting HRV findings. Dif-
ferent HRV protocol durations are usually applied according to the 
purposes of measurement [10, 11]. Usually, long-term (24 hours) re-
cordings are used to evaluate the cardiovascular risk, while short-
term (approximately 5–15 min) protocols are commonly applied 
to report immediate effects, as the effects of interventions [12]. 
All studies included in the present review that reported the proto-
col duration have performed short-term measurements, which 
contribute to decrease bias involved in the comparisons.

During the performance of this systematic review and meta-
analysis limitations were found, among which we believe it is im-
portant to highlight (i) the low sample size found in most of the 
studies analyzed, which could be related to the difficulty in recruit-
ing pediatric patients with chronic diseases; (ii) the lack of inclu-
sion, in some studies, of a comparison group or equivalent, as the 
use of a control group would contribute to a better understanding 
of the possible effects of a training program on HRV values; (iii) the 
inclusion of diet as a complement of the exercise training may have 
also influenced results, although there is not enough evidence on 
the topic to hypothesize that there is direct consequences on HRV. 
More research to compare the influence of diet or other modera-
tors is highly needed. Furthermore, future studies including RCT 
are still necessary in order to elucidate the effects of exercise train-
ing on HRV. Standardized and complete description of HRV param-
eters could contribute to improved interpretation of findings. The 
heterogeneous results published so far may be related to several 
factors, including insufficient study size and design, as well as dif-
ferent HRV methods applied. Large-sized and prospectively de-
signed studies are still necessary for clarification.

Conclusions
The results obtained in the present systematic review with meta-
analysis indicate that physical training programs are able to mod-
ulate HRV in children and adolescents with chronic diseases, affect-
ing mainly the time-domain variables. HRV analysis may be a use-
ful and easy-to-apply clinical tool in order to evaluate altered 
sympathovagal balance in pediatric chronic diseases.
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