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Abstract
Objective: To assess the depth of chest compressions (CC) provided by schoolchildren and their relation with providers’s anthropometric

characteristics.

Methods: We organized 1-hour hands-on training sessions for 11-14y.o. in volunteering schools. After training, willing subjects performed 2 min of

recorded continuous CCs by means of Laerdal Resusci Anne� with CPRMeter2�, with visual feedback. Compression pace was given by metro-

nome; instructors supervised the correct body position. Collected data included age, sex, as well as measured body weight and height.

Results: We analyzed records from N = 702 children (mean age: 12.76 ± 1.02 years, 379 (51.63%) boys) out of 761 participating in the study. Their

mean median compression depth (MCD) was 46.70 ± 7.74 mm, which was below minimal effective CC depth advised by current guidelines (50 mm).

This corresponded to low mean fraction of CCs � 50 mm (CCF � 50 mm, 42.86 ± 33.67%), and only 42.88% of children achieving at least 50% of

compressions � 50 mm. Boys had significantly higher mean MCD and CCF � 50 mm than girls (MCD: 49.34 ± 7.05 mm vs 45.97 ± 8.07 mm,

p < 0.0001; CCF � 50 mm: 50.23 ± 32.90% vs 40.40 ± 34.97%, p < 0.0001). Age differentiated children who achieved at least 50% of compressions

�50 mm from those who did not with AUC of 0.69 (for cut-off of 12.1 years: 85% sensitivity, 41% specificity), whereas weight offered an improved

prediction (AUC 0.74; for cut-off 44.8 kg: 77.4% sensitivity, 61.1% specificity).

Conclusions: Sex, age and anthropometric factors are significant CC quality factors. Children with higher body weight are more likely to deliver

CCF50%�50 mm. Among the studied population, children �12 years old provided more effective chest compressions.
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Introduction

Approximately 700,000 Sudden Cardiac Arrest (SCA) deaths occur

annually in Europe and North America. It is the third leading cause

of death worldwide after cardiovascular diseases and cancer.1

Despite the improvements in guidelines, out-of-hospital cardiac

arrest (OHCA) is still associated with poor survival rates and, thus,

a worldwide challenge.2 One of the answers to that challenge might

be education and training of the society in first aid, as cardiopul-

monary resuscitation (CPR) delivered by bystanders predicts posi-

tive outcomes for patients with OHCA.3–6 One of the groups

targeted for training as possible CPR providers is children.7 The
World Health Organization (WHO) and International Liaison Commit-

tee on Resuscitation (ILCOR) support the KIDS SAVE LIVES pro-

gram, which promotes school-based CPR training for all pupils

starting at least at age 12.8–10 Organizing CPR training at schools

is facilitated due to children being organized in 20–30-people classes

and scheduled plan for the whole school year. Their training can be

repeated annually and knowledge acquired in childhood can be used

in the future. In some cases, CPR training is offered even in 10-year-

olds.11 The ILCOR statement from 2023 recommends training

schoolchildren independent of their age.40 However, there is limited

evidence on the effectiveness of CPR that youth can provide after

short group training. This is especially true after the change

of ERC guidelines, which recommend minimal effective chest
ns.
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compression depth (CC) during CPR as 50 mm (range 50–60 mm) in

place of the previous optimal range of 38–51 mm.12 Quality of train-

ing aside, a question arises if school-age children can deliver effec-

tive chest compressions as a population.13

In this study, we aimed to evaluate the effectiveness of CC per-

formed by children aged 11 to 14 years old and analyze its associa-

tions with the anthropometric parameters of these individuals as the

only factors that CPR training cannot change. Additionally, we aimed

to determine a cutoff point for weight at which the children have

enough power to reach at least the recommended depth of CC.

Methods

This prospective study was performed under the Bioethical Commit-

tee of the University of Opole approval (No UO/0013/KB/2022). A

free CPR course was offered to schools from the Opolskie voivode-

ship between 22.09.2022 and 20.04.2023. The information about the

course and invitation was sent to every primary school in the Opol-

skie voivodeship and shared by social media. Students aged 11 to

14 years (5th–8th grade of primary school) without physical and/or

mental disability, and signed informed consent from their legal guar-

dians from all of the schools that volunteered to participate in this

CPR course were included in the study. The target sample size

was 750 children to provide a reliable snapshot of the population,

with participants balanced by sex and age.

After 1 h of CPR training led by an experienced instructors (10 min

of theoretical introduction, 50 min of practice, 3 instructors supervised

by the most experienced instructor), children were asked to perform

2 min of hands-on CPR on the Laerdal� Resusci Anne manikin. To

limit the impact of parameters that can be modified by training, the

metronome gave the predefined pace of the CC, and the instructor

supervised the children in keeping the correct position. Laerdal�

CPRMeter2 was placed on the manikin to ensure the proper hand

placement and provide real-time visual feedback during CC. The

CPRMeter2 recorded each CC (time, depth) for each child. We recog-

nized the correct CC depth as� 50mm, without an upper limit, as too-

deep compressions can be easily corrected with training. Body mass

(light-clothed) and height (barefoot/in socks) were recorded using the

SECA 799 digital column scale (accuracy up to 5 mm and 0,1kg), and

body mass index (BMI) was calculated. All measurements were

transformed into z-scores and percentiles using the Polish most

recent national growth charts from the OLAF study.14 Children with

a BMI above the 85th percentile and beneath the 95th percentile were

considered overweight and above the 95th percentile obese.

Data analysis

Raw CPR records were processed before analysis. First, we

removed the first 4 presses as they were considered warm-up, and

then selected compressions from the first 2 min of CPR (from press

5th onwards). The resulting records were filtered into two sets based

on the quality of the available data: the duration of CPR and com-

pression rate. Set 1 included records with a duration of at least

1.8 min irrespective of compression rate, encompassing most of

the study group and setting likely resembling real-life scenarios. This

set was used for the primary analysis. Set 2 included records with a

duration of at least 1.99 min and a CPR rate of 100–120 compres-

sion per minute, representing complete CPR cycles delivered with
target rate and likely by most diligent children. This set was used

to validate the results from Set 1.

For each processed record, we calculated median compression

depth (MCD), the fraction of compression above 50 mm

(CCF � 50 mm), and the ability to perform at least 50% of effective

compressions (CCF50%�50 mm).

Continuous variables were assessed for normality using Shapiro-

Wilk test as a standard procedure. Given that most were approxi-

mally normally distributed, parametric tests were used for hypothesis

testing and mean and standard deviations were used for summaries.

ANOVA test was used for comparison of chest compression quality

parameters (MCD and CCF � 50 mm) between children in different

sex- and age-groups. Age, which is a continuous characteristic, was

categorized into full years categories because we suspected that

parameters might not change proportionally to age. ANOVA proce-

dure first calculated global p-values for each predictor (age group,

sex group, interaction). HSD Tukey‘s post hoc tests were used to cal-

culate pairs of comparisons driving significance of global tests. All

data were summarized by mean and standard deviations, as most

variables were normally distributed (tested with Shapiro-Wilk’s test).

Between-group differences were compared using a t-test for two

groups and an analysis of variance (ANOVA) for multiple groups

(with Tukey’s post-hoc test). Interactions were inspected for the

association of age and sex on CPR quality parameters. Age was

used in the analyses either as a continuous variable for correlations

or was divided into categories (11-14y.o.). Associations between

continuous variables were assessed with Pearson’s correlations.

Anthropometric measures (body height, weight, and BMI) were com-

pared between groups both in absolute values (cm, kg, kg/m2) and

relative to sex and age (z-scores).

Additionally, the median compression depth achieved by the chil-

dren was illustrated with smoothed percentile charts obtained using

the LMS method.38

To explore relationship between CPR quality and trainee’s

characteristics we performed multivariate linear regression. Firstly,

sex, age and anthropometric (body weight, heigh, BMI – absolute

values and z-scores) were tested as independent predictors.

Those significant at this stage (p < 0.05) were used for further mod-

elling, avoiding strong (r > 0.9) colinearity. The best set of multivari-

ate predictors was chosen based on adjusted R^2 as a measure of

explained variability.

Finally, we explored multivariate relationships between CPR

depth and trainee’s characteristics. For MCD [in mm] and

CCF � 50 mm [in %], we constructed linear regression models using

the best predictors from previous univariate analyses. For each

model, adjusted R^2 was used as a measure of explained variability.

A child’s ability to perform CCF50%�50 mm (coded 0 or 1) was mod-

eled using logistic regression. Univariate models were performed

first and summarized, and significant predictors were included in

multivariable model development using forward stepwise selection.

(both alpha-to-enter and alpha-to-remove set at 0.15). Each model

was summarized by its parameters, the Odds Ratio (OR) of each

predictor, and the receiver operating characteristic (ROC) with the

appropriate area under the curve (AUC). Cut-offs were established

using Youden’s index where necessary, and sensitivity/specificity

was calculated. All models were compared to univariable model uti-

lizing age as the only predictor, which is emphasized in the current

guidelines.
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Analysis was performed using STATISTICA software (TIBCO,

version 13.3) and RStudio (4.3.1). The significance threshold for all

tests and comparisons was set at 0.05.

Results

We recruited and trained 761 children (mean age: 12.76 ± 1.02 years,

379 (51.63%) boys) from 15 schools during the study period. Two

children performed visibly inadequate and too short CPR, and in

25 cases, CPR sessions were not recorded due to technical errors.

The remaining 734 CPR records were processed and filtered as

described and stratified according to CPR length and quality

(Fig. 1). As a result, we included records of N = 702 children in the

exploratory set (Set 1) (mean age: 12.75 ± 1.02 years 360

(51.28%) boys). Out of those, a subgroup of N = 351 children with

best quality CPR records (mean age: 12.85 ± 1.04 years, 179

(51.00%) boys) were labeled as Set 2. Children filtered out from

Set 1 (N = 351) were slightly younger than those retained in Set 2

(12.7 ± 1 vs. 12.9 ± 1 years, p = 0.0096) and moderately shorter

(height z-score 0.2 ± 1.1 vs. 0.4 ± 1.0, p = 0.0361; details in

sTable 1). The following results will primarily pertain to Set 1 as

the main focus of the study. Analyses of Set 2 provided correspond-

ing, confirmatory results – critical findings included in the Supple-

mentary File.
Fig. 1 – Summary of recruitment, data collection, processing

group (B).
The overall age and gender structure of the study group is pre-

sented in Fig. 1. We managed to recruit groups fairly balanced for

sex across all ages. However, the 14-years-olds were under-

sampled (Fig. 1). Children’s weight, height, and BMI were signifi-

cantly higher than the reference population’s (z-scores: weight

0.44 ± 1.08, height 0.41 ± 1.06, BMI 0.41 ± 1.06, all p-values

< 0.0001). Detailed age- and sex-specific anthropometric character-

istics of children are summarized, with comparisons between boys

and girls in Table 1 for Set 1 and sTable 2 for Set 2. Overall, boys

were higher across almost all age groups and heavier in older chil-

dren (13–14 years), with similar relative measures (z-scores). The

prevalence of overweight and obesity in the studied group was

12.2% and 13.53% respectively.

Mean MCD was beneath minimal effective CC depth of 50 mm

(46.70 ± 7.74 mm), which corresponded with low mean

CCF � 50 mm (42.86 ± 33.67%), and only 42.88% of children

achieving at least 50% of successful compressions. Detailed out-

comes across gender and age groups are included in sTable 3.

Boys had significantly higher mean MCD (MCD: 49.34 ± 7.05 mm

vs 45.97 ± 8.07 mm, p < 0.0001) and CCF � 50 mm than girls

(CCF � 50 mm: 50.23 ± 32.90% vs 40.40 ± 34.97%, p < 0.0001). Gen-

erally, boys delivered deeper CCs and more CCs above 50 mm among

almost all age groups compared to girls, except for 12-years-olds where

effectiveness was similar. In younger children, boys significantly more

often than girls delivered at least 50% of CCs with target depth 11y.
(A), and resulting age and gender structure of the study



Table 1 – Anthropometric characteristics of children.

Characteristic Age group [years] Units M (N = 360) F (N = 342) Total (N = 702) p-value

Height 11 (N = 198) cm 151.62 (6.67) 152.83 (8.01) 152.28 (7.44) <0.0001

Z-score 0.21 (0.97) 0.27 (1.20) 0.24 (1.10) 0.1124

Percentile 55.24 (27.56) 57.06 (31.75) 56.23 (29.86) �
12 (N = 217) cm 158.82 (8.28) 159.38 (6.46) 159.11 (7.39) 0.5896

Z-score 0.23 (1.09) 0.39 (1.00) 0.31 (1.05) 0.2782

Percentile 56.90 (30.38) 61.31 (28.41) 59.15 (29.40) �
13 (N = 185) cm 166.39 (8.71) 162.47 (6.18) 164.77 (7.99) 0.0014

Z-score 0.27 (1.05) 0.29 (1.03) 0.28 (1.04) 0.8789

Percentile 58.45 (29.17) 57.47 (27.96) 58.05 (28.61) �
14 (N = 102) cm 171.98 (8.26) 163.27 (5.76) 167.96 (8.41) <0.0001

Z-score 0.41 (1.04) 0.09 (0.94) 0.26 (1.00) 0.1126

Percentile 60.67 (28.68) 51.62 (26.89) 56.50 (28.10) �
Total (N = 702) cm 161.32 (10.71) 158.53 (7.97) 159.96 (9.57) <0.0001

Z-score 0.27 (1.04) 0.29 (1.07) 0.41 (1.06) 0.7754

Percentile 57.53 (29.00) 57.78 (29.25) 57.65 (29.10) �
Weight 11 (N = 198) Kg 47.64 (12.60) 46.97 (12.86) 47.27 (12.71) 0.7152

Z-score 0.46 (1.03) 0.41 (1.15) 0.43 (1.10) 0.7434

Percentile 62.70 (28.30) 60.60 (29.39) 61.56 (28.85) �
12 (N = 217) Kg 51.20 (12.60) 52.81 (12.69) 52.02 (12.65) 0.3596

Z-score 0.31 (1.01) 0.52 (1.06) 0.42 (1.03) 0.1372

Percentile 58.78 (28.75) 63.26 (28.22) 61.07 (28.50) �
13 (N = 185) Kg 60.95 (16.05) 54.65 (12.37) 58.36 (14.94) 0.0052

Z-score 0.57 (1.11) 0.34 (1.06) 0.47 (1.09) 0.1711

Percentile 65.73 (29.23) 58.66 (28.48) 62.83 (29.06) �
14 (N = 102) Kg 67.68 (18.13) 55.09 (13.63) 61.88 (17.33) <0.0001

Z-score 0.74 (1.14) 0.12 (1.07) 0.46 (1.14) 0.0062

Percentile 68.45 (28.01) 52.77 (28.66) 61.23 (29.25) �
Total (N = 702) Kg 55.78 (16.29) 51.69 (13.18) 53.78 (14.98) <0.0001

Z-score 0.49 (1.07) 0.39 (1.09) 0.44 (1.08) 0.2168

Percentile 63.34 (28.76) 59.96 (28.78) 61.69 (28.80) �
BMI 11 (N = 198) kg/m2 20.56 (4.55) 19.90 (4.26) 20.20 (4.40) 0.2955

Z-score 0.50 (1.01) 0.38 (1.13) 0.44 (1.07) 0.4596

Percentile 63.50 (28.33) 60.68 (28.66) 61.96 (28.47) �
12 (N = 217) kg/m2 20.17 (4.15) 20.71 (4.40) 20.44 (4.28) 0.3543

Z-score 0.31 (0.95) 0.44 (1.10) 0.38 (1.03) 0.3746

Percentile 58.67 (27.15) 61.36 (29.49) 60.05 (28.34) �
13 (N = 185) kg/m2 21.77 (4.41) 20.62 (3.99) 21.30 (4.27) 0.0623

Z-score 0.58 (1.03) 0.27 (1.03) 0.45 (1.04) 0.0494

Percentile 66.30 (28.25) 56.59 (29.20) 62.31 (28.96) �
14 (N = 102) kg/m2 22.76 (5.40) 20.58 (4.40) 21.75 (5.06) 0.0297

Z-score 0.62 (1.17) 0.09 (1.06) 0.38 (1.15) 0.0188

Percentile 64.85 (30.51) 51.85 (28.85) 58.86 (30.32) �
Total (N = 702) kg/m2 21.15 (4.62) 20.41 (4.26) 20.79 (4.46) 0.0289

Z-score 0.49 (1.03) 0.33 (1.09) 0.41 (1.06) 0.0579

Percentile 63.13 (28.36) 58.78 (29.14) 61.01 (28.80) �
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o: 24 (26.67%) vs 17 (15.74%), p = 0.0002; 12y.o.: 48 (45.28%) vs 42

(37.84%), p < 0.0001). This tendency was similar in older age-groups

but did not reach statistical significance [13y.o.: 75 (68.81%) vs 28

(36.84%), p = 0.0589; 14y.o.: 45 (81.82%) vs 22 (46.81%),

p = 0.0589].Detailed outcomes across gender and age groups are

included in sTable 3. However, we noted a significant interaction

between age and gender for CCF � 50 mm (p = 0.0092, Fig. 2): boys

demonstrated constant increase in CCF > 50 mm with increasing age,

whereas girls‘ efficacy plateaued above 12 years. A similar trend for

MCD was also notable but statistically non-significant (p = 0.0622,

Fig. 2). Results from best-quality records (Set 2) agreed with those

observations, though the discrepancy between 13–14-year-old boys

and girls was less pronounced (sTable 4 and sFig. 1).
Both MCD and CCF � 50 mm were significantly and positively

correlated with age, weight, height, and BMI measured in absolute

values and z-scores � the correlation coefficients are shown in

Table 2 for Set 1 and sTable 5 for Set 2. The correlations were sim-

ilar across age groups and gender (data not shown). In the multivari-

able linear model, gender, age, height, and BMI were significantly

associated with higher MCD and CCF � 50 mm. However, the over-

all model explained only a small part of overall variability (adjusted

R2 0.24–0.26, sTable 6).

Afterwards, we performed logistic regression analysis to eluci-

date children’s characteristics associated with successful CPR,

defined as achieving at least 50% of successful chest compressions

(�50 mm) within the CPR cycle. In univariate comparisons, weight,



Fig. 2 – Depth characteristics of chest compressions delivered by the children participating in the study. A: Percent

of delivered chest compressions with depth equal to or exceeding 50 mm (CCF � 50 mm). Lines denote means,

whiskers span one standard error. Analysis of variance demonstrated statistically significant interaction between

age and gender (p = 0.0092). Post-hoc tests were performed with HSD Tukey‘s method. While boys presented higher

CCF � 50 mm in almost all age-groups (* denote significant post-hoc comparisons within age-group), and that boys

improved proportionally with age (post-hoc tests not shown for clarity), in girls age-related progress flattened after

12 years of age. B: Median compression depth. Lines denote means, whiskers span one standard error. Analysis of

variance revealed that compression depth was higher for boys (p < 0.0001) and increased with age (p < 0.0001,

categories differing significantly in post-hoc comparison were marked with *) for boys but plateaued for children

older than 12 y.o. There was some disproportion between boys and girls dynamics with age, but interaction was not

significant (p = 0.0533). C and D: Percentile curves for median compression depth in girls (C) and boys (D) MCD –

median compression depth, CCF � 50 mm � chest compression fraction above 50 mm.
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height, BMI, gender, and age were associated with higher odds of

performing successful CPR (Fig. 3 for Set 1 and sFig. 2 for Set 2).

The univariable model confirmed that odds for performing effective

CPR increased with age, and utilizing a cut-off of 12.1 years old iden-

tified successful children with 85% sensitivity, 41% specificity, and

overall AUC of 0.69. A comparison of ROC curves between models

for age and anthropometric data revealed that weight is a better pre-

dictive factor of CPR effectiveness – data are shown in sTable 7 and

sFig. 2. Among other candidate predictors, weight [in kg], height [in

cm], and BMI [in kg/m2] all demonstrated significantly higher ROC

AUCs compared with the model for age. Among those, weight

offered the best discriminatory properties, with a cut-off of 44.8 kg

yielding 77.4% sensitivity, 61.1% specificity, and AUC = 0.74

(Fig. 4). In set2, this cut-off resulted in sensitivity 90.9%, specificity

37.1%.

Repeated modelling in Set 2 yielded similar results, with, with a

close cut-off for age equal to 12.6 years old but higher for body

weight (50 kg) (sTable 7).
In the multivariable analysis, BMI, height, age, and gender were

established as the best discriminants, with AUC 0.78 (0.75 – 0.81)

and sensitivity/specificity of 87/51%, respectively. It proved signifi-

cantly better than the univariable model, including age or body

weight only (both p < 0.0001).

Discussion

In our study, we investigated children 11 to 14 years old to assess

their capability to provide effective CPR according to current guideli-

nes and possibly associate those capabilities with trainees’ anthropo-

metric characteristics.

ERC 2005 guidelines suggested that children aged 10 to 11 years

can provide effective CC,15 and the 2010 update recommended that

CPR training should start at the age of 12.7–10 Those recommenda-

tions are still in place despite the changes in target compression

depth, which increased from 38-51 mm to 50–60 mm, according to



Table 2 – MCD (median compression depth) and CCF � 50 mm (fraction of compression above 50 mm) correlation
with anthropometric parameters.

Characteristic Units Parameter M (N = 360) F (N = 342) Total (N = 702)

CCF > 5 cm

Weight kg N 360 342 702

r 0.43 0.42 0.44

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.43 0.37 0.37

p <0.0001 <0.0001 <0.0001

Height cm N 360 342 702

r 0.48 0.33 0.43

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.27 0.22 0.22

p <0.0001 <0.0001 0.0242

BMI kg/m2 N 360 342 702

r 0.30 0.36 0.34

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.31 0.34 0.34

p <0.0001 <0.0001 <0.0001

MCD

Weight kg N 360 342 702

r 0.42 0.39 0.42

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.39 0.36 0.37

p <0.0001 <0.0001 <0.0001

Height cm N 360 342 702

r 0.46 0.36 0.42

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.30 0.25 0.26

p <0.0001 <0.0001 <0.0001

BMI Kg/m2 N 360 342 702

r 0.30 0.31 0.32

p <0.0001 <0.0001 <0.0001

Z-score N 360 342 702

r 0.33 0.32 0.33

p <0.0001 <0.0001 <0.0001
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ERC 2015.12 This change creates a need to provide updated analy-

ses. Given that youths widely vary in terms of physical development

depending on age and sex, with puberty introducing additional

dynamics, a question arises if 11–12-year-olds are capable of reli-

ably delivering effective CPR.

Our study was focused on the association between anthropomet-

ric parameters and the ability to achieve recommended CC depth

during CPR according to ERC 2021 guidelines. We noted that

among the many children trained, mean MCD was below the target

effectiveness threshold (46.7 mm vs. 50 mm), and only �43% of chil-

dren achieved consistently effective CPR (defined as at least 50% of

successful compressions). Both mean MCD and the proportion of

children achieving consistently effective CPR increased with the

child’s age, but there was a widening discrepancy between boys

and girls.

Our results regarding the correlations between age, weight, BMI,

and CC depth are consistent with previous studies. Similar associa-

tions were found in studies based on ERC 2005 and ERC 2010

guidelines. Based on these two guidelines, authors confirmed that
the minimal age for effective CPR should be 10 11,15,18 or 11 years,29

though after an update of ERC guidelines in 2015, it is suggested

that children should be 12 years old 10,16–21 or even older.22–24

Our study is consistent with those findings, showing that the majority

of children below 12 years old delivered ineffective CPR. However,

there was great variability among the trainees’ efficacy.

Some of it could be attributed to the differences in children’s phy-

siques. Our data demonstrated that body weight was a more optimal

predictor of effective depth CPR than age. This is in line with the

reports from Otero-Agra,18 who found that the most effect on CC

depth have: weight, femur, and forearm length. Out of these three,

weight is by far the most easily assessed, which is essential for appli-

cation in the general population. Utilizing this cut-off is not only sta-

tistically more effective than age-based ones but also accounts for

ethnical differences – 44.8 kg corresponds (for 12-year-olds) to

58th percentile in Poland, between 50th and 75th percentile34 for

Spanish children and between the 75th and 90th percentile35 in

Saudi Arabia.36 Those differences should be kept in mind when cre-

ating local training guidelines. Unfortunately, direct comparisons



Fig. 3 – Summary of logistic regression models predicting the child’s ability to achieve � 50% of delivered chest

compressions with depth equal to or exceeding 50 mm. A: Forrest plot summarizing constructed models. Above the

horizontal line univariable models utilizing Gender are included, categorized or continuous age, as well as absolute

and relative values of body weight, height, and BMI. Diamonds denote odds ratios (ORs), and whiskers span 95%

confidence intervals. Below the line, we included a multivariable model with adjusted predictors. B: Receiver

operating curves corresponding to chosen univariable models (models utilizing z-scores were dropped due to low

applicability), as well as multivariable model.
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between the cut-off identified in our study and those from previous

reports are impossible due to different study methodologies.33,29,21

However, it must be admitted that body weight alone and even

multivariable models were limited in their efficiency in identifying

those performing effective CPR among multiple failed attempts. This

likely resulted from multiple additional factors impacting the recorded

sessions that were beyond quantification or control.

First, the scenarios were practiced in a group environment. Thus,

social interactions, emotions, crowd effect, and peer pressure likely

impacted the children’s concentration, motivation, and disposition

during the training and assessment. Nevertheless the impact of

these factors in real-life situations on CC depth may be different.

The above effects could be nestled within classes and schools. How-

ever, precise analysis of such data structure was not possible. More-

over, due to the study’s school-based setting, we could not perform

more accurate anthropometric measurements (like extremities

lengths that have already been shown to impact CPR performance)

or measure muscle strength. We were also not able to reliably

assess the children’s sexual development, which can vary among

age- and sex-groups and affects factors such as muscle strength.

The relationship between body weight or BMI and muscle mass or

overall physical capacity is also not straightforward,39 thus possibly

generating some classification errors.
The technical setting of our study should be discussed as well.

The utilized equipment could affect children’s performance and, to

a slight extent, impact the noted differences between our study

and the findings of other authors. Real-time feedback provided by

the CPRMeter2, placed on the manikin to ensure the proper hand

placement, was reported to be a positive factor of effective

CPR.22,25 Previous studies evaluated multiple vari-

ables10,11,15,19,22,26,27,28,24,17 compared to our attempt to focus on

anthropometric factors and control for the variables that training

can modify. Also, the CC depth provided on Ambu and Laerdal man-

ikins differs from that on the former version of the CPRmeter.30,31 To

our knowledge, there is no data on the differences between the two

devices and the CPRmeter2. We applied it in our study as it is widely

used in clinical practice.32 We acknowledge that the CPRmeter2

shifts the hand placement position 25 mm proximally than on the

manikin only. We found no study showing a significant difference

between the thickness of a manikin and CPR quality.

Finally, our study was performed in a controlled environment in a

scenario-training regime. It is likely that in real-life situations, chil-

dren’s performance could differ considerably. Also, the manikin has

different flexibility than the human chest, and human chests differ

according to anthropometric factors. However, using manikins is

standard for studies like ours.



Fig. 4 – Example classification of children into effective/ineffective resuscitation providers based on body weight. A:

scatter plot of body weight vs CCF � 50 mm � chest compression fraction above 50 mm. Horizontal blue line denote

arbitrary cut-off of effective resuscitation. Red line shows fitted linear regression. B: scatter plot of body weight vs

nominal variable scoring whether at least of 50% of chest compressions delivered within a cycle had depth equal to

or greater than 50 mm (1 if yes, 0 otherwise). Red shows log-linear function fitted. Both plots have marked cut-off

point from univariable logistic regression model (body weight 44.8 kg, vertical blue line), and numbers of True

positive (upper-right corners), False-positive (lower right corners), true negative (lower left corners) and false

negative (upper left corners) classifications. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
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In terms of generalizability, our study has the following strengths

and limitations. First, our sample size was considerable and should

reflect the underlying general population. Secondly, the training ses-

sions were carried out by 4 instructors, thus ensuring good consis-

tency between each group. On the other hand, the children were

recruited in a single region of Poland (Opolskie Voivodeship). There-

fore, we cannot guarantee that this group reliably represents the

whole Polish pediatric population, let alone an international one. Fur-

thermore, training lasted only one hour, and we could not assess

whether prolonging the training could improve CC depth. However,

this is a standard protocol for similar previous studies, and 45 min

of training have been proven sufficient in the adolescent popula-

tion.37 It needs to be also underlined that are not a proof against

teaching younger children CPR as also those <12 years old are able

to recognize cardiac arrest, call for help and instruct other witnesses

how to provide CPR.

Conclusions

We demonstrated that children 11–14 years old visibly struggle

with delivering CCs on a manikin in a simulated situation adequate

to the recommendations depth (i.e.,�50 mm), with boys outper-

forming girls in this age group. Those with higher body weight

are more likely to deliver effective CCs, though multiple factors

are likely at play. CPR training has many aspects: recognizing car-

diac arrest, calling for professional help, instructing others and

providing adequate chest compressions. The result may suggest

that in adolescents the scope of teaching and expectations regard-

ing the effectiveness of the CPR could be adapted to the partici-

pant’s abilities.
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