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Abstract

Objectives: This study aimed to evaluate the distribution of
plasma troponin I concentration and establish the 99th
percentile reference for hs-cTnI in a hospitalized population
without a cardiovascular discharge diagnosis from the
Shandong area.
Methods: The hs-cTnI data of anonymous paediatric
patients were collected from Qingdao University-Affiliated
Yantai Yuhuangding Hospital from 2016 to 2020. Indirect
methods were used to calculate the hs-cTnI 99th percentile
reference of the whole population and different age groups.
Fitting curves and corresponding equations were displayed
to determine the relationship between age and hs-cTnI level
using the analysis of covariate variance.
Results: Hs-cTnI plasma levels were highest in the first
week of life and declined with age in days. This study found
significant differences in the troponin reference intervals
for children in different age stratification. The serumhs-cTnI
concentration decreased with age in days. In some sub-
groups, hs-cTnI levels between genders showed a significant
difference after the analysis of covariance showed that age
was the only predictor of hs-cTnI plasma levels. A non-linear
relationship was observed between age and hs-cTnI levels.
Thus, curvilinear fitting curve equations for each group

were constructed to evaluate the possible relationship
between age and hs-cTnI concentration.
Conclusions: During paediatric period, the highest hs-cTnI
concentrations were observed in children aged <1 year,
especially those under 7 days. This study presented the 99th
percentile cut-offs for different age groups in children aged
0–14 years, which can provide a certain reference value for
the clinical diagnosis and treatment of myocardial injury in
children.
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Introduction

Myocarditis and myocardial damage in children are the
most common characteristics of primary heart disease and
secondary systemic diseases, such as viral and bacterial
infections [1, 2]. Dynamic changes in myocardial damage
markers in severe fulminantmyocarditis are similar to those
in acute coronary syndrome (ACS) due to massive myocar-
dial necrosis. Cardiac troponin (cTn) plays an important
role in the diagnosis, risk stratification and therapeutic
monitoring of ACS in adults [3]. Over the past decade,
cTn immunoassays have been improved in analytical
sensitivity and precision, thereby allowing themeasurement
of circulating protein levels in the major part of healthy
participants, even in the paediatric population [4, 5].
High-sensitivity cardiac troponin (hs‐cTn) level also allows
clinicians to detect the clinical conditions that promote the
cTn release in patients who do not have ACS or cardiovas-
cular disease (CVD). However, several studies have reported
the clinical significance of cTn in adults, but only a few in
children.

Children are often unable to complain about their con-
dition; therefore, cTn can be applied to reduce the rate of
delayed diagnosis and misdiagnosis. Whether the detection
of cTn in children can play an essential role in the clinical
diagnosis of myocardial injuries depends on the availability
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of valuable biological reference intervals suitable for the
physiological characteristics of children [6].

To date, there is no consensus on how to define the
reference population. One definition of myocardial injury is
the 99th percentile upper reference limit (URL) of cTn in the
apparently healthy population [7]. A questionnaire-based
approach for determining laboratory test reference
intervals is also recommended [8]. However, simply using
self-reported health data insufficiently defines the reference
population of hs-cTn [9]. A clinical history of known CVD and
drug use and surrogate biomarkers for diabetes, cardiac
dysfunction and renal insufficiency should also be included,
and an adequate sample size of a diverse population (at least
300 males and 300 females) is preferred [10]. The primary
screening objective was to exclude CVD and related non-
cardiac diseases, especially those that might influence the
cTnI values.

Studies concerning cTnI concentrations at the paedi-
atric age are extremely difficult due to the very low
troponin concentrations in children. However, with the
advancement of high-sensitivity immunoassay, some
scholars have made preliminary determinations on factors
affecting troponin concentration and the reference range.
Caselli et al. found that age was the only predictor of
hs-cTnI plasma levels [11]. They also found that cTnI plasma
levels were highest in the first month of life, with a pro-
gressive decline in the next years. Based on the present 99th
percentile cut-off values, Lam established three hs-cTnT
age partitions (from 0 to <6 months, from 6 months to <1
year and from 1 to <19 years) [12].

However, there are still no studies that established the
reference intervals for Chinese children. Meanwhile, cur-
rent methods using questionnaires and alternative biolog-
ical markers do not fully guarantee that the population
included will be exclusively healthy individuals. The
methods for establishing reference intervals are divided
into direct and indirect. The direct method requires a large
amount of human and material resources, whereas the
indirect method does not require a specific experimental
design. In this study, reference intervals were calculated
using only the patient’s test data and a combination of the
patient’s clinical diagnostic information using statistical
methods. Thus, we aim to establish a high-sensitivity cTnI
reference interval for a paediatric population with
improved selection criteria based on the International
Classification of Diseases (ICD) diagnosis in inpatient medi-
cal records through the indirect method.

The study also aimed to evaluate the distribution of
plasma cTnI concentrations in paediatric patients aged 0–14
years without cardiac or extra-cardiac diseases that can
cause troponin elevation.

Materials and methods

Study population

From January 2017 to December 2020, a total of 13,477 paediatric patients
without diseases that can cause troponin elevation through diagnosis,
as confirmedby the ICDdiagnosis,were identified in this study. TheEthics
Committee of the Yantai Yuhuangding Hospital approved the study pro-
tocol. Inclusion criteria are as follows: (1) newborns delivered at term
(37–42 weeks of gestation), with a body weight of 2.5–4.1 kg at birth and
with an Apgar score of >8; (2) newborns without genetic disorders after
the neonatal screening and (3) children with normal body mass index.

Furthermore, the following exclusion criteria were strictly used:
(1) the presence or history of CVD is confirmed by a detailed medical
history inquiry, careful clinical examination or by echocardiography and
(2) the presence or history of acute/chronic extra-cardiac diseases that can
cause troponin elevation including Kawasaki disease, severe hand-foot-
mouth disease, severe acute bronchiolitis, perinatal asphyxia, paediatric
cancer, medication with cardiotoxicity, perinatal asphyxia, acute kidney
disease, advanced chronic kidneydisease, type 1 diabetes severe anaemia,
sepsis, severe pulmonary diseases, and trauma. Finally, 11,093 paediatric
patients were included in the final analysis. The study patients were
divided into six groups: Group 1 (perinatal period, 0–7 days), Group 2
(infancy period1, from 1 week to 2 months), Group 3 (infancy period2,
from 2 months to 1 year), Group 4 (early childhood, 1–3 years), Group 5
(preschool period, 3–7 years) and Group 6 (school age, 7–14 years).
Figure 1 summarises the specific screening process and exact exclusion
numbers during each step. Outliers were further removed in each group
bymedian absolute deviation. A total of 10,358 persons were analysed for
reference interval in different age groups (n=10,358).

Blood sampling and laboratory analysis

cTnI concentration was measured at the Yantai Yuhuangding Hospital
with the STAT Architect hs-TnI using the Architect i2000SR platform
(Abbott Diagnostics). All of the procedures were followed by the
manuscript. The limit of blank (LoB) and the limit of detection (LoD)
were established by themanufacturer, i.e. 0.7 and 1.62 ng/L, respectively
(Table 1). In addition, the LoQ was 8,272 ng/L within the range of the
manufacturer.

Internal quality control was also performed. From January 1, 2016
to July 31, 2020, a total of 5 batches and 2 concentrations of indoor quality
control products from the third-party company were used, and each
level was tested at 2 concentrations every 24 h. In general, the CV% was
less than 6 % and most of them were less than 5 %.

Statistical analysis

Because hs-cTnI circulating levels are not normally distributed, both
non-parametric and parametric tests after a logarithmic transformation
of data were used for statistical analysis. Outliers were identified from
the total population and in each group using the Median Absolute
Deviation. The mean (standard deviation) or median (min, max) are
expressed for continuous variables. We used uni- and multi-variate
linear regression models to determine the correlation between hs-cTnI
and age along with gender. The 99th percentile URLs and 95 % confi-
dence intervals were calculated using a non-parametric method. Data

46 Chen et al.: High-sensitivity cardiac troponin I reference interval for children



were analysed using the statistical software package R (http://www.
R-project.org, The R Foundation). All statistical tests were two-sided, and
a p-value <0.05 was considered statistically significant.

Results

Data distribution characteristics

Based on Spearman’s correlations, hs-cTnI levels were
significantly correlated with age (p<0.001) (r, correlation

coefficient). The distribution of hs-cTnI levels based on
age is shown in Figure 2. Hs-cTnI concentration
levels gradually declined in the peripheral period with
age and to a relatively low level after 1 year (Figure 2A).
The hs-cTnI level does not conform to the normal distri-
bution. In this study, a negative correlation was found
between the child’s age in days and the 99th percentile of
troponin, and a curvilinear correlation was also observed.
Figure 2B and Table 2 display the very high concentration
of hs-cTnI in neonatal serum, as high as 98.5 pg/mL.
Significant differences were observed in the troponin
reference intervals for children at different age stratifi-
cations (Table 2).

Gender differences

When all patients (including the outliners) were consid-
ered, no significant difference was observed in the hs-cTnI
concentration between boys and girls (Table 3). Moreover,
no significant difference in hs-cTnI concentration was
observed between gender in groups during the perinatal
period, neonatal, early childhood and school-age periods. A
significant hs-cTnI difference was observed during infancy
and preschool periods (p<0.05). Meanwhile, the age differ-
ence between gender was also observed. Analysis of
covariance showed that age was a predictor of hs-cTnI
plasma levels in some subgroups, whereas hs-cTnI levels
did not significantly differ statistically between genders
(Table 4).

Establishment of the reference interval and
fitting equation

After remove the outliners, the 99th, 97.5th, 95th, 90th and
50th percentile values were calculated (99th %, 97.5th %,
95th %, 75th % and 25th %, respectively). This method was
used to estimate the mean value of each quantile 100,000
times. Detailed results are shown in Table 5 and Figure 3.
The age-dependent 99th percentiles of hs-cTnI were as
follows: 210.28 pg/mL for 0–7 days, 166.25 pg/mL for from
1 week to 2 months, 32.73 pg/mL for 1–3 years, 6.60 pg/mL
for 3–7 years and 2.85 pg/mL for 7–14 years. We found a
non-linear relationship between age and hs-cTnI levels.
Thus, curvilinear fitting curve equations for each group
were constructed to evaluate the possible relationship
between age and hs-cTnI concentration (Figure 2). A
negative correlation between age and hs-cTnI levels was
found, and equations for different subgroups were
established.

Figure 1: Selection procedures of individuals to establish the reference
interval.

Table : LoB, LoD and LoQ values of hs-cTnI STAT Architect immunoassay
for cTnI.

Reference LoB, ng/L LoD, ng/L LoQ, ng/L

Manufacturer .–. .–. .–.
Krintus et al. []
[krintuseuropean]

.–. .–. .–.

Present study . . .
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Discussion

The detection of high-sensitivity troponin concentration
and its values are vital for diagnosing CVD and monitoring
myocardial injury in paediatric population. Whether the
reference interval provided by the laboratory to the clinic
is reliable determines whether clinicians can effectively
use this method in providing accurate diagnosis and
treatment services. This study preliminarily investigated

the distribution of serum hs-cTnI levels in children aged
0–14 years in Yantai City, Shandong Province, China.
The reference interval of hs-cTnI for infants and young
children was not similar to that of adults obtained from
the manufacturers. In this study, a negative correlation
was found between the child’s age in days and the 99th
percentile of troponin, and a curvilinear correlation was
also observed. Meanwhile, we found significant differences
in the troponin reference intervals for children at different

Figure 2: Relationship between hs-cTnI and age.
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age stratifications. Compared to reference values in
older children, newborns had significantly higher values
in the first 7 days of life, which emphasises the need
for caution when using hs-cTnI to diagnose neonatal
patients.

Hs-cTnI is a strong prognostic predictor for adverse
cardiac events [14]. To date, no standard normal reference
intervals have been established for hs-cTnI in Chinese chil-
dren, and different regions and ethnicities can affect hs-cTnI
concentrations, which have an impact on the medical diag-
nosis. Therefore, reference intervals for adults have long
been inapplicable to children in our region. Establishing
or validating laboratory reference intervals using direct

methods is time-consuming and laborious [15]. Therefore,
this study focused on using indirect methods as recom-
mended by the International Federation of Clinical Chem-
istry [16]. In this study, we used clinical big data to establish a
regional population reference interval for high-sensitivity
troponin, which can provide some guidance for the clinical
diagnosis and treatment. As this is a single‐centre study, our
research programmes are more representative based on
big data but not on volunteers or blood donors, which avoids
selection bias. Another strength of our study is that the
study population was derived from patients without intra-
and extra-cardiac factors causing troponin level increase via
ICD diagnosis.

Table : Characteristics of the study population.

Subgroup Perinatal period
(– days)

Infant period
( week to  months)

Infant period
( months to  year)

Early childhood
(– years)

Preschool period
(– years)

School-age
(– years)

p-Value

Hs-cTnI
Number   , , , ,
Mean . . . . . . .
SD ,. . . . . .
Median . . . . . .
Q–Q .–. .–. .–. .–. .–. .–.

Age, days
Number   , , , ,
Mean . . . . ,. ,. .
SD . . . . . .
Median . . . . ,. ,.
Q–Q .–. .–. .–. .–. ,.–,. ,.–,.

Sex <.
Male  (.%)  (.%)  (.%) , (.%) , (.%) , (.%)
Female  (.%)  (.%)  (.%) , (.%) , (.%)  (.%)

Table : Hs-cTnI plasma levels (pg/mL) in different age groups between different genders.

Groups n Male media IQR n Female media IQR p-Value

All Hs-cTnI , . (., .) , . (., .) .
Age, days ,. (., ,.) ,. (., ,.) .

Perinatal period Hs-cTnI  . (.–.)  . (., .) .
Age, days  . (., .) . (., .) .

Infancy period Hs-cTnI . (., .)  . (., .) .
Age, days . (., .) . (., .) .

Infant period Hs-cTnI  . (., .)  . (., .) .
Age, days . (., .) . (., .) .

Early childhood Hs-cTnI , . (., .)  . (., .) .
Age, days ,. (,., ,.) ,. (,., ,.) .

Preschool period Hs-cTnI , . (., .) , . (., .) .
Age, days ,. (,., ,.) ,. (,., ,.) .

School age Hs-cTnI , . (., .) , . (., .) .
Age, days ,. (,., ,.) ,. (,., ,.) .

Bold values: statistically significant.
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In the present study, the highest hs-cTnI serum con-
centrations were observed in the neonatal group. We spec-
ulate that this may be related to the renewal of neonatal
cardiomyocytes, reperfusion after transient neonatal hyp-
oxia and mode of delivery and development, the mecha-
nisms that should be further investigated in a large sample.
Similarly, Jehlicka conducted a statistical analysis on 241
newborns (0–28 days). The median hs-cTn concentration
was 38.2 ng/L, and the 97.5th percentile reached 83.0 ng/L
[17]. Mary Kathryn Bohn studied sex- and age-specific factors
in the CALIPER cohort of children and adolescents,
comprising approximately 600 individuals. The 99 % upper
limit of hs-cTn concentrations for 0–6 months, from
6months to 1 year, 1–19 years (female) and 1–19 years (male)
was 93.0, 21.0, 11.0 and 14.0 ng/L, respectively [18]. These
findings are inconsistent with our findings, which may be
related to the sample type and population. However, these
studies also showed that the hs-cTn concentrations in new-
borns and young infants have higher reference levels.

From the clinical perspective, these data may suggest
that hs-cTnI reference values for paediatric patients should
be determined and standardised based on age. Many chal-
lenges have been encountered in establishing accurate
reference intervals in the paediatric setting. Accurate labo-
ratory tests and age- and sex-specific reference intervals are
essential for incorporating biomarkers into the medical
assessment, management and care of paediatric patients
[19]. In our study, the analysis of covariance showed that age

in days was a predictor of hs-cTnI plasma levels in some
subgroups, whereas hs-cTnI levels did not significantly differ
statistically between genders. For further study of reference
values on paediatric patients, accurate age in days should be
considered. Cardiomyocyte proliferation (the cardiac
growth and regeneration mechanism) may play a role in the
development, which contributes to the growth of young
hearts [20]. Therefore, children and adolescents have been
hypothesised to may have the capacity for myocardial
regeneration [21].

Through the study of the indirect hs-cTnI reference in-
terval, we found the specificity of age, but not gender, which
not only helps clinicians in making accurate diagnoses and
identifying treatments of cardiac diseases but also provides
reflections for the establishment of accurate hs-cTnI refer-
ence interval in laboratory medicine. With the advent of the
digital era, we should use the big data indirect method to
investigate the reference intervals of more test items.

This study has several limitations that should be
considered when interpreting the results. First, the study
population was limited to children from the Shandong area
and may not be representative of other populations. Sec-
ond, the selection criteria for a regional population paedi-
atric population may have excluded some children with
underlying conditions that could affect cardiac troponin I
levels. Third, the use of a single high-sensitivity cardiac
troponin I assay kit may limit the generalizability of the
results to other assay platforms. Fourthly, we used ICD as a

Table : Hs-cTnI plasma levels (pg/mL) in groups of samples subdivided according to age.

Groups n Mean Median th percentile % confidence interval of
the th percentiles

All , . . . (., .)
Perinatal period  . . . (., .)
Infancy period  . . . (., .)
Infant period , . . . (., .)
Early childhood , . . . (., .)
Preschool period , . . . (., .)
School age , . . . (., .)

Table : Gender difference in hs-cTnI level between subgroups.

Male vs. female Non-adjusted Adjusted

Mean and % CI p-Value Mean and % CI p-Value

Infant period Sex . (., .) . . (−., .) .
Age, days −. (−., .) <.

Preschool period Sex . (−., .) . . (−., .) .
Age, days −. × 

− (−. × 
−, . × 

−) <.

Bold values: statistically significant.
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scanning rule in this study. However, ECGs could also be
considered in the future exploration. Fifthly, the study
design did not allow for the assessment of dynamic changes
in cardiac troponin I levels in the study population. Finally,
due to the difficulties of obtaining sufficiently large healthy
population of children, the approach of current study may
be acceptable to obtain some guidance for age-dependent
cTnI decision limits in children in clinical routine in our
region.

Conclusions

We established the reference interval of hs-cTnI concen-
tration in children aged 0–14 years in Yantai City, Shandong
Province, China,which can provide a certain reference value

for the clinical diagnosis and treatment of myocarditis and
myocardial (micro) injury in children.

Research ethics: The Ethics Committee of the Yantai
Yuhuangding Hospital approved the study protocol.
Informed consent: Informed consent was obtained from all
individuals included in this study.
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sibility for the entire content of this manuscript and
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interest.
Research funding: None declared.
Data availability: The datasets used and analysed during the
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Figure 3: Hs-cTnI plasma levels (pg/mL) in groups of samples subdivided according to age.
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