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Establishment of Age-specific Reference Intervals for Serum
Magnesium Concentrations in Healthy Children Aged 0-18
Years: A Comparative Analysis of Non-parametric, Bootstrap,
and Gaussian Mixture Model Approaches
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ABSTRACT

Objective: This study aimed to establish age-specific reference
intervals (RIs) for serum magnesium (Mg) concentrations in
healthy children aged 0-18 years and to compare the derived
intervals with manufacturer-provided reference ranges.

Methods: This retrospective, cross-sectional study included
1,725 healthy children who presented to the Medical
Biochemistry Laboratory of University of Health Sciences
Tiarkiye, Haydarpasa Numune SUAM between November 1,
2022, and February 18, 2023. Serum Mg was measured using
the colorimetric end-point method on the Roche Diagnostics
COBAS 8000 (c702 module). RIs were calculated using the non-
parametric 2.5%-97.5% percentile method according to CLSI
EP28-A3c and IFCC guidelines, and validated with bootstrap
resampling (95% confidence interval) and Gaussian mixture
model (GMM) analysis.

6z

Amag: Bu calisma, 0-18 yas arasi saglikli pediatrik bireylerde
serum magnezyum (Mg) dizeyleri icin yasa 6zgl referans
araliklarini belirlemeyi ve elde edilen sonuclari Gretici firma
referanslariyla karsilastirmayi amaclamistir.

Yontemler: Retrospektif ve kesitsel olarak tasarlanan bu
calismada, 1 Kasim 2022 ve 18 Subat 2023 tarihleri arasinda
Saglik Bilimleri Universitesi, Haydarpasa Numune SUAM Tibbi
Biyokimya Laboratuvari'na basvuran 1,725 saglikli cocuk
dederlendirilmistir. Serum Mg dizeyleri Roche Diagnostics
COBAS 8000 (c702) analizériinde kolorimetrik end-point
yontemle OlcllmUstir. Referans araliklari, CLSI EP28-A3c ve
IFCC 6nerileri dogrultusunda non-parametrik yizde 2,5.-97,5.
yontemiyle hesaplanmis; bootstrap (%95 glven araligi) ve
Gaussian mixture model (GMM) analizleriyle dogrulanmistir.
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ABSTRACT

Results: Serum Mg concentrations differed significantly
among age groups (Kruskal-Wallis, p<0.05). The highest
median level was found in the 7-12-year group (2.21 mg/dL),
and the lowest in the 13-18-year group (2.06 mg/dL). Serum
magnesium concentrations increased from early to middle
childhood, reaching their highest median levels at 7-12 years,
followed by a decline during adolescence (13-18 years). The
GMM-derived reference limits were generally comparable to
those obtained using the non-parametric method. The derived
age-specific reference intervals generally exhibited higher
upper reference limits than the age-dependent expected
values reported in the manufacturer’s documentation.

Conclusion: This study provides locally derived, age-specific
serum magnesium reference intervals for a Turkish pediatric
population, contributing to the available evidence on
population-specific reference intervals in pediatric laboratory
medicine. The combined application of non-parametric,
bootstrap, and GMM methods enhances methodological
robustness in RI establishment. These findings emphasize the
necessity of population-specific Rls and offer a foundation for
developing a national pediatric Rl database in Tlrkiye.

Keywords: Magnesium, pediatric reference intervals, non-
parametric method, Gaussian mixture model, bootstrap
analysis, clinical biochemistry

Introduction

Magnesium (Mg) is an essential macromineral required
for the maintenance of vital physiological functions and
represents the second most abundant intracellular cation
after potassium. Approximately 60% of the body’s total Mg
content is stored within bone tissue, 20% within skeletal
muscle, and the remaining fraction in soft tissues such as
the liver, heart, and kidneys (1). Only a small fraction of
total body magnesium is present in the circulation, with
approximately 55-70% of serum magnesium existing
in the free ionized form, 20-30% bound to proteins
(predominantly albumin), and the remainder complexed
with various anions (2).

Mg acts as a mandatory cofactor for more than 300
enzymatic reactions and is intimately involved in virtually
all major metabolic pathways. It plays a central role in
adenosine triphosphate (ATP) synthesis and energy
metabolism, nucleic acid synthesis, protein translation,
glucose homeostasis, muscle contraction, cardiac
excitability, neuromuscular transmission, and regulation
of vascular tone (3,4). Consequently, disturbances in Mg
homeostasis have been associated with a wide range
of clinical conditions, including cardiovascular diseases,
metabolic syndrome, type 2 diabetes, neuromuscular
disorders, arrhythmias, and hypertension (1,5).

Inroutine laboratory practice, serum total Mg concentration
remains the most commonly used biomarker. Although
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Bulgular: Serum Mg dizeyleri yas gruplari arasinda anlamli
fFarklilik gostermistir (Kruskal-Wallis, p<0,05). En yiksek ortanca
dizey 7-12 yas grubunda (2,21 mg/dL), en disik ortanca
dizey ise 13-18 yas grubunda (2,06 mg/dL) saptanmistir.
Serum magnezyum dizeyleri erken cocukluktan orta cocukluk
dénemine kadar artis gostererek 7-12 yas grubunda en
ylksek ortanca dizeye ulasmis, ergenlik déneminde (13-
18 yas) ise azalmistir. GMM ile elde edilen referans sinirlari,
non-parametrik yontemle hesaplanan sinirlarla genel olarak
benzerlik gostermistir. Elde edilen yasa 6zgl referans
araliklarinin Ust sinirlari, Gretici dokiimaninda bildirilen yasa
bagli beklenen degerlerin Gst sinirlarindan genel olarak daha
ylksek bulunmustur.

Sonug: Bu calisma, Turkiye'deki tek merkezli bir pediatrik
popllasyonda 0-18 yas grubuna 6zgl serum magnezyum
referans araliklarini belirleyerek pediatrik laboratuvar tibbinda
popllasyona 6zgl referans araliklarina iliskin mevcut bilimsel
verilere katki saglamistir. Non-parametrik, bootstrap ve GMM
yaklasimlarinin birlikte kullanimi, referans araligi belirlemede
metodolojik glvenilirligi  artirmaktadir.  Bulgular, ulusal
diizeyde pediatrik referans aralik veri tabani olusturulmasi igin
onemli bir temel sunmaktadir.

Anahtar Kelimeler: Magnezyum, pediyatrik referans araliklari,
non-parametrik yontem, Gaussian mixture model, bootstrap
analizi, klinik biyokimya

serum Mg represents only a small fraction of total body
Mg stores, it is widely utilized because of its practicality
and applicability in clinical decision-making (6). However,
serum Mg levels are influenced by numerous biological
and analytical variables—including age, sex, dietary
intake, hormonal status, pregnancy, comorbid conditions,
medication use, and methodological differences—resulting
in significant inter-laboratory variability. This heterogeneity
underscores the necessity of establishing locally validated
reference intervals (RIs) (7,8).

Historically, adult RIs for serum Mg have been reported
as 0.75-0.95 mmol/L (1.82-2.31 mg/dL), largely based
on NHANES-I data obtained in the 1970s (6). Emerging
evidence has suggested that serum Mg concentrations
below approximately 0.85 mmol/L may be associated
with increased clinical risk or suboptimal Mg status (2,9).
However, this proposed value should be interpreted
as a clinical risk or adequacy threshold rather than as a
statistically derived Rl lower limit. In contrast, Rl boundaries
are established from the distribution of measurements in
a defined healthy population, typically using the 2.5% and
97.5% percentiles according to Clinical and Laboratory
Standards Institute (CLSl)/International Federation of
Clinical Chemistry (IFCC) recommendations. In pediatric
populations, Mg levels differ substantially from those
in adults due to factors such as rapid somatic growth,
endocrinological variation, and ongoing organ maturation.
As a result, age-appropriate and population-specific RIs are
essential for accurate clinical interpretation (10,11).
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To address this need, the IFCC and the CLSI recommend
that each laboratory establish its own RIs specific to
its population, analytical platforms, and measurement
procedures, as outlined in the EP28-A3c guideline (12).
This recommendation is particularly critical for pediatric RI
studies, where age, sex, biological variation, and analytical
uncertainty must be carefully considered. Supporting this
approach, the Canadian Laboratory Initiative on Pediatric
Reference Intervals (CALIPER) project has demonstrated
significant  age-dependent variability in  numerous
biochemical parameters, including Mg (10). However,
despite the growing recognition of population-specific
pediatric RIs, nationally validated serum Mg RI studies
in the Turkish pediatric population remain limited. Most
laboratories in Tlrkiye continue to rely on manufacturer-
provided intervals or internationally derived datasets,
which may not adequately reflect local demographic,
ethnic, nutritional, and analytical characteristics. Therefore,
establishing locally derived pediatric serum Mg RIs may
contribute to improving laboratory interpretation and
clinical decision-making in Turkish pediatric populations.

Given the methodological heterogeneity across laboratories
and the physiological variability in pediatric age groups, the
establishment of locally derived, method-specific Rls is of
paramount importance. In this context, the present study
aims to define age-specific Rls for serum Mg concentrations in
healthy children aged 0-18 years who presented to the Medical
Biochemistry Clinic of University of Health Sciences Tirkiye,
Haydarpasa Numune SUAM, thereby contributing novel and
clinically meaningful data to pediatric laboratory medicine.

Methods
Study Design and Ethical Approval

This study was designed as a retrospective and cross-sectional
descriptive analysis. The objective was to establish age-specific
RIs for serum Mg concentrations in pediatric individuals
admitted to the Medical Biochemistry Clinic of University
of Health Sciences Tirkiye, Haydarpasa Numune SUAM. All
procedures were performed in accordance with the CLSIEP28-
A3c guideline and the recommendations of the IFCC.

Ethical approval was obtained from the Hamidiye Scientific
Research Ethics Committee of the University of Health
Sciences Turkiye (decision no: 2025-4/12, date: 27.02.2025).
Because the study was retrospective and based exclusively
on anonymized laboratory and hospital information system
data, the requirement for individual informed consent was
waived by the relevant ethics committee.

The study adhered to the ethical principles of the
Declaration of Helsinki (2013 revision), and confidentiality
of personal data was strictly maintained.

Study Population

The dataset consisted of routine biochemical test results
from pediatric patients aged 0-18 years (inclusive) who

presented to the laboratory between November 1, 2022,
and February 18, 2023. Age was calculated in completed
years, and all participants aged 0 through 18 years were
eligible for inclusion. Data were retrieved from the
Laboratory Information System (LIS) using Structured
Query Language queries, including age, sex, admission
date, and serum Mg results. Only the first measurement
per individual was included.

Clinically healthy individuals were included. Subjects with
acute infection, chronic disease, metabolic or hormonal
disorders, systemic illness, intensive care follow-up, or
chronic medication use were excluded. Samples showing
hemolysis, lipemia, or icterus interference were rejected.
Individuals with pathological albumin, calcium, or creatinine
levels were also excluded. Records that were incomplete,
erroneous, or duplicated were removed.

Clinical health status was assessed using available hospital
information system records, International Classification of
Diseases (ICD)-coded diagnoses, clinical admission data,
and laboratory-based exclusion criteria. Although the
retrospective design precluded direct clinical examination,
individuals with documented acute or chronic systemic
diseases, renal, hepatic, endocrine, metabolic, or
inflammatory disorders were excluded from the reference
population.

A total of 1,725 pediatric samples met the inclusion
criteria. Each age-specific subgroup included more than
120 individuals (0-6 years: n=512; 7-12 years: n=641; 13-
18 years: n=572), satisfying the minimum sample size
recommendation for the non-parametric estimation of
reference intervals according to CLSI EP28-A3c guidelines.

Sample Collection and Biochemical Measurements

Blood samples were collected from the antecubital vein
between 08:00 and 10:00 into serum separator tubes
containing clotactivator. After clot formation, sampleswere
centrifuged at 3000xg for 10 minutes. Serum magnesium
concentrations were measured using a colorimetric end-
point assay based on the formation of a magnesium-
xylidyl blue complex on the cobas 8000 c702 analyzer
(Roche Diagnostics, Mannheim, Germany). Measurements
were performed according to the manufacturer’s reagent
instructions, and results were expressed in mg/dL (13).
Internal quality control was performed using two levels
of PreciControl ClinChem Multi control materials (Roche
Diagnostics GmbH, Mannheim, Germany). External
quality assessment was conducted through the Randox
International Quality Assessment Scheme (RIQAS; Randox
Laboratories Ltd., Crumlin, United Kingdom) (14,15).
The analytical coefficient of variation (CVa) for serum
magnesium measurements was 1.38%, indicating low
analyticalimprecision under the laboratory’s routine quality
control conditions.
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Data Processing and Quality Control

During preprocessing, incomplete or inconsistent records
were excluded. Potential outliers were identified using
the interquartile range (IQR) method, with lower and
upper fences defined as Q1 - 1.5 x IQR and Q3 + 1.5 x
IQR, respectively. The application of these criteria and the
number of observations excluded from each age group
should be reported to clarify their potential impact on the
estimated reference limits. Distribution characteristics
were evaluated using histograms and boxplots, and
normality was assessed via the Kolmogorov-Smirnov test.

Age Group StratiFication

Because pediatric Mg levels vary with growth, hormonal
maturation, and developmental physiology, the population
was divided into three age groups:

« 0-6 years: early childhood,
e 7-12 years: middle childhood,

« 13-18years: adolescence.

Age-specific partitioning was evaluated using the Harris-
Boyd and Lahti approaches. Sex-specific partitioning
within the predefined age groups was assessed according
to CLSI/IFCC recommendations using the Harris-Boyd
criteria. Although minor differences in serum magnesium
concentrations were observed between males and females
during adolescence, separate sex-specific reference
intervals were not established because the available
findings did not provide sufficient evidence to support
further partitioning.

Determination of RIs

Rls were calculated using non-parametric methods
according to CLSI EP28-A3c and IFCC guidelines. The 2.5%
and 97.5% percentiles were estimated for each age group.
Bootstrap resampling was used to estimate 95%
confidence intervals (Cls) for the lower and upper non-
parametric reference limits within each age group.
Gaussian mixture model (GMM) analysis was performed to
evaluate potential multimodality in serum Mg distributions.
The optimal number of mixture components for each age
group was determined using the Bayesian information
criterion (BIC), and the model with the lowest BIC value
was selected as the best-fitting model. GMM analysis was
performed to explore the distributional characteristics
of serum magnesium concentrations within each age
group. The number of mixture components was selected
using the BIC. The resulting model-based reference limits
were descriptively compared with the corresponding
non-parametric reference limits. When required, Box-Cox
transformation improved distribution symmetry.

Quantile regression analysis was performed to evaluate
continuousage-related changesinserumMgconcentrations
acrossthe2.5%, 50%, and 97.5% percentileswithoutassuming
Gaussian distribution. Quantile regression coefficients and
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pseudo-R? values were estimated to characterize age-
related changesin serum magnesium concentrations at the
2.5% 50t and 97.5™ percentiles. The estimated coefficients
and model fit statistics are presented in Supplementary
Table 1 (16,17).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY, USA),
Python version 3.11 (Python Software Foundation,
Wilmington, DE, USA), and R version 442 (R
Foundation for Statistical Computing, Vienna, Austria).
One-way analysis of variance (ANOVA) with Tukey post-
hoc testing was used for normally distributed variables;
Kruskal-Wallis and Dunn tests were applied otherwise.
Bonferroni correction was applied to account for multiple
pairwise comparisons. Effect sizes were assessed using eta-
squared (n?) for analysis of variance and the rank-based
effect size (r) for non-parametric pairwise comparisons. A
p-value <0.05 indicated statistical significance. Ris obtained
in this study were compared with manufacturer-provided
pediatric values (Roche Diagnostics).

Ethical Considerations

All analyses were performed retrospectively using
anonymized data. The study fully complied with the ethical
standards of the Declaration of Helsinki (2013 revision).

Results

A total of 1,725 healthy pediatric individuals who met the
inclusion criteria and presented to the Medical Biochemistry
Clinic of University of Health Sciences Tirkiye, Haydarpasa
Numune SUAM between November 1, 2022, and February
18, 2023, were included in the analysis. The mean age of
participants was 9.8+4.6 years, with a sex distribution of
52.4% male and 47.6% female.

Serum Mg concentrations exhibited a right-skewed
distribution, and the Kolmogorov-Smirnov test indicated a
statistically significant departure from normality (p<0.05).
Given the distributional characteristics of the data, age-
specific reference intervals were estimated using the non-
parametric 2.5 and 97.5% percentile method in accordance
with CLSI EP28-A3c recommendations.

Serum Mg Levels by Age Group

Participants were stratified into three age groups based on
developmental physiology:

e Group 1:0-6 years (n=512),

e Group 2: 7-12 years (n=641),

e Group 3: 13-18 years (n=572).

The Kruskal-Wallis test indicated an overall statistically
significant difference in serum magnesium concentrations

among the three age groups (p<0.05). Descriptively, the
highest median serum magnesium concentration was



Bezmialem Science 2026;14(4):357-364

Table 1. Age-specific pediatric serum magnesium reference intervals determined using non-parametric percentiles with 95%
bootstrap confidence intervals (Cls) for the lower and upper reference limits

Age group n Lower limit (2.5%) (CI)
0-6 512 1.79 (1.76-1.82)
7-12 641 1.82 (1.81-1.84)
13-18 572 1.74 (1.71-1.76)

Upper limit (97.5) (CI) Median
2.42 (2.40-2.47) 2.15
2.48 (2.45-2.51) 2.21
2.37 (2.35-2.39) 2.06

Reference intervals were calculated using the non-parametric 2.5%-97.5 percentile method. Values in brackets indicate 95% bootstrap Cls for the lower and upper

reference limits

observedin the 7-12-year age group (2.21 mg/dL), followed
by the 0-6-year group (2.15 mg/dL), whereas the lowest
median was observed in the 13-18-year group (2.06 mg/dL).
These findings indicate an age-related variation in serum
magnesium concentrations, although the overall Kruskal-
Wallis result does not establish which individual age groups
differ significantly.

RI Determination

Following CLSI EP28-A3c and IFCC recommendations, Rls
were established using the non-parametric 2.5%-97.5%
percentile method. The lower and upper reference limits,
their corresponding 95% bootstrap Cls, and median values
are presented in Table 1.

GMM and Bootstrap Analysis

GMM analysis was performed to examine the distributional
characteristics of serum magnesium concentrations within
each age group. The resulting GMM-derived reference
limits are presented alongside the non-parametric
reference limits in Table 2. GMM-derived reference limits
were generally comparable to those obtained using the
non-parametric method, with relatively small differencesin
the estimated lower and upper reference limits across age
groups.

Quantile regression analysis was used to evaluate age-
related changes in serum magnesium concentrations
across the 2.5th, 50, and 97.5% percentiles. The estimated
trajectories suggested relatively stable magnesium
concentrations during early childhood, followed by lower
concentrations during adolescence. These patterns should
beinterpretedin conjunction with the estimated regression
coefficients and their associated statistical uncertainty.

Figure 1 presents the quantile regression curves for serum
Mg concentrations according to age. The 2.5, 50%, and
97.5% percentile trajectories demonstrate relatively stable
Mg levels during early childhood, followed by lower serum
Mg concentrations during adolescence.

Comparison with Manufacturer Rls

The Roche Diagnostics Magnesium Gen.2 reagent
documentation provides age-dependent expected values
for serum magnesium, including 1.7-2.3 mg/dL for children
aged 5 months to 6 years, 1.7-2.1 mg/dL for those aged
6-12 years, and 1.7-2.2 mg/dL for those aged 12-20 years

(13). In the present study, the upper reference limits were
2.42 mg/dL, 2.48 mg/dL, and 2.37 mg/dL for the 0-6, 7-12,
and 13-18-year age groups, respectively. These limits
were higher than the upper expected values reported in
the manufacturer’'s documentation for the corresponding
pediatricage ranges. However, because the manufacturer’s
age categories do not fully align with those used in the
present study, direct age-matched comparisons were not
possible. The observed differences may reflect population-
specific biological variation, differences in reference
population selection, and preanalytical factors. Therefore,
these findings should be interpreted descriptively, and
the relative contributions of these factors cannot be
determined from the present data.

Overall Assessment

Serum Mg levels showed marked variability across
pediatric developmental stages. The decline during
adolescence may reflect increased growth velocity,
hormonal changes, and dietary variations. The observed
differences between manufacturer-provided and locally
derived reference intervals highlight the importance
of evaluating population-specific reference intervals in
clinical laboratories. This study provides age-specific local
RIs for serum Mg in healthy children aged 0-18 years
and demonstrates the complementary value of non-
parametric, bootstrap, and GMM methods in Rl studies.

Discussion

In this study, age-specific RIs for serum Mg concentrations
in healthy children aged 0-18 years were established
using non-parametric, bootstrap, and GMM approaches in
accordance with CLSI EP28-A3c and IFCC recommendations
and were subsequently compared with manufacturer-
provided intervals (8). Our findings demonstrate significant
age-related differences in serum Mg concentrations, with
the highest median concentrations observed during middle
childhood and relatively lower values during adolescence.
Given the central role of Mg in ATP-dependent reactions,
nucleic acid and protein synthesis, muscle contraction,
neuromuscular transmission, and intracellular signaling,
reliable pediatric RIs are essential for the accurate
identification and clinical interpretation of hypo- and
hypermagnesemia (1,3,4).

The observed age-dependent differences are biologically
plausible. Relatively higher serum Mg concentrations
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Figure 1. Estimated age-related trajectories of serum magnesium concentrations at the 2.5, 50t (median), and 97.5" percentiles. The
curves suggest an increase in median magnesium concentrations during childhood, followed by a decline during adolescence. Shaded
regions represent the reported 95% bootstrap confidence bands around the estimated quantile trajectories
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Table 2. Descriptive comparison of non-parametric and Gaussian mixture model-derived serum magnesium reference limits

across pediatric age groups

Age group Method Lower limit
Non-parametric 1.79

0-6
GMM 1.78
Non-parametric 1.82

7-12
GMM 1.80
Non-parametric 1.74

13-18
GMM 1.72

Upper limit Mean £ SD Correlation (r)
2.42 2.15£0.18 =

2.44 2.16x0.17 0.95

2.48 2.21£0.19 =

2.47 2.22+0.18 0.94

2.37 2.06+0.20 =

2.36 2.05+0.19 0.93

Differences between non-parametric and GMM-derived reference limits are presented descriptively. Formal equivalence or agreement between the two estimation

approaches was not established
SD: Standard deviation.

during early and middle childhood may be associated
with active bone mineralization, protein synthesis, and
increased energy requirements. In contrast, the relatively
lower concentrations observed during adolescence may
reflect pubertal hormonal changes, rapid somatic growth,
sex-related physiological differences, changing dietary
patterns, and increased metabolic utilization. Consistent
with our findings, data from the CALIPER initiative have
demonstrated substantial age- and sex-dependent
variability across numerous pediatric biochemical analytes,
including electrolytes and minerals (10,11).

From a methodological perspective, the non-parametric
2.51-97 5™ percentile approach was appropriate because
serum Mg concentrations deviated significantly from a
Gaussian distribution. Bootstrap resampling provided 95%
confidence intervals for the estimated lower and upper
reference limits, allowing an assessment of their sampling
uncertainty. However, these confidence intervals should be
interpreted as measures of statistical precision rather than
asevidence of the clinical validity or external generalizability
of the derived reference intervals (18). Furthermore, the
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GMM-derived reference limits were generally comparable
to those obtained using the non-parametric approach.
However, agreement between reference limits does
not independently establish unimodality, which should
be evaluated based on the optimal number of mixture
components selected by the BIC. The parallel application
of non-parametric, bootstrap, and GMM approaches
therefore strengthened the methodological reliability of
the derived Rls.

Compared with the age-dependent expected values
reported in the Roche Diagnostics Magnesium Gen.2
documentation, the reference intervals derived in the
present study generally exhibited higher upper reference
limits. Nevertheless, differences in age-group definitions
and reference population characteristics should be
considered when interpreting these findings. These
differences may be attributable to population-specific
biological characteristics, nutritional and demographic
factors, preanalytical conditions, and analytical differences
related to the measurement system, reagents, and
calibration procedures (7). The need for age-based
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partitioning, as recommended by the Harris-Boyd and
Lahti approaches, was further supported by both the visual
and statistical findings of the quantile regression analysis
(19,20).

The principal strengths of the present study include its
large sample size (n=1,725), low analytical imprecision
(CVa=1.38%), verification of analytical performance
through two-level internal quality control and external
quality assessment, and the simultaneous use of
complementary statistical methods. Direct comparison
with manufacturer-provided intervals also enhances the
clinical relevance of the findings. In addition, the use of LIS-
based real-world data reflects routine clinical laboratory
practice and increases the practical applicability of the
proposed Rls.

Collectively, these findings support the use of locally
derived, age-specific, population-specific, and method-
specific RIs to improve the interpretation of serum Mg
measurements and clinical decision-making in pediatric
laboratory medicine.

Study Limitations

The present study has several limitations. First, its
retrospective design precluded the direct clinical
examination of participants and limited the availability
of detailed information regarding several preanalytical
and biological variables that may influence serum Mg
concentrations, including fasting status, dietary Mg intake,
hydration status, and physical activity. Although individuals
with abnormal serum albumin concentrations were
excluded, variations in albumin levels within the reference
range may still have influenced total serum magnesium
concentrations, as approximately 20-30% of circulating
magnesium is protein-bound, predominantly to albumin.

Second, the study was conducted at a single tertiary-care
center, which may limit the generalizability of the findings
to the broader pediatric population. Referral-based hospital
populations may include a greater proportion of individuals
with subclinical or early-stage conditions than community-
based cohorts, potentially introducing selection bias into
the derived RIs. Nevertheless, extensive laboratory-based
exclusion criteria, ICD-coded diagnoses, clinical admission
records, and available laboratory findings were reviewed to
minimize this potential effect.

Third, dietary, socioeconomic, regional, and ethnic factors
could not be comprehensively evaluated. Moreover,
although sex-specific partitioning was assessed, the
number of participants within narrower age- and sex-
specific subgroups may not have been sufficient to identify
subtle sex-related differences, particularly during puberty.
Therefore, prospective multicenter studies involving
geographically, socioeconomically, and demographically
diverse pediatric populations are required to externally
validate the proposed intervals and support the

development of nationally representative pediatric serum
Mg RIs for Turkiye.

Conclusion

This study establishes age-specific serum Mg RIs for
healthy children aged 0-18 years using complementary
non-parametric, bootstrap, and GMM approaches. The
observed age-dependent pattern, characterized by the
highest median concentrations during middle childhood
and relatively lower concentrations during adolescence,
highlights the importance of developmental stage-specific
interpretation. The differences between the locally
derived RIs and the manufacturer-provided values further
demonstrate the clinical importance of population- and
method-specific Ris. These findings provide locally derived
Rl data for a Turkish pediatric population and may support
future multicenter studies and the development of broader
pediatric Rl datasets in Turkiye.

Ethics

Ethics Committee Approval: Ethical approval was obtained
from the Hamidiye Scientific Research Ethics Committee of the
University of Health Sciences Turkiye (decision 2025-4/12, date:
27.02.2025).

Informed Consent: Given the retrospective design of the study
and the use of anonymized data obtained from laboratory and
hospital information systems, the requirement for individual
informed consent was waived by the Hamidiye Scientific
Research Ethics Committee of the University of Health Sciences
Turkiye.

Acknowledgements
Confidentiality of Data

All patient-related data were anonymized before analysis, and
the confidentiality of personal information was maintained
throughout the study.

Data Availability

The datasets generated and analyzed during the present study
are available from the corresponding author upon reasonable
request and subject to institutional and ethical restrictions
concerning patient confidentiality.

Footnotes
Authorship Contributions

Concept: A.O., FK., M.MY., EM.G., Design: A.O., FK,, M.MYY.,
E.M.G., Data Collection or Processing: O.P., Analysis or
Interpretation: O.P,, Literature Search: A.O., F.K., M.MY., EIM.G.,
Writing: O.P., E.M.G.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

Supplementary Table Link:  https://d2v96fxpocvxx.
cloudfront.net/e1c28131-4444-4603-9703-9fa751c405df/
content-images/e8341c7f-3a43-47df-8a03-169f59e26854.pdf

363


https://d2v96fxpocvxx.cloudfront.net/e1c28131-4444-460a-9703-9fa751c405df/content-images/e8341c7f-3a43-47df-8a03-169f59e26854.pdf
https://d2v96fxpocvxx.cloudfront.net/e1c28131-4444-460a-9703-9fa751c405df/content-images/e8341c7f-3a43-47df-8a03-169f59e26854.pdf
https://d2v96fxpocvxx.cloudfront.net/e1c28131-4444-460a-9703-9fa751c405df/content-images/e8341c7f-3a43-47df-8a03-169f59e26854.pdf
https://d2v96fxpocvxx.cloudfront.net/e1c28131-4444-460a-9703-9fa751c405df/content-images/e8341c7f-3a43-47df-8a03-169f59e26854.pdf

Ozertirk et al. Paediatric Magnesium Reference Ranges

References

1.

10.

11

de Baaij JH, Hoenderop JG, Bindels RJ. Magnesium in man:
implications for health and disease. Physiol Rev. 2015;95:1-
46.

Costello RB, Elin RJ, Rosanoff A, Wallace TC, Guerrero-
Romero F, Hruby A, et al. Perspective: the case for an
evidence-based reference interval for serum magnesium:
the time has come. Adv Nutr. 2016:7:977-93.

Grober U, Schmidt J, Kisters K. Magnesium in prevention and
therapy. Nutrients. 2015;7:8199-226.

Quamme GA. Molecular identification of ancient and
modern mammalian magnesium transporters. Am J Physiol
Cell Physiol. 2010;298:C407-29.

DiNicolantonio JJ, O'Keefe JH, Wilson W. Subclinical
magnesium deficiency: a principal driver of cardiovascular
diseaseandapublichealthcrisis.OpenHeart.2018;5:e000668.
Erratum in: Open Heart. 2018;5:e000668corr1.

Elin RJ. Assessment of magnesium status for diagnosis and
therapy. Magnes Res. 2010;23:5194-8.

Ozarda Y. Reference intervals: current status, recent
developments and future considerations. Biochem Med
(Zagreb). 2016;26:5-16.

Horowitz GL, Altaie S, Boyd JC, Ceriotti F, Garg U, Horn P, et
al. Defining, establishing, and verifying reference intervals
in the clinical laboratory. 3rd ed. CLSI guideline EP28-A3c.
Clinical and Laboratory Standards Institute; 2010.

Workinger JL, Doyle RP, Bortz J. Challenges in the diagnosis
of magnesium status. Nutrients. 2018;10:1202.

Colantonio DA, Kyriakopoulou L, Chan MK, Daly CH, Brinc
D, Venner AA, et al. Closing the gaps in pediatric laboratory
reference intervals: a CALIPER database of 40 biochemical
markers in a healthy and multiethnic population of children.
Clin Chem. 2012;58:854-68.

.Tahmasebi H, Higgins V, Fung AWS, Truong D, White-Al

Habeeb NMA, Adeli K. Pediatric reference intervals for

364

12

13

14

15.

16.

17.

18.

19.

20.

biochemical markers: gaps and challenges, recent national
initiatives and future perspectives. EJIFCC. 2017;28:43-63.

.Ozarda VY, Higgins V, Adeli K. Verification of reference

intervals in routine clinical laboratories: practical challenges
and recommendations. Clin Chem Lab Med. 2018;57:30-7.

.Roche Diagnostics GmbH. Magnesium Gen.2 (MG2): Method

Sheet for Roche/Hitachi cobas ¢ 701/702 Systems. Version
17.0. Mannheim, Germany: Roche Diagnostics GmbH; 2022.

.Roche Diagnostics GmbH. PreciControl ClinChem Multi 1:

Instructions for Use. Document No. 05117020001, Version
7.0. Mannheim, Germany: Roche Diagnostics GmbH.

Randox Laboratories Ltd. RIQAS General Clinical Chemistry
External Quality Assessment Programme [Internet]. Crumlin,
United Kingdom: Randox Laboratories Ltd. Available from:
https://www.randox.com/core-disciplines/external-quality-
assessment/rigas-external-quality-assessment/clinical-
chemistry-eqa

Katayev A, Balciza C, Seccombe DW. Establishing reference
intervals for clinical laboratory test results: is there a better
way? Am J Clin Pathol. 2010;133:180-6.

Ichihara K, Boyd JC; IFCC Committee on Reference Intervals
and Decision Limits (C-RIDL). An appraisal of statistical
procedures used in derivation of reference intervals. Clin
Chem Lab Med. 2010;48:1537-51.

Linnet K. Nonparametric estimation of reference intervals
by simple and bootstrap-based procedures. Clin Chem.
2000;46:867-9.

Harris EK, Boyd JC. On dividing reference data into
subgroups to produce separate reference ranges. Clinical
Chemistry. 1990;36:265-70.

Lahti A, Petersen PH, Boyd JC, Rustad P, Laake P, Solberg
HE. Partitioning of nongaussian-distributed biochemical
reference data into subgroups. Clin Chem. 2004;50:891-900.



