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Plasma amino acid profiles by using ion-exchange chromatography in neonates from northeastern
Thailand
Atikom Traitipudomchail, Roongpet Tangrassameeprasertz, Aniwat J andaengz,
Kulthida Vaeteewoottacharn’, Khunton Wichaj arn™, Thanin Rianpairojs, Suchaorn Saengnipanthkulé,
Kanokwan Imtawilz, Aree Rattanathongkom3’4, Kanda Sornkayasits, Worachart Lert—itthipornz,
"Nam Phong Hospital, Khon Kaen
2Department of Biochemistry, Faculty of Medicine, Srinagarind Hospital, Khon Kaen University
*Center of Excellence in Precision Medicine, Srinagarind Hospital, Khon Kaen University
“Division of Medical Genetics, Department of Pediatrics, Faculty of Medicine, Srinagarind Hospital, Khon
Kaen University
5Depar‘rment of Pediatrics, Faculty of Medicine, Srinagarind Hospital, Khon Kaen University
‘Division of Pediatric nutrition, Department of Pediatrics, Faculty of Medicine, Srinagarind Hospital,

Khon Kaen University

Abstract

Background: The reference values for plasma amino acids in neonates are essential for making a
diagnosis of inborn errors of metabolism (IEM). However, data on plasma amino acid reference ranges for
northeastern Thai neonates remain limited.

Objectives: This study aims to establish reference intervals for plasma amino acids in healthy full-term
neonates from northeastern Thailand.

Methods: Healthy full-term neonates from northeastern Thailand were enrolled. Two mL of heparinized
blood was collected along with newborn screening blood spots during 48-72 hours of age. Plasma amino
acids were analyzed using ion-exchange chromatography with post-column ninhydrin derivatization. Due
to non-normal distribution, reference intervals were determined using the non-parametric percentile
method, defined by the 2.5th and 97.5th percentiles. Results were compared with previous Thai studies.
Results: There were 42 full-term newborns (median gestational age: 38 weeks), of whom 22 were male
(52.4%). Plasma amino acid levels were compared with those from previous Thai studies and other
reference ranges. Some amino acid levels differed from previous studies, likely due to differences in
analytical methods and age groups. Greater variability was observed in non-essential amino acids. When
compared to other published reference values. The plasma amino acid profiles were specific to this

population.
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Conclusions: The reference ranges established in this study provide valuable data for the diagnosis and
management of IEMs in Thai neonates. Differences from previous studies may reflect variations in
measurement techniques and age groups. These findings emphasize the importance of region-specific
reference data, particularly in populations with distinct demographic and environmental factors.

Keywords: Plasma amino acids, neonate, inborn errors of metabolism, ion-exchange chromatography
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Introduction

Plasma amino acid analysis is an essential tool for making diagnosis and monitoring patients with
inborn errors of metabolism (IEM)." Most patients present nonspecific clinical symptoms during the
neonatal period, leading to diagnostic problems due to these ambiguous clinical features.” Since 2022, the
National Health Security Office of Thailand (NHSO) has approved a benefit package covering the
diagnosis and treatment of 24 rare groups of IEMs, providing universal coverage for Thai citizens.” The
package encompasses various amino acid metabolism disorders such as maple syrup urine disease
(MSUD), tyrosinemia types 1, 2, and 3, phenylketonuria, hypermethioninemia, and urea cycle defects,
including argininemia and citrullinemia type 1 and 2. Responsibility for the diagnosis and treatment of
these diseases falls under the Rare Diseases Centers. Srinagarind Hospital is one of the seven Rare
Diseases Centers, and the only one located outside Bangkok, in the northeastern part of Thailand.

Plasma amino acid profile plays a crucial role in the diagnosis of IEM. However, it is essential
that these laboratory findings are interpreted in conjunction with the patient’s clinical
manifestations. Although ion-exchange chromatography (IEC) with post-column ninhydrin derivatization
and high-performance liquid chromatography (HPLC) are commonly used for plasma amino acid analysis,
normal reference ranges vary across laboratories, age groups, and ethnicities.”” Only three studies have
documented normal plasma amino acid levels in the Thai population. Sirichakwal et al.” provided data on
normal plasma amino acid levels in 136 Thai individuals aged 1 to 45 years, while Svasti et al.” reported
plasma amino acid levels in 15 infants under six months of age. Additionally, Uaariyapanichkul et
al."’ examined plasma amino acid levels in 277 healthy infants and children aged 0 to 12 years. Despite
previous studies, reference ranges of plasma amino acid levels in neonates remain limited. Establishing
normal reference values for Thai neonates is crucial, as this age group is most commonly diagnosed with
IEM. This study focuses on neonates from northeastern Thailand, as the reference values will be clinically
applied at Srinagarind Hospital, the designated IEM referral center for the region under NHSO policy.
Therefore, the objective of this study is to determine plasma amino acid levels and establish the reference

intervals for neonates in northeastern Thailand.

Methods
Participants:
The inclusion criteria were northeastern Thai neonates with a gestational age between 37 to 42

weeks and a birth weight of 2,000 to 4,000 g. All participants with clinical sepsis, hypoglycemia,
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intrauterine growth retardation, small or large for gestational age, birth asphyxia, receiving total parenteral
nutrition, not receiving milk or infant formula, or a family history of IEM were excluded from this study.
The current CLSI-approved guideline on Defining, Establishing, and Verifying Reference Intervals in the
Clinical Laboratory (C28-A3) recommends a non-parametric method for estimating reference intervals
(RIs) with a minimum of 120 samples for optimal statistical confidence. Due to budget constraints and in
alignment with previous studies, we enrolled 42 participants, which meets the CLSI minimum
requirement of 39 samples for determining the 2.5th and 97.5th percentiles with 90% confidence."'
Laboratory method:

Two mL heparinized blood samples were collected from the neonates simultaneously with the
acquisition of blood filter paper during newborn screening (48-72 hours after birth). If the sample could
not be analyzed on the day of collection, the plasma was separated by centrifugation and stored at -20°C.
The blood samples were centrifuged to separate plasma from cellular components. The samples were
analyzed according to the protocol for plasma amino acids analysis by Bichrom30+ (Biochrom Ltd.,
Cambridge Science Park, England). Plasma samples were first deproteinized using 5% sulfosalicylic acid
and then centrifuged to remove precipitated proteins. The supernatant was loaded onto a cation-exchange
resin column, where amino acids were separated based on their ionic properties using a series of lithium
buffer gradients. Post-column, amino acids were derivatized with ninhydrin reagent, producing colored
complexes that were detected photometrically at 440 nm (for proline and hydroxyproline) and 570 nm (for
primary amino acids). The results were quantified by comparing peak areas to known amino acid
standards as shown in Figure 1. Each amino acid peak in the chromatogram amino acid was separated
based on its retention time. The individual amino acid concentrations were calculated using the EZChrom
Elite Data Handling 21 CFR part 11 compliant software (version 3.3.2), based on their peak areas, which
are directly proportional to the amino acid concentration in the sample. Intra- and inter-assay coefficient
of variation (CV) assessments were not performed due to the system’s throughput limitation of 8 samples
per run and budget constraints. However, the instrument's performance was regularly monitored using
internal quality control samples to ensure analytical reliability.

Statistical analysis:

Descriptive statistics, including mean, median, standard deviation (SD), and range, were used to
summarize plasma amino acid levels. Reference intervals were determined using the non-parametric
percentile method, with the 2.5th and 97.5th percentiles defining the lower and upper limits,

following CLSI C28-A3 guidelines. Due to the non-normal distribution of data, we applied non-
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parametric methods where appropriate. We compared plasma amino acid levels with previously published
studies to evaluate variability across populations.
Ethical considerations:

This study was approved by the Khon Kaen University Ethics Committee for Human Research,
Panel 1, under approval number HE601103. This work was supported by the Faculty of Medicine, Khon
Kaen University, Thailand [Grant Number IN63245]. We obtained consent forms from the participants'

parents after providing them with full information.

Results
Participant Characteristics:

A total of 42 neonates participated in this study, 22 of whom were males (52.4 %). The median
gestational age was 38 weeks. The mean and median birth weights were 3,083 and 3,070 g, respectively
(range: 2,220-4,010 g.).

Plasma Amino Acid Levels:

The dual-wavelength amino acid chromatograms were demonstrated in Figure 1. The amino acid
profiles were displayed as a box plot in Figure 2. The mean, median, standard deviation (S.D.) range and
95% confidence interval (95% CI) were presented in Table 1. The most abundant amino acids
were glutamine, glycine, alanine, and proline, with glutamine showing the widest range (125.0-1059.8
umol/L), followed by glutamic acid and glycine, indicating high inter-individual variability. Non-essential
amino acids exhibited broader variability compared to essential amino acids, while branched-chain amino
acids (BCAAs) such as leucine, isoleucine, and valine showed more consistent levels. This study
confirmed that glutamine had the highest plasma concentration, while cystine and 3-methylhistidine were
the least abundant amino acids.

When compared to previously published reference ranges, this study found notable age-related
and methodological differences. Amino acid levels in neonates differed significantly from older infants, as
observed in previous studies. Several amino acids, including glutamine, glycine, and proline, were higher
in younger neonates, consistent with previous findings that amino acid concentrations decreased with
age.]0 Methodological variations also contributed to discrepancies, as this study used IEC, while previous
studies employed MS/MS, HPLC, or other techniques. The levels of BCAA and aromatic amino acids
were comparable to those reported by Wu et al.”, while citrulline and arginine levels showed considerable

variation across studies, likely due to differences in fasting status, sample collection timing, and analytical
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methods. The reference plasma amino acid ranges in our study compared with other references were

exhibited in Table 2.
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Figure 1. The Dual-wavelength amino acid chromatograms were shown in different retention times.

o
1000
(o]
800
3
E 600 °
c
S
o4
€
8 o
5
8 400 8
o
e

& o
fx % § Bégéé% * é
ol R g '§' é -ﬁ *
S8 C:jctfceE83 888 js2icEeeepzeep
22 2:3E8 2003825823288 EES5IEzE £z
g a &by« 90 a3 s e O C £ T = e 5 = =
z I o o T @ ¢ 0 @ g = 2 o c o 2 W o g 4 2 5 & 9
s 2 2 T £ 23 8 Lo g gy s
2 £ 8 ¢ E T o8 E S S UE S G 8 EE 3 8 E QD 03T G ow €
£ 5 o £ 8 § Fus 882828 % 258 3 2 5 £ 8 3EF S E D
g 8 g 3 £ 48 5 ES 8§ 302 E LIFTEQ 8 EED T L ET E
3 5 & £ 2 5 3 = - 9 g 3 325 43 806 z I S5
3 T a 8 0 ®© 4 2 2Q £ © n 4 £ w o
5 g x 2 < 5 50 E] = g £ £ 3 £
8 % B 40 = - £ 2 > >
o RO 0 : a 5 = £
£ S P} < 5 o s s
£ 2 & 7} 7}
e = =
t - =
<
©
£
=3
s

Figure 2. Box plot of amino acid analysis in this study
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Table 1. Plasma amino acid profiles in this study (n = 42)

Amino acid (umol/L) Mean Median Std. Deviation | range 95% CI
Phosphoserine (Phser) 6.0 5.6 33 1.6-14.9 4.8-7.2
Taurine (Tau) 148.4 140.3 47.1 57.9-264.3 133.7-163.0
L-Aspartic acid (Asp) 24.0 19.9 14.3 9.0-66.0 19.0-29.0
Hydroxyproline (Hypro) 42.0 42.1 3.5 38.0-46.9 37.7-46.3
L-Threonine (Thr) 193.9 185.8 65.2 103.7-454.0 173.6-214.3
L-Serine (Ser) 208.2 197.4 54.5 57.9-311.6 191.2-225.2
L-Asparagine (Asn) 50.0 50.9 16.5 12.6-79.9 44.8-55.1
L-Glutamic acid (Glu) 332.3 218.4 243.0 82.8-928.4 244.7-419.9
L-Glutamine (Gln) 492.9 449.1 2423 125.0-1059.8 346.6-639.3
Sarcosine (Sarc) 103.2 97.8 35.5 49.0-192.8 89.7-116.7
L-Proline (Pro) 238.7 232.1 50.5 143.1-396.6 222.0-257.9
Glycine (Gly) 380.3 359.3 115.9 183.9-623.8 343.9-416.1
L-Alanine (Ala) 348.6 3333 88.6 170.7-601.7 321.0-376.2
L-Citrulline (Cit) 24.0 15.7 19.5 7.7-77.0 17.3-30.6
alpha-amino-n-butyric acid

21.8 19.4 8.3 5.4-42.9 18.7-25.0
(Aaba)
L-Valine (Val) 141.6 136.9 36.0 72.9-232.0 130.4-152.8
L-Cystine (Cys) 19.5 8.5 18.0 3.1-57.7 13.9-25.2
L-Methionine (Met) 217.5 26.4 9.8 13.8-64.4 24.4-30.5
L-Isoleucine (Ile) 45.1 40.4 19.8 19.8-101.2 39.0-51.3
L-Leucine (Leu) 103.6 99.2 26.9 57.4-179.7 95.2-112.0
L-Tyrosine (Tyr) 94.4 92.1 233 61.0-149.3 87.1-101.7
L-Phenylalanine (Phe) 49.1 48.5 9.1 31.8-69.9 46.2-51.9
Ethanolamine (Ethan) 56.4 58.9 154 28.5-86.7 50.7-62.2
Ornithine (Orn) 136.3 126.5 44.4 70.3-242.8 122.4-150.1
L-Lysine (Lys) 214.2 214.3 52.0 105.9-325.6 198.0-230.4
1-Methylhistidine (1-Mhis) | 11.6 9.0 6.4 4.4-28.2 9.3-13.9
L-Histidine (His) 80.0 77.6 13.9 46.1-110.0 75.7-84.3
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Amino acid (umol/L) Mean Median Std. Deviation | range 95% CI
L-Tryptophan (Trp) 30.1 26.0 14.5 14.0-76.9 22.6-37.6
3-Methylhistidine (3-Mhis) | 6.7 6.7 1.5 3.6-8.8 5.5-8.0
L-Arginine (Arg) 454 39.7 29.0 12.6-125.7 36.2-54.7

Table 2. Reference ranges of plasma amino acids (umol/L) compared with previously published data

Present . Shapira, . , ) Uaariyapanichkul
Shih, et al. . Sickkids Wu et al. Svasti et al. 10
study et al. et al.
(Reference (Reference (Reference (Mean £ SD,
(2.5-97.5th (Reference (2.5-97.5th
Interval) Interval) Interval) 95% CI)
percentile) Interval) percentile)
Number of
n=42 n=17 NA NA n=16 n=15 n=85
participants
Age group 48-72 hours <3 months 0-1 month 0-6 days 28-32 days | 0-6 months <4 days
Phosphoserine 18.9£11.4
2.1-14.2 NA NA 0-3 NA NA
(Phser) (12.6-25.3)
96.1+£57.5
Taurine (Tau) 74.4-258.8 10-167 46-492 87-375 1.1-166.6 NA
(64.2-128.0)
L-Aspartic  acid 8+4.9
10.0-65.3 0-31 20-129 19-121 4.6-50.6 102-216
(Asp) (5.2-10.7)
Hydroxyproline 28.9£13.6
38.2-46.5 NA 0-91 28-104 NA NA
(Hypro) (21.3-36.5)
L-Threonine 135.9+104.3
105.8-353.3 46-222 90-329 81-313 69.8-197.1 NA
(Thr) (78.1-193.7)
130.9+56.4
L-Serine (Ser) 131.9-301.8 92-178 99-395 199-843 0-325.6 NA
(99.6-162.2)
L-Asparagine 84.2+£24.2
22.0-77.9 38-121 29-132 38-91 15.8-80.7 NA
(Asn) (70.8-97.7)
L-Glutamic acid 199.9+137.5
95.2-793.1 8-179 62-620 91-401 24.3-243.1 485-687.4
(Glu) (123.7-276.0)
L-Glutamine 421.9+197.3
157.6-987.1 402-776 376-709 451-1113 142.3-850.5 NA
(Gln) (312.7-531.2)
Sarcosine (Sarc) 55.6-163.8 NA 0-625 0-4 NA NA NA
198.3+73.8
L-Proline (Pro) 166.7-384.4 97-254 110-417 127-292 82.5-319.3 97-150
(157.5-239.2)
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Present . Shapira, . , ) Uaariyapanichkul
Shih, et al. s Sickkids Wu et al. Svasti et al. 10
study et al. et al.
(Reference (Reference (Reference (Mean £ SD,
(2.5-97.5th (Reference (2.5-97.5th
Interval) Interval) Interval) 95% CI)
percentile) Interval) percentile)
191.1£90.5
Glycine (Gly) 209.0-597.5 154-338 232-740 299-782 76.6-376.3 300-414
(141.0-241.3)
278.7+101.6
L-Alanine (Ala) 218.7-511.2 142421 131-710 175-427 124.6-647.2 424-633
(222.4-334.9)
33.7435.8
L-Citrulline (Cit) | 10.3-69.7 8-36 10-45 9-44 5.2-23.6 13.8-23
(13.9-53.6)
alpha-amino-n-
13.3+12.8
butyric acid 9.8-41.6 3-24 8-24 7-42 NA NA
(6.2-20.4)
(Aaba)
160.3+£53.7
L-Valine (Val) 93.6-214.5 79-217 86-190 87-326 88.4-221.9 89.1-179.2
(130.5-190.1)
L-Cystine (Cys) 3.1-53.5 6-43 17-98 16-53 34.8-69.0 NA NA
L-Methionine 32+11.5
15.7-52.5 9-44 10-60 13-44 21.6-50.0 10.7-17.7
(Met) (25.6-38.4)
44.3+16.4
L-Isoleucine (Ile) | 22.4-94.9 12-77 26-91 25-129 26.5-89.9 NA
(35.1-53.4)
91.1+£27.2
L-Leucine (Leu) 68.1-165.7 46-147 48-160 46-165 53.2-169.4 511-703*
(76.0-106.2)
72.9+£29.9
L-Tyrosine (Tyr) 61.3-140.6 13-91 55-147 27-182 38.3-1194 74.1-114.4
(56.3-89.4)
L-Phenylalanine 53.6£13.3
33.1-63.8 25-74 38-137 49-107 21.7-69.8 50.3-70.1
(Phe) (46.2-61.0)
Ethanolamine
31.4-81.4 NA 0-115 23-110 NA NA NA
(Ethan)
53.1+£32.8
Ornithine (Orn) 79.3-224.6 41-129 48-211 82-365 0-157.2 124-185
(34.9-71.3)
109.6+55.1
L-Lysine (Lys) 115.7-305.9 69-200 92-325 90-319 80.2-231.5 NA
(79.1-140.2)
1-Methylhistidine
4.9-23.8 NA 0-43 0-20 NA NA NA

(1-Mhis)
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Present . Shapira, . , ) Uaariyapanichkul
Shih, et al. s Sickkids Wu et al. Svasti et al. 10
study et al. et al.
(Reference (Reference (Reference (Mean £ SD,
(2.5-97.5th (Reference (2.5-97.5th
Interval) Interval) Interval) 95% CI)
percentile) Interval) percentile)
27+17.5
L-Histidine (His) | 57.6-105.0 37-83 30-138 76-215 33.6-118.7 NA
(17.2-36.7)
L-Tryptophan 1.68+7.4
14.6-62.7 21-75 0-60 22-59 19.4-100.0 NA
(12.7-20.9)
3-Methylhistidine
4.1-8.6 NA NA 6-21 NA NA NA
(3-Mhis)
66+30.7
L-Arginine (Arg) | 14.1-103.4 7-128 6-140 2-118 42.3-148.2 5.6-14.7
(47.4-84.6)

*Leucine, isoleucine, alloisoleucine, and hydroxyproline could not be separated.

Discussion

Various techniques can measure plasma amino acid levels, including HPLC, IEC with post-
column ninhydrin derivatization, and tandem mass spectrometry (MS/MS). Previous studies in Thailand
used different analytical techniques. Sirichakwal et al.” (1999) employed IEC, Svasti et al.” (2001) utilized
HPLC, and Uaariyapanichkul et al.”’ (2018) applied MS/MS. A confirmation test following a positive
newborn screening, using a highly precise and reliable method, is essential. This study employed IEC with
post-column ninhydrin derivatization, which was a widely used technique in clinical laboratories.'” This
method offers high precision, reliable quantification, and effective separation of structurally similar amino
acids, such as leucine, isoleucine, and hydroxyproline, making it suitable for diagnostic applications. It is
also easier to use in clinical settings than HPLC because it follows standard procedures and doesn't need
as much method optimization. However, the key limitation of IEC is its lower throughput and longer
analysis time per sample. Although HPLC is highly precise, it requires extensive method optimization and
prolonged sample preparation. Therefore, it is less practical for routine use in confirmatory testing. In
contrast, MS/MS offers rapid analysis, high throughput, and minimal steps of sample preparation, making
it ideal for large-scale newborn screening programs. However, a limitation of MS/MS is its inability to
fully resolve structurally similar amino acids. Therefore, it is not suitable for confirmatory testing, where
precise differentiation is critical. Thus, IEC remains arobust choice for confirmation testing,

ensuring accurate amino acid quantification while addressing the limitations of alternative techniques.
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Differences in study populations further complicate comparisons. Our study focused exclusively
on neonates aged 48-72 hours, whereas Svasti et al.” included infants up to six months old,
and Sirichakwal et al.” examined individuals aged 1 to 45 years. Only Uaariyapanichkul et al." included a
subgroup matching the age range of our study andreported that several amino acid levels,
including leucine/isoleucine, glutamic acid, alanine, and glycine, were highest in neonates under four days
old and declined over time. This was a result of changes in hepatic enzyme activity, metabolic maturation,
and dietary intake, leading to significant variability in plasma amino acid levels with age. These age-
related metabolic changes highlighted the importance of using age-specific reference intervals for accurate
interpretation.

Several confounding factors might influence plasma amino acid levels in newborns, including
sample collection timing, dietary intake, and regional differences. Without standardized fasting protocol,
we collected our samples simultaneously with newborn screening, potentially affecting amino acids
sensitive to dietary intake. Similarly, the exact time of sample collection since the last feeding was not
mentioned in prior studies, contributing to variability in the results. Additionally, geographic and
demographic differences must be considered. While Svasti et al. and Uaariyapanichkul et al. conducted
their previous studies in Bangkok (Central Thailand), our study participants were from northeastern
Thailand.”’ Factors such as genetics, ethnicity, socioeconomics, maternal nutrition, and breastfeeding
practices could contribute to regional variations in plasma amino acid levels. These confounding factors
emphasized the necessity for population-specific reference intervals to improve diagnostic accuracy in
newborn screening programs.

Comparing our reference ranges with previously published data, branched-chain amino acids
(BCAAs), including leucine, isoleucine, and valine, as well as aromatic amino acids (AAAs), such as
tryptophan, phenylalanine and tyrosine showed minor differences in values. These amino acids are crucial
for the diagnosis of specific amino acid disorders. Among the essential amino acids, only the reference
range for threonine exceeded the ranges reported in other published studies.”” In contrast, the reference
ranges of nonessential amino acids showed more variability between studies, as these amino acids were
synthesized internally by the body rather than solely obtained from the diet. Glutamine, the most abundant
amino acid in humans”, exhibited the highest levels and widest reference range. Glutamine played a
crucial role in various metabolic processes, including protein synthesis, immune function, and serving as a
nitrogen donor in various biosynthetic pathways. These roles were particularly important during the early

stages of life because of rapid growth and cellular proliferation.I3 The glutamine level was significantly
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higher in small for gestational age infants due to increased energy consumption in low-birth-weight
infants.” This phenomenon was also observed in one of our participants, a full-term neonate with a birth
weight of 2,200 g, who demonstrated the highest glutamine level.

This study provided essential reference values for plasma amino acid levels specifically in Thai
neonates from the northeastern region. The findings serve as a critical resource for the diagnosis and
management of IEMs in this region, particularly at Srinagarind Hospital, the only Rare Diseases Center in
the region. Importantly, these data align with the recent expansion of the national health benefit package,
which now covers 24 groups of IEMs. However, it is important to note that in clinical practice, these
findings should always be interpreted in conjunction with the patient's clinical presentation rather than
being relied on solely.

The limitations of this study included a small sample size, a non-standardized fasting protocol,
and methodological differences that complicated comparisons with previous studies. Future studies should
include larger sample sizes, standardized fasting protocols, and longitudinal data to enhance the

applicability of reference values in clinical practice.

Conclusion

The reference values established in this study contributed significantly to the understanding of
normal plasma amino acid levels in northeastern Thai neonates and emphasized the necessity for localized
data in the diagnosis and management of IEMs. Additionally, longitudinal studies that track amino acid
levels beyond the neonatal period could provide insights into the metabolic adjustments that occurred as

infants grow, further refining the reference ranges for clinical use.
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Association between corrected anion gap and mortality in pediatric critical illness
Kantimas Sitthikool
Department of Pediatrics, Queen Sirikit National Institute of Child Health, Rangsit College of Medicine,

Rangsit university

Abstract

Background: The predictor for mortality in pediatric intensive care units (PICU) is crucial for improving
the outcomes of patients. Corrected anion gap is traditionally a biomarker and simple to perform. It has
been used as a predictive factor in critically ill adult patients. However, there is a lack of data related to
pediatric patients.

Objectives: To investigate the association between corrected anion gap and mortality.

Methods: This observational study was conducted among children aged between 1 month and 15 years
admitted to the PICU at Queen Sirikit National Institute of Child Health. Baseline characteristics and
medical comorbidities were reviewed. Laboratory variables (pH, base excess, electrolyte, albumin, anion
gap, corrected anion gap, and lactate) were measured at the time of admission.

Results: A total of 235 patients with a median age of 25 months were enrolled. The mortality rate was
3.8%. Patients were divided into the survivor and non-survivor groups. Age, gender, reason for admission,
and comorbidities were not different between the two groups. The non-survivor group had a significantly
higher PRISM III score (p value 0.023), corrected anion gap (p value 0.009), and lactate levels (p value
0.001).

In multivariate analysis, there was no association between the corrected anion gap and mortality.
Conclusions: The corrected anion gap was higher in the non-survivor group but had no significant
correlation with mortality.

Keywords: corrected anion gap, anion gap, mortality, predictive value, pediatric intensive care unit

o v J C4 o a Aa P S a
ﬂ’ﬂllf’fllwu’ﬁél]f’)\iﬂTﬂﬁWﬂ1ﬂiﬂﬂ]f’]\iﬂi’]SLSﬂmﬂll’ﬂuuli‘)i‘Ji‘JuLLﬂﬂLLﬁgf‘lﬁlﬁ‘c’l‘]ﬁl@lﬂluﬁﬂ’flﬂlﬂﬂ’lﬂ'ﬁ]ﬂ 17



Introduction

The Pediatric Intensive Care Unit (PICU) is a place for critically ill patients. The mortality rate
worldwide is between 2.6% and 37%.'~ Therefore, mortality prediction is important to improve the
quality of care in the intensive care unit.

The anion gap can be calculated from the assessment of serum electrolytes. It is an inexpensive,
easy-to-perform, and effective biochemical marker, commonly used to detect acid-base disorders. In a
state of severe illness, metabolism and changes in the circulatory system become abnormal, leading to
increased production of acid or reduced acid excretion from the body, which affects the body’s acid-base
balance and anion gap. However, interpreting the anion gap must be done with caution because the anion
gap may appear lower in patients with low albumin levels. A decrease in albumin by 1 gram/liter will
cause the anion gap to decrease by 0.25 millimoles/liter. Therefore, the anion gap will be more accurate if
the albumin value is included in the calculation, referred to as the corrected anion gap.4'6 A previous study
has shown that patients with a high anion gap are associated with an increased severity of disease.
Additionally, the anion gap could be used as a predictor of mortality.7'9 However, there is a lack of studies

investigating the predictive value of the corrected anion gap in critically ill pediatric patients.

Objectives

This study aimed to investigate the association between corrected anion gap and mortality.

Methods

This observational study was conducted in the Pediatric Intensive Care Unit (PICU) at Queen
Sirikit National Institute of Child Health (QSNICH) in Bangkok from November 2023 to October 2024,
The study aimed to analyze patients aged 1 month to 15 years admitted to the PICU. Patients who were
discharged or died within 24 hours of PICU admission, palliative care patients and insufficient medical
records were excluded from the study. The study was approved by the Institute's ethics committees.

On admission to PICU, baseline characteristics, PRISM III score and medical comorbidities were
assessed, including laboratory variables (pH, base excess, electrolyte, albumin, anion gap, corrected anion
gap, and lactate). The anion gap was calculated as Na - (Cl + HCO,), and the corrected anion gap value as

anion gap + [2.5 x (4 - albumin in g/dL)].

'
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Statistical analysis

Mean and median were analyzed for continuous variables, and percentage was used for
categorical variables. Chi-square tests were utilized for comparison between groups of categorical
variables. Kruskal-Wallis tests were used for non-normally distributed continuous data, and ANOVA was
used for normally distributed continuous data. Group differences associated with a p value of < 0.05
were considered statistically significant. Univariate logistic regression was used to test for unadjusted
association between factors and mortality. Multivariate logistic regression was used to test for associations
between factors and mortality after adjusting for potentially confounding covariates. Independent
variables with p value <0.1 in univariate models were incorporated as covariates into the multivariate

regression model. Statistical analysis was performed using SPSS Version 26 (SPSS Inc., Chicago, IL).

Results

The study was composed of 235 patients. The median age of the patients was 25 months (6-73),
and 57 % were male. The mortality was 3.8%. The reasons for PICU admission were respiratory failure
(57%), followed by septic shock (10.6%). Patients were divided into the survivor and non-survivor
groups. Baseline characteristics were shown in Table 1. Patients in the non-survivor group were older and
had a higher prevalence of comorbidities, including genetic, cardiovascular, and hematological diseases.
Respiratory problems were the most common diagnosis in both groups. However, sex, age, comorbidities,
diagnosis, and length of PICU stay were not statistically different between the two groups. PRISM III

score was significantly higher in the non-survivor group.

Table 1 Baseline characteristics

Variables Surviver group Non-survivor group p value
(n=226) (n=9)

Age (months), median (IQR) 25 (6-73) 45 (15.5-147.5) 0.154

Male, n (%) 127 (56.4) 6 (66.6) 0.544

Comorbidities, n (%)

(] Respiratory 16 (71) 0 (O) 0.505
® (Cardiovascular 22(9.7) 2(22.2) 0.084
® Neurological 30(13.3) 1(11.1) 1.000
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Variables Surviver group Non-survivor group p value
(n=226) (n=9)
® Hematological 10 (4.4) 2(22.2) 1.000
® Genetics 38(16.8) 3(33.3) 1.000
® Renal 5(2.2) 0(0) 1.000
® Others 5(2.2) 0 (0) 1.000
(diabetes  mellitus, obesity,
hypothyroidism)
Reason for PICU admission,
n (%)
® Respiratory 130 (57.5) 4(44.5) 0.550
® (Cardiovascular 12 (5.4) 2(22.2) 0.074
® Septic Shock 22(9.7) 3(33.3) 0.055
® Neurological 17 (7.5) 0 (0) 0.094
® Renal 73.1) 0(0) 1.000
® Eye Nose Throat 17 (7.5) 0 (0) 0.094
® Others 21(9.3) 0(0) 0.087
(post-arrest,  snake bite,
anaphylaxis, severe diabetic
ketoacidosis)
PRISM III admission, median (IQR) 4(2-7) 7 (4-16.5) 0.023
PICU length of stay (days), median 5(3-9) 6 (1-17.5) 0.984

(IQR)

Laboratory variables (pH, base excess, electrolyte, albumin, anion gap, corrected anion gap)
were measured in all recruited patients but lactate levels were assessed in 91 recruited patients. Base
excess, HCO, levels, and albumin levels were lower in the non-survivor group but no significant

difference. The non-survivor group had significantly higher anion gap, corrected anion gap, and lactate

levels, as shown in Table 2.

@
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Table 2 Laboratory profile in survivor and non-survivor groups

Variables Survivor group Non-survivor group p value
(n=226) (n=9)

pH 7.4 (7.30-7.42) 7.4 (7.11-7.50) 0.669

Base Excess (mEq/L), mean (SD) -2.1(7.41) -6.8 (10.35) 0.068

HCO, (mEqg/L), mean (SD) 23.3(7.7) 18.6 (8.54) 0.077

Albumin (g/dL), median (IQR) 3.7 (3.24-4.05) 3.2(2.47-4.01) 0.179

Anion Gap (mEg/L), median (IQR) 7.5 (4-10.6) 10.5 (7.85-15.95) 0.016

Corrected anion Gap (mEq/L), 8.4 (5.1-11.67) 12.5(9.75-18.46) 0.009

median (IQR)

Lactate (mmol/L), median (IQR) 1.8 (1.17-3.09) 6.0 (3.59-9.91) 0.001
(n=84) (n=7)

Table 3 Univariate and multivariate logistic regression model to test the association of mortality and

anion gap, corrected anion gap, PRISM III, and lactate.

Univariate Analysis Multivariate Analysis
odds ratio (95%CI) p value odds ratio (95%CI) p value
Corrected Anion Gap 0.89 (0.82-0.97) 0.015 0.94 (0.72-1.24) 0.698
PRISM 111 0.82 (0.72-0.93) 0.002 0.87 (0.76-1.00) 0.060
Lactate 0.71 (0.57-0.) <0.001 0.81 (0.64-1.01) 0.070

Univariate and multivariate analysis

Univariate analysis showed that corrected anion gap, PRISM III, and lactate levels were
associated with mortality with odds ratios of 0.89, 0.82, and 0.71, respectively. The multivariate logistic
regression model was adjusted by baseline differences and incorporating all potentially confounding
factors (with p < 0.1 in univariate logistic), including age, gender, underlying disease, base excess, and
albumin. There was no association between corrected anion gap, PRISM III, lactate levels, and mortality

(Table 3).
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Discussion

This observational study aimed to investigate the association between corrected anion gap and
mortality. All subjects were critically ill patients who were admitted to the PICU at QSNICH. The study
showed higher corrected anion gap levels in the non-survivor group during admission. However, there was
no association between the corrected anion gap and mortality.

Electrolyte imbalance and metabolic acidosis were common in critically ill patients. Thus, serum
anion gap was used to detect those conditions. Several adult studies indicated that anion gap was
associated with the outcome and had prognostic value for mortality in critical illness such as
pneumococcal bacteremia, acute myocardial infarction chronic,” major vascular injury,]0 sepsis,”_]2
chronic obstructive pulmonary disease,” COVID-19, asthma,” acute kidney injury,16 cerebral
infarction, and acute pancreatitis.18 In contrast, few pediatric studies were focusing on corrected anion
gap and mortality.

We found that the non-survivor group was older and admitted with respiratory failure. A similar
previous study reported that patients died in an age range of 2 to 9.8 years and were commonly admitted
with respiratory failure.” Genetic diseases had the highest prevalence of underlying diseases in the study.
In contrast, the study by Uzunay BG reported a higher proportion of oncological diseases.'” The mortality
rate in this study was 3.8%, which differs from the previous studies reporting an in-hospital mortality rate

9,19-21

of 8.6-75.8%. The reason might be attributed to lower initial PRISM III scores, causing less severe,
resulting in a low mortality rate in this study.

Regarding acid-base disturbance, the non-survivor group had lower levels of base excess, and
HCO, but no statistical significance. Kim MJ indicated that base excess and HCO, were significantly
lower in the non-survivor group.9 However, a small number of non-survivors in this study might affect the
validity of statistics. Patients in the non-survivor group had a significantly higher corrected anion gap.
This finding aligned with previous studies.” "

The multivariate logistic regression analysis was used to find the association between the
corrected anion gap and mortality, adjusted by baseline differences and incorporating all potentially
confounding factors. The result showed that the corrected anion gap was not associated with mortality,
which contrasts with the previous studies. A case in point was Kim et al.’s work, in which the corrected
anion gap was associated with mortality, and the cutoff value of more than 18 mEqg/L could be a

predictive factor for mortality (AUC = 0.72).” However, there were a variety of cutoff points of corrected

anion gap to predict mortality. Abootty S demonstrated that the corrected anion gap > 10.5 mEq/L had
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89% sensitivity and 76% specificity in predicting mortality.20 In another study, a corrected anion gap >
18.93 mEq/L was found to increase mortality.19 Meanwhile, research by Afify MF discovered the cutoff
point of corrected anion gap > 42.1 (57.37% sensitivity and 70.25% speciﬁcity).21 These findings suggest
that cutoff, sensitivity, and specificity values were varied across studies depending on the population, the
reason for admission, and the patient’s severity scores. Our findings differred from previous studies,
which could be attributed to a low mortality rate, fewer patients with metabolic acidosis, less severe
diseases, and a small sample size.

Limitations to this study were (1) The low mortality rate might affect the validity and statistical
power, thus, a larger sample size would improve the result (2) The study was conducted at a single center
which limited the generalizability of the findings to other settings. To overcome these limitations, future
studies should be conducted in multi-centers, enabling more comprehensive understanding of the

predictive value of the corrected anion gap in a broader population.

Conclusion

The non-survivor group had significantly higher PRISM III scores and lactate levels. While the
corrected anion gap was higher in the non-survivor group, it showed no significant correlation with
mortality. However, we may suggest to use acid base disorder to tricker of effective management in

critically ill children.
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A retrospective study on the impact of prenatal amphetamine exposure on child development under
five years of age
Thidarat Pankaew ', J itraporn Pattamanukul :
: Developmental and Behavioral Pediatrician, Department of Pediatrics, Uttaradit Hospital, Uttaradit,
Thailand

? Registered nurse (RN), Department of Pediatrics, Uttaradit Hospital, Uttaradit, Thailand

Abstracts

Background: Amphetamine use within families can impact various aspects of child development, especially
when exposure occurs in utero. However, data on its long-term effects remain limited, necessitating further
research.

Objectives: To examine the impact of maternal amphetamine use during pregnancy on early childhood
development, focusing on its association with developmental delays in gross motor, fine motor, receptive
language, expressive language, and personal-social skills.

Method: This retrospective study utilized medical records from Uttaradit Hospital, focusing on children registered
in Uttaradit Province between October 1, 2017, and September 30, 2022. Data were collected using the
Developmental Surveillance and Promotion Manual (DSPM) from the Uttaradit Health Data Center (HDC).
Statistical comparisons were made using risk regression under Poisson distribution, presenting effect sizes with
risk ratios across five developmental domains.

Results: A total of 8,453 infants received care at Uttaradit Hospital, with 6,860 having DSPM records in the HDC.
The children were divided into two groups based on their mothers' amphetamine use history: 6,798 children
whose mothers had no history of use, and 62 children whose mothers had a history of use (48 tested positive for
amphetamines in urine, and 14 tested negative). Infants born to mothers with a history of amphetamine use
exhibited significantly lower birth weights and developmental delays in the DSPM at 9 months. Additionally,
children whose urine did not test positive for amphetamines at birth demonstrated significant developmental
delays (3.31-7.33 times) across all domains compared to the group with mothers without a history of use. On the
other hand, infants with positive urine tests at birth showed significant delays in fine motor skills, expressive
language, and personal-social skills.

Conclusion: The study highlights that children born to mothers with a history of amphetamine use demonstrate
significant developmental delays at 9 months of age, even when initial urine tests for amphetamines are negative.

Keywords: Amphetamine, DSPM, Development, Pregnancy, Prenatal Amphetamine
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Introduction

Amphetamine, a synthetic non-catecholamine sympathomimetic amine, was first discovered in
the United States about a century ago. It exerts psychostimulant effects on the sympathetic nervous
system, enhancing alertness and concentration. Initially, amphetamine was widely used, but it later
became a controlled substance due to its potential for both therapeutic benefits and harm.
Lisdexamfetamine, a prodrug of d-amphetamine, is the first of its kind approved for the treatment of
attention deficit hyperactivity disorder (ADHD) and narcolepsy in children, adolescents, and adults in the
United States.

In Thailand, amphetamine is classified strictly as an illegal substance. Historically, laborers
commonly consumed it in tablet form. Over time, modifications to its chemical structure enhanced its
psychotropic effects while reducing cardiovascular side effects, resulting in methamphetamine, which
remains a significant public health issue today.

An alarming trend is the increasing use of amphetamines by pregnant women."” Infants born to
mothers who used amphetamines during pregnancy frequently exhibit a range of neonatal complications,}

including low birth weight, intrauterine growth restriction, preterm birth, respiratory distress,
microcephaly, and Neonatal Abstinence Syndrome (NAS), depending on the half-life of the drug (48-60
hours for methamphetamine).9’10 Systematic effects on newborns include impacts on the nervous,
gastrointestinal, and respiratory systems. Furthermore, mothers who use amphetamines during pregnancy
often exhibit delayed or inadequate prenatal care, are more likely to have multiple pregnancies, and are at
greater risk for severe maternal morbidity and mortality, including gestational hypertension and
preeclampsia with severe features.”""

Long-term studies have followed children exposed to amphetamines in utero through ages 8 and
14."" These studies have found significant associations between maternal amphetamine use (both in
quantity and duration) and adverse psychological outcomes, including aggressive behavior, adjustment
difficulties, and impaired growth in various domains. While maternal amphetamine misuse is likely linked
to neurodevelopmental deficits, it remains unclear whether these outcomes are due to amphetamine
exposure itself or related familial factors,m’]5 such as the increased risk of child abuse (physical,
emotional, neglect, and sexual) in mothers who use methamphetamines during pregnancy.

Children born to mothers who use amphetamines are at higher risk for congenital abnormalities
and suboptimal care, which may hinder their development. Given that child development is a critical

predictor of the quality of the future population, developmental disorders increase the likelihood of
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academic difficulties, substance abuse, and risky adolescent behaviors, such as unprotected sex, teenage
pregnancy, accidents, and violence. These risks further predispose individuals to mental health problems,
psychiatric disorders, and chronic physical illnesses in adulthood. Once these issues arise, they are often
difficult and costly to address, making early intervention crucial, particularly during brain development in
the first 5-6 years of life.

Further research is needed to fully assess the long-term developmental consequences in children
prenatally exposed to amphetamines. This study aimed to examine the impact of maternal amphetamine
use during pregnancy on early childhood development, focusing on its association with developmental

delays in gross motor, fine motor, receptive language, expressive language, and personal-social skills.

Methods
Design

This study employed a retrospective design to investigate prognostic factors associated with
developmental outcomes in children. Data were systematically collected from the Child Development
Promotion Project in honor of Her Royal Highness Princess Maha Chakri Sirindhorn, commemorating
Her Majesty’s five-cycle celebration on April 2, 2015.
Setting

Data were obtained from the medical records of pediatric patients born or receiving neonatal care
at Uttaradit Hospital, Thailand, between October 1, 2017, and September 30, 2022. Eligible participants
were those with a registered address in Uttaradit Province and at least one documented developmental
assessment using the Developmental Surveillance and Promotion Manual (DSPM) conducted by medical
personnel aged 9, 18, 30, 42, or 60 months. Patients were excluded if no DSPM data were available in the
Health Data Center (HDC) of Uttaradit Hospital.
Definition

Amphetamine-related history referred to children whose mothers had a positive urine test for
amphetamine during pregnancy or who self-reported amphetamine use during pregnancy despite negative
urine results. It also included mothers diagnosed with amphetamine dependence or abuse (ICD-10 code:
F15) based on medical records. At birth, the presence of amphetamine in the child’s urine might or might

not have been detected.
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Positive urine amphetamine referred to children who had detectable levels of amphetamine in
their urine at birth.

Negative urine amphetamine referred to children who had no detectable levels of amphetamine
in their urine at birth.

No amphetamine-related history referred to children whose urine was not tested for
amphetamine at birth and whose mothers had no reported history of amphetamine use or a diagnosis of
amphetamine abuse.

Data collection

Clinical information collected for each patient included gender, age, date of birth, birth weight,
and maternal age. Developmental data were assessed using the Developmental Surveillance and
Promotion Manual (DSPM) across five domains: gross motor development, fine motor development,
receptive language development, expressive language development, and personal-social development. The
overall developmental outcomes were also recorded.

This study was approved by the Human Research Ethics Committee of Uttaradit Hospital (Project
No. 15/2023) and the Uttaradit Provincial Public Health Office (UPHO REC No. 060/2566).

Sample size and statistical analysis

Based on the assumption that developmental delays would be observed in 60% of children born to
mothers with a history of amphetamine use and in 20% of children born to mothers without such a history,
a two-sided test with a significance level of 0.05 and a power of 0.80 was used. The ratio of children with
and without a maternal amphetamine history was set at 1:136. Using these parameters, the required
sample size was calculated to be 45 in the exposed group (amphetamine-related history) and 6,120 in the
unexposed group (no amphetamine-related history). To account for a 10% rate of incomplete data, the
final sample size was adjusted to 50 cases in the exposed group and 6,800 cases in the unexposed group.
Sample size calculation was performed using Stata version 16.1.

Continuous variables were reported as means with standard deviations (SD), and categorical
variables were presented as percentages. Statistical comparisons were made using risk regression based on

the Poisson distribution, with effect sizes reported as risk ratios (RR).
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Results

Children received neonatal care
at Uttaradit Hospital

(n=8,453)

Exclusion criteria

\ 4

no Uttaradit HDC data

(n=1.563)

Children received neonatal care at Uttaradit Hospital

with Uttaradit HDC data

(n=6,860)

\ 4

Children with

amphetamine-related history mother

\ 4

Children with out
amphetamine-related history mother

(n=6,798)

(n=62)
v 4
Negative urine Positive urine
amphetamine amphetamine
at birth at birth

Figure 1 Study flow diagram

Total of 8,453 children were born or received neonatal care at Uttaradit Hospital, residing in

Uttaradit Province, between October 1, 2017, and September 30, 2022 (over the past five fiscal years). Of
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these, 6,860 children (81.2% ) had recorded developmental surveillance data in the Health Data Center

(HDC) in Uttaradit Province (Figure 1).

Table 1 Demographic data

Amphetamine-related history

Characters Related history No history p value
n=62 n=6,798
n (%) n (%)

Male 32(51.6) 3,561 (52.4) 0.766

Birthweight (g, mean+SD) 2,594.4+576.3 3,044.4+470.4 <0.001**

Maternal age (yr, mean+SD) 29.7+7.8 28.1+6.4 0.258

*p value < 0.05, **p value <0.001

There were no significant differences in maternal age and gender between groups. However,
children born to mothers with a history of amphetamine use had significantly lower birth weights

compared to those born to mothers without such a history (Table 1).

Table 2 Interpretation of development by DSPM

Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 9 months n=24 n=1,891
Normal surveillance 13 (54.2) 1,382 (73.1) reference
Abnormal surveillance 11 (45.8) 509 (26.9) 0.036
Gross motor delay 2(8.3) 62 (3.3) 0.026
Fine motor delay 7(29.2) 111 (5.9) <0.001
Receptive language delay 3 (12.5) 43 (2.3) 0.005
Expressive language delay 3 (12.5) 35(1.9) <0.001
Personal-social delay 3(12.5) 28 (1.5) 0.002
Unspecified 11 (45.8) 469 (24.8) 0.044
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Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 18 months n=34 n=2,208
Normal surveillance 17 (50.0) 1,533 (69.4) reference
Abnormal surveillance 17 (50.0) 675 (30.6) 0.008
Gross motor delay 0(0) 22 (1.0) 1.000
Fine motor delay 4(11.7) 67 (3.0) 0.023
Receptive language delay 3 (8.8) 119 (5.4) 0.355
Expressive language delay 1 (2.9) 72 (3.3) 1.000
Personal-social delay 1(2.9) 55(2.5) 0.580
Unspecified 17 (50.0) 641(29.1) 0.005
Age 30 months n=18 n=2,353
Normal surveillance 10 (55.5) 1,728 (73.4) reference
Abnormal surveillance 8(44.4) 625 (26.6) 0.192
Gross motor delay 0(0) 24 (1.0) 1.000
Fine motor delay 1(5.5) 38 (1.6) 0.259
Receptive language delay 1 (5.5) 69 (2.9) 0.418
Expressive language delay 0 (0) 62 (2.6) 1.000
Personal-social delay 0(0) 67 (2.8) 1.000
Unspecified 8 (44.4) 613 (26.0) 0.121
Age 42 months n=15 n=2,130
Normal surveillance 12 (80.0) 1,556 (73.1) reference
Abnormal surveillance 3(20.0) 574 (26.9) 0.708
Gross motor delay 0(0) 10 (0.5) 1.000
Fine motor delay 1(6.7) 67 (3.2) 0.384
Receptive language delay 0 (0) 89 (4.2) 1.000
Expressive language delay 0 (0) 52(2.4) 1.000
Personal-social delay 0(0) 62 (2.9) 1.000
Unspecified 2(13.3) 555(26.1) 0.629
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Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 60 months n=4 n=1,083
Normal surveillance 3(75.0) 897 (82.9) reference
Abnormal surveillance 1(25.0) 186 (17.1) 0.237
Gross motor delay 0(0) 3(0.3) 1.000
Fine motor delay 0(0) 9(0.8) 1.000
Receptive language delay 0 (0) 24 (2.2) 1.000
Expressive language delay 0 (0) 31(2.8) 1.000
Personal-social delay 0(0) 31(2.8) 1.000
Unspecified 1(25.0) 180 (16.6) 0.228

Fisher’s Exact Test

At 9 months, children born to mothers with a history of amphetamine use exhibited significantly
more frequent abnormal surveillance compared to those without such a history (45.8% vs. 26.9%, p value
0.036) ( Table 2). Specific developmental delays were observed, with gross motor delay being more
common in the amphetamine-related history group (8.3% vs. 3.3%, p value 0.026) and expressive
language delay (12.5% vs. 1.9%, p value <0.001) (Table 2).

At 18 months, the trend of developmental delays persisted. Abnormal surveillance remained
significantly higher in children with a maternal history of amphetamine use (50.0% vs. 30.6%, p value
0.008). Fine motor delays were more frequent in the amphetamine-related group (11.7% vs. 3.40 %, p
value 0.023) (Table 2).

At 30, 42, and 60 months, no significant differences in abnormal surveillance or developmental

delays were observed between the two groups across the various developmental domains.
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Table 3 Effect of maternal amphetamine use on children under 5 years old in 5 domains of development,

and mothers without a history of amphetamine use.

Domain Negative urine amphetamine Positive urine amphetamine
N=14 N=48
OR 95% CI p value OR 95% CI p value
Gross motor 6.14 1.51, 25.00 0.011 NA NA 0.984
Fine motor 4.40 1.41,13.75 0.011 410  2.11,7.98 <0.001
Receptive language  3.31 0.82,13.30 0.092 1.56  0.58,4.18 0.380
Expressive language 7.33 2.34,22.93 0.001 0.60  0.08,4.27 0.608
Personal Social 4.83 1.20, 19.45 0.027 1.28  0.32,5.17 0.726

tmOR: multivariable Odds ratio

The five developmental domains in children of mothers with a history of amphetamine use, and
children whose mothers had no amphetamine-related history was analyzed in Table 3.

A significant association was found between negative urine amphetamine and gross motor skills
delays (mOR 6.14, 95% CI 1.51-25.00, p value 0.011), while no significant association was observed with
positive urine amphetamine results (mOR NA, p value 0.984).

Both negative (mOR 4.40, 95% CI 1.41-13.75, p value 0.011) and positive urine amphetamine
results (mOR 4.10, 95% CI 2.11-7.98, p value <0.001) were significantly associated with fine motor skills
delays.

There was no significant association for either negative (mOR 3.31, 95% CI 0.82—13.30, p value
0.092) or positive urine amphetamine (mOR 1.56, 95% CI 0.58-4.18, p value 0.380) with the receptive
language delay.

A significant association was found in negative urine amphetamine with expressive language
delay (mOR 7.33, 95% CI 2.34-22.93, p value 0.001), but not in positive results (mOR 0.60, 95% CI
0.08-4.27, p value 0.608).

Significant personal social skills delays were observed in children of mothers with negative urine
amphetamine (mOR 4.83, 95% CI 1.20-19.45, p value 0.027), while no association was observed with

positive results (mOR 1.28, 95% CI 0.32-5.17, p value 0.726).
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Discussion

This study found that children born to mothers with a history of amphetamine use were more
frequently delayed than children born to mothers without such a history. These results are consistent with
previous research'® that suggests that prenatal amphetamine exposure may have transient effects on gross
motor development but have little effect on early life behavior and executive function. Our results indicate
that infants are delayed in gross motor development at 9 months of age, but not significantly delayed after
18 months of age. However, further studies are needed.

Studies have reported structural brain abnormalities in children exposed to amphetamines in
utero, including reductions in cortical gray matter volume, which may indicate characteristics associated
with substance dependence.17 There have also been reports of congenital malformations, such as
gastroschisis,3 as well as behavioral and cognitive impairments in animal models, potentially linked to
dysfunction in hippocampal synaptic function."

One notable case in this study involved a preterm infant, born at 24 weeks of gestation (Ballard
score) with a birth weight of 730 grams, who was diagnosed with schizencephaly. However, since
structural brain anomalies were not systematically examined across all cases, the significance of this
finding remains uncertain.

Animal studies have provided additional insights into the impact of amphetamine exposure on
offspring. Research suggests that both maternal and paternal amphetamine use can negatively affect
neurological and reproductive functions. Paternal amphetamine use’ before conception has been linked
to impaired intelligence in offspring, while maternal amphetamine use” is associated with disrupted
ovarian function, oocyte maturation, and fetal development. Furthermore, studies in pregnant sheep22 have
demonstrated significant cardiovascular effects in both mothers and fetuses, highlighting the rapid
placental transfer of amphetamines and their prolonged clearance from the amniotic fluid.

In this study, many mothers also reported a history of drug use by the fathers, which may have
affected sperm quality and contributed to developmental abnormalities in their children. Additionally, case
reports23 suggest that children prenatally exposed to amphetamines require significantly higher public
healthcare expenditures. However, due to ethical constraints, direct research on the effects of
amphetamines during pregnancy remains limited. Moreover, self-reported data from substance users are
often unreliable due to legal and social stigmatization.

The existing literature indicates that women who use amphetamines frequently experience

multiple unplanned pregnancies with different partners and often lack adequate prenatal care.’ Notably,
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these characteristics overlap with those of women with undiagnosed ADHD, a population at increased risk
for early sexual activity, teenage pregnancies, and sexually transmitted diseases. Early diagnosis and
appropriate treatment of ADHD could potentially reduce amphetamine misuse and improve both maternal
and fetal health outcomes.

Importantly, therapeutic doses of ADHD medications, including amphetamines,24'25 have not been
associated with adverse fetal effects. Some evidence™ also suggests that medications such as
methylphenidate may help reduce amphetamine use disorder. Further research is necessary to explore the
potential benefits of ADHD treatment in this population as a strategy to mitigate amphetamine abuse and
improve child developmental outcomes.

One notable finding was that children whose mothers had a history of amphetamine use but
whose newborns tested negative for amphetamines in their urine exhibited the most developmental delays.
This might be due to less rigorous follow-up in the negative urine group compared to the positive urine
group. Additionally, there was qualitative evidence suggesting that some caregivers might have concealed
information by not submitting urine samples during the newborn period, which could have affected
follow-up data. If such information was concealed early on, other developmental concerns might also be
underreported.

In terms of child development, children whose mothers had a clear history of amphetamine use
showed delays at 9 months, but some showed improvements with age. However, the cause remained
unknown. These children allowed ongoing follow-up to fully understand long-term outcomes.

This study had some limitations. Being a retrospective study, some information was incomplete
or missing. Data was collected by various personnel, including doctors, nurses, psychologists, and public
health officers, using the same manual. However, there were variations in evaluations. In the earlier years,
such as 2017, some personnel misunderstood or incompletely recorded information, resulting in
inaccuracies, such as misclassification of developmental delays or missing details. Children of mothers
who used amphetamines are often difficult to track due to neglect, family resistance, or safety concerns for
medical personnel, making comprehensive follow-up challenging. The developmental surveillance over
the 5 fiscal years included children of different ages, leading to inconsistencies in the number of DSPM
(Developmental Surveillance and Promotion Manual) assessments. Very few children of maternal
amphetamine use had assessments at 60 months of age. The exact dosage, duration, and timing of
amphetamine use were difficult to determine due to reliance on potentially inaccurate self-reported data,

complicating clear correlations with developmental outcomes.
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The strength of this research lied in its large dataset of child development surveillance across
Uttaradit Province, facilitated by medical personnel. This allowed for fast and broad data processing,
saving time compared to individual case tracking from birth to five years. Nevertheless, a prospective

cohort study is recommended to obtain more comprehensive data.

Implications for Practice

The findings should inform the development of guidelines in Thailand aimed at preventing
maternal amphetamine use during pregnancy. These guidelines should emphasize the potential harm to
child development, even if amphetamines were not detected in the newborn’s urine. Both groups, positive

and negative urine amphetamines, required close and long-term developmental monitoring.

Conclusion

Children born to mothers with a history of amphetamine use were at an elevated risk of
developmental delays, particularly in gross motor, fine motor, and expressive language skills during the
early years of life (9 and 18 months). These differences were no longer significant by 30 months.

The findings emphasize that maternal amphetamine use, regardless of whether the child tests
positive at birth, could have detrimental effects on early development. Raising awareness and providing
education on the harmful impact of amphetamines could reduce long-term societal and healthcare costs
while protecting future outcomes for children and society. Further research was needed to explore the

specific effects of varying levels of amphetamine exposure on different developmental domains.
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Abstract

Background: Neonatal jaundice affects approximately half of all term infants. According to the American
Academy of Pediatrics (AAP), the guidelines for treating neonatal jaundice were updated in 2022,
prompting hospitals to implement these changes beginning January 1, 2023.

Objective: To study the outcomes of neonatal jaundice after changing the Clinical Practice
Guidelines from year 2004 to year 2022

Methods: A retrospective study was condueted by revieweing the medical records of 3,000 infants born
between January 1, 2022, and March 31, 2024. The participants were divided into two groups: 1,500
infants born before January 1, 2023, who received treatment according to the 2004 guidelines, and 1,500
infants born after January 1, 2023, who followed the 2022 treatment guidelines. The jaundice levels of the
infants were assessed by measuring microbilirubin levels from heel prick blood tests.
Results: The duration of hospital stay of infants treated according to the 2004 guidelines (n=1,500)
and the 2022 guidelines (n=1,500) were 3.4+1.3 days and 3.2+1.0 days, respectively (p value
<0.01). The rate of readmission due to jaundice was consistent for both groups at 1.5% (p value 1.00).
The rates of phototherapy were 18.2% and 15.3% for the group using the 2004 guidelines and the 2022
guidelines (p value 0.40). The rates of blood exchange therapy were minimal in both groups
(p value 1.00).

Conclusion: Implementation of the 2022 AAP guidelines, which raised bilirubin thresholds for initiating
phototherapy and exchange transfusion, resulted in shorter hospital stay without increasing readmission
rates or the need for intensive treatments.

Keywords: Neonatal jaundice, American Academy Of Pediatrics 2022 (AAP 2022), phototherapy

threshold, exchange transfusion
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Associated factors for surgical management in preterm neonate with definite necrotizing
enterocolitis
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Abstract

Background: Necrotizing enterocolitis ( NEC) is a devastating disease of gastrointestinal tract in
premature infant. The early identification of predicting factors of NEC stage III with surgical intervention
might lead to timely intervention and an improved prognosis.

Objective: To identify associated factors for predicting NEC stage III in premature infants with definite
NEC.

Method: This retrospective study included 131 premature infants < 37 weeks gestation diagnosed with
definite NEC at Maharat Nakhon Ratchasima Hospital between 1 January 2017 and 31 December 2021.
Clinical characteristics, laboratory parameters, and clinical outcomes were collected. Multivariable
logistic regression was performed to define predicting factors of NEC stage I11.

Results: Of the 131 infants in this cohort, 38 infants were diagnosed with NEC stage III. The significant
predicting factors of NEC stage III were the platelet count on the first day of diagnosis, with a cut-off
value of < 100,000 /cu.mm. (OR 6.0, 95%CI 1.2 — 30.1), serum albumin on the first day of diagnosis, with
a cut-off value of < 2.8 g/dL (OR 4.9, 95% CI 1.1 — 21.4), and APGAR score at 5 minutes < 7 (OR 8.5,
95%CI 1.1 — 69.7). The mortality rate in NEC stage III was 58%.

Conclusions: Associated factors of NEC stage III were thrombocytopenia and hypoalbuminemia on the
first day of diagnosis and low APGAR score at 5 minutes.

Keywords: Associated factors, necrotizing enterocolitis, preterm, surgical intervention
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ANHULNIIAAHNN, n (%) NEC III NEC I p value
o Y o Y
U (F810%) UIU (S981%)
N =238 N=93
01gA534 (d1A1%), mean+SD 28.7+2.9 30.542.8 0.001
UIHN (M5Y), mean+£SD 1,064.8+369.6 1,390.7+446.5 <0.001
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anBUZNIAAUN, n (%) NEC III NEC II p value
N Gewaz) NI (Gewaz)
N=38 N=93

IWAT: 18 25 (66) 53 (57) 0.43
owa: Ing 37 (97) 93 (100) 0.29
AzATIALAA 12 (32) 19 (20) 0.18
APGAR score, mean+SD

- i 47425 6.4+2.5 <0.001

s 7.342.6 8.6+1.6 <0.001

~ o 7.9 +1.6 9.2+1.1 <0.001
5MINa0A

- NNFOINADA 15 (39) 34 (37) 0.83

- WAAnaen 23 (61) 59 (63)
AZIMI e UYAIZAIRT A

- RHNY 1(3) 5(5) 0.29

- anuaulaiaga 7 (18) 14 (15)

~ Aaido 17 (45) 27 (29)

- Bug 10 (26) 41 (44)
M3 IdsvnaResesanounase 27 (71) 73 (78) 0.37
m3lasuenl§Fiuznounaon 14 (37) 44 (47) 0.33
919VUINA NEC (3U), mean+SD 17.3+13.6 14.9+12.7 0.33
91gATINUULIAA NEC, PMA 312434 32.642.9 0.01
(& ‘]J?]Tﬁ), mean+SD
hsPDA 26 (68) 30 (32) <0.001
iiaveauui 145y

- UNWITN 16 (53) 29 (55) 1.0

- UNRANGATMIIINANDY 14 (47) 24 (45)
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anBUZNIAAUN, n (%) NEC III NEC II p value
N Gewaz) NI (Gewaz)
N =38 N=93
mqﬁ”lﬁ’”uum%y’miﬂ (M), mean+SD | 3.444.3 3.0£7.2 0.77
anvaENINTNes
- msiuduseniaites > 2 38 (100) 91 (98) 1.0
W)
- miamiieauas 3(8) 1(1) 0.07
- itideundoulnad1d 23 (61) 23 (25) <0.001
ANHUTNNNNGIT
- bowel ileus 15 (39) 84 (90) <0.001
- pneumatosis intestinalis 5(13) 83 (89) <0.001
- portal vein gas 0(0) 1(1) 1.0
- ascites 18 (47) 0(0) <0.001
- pneumoperitoneum 16 (42) 0(0) <0.001
WAz Mudoadue 6 (26) 4(7.4) 0.06
Pnauiiabonnd (cells/cu.mm.),
mean+SD
- Suusniiinese 14,714.3+13,804.5 13,606+10,454 0.63
- Suilewiiatiese 11,327.6+7,369.9 12,860+12,173.8
YSuaundadon (eu.mm.),
mean+SD
- Fuusnisiiese 109,000+103,982.2 280,583.3+138,018.7 <0.001
C uRawisiies 74,182.76+43,709.6 230,000+148,429.2 <0.001
- Snandadoatuusn 22 (57.9) 9(9.7) <0.001
< 100,000 /cu.mm.
szau TumSveILN (mmol/L),
mean+SD
- Fuusnisiiese 24.2+6.3 26.9+4.4 0.009
-~ AuRawisiiese 27.146.9 27.9+4.9 0.53
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anBUZNIAAUN, n (%) NEC III NEC II p value
N Gewaz) NI (Gewaz)
N=38 N=93
ANTONLAY CRP (mg/L),
mean+SD
- Suusniiinese 55.6+51.8 14.4433.9 <0.001
- Fufimwititedy 43.3434.7 5.949.9 0.003
seavoayiulu@on (g/dL),
mean+SD
- Suusniiifiae 2.540.5 3.1£0.5 <0.001
- Suitewiatied 2.3+0.4 2.9+0.4 <0.001
- szAugayiinluiuusn 22 (57.9) 16 (17.2) <0.001
<28 g/dl
1@5umsenda
-y 34 (89) 0(0) <0.001
- i 4(11) 93 (100)
AN NGOU
- Stricture/adhesion 9(24) 0(0) <0.001
- Short bowel syndrome 5(13) 0(0) 0.002
- Anastomotic complication 2(5) 0(0) 0.083
HAaNT
- 1 AeFIn 22 (58) 3(3.2) <0.001

NEC, necrotizing enterocolitis; PMA, postmenstrual age; hsPDA, hemodynamically significant patent

ductus arteriosus; CRP, c-reactive protein
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0.04) 1A Area Under Curve (AUC) = 0.84 Tagiia1 cut-off Ao ANAAIA0ANTT08771 100,000 /cu.mm.

=1

A0 sensitivity §08a2 89.3 1Az specificity 30882 60.0 szavusayiulu@onaluiui 1 #itde Tasl

OR 4.9 (95%CI 1.1 — 21.4, p value 0.03) fi1 AUC = 0.80 Ta#iif1 cut-off Ao 5zAUSAYLUNAII 2.8

o/dL A8 sensitivity 3980 77.3 @3U specificity $08a% 75.0 azATLUY APGAR 1179 5 Tasdi OR 8.6

(95%CTI 1.1 — 69.7, p value 0.04)

Aoy o o

M519N 2 JadsndunusnU

M3tAA NEC stage I Tudile 1850n334i990 definite NEC

anyAUSMINAUD NEC III NEC IT Unadjusted | p value | Adjusted | p value
1u (Gewaz) N=38 N=93 OR OR
91gA33a (A, 287+2.9 | 30.5:2.8 |42 0.001 | 2.38 0.32
mean+SD
i (n$1), mean+SD 1,064.8 1,390.7 4.9 0.005 1.55 0.71
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Factors affecting the severity of hypoxic-ischemic encephalopathy in
the neonatal intensive care unit
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Abstracts

Background: Hypoxic-ischemic encephalopathy (HIE) leads to brain injury and disability in newborns.
Other risk factors include fetal oxygen deprivation and intrapartum factors. Examining factors affecting
the severity of HIE will help improve the effectiveness of prevention, diagnosis, and treatment methods.
Objective: This study aimed to investigate the factors that influence the HIE in neonates admitted to the
neonatal intensive care unit (NICU).

Methods: A retrospective study was conducted by collecting data from medical records of newborns
diagnosed with HIE and admitted to the NICU. Data were analyzed using descriptive statistics and
Fisher’s exact tests. The relationships among different elements and HIE intensity were also identified.
Results: There was no statistically significant difference between the infants’ gender, mode of delivery,
maternal underlying diseases, birth weight, APGAR score at 5 minutes, pulse rate at 5 minutes, and the
type of ventilation. Statistically significant differences were found in infection (p value 0.003). Infants
with infection and shock were more likely to develop severe HIE.

Conclusion: Infection was a major factor influencing the severity of HIE in newborns.

Keywords: Hypoxic-ischemic encephalopathy, Infection, Infant, Neonatal intensive care unit, Risk factors
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Abstract

Background: Healthcare-associated infection (HAI) is a common complication in neonatal intensive care
unit (NICU) which is the important cause of mortality and morbidity in neonates.

Objective: To investigate the incidence rate of HAI, risk factor associated to HAI and the bacteriological
profile of micro-organisms affecting infection in NICU.

Method: A 1-year prospective cohort study collecting data in neonates admitted in NICU between August
20,2023 and August 20, 2024.

Results: Total population in this study were 624 neonates founded HAI 107 episodes, the incidence rate
of HAI was 17.2%. Risk factors associated with HAI were birth asphyxia (Apgar score at 5 min less than
7) (aHR 2.44, p value 0.03), umbilical venous catheter (UVC) insertion longer than 7 days (aHR 1.88, p
value 0.04) and longer length of stay (aHR 0.97, p value 0.02). Common types of infection were primary
bloodstream infection (35.5%), ventilator-associated pneumonia (22.4%) and central line-associated
bloodstream infection (17.8%). Organism was not detected 55.1%. The three most common pathogens
detected were Acinetobacter baumannii (24.3%), coagulase-negative staphylococcus (7.5%) and
Escherichia coli (3.1%), respectively.

Conclusion: The incidence rate of HAI in neonates admitted in NICU was 17.2%.

Keyword: healthcare associated infections (HAI), neonatal intensive care unit, risk factor, mortality in

neonate, bloodstream infection.
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* Birth asphyxia; PICC, peripherally inserted central catheter; UVC, umbilical venous catheter; UAC,

umbilical arterial catheter
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Abstract

Background: Pertussis affects people in all age groups and it is particularly severe in young children. The
pertussis vaccination rate in Pattani Province had been 73%, below the national average of 88%, and
continued to decline since 2022. Pertussis incidence has been on the rise since August 2023. Identifying
risk factors for hospitalization in pertussis may help in improving prevention and care.

Objective: To study risk factors for hospitalization in children with pertussis.

Methods: This exploratory prognostic factor research used a retrospective design. Pediatric patients (age
<15 years) diagnosed with pertussis in Pattani Province were enrolled from August 2023 to July 2024.
Clinical data from hospital charts were collected and reviewed. Patients were divided into children with
mild symptoms and those requiring hospitalization. Demographics, pertussis vaccination history,
symptoms and pneumonia (n, %, and mean = SD) were compared using the exact probability test and t-
test. Multivariable logistic regression was used to find the risk factors, and presented with multivariable
odds ratios (mOR).

Results: Of the 333 children with confirmed pertussis, 56.7% were male, with the mean age of 3.3 years
old. Pneumonia was present in 17.7%, and 42% of them required hospitalization. statistically significant
higher prevalence in children reguiring hospitalization included young age, fever, apneic spells,
paroxysmal cough, posttusive vomiting, pneumonia, leukocytosis (white blood cell, WBC >25,000
cells/cu.mm.), lymphocytosis (lymphocyte >60%) and thrombocytosis (platelet count >450,000/cu.mm.).
Multivariable analysis identified risk factors for hospitalization in children with pertussis included fever,
paroxysmal cough, pneumonia, lymphocytosis and thrombocytosis.

Conclusions: Children who had fever, pneumonia, lymphocytosis and thrombocytosis were at higher risk

for severe symptoms requiring hospitalization.

Keywords: pertussis, child, hospitalization, risk factor
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4 193 3 (22) 0 (0.0)

5 191y 1 (0.7) 4 @)
SzezINGUT0IMINOY 10.5 +82 11.6 +7.7 0.220

N153U9NY, (IU) mean+SD
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v Y
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Paroxymal cough / o
<
BTG
Whooping cough /
Toidlugantides
Posttussive vomiting /
= U
p1vounasle
Pneumonia / Y99
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81

24
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86

54

(57.9)

(17.1)

(97.1)

(32.1)

(61.4)

(38.6)
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(23.3)

(50.3)

(2.6)
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<0.001"

<0.001"

0.001"
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0.044"

<0.001"
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nquitldsusomndaly  ndufemsliguuss  pvalue
Tsanenuia n=193
n=140 11U Gowaz)
v Goway)

WBC (mean £ SD) 26,336 +£23,517 22,430 +£13,660 0.272
WBC > 25,000 cells/cu.mm. 83 (59.3) 8 (4.2) <0.001"
ANC (mean £ SD) 7,294 +£5,045 6,496 +6,592 0.445
ALC (mean + SD) 17,345 +15,132 14220 +20,576 0.242
Lymphocyte > 30882 60 109 (77.9) 18 (9.3) <0.001"
Platelet count (mean + SD) 478,231 +442,002 398,700 =+354,764 0.013"
Platelet > 450,000/cu.mm. 93 (66.4) 12 (6.2) <0.001"

* fianuuana 9egliied 1A yn19ena e p value < 0.05

WBC = white blood cell, ANC = Absolute neutrophil count, ALC = Absolute lymphocyte count

. o 4, o o <
5199 3 Tadadeanemsdeainsnuddlulsanewiaveslsalonsulu@n (univariate analysis)

OR 95%CI p value
Age / 91Y 0.94 0.88—1.00 0.039
Fever / 19 2.52 1.61-3.94 <0.001
Apneic spell / %’mnagu 4.23 1.90 —9.42 <0.001
Paroxysmal cough / "lﬂﬁdJu‘Igﬂ 5.77 1.98 —16.85 0.001
Posttussive vomiting / 91R8eUrad 1o 1.58 1.01 —2.45 0.044
Pneumonia / Yanaonteay 23.61 9.12-61.11 <0.001
Leukocytosis 33.67 15.37-"73.75 <0.001
(WBC> 25,000 cells/cu.mm.)
Lymphocytosis 34.18 18.24 — 64.06 <0.001
(lymphocyte >60%)
Thrombocytosis 29.85 15.10-59.00 <0.001
(platelet count >450,000/cu.mm.)
* fanuuanaeeduiiedfamadda e p value < 0.05
WBC = white blood cell

Tasudssronsdeadisnudlulsamnuiaveslsalensulufndansadamni

107



tdl 1 1 td'w Yo (% = ti' Y 1 1 t:' [
IMNAITNN 3 W‘U’Zﬂﬂ'(,j‘ll“V]ﬁ‘l]hl’)ﬁﬂ‘HW]'JGluiﬁx‘lWﬂTiﬂaiJﬂ1QmafJufJfJﬂ’J']ﬂtjiJ‘VlﬁHﬂiﬂiﬂ‘HW
9 =1 d‘ J U d' 9 [ Yo % 1 A o o W
LL‘U‘U@‘]J’J‘EJ‘L!@ﬂ Iﬂﬂll’fﬂfﬂi‘l/lW‘UQNﬂ’ﬂﬂluﬂi]i]‘ﬂﬂf)\ii“ﬂuhiﬂ‘ﬂW]’JGLHT'D'QWEJ'IUTQE)EJNNuﬂﬁWﬂﬂJu‘VIN
aa A Y Y Y g‘/ I = o a o 1 9
706 19 91YUDY llsll NI1TIINAU ”lmﬂmgﬂ mmaumuﬁmmﬁ"l@ wazmisidenoniausiuaie

Tuvg Ane 1aze1n13 whooping cough MiLANA1NY

a oA 1

Y T Ao Yo o 1 = a <
Waﬁi’)ﬂﬂ']\jﬁ@\iﬂaﬂﬁﬂ’liwuj Gluﬂ’@iJ‘l/li’Uuh’iﬂ‘lelmﬂuINWEJW‘Iﬂa wuanaslsuisma

1 o 1

] [ [ I~ a I~ a
deav luuanaeiu ualidadiuresn1zlaaen 1 Igunt 25,000 cells/cu.mm. HARoAY1IFIIA

[

a J VY = 3 A a ' 1 A o o
aﬂjwhl%ﬂQ'QNTﬂﬂ?Ti@ﬂag 60 HAZHNNICINAALADAGTIUNU 450,000/cu.mm. FINNVYNWUUITIAYNN

9

[

ADA AIA1T19N 3

9 w aa

v AA J ] =Y A A o a 4 @
flnﬂﬂfl]i]EWlllﬂ'J'liJ!mﬂ@]'l\i?]ﬂ'l\?lluﬂﬁ'lﬂﬂluﬂ'l\iﬁﬂ Glu@]’lﬁ’l\ﬁ/l 3 mauﬂﬂ’smiww l,l,llllﬂi]i]ﬂ
1 o ' o Aa Y A ! Y Y o o o <
fl"JﬂJWﬁ'IEJG]'JLL‘]Jﬁ ‘W'U'N‘]jﬁ]i]EJ‘V]SJLL‘L!'JIHSJLﬁﬂ\iﬁﬂﬂ'ﬁ@]@\u"lﬂﬁﬂfﬂiiﬂ‘]&l'lﬁi]cluTi\iWEJ'I“]J'IﬁGl,uLﬂﬂjﬁﬂ]lﬂ
Y 9 I @ < a a J [
nsu laun o1ms 14 leidluge deasniau nnzidadeavnatiady T ledgs naznzindadengs

o d'
PNAT NN 4

a o A 1 v Y o < . . ..
M319N 4 ﬂﬂﬂﬂlﬁﬂqg}'ﬂﬂ’]i@]@\ﬂ‘ﬂ’liﬂkﬂ@?iﬂii\?wEl'lﬂ'laf’]la\iiﬁﬂvlﬂﬂiuclulﬂﬂ (multivariable logistic

regression)

OR 95%CI mOR 95%CI p value
Age/ 91Y 0.94 0.88—1.00 0.90 0.81—-1.00 0.050
Fever / 19 2.52 1.61-3.94 2.71 1.28-5.73 0.009°
Apneic spell / %'mm%! 4.23 1.90 -9.42 2.05 0.54-7.78 0.290
Paroxysmal cough / o 5.77 1.98 —16.85 16.91 1.80 — 158.50 0.013"
A
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p1veunadlo
Pneumonia / Joasniay 23.61 9.12-61.11 7.38 20.7 —26.35 0.002°
Leukocytosis 33.67 15.37-73.75 2.63 0.88 —7.86 0.084
(WBC > 25,000
cells/cu.mm.)
Lymphocytosis 34.18 18.24 — 64.06 10.04 426 —23.67 <0.001"
(lymphocyte >60%)
Thrombocytosis 29.85 15.10 - 59.00 7.64 3.06-19.10 <0.001"

(platelet count

>450,000/cu.mm.)

)

9 v A

* PANUUANANOENNNIF AN NEDA 110 p < 0.05

g

WBC = white blood cell
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Abstract

Background: Dengue hemorrhagic fever (DHF) is an important disease, including diagnosis and
treatment. Knowing the prognostic factors associated with dengue shock syndrome ( DSS) in dengue
hemorrhagic fever in pediatric patients will help in monitoring and treatment more effectively.

Objective: To determine clinical characteristics and the prognostic factors associated with dengue shock
syndrome in dengue hemorrhagic fever in pediatric patients.

Method: A retrospective observational study using a prognostic factor research approach was conducted
in a pediatric ward, Mukdahan Hospital. Patients aged 1 month to 15 years with a diagnosis of dengue
hemorrhagic fever were enrolled between 1 October 2016 to 31 May 2024. Chi-square test and
multivariate logistic regression were used to identify prognostic factors associated with dengue shock
syndrome.

Result: A total of 120 patients were enrolled in this study and 34 patients (28.3%) were diagnosed with
dengue shock syndrome. The most common age group was 10-13 years old (46.7%). The three most
common presenting symptoms were fever (100.0 %), nausea (35.0%) and vomiting (34.2%). On
multivariate analysis, the significant factors associated with dengue shock syndrome were nutrition status
(risk ratio [RR] 11.8, 95% CI 1.4-103.6, p value 0.03), bleeding per gum (RR 16.7, 95% CI 1.2-233.8, p
value 0.04) and pleural effusion (RR 14.9, 95% CI 2.2 -101.1, p value 0.01).

Conclusion: Pediatric patients with dengue hemorrhagic fever should be closely monitored during
treatment, especially those with abnormal nutrition status, bleeding per gum and pleural effusion.
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WesnimI oy 2(1.7) 0 0.0 2 5.9
25.00

25.01-35.00 16 (13.3) 11 12.8 5 14.7

35.01-45.00 80 (66.7) 64 74.4 16 47.0

WINAI 45 22 (18.3) 11 12.8 11 32.4
Snnufaienun 0.93
(cells/cu.mm.)

WosnivIemny 89 (74.1) 63 73.2 26 76.5
5,000

5,001-10,000 23(19.2) 17 19.8 6 17.6

11NN 10,000 8(6.7) 6 7.0 2 5.9
Sununaaden (/ 0.20
cu.mm.)

Yoan N3 0N 1(0.8) 0 0.0 1 2.9
10,000

10,001-20,000 7(5.8) 3 3.5 4 11.8

20,001 - 50,000 26 (21.7) 20 23.2 6 17.6

50,001 -100,000 50 (41.7) 36 419 14 412

11AAI 100,000 36 (30.0) 27 31.4 9 26.5
p value 1HlumsnfFouiionsyni1angy DHF-non shock 1oz DSS Tael¥ana Chi-square test
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519 Gesay) | S | Sewaz U Sonay
(518) €17))

“dnumwiiesmine N/A

Improved 120 (100.0) 86 100.0 34 100.0

Not improved/dead 0 0 0.0 0 0.0
-52Z1I0 10U 0.24
Tsanenuia

1-3 U 66 (55.0) 51 59.3 15 44.1

4-6 M 49 (40.8) 31 36.0 18 53.0

WMANNHTOINNY 7 | 5 (4.2) 4 4.7 1 2.9
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Madendenatiedingnieana 1aun 01z Tnsuins (risk ratio [RR] 11.8, 95% CI 1.4-103.6, p value
0.03) 1aenven 3L (RR 16.7, 95% CI 1.2-233.8, p value 0.04) 118 pleural effusion (RR 14.9,95% CI
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7% logistic regression analysis

Prognostic factors (n) Univariable Multivariable
RR (95% CI) p value RR (95% CI) p value
WA (120) 1.6 (0.7-3.7) 0.31 0.9 (0.2-3.6) 0.89
01¢ (120) N/A 0.26 1.6 (0.8-3.1) 0.22
Tsatlsza1a7 (120) N/A 0.31 0.1 (0.0-1.8) 0.11
Az 1IN (120) N/A 0.07 11.8 (1.4-103.6) 0.03*
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Prognostic factors (n) Univariable Multivariable
RR (95% CI) p value RR (95% CI) p value

sz eneuin N/A 0.52 0.3(0.1-1.2) 0.09
Tsanenuia (120)
91MUATINMSUAAY
ﬂéullfg(} (42) 3.5(1.5-8.0) <0.001* 14.1 (0.5-423.2) 0.13
DY 41) 3.1(1.4-7.0) 0.01* 0.3 (0.0-8.0) 0.47
1791104 (25) 3.1(1.2-7.7) 0.02* 2.8 (0.5-15.5) 0.24
nonoon 15ty (6) 14.7 (1.6-130.7) 0.01* 16.7 (1.2-233.8) 0.04*
woanuan lva (11) 0.2 (0.0-1.9) 0.18 0.0 (0.0-1.6) 0.09
fgmﬁa@aan@mﬁa (16) 0.3(0.1-1.5) 0.23 0.1 (0.0-1.6) 0.10
H1a0ABNNIFDINADA (10) | 4.4 (1.2-16.7) 0.03* 2.1(0.3-17.8) 0.49
Tourniquet test Wiwavan (33) | 1.1 (0.5-2.8) 0.82 0.9 (0.2-4.1) 0.93
aula (25) 3.1(1.2-7.7) 0.02* 4.0 (0.7-24.6) 0.13
Pleural effusion (19) 11.3(3.7-35.2) <0.001* 14.9 (2.2-101.1) 0.01%*
52AU Hematocrit 1305 (120) | N/A <0.001* 0.4 (0.1-1.8) 0.25
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Sunufadeaud 1snsy (120) N/A 093 0.6 (0.2-1.9) 0.42
o < o
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Abstract

Background: Pneumonia is the leading global cause of death among children under five years old. In
Pattani province, Thailand, pneumonia is also a leading cause of pediatric respiratory failure and carries
the highest mortality rate within the region. Identifying risk factors for mortality is crucial for improving
prevention, diagnosis, and treatment.

Objective: This study aimed to determine factors associated with mortality in children with severe
pneumonia and acute respiratory failure in Pattani province.

Methods: We conducted a retrospective case—control study of children aged 1 month to 15 years who
were admitted with severe pneumonia and acute respiratory failure from January 1, 2020 to December 31,
2023. We classified patients into two groups: those who died (n = 10) and those who survived (n = 60).
Data were extracted from medical records and referral forms. We used an exact probability tests and
generalized linear models to estimate the risk difference [RD] with 95% confidence interval [CI].

Results: Among the 70 children hospitalized with severe pneumonia and acute respiratory failure, 10
(14.3%) died. In multivariable analysis, the following risk factors were significantly associated with
mortality: congenital heart disease (RD 0.39, 95% CI 0.054-0.734), respiratory acidosis (venous blood gas
pH < 7.3) on admission (RD 0.24, 95% CI 0.044-0.439), and hypercapnia (pCO2 > 50 mmHg) on
admission (RD 0.44, 95% CI 0.071-0.810).

Conclusion: Congenital heart disease, respiratory acidosis, and hypercapnia at presentation were
independent risk factors for mortality among children with severe pneumonia and acute respiratory failure.
Close monitoring and early intervention for these high-risk patients are essential to reduce mortality.
Keywords: Pneumonia; Acute respiratory failure; Respiratory acidosis; Hypercapnia; Congenital heart

disease; Pediatric intensive care
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ANHUNANHN NQNIALTIN (n=10) naulalidesIn (n= 60) p value
Vv v
n Sosaz n Sosaz

(£SD)

InzunIndou 7 70 0 0 <0.001
Pneumothorax 0 0 0 0
VAP 4 40 0 0 <0.001
ARDS 6 60 0 0 <0.001
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1ADAAILALTNTY (VBG pCO2 >50 mmHg) (risk difference [RD] 0.44, 95% CI 0.071-0.810) (A1519% 4)

M131971 4 Multivariable analysis

95% CI
“nymzﬁﬁnm Risk Lower Upper p value
difference
Underlying disease 0.00 -0.076 0.080 0.969
Co-morbidity 0.06 -0.134 0.248 0.559
Preterm -0.08 -0.265 0.099 0.376
Congenital heart disease 0.39 0.054 0.734 0.023
Impaired consciousness 0.15 -0.000 0.309 0.051
Desaturation (Sp02<92%) 0.03 -0.019 0.089 0.213
Respiratory acidosis (pH<7.3) 0.24 0.044 0.439 0.017
Hypercapnia (pCO2>50 mmHg)  0.44 0.071 0.810 0.019
PIP (mm.H20) (mean, SD) 0.01 -0.012 0.030 0.403
PEEP (mm.H20) (mean, SD) 0.02 -0.041 0.080 0.524
Duration ventilator (day) 0.00 -0.013 0.015 0.887
Complication 0.22 -0.292 0.739 0.396
VAP -0.18 -0.507 0.138 0.262
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Abstract

Background: Foreign body aspiration (FBA) in young children is a life-threatening event that can lead to
death. Implementing educational programs for caregivers is one method to prevent FBA in children.
Objective: To assess caregivers’ knowledge by administering tests before and after watching a video
about FBA in children.

Methods: A quasi experimental research enrolled parents or caregiver of children aged 6 months to 5
years who visited at well child clinic of the Maharat Nakhon Ratchasima hospital. Participants were
requested to complete a 36-item test about FBA in children before and after watching the video media
providing the knowledge of FBA in children. The scores before ( pre-score) and after ( post-score)
watching the video, as well as the difference between pre-and post-scores ( diff-score), were evaluated.
Associated factors with the pre-score were identified.

Results: Fifty participants were included in this study. After watching the video media, the scores
increased in 90% of participants. The mean post-score significantly improved compared to the pre-score
(32.14 + 2.19 and 25.86 + 3.88, respectively; p value <0.001). Multivariate regression analysis was
conducted, revealing no statistically significant association between factors and the pre-score.

Conclusion: Utilizing an educational program on FBA in children through video media can enhance
caregivers' knowledge.

Keywords: Foreign body aspiration in children, Video media, Parent education
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Efficacy of deferasirox in pediatric patients with transfusion-dependent thalassemia:
Single- center 2 year experience.
Rujeerat Kosonsasitorn

Department of Pediatrics, Lamphun Hospital

Received November 29, 2024 Revised February 19, 2025 Accepted March 26, 2025

Abstract

Background: Children with thalassemia, dependent on regular blood transfusions, often have high serum
ferritin levels due to the frequent transfusions, which can lead to long-term organ damage. Iron chelation
therapy is necessary to reduce iron levels in the body. Lamphun Hospital has been supported with
deferasirox from the National Health Security Project since 2018, but no studies have been conducted on
the drug’s effectiveness.

Objectives: To evaluate the effectiveness of deferasirox in reducing serum ferritin and the changes in
serum ferritin levels in patients who had previously received other types of iron chelation drugs, compared
with patients who received deferasirox as the first iron chelation therapy.

Methods: This retrospective study collected data from thalassemia patients, dependent on blood
transfusions, at Lamphun Hospital, with serum ferritin levels greater than 1000 ng/mL, who had received
deferasirox for 2 years. A total of 37 patients were included, with dosage and serum ferritin levels
measured every 3 months, along with monitoring of adverse effects from the medication.

Results: After 12 and 24 months of receiving deferasirox, the serum ferritin levels in all patients did not
significantly differ from baseline (p values 0.962 and 0.724, respectively). In patients who had previously
received other iron chelation drugs, the serum ferritin levels did not differ significantly from baseline (p
values 0.501 and 0.686, respectively). Similarly, patients receiving deferasirox for the first time showed
no significant difference in serum ferritin levels from baseline (p values 0.301 and 0.936, respectively).
The most common adverse effect was transaminitis.

Conclusion: Deferasirox is effective in maintaining serum ferritin levels without increasing them during
the first 24 months of use in pediatric thalassemia patients dependent on regular blood transfusions.

Keywords: Transfusion-dependent thalassemia, Deferasirox, serum ferritin levels, iron chelation therapy
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Abstract

Background: Acute lymphoblastic leukemia is the most common cancer in children, accounting for 40 percent
of Thai pediatric cancers. The overall 5-year survival rate has risen due to the use of intensive chemotherapy. The
mortality rate is highest during the induction phase of chemotherapy.

Objective: To study the mortality rate and factors influencing mortality in induction phase of chemotherapy
pediatric acute lymphoblastic leukemia patients at Hatyai Hospital.

Method: We performed a retrospective study, collecting data from the Hatyai Hospital database between August
2011 to April 2021. Patients aged under 15 years old who were newly diagnosed with acute lymphoblastic
leukemia and treated with the Thai-POG chemotherapy protocols at Hatyai Hospital were included. The mortality
rate, cause of death, and the factors associated with mortality during induction phase of chemotherapy were
analyzed.

Results: A total of 197 patients were included in this study and 55% of them were male. The most common age
range was 4-10 years old (4 3 .7 %).Common presentations were fever (79.2%), hepatomegaly (74.6%),
lymphadenopathy (62.4%), splenomegaly (59.4%), and anemia (25.9%), respectively. The induction phase
mortality rate was 14.7%, and infection was the most common cause of death (79.3%). Risk factors found to
increase mortality during the induction phase included thrombocytopenia < 2 0,000/cu.mm. increased risk by
3.65 times compared with patient platelet >20,000 (95% CI 1.15-11.60, p value 0.028), Invasive aspergillosis
infection increased risk by 64 .1 times compared with patients without invasive aspergillosis (95% CI 6.2 4 -
657.96, p value 0.001). Sepsis increased risk by 32.0 times compared with patient without sepsis (95% CI 7.77-
132.17, p value 0.001)

Conclusion: The induction phase mortality rate was 14.7%, and the major cause of death was infection.
Thrombocytopenia < 20,000/cu.mm., invasive aspergillosis infection, and sepsis increased the risk of mortality
in induction phase of chemotherapy in pediatric acute lymphoblastic leukemia patients at Hatyai Hospital.

Keywords: Acute lymphoblastic leukemia, mortality rate, induction phase, risk factors
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- T-cell 25(12.7)
Abnormal cytogenetics 21(10.7)
DINITLATDINTITUTA
- Fever 156 (79.2)
147 (74.6)
- Hepatomegaly
117 (59.4)
- Splenomegal
P sy 123 (62.4)
- Lymphadenopathy 51(25.9)
39 (19.7
- Anemia (19.7)
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- Bone pain 2(1.0)
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- Exophthalmos
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- Testicular mass

- Mediastinum mass

- Gum hypertrophy
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- Escherichia coli 4(13.8)
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- Klebsiella pneumoniae 3(10.3)
- Staphylococcus aureus 1(3.5)
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- Clinical sepsis but negative of hemoculture 3 (10.3)
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Acute respiratory distress syndrome (ARDS) 3 (10.3)
Acute renal failure 3(10.3)
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Hepatomegaly 22 (75.9) 110 (65.5) 0.900
Splenomegaly 18 (62.0) 86 (51.2) 0.846
Anemia 11 (37.9) 36 (21.4) 0.178
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White blood cell counts 7 (24.1) 24 (14.3) 0.165
2 100,000 (cells/cu.mm.)
Hemoglobin < 8 (g/dL) 16 (55.1) 98 (58.3) 0.770
Platelet count S 20,000 (/cu.mm.) 11 (37.9) 41 (24.4) 0.132
Serum potassium > 6 (mg/dL) 1(3.4) 5(29) 1.000
Serum calcium < 7 (mg/dL) 1(3.4) 7 (4.1) 1.000
Serum phosphorus > 6.5 (mg/dL) 1(3.4) 9(54) 1.000
Uric acid > 8 (mg/dL) 13 (44.8) 39(23.2) 0.012*
Serum albumin < 3.5 g/dL 6 (20.6) 43 (25.6) 0.561
ANTUNTNFOU
Sepsis 24 (82.7) 34 (20.2) 0.001*
ARDS 12 (41.4) 0 (0) 0.001*
Invasive aspergillosis 3(10.3) 2(1.2) 0.005*
RRT 7 (24.1) 7(4.2) 0.001*
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Platelet count < 20,000 (/cu.mm.) 3.649 0.028* 1.148-11.602

Serum uric acid > 8 (mg/dL) 1.856 0.323 0.544-6.327
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Invasive aspergillosis 64.094 0.001* 6.244-657.962

RRT 3.220 0.103 0.755-13.152

ARDS 5.827 0.997 0.344-13.111

Sepsis 32.043 0.001* 7.769-132.166
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Abstract

Background: Diabetes ketoacidosis (DKA) is a life-threatening complication of type 1 diabetes (T1D).
Objectives: To study risk factors of first diabetes ketoacidosis after diagnosis in children and adolescents
with T1D

Methods: Retrospective cohort study was conducted in children and adolescents, aged 1-20 years, with
T1D who received care at diabetes clinic from 1 January 2014 to 31 October 2024. The data were
retrieved from medical records. Kaplan-Meier curve and log rank test were used to compare time to
develop DKA. Multivariate cox proportional hazard model was used to identify risk factors of first DKA.
Results: A total of 120 patients are included in this study. Fifty-nine patients (49.2%) developed DKA
during care. BMI z-score (AHR 0.52, 95%CI: 0.35, 0.78), HbAlc (AHR 1.21, 95%CI: 1.04, 1.41), basal
bolus vs conventional/modified regimen (AHR 0.33, 95%CI: 0.15, 0.70) and regular vs non regular follow
up (AHR 0.42, 95%CTI: 0.18, 0.96) were significant risk factors of first DKA in T1D. Overall median time
to DKA was 39 months (95%CI: 30.0, 44.5). The cumulative 1 and 3 years survival rates were 84.1 % and
74.5%, respectively. The rate of DKA-free survival within 3 years for patients with HbAlc < 9% and
HbAlc > 9% were 97.3% (95% CI: 92.2, 100) and 65.4% (95% CI: 55.8, 76.7), respectively. The
difference between these groups was statistically significant (p value <0.001)

Conclusion: Low BMI z-score, high HbAlc level, conventional/modified regimens and lack of follow-up
were significant risk factors for the first episode of DKA after diagnosis in T1D. To prevent DKA event,
basal bolus regimen, regular follow up and monitoring HbAlc frequently were recommended including
closed observe in patient with low BMI z-score and high HbA lc.

Keywords: type 1 diabetes, diabetes ketoacidosis, risk factors, HbAlc
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Y
diabetes ketoacidosis ATILINHTAIDINIUINY

Fouaiali U M3NANIZ Diabetes p value
(Geuay) Ketoacidosis H839210
Jiiany
Y Taidi
ulszning 120 (100) 59 (49.2) 61 (50.8)
91gnoUNY (1)) median (IQR) 10.9 104 (8,12.2)  11.3(6,12.3) 0.832°
(6.9,12.3)
(Wl 0.039"

110 50 (41.7) 19 (32.2) 31 (50.8)

N4 70 (58.3) 40 (67.8) 30 (49.2)
ABUNIANMBANDIGUAZINA (BMI z-score)  -0.1 £ 1.5 02+1.6 0.1+1.5 0.308"
mean + SD
ADULIINYNA? 0.664"

ABUIBHNEA) 43 (35.8) 20 (33.9) 23 (37.7)

Leﬁ’ﬁaméimﬁn 77 (64.2) 39 (66.1) 38(62.3)
M3NAN1IZ DKA aoUIHINY 0.193"

il 82 (68.3) 37 (62.7) 45 (73.8)

lsiina 38 (31.7) 22 (37.3) 16 (26.2)
Yszianseunsuilulsannmnu 0.728"

1l 26 (21.7) 12 (20.3) 14 (23.0)

Y 94 (78.3) 47(79.7) 47 (77.0)
sydurhaaayay (HbATc %) mean + SD 13.3+2.4 133423 13.3+2.6 0.941"
MIUIMITOUGFAULVUAN ) <0.001"

Conventional and modified conventional 49 (40.8) 35(59.3) 14 (23.0)

Basal bolus 71 (59.2) 24 (40.7) 47(77.0)

* p value was calculated using Mann Whitney U test; T p value was calculated using unpair t-test

+ p value was calculated using chi-square test; # p value was calculated using Fisher exact test
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diabetes ketoacidosis ATILINTAIDINIUINY

Fouazial 31mu Gewaz)  MSINANIE diabetes ketoacidosis  p value
Uszrnsianun 1a991nIHINY
Y Taidi
Nuulsemng 120 (100) 59 (49.2) 61 (50.8)
21g GJ) median (IQR) 13.67 13.17 14.50 0.096*
(10.58, 16.46) (9.60, 15.08) (10.98, 17.65)
AFUNIANIATNDIYUAZINA (BMI 0= 1.2 021 03+14 0.021"

z-score) mean = SD

b4
(% o

JEAUUIMaaT TN HbAlc (%) mean  11.1+3.1 123+3.2 9.8+2.5 <0.001"

+SD
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anvazn 1w Gesay)  MINANIL diabetes ketoacidosis  p value

Uszmnsianua 1a901nIHINY
Y Taidi
MIVTHITOUFAULUUANE <0.001"
Conventional and modified 34 (28.3) 27 (45.8) 7(11.5)
conventional
Basal bolus 86 (71.7) 32(54.2) 54 (88.5)
ANRYIMIATINTER Ul 3 (1,4) 2(1,3) 3(3,4) <0.001"
1ADARIIANIBY (SMBG) median
(IQR)
ii’m’Juﬂg’wmﬂﬁ%ﬂaugﬁuda’i’u 3(2,4) 2(2,4) 4(3,4) <0.001"
median (IQR)
Medical adherence
f 80 (68.4) 32(57.1) 48 (78.7) 0.012"
asAeafinatnaitae
19 89 (74.2) 32(54.2) 57(93.4) <0.001"
Lipodystrophy
X 20 (16.7) 17 (28.8) 3(4.9) <0.001"

* p value was calculated using Mann Whitney U test; T p value was calculated using unpair t-test

+ p value was calculated using chi-square test; # p value was calculated using Fisher exact test
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multivariate Cox proportional hazard regression W31 TTeNUANUFUNUTAUNTNANIZ DKA A3

nnnsanynihfisedesdon1siian1 DKA Nldsddynedd

[ aa o a Jd o a { Y
lliﬂ'ﬁﬁ\‘]ﬁ]'lﬂ’luﬁ]ﬂEl%']ﬂﬂ']i')!,ﬂi'lg'ﬁGI’JL!’]JiLGI)'\HaEI’J Ul?%}l,!ﬂ @%ﬁmamﬂmnmquazmﬁ (BMI z-score)

Y
(% o

JEAVIINIAA LAY HbATc (%) MIVIHITDUGAULUVAN 9) ANUAVTEININTINTERUTAa luARA
#A18a1U1B(SMBG) ﬁﬁu’Juﬂ%ﬁ"u’e’]Qﬂ13%@51!@1‘):51!@{6’3’1!l,l,azﬁi%%a@ﬁmﬁﬂaﬁﬂﬁﬁnﬂna TN
wydauils Tasaatladonau laun me M15U5M159UYaY 1ag medical adherence DON WU AFTID
ﬂwmmmquazwmﬁa@m INUSATIN13IAAN1I2 DKA (adjusted HR 0.52, p value 0.001) sedniana

o P4 '
E‘TZE‘T?JVILW%J“?J?H INUDNITINITINANIIE DKA (adjusted HR 1.21, p value 0.012) NITUINITOUGAY basal
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bolus AABATINITNAN1IZ DKA 1o1/5euiieunun1suUSHI50UgaULUY conventional/modified

(adjusted HR 0.33, p value 0.004) A15A5I9AAAINNAANNANUTNDAAOATINGTIAANIIZ DKA 110

o

nfSeufieunumsasirvaanuiiaaiin liaainaue (adjusted HR 0.42, p value 0.04) pg1aiidodiagni

v
(% =

A0A AIN15199 3

3 o A v o o a 2 (% aa o
ﬂ'l’i'l\‘i‘ﬁ 3 uaaaaReNUANUFUNUTAUMIINANIZ diabetes ketoacidosis ATILINHAIDINININY

(Cox proportional hazard regression for predictors of DKA)

ifae Univariable Multivariable

crude HR (95%CI) p value adjusted HR (95%CI) p value

WA WY 1.60 (0.73, 3.50) 0.240  1.66(0.74, 3.73) 0.215
ABTNIAMEATNDIGUASING 0.60 (0.41,0.86) 0.006  0.52(0.35,0.78) 0.001
(BMI z-score)

nﬁuﬁmmﬁzﬁu HbAlc(%) vl 1.16 (1.04, 1.30) 0.007 1.21(1.04, 1.41) 0.012
NY

M3IUINITOUYAY basal bolus ¥z 0.38 (0.18, 0.79) 0.009  0.33(0.15, 0.70) 0.004
AAMINDINT

AnuRveInIaTIeseiniaaly 0.69 (0.51,0.93) 0.016  0.65(0.42, 1.00) 0.052
1ApARIAULBY (SMBG)

fﬁmauﬂ%””wmmﬁﬁﬂﬁwgﬁmi@ﬁ”u 0.76 (0.56, 1.02) 0.007  1.18(0.45,3.14) 0.733
31 medical adherence 1.00 (0.45,2.22) 0.993 1.11 (0.50, 2.48) 0.800
asARnRAaTinaiaue 0.35(0.17,0.72) 0.005  0.42(0.18,0.96) 0.040
1 lipodystrophy 0.72 (0.25, 2.08) 0.549  0.36(0.10, 1.24) 0.105

Multivariable model was adjusted for sex, insulin regimen and medical adherence

1w 4 1A
ANIsegIUVRITZe)aoaign15al DKA (median time to DKA) Tag3uagi 39 10ou (95%Cl
:30.0, 44.5) 18z 16n3511151/a0AN 122 DKA (survival rate DKA) 1 1 uaz 31 g fovaz 84.1 uaz
74.5 MU g1l 1A
8n31M351a0aN172 DKA (survival rate DKA) melu 3 3 Tudilenil Hoalc <9% fe Sovaz
A o . Y S
97.3 (95%CI: 92.2, 100) TuymzNons1N151)asaAn192 DKA (survival rate DKA) 1wl HbAlc >
9
9% 19 30882 65.4 (95%CI: 55.8, 76.7) HANuuAnA AU NITsd 1A YN 1adAveINIaeIngy (p

value <0.001) #3931 1B
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§a31n151/a8AN19Z DKA (survival rate DKA) a8l 33 Tudaefiinsuimssugduuuy
conventional and modified conventional A0 §08a% 57.6 (95%CI: 42.9, 77.4) Glummzﬁé’mwmiﬂa@ﬂ
172 DKA (survival rate DKA) Tugt}1e0fim31i3v1sdusg @y basal bolus e Josas 81.2 (95%CI:
73.0, 90.3) ﬁmmxmﬂ@iNﬁ’uefJ'Nﬁﬁ'ﬂﬁﬁhﬂnmaﬁmmﬁ’mmﬂdu (p value 0.007) f331) 1C

8n311150a9AN122 DKA (survival rate DKA) 2111 3 1 Tugile regular follow up Aiv $ooaz
80.1 (95%CTI: 71.7, 89.4) °lummzﬁﬁ’m1miﬂaaﬂmaz DKA (survival rate DKA) 11.1@'1]:18 non regular

ao o o -

9
follow up A ¥008Y 58.1 (95%CI: 43.1, 78.3) HaNuuanaNAuedNlied1dynN1IadAveINIae

ﬂfjll (p value 0.003) ﬁﬂg‘ﬂ 1D
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Vaiziinn 11z DKA 080 13.3 = 4.7 1 daIngiiumanda 40 au Govas 67.8) dxtinramenwey
WazInel (BMI z-score) 10A8 0.2 = 1.1 szgznamaduwmamuisegu 37 szauimaasau mde
13.1 £2.6 % n15UTHN150UgaY 151U basal bolus regimen 32 AU (F00az 54.2) AUMAVDINITNANIIL
DKA daulngjiiavinmsuadugau 36 au (Sosaz 61) fannnisiaige 23 au Govas 39) A
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tade UM ANUFUUTIVDINIL DKA
Goway)  1@niiey thupana  an

NUINYTZHINT 59 (100) 16 (27.1) 21 (35.6) 22(37.3)
919ULIAANIZ DKA (1)) mean + SD 133+4.7 13.5+55 12.6+46 13.7+42
LWE

B8 19 (32.2) 5(1.2) 9 (42.9) 5(22.7)

Wﬁjﬂ 40 (67.8) 11 (68.8) 12 (57.1) 17 (77.3)
ﬁ’%ﬁmamﬂmumquaznﬁlﬁ (BMI z-score) mean -0.2+1.1 -0.3+1.1 -0.5+1.2 0.1+0.9
+ SD
s2aznaM sty () median IQR) 3(1,49) 240947 2(1,3.5)  3.5(1.6,5.8)
isﬁuﬁwmaﬁmu HbAlc (%) mean £+ SD 13.1+£2.6 129+28 13+£3 13.3+£2
MIVIMITOUGFAULVUAN )
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AUNHUVDINITNANIIE DKA
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