European Journal of Pediatrics (2023) 182:5707-5711
https://doi.org/10.1007/500431-023-05248-x

BRIEF REPORT q

Check for
updates

Infant liver biochemistry is different than current laboratory
accepted norms

Kaija-Leena Kolho'® - Tapio Lahtiharju®® - Laura Merras-Salmio'©® - Mikko P. Pakarinen3® . Mikael Knip'

Received: 30 August 2023 / Revised: 30 August 2023 / Accepted: 28 September 2023 / Published online: 9 October 2023
© The Author(s) 2023

Abstract
The purpose is to study liver biochemistry in a well-defined cohort of term infants. The methods include healthy term infants
(n=619) provided blood samples at 3 and 6 months of age when participating to the DIABIMMUNE study. The infants were fol-
lowed up at clinical study visits 3, 6, 12, 18, 24, and 36 months the participation rate being 88.6% at the end of follow-up, while
none disclosed any signs of a liver disease. The serum levels of serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), total bilirubin (BIL), and conjugated bilirubin (BIL-
conj) were determined using Siemens Atellica CH 930 analyzers. The results are at 3 months of age, the upper 90% CI for ALT,
AST, ALP, GGT, BIL, and BIL-conj were higher than the current upper reference limits in our accredited hospital laboratory. At
6 months, the upper 90% CIs for ALT had declined but was still higher than the cut-offs for a raised value. The upper 90% CI for
AST remained as high as at 3 months, whereas ALP, BIL-conj, and GGT had decreased close to the current cut-offs. The type of
feeding was associated with the levels of liver biochemistry. Exclusively or partially breastfed infants showed higher ALT, AST,
BIL, and BIL-conj values at 3 months than formula-fed. Breastfed infants had higher AST, Bil, and Bil-conj values also at 6 months.
Conclusion: We encourage setting appropriate reference ranges for liver biochemistry for the first year of life and to note
the type of feeding.

What is Known:

o Healthy infants may show higher values of liver biochemistry during their first year of life than in later life.

o [t has been speculated that type of feeding may play a role in liver biochemistry levels among infants.

What is New:

o [n a cohort of healthy infants, several analytes of liver biochemistry were higher than the currently used upper reference limits at 3 and
6 months of age, and exclusively or partially breastfed infants showed higher values than formula-fed.

o The findings address the importance of setting appropriate reference ranges for liver biochemistry for the first year of life.
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Abbreviations ALP Alkaline phosphatase
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babies were initially recruited to the DIABIMMUNE study
assessing risk for development of type 1 diabetes [1]. We uti-
lized blood samples collected at the age of 3 and 6 months.
We hypothesized that the current liver biochemistry refer-
ence values are not appropriate for infants within the first
months of life, while more accurate cut-offs for raised values
are needed. Notably, breastfeeding may impact the live bio-
chemistry of infants.

Methods

The blood samples were obtained from babies initially
recruited to the DIABIMMUNE study assessing risk for
development of type 1 diabetes, as described in detail [1].
The parents reported using a structured questionnaire the type
of feeding as exclusive or partial breastfeeding or as formula
feeding and use of supplementary foods and elimination
diets, listed medications, and hospitalizations. We utilized
blood samples collected at the age of 3 and 6 months at the
time of study visits including clinical examination. Dura-
tion of exclusive and partial breastfeeding was reported in
months (with two decimals). The samples were collected
between Sept 2008 and March 2010, stored in—70 °C,
and analyzed between Aug and Dec 2021. All the samples
were analyzed for serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT), total bilirubin
(BIL), and conjugated bilirubin (BIL-conj) and albumin
(ALB) in the accredited laboratory of Helsinki University
Hospital using Siemens Atellica CH 930 analyzers, to ALT
and AST assays we added pyridoxal-5-phosphate (P5P).
C-reactive protein (CRP) was also measured to exclude acute
infections. The stability of the measured values during stor-
age is considered good.

The infants were followed up for 3 years (including
study visits and clinical examination at 3, 6, 12, 18, 24, and
36 months the participation rate being 88.6% at the end of
follow-up), and none presented with any hepatobiliary dis-
ease [1]. Of the mothers, 69 (11%) had a diagnosis of a
chronic disease (asthma n =35, thyroid disease n=21, celiac
disease n=3, type 1 diabetes n=6, and type 2 diabetes n=4)
and 6 (0.96%) presented with gestational diabetes.

Statistical analyses

We tested the need for partitioning between sexes and nutri-
tional status with Harris and Boyd method (see the guideline
of Clinical and Laboratory Standards Institute (CLSI) [2]).
To define reference limits and their 90% confidence inter-
vals (90% CI), we followed the CLSI [2]. We used the non-
parametric method for groups of over 120 participants and
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the robust method of Horn and Pesce for others. Except for
the conjugated bilirubin (BIL-conj) of non-breastfed infants,
where most results were below measuring range not allow-
ing estimation of ClIs, we defined the percentiles of 2.5%
and 97.5% from the results. We removed outliers from the
analysis using the modified Dixon method as explained [2].

Results

The study population included 619 healthy infants: 322 were
3-month-old, and 297 were 6-month-old at sampling; 252
were sampled at both time points. We excluded 42 infants
with CRP >4 mg/L. The laboratory tests are shown in
Table 1. At 3 months of age, the upper 90% CI for serum
ALT, AST, ALP, GGT, BIL, and BIL-conj were higher than
the current upper reference limits in our accredited hospital
laboratory. At 6 months, the upper 90% Cls for ALT and
ALP had declined but were still higher than the current cut-
offs for a raised value. The upper 90% CI for AST remained
as high as at 3 months, but ALP and BIL-conj had decreased
close to the current cut-offs (Table 1). The only biochemi-
cal analyte showing statistically lower upper limit was ALB
at 3 months of age; at 6 months, the upper limit was still
numerically lower without statistical significance.

The type of feeding was associated with the levels of liver
biochemistry, and exclusively or partially breastfed infants
showed higher values than formula-fed for ALT, AST, BIL,
and BIL-conj at 3 months and for AST, BIL, and BIL-conj
at 6 months (Table 1). There was no statistically significant
difference in the upper limits of GGT between breastfed and
bottle-fed children (the 90% Cls overlap and a p-value of
0.82 from the Wilcoxon rank test).

Discussion

Biological variation is the key phenomenon in interpreta-
tion of laboratory results and selecting accurate reference
values [3]. Optimally, a raised value would indicate fur-
ther investigations and an underlying disease with high
accuracy, and likewise, a value within normal range would
exclude the possibility of a given disease. In pediatrics,
individual development of children further challenges the
definitions of abnormality. Here, we showed that the cur-
rent cut-offs for raised liver biochemistry values are too
low during the first 6 months of life. Importantly, breast-
feeding resulted in somewhat higher values of ALT, AST,
BIL, and BIL-conj. We speculate that this is due to expo-
sure of maternal hormones via breastmilk [4, 5].
Previously, AST and total BIL were shown to be higher
in breastfed infants compared to formula-fed infants at 2
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and 6 months of age. The study cohort was smaller than
ours and included samples of 71 and 58 infants, respec-
tively. In contrast to our study, there was no such differ-
ence in ALP levels, and ALT was not measured [6]. A
larger study of 2000 infants reported higher ALT levels
during the first year of life than in older children, the first-
year values being comparable to our findings [7]. They did
not measure AST, and type of feeding was not recorded
[7]. More recently, pediatric reference intervals for bio-
chemical markers including ALB, ALP, ALT, AST, GGT,
and BIL were defined in a Canadian cohort of 600 samples
from O to 18-year-olds [8]. They used Siemens Atellica
analyzer, but it is not clear if PSP was used or not. In our
study, the lower limit of ALB and upper limits of ALT,
GGT, BIL, and BIL-conj were different. However, in the
Canadian study, only ALP and GGT results (less than 60
samples) were stratified according to 6 months age limit.
Moreover, there were no data related to breastfeeding or
the health outcomes of the infants. At 1 year, the liver
biochemistry did not show as high values as we observed
[8]. Our study showed that the age partitions of 6 months
or 1 year used by Bohn et al. [8] were not rigorous enough.
Also, the status of breastfeeding had an impact on liver
biochemistry at least up to 6 months of age.

In line with this, age- and gender-appropriate refer-
ence values were established for 15 biochemical analytes
in apparently healthy Chinese children and adolescents
using Olympus AU5400 analyzer. Regarding liver bio-
chemistry, gender partitions were required for ALT, AST,
GGT, and ALP [9]. Although their absolute values dif-
fered from ours, they observed as well that young infants
had higher values of liver biochemistry [9]. Feeding data
and whether they used PSP were not available. In a previ-
ous Chinese study of 60 infants studied at weeks 4 and
8, at a younger age than in our cohort, breastfed infants
had higher levels of ALT, AST, GGT, and BIL as well
[10]. The health of the infants was not followed up. Our
follow-up extended up to 3 years of life, and there was
no indication to further investigations on liver function
in any of the children [1]. A recent review suggested
to conclude follow-up of an asymptomatic patient with
normal physical examination and normal values of liver
function tests in the presence of two consecutive normal
tests 1 month apart [11].

Correct identification of cholestasis is critical among
neonates and infants. According to US guidelines, the cut-
off for cholestasis evaluation is S-BIL-conj > 17 umol/l
that is clearly above the 90% CI of healthy infants we
observed here, reassuring that with these cut-offs the risk
for missing underlying hepatobiliary pathology is not
increased [12].

As a limitation, silent vertical transmission of infectious
agents, e.g., CMV or other viruses affecting liver, could not
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be excluded. However, such diseases are rare, and none of
the mothers was with a diagnosis of hepatitis.

To conclude, healthy infants may display elevated liver
biochemistry values at 3 and 6 months of age in comparison
to later stages of life. Notably, breastfeeding influences the
levels of ALT, AST, BIL, and BIL-conj resulting in higher
values during the initial months of life. This observation
holds significance as it can help to avoid unnecessary inves-
tigations and alleviate the burden on families. However, it is
important to acknowledge the limitation that our study only
had access to samples up to 6 months of age, and no further
assessments of liver function were conducted. Nevertheless,
we monitored the infants until 3 years of age (the age of last
follow-up visit), and none exhibited any indications of liver
disease. We advocate for the establishment of appropriate
reference ranges for liver biochemistry during the first year
of life.
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