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Abstract

Objectives: Hepatic steatosis has been described in children with severe
acute malnutrition, but the degree of liver damage in children with moderate
acute malnutrition (MAM) is unknown. This study aimed to investigate the
development of malnutrition-associated liver damage by describing liver func-
tion tests among children with MAM.

Methods: This study was a randomized 2x2x 3 factorial trial, Treatfood,
conducted in Burkina Faso. Children (6—23 months) with MAM received either
a lipid-based nutrient supplement or a corn-soy blend, containing either de-
hulled soy or soy isolate and different quantities of dried skim milk. Malaria
rapid diagnostic tests and liver function tests were performed at inclusion and
after 3 months of supplementation and compared to Danish reference intervals.
Associations were analyzed with linear regressions or tobit regressions, and
odds ratios were calculated with logistic regressions, all age- and sex-adjusted.
Results: In total, 1405 children had one or more liver function tests measured
at baseline. The median age was 11.4 months [interquartile range: 8.2—16.1].
Few children had elevated concentrations of liver function tests at baseline.
Concentrations of total bilirubin were 19% (95% confidence interval: 2—-40)
greater among children with length-for-age Z-scores <-3 compared with chil-
dren with Z-scores >=-2. The concentrations of total bilirubin and alkaline
phosphatase were negatively associated with age. Minor changes in the serum
concentrations of liver function tests were observed after intervention.
Conclusions: Liver function tests were largely within the normal range,
whereby no signs of manifest liver damage were found. Children with stunted
growth had higher bilirubin, which might indicate subclinical liver damage.
Trial Registration: ISRCTN number: ISRCTN42569496
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1 | INTRODUCTION

In 2022, the WHO estimated a prevalence of 45
million children under the age of 5 suffering from
wasting, of whom 31 million suffered from moderate
acute malnutrition (MAM).! Malnutrition is a global
health burden that poses medical, developmental,
social, and economic risks to both individuals and
society.? Malnutrition is associated with an increased
risk of infections, and it is estimated to be linked to
nearly 50% of deaths in children under the age of 5.
Most of these live in low- and middle-income coun-
tries.?> Hepatomegaly and hepatic steatosis have
been described in children with severe acute mal-
nutrition (SAM).® Several mechanisms have been
suggested as possible explanations for the devel-
opment of steatosis in children with SAM. These
include a reduced ability to break down lipids due to
mitochondrial and peroxismal dysfunction, choline
deficiency which indirectly leads to impaired
hepatic synthesis and export of very-low-density-
lipoproteins, as well as L-carnitine depletion, the
amino acid transporting fatty acids across the inner
mitochondrial membrane.®® In addition, high serum
concentrations of circulating ferritin, proliferation of
ethanol-producing bacteria in the gut microbiota, and
exposure to aflatoxins have been described in chil-
dren with edematous SAM, all of which could lead to
toxic damage to the hepatocytes.* Nevertheless, the
pathogenesis of malnutrition-associated liver dam-
age is poorly understood, and the degree of liver
damage in children with MAM is unknown. There-
fore, this study aimed to investigate the early
development of malnutrition-associated liver dam-
age by describing parameters of liver function
among children with MAM.

Liver function tests were measured in 1405 children with moderate
acute malnutrition in Burkina Faso
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What is Known

¢ Hepatic steatosis has been described in chil-
dren with edematous severe acute malnutrition.

* The pathogenesis of malnutrition-associated
liver damage is poorly understood, and the
degree of liver damage in children with moder-
ate acute malnutrition (MAM) is unknown.

What is New

* Serum concentrations of liver function tests
were largely within the normal range, where-
by no biochemical signs of manifest liver
damage were found at the group level.
Serum concentrations of total bilirubin were
higher among children with stunted growth,
which might indicate subclinical liver damage.
Future research studies could include imag-
ing techniques in children with both stunting
and MAM to further investigate the develop-
ment of malnutrition-associated liver damage.

2 | METHODS

2.1 | Ethics statement

The study was approved by the Ethics Committee for
Health Research in Burkina Faso (2012-8-059), and
consultative approval was obtained from the Danish
National Committee on Biomedical Research Ethics
(1208204). The trial was registered in the ISRCTN
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registry (ISRCTN42569496). Information and consent
forms were translated into the local language (Moré)
and back-translated to ensure accuracy. Caregivers
gave verbal and written consent (signature or finger-
print) before enroliment.

2.2 | Study design and population

This study was part of Treatfood, a randomized
2 x 2 x 3 factorial trial ISRCTN42569496). It was con-
ducted between September 9, 2013 and August 29,
2014 at five sites in the Province du Passoré, Burkina
Faso, to assess the effectiveness of food supplements
on fat-free mass.® Children aged 6-23 months were
included if they resided near a study site at the time of
inclusion and suffered from MAM. Children with SAM,
recent or in current need of hospitalization, participation
in other nutritional programs, suspected food allergies,
or severe disabilities were excluded. MAM was defined
as a weight-for-length Z-score (WLZ) =-3 and <-2 from
the median of the WHO child growth standards or as a
mid-upper arm circumference (MUAC) =115 and
<125 mm. The children received 500 kcal per day as a
lipid-based nutrient supplement or corn-soy blend,
containing either dehulled soy or soy isolate, and dif-
ferent quantities of dried skim milk (0%, 20%, or 50% of
total protein) for 12 weeks. Nutritional recovery was
defined as WLZ>-2 and MUAC >125mm. The trial
was double-blind regarding the quality of the soy and
quantity of milk, although not the matrix (lipid-based
nutrient supplement compared with corn-soy blend).
Additional information on study characteristics was
previously published.®

2.3 | Data collection

At inclusion and after 3 months of supplementation,
age, sex, and anthropometry data were recorded. In
addition, a history of diet and previous illnesses based
on a 14-day maternal recall was taken, and a physical
examination was carried out. MUAC was measured to
the nearest 1 mm at the midpoint between the acro-
mion process and olecranon, using a standard mea-
suring tape. Weight was measured with an electronic
scale (Seca model 881 1021659, Seca GmnbH &
Co. KG) to the nearest 100g. Length was measured
with a wooden height board to the nearest 1 mm. All
measurements were performed twice by trained per-
sonnel, and the average was recorded.

Trained study nurses collected 2.5mL of venous
blood from the arms at each visit, of which 1 drop was
used for malaria rapid diagnostic tests for Plasmodium
falciparum (SD Bioline Malaria Ag P.f., Standard Di-
agnostics Inc.). The blood samples were collected with
serum vacutainers (Becton, Dickinson and Company

T
reference #368492) and stored in a cold box at 2—-8°C
during transportation to the trial laboratory. The sam-
ples were centrifuged at 700g for 5 min at room tem-
perature (EBA 20S, Andreas Hettich GmbH & Co. KG)
to isolate serum, and serum was stored at —20°C. For
the analysis of serum concentrations of alanine trans-
aminase (ALT), albumin, alkaline phosphatase (ALP),
amylase, total bilirubin, y-glutamyl transferase (GGT),
and phosphate, serum was sent to the Department of
Clinical Biochemistry, University of Copenhagen-—
Rigshospitalet, Copenhagen, Denmark. These param-
eters were determined on a Cobas 8000 analyzer
system, according to the manufacturer's instructions
(Roche Diagnostics GmbH, Mannheim, Germany). The
analyses of C-reactive protein (CRP) and a4-acid gly-
coprotein (AGP) were carried out by VitMin Lab,
Willstaett, Germany, using a simple sandwich enzyme-
linked immunosorbent assay.” Danish laboratory
reference intervals were presented along with blood
test results, which were compared with these reference
values.?

2.4 | Statistics

Data were entered twice into EpiData Entry 3.1
(EpiData Association). Statistical analyses were per-
formed using STATA 18 (StataCorp). Children with
missing values were excluded from the analyses. Dis-
tributions of variables were assessed visually with
histograms and probability plots. Variables were
described as percentages (n), means (+SD) for nor-
mally distributed variables, or medians [interquartile
range (IQR)] for nonnormally distributed variables.
Associations were analyzed by either linear regres-
sions or Tobit regressions, both age- and sex-adjusted,
with log4o transformation and backtransformation of the
outcomes. Tobit regressions were carried out to take
left-censoring into account by using lower limit cen-
sored points at 5 U/L for ALT, 2.5 umol/L for bilirubin,
and 3 U/L for GGT. If data were not censored, differ-
ences between visits were examined with paired t tests,
and 95% Cls were calculated with bias-corrected
bootstrapping (10,000 rep). If data were censored,
differences between visits were analyzed with Tobit
random-effects models adjusted for site as a fixed
effect and ID as a random effect. Odds ratios were
calculated with both unadjusted and age- and sex-
adjusted logistic regressions.

3 | RESULTS

Of the 1609 children enrolled, 87.2% (1403) had one or
more liver function tests at baseline. A participant flow
chart can be found in the supplementary materials
(Figure S1). Of these, 54% were females, and the
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TABLE 1 Baseline characteristics of 1403 children aged

6—23 months with moderate acute malnutrition who had one or more
liver parameters measured at baseline.

n
Age (months) 1403 11.4 [8.2-16.1]
Female sex 1403  54% (759)
Breastfed currently 1401 95% (1324)
Anthropometry
Length-for-age (Z-score) 1403 -1.7 (1.1)
Z>-2 62% (870)
Z<-2 and =-3 28% (391)
Z<-3 10% (142)
Weight-for-age (Z-score) 1403 -2.5(0.6)
Weight-for-length (Z-score) 1403 -2.2 (0.5)
Mid-upper arm circumference (mm) 1403 123 [120-124]
lliness
Il in the last 2 weeks?® 1403 76% (1070)
Diarrhea® 1403 20% (281)
Cough?® 1401  29% (407)
Fever (237.5°C)° 1401 17% (244)
Malaria rapid diagnostic test 1398 40% (564)
(positive)

Serum concentrations
C-reactive protein (mg/L) 1402 2.4 [0.8-9.3]

a4-acid glycoprotein (g/L) 1402 1.22 [0.88-1.63]

Note: Values are presented as % (n), mean (xSD), or median [interquartile
range].

Abbreviation: SD, standard deviation.

#Based on maternal recall and physical examination at inclusion by a trained
study nurse.

PBased on physical examination at inclusion by a trained study nurse.

median [IQR] age was 11.4 months [8.2-16.1]
(Table 1). The 206 children with no data on liver func-
tion tests had a higher mean (xSD) hemoglobin
(10.2+1.7g/L vs. 10.0+£ 1.6 g/L, p=0.047) than those
with liver function tests measured at baseline. No other
differences in baseline characteristics were found
between the two groups (p > 0.05, data not shown).

3.1 | Liver parameters at baseline

At baseline, serum concentrations of ALT, ALP, amy-
lase, total bilirubin, and GGT were largely within the
normal range, with only 0.9%, 0.6%, 12%, 0.3%, and 3%
of the children having elevated values, respectively.
Moreover, serum phosphate was low in 4% of children
while concentrations of serum albumin were elevated

and low in 52% and 13% of the children, respectively
(Table 2). When adjusted for age and sex, total bilirubin
was 19% (95% Cl: 2—-40) greater among children with
length-for-age Z-score <—3 when compared to children
with Z-scores >-2. In addition, age between 15 and
23 months was associated with 14% (95% CI: 17-11)
lower ALP and 14% (95% CI: 22-5) lower total bilirubin
compared with age between 6 and 14 months. Com-
pared with nonbreastfed children, breastfed children had
16% (95% CI: 8-25) higher ALP. No associations were
found between WLZ, MUAC, weight-for-age Z-scores, or
sex and serum concentrations of ALT, ALP, GGT, or
total bilirubin (Table S1, unadjusted results in Table S2).

Total serum bilirubin concentrations were greater
among children with elevated concentrations of CRP
and AGP as well as those with recent iliness, fever, or a
positive malaria test. Moreover, serum ALP was lower
in children with elevated concentrations of CRP and
AGP as well as in children with fever or a positive
malaria test. Finally, serum GGT was higher among
children with elevated concentrations of CRP and AGP
(Table S3, unadjusted results in Table S4).

3.2 | Changes in liver parameters
between baseline and after intervention

After 3 months of intervention, we observed increases
in the concentrations of serum ALT, amylase, ALP, and
albumin as well as decreases in the serum concen-
trations of total bilirubin and GGT. All changes were
minor. We found no changes in serum phosphate
concentrations (Table 3).

3.3 | Baseline liver parameters as
predictors of nutritional recovery

Lower baseline serum phosphate concentrations were
associated with lower odds of nutritional recovery with
an age- and sex-adjusted odds ratio of 0.31 (95% CI:
0.31-0.84). We found no associations between nutri-
tional outcome and the baseline serum concentrations
of ALT, albumin, ALP, amylase, total bilirubin, or GGT
(Table 4).

4 | DISCUSSION

Few children had elevated serum concentrations of
ALT, ALP, amylase, bilirubin and GGT, thereby no
biochemical signs of manifest liver damage were found
at group level. These results contrast with those of
studies on children with SAM where the serum con-
centrations of ALT, AST, total bilirubin and serum bile
acids were elevated while concentrations of albumin
and amylase were low.>%'® We found serum
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TABLE 2 Livertests in 1403 children aged 6—23 months with moderate acute malnutrition who had one or more liver parameters measured

in serum at baseline.

% (n) with % (n) with
n Median [IQR] high values low values Applied reference intervals
Alanine transaminase (U/L) 908 6.2 [<5-8.9] 0.9% (8) 0-18 years of age 5-45
Albumin (g/L) 1402  38.2 [34.9-41.2] 52% (733) 13% (185) 0-1 years of age 26-34
1-4 years of age 34-42
Alkaline phosphatase (U/L) 1403 169.9 [139.7-205.4] 0.6% (8) 6—-24 months of age 120470
2—6 years of age 120-290
Amylase (U/L) 1190 5.3 [<3-10.4] 12% (148) 0-1 years of age 0-8
1-4 years of age 0-31
Bilirubin (umol/L) 1400 <2.5[<2.5-3.5] 0.3% (4) 0-18 years of age 5-25
y-glutamyl transferase (U/L) 1385 13 [9-17] 3% (47) 0-18 years of age 10-45
Phosphate (mmol/L) 1397 1.73 [1.56-1.87] 0.4% (6) 4% (52) 2 days to 1 year of age 1.36-2.26
1-5 years of age 1.16-1.81
Abbreviation: IQR, interquartile range.
TABLE 3 Liver tests in 1403 children with moderate acute malnutrition after 3 months of intervention.
Change from baseline to
3-month follow-up 3-month follow-up
Liver test n Median [IQR] n Change (95% CI) p
Alanine transaminase (U/L) 823 7.1 [<5-9.6] 767 12% (6-19) <0.001
Albumin (g/L) 1375 39 [36.3-41.3] 1223 0.8¢g/L (0.5-1.1) <0.001
Amylase (U/L) 1349 7.5[4.1-12.6] 1050 29% (24-33) <0.001
Alkaline phosphatase (U/L) 1379 180.6 [152.2-214.2] 1227 9.7 U/L (5.0-15.4) <0.001
Bilirubin (umol/L) 1378 <2.5 [<2.5-2.8] 1223 —20% (-24 to -16) <0.001
y-glutamyl transferase (U/L) 1368 12 [9-16] 1201 -4% (-8 to —1) 0.016
Phosphate (mmol/L) 1375 1.80 [1.67-1.93] 1218 0.2 mmol/L (-0.1 to 0.5) 0.066
Abbreviations: Cl, confidence interval; IQR, interquartile range.
TABLE 4 Baseline liver tests as predictors of nutritional recovery during supplementation.?
Unadjusted Age- and sex-adjusted
Liver test n Odds ratio (95% CI) P Odds ratio (95% CI) P
Alanine transaminase (U/L) 893 1.00 (0.99-1.01) 0.96 1.00 (0.99-1.01) 0.98
Albumin (g/L) 1354 0.98 (0.96-1.00) 0.081 0.98 (0.96-1.01) 0.20
Amylase (U/L) 1154 1.00 (0.99-1.01) 0.75 1.00 (0.99-1.01) 0.86
Alkaline phosphatase (U/L) 1355 1.00 (1.00-1.00) 0.35 1.00 (1.00-1.00) 0.68
Bilirubin (umol/L) 1352 1.03 (0.99-1.08) 0.13 1.04 (0.99-1.08) 0.098
y-glutamyl transferase (U/L) 1338 1.01 (1.00-1.02) 0.030 1.01 (1.00-1.02) 0.027
Phosphate (mmol/L) 1349 0.48 (0.30-0.76) 0.003 0.51 (0.31-0.84) 0.009

Note: Data are presented as changes in odds of recovery per unit change in predictor value.
Abbreviation: ClI, confidence interval.

2Had mild or no acute malnutrition after 3 months of intervention.

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssjplie YO ‘8sN JO Se|ni 1oy ArIqiT8uljuO /8|1 UO (SUOTPUCD-pUe-SLLIBY 0D A8 | 1M ATeJq 1 BUIUO//:SANY) SUORIPUOD pue Swid | 8L 88S *[6Z0zZ/0T/ET] uo Arigiauliuo A1 ‘uonrepunod Aisienun aseduwe ] Aq 22102 €ud(Z00T OT/I0p/W0D A8 |imAIq 1 BUIUO//SANY WOy pepeojumod ‘0 ‘TO8FIEST



WINTHER ET AL.

-y
concentrations of total bilirubin to be higher among
children with stunted growth, which might indicate
subclinical liver damage. These associations were
found in serum levels largely within the normal
range and would need to be validated in future studies.
Future studies could investigate this subgroup of
children with both MAM and stunting further through
noninvasive measurements of hepatic steatosis and
fibrosis with transient elastography rather than mea-
suring biomarkers of liver damage with often low
availability in the Global South.

As previously reported, serum concentrations of
AGP and CRP were slightly elevated at baseline, which
was only partially explained by clinical infections, sug-
gesting subclinical infection.’" Total bilirubin was pos-
itively associated with all markers of inflammation. This
could be due to increased red blood cell hemolysis
secondary to malaria infection or a decreased ex-
cretory function of the liver due to underlying liver
damage. In addition, we found ALP to be negatively
associated with markers of inflammation. Total serum
ALP is divided into four isoenzymes, but tissue non-
specific ALP from the liver, kidneys and bones makes
up the largest fraction of circulating total serum ALP.'?
Low concentrations of ALP can be secondary to mal-
nutrition as well as conditions causing decreased bone
formation,’® and our findings could thereby indicate
suppressed bone formation among acutely mal-
nourished children with concurrent infections.

Overall, the liver parameters remained within the
normal range, and changes between the two visits were
small. We found serum ALP concentrations to increase
during intervention, indicating increased bone formation
in response to improved nutritional status.'* Moreover,
the increase in serum albumin concentrations could
indicate clearance of previous infections, as albumin is a
negative acute-phase protein.'>'® A study from Ghana,
a neighboring country of Burkina Faso, found higher
pediatric reference values for albumin'” when compared
to the Danish reference values. When applying these
reference values, we found 30.5% of children in our
cohort to have hypoalbuminemia at baseline, but only
21.0% after nutritional intervention. Meanwhile, only
0.2% and 0% of children had hyperalbuminemia at
baseline and after intervention, respectively. This indi-
cates that pediatric reference values of serum albumin
might differ between Danish and West African popula-
tions. Serum concentrations of amylase and ALT
increased during the intervention period while total bili-
rubin and GGT decreased. The increase in ALT is sur-
prising, as a previous study on children with SAM
reported that the serum concentrations of ALT
decreased after nutritional intervention.’® Another study
on young adolescents with anorexia nervosa reported
mild to moderate increases in serum concentrations of
ALT during refeeding. Moreover, elevated ALT concen-
trations during refeeding were associated with a delay in

the start of weight gain when compared with patients
with ALT concentrations within the normal range.'® As
the authors suggested, this could be caused by meta-
bolic damage and hepatic vulnerability due to nutritional
deficiencies. This is also a possible explanation for the
increase in ALT observed in this study. Still, as 34% of
ALT samples at baseline and 26% of ALT samples after
intervention were subjected to left-censoring, the results
of this study need to be validated in future studies.
Finally, serum concentrations of phosphate were within
the normal range at both visits; thus, no signs of re-
feeding syndrome®® were found.

We found lower serum concentrations of phosphate
to predict nutritional recovery. Previously, a study re-
ported a positive correlation between serum phosphate
concentrations and thymus size in children with SAM.2’
To our knowledge, no previous studies have investi-
gated the correlation between serum phosphate and
anthropometric outcomes in children with malnutrition,
and our finding needs to be validated in future studies.

This study is an analysis of secondary outcomes of
the original study, which increases the risk of chance
findings. To reduce this risk, we formulated a hypothe-
sis, and we engaged researchers who had no previous
knowledge of the data set to perform the data analysis
as well as write the initial draft. In addition, we applied
reference values from the Danish laboratory that ana-
lyzed the blood samples to be able to account for
methodological considerations and uncertainties. This
may have introduced information bias in the case of
differing optimal reference values among the pediatric
population of Burkina Faso. Unfortunately, we found no
reference values for liver function tests in children from
Burkina Faso. When comparing the Danish reference
values to pediatric reference values established from a
cohort from Ghana, we found small variations except for
higher normal ranges for both albumin and amylase.'”
Thereby, we find the risk of bias to be small in this
regard. We excluded children with severe disabilities
and children requiring hospitalization, but we might
unknowingly have included children with undiagnosed
conditions affecting the liver function tests. This could
potentially have confounded our results. Still, we believe
this risk to be small, as pediatric liver diseases are rare.
Moreover, we found serum concentrations of thyroid-
stimulating hormone and immunoglobulin G to be within
the normal ranges (data not shown). This indicates that
the children were not suffering from either hypo-
thyroidism, hyperthyroidism, or autoimmune hepatitis, all
of which could have caused elevated liver function tests.

5 | CONCLUSION

Liver function tests were largely within the normal
range, whereby no biochemical signs of manifest liver
damage were found. Serum concentrations of total
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bilirubin were higher among children with stunted
growth, which might indicate subclinical liver damage.

ACKNOWLEDGMENTS

The study was funded by Danish International Devel-
opment Assistance (09-097 LIFE); Médecins Sans
Frontieres (Denmark, Norway); Arvid Nilsson's Foun-
dation; The World Food Program, which was part of a
donation to the World Food Program from the American
people through the support of the US Agency for
International Development's Office of Food for Peace;
the Alliance for International Medical Action; and the
European Union's humanitarian aid funds, in partner-
ship with Action Contre la Faim. The funders had no
role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
No funding was obtained for the work behind this
secondary analysis.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Data described in the manuscript will not be made
available as the Danish Act on Data Protection does
not allow for personal data to be made available to
others without prior individual approval from the Danish
Data Protection Agency.

ORCID
Christina L. Winther
4401-0369

https://orcid.org/0000-0003-

REFERENCES

1. UNICEF (United Nations Children's Fund). Child Malnutrition
[Internet]. 2023. https://data.unicef.org/topic/nutrition/
malnutrition/

2. World Health Organization. Malnutrition. 2024. https://www.
who.int/news-room/fact-sheets/detail/malnutrition/

3. Doherty JF, Adam EJ, Griffin GE, Golden MH. Ultrasonographic
assessment of the extent of hepatic steatosis in severe mal-
nutrition. Arch Dis Child. 1992;67(11):1348-1352.

4. May T, Klatt KC, Smith J, et al. Choline supplementation pre-
vents a hallmark disturbance of kwashiorkor in weanling mice
fed a maize vegetable diet: hepatic steatosis of undernutrition.
Nutrients. 2018;10(5):653.

5. Pham TPT, Alou MT, Golden MH, Million M, Raoult D. Differ-
ence between kwashiorkor and marasmus: comparative meta-
analysis of pathogenic characteristics and implications for
treatment. Microb Pathog. 2021;150:104702.

6. Fabiansen C, Yaméogo CW, luel-Brockdorf AS, et al. Effec-
tiveness of food supplements in increasing fat-free tissue
accretion in children with moderate acute malnutrition: a ran-
domised 2 x 2 x 3 factorial trial in Burkina Faso. PLoS Med.
2017;14(9):e1002387.

7. Erhardt JG, Estes JE, Pfeiffer CM, Biesalski HK, Craft NE.
Combined measurement of ferritin, soluble transferrin receptor,
retinol binding protein, and C-reactive protein by an
inexpensive, sensitive, and simple sandwich enzyme-linked

] -
immunosorbent assay technique. J Nutr. 2004;134(11):
3127-3132.

8. RH Laboratorieundersggelse [Internet]. https://labportal.rh.dk/
Labportal.asp?ShowStart=Y

9. Zhang L, Voskuijl W, Mouzaki M, et al. Impaired bile acid
homeostasis in children with severe acute malnutrition. PLoS
One. 2016;11(5):e0155143.

10. Verma GK, Yadv RK, Chand R, Khan IA, Katiyar SBS, Singh M.
Prognostic significance of serum biochemistry profile in children
with severe acute malnutrition. Cureus. 2022;14:31266.
https://www.cureus.com/articles/123575-prognostic-
significance-of-serum-biochemistry-profile-in-children-with-
severe-acute-malnutrition

11. Cichon B, Fabiansen C, Yaméogo CW, et al. Children with
moderate acute malnutrition have inflammation not explained
by maternal reports of illness and clinical symptoms: a cross-
sectional study in Burkina Faso. BMC Nutrition. 2016;2(1):57.

12. Lowe D, Sanvictores T, Zubair M, John S. Alkaline Phospha-
tase. StatPearls [Internet]. Treasure lIsland, FL: StatPearls
Publishing; 2024. http://www.ncbi.nlm.nih.gov/books/
NBK459201/

13. Riancho JA. Diagnostic approach to patients with low serum
alkaline phosphatase. Calcif Tissue Int. 2023;112(3):289-296.

14. Cannalire G, Pilloni S, Esposito S, Biasucci G, Di Franco A,
Street ME. Alkaline phosphatase in clinical practice in child-
hood: focus on rickets. Front Endocrinol. 2023;14:1111445.

15. Gabay C, Kushner I. Acute-phase proteins and other systemic
responses to inflammation. N Engl J Med. 1999;340(6):
448-454.

16. Fuhrman MP. The albumin-nutrition connection separating myth
from fact. Nutrition. 2002;18(2):199-200.

17. Dosoo DK, Asante KP, Kayan K, et al. Biochemical and hem-
atologic parameters for children in the middle belt of Ghana. Am
J Trop Med Hyg. 2014;90(4):767-773.

18. Bartz S, Mody A, Hornik C, et al. Severe acute malnutrition In
childhood: hormonal and metabolic status at presentation,
response to treatment, and predictors of mortality. J Clin
Endocrinol Metab. 2014;99(6):2128-2137.

19. Imaeda M, Tanaka S, Fujishiro H, et al. Risk factors for elevated
liver enzymes during refeeding of severely malnourished pa-
tients with eating disorders: a retrospective cohort study. J Eat
Disord. 2016;4(1):37.

20. Heuft L, Voigt J, Selig L, Stumvoll M, Schldégl H, Kaiser T. Re-
feeding syndrome. Dtsch Arzteblatt Int. 2023;120(7):107-114.

21. Rytter MJH, Namusoke H, Ritz C, et al. Correlates of thymus
size and changes during treatment of children with severe acute
malnutrition: a cohort study. BMC Pediatr. 2017;17(1):70.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Winther CL, Helt TW,
Fabiansen C, et al. Liver function tests among
children with moderate acute malnutrition: a
secondary analysis of a randomized trial from
Burkina Faso. J Pediatr Gastroenterol Nutr.
2025;1-7. doi:10.1002/jpn3.70177

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssjplie YO ‘8sN JO Se|ni 1oy ArIqiT8uljuO /8|1 UO (SUOTPUCD-pUe-SLLIBY 0D A8 | 1M ATeJq 1 BUIUO//:SANY) SUORIPUOD pue Swid | 8L 88S *[6Z0zZ/0T/ET] uo Arigiauliuo A1 ‘uonrepunod Aisienun aseduwe ] Aq 22102 €ud(Z00T OT/I0p/W0D A8 |imAIq 1 BUIUO//SANY WOy pepeojumod ‘0 ‘TO8FIEST


https://orcid.org/0000-0003-4401-0369
https://orcid.org/0000-0003-4401-0369
https://data.unicef.org/topic/nutrition/malnutrition/
https://data.unicef.org/topic/nutrition/malnutrition/
https://www.who.int/news-room/fact-sheets/detail/malnutrition/
https://www.who.int/news-room/fact-sheets/detail/malnutrition/
https://labportal.rh.dk/Labportal.asp?ShowStart=Y
https://labportal.rh.dk/Labportal.asp?ShowStart=Y
https://www.cureus.com/articles/123575-prognostic-significance-of-serum-biochemistry-profile-in-children-with-severe-acute-malnutrition
https://www.cureus.com/articles/123575-prognostic-significance-of-serum-biochemistry-profile-in-children-with-severe-acute-malnutrition
https://www.cureus.com/articles/123575-prognostic-significance-of-serum-biochemistry-profile-in-children-with-severe-acute-malnutrition
http://www.ncbi.nlm.nih.gov/books/NBK459201/
http://www.ncbi.nlm.nih.gov/books/NBK459201/
https://doi.org/10.1002/jpn3.70177

	Liver function tests among children with moderate acute malnutrition: A secondary analysis of a randomized trial from Burkina Faso
	1 INTRODUCTION
	2 METHODS
	2.1 Ethics statement
	2.2 Study design and population
	2.3 Data collection
	2.4 Statistics

	3 RESULTS
	3.1 Liver parameters at baseline
	3.2 Changes in liver parameters between baseline and after intervention
	3.3 Baseline liver parameters as predictors of nutritional recovery

	4 DISCUSSION
	5 CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




