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BACKGROUND: Docosahexaenoic acid (DHA) and arachidonic acid (AA) are important for fetal brain growth and development. Our
aim was to evaluate the association between serum DHA and AA levels and brain volumes in extremely preterm infants.
METHODS: Infants born at <28 weeks gestational age in 2013-2015, a cohort derived from a randomized controlled trial
comparing two types of parenteral lipid emulsions, were included (n = 90). Serum DHA and AA levels were measured at postnatal
days 1, 7, 14, and 28, and the area under the curve was calculated. Magnetic resonance (MR) imaging was performed at term-
equivalent age (n = 66), and volumes of six brain regions were automatically generated.

RESULTS: After MR image quality assessment and area under the curve calculation, 48 infants were included (gestational age mean
[SD] 25.5 [1.4] weeks). DHA levels were positively associated with total brain (B = 7.966, p = 0.012), cortical gray matter (B = 3.653,
p =0.036), deep gray matter (B=0.439, p = 0.014), cerebellar (B=0.932, p = 0.003), and white matter volume (B = 3.373,

p = 0.022). AA levels showed no association with brain volumes.

CONCLUSIONS: Serum DHA levels during the first 28 postnatal days were positively associated with volumes of several brain
structures in extremely preterm infants at term-equivalent age.

Pediatric Research (2021) 90:1177-1185; https://doi.org/10.1038/s41390-021-01645-w

IMPACT:

® Higher serum levels of DHA in the first 28 postnatal days are positively associated with brain volumes at term-equivalent age in
extremely preterm born infants.

® Especially the most immature infants suffer from low DHA levels in the first 28 postnatal days, with little increase over time.

® Future research is needed to explore whether postnatal fatty acid supplementation can improve brain development and may
serve as a nutritional preventive and therapeutic treatment option in extremely preterm infants.

INTRODUCTION
Long-chain polyunsaturated fatty acids (LCPUFAs) play an

in cell membranes, signaling, specific neuroprotective protein
activation, and formation of eicosanoids.* DHA and AA accumu-

important role in fetal brain development.! Among PUFAs in the
brain, the omega-3 fatty acid docosahexaenoic acid (DHA)
accounts for the largest fraction (~40%).> During the major
growth spurt of the brain (from the second trimester of pregnancy
until 18 months of age), the amount of DHA in the brain increases
30-fold.® DHA is an important component of cell membranes, but
its metabolites are also involved in neurogenesis, antiapoptotic
effects, synaptic plasticity, and other phenomena.” The omega-6
LCPUFA arachidonic acid (AA) is known for its structural function

late in the fetal brain mainly during the third trimester,' a critical
period for fetal brain development. Extremely preterm infants,
already at risk for an adverse neurodevelopmental outcome, are
no longer supplied by the placenta, but rely on parenteral and
enteral nutrition for their DHA and AA intake. Current parenteral
and enteral nutrition may not be sufficient to supply an adequate
amount of DHA and AA to extremely preterm infants,>® thus
putting them at risk for decreased fatty acid levels.>”® This is
demonstrated as early as the first week after birth,” and by DHA
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and AA levels available for accretion at 6 weeks of age that were
~60% and 85% lower than provided in utero, respectively.” The
most immature infants are especially at risk, as DHA and AA levels
seem to depend on gestational age (GA).? Lapillonne et al. found
that preterm infants have lower erythrocyte DHA levels than term
infants, and erythrocyte DHA levels depend on the type of enteral
intake.®'®"" Around term-equivalent age (TEA), preterm infants
who received standard formula, LCPUFA-enriched formula, or
breastfeeding had 52%, 14%, and 31% lower erythrocyte DHA
levels, respectively, than term infants.®

Low serum AA and DHA levels are associated with multiple
morbidities, such as late-onset sepsis and chronic lung disease,
respectively,” which may be explained by the associations
between DHA and AA levels and inflammation. Lower DHA and
AA cord blood levels are associated with increased levels of the
pro-inflammatory cytokine interleukin-6, and lower postnatal DHA
levels are associated with increased early systemic inflammation in
extremely preterm infants.'? Systemic inflammation plays a major
role in the development of white matter injury in preterm
infants.”® In one study, higher single erythrocyte DHA levels
around birth and TEA in preterm infants were associated with
greater brain volumes." However, little is known about the effect
of serum fatty acids levels during the first postnatal month on
brain volumes at TEA. Brain volumes at TEA are correlated with
neurodevelopmental outcome,'*'® which indicates their potential
as biomarkers for future development.

In a randomized controlled clinical trial, parenteral nutrition
with fish oil, containing DHA, had no effect on morbidity, but it
suppressed serum AA levels.'” In addition, lower serum AA levels
were associated with severe retinopathy of prematurity.'® For this
part of the study, all infants are analyzed as one group, regardless
of study treatment. The aim of this study is to evaluate whether
serum levels of DHA and AA are associated with brain volumes at
TEA in extremely preterm infants and to evaluate whether fatty
acid serum levels are influenced by GA.

METHODS

Study design

This cohort of infants was derived from a randomized, controlled, open-
label trial, evaluating the effect of two parenteral emulsions on retinopathy
of prematurity, short-term morbidity, and growth. The trial was registered
at ClinicalTrials.gov (NCT02760472). Infants were randomized into receiv-
ing either SMOFIipid® (Fresenius Kabi, Bad Homburg, Germany), containing
15% fish oil with omega-3 LCPUFAs, or Clinoleic” (Baxter, Deerfield, lllinois),
an olive-oil based emulsion. The study was approved by the Regional
Ethical Board of Gothenburg. Informed consent from parents or guardians
was obtained in writing before the inclusion of the infant in the trial. The
primary study outcome was previously described by Najm et al., showing
no differences in growth (weight, length, and head circumference) or
morbidity between the two groups.'” Brain development in relation to
serum fatty acid levels was a secondary outcome measure in this trial.

Patients

Infants born at <28 weeks GA from April 2013 until September 2015 at
Sahlgrenska University Hospital in Gothenburg, Sweden, were eligible for
inclusion in the original clinical trial. For this study, additional inclusion
criteria were availability of magnetic resonance (MR) images at TEA of
sufficient quality for segmentation, and blood samples at postnatal days 1
and 28. MR acquisition and blood sampling are described in detail below.
Exclusion criteria were major congenital malformations. Of the 138 eligible
patients, 90 were included in the study. In 24 patients, no MR images were
acquired (13 patients died prior to scanning and 11 patients did not
undergo scanning due to parental refusal). In the 66 remaining infants, 52
infants had MR images of sufficient quality for segmentation. Reasons for
exclusion of MR examinations were severe motion artifact (n = 5), missing
T2-weighted (T2w) images (n = 3), field of view not covering the complete
brain parenchyma (n=4), and a combination of two or three of the
previously mentioned reasons (n = 2). Due to missing blood sampling for
fatty acid levels (n=4), 48 infants were included in the final analysis
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Fig. 1 Flowchart of included infants. MRl magnetic resonance
imaging, TEA term-equivalent age.

(Fig. 1). There were no statistically significant differences in baseline
characteristics between included and excluded surviving infants (data not
shown).

Of the 48 included patients, 22 received SMOFlipid® and 26 received
Clinoleic”. There were no statistically significant differences in baseline
characteristics, nor in brain volumes between the treatment groups (data
not shown). DHA area under the curve (AUC) was significantly higher in the
SMOFlipid” group than in the Clinoleic” group (mean [SD] 11.0 [1.4] vs 9.9
[1.6], p=10.019). Since the aim of our study was to evaluate DHA serum
levels (combined to form an AUC) and not the effect of DHA-enriched
parenteral nutrition, all infants were analyzed as one group and no further
distinction between the type of parenteral nutrition was made in the
analyses.

Nutritional management

Nutritional management has been described previously."”'® In short, all
patients received parenteral and enteral nutrition according to routine
clinical care. Parenteral nutrition was started as soon as possible after birth,
with a final lipid dosing strategy of 2-3 g/kg per day. Minimal enteral
feeding was started within 3 h after birth, with a gradual increase in
volume. Enteral nutrition consisted of own mother’s milk or donor milk,
with individual fortification.

Blood sampling

Blood samples drawn at postnatal days 1, 7, 14, and 28 were used in the
analyses. Serum phospholipid fatty acid levels (expressed as mol%) were
previously measured.'” For this study no new chemical analysis was
performed. In serum/plasma, LCPUFAs are found in lipoprotein particles,
particularly enriched in the phospholipid fraction. In preterm infants, the
plasma proportion of the main phospholipid phosphatidylcholine (PC)
containing DHA and AA is linearly related to erythrocyte PC-DHA and PC-
AA, respectively, and likely also reflect LCPUFAs status in peripheral organs
including the brain.?® An AUC for the first 28 days was calculated using the
trapezoidal method in patients who had at least measurements at both
postnatal days 1 and 28. AUC represents a time-adjusted sum of all four
individual measurements.

Pediatric Research (2021) 90:1177-1185



Morbidity
Short-term morbidity, including necrotizing enterocolitis, persistent ductus
arteriosus, sepsis, and bronchopulmonary dysplasia, were defined as
previously described'” and were registered from the patient’s clinical
record. Intraventricular hemorrhage was classified by serial cranial
ultrasound imaging according to Papile et al.?' Significant brain injury
was defined as intraventricular hemorrhage (grades Ill and IV), white
matter lesions (focal signal abnormality score >2 according to Kidokoro
et al.?), cerebellar hemorrhage (signal abnormality score >2 according to
Kidokoro et al.?2), and/or cystic lesions (cystic lesion score >3 according to
Kidokoro et al.??).

A detailed description of randomization, nutritional strategy, parenteral
and enteral lipid administration, and blood sampling and analysis was
previously published.”'®

MR image acquisition

Around TEA (median postmenstrual age in weeks [interquartile range]: 43.0
[2.93]), all included infants were examined on a 3-Tesla system (750 W, GE
Medical Systems, Waukesha, WI) using a 19- or 32-channel head coil.
Infants were sedated using oral chloral hydrate (35mg/kg). For hearing
protection, a combination of purpose-made in-ear and over-ear sound
absorption devices was used. All infants were closely monitored by a
trained nurse or physician, including respiratory rate and oxygen
saturation, as well as heart rate throughout the whole procedure.

The routine acquisition protocol included axial 2D T2w, T1 FLAIR, 3D
T2w, 3D T1-weighted, diffusion-weighted, and 3D susceptibility-weighted
images. For the volumetric analysis, only T2w images were used. The 2D
T2w acquisition parameters were: slice thickness 3 mm; repetition time
9278 ms; echo time 74.5ms. The 3D fast spin-echo T2w acquisition
parameters were: slice thickness 0.8 mm; repetition time 2740-3000 ms;
echo time 81-125ms.

MR image post processing

All T2w images were processed, including multiple acquisitions from a
single infant during the same MR imaging session (in total n=141
acquisitions). The images from each single acquisition (whether 2D or
direct 3D) were combined into one 3D image volume, referred to in the
following as image stack. Regional brain volumes were measured on the
basis of the anatomical segmentation procedure described by Makropou-
los et al.2* In summary, multiple brain regions were identified based on a
manually segmented atlas,”* with automatic atlas-based anatomical
segmentation using the DrawEM (Developing brain Region Annotation
With Expectation-Maximization) software module of the Medical Image
Registration Toolkit.>>*> An experienced imaging scientist (R.A.H.) assessed
the segmentations, using a custom-designed quality scoring protocol, and
excluded image stacks when quality deficiencies implied that volume
calculations would be unreliable. If more than one image stack from the
same infant was segmented with sufficient quality, only the segmentation
with the highest quality was included in further analysis. This resulted in
52 segmentations from 52 infants. Merged volumes of six brain regions
(total brain [i.e., total intracranial volume without cerebrospinal fluid],
white matter, cortical gray matter, deep gray matter, cerebellum, and
ventricles [i.e., lateral ventricles]) were generated by summation of selected
individual regions.

Statistical analysis

Data were analyzed using IBM SPSS Statistics 25 (IBM Corp., Armonk, NY).
Linear regression was used to evaluate the association between serum
fatty acids (DHA AUC and AA AUC) and the six merged brain region
volumes. In all models, results were corrected for postmenstrual age at the
time of MR scanning (weeks). The following confounders were included in
the initial analysis: significant brain injury (yes/no), weight standard
deviation score (SDS) at time of MR scanning, GA at birth (weeks), and
change in weight SDS from birth until the time of MRI. Confounders were
excluded from the final multivariable regression model if they were not
significant. Weight SDS scores were calculated according to Niklasson
et al.?® DHA for GA curves were created to evaluate the effect of low DHA
levels on brain volumes. All available DHA AUC of the infants from the
original cohort (n = 73) were used to determine the 50th percentile of DHA
AUC for each GA. Infants with DHA AUC below the 50th percentile for GA
were classified as “lower DHA AUC,” and this variable was included in the
linear regression model. All models met the assumptions for linear
regression analysis (homoscedasticity, normally distributed residuals,
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independence of measurements, and linearity). Independent-samples t
test and x? tests were used to compare baseline characteristics between
included and excluded surviving infants and between infants who received
SMOFlipid” versus Clinoleic’. To evaluate whether DHA and AA levels were
influenced by GA, two GA groups were created. The threshold was set at
25 weeks GA, based on clinical morbidity and mortality data.?”® Levels of
DHA from day 7 onwards for infants with GA < 25 weeks and infants with
GA =25 weeks were analyzed using mixed models in R (https://www.r-
project.org/). For all analyses, a p value < 0.05 was considered statistically
significant.

RESULTS

Patient characteristics

The clinical characteristics of all 48 included infants are shown in
Table 1. Nutritional characteristics are shown in Table 2.

Brain volumes and fatty acid AUC
Mean brain volumes (cm®) are shown in Table 3. In the final
regression models for all brain volumes, change in weight SDS
from birth until the time of MR scanning was excluded, since it
was not significant. GA at birth was significantly associated with
serum DHA AUC (Fig. 2). Inclusion of GA in the model together
with DHA made the model unstable, and GA was therefore not
included in the final model. Thus, the final multivariable regression
model for total brain volume, cortical gray matter volume, and
cerebellar volume consisted of postmenstrual age at the time of
MR scanning, significant brain injury, and weight SDS at the time
of MR scanning, and was completed with DHA AUC or AA AUC
(Table 4). In the multivariable regression models for deep gray
matter volume, white matter volume, and ventricular volume, one
or both of the remaining confounders (significant brain injury and
weight SDS at the time of MR scanning) were not significant and
were therefore excluded from the final model (Table 4).

DHA AUC was positively associated with total brain volume
(B=7.966, 95% confidence interval (Cl) 1.837-14.095, p =0.012,

Table 1. Baseline characteristics for included infants (n = 48).
Gestational age at birth—weeks, mean (SD) 25.5 (1.4)
Birth weight—g, mean (SD) 787 (212)
Birth weight SDS, median (IQR) —0.69 (1.0)
Change in weight SDS from birth until MR, —0.38 (1.4)
median (IQR)
Weight SDS at the time of MR, median (IQR) —-1.0 (1.4)
Sex—male, N (%) 26 (54%)
Sepsis, N (%) 18 (38%)
Necrotizing enterocolitis, N (%) 3 (6%)
Bronchopulmonary dysplasia, N (%) 26 (54%)
Retinopathy of prematurity, N (%)

Any 39 (81%)

>Stage 3 18 (38%)
Intraventricular hemorrhage, N (%)

No 32 (67%)

Grade |-l 13 (27%)

Grade lll 1 (2%)

Periventricular infarction 2 (4%)
Cerebellar hemorrhage, N (%) 11 (23%)
Significant brain injury, N (%) 11 (23%)
Postmenstrual age at the time of MR—weeks, 43.0 (2.93)

median (IQR)
SDS standard deviation score, MR magnetic resonance.
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Fig. 3a), cortical gray matter volume (B=3.653, 95% ClI
0.251-7.055, p =0.036, Fig. 3b), deep gray matter volume (B=
0.439, 95% Cl 0.091-0.787, p = 0.014, Fig. 3c), cerebellar volume
(B=0.932, 95% Cl 0.333-1.530, p=0.003, Fig. 3d), and white

Table 2. Nutritional data for included infants (n = 48).

Type of parenteral nutrition—SMOFlipid, N (%) 22 (46%)
Time until full enteral feeding (>150 ml/kg per day)— 16.0 (9.0)
days, median (IQR)
Total energy intake first 28 days—kcal/kg, median (IQR) 3041 (507)
Total lipid intake first 28 days—g/kg, median (IQR) 125 (28)
Total protein intake first 28 days—g/kg, median (IQR) 98 (14)
Total carbohydrate intake first 28 days—g/kg, 371 (38)
median (IQR)
Arachidonic acid serum levels—mol%, mean (SD)
Area under the curve first 28 days 35.4 (4.2)
Postnatal day 1 14.2 (2.2)

Postnatal day 7 8.2 (1.4)
8.2 (1.4)
9 (1.2)

Postnatal day 14
Postnatal day 28

Docosahexaenoic acid serum levels—mol%, mean (SD)

Area under the curve first 28 days 10.4 (1.6)

Postnatal day 1 3.3 (0.80)
Postnatal day 7 2.2 (0.49)
Postnatal day 14 2.5 (0.50)
Postnatal day 28 2.8 (0.55)

Table 3. Mean brain region volumes.

Brain region Mean volume (SD) (cm?)

Total brain 383 (53)
White matter 151 (18)
Cortical gray matter 169 (32)
Deep gray matter 23 (2.7)
Cerebellum 29 (5.7)
Ventricles 12 (4.9)

matter volume (B =3.373, 95% Cl 0.504-6.241, p = 0.022, Fig. 3e)
(Table 4). No association with ventricular volume was found (B=
—0.341, 95% ClI —1.231 to 0.549, p=0.444). In addition, no
associations between AA AUC and any of the brain volumes were
found (Table 4).

Since GA was excluded from the final DHA AUC model,
additional analyses with “lower DHA AUC” in the regression
model together with GA (and the previously described
variables) were performed. Twenty-one infants were classified as
“lower DHA AUC.” Linear regression analysis showed negative
associations between “lower DHA AUC” and total brain, cortical
gray matter, deep gray matter, white matter, and cerebellar
volume, although not significant. The association between “lower
DHA AUC” and cerebellar volume nearly reached significance (p =
0.054). Additional analyses were performed with GA in the model
while omitting DHA from the model, to obtain more information
on the interplay between GA, DHA, and brain volumes. The
models with GA as an independent variable were highly
comparable to the models with DHA as an independent variable
(Appendix 1).

DHA and AA levels over time

For these results, the individual fatty acids measurements at
postnatal days 1, 7, 14, and 28 were used, instead of the AUC.
During the first postnatal week, DHA levels declined drastically,
after which they slowly increased during the second, third, and
fourth postnatal week. However, after 28 postnatal days, DHA
levels were still below the baseline levels of postnatal day 1
(Fig. 4a). Similarly, AA levels dropped in the first postnatal week,
but did not increase during the first 28 postnatal days (Fig. 4b).
Except for the first postnatal day, GA had a significant effect on
DHA levels, but not on AA levels (Figs. 2 and 4). Mixed model
analysis showed that DHA levels increased significantly (0.026 mol
% per day, p<0.001) between days 7 and 28, and that DHA
levels were significantly lower in infants with GA <25 weeks (n =
15) (0.48 mol%, p<0.001) compared to infants with GA=>
25 weeks (n =33). Mixed-model analysis of AA did not show a
statistically significant increase over time, nor a difference between
GA groups.

DISCUSSION
To our knowledge, this is the first study to evaluate the association
between multiple serum DHA and AA measurements in the first 28

B =0.523, p = 0.0009 |
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Fig.3 Docosahexaenoic acid and brain volumes. Overview of docosahexaenoic acid area under the curve (AUC) associations with total brain
volume (a), cortical gray matter volume, GMc (b), deep gray matter volume, GMd (c), cerebellar volume, Crb (d), and white matter volume, WM
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imaging. GA gestational age, Vnt ventricles.

postnatal days and brain volumes at TEA in extremely preterm
infants. This study showed that higher serum levels of DHA, but
not AA, during the first 28 postnatal days were associated with the
increased total brain, cortical gray matter, deep gray matter,
cerebellar, and white matter volumes at TEA in infants born
extremely preterm. In addition, infants with GA <25 weeks had
significantly lower serum levels of DHA between postnatal days 7
and 28 than infants with GA > 25 weeks.

Postnatal DHA and AA development

The pattern of postnatal DHA and AA development in our cohort
is in line with previous findings. Two studies described a postnatal
decrease in DHA and AA levels during the first week in preterm
infants (GA <30 weeks and GA 24-34 weeks).”?° This initial
decrease in LCPUFAs indicates that the amount of LCPUFAs
extremely preterm infants receive may be insufficient, which is a
major concern considering their high requirement.

Our results show an interesting GA-dependent difference in
DHA levels. Infants with GA < 25 weeks have a more severe drop in
serum DHA during the first week of life than infants with GA >
25 weeks, and this difference persists throughout the first 28
postnatal days. Most fetal DHA accumulation takes place during
the third trimester of pregnancy, with more DHA being
incorporated in the brain for every week of gestation.! Conse-
quently, at corresponding chronological age, more immature
infants have accumulated less DHA in the brain, as well as in other
tissues including liver and retina, than more mature infants. We
speculate that in order to meet the high demand of DHA needed
for adequate organ development, DHA requirement and
uptake from the blood is higher in more immature infants, which
leads to lower serum DHA levels compared to more mature
infants. Further research is needed to investigate this, but our
results may demonstrate the need for GA-dependent fatty acid
supplementation.

SPRINGER NATURE

Fatty acids and brain volumes

Even though the importance of DHA for fetal brain development is
well established, little is known about the effect of DHA levels on
brain development in extremely preterm infants. Two studies,
describing different outcomes of the same clinical trial, evaluated
the association between early (on average 3 weeks after birth) and
near-TEA erythrocyte DHA levels, and early and near-TEA brain
development (brain volumes and white matter integrity).'**° Their
findings are in line with our results, showing associations between
early erythrocyte DHA levels and cortical gray matter and deep
gray matter volumes, and between near-TEA erythrocyte DHA
levels and deep gray matter, cerebellar, and brainstem volumes.'*
In addition, early erythrocyte DHA levels were associated with
lower diffusivity in white matter tracts.>® The similarity of our
results underpins the significance of DHA in relation to brain
development.

Contrary to our DHA findings, we found no effect of AA levels
on brain volumes. AA does not accumulate in the brain during the
third trimester of pregnancy as DHA does."' Both AA and DHA
are accreted into the fetal brain at high rates, but towards term
the DHA fraction increases, whereas AA decreases in the
cerebrum.! This suggests that adequate levels of DHA are more
important than AA in extremely preterm infants and may explain
why AA levels do not affect brain volumes in our study.
Alternatively, it is possible that the DHA:AA ratio, rather than AA
levels per se, affects brain development. DHA supplementation in
preterm infants reduces AA levels and increases DHA:AA ratio.'”
Also in term infants, AA levels decline when they are only
supplemented with DHA, and supplementation with a DHA:AA
ratio >1 reduces the benefit on cognitive and other functional
outcome compared to supplementation with a DHA:AA ratio
<1.3273* The European Academy of Pediatrics and the Child Health
Foundation recommend that all infant formula should be
supplemented with both DHA and AA .32
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Fig. 4 Postnatal development of docosahexaenoic acid and
arachidonic acid. Docosahexaenoic acid (a) and arachidonic acid
(b) levels at postnatal (PN) days 1, 7, 14, and 28 for infants with
gestational age (GA) <25 weeks (n=15) and =25 weeks (n=33).
The difference in docosahexaenoic acid levels between the GA
groups was 0.48 mol%, p<0.001. Docosahexaenoic acid levels
increased from PN day 7 onwards (0.026 mol% per day between
PN days 7 and 28, p <0.001). Arachidonic acid levels did not differ
significantly between GA groups and no effect of PN age between 7
and 28 days could be demonstrated.

Fatty acids and neurodevelopmental outcome

Most studies that evaluate neurodevelopmental outcome in
relation to fatty acids describe interventions with DHA and/or
AA supplementation. In a Cochrane systematic review, LCPUFA
supplemented formula showed no long-term benefit on visual
function, development, and growth in preterm infants,>® but the
quality of the evidence was low. Two recent reviews found no
effect of enteral DHA supplementation in preterm infants
(<37 weeks GA) on behavioral functioning®® and language
development®” between 6 months and 10 years of age. However,
none of the included studies employed behavior or language
development as primary outcome measures, which resulted in
relatively small and underpowered studies. In a systematic review
on postnatal nutrition to improve brain development®® three
randomized controlled trials on breast milk supplementation with
DHA and/or AA showed no effect of a DHA:AA supplementation
ratio of 1:1 on cognitive, motor, or behavioral outcome at 8 years
of age in preterm born infants,3° but a positive effect of DHA:AA
supplementation with ratio 1:2 on psychomotor development in
preterm born infants at 24 months corrected age.*' In addition, no
effect of enteral DHA supplementation on attention was found in
preterm born infants at 18 months corrected age,** nor of
parenteral nutrition containing DHA on cognitive, language, or
motor scores at 12 and 24 months corrected age.”> On the
contrary, another study showed that early (on average 3 weeks
after birth) erythrocyte DHA levels were positively associated
with motor outcome at 33 months corrected age’° These
studies highlight the complex relationship between fatty acid

Pediatric Research (2021) 90:1177-1185

L.M. Hortensius et al.

supplementation, DHA and AA status, and neurodevelopmental
outcome, and underline the need for adequately powered, large
follow-up studies after intervention trials with fatty acid
supplementation.

DHA and GA interplay

Our results show a significant association between DHA levels and
GA. In addition, significant brain injury is also associated with GA.
It is thus difficult to separate the effect of DHA from the effect of
GA on brain volumes. We could not include GA in our final
multivariable model, because GA together with DHA resulted in an
unstable model. By including DHA and significant brain injury in
our model, we have evaluated two important factors that may
contribute to brain development in extremely preterm infants. We
further analyzed the DHA and GA interplay by creating a DHA
curve, and found that infants in the lower 50th percentile had
smaller brain volumes, although this did not reach significance.
These results suggest a potential causal relationship between DHA
AUC and brain volumes, but the study was underpowered to draw
final conclusions. We also analyzed the association between GA
and brain volumes and found very similar results as with the
association between DHA and brain volumes. We therefore
speculate that the association between GA and brain volumes
may be modified by DHA, but this requires conformation in
studies on larger cohorts.

LIMITATIONS

Due to low quality (e.g., severe motion artifact, missing T2w
images, and field of view not covering the complete brain
parenchyma), a large number of MR scans (14/66) was unsuitable
for automatic segmentation. The remaining images showed
variation with regard to acquisition parameters (as described in
the MR image acquisition section). Together with the relatively
small number of included infants, this may have resulted in some
true effects being missed. Second, in our study cohort, 23% of the
infants suffered from significant brain injury, which was more
common in the more immature infants. Since DHA levels were
lower in the more immature infants, and significant brain injury
may affect brain growth, significant brain injury may be a
confounder in our analyses. To limit this risk, we included
significant brain injury in our statistical models. Finally, although
our results suggest a causal relationship between DHA AUC and
brain volumes, no causality could be statistically proven due to the
small number of included infants.

FUTURE DIRECTIONS

Our results show that maintaining DHA and AA at adequate levels in
extremely preterm infants remains a challenge. Two randomized
controlled trials are currently evaluating the effect of enteral
supplementation with DHA and AA in a DHA:AA ratio of 1:2 in
extremely preterm infants from birth until TEA on retinopathy of
prematurity (MegaDonnaMega trial, clinicaltrials.gov: NCT03201588)
and brain maturation (ImNuT trial, clinicaltrials.gov: NCT03555019).
In addition, a more aggressive approach for parenteral supplemen-
tation may be required. To gain more insight into the distribution of
DHA and AA levels in infants with different GAs and to confirm our
results regarding brain volumes, our study should be replicated in a
larger study cohort.

CONCLUSION

Serum levels of DHA, but not AA, during the first 28 postnatal days
were positively associated with volumes of several brain structures
in extremely preterm infants at TEA. Future research is needed to
explore whether fatty acid supplementation after birth can
improve brain development in this population.

SPRINGER NATURE
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