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OBJECTIVES: To evaluate the association between an exclusive human milk diet (EHMD) and motor function impairment at three
years of corrected age among infants born before 32 weeks of gestation.
METHODS:We conducted a retrospective study between 2018 and 2021. We assigned to the EHMD group infants who received an
EHMD for ≥75% of the days between the first day of diet fortification and 33 6/7 weeks postmenstrual age. We used inverse
propensity scores to balance potential confounders and developed a mixed-effects logistic regression model to assess the
association.
RESULTS: After adjusting for demographics and morbidities, an EHMD was associated with a reduced risk of motor function
impairment, with an odds ratio of 0.74 (95% CI: 0.56–0.98, p= 0.036).
CONCLUSIONS: An EHMD is associated with a decrease in the odds of early childhood motor function impairment among infants
born before 32 weeks of gestation.
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INTRODUCTION
Human milk-based nutrition is the standard of care for infants
born before 32 weeks and very low birth weight infants [1]. To
meet the unique nutritional needs and growth of these infants,
multi-nutrient fortification of either mother’s own milk (MOM) or
donor human milk (DHM) is recommended [2, 3]. Fortification of
MOM or DHM can be achieved using either bovine milk-based
fortifier (BMBF) or human milk-based fortifier (HMBF). An exclusive
human milk diet (EHMD) consists of MOM or DHM as the primary
milk source, which is supplemented with HMBF. EHMD was found
to be associated with a decrease in the incidence of necrotizing
enterocolitis (NEC), especially in those settings where the NEC
rates are high, as well as other morbidities such as late-onset
sepsis, days on mechanical ventilation, retinopathy of prematurity
(ROP), and bronchopulmonary dysplasia (BPD) [4–8], although
these benefits have not been confirmed in randomized controlled
trials (RCTs) [9, 10]. There is conflicting evidence on the relation-
ship between EHMD and short-term postnatal growth, with
numerous studies showing reduced growth in association with
EHMD use [7, 9, 11–14]. Using a retrospective cohort of infants
born before 32 weeks at Kaiser Permanente Southern California
(KPSC), we also showed reduced length growth in infants offered
an EHMD, after accounting for confounders and adjusting for
neonatal morbidities. In a post-hoc analysis, we observed
comparable length growth and improved weight growth in
infants offered an EHMD fortified directly to a caloric density of
26 kcal/oz [15].
Neurodevelopmental outcomes in early childhood are often

used as indicators to evaluate the quality of care given to preterm

infants in the NICUs. The late second and early third trimesters are
crucial for rapid brain development, but this process is signifi-
cantly interrupted by preterm birth before 32 weeks of gestation.
Various factors, such as prolonged respiratory support, severity of
illness, acute brain injury, nutritional intake, and growth during
this critical period all influence neurodevelopmental outcomes.
Slower growth has been correlated with higher risks of
neurodevelopmental impairment [16, 17]. In contrast, the use of
human milk and breastfeeding have been shown to improve
neurodevelopmental outcomes in both term and preterm infants
[18–20]. Specific components of human milk, such as long-chain
polyunsaturated fatty acids (LC-PUFA), lactoferrin, and human milk
oligosaccharides (HMOs), are believed to play a role in supporting
neurodevelopment [18, 21–23].
The impact of an EHMD on early childhood neurodevelop-

mental outcomes has been reported in the literature but with
conflicting results [12, 24–26]. In a pragmatic trial by Hopperton
et al., infants weighing less than 1250 g between 2014 and 2016
were block-randomized to receive either HMBF or BMBF.
Neurodevelopmental outcomes assessed at 18 months of
corrected age revealed no significant differences between the
two groups [24]. Conversely, a multicenter retrospective study
conducted across six NICUs between 2006 and 2010 reported
superior cognitive outcomes at 18–22 months of age, as assessed
by the Bayley Scales of Infant and Toddler Development (BSID),
among infants fed an EHMD. However, no significant differences
were observed in language or motor outcomes. These findings
remained consistent in both univariate analyses and after
adjusting for factors such as birth weight, sex, enteral feeding,
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and NEC [26]. Colacci et al. found no differences in BSID cognitive
scores between groups [12]. The study by Bergner et al. reported
neurodevelopmental outcomes but did not include a non-EHMD
group for comparison [25]. In this study, we leverage an
established KPSC cohort [15] to examine the association between
EHMD and motor function impairment at three years of age.

METHODS
Study design, eligibility criteria, and oversight
We conducted a multicenter retrospective study involving infants born at
less than 32 weeks of gestation between January 1, 2018, and August 31,
2021, across 13 NICUs within KPSC. This cohort represents a subset of our
previously published study [15], including only those infants who had
reached three years of corrected age by the time when the analysis started.
Infants with major congenital anomalies or those who were no longer
Kaiser Permanente members by three years of corrected age, either due to
mortality or member attrition, were excluded. Additionally, we excluded
infants without documented feeding information by 34 weeks post-
menstrual age (PMA) or with missing data on caloric density. The study was
approved by the KPSC Institutional Review Board (IRB), which waived the
requirement for informed consent (IRB #: 13350). All methods were
performed in accordance with the relevant guidelines and regulations.

Data collection
Demographic and morbidity data were collected from the Clarity database,
a reporting database of Epic electronic healthcare records, or the research
database at KPSC. No artificial intelligence or natural language processing
algorithms were used for data extraction. Morbidity and outcome
diagnoses were based on international classification of diseases-tenth
edition (ICD-10) codes. Maternal variables collected include age, smoking
status during pregnancy, delivery modes, antenatal corticosteroid admin-
istration, hypertensive disorders of pregnancy (HDP, including preeclamp-
sia, eclampsia, HELLP syndrome), fetal growth restriction (FGR), gestational
diabetes mellitus (GDM), obesity, and placental abruption. Neonatal
variables extracted include birth hospital, sex, race/ethnicity, gestational
age (GA), length of stay, APGAR scores at 1 and 5minutes, IVH, ROP, NEC,
spontaneous intestinal perforation (SIP), BPD (based on the 2019 Jensen
criteria [27]), dexamethasone administration, ibuprofen/indomethacin
administration, and periventricular leukomalacia. To identify cases of NEC
and SIP, we first screened Neonatology encounter records for the following
ICD-10 codes: P77.2 (Stage 2 NEC), P77.3 (Stage 3 NEC), P77.9 (NEC
unspecified), and P78.0 (perinatal intestinal perforation), followed by
manual chart reviews to confirm the diagnosis. Notably, for cases of NEC
managed medically, only those with clear documentation of pneumatosis
intestinalis on abdominal x-rays and treatment with antibiotics were
classified as having NEC. SIP rather than surgical NEC was diagnosed if the
infant was not fed enterally or only received trophic feeds when free air
was observed on the abdominal x-rays and surgical intervention was
performed. Infants with a diagnostic code of P77.1 (Stage 1 NEC) were not
classified as having NEC.
Anthropometric data collected include weight, length, and head

circumference measurements from birth to 33 6/7 weeks PMA. Weight
was typically measured daily, whereas length and head circumference
were typically measured weekly, but the frequency may change
depending on clinical needs. The method for conducting the measure-
ments was unavailable. The birth measurements were the measurements
closest to the infants’ birth dates. Birth measurement percentiles as well as
weight and length growth trajectory percentiles were calculated based on
the 2023 Postnatal Growth Charts for Preterm Infants [28].
NICUs that implemented EHMD used the Prolacta products as part of

their routine care. Since NICUs transitioned infants from HMBF to BMBF at
varying PMAs after 34 0/7 weeks, we limited our analysis to diet data
collected before 34 0/7 weeks PMA to assign infants to either the EHMD or
non-EHMD group. Daily diet order was used to determine whether the
infant received EHMD for the day or not. The percentage of EHMD was
calculated as follows:

Total days receiving EHMD
Total days between the day of the first fortified feed and 33 6=7weeks PMA

´ 100ð%Þ

Following the same grouping criteria as our previous study, infants who
received EHMD for ≥75% of the days were assigned to the EHMD group
[15]. The remainder of the infants were assigned to the non-EHMD group

regardless of whether the non-EHMD feeds were preterm formula or
MOM/DHM fortified with BMBF. Caloric density data were collected from
nursing documentation of each feed in the flowsheet.
Infants were classified as having motor function impairment if they had

any of the following ICD-10 codes in their medical charts―M62.9
(hypotonia), G80.X (cerebral palsy), or F82 (specific developmental disorder
of motor function)―after NICU discharge and before reaching 3 years of
corrected age, and the diagnoses remained active at three years of
corrected age.

Statistical analysis
Continuous variables were presented as median [interquartile range (IQR)]
or mean ± sd. Categorical variables were presented as number (percen-
tage). The rank sum test or the t test was used to compare continuous
variables, and the Chi-squared test was used for categorical variables.
Standardized mean differences (SMD) were presented in demographic
summarization of the confounders. P-values were presented for all
comparisons. A P value < 0.05 was considered statistically significant.
We used inverse propensity weighting (IPW) to account for imbalance in

perinatal confounders between the EHMD vs. non-EHMD groups as a result
of variations in EHMD implementation protocols across NICUs. IPW is a
statistical method used to mimic a randomized experiment in observa-
tional data. It works by assigning weights to each patient based on the
inverse of their propensity score—the probability of receiving a particular
treatment given their characteristics. This reweighting balances the groups
so they’re more comparable. In other words, it gives more weight to
individuals who are underrepresented and less to those overrepresented,
reducing bias in estimating treatment effects. Propensity scores were
derived using generalized boosted regression modeling to estimate the
population average treatment effect [29]. Variables screened for inclusion
in propensity score estimation were potential confounders before the
beginning of diet fortification in typical modern neonatal practices,
including maternal obesity, HDP, GDM, FGR, chorioamnionitis, antenatal
corticosteroids, infant race/ethnicity, birth GA, infant sex, birth measure-
ment (weight, length, and head circumference) percentiles, as well as 1-
and 5-min APGAR scores. Those variables with a p value < 0.1 between the
EHMD and non-EHMD group in the unweighted cohort were included
in IPW.
A weighted mixed-effects logistic regression model was developed to

assess the risk of motor function impairment in association with EHMD.
Additional fixed-effect variables include those demographic and neonatal
morbidity variables that showed a difference between the EHMD and non-
EHMD groups. Medical centers were included as a random-effect term to
account for outcome variations among centers. The risk of motor function
impairment was presented as odds ratio (OR) and its 95% confidence
interval (CI).

RESULTS
Infant characteristics
We identified 1058 infants who met the selection criteria, with 800
infants in the non-EHMD group and 258 in the EHMD group.
Infants in the EHMD group were born earlier (median GA of
27 weeks for the EHMD group vs. 30 weeks for the non-EHMD
group). Their perinatal characteristics are listed in Table 1. Birth
weight and length percentiles were significantly lower among
infants in the EHMD group. Fewer infants in the EHMD group were
born vaginally and large for gestational age (LGA), and more
infants were born small for gestational age (SGA). Both 1-min and
5-min APGAR scores were lower in the EHMD group. Infants in the
EHMD group had 100% (IQR: 92–100%) of their total fortification
days on EHMD, while infants in the non-EHMD group had 0% (IQR:
0–0%) of their total fortification days on EHMD (Fig. 1A). Maximum
caloric intake was significantly higher in the EHMD group (26 [IQR:
26–28] kcal/oz) compared to that in the non-EHMD group
(24 [24-26] kcal/oz), with p < 0.001 (Fig. 1B).
Maternal obesity, chorioamnionitis, antenatal corticosteroids,

mode of delivery, GA, birth weight, length, and head circumfer-
ence percentiles, and 1- and 5-min APGAR scores were used for
IPW. The weighted population has 1820 infants, with 1015 in the
non-EHMD group and 805 in the EHMD group. The perinatal
characteristics of the weighted population are listed in Table 2.
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The SMD for GA (from 0.759 to 0.115), birth weight percentile
(from 0.331 to 0.106), and birth length percentile (from 0.177 to
0.055) became much smaller after IPW. However, the differences
between the two groups remained statistically significant
(p < 0.05). Antenatal corticosteroid use was also significantly
different between the two groups, although 94.3% of the
weighted population in the non-EHMD group and 97.9% in the
EHMD group received antenatal corticosteroids. The other
variables were balanced between the two groups.
Postnatal morbidities are listed in Table 3. Infants in the EHMD

group were more likely to have IVH (31.2% in the EHMD group vs.
19.6% in the non-EHMD group, p < 0.001), although the differ-
ences in grade 3/4 IVH were non-significant between the two
groups (6.9% in the EHMD vs. 4.9% in the non-EHMD group).
Infants in the EHMD group were also more likely to have grade 2/3
BPD (14.6% in EHMD vs. 9.9% in non-EHMD, p= 0.039). Length of
stay was longer among infants in the EHMD group (60 [IQR: 44–87]
days) than in the non-EHMD group (51 [IQR:36–75] days), with
p= 0.001.

Assessing the risks of motor function impairment
Confounders that remained imbalanced after IPW and morbidities
that were significantly different between the two groups in the
weighted population were identified and included in the model
for adjusting. These factors consisted of GA (categorized into
22–25, 26–27, 28–29, and 30–31 groups to improve model fit),
birth weight percentile, grade 1/2 and grade 3/4 IVH, ibuprofen/
indomethacin use, grade 2/3 BPD, antenatal and postnatal
corticosteroid use (Tables 2, 3). The adjusted OR for motor

function impairment was 0.74 (95% CI: 0.56–0.98, p= 0.036) in the
EHMD group compared to the non-EHMD group (Fig. 2).
Additionally, lower GA, grade 3/4 IVH, and grade 2/3 broncho-
pulmonary dysplasia were also independently associated with a
significantly higher risk of motor function impairment.

DISCUSSION
In this study, we assessed the association between EHMD and
motor function impairment, defined based on having a docu-
mented diagnosis of hypotonia, cerebral palsy, or specific
developmental disorder of motor function that remained active
at three years of corrected age. We applied IPW to balance
potential perinatal confounders. We then used a multivariable
mixed-effects model to (1) adjust for residual confounding as well
as significant differences in morbidity covariates, and (2) account
for outcome variations across medical centers. Our analysis
showed that EHMD was independently associated with a reduced
risk of motor function impairment.
Human milk influences neurodevelopment through multiple

mechanisms mediated by the gut-brain axis [23]. Among its
components, lactoferrin, one of the most abundant whey proteins,
has been linked to brain size in preterm infants [30]. Its anti-
inflammatory properties may help mitigate adverse neurodeve-
lopmental outcomes associated with systemic inflammation [31,
32]. Another critical group of components in human milk is LC-
PUFA, including docosahexaenoic acid (DHA) and arachidonic acid
(ARA), which are key structural components of central nervous
system cell membranes and play a significant role in regulating

Table 1. Perinatal characteristics of the non-weighted cohort.

Variables Non-EHMD
(n= 800)

EHMD (n= 258) p valuea Standardized mean difference

Maternal

Age (year), median [IQR] 32 [28, 35] 33 [30, 36] 0.004 0.208

Hypertensive disorder of pregnancy, n (%) 239 (29.9) 79 (30.6) 0.882 0.016

Gestational diabetes mellitus, n (%) 91 (11.4) 29 (11.2) 1.000 0.004

Obesity, n (%) 281 (35.1) 74 (28.7) 0.067 0.139

Placental abruption, n (%) 125 (15.6) 39 (15.1) 0.922 0.014

Chorioamnionitis, n (%) 58 (7.2) 29 (11.2) 0.058 0.138

Antenatal corticosteroids, n (%) 750 (93.8) 250 (96.9) 0.076 0.150

Non-smoker during pregnancy, n (%) 744 (93.0) 229 (88.8) 0.179 0.150

Vaginal delivery, n (%) 247 (30.9) 60 (23.3) 0.023 0.172

Fetal growth restriction, n (%) 11 (1.4) 7 (2.7) 0.243 0.095

Neonatal

Gestational age (week), median [IQR] 30 [27,31] 27 [25,29] <0.001 0.759

Hispanic, n (%) 451 (56.4) 151 (58.5) 0.122b 0.252

Male Sex, n (%) 412 (51.5) 134 (51.9) 0.960 0.009

Birth weight (g), mean±sd 1303.1 (391.5) 963.5 (285.0) <0.001 0.992

Birth weight percentile, median [IQR] 54.5 [30.0, 76.8] 47.0 [17.0, 67.8] <0.001 0.331

Birth length percentile, median [IQR] 52.5 [31.6, 73.6] 45.9 [16.9, 73.0] 0.013 0.177

Birth head circumference percentile, median
[IQR]

52.6 [33.9, 74.8] 50.1 [25.4, 74.8] 0.061 0.134

SGA, n (%) 77 (9.6) 49 (19.0) <0.001 0.270

LGA, n (%) 77 (9.6) 7 (2.7) 0.001 0.290

1-min APGAR, median [IQR] 7 [5,8] 6 [4,7] <0.001 0.255

5-min APGAR, median [IQR] 8 [8, 9] 8 [7, 9] 0.006 0.199

EHMD exclusive human milk diet, SGA small for gestational age, LGA large for gestational age, IQR interquartile range.
aChi-squared test for categorical variables, rank-sum test for non-parametric continuous variables. Student’s t test for parametric continuous variables.
bStatistical analysis was conducted to compare race/ethnicity assignments across White, Hispanic, Black, Asian, Pacific Islander, Multiple, and Other categories.
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their function [33]. ARA and DHA accumulate rapidly during the
third trimester and the first postnatal months in term infants. De
novo synthesis of ARA exceeds that of DHA in preterm infants,
making DHA more of an essential fatty acid in these vulnerable
infants [34]. High-dose DHA supplementation in infants born
before 29 weeks of gestation has been associated with improved
full-scale intelligence quotient at 5 years of corrected age [35].
HMOs are another group of molecules implicated in human milk’s
contribution to neurodevelopment [23, 36]. With over 200
identified structures, HMO concentrations vary depending on
geographic location, maternal genetics, and the lactation period.
Indigestible by infants, HMOs are instead utilized by the neonatal
gut microbiome to suppress pathogenic microorganism growth.
They also exhibit anti-inflammatory properties by downregulating
pro-inflammatory cytokine secretion by intestinal epithelial cells,
and play a role in strengthening the intestinal epithelial barrier
[37]. Functionally, human milk use is associated with increased
white matter development, cortical thickness, as well as better
BSID and intelligence quotient scores [18].
Despite the presence of various components in human milk

that are associated with improved neurodevelopment, the
benefits of an EHMD remain a subject of debate. An EHMD
comprises MOM or DHM fortified with HMBF, with the fortifier
derived from banked DHM. Compared to mature MOM, banked
DHM has reduced macro- and micronutrient content as well as
lower caloric density. [38–41]. The concentrations of anti-
inflammatory lactoferrins and immunoglobulins were also

substantially reduced in banked DHM [40]. Moreover, the human
milk microbiome is likely inactivated during the pasteurization
process, leading to distinct intestinal microbiome signatures in
preterm infants fed MOM-based diets compared to those fed
DHM-based diets [42]. Nonetheless, a recent biochemical study
demonstrated that DHM fortified with HMBF restored certain
components, including lactoferrin, and achieved higher concen-
trations of protein and fat [43]. Demonstrating a correlation
between an EHMD and reduced motor function impairment, our
current study suggests that the bioactive components in an EHMD
collectively offer significant benefits to preterm infants. Notably,
our study compared EHMD vs. non-EHMD, which is different from
the recently published MILK trial where no differences in
neurodevelopmental outcomes were observed between infants
randomized to DHM fortified with BMBF vs. preterm formula [44].
Infants from the MILK trial would both be included in the non-
EHMD group.
In this study, we used physician-entered diagnostic codes in the

electronic health record to identify motor function impairment.
Although the list of diagnostic codes is not exhaustive, and this
approach differs from conventional methods such as BSID or other
standardized tests to evaluate motor developmental milestones, it
may offer a more pragmatic alternative. Physician diagnoses are
likely informed by a combination of assessment modalities,
including standardized testing, parental or caregiver input, and
physical examinations. Notably, the prevalence of motor function
impairment in our cohort aligns with published rates based on

Fig. 1 Comparison of feeding practices between infants on an exclusive human milk diet (EHMD) and non-EHMD group. A A histogram
illustrating the distribution of the percentage of days infants received an EHMD between the first day of fortification and 33 6/7 weeks
postmenstrual age. The EHMD group was arbitrarily defined as having ≥ 75% of days on an EHMD, whereas the non-EHMD group was defined
as having <75% of days on an EHMD. B Boxplots comparing caloric density by day for the first 21 days after diet fortification began between
the EHMD and non-EHMD groups. Each boxplot displays the median (thick horizontal line), 25th and 75th percentiles (box edges), and
whiskers extending to 1.5 times the interquartile range above and below the percentiles. Dashed lines (dark grey for EHMD, light grey for non-
EHMD) indicate the median caloric density for each group over time.
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Table 2. Perinatal characteristics of the weighted population.

Variables Non-EHMD (n= 1015) EHMD (n= 805) p valuea Standardized mean difference

Maternal

Age (year), median [IQR] 32 [28, 35] 33 [29, 37] 0.028 0.104

Hypertensive disorder of pregnancy, n (%) 314 (31.0) 240 (29.9) 0.777 0.024

Gestational diabetes mellitus, n (%) 110 (10.8) 78 (9.7) 0.628 0.037

Obesity, n (%) 348 (34.3) 242 (30.1) 0.297 0.091

Placental abruption, n (%) 158 (15.5) 137 (17.1) 0.638 0.042

Chorioamnionitis, n (%) 78 (7.7) 74 (9.2) 0.450 0.056

Antenatal corticosteroids, n (%) 957 (94.3) 788 (97.9) 0.006 0.190

Non-smoker during pregnancy, n (%) 943 (92.9) 731 (90.8) 0.739 0.078

Vaginal delivery, n (%) 300 (29.5) 190 (23.6) 0.117 0.135

Fetal growth restriction, n (%) 14 (1.4) 22 (2.7) 0.242 0.093

Neonatal

Gestational age (week), median [IQR] 29 [27,31] 28 [26,30] 0.015 0.115

Hispanic, n (%) 569 (56.0) 462 (57.5) 0.110b 0.263

Male Sex, n (%) 518 (51.1) 406 (50.4) 0.875 0.013

Birth weight (g), mean±sd 1244.4 (396.9) 1113.7 (327.3) <0.001 0.359

Birth weight percentile, median [IQR] 52.9 [26.6, 74.9] 48.1 [21.2, 68.2] 0.025 0.106

Birth length percentile, median [IQR] 51.7 [30.1, 73.0] 46.4 [24.8, 72.8] 0.241 0.055

Birth head circumference percentile, median [IQR] 51.7 [26.9, 74.1] 50.1 [26.2, 69.3] 0.494 0.032

SGA, n (%) 117 (11.5) 109 (13.6) 0.370 0.063

LGA, n (%) 84 (8.3) 28 (3.5) 0.024 0.206

1-min APGAR, median [IQR] 7 [5, 8] 7 [5, 7] 0.312 0.048

5-min APGAR, median [IQR] 8 [7, 9] 8 [7, 9] 0.173 0.064

EHMD exclusive human milk diet, SGA small for gestational age, LGA large for gestational age, IQR interquartile range.
aChi-squared test for categorical variables, rank-sum test for non-parametric continuous variables. Student’s t test for parametric continuous variables.
bStatistical analysis was conducted to compare race/ethnicity assignments across White, Hispanic, Black, Asian, Pacific Islander, Multiple, and Other categories.

Table 3. Neonatal morbidities of the weighted population.

Variables Non-EHMD (n= 1015)b EHMD (n= 805)b p valuea

Intraventricular hemorrhage, n (%)

Any grade 199 (19.6) 251 (31.2) 0.001

Grade 3/4 50 (4.9) 56 (6.9) 0.211

Indomethacin/ibuprofen treated, n (%) 65 (6.4) 108 (13.5) <0.001

Necrotizing enterocolitis, n (%) 7 (0.7) 10 (1.2) 0.361

Spontaneous intestinal perforation, n (%) 20 (2.0) 12 (1.4) 0.569

Total days of IV antibiotics (day), mean [IQR] 3 [3, 8] 3 [2, 7] 0.587

Bronchopulmonary dysplasia, n (%) 0.193

No 764 (75.3) 589 (73.3)

Grade 1 150 (14.8) 98 (12.1)

Grade 2 90 (8.8) 106 (13.1)

Grade 3 11 (1.1) 12 (1.5)

Grade 2/3 bronchopulmonary dysplasia, n (%) 101 (9.9) 118 (14.6) 0.039

Postnatal corticosteroids, n (%) 19 (1.8) 44 (5.5) 0.001

Retinopathy of prematurity ≥ stage 2, n (%) 151 (14.9) 100 (12.4) 0.309

Periventricular leukomalacia, n (%) 17 (1.7) 13 (1.6) 0.923

Hypotonia (M69.2), n (%) 33 (3.3) 24 (3.0) 0.836

Cerebral palsy (G80.X), n (%) 29 (2.9) 25 (3.1) 0.848

Specific developmental disorder of motor function (F82), n (%) 200 (19.7) 128 (15.9) 0.237

Any motor function impairment, n (%) 211 (20.8) 151 (18.8) 0.539

EHMD exclusive human milk diet, IQR interquartile range.
aChi-squared test for categorical variables, rank-sum test for non-parametric continuous variables.
bCounts are rounded to the nearest integers.
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standardized testing [45]. We focused on motor function impair-
ment because, based on developmental cascades, motor develop-
ment tends to present earlier than language and cognitive
development, and contributes to language development [46, 47].
Furthermore, early motor impairment appears to correlate with later
deficits in high-level functioning, likely due to damage to shared
neural pathways caused by prematurity [48]. Motor impairment is
also less influenced by social determinant of health [49].
Several factors likely explain the low NEC rate in our cohort. The

study only included infants who survived to 3 years of corrected
age, excluding those infants with NEC who had died before then.
Additionally, we used ICD codes to identify NEC and SIP cases, a
method that may be affected by coding errors. Furthermore, most
infants were born to mothers receiving regular antenatal care
within the Kaiser Permanente system, which includes antenatal
corticosteroids and prompt treatment for chorioamnionitis,
interventions known to reduce NEC risk.
This study had several limitations. First, its retrospective design

inherently limited the availability of detailed enteral and
parenteral nutrition data for adjustment. This issue was com-
pounded by the absence of a standardized protocol for
introducing an EHMD across NICUs. Although confounder
balancing was conducted to weight-adjust each infant, residual
confounding persisted between the non-EHMD and EHMD groups
in the weighted population. Additionally, while using diagnostic
codes to define motor function impairment has its advantages, as
previously noted, the diagnosis itself may be subjective and
influenced by the biases of the diagnosing physician. Finally, the
accuracy of diagnostic code entries could not be verified.

CONCLUSION
Infants born before 32 weeks of gestation fed an EHMD
demonstrate reduced risk of motor function impairment, high-
lighting its benefits beyond NICU hospitalization for this vulner-
able population. A prospective study is warranted to further
validate these findings. Additionally, identifying the bioactive
components in EHMD that contribute to its neurodevelopmental

advantages could provide valuable insights into the unique
composition of the banked DHM concentrate used in EHMD.

DATA AVAILABILITY
Deidentified individual participant data may be requested with a formal utilization
plan, pending approval by the Institutional Review Board of Southern California
Kaiser Permanente.
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