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Abstract

Objective—To measure the changes in whole blood fatty acid levels in premature infants and
evaluate their association with neonatal morbidities.

Study design—Retrospective cohort study of 88 infants born at < 30 weeks of gestation. Serial
fatty acid profiles during the first postnatal month and infant outcomes, including chronic lung
disease (CLD), retinopathy of prematurity (ROP), and late-onset sepsis, were analyzed.
Regression modeling was applied to determine the association between fatty acid levels and
neonatal morbidities.

Results—DHA and AA levels declined rapidly in the first postnatal week with a concomitant
increase in linoleic acid (LA) levels. Decreased DHA levels were associated with an increased risk
of CLD (OR 2.5; 95% CI 1.3 — 5.0). Decreased AA levels were associated with an increased risk
of late-onset sepsis (hazard ratio 1.4; 95% CI 1.1 — 1.7). The balance between fatty acids was also
a predictor of CLD and late-onset sepsis. An increased LA:DHA ratio was associated with an
increased risk of CLD (OR 8.6; 95% CI 1.4 — 53.1) and late-onset sepsis (hazard ratio 4.6; 95% ClI
1.5-14.1).

Conclusion—Altered postnatal fatty acid levels in premature infants are associated with an
increased risk of CLD and late-onset sepsis.
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Long chain polyunsaturated fatty acids (LCPUFAS) are critical for infant health and
neurodevelopment, in particular, the n-3 fatty acid docosahexaenoic acid (DHA), 22:6n-3
and the n-6 fatty acid, arachidonic acid (AA), 20:4n-6. During the third trimester, there is
selective placental transfer of these LCPUFAs which substantially increases the levels of
these fatty acids in the fetal circulation to meet the demands of the rapidly developing brain
and retina.13

In addition to their effects on the development of neural tissues, LCPUFAs are also
important modulators of inflammation. Studies in animals suggest that the balance of these
fatty acids may be important in the development of common neonatal morbidities such as
retinopathy of prematurity (ROP)* and necrotizing enterocolitis (NEC).>

The premature infant is at risk of inadequate accrual of these important fatty acids due to a
shortened gestation (early cessation of placental transfer). After delivery, the premature
infant becomes dependent on external sources for its nutritional requirements including
delivery of LCPUFAS. Additionally, premature infants may be limited in their ability to
convert “essential”, precursor fatty acids (i.e., a-Linolenic acid or ALA, 18:3n-3 and
Linoleic acid or LA, 18:2n-6) to DHA and AA, respectively, due to reduced levels and
activity of desaturase enzymes.5-11 Thus, supplementation of these precursor fatty acids
from current soybean oil-based lipid emulsions may not provide normal levels of the
downstream fatty acids. 19- 12-16 Therefore, we tested the hypothesis that decreased DHA
and AA levels in premature infants are associated with neonatal morbidities.

METHODS

This is a retrospective, cohort study using samples from premature infants serially enrolled
in a clinical biorepository in the neonatal intensive care unit (NICU) at Beth Israel
Deaconess Medical Center in Boston, MA. Institutional Review Board approval was
obtained at Beth Israel Deaconess Medical Center. Exclusion criteria to the clinical
biorepository included infants who expired within 48 hours of age, required transfer outside
of the hospital immediately after birth, or were born to mothers with limited proficiency in
English. Selection criteria for this study included all infants born between 24 and 29 6/7
weeks of gestation from February 2009 to March 2010 (the first full year of the
biorepository). A total of 88 infants were selected, which represented 99% of all infants born
at less than 30 weeks of gestation (n=89) admitted to the NICU during the study period.
Additionally, blood samples were collected at the time of birth from 10 term infants to
define birth levels for each of the critical fatty acids at term gestation; an indicator of the
levels that the premature infant would have been exposed to throughout advancing gestation
if the infant had remained in utero.

Maternal and Infant Clinical Data

Maternal and infant clinical data were collected from the electronic medical record.

Maternal data included age, gravida, parity, and race. Baseline infant characteristics
included gestational age, birth weight, sex, and route of delivery. Gestational age in
completed weeks was determined using the best obstetric estimate as documented in the
medical record. The Score for Neonatal Acute Physiology-11 (SNAP-I1) was used to estimate
severity of illness on the day of birth.1”
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Detailed nutritional data and weights were collected daily for the first 28 postnatal days.
Type and volume of intravenous solutions including composition of total parenteral nutrition
and soybean oil-based emulsion, e.g., Intralipid™; and, type and volume of enteral feedings
were recorded. Total fat intake represents both parenteral and enteral fat intake expressed as
grams per kilogram per day (gm/kg/day).

Clinical Outcomes

Chronic lung disease (CLD) was defined as requiring supplemental oxygen at 36 weeks’
postmenstrual age. If discharge or transfer occurred near 36 weeks postmenstrual age and
the infant was still receiving oxygen, the infant was classified as having CLD (n=2, 2 days
and 8 days prior to their 36 weeks postmenstrual age). The examining ophthalmologist
determined the presence of any stage of ROP by serial eye exams beginning at 4 to 6 weeks
of age. Early-onset sepsis was defined as a positive blood culture within the first three
postnatal days. Late-onset sepsis was defined as a positive blood culture any time after the
third postnatal day. The presence of any intraventricular hemorrhage or cysts in the
periventricular region (periventricular leukomalacia) was based on head ultrasound.
Necrotizing enterocolitis was defined by the presence of pneumatosis on abdominal
radiograph or by the clinical spectrum of bloody stools, abnormal abdominal exams, and a
change in clinical status resulting in withholding of enteral feedings and provision of
systemic antibiotics for 10 days or greater.

Whole Blood Sample Collection and Selection for Fatty Acid Analysis

Discarded whole blood samples were collected daily, when available, throughout the
infant’s stay in the neonatal intensive care unit and stored at —80°C until analyzed. Five time
points were examined: birth (sample drawn on the day of birth or postnatal day 1) and
postnatal weeks 1, 2, 3, and 4. Samples to represent each postnatal week were selected
closest to the time point of interest +/— 3 days. 82 of the 88 (93%) infants contributed at
least one sample from the biorepository; 68% of the cohort provided a birth sample; and
90% provided at least one blood sample at week 1 or later.

Fatty Acid Isolation and Quantification of Fatty Acid Profiles from Whole Blood

Fatty acids from whole blood were isolated and methylated using a modified Folch method
as previously described.18 Gas chromatography-mass spectroscopy analysis of fatty acids
was performed on a Hewlett-Packard Series 11 5890 chromatograph coupled to an HP-5971
mass spectrometer equipped with a supelcowax SP-10 capillary column. Peak identification
was based upon comparison of both retention time and mass spectra of unknown peak to that
of known standards within the GC-MS database library. FAME mass was determined by
comparing areas of unknown FAMEs to that of a fixed concentration of 17:0 internal
standard. Individual fatty acids are expressed as percent of the total fatty acid mass (mol%).

Statistical Analyses

Population characteristics are expressed as either means + standard deviations (SD),
medians and interquartile ranges (IQR), or a proportion (%) as determined by the variable
type. Fatty acid levels are expressed as mean mol % + standard error of the mean (SE).
Comparisons of mean fatty acid levels were analyzed using the Student t-test.

Logistic regression models were used to determine the association (odds ratios with 95%
confidence intervals) between fatty acid levels or fatty acid ratios and the most common
neonatal morbidities of CLD and ROP (expressed as dichotomous outcomes). The Cox
proportional hazards model with time-varying covariates was used to evaluate the
association (hazard ratio with 95% confidence intervals) between fatty acid levels or fatty
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acid ratios and late-onset sepsis given the need to account for time-varying fatty acid
exposures prior to the diagnosis of sepsis. Both models were adjusted for the potential
confounding factors of gestational age, intrauterine growth restriction (birth weight z-score
< -2), severity of illness, sex, and fat intake; in addition, for both models, the fatty acid
ratios were log transformed to allow for parametric testing. All analyses were performed
using STATA statistical software, version 11 (StataCorp) and SAS statistical software,
version 9.1 (SAS, Inc.).

Baseline Infant and Maternal Characteristics

The mean gestational age was 27.1 weeks, mean birth weight was 957 grams, and 58% of
the cohort was male (Table 1). 74% of infants were delivered by Cesarean section. The mean
maternal age was 31.2 years with a median gravida status of 2 and a parity of 0.

Weekly Infant Nutritional Intake and Growth

All infants were started on total parenteral nutrition on the day of birth and with lipid
emulsion via a separate infusion by postnatal day two (Table Il; available at
www.jpeds.com). Enteral feedings were administered by gavage, typically begun by 3 days
of age, with steady advancement in the daily total volume delivered. During advancement of
enteral feedings, the total amount of parenteral nutrition and lipid emulsion administered
was progressively decreased (Figure 1; available at www.jpeds.com). The median day at
which full volume feedings were attained (a minimum of 120 mL/kg/day) was 14.5 days. At
two weeks of age, over half of the infants were still receiving some parenteral nutrition to
meet their nutritional goals. The weekly nutritional intake and growth were similar to that
reported in a large cohort of premature infants of similar gestational age.1®

Clinical Outcomes

The mortality rate for the entire cohort was 11% (Table I). ROP was present in 45% of the
cohort, CLD 48%, sepsis (early or late) 20%, intraventricular hemorrhage 35%,
periventricular leukomalacia 3%, and necrotizing enterocolitis 6%. Late-onset sepsis
occurred in 16 of 88 (18%) infants, 1 (6%) had late-onset sepsis in the first postnatal week; 5
(31%) in the second postnatal week; 6 (38%) in the third postnatal week; and, 4 (25%) in the
fourth postnatal week. In general, and as expected, the prevalence of neonatal morbidities
decreased with advancing gestational age (data not shown). These rates are within ranges
previously reported in the literature.20

Critical Fatty Acid Levels at Birth

At birth, the mean mol% + SE (standard error) for LA was 7.0 + 0.2, 17.2 £ 0.2 for AA, and
6.9 £ 0.2 for DHA with little variation across the gestational age span for our cohort (Table
I11; available at www.jpeds.com). The mean values of each of these fatty acids were similar
to values obtained from a cohort (n=10) of term infants (gestational age = 37 weeks of
gestation) recruited during the same time period. The fact that these levels were similar
across the gestational age ranges and to our term cohort suggests that these mean values
reflect levels in the blood of the developing fetus throughout the third trimester had the
infant not been born prematurely; i.e., reflecting in utero levels and thus providing a range of
values in which the premature infant ideally should be maintained during the postnatal
period.
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Alterations in Critical Fatty Acid Levels during the Postnatal Period

Rapid changes in the mean levels of DHA, LA, and AA were observed within the first
postnatal week and persisted over the subsequent three weeks (Figure 2). The mean DHA
level fell by approximately 40% from 6.9 mol% at birth to 4.4 mol% at week 1, and
subsequently remained steady at 4.0 to 4.2 mol% for the remainder of the postnatal period.
The mean LA level increased from 7.0 mol% at birth to 18.8 mol% at week 1 and remained
level over the subsequent 4 weeks. These postnatal fatty acid changes reflect the infusion of
a lipid emulsion which contains very small amount of DHA and AA, but, high
concentrations of LA (Table IV; available at www.jpeds.com). AA levels declined by 30%
from 17.2 mol% at birth to 11.8 mol% at week 1 and remained constant at 11.4 to 11.6 mol
% for the remaining three postnatal weeks. The change in DHA levels from birth (Figure 2,
A) and the changes in LA and AA levels from birth (Figure 2, B) reflect two distinct
patterns: (1) the initial rapid change from birth to postnatal week 1, and, (2) the relative
stability or plateau in levels from week 1 to week 4. Thus for statistical purposes, all levels
obtained at week 1 and after were averaged to represent the mean values observed in the
follow-up period.

In addition to a 2.7-fold increase in the essential fatty acid 18:2n-6 (LA), both the initial
precursor of the n-3 pathway (18:3n-3; a-linolenic acid), and the n-9 pathway (18:1n-9;
oleic acid) were also increased (Table V; available at www.jpeds.com) by 19.2 and 1.1-fold,
respectively, reflecting the composition of the soybean oil-based lipid emulsion
administered during the first two postnatal weeks (Table IV). There was a reduction in the
levels of the remaining downstream fatty acids in the n-6 pathway including 20:3n-6,
20:4n-6 (AA), 22:4n-6, and 22:5n-6. In the n-3 pathway, there was an increase in 20:5n-3
(EPA) and 22:5n-3 compared with birth levels, 1.7 and 1.5-fold respectively; but a decrease
in the downstream product, 22:6n-3 (DHA) by 1.6-fold.

Whole Blood Critical Fatty Acid Levels and Associations with Neonatal Morbidities

80 of 88 (91%) infants were assessed for the presence of CLD. No differences in mean DHA
levels at birth were seen in infants with or without CLD (data not shown). However, in the
follow-up period, infants who developed CLD had lower mean DHA levels compared with
infants without CLD (Figure 3). To assess the association between DHA levels and the risk
of developing CLD, logistic regression modeling was performed while adjusting for
potential confounders (Table VI). Lower DHA levels were significantly associated with the
development of CLD and remained significant even after adjustment for gestational age,
intrauterine growth restriction, severity of illness at birth, sex, and total fat intake during the
first postnatal week (p=0.001). For every 1 mol% reduction in whole blood DHA levels,
there was a 2.5-fold increase in the odds of developing CLD (Cl 1.3 —5.0). LA and AA birth
and follow-up levels were not associated with the development of CLD.

73 of 88 (83%) infants were assessed for the presence of ROP. No differences in the mean
DHA levels were observed at birth for infants who developed ROP compared with infants
who did not (data not shown). In contrast to CLD, no significant association between DHA
levels nor in AA and LA levels in the follow-up period were associated with the
development of ROP (Table VI).

To assess the association between a select fatty acid level and the risk of sepsis, we
employed a Cox proportional hazard model with the fatty acid defined as the time-varying
covariate, namely, the fatty acid level measured before or during the week of sepsis. The
model was adjusted for gestational age, intrauterine growth restriction, severity of illness at
birth, sex, and total fat intake during the first postnatal week (Table VI). For every unit
decrease in DHA mol% at a given time, there was a 1.4-fold increase in the risk of late-onset
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sepsis (CI 1.0 — 2.0), though this did not meet statistical significance. Unlike CLD and ROP,
lower AA levels and higher LA levels were significantly associated with the development of
late-onset sepsis with a hazard ratio of 1.4 (Cl 1.1 - 1.7; p=0.02) and 1.3 (CI 1.04 — 1.4;
p=0.02), respectively.

No differences were observed in mean DHA levels at birth or during the follow-up period in
infants who developed early-onset sepsis (n=2), intraventricular hemorrhage (n=31),
periventricular leukomalacia (n=3), or NEC (n=5) (data not shown).

Fatty Acid Ratios and their Association with Neonatal Morbidities

Fatty acids in the n-3 and n-6 pathways compete with each other as substrates for enzyme
activity as well as for integration into cellular membranes. Therefore, the ratio of specific
n-6 to n-3 fatty acids has functional consequences in addition to individual fatty acid levels
in influencing disease.18 21 We determined the influence of several commonly assessed
fatty acids ratios (LA:DHA, AA:DHA, and n-6:n-3) on the development of CLD, ROP and
late-onset sepsis using the models described previously. Increased LA:DHA, AA:DHA and
n-6:n-3 ratios were associated with CLD although the large confidence intervals for the
latter two limit their interpretability (Table VI). An increased LA:DHA ratio was associated
with late-onset sepsis (p=0.007), and none of the three ratios was associated with ROP
(Table VI).

DISCUSSION

Our data demonstrate that the postnatal decline in DHA and AA levels and an elevated
LA:DHA ratio are associated with CLD and late-onset sepsis in premature infants. Changes
in the mol% of DHA, AA, and LA are significantly altered within the first postnatal week
compared with birth levels which likely reflect a marked deviation from the levels in the
blood of the developing fetus throughout the third trimester in utero. The fact that CLD was
selectively associated with decreases in DHA and late-onset sepsis with selective decreases
in LA and AA levels indicates that the risk of these neonatal diseases is not a result of global
changes in blood fatty acid levels due to severity of illness.

Nutritional requirements for infants born before the 30t week of gestation often are not met
initially by enteral feedings alone. As a result, premature infants are reliant on a parenteral
soybean oil-based lipid emulsion for the delivery of fatty acids during much of the first week
and partially into the second postnatal week. The lipid emulsion therapy used for this
purpose was developed for adults in whom the essential fatty acid precursors a-linolenic
acid (n-3), LA (n-6), and 18:1(n-9) can reliably be converted to downstream critical fatty
acids. Thus, the large increase in blood concentration of these three principal fatty acids
observed in the follow-up period reflects the levels in the soybean oil-based lipid emulsion.
Even after transition to full enteral feedings with breast milk or DHA and AA supplemented
premature formula, premature infants are unable to overcome the decline in whole blood
DHA or AA levels that occurs after birth. This suggests that premature infants have limited
activity of desaturase enzymes, such as A6-desaturase, although others have reported that
conversion of precursors to downstream fatty acids can occur.22: 23 An alternative
explanation is increased utilization of AA and DHA either due to the disease itself or to the
severity of illness. However, these alterations in fatty acid levels were evident within the
first postnatal week even before the expression of disease such as CLD and late-onset sepsis
and would suggest that these diseases are not the primary cause of these postnatal fatty acid
changes. Additionally, adjustment for severity of illness (SNAP-II) did not eliminate the
association between changes in select fatty acid levels and CLD or late-onset sepsis. Lastly,
the association of disease selectively with DHA and AA implies that this is not a result of
non-specific oxidation of stored blood samples because this would decrease levels of all
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LCPUFAs, and implies that these two fatty acids are likely to play a pathogenic role in
increasing the risk of these diseases.

Because DHA and AA modulate inflammatory responses, their alterations during the
postnatal period in premature infants may contribute to dysregulation of immune and
inflammatory responses predisposing the premature infant to conditions such as CLD and
sepsis. DHA-derived metabolites such as resolvins decrease neutrophil infiltration and
enhance macrophage phagocytosis.?* DHA also downregulates NFxB activity in cells either
directly or via increased activation of peroxisome proliferator-activated receptors, thereby
reducing cytokine release.16: 2 Lastly, DHA competes with AA for incorporation into cell
membranes thus limiting the proinflammatory signaling mediated by AA.16:24.25 Therefore,
low levels of DHA would be expected to predispose to increased host inflammatory
responses such as that seen in CLD. In late-onset sepsis, decreased AA levels may increase
the risk by inhibiting the innate immune response through decreased eicosanoids, in
particular, leukotrienes, which are known to enhance chemotaxis of leukocytes, neutrophil
activation, and activity of natural killer cells.2>

Other studies have described alterations in plasma fatty acid levels in premature infants after
birth.26-32 |n support of our results, measures of fatty acids at variable time intervals after
birth in cord blood (which contains both maternal and fetal blood) and in plasma showed an
increase in LA with a concomitant decrease in both AA and DHA. The fact that our
postnatal fatty acid patterns are similar to changes reported from serial plasma levels by
Leaf et al 31, indicate that whole blood levels are appropriate for assessing relative changes
in systemic fatty acid levels.

Several limitations of previous studies evaluating fatty acid levels in infants included: (1) a
small number of premature infants < 30 weeks of gestation, (2) blood samples analyzed at a
limited number of time points, and (3) most of these studies were conducted before the
routine supplementation of DHA and AA in formula. Though this study cannot assert
causation which will require larger prospective clinical studies and concomitant animal
models, our study is the largest to date evaluating changes in fatty acid levels in the most
vulnerable of premature infants at less than 30 weeks of gestation. In addition, no study to
date has analyzed the association between postnatal changes in fatty acid levels and the risk
of neonatal morbidities during the postnatal intensive care period, especially during this era
of DHA and AA supplemented premature formulas.

Our data indicate that the current nutritional practices in the neonatal intensive care unit are
unable to sustain critical fatty acid levels of DHA and AA at values premature infants
experience in utero and this inability may, in part, contribute to the development of
significant neonatal morbidity. Our data also indicate that nutritional strategies to minimize
this postnatal decline must consider two phases of nutritional intake: (1) the early reliance
on total parenteral nutrition from birth to the second postnatal week and (2) the transition to
enteral feedings after the second postnatal week.

Several studies have evaluated enteral DHA supplementation for premature infants with
variable results observed on infant outcomes.33-35 However, there are two major limitations
to these studies. First, DHA was given as a supplement only after oral feedings were
established as the dominant route of nutrition. Our study highlights that the significant
decline in whole blood DHA and AA levels occurs by postnatal day 7, and the infants are
unable to regain birth levels even after transition to full enteral feedings. The transition to
full enteral feedings in the preterm infant is delayed and may take up to two weeks (the
median day to full feedings in our cohort was 14.5 days). Thus the timing of enteral DHA
supplementation may be too late to see an effect in these studies.
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Second, it is not simply a single LCPUFA that modulates disease but rather the ratio of fatty
acids that regulates inflammatory mediators and other downstream modulators of cell and
organ physiology.21: 36 In premature infants there is not simply a decrease in DHA and AA
levels, but also profound alterations in LA and other fatty acids, some increased, some
decreased, indicating that supplementing with a single LCPUFA would unlikely have a
major disease modifying effect. Although several investigators have shown an improvement
with parenteral emulsions enriched in DHA for certain disease processes,3”: 38 LA and AA
remain important to the growth and health of the developing infant.”

Our study would indicate that targeting the rapid alterations in critical fatty acids that occur
in the premature infant by the end of the first week of life, a time when the infant is relying
on most of its nutritional intake by parenteral nutrition including lipid emulsion, may be
essential to lowering disease risk. For both intravenous and enteral phases of nutrition, the
balance and bioavailability of all critical fatty acids delivered to the premature infant should
approximate levels normally present in the fetus during the third trimester of gestation.
Lastly, although not specifically examined in the current study because DHA is the most
abundant fatty acid in the neonatal brain, further long term studies are needed to determine
whether preventing the profound reduction in DHA in conjunction with the other fatty acid
alterations in the first postnatal week may reduce the neurocognitive delays exhibited in
some former premature infants,39: 40
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Figure 1.

Proportion of infants on full enteral feedings versus those still receiving at least partial
parenteral nutrition
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Figure 2.

A, DHA levels in preterm infants decrease soon after birth and plateau by the first postnatal
week. B, LA levels in preterm infants increase soon after birth, and AA levels decrease soon
after birth; both LA and AA plateau by the first postnatal week (B).
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Figure 3.

Mean docosahexaenoic acid (DHA) levels are higher throughout the first postnatal month in
infants without chronic lung disease (CLD) compared with levels in infants who developed
CLD. * All pvalues < 0.02 comparing the mean DHA level in each postnatal week in
infants with and without CLD. Bars represent the standard error of the mean (SE).
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Table 1

Infant and Maternal Characteristics and Neonatal Outcomes

Characteristics

Infant Characteristics

Gestational age, weeks, mean + SD (range) 27.1+ 1.8 (24-29)

Birthweight, grams, mean + SD (range) 957 £ 272 (350-1515)
Gender, male, n (%) 51 (58)
Cesarean section, n (%) 65 (74)
Maternal Characteristics

Age, years, mean * SD (range) 31.2+6.9 (16-45)
Gravida, median (IQR) 2 (1-8)
Para, median (IQR) 0 (0-6)
Race (%)

White 49

Black 22

Other 21

Unknown 8

Neonatal Outcomes n (%)

Mortality 10 (11)
ROP* 33 (45)
cLp” 38 (48)
Sepsis 18 (20)
Intraventricular hemorrhage 31 (35)
Periventricular leukomalacia 3(3)
NEC 5 (6)

N=88

Page 14

*
some infants with unknown outcome due to early transfer or death, % = of those with known outcome; ROP 73/88 or 83% of entire cohort with
known outcome; CLD 80/88 or 91% of entire cohort with known outcome
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Table 4

Fatty acid composition of IntraLipid emulsion™

Major fatty acid constituents™  mol% + SE

16 15+0.2
18 8+0.8
18:1n-9 (oleic acid) 24+04
18:2n-6 (linoleic acid) 44 +£0.5
18:3n-3 (a-linolenic acid) 4+02

Other fatty acid constituents of interest

20:4n-6 (arachidonic acid) 0.4 +0.008
22:6n-3 (docosahexaenoic acid) 0.4+0.03

SE, standard error of the mean
*
Fatty acid composition as determined by gas chromatography- mass spectroscopy.

*Kk
The listed major fatty acids consitituents represent 95% of the entire IntraLipid emulsion composition.
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Page 20

Adjusted logistic regression models for individual critical fatty acid levels and fatty acid ratios on the odds of

Chronic Lung Disease (CLD) and Retinopathy of Prematurity and Cox proportional hazard model for
individual critical fatty acid levels and fatty acid ratios on the risk of late-onset sepsis ™

CLD OR (95% CI) p
Linoleic Acid 0.9(0.7,1.1) 0.4
Avrachidonic Acid 0.9 (0.6, 1.3) 0.6
Docosahexaenoic Acid 2.5(1.3,5.0) 0.001
LA: DHA 8.6 (1.4,53.1) 0.02
AA: DHA >999 (12.0, >999) 0.003
né: n3 156.0 (3.7, >999) 0.008
ROP

Linoleic Acid 0.9(0.7,1.1) 0.3
Arachidonic Acid 1.0(0.7,1.4) 1.0
Docosahexaenoic Acid 0.8(0.4,1.3) 0.3
LA: DHA 0.8(0.2,4.0) 0.8
AA: DHA 0.2 (0.006, 3.7) 0.2
né: n3 0.2 (0.008, 4.6) 0.3
Late-onset sepsis Hazard ratio (95% CI) p
Linoleic Acid 0.8 (0.7, 0.96) 0.02
Avrachidonic Acid 1.4(1.1,1.7) 0.02
Docosahexaenoic Acid 1.4 (1.0, 2.0) 0.08
LA: DHA 46 (1.5, 14.1) 0.007
AA: DHA 3.1(0.6, 15.6) 0.2
né: n3 3.3(0.6,16.9) 0.2

OR, Odds ratio; CI, Confidence interval

LA, linoleic acid; DHA, docosahexaenoic acid; AA, arachidonic acid; n6, fatty acids present in the n6 fatty acid pathway; n3, fatty acids present in

the n3 fatty acid pathway

*
All models were adjusted for gestational age, intrauterine growth restriction, severity of illness (SNAP-I11), gender, and fat intake. The Odds and
Hazard Ratios reflect the change in risk for every unit gecrease in mol% for the indicated fatty acid or every unit jncrease in the fatty acid ratio.

Final number of infants for each model was as follows: CLD, n=71; ROP, n=66; late-onset sepsis, n=79.
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