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Abstract

Background: The aim of this study was to investigate cholesterol and triglyceride levels in the chylomicron frac-
tion of preterm infants at birth and during the early postnatal period.

Methods: The subjects consisted of 133 infants (81 boys and 52 girls): 74 were term infants born at 37-41 weeks
of gestation and 59 were preterm infants born at 29-36 weeks of gestation. Cholesterol and triglyceride in the chy-
lomicron fraction were measured using high-performance liquid chromatography.

Results: Compared with term infants, preterm infants had higher cholesterol and lower triglyceride in the chylomi-
cron fraction, both in cord blood and at 1 month after birth. Thus, the chylomicron triglyceride/cholesterol ratio
was significantly lower in preterm infants than in term infants in cord blood and at 1 month of age. On single
regression analysis the chylomicron triglyceride/cholesterol ratio correlated positively with gestational age at birth
(r=0.331, P =0.0003) and at 1 month (r = 0.221, P = 0.0119).

Conclusions: Preterm infants have a less-lipidated chylomicron composition at birth and at 1 month of age. Some
prenatal factors may persist to influence chylomicron lipidation during the early postnatal period.
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Human fetuses have a unique lipoprotein profile, with respect
to both quantity and quality, compared with adults. In cord
blood, cholesterol is lower and the relative proportion of high-
density lipoprotein (HDL) as opposed to low-density lipopro-
tein (LDL) is much higher.1 Triglyceride (TG) is also lower,
and the distribution is equal to LDL and very low-density
lipoprotein (VLDL) fractions.” Interestingly, chylomicron
(CM) can be detected in cord blood before oral feeding
begins.> The main function of CM is the transport of fat from
the intestine to the liver. During the period of transition from
the intrauterine fetal environment to the extrauterine neonatal
environment, the nutrient source switches from the placenta to
breast milk, which contains high amounts of fat (>50% calo-
ries as lipid). Thus, the human fetus must be equipped to effi-
ciently absorb dietary fat and produce CM to transport lipids
before birth. Functional development of the human fetal intes-
tine has been investigated using human fetal jejunal explants.
These experiments confirmed that human fetal intestine tissue
produces and secretes apolipoprotein (apo) B-48 and CM.*3

In the present study, we measured the lipoprotein profile in
cord blood from term and preterm infants, especially choles-
terol and TG in the CM fraction (CM-C and CM-TG, respec-
tively). We also investigated postnatal changes during the first
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month of life. In addition, we evaluated the impact of gesta-
tional age on CM composition.

Methods

This study was conducted from September 2004 to March 2010
in the maternity ward of Nihon University and subjects were
recruited during pregnancy. Only those signing informed con-
sent were enrolled, and after all cases of asphyxia were
excluded, 133 infants (81 boys and 52 girls) born by vaginal
delivery or cesarean section were included. Of these, 74 were
term infants born at 37-41 weeks of gestation and 59 were pre-
term infants born at 29-36 weeks of gestation. Indications for
cesarean section were breech presentation, past history of cesar-
ean section, and preclinical causes. All of the mothers were
healthy, and their pregnancies were without complications. At
birth, the umbilicus was double clamped and cord blood was
sampled from the umbilical vein. At 1 month of age, venous
blood was obtained by venipuncture just before feeding. Total
cholesterol (TC), HDL cholesterol (HDL-C), and TG were mea-
sured by enzymatic methods. Cholesterol and TG in the CM
fraction were measured on high-performance liquid chromatog-
raphy (HPLC) with gel permeation columns (LipoSEARCH;
Skylight-Biotec, Akita, Japan).*’ Feeding information (i.e.
exclusively breast-fed; exclusively formula-fed; or mixed breast-
and formula-fed) was obtained from each mother 1 month after
each child’s birth. No human milk fortifier was used in this
study. Written informed consent was obtained from all of the
parents, and the study was approved by the University Ethics
Committee (Nihon University, Itabashi Hospital, Tokyo, Japan).
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Statistical analysis

Statistical analysis was conducted with STATVIEW (version
4.5; Abacus Concepts, Berkeley, CA, USA). Data are reported
as mean = SE. Differences in measured parameters between
term and preterm infants were analyzed using Mann—Whitney
U-test, and differences in CM-C and CM-TG between the
three milk-feeding categories were analyzed on analysis of
variance (ANOVA). Sex distribution was analyzed using chi-
squared test. Birthweight was analyzed using z-score. The cor-
relation coefficients were determined on single and multiple
regression analyses. P < 0.05 was considered significant.

Results

Subject characteristics

In cord blood, TC was lower in term infants than in preterm
infants. There were no differences in HDL-C or TG between
term and preterm infants. At 1 month, one preterm and three
term infants were dropped from the study. TC and HDL-C
were lower in preterm infants than in term infants, whereas
there was no difference in TG between term and preterm
infants (Table 1).

Lipid composition of CM

The CM-C and CM-TG could not be detected in the cord
blood of 17 infants (12.8%; three preterm and 14 term) and in
20 infants (15.0%; eight preterm and 12 term), respectively,
because the levels were below the lower limit of detection
(0.01 mg/dL). In four infants (one preterm and three term),
both CM-C and CM-TG were <0.01 mg/dL. At 1 month, we
could measure CM-C and CM-TG in all of the infants. CM-C
at birth correlated positively with that at 1 month in both

Table 1 Subject characteristics

Preterm infants Term infants P-value
n=>59 n="74
Mean + SE Mean + SE
Male : Female 39:20 42:32 0.2725
Gestational week 339 £0.2 387 £02 <0.0001
Birthweight (g) 1948.5 542  2978.6 £ 58.2 <0.0001
Birthweight —0.6 = 0.1 0.1 £0.1 0.0014
Z-score
Cord blood
TC (mg/dL) 759 £ 2.8 66.3 £ 1.9 0.0058
Triglyceride 264 £ 1.9 264 £ 1.6 0.7702
(mg/dL)
HDL-C (mg/dL) 36.7 £ 1.5 36.8 £ 1.3 0.9603
1 month
TC (mg/dL) 109.4 + 2.5 131.7 +£ 3.1 <0.0001
Triglyceride 83.0 + 6.1 70.1 £ 3.6 0.1514
(mg/dL)
HDL-C (mg/dL) 46.6 + 1.6 60.7 £ 1.7 <0.0001

Bold, P < 0.05. HDL-C, high-density lipoprotein cholesterol;
TC, total cholesterol.

© 2018 Japan Pediatric Society

preterm infants (» = 0.377, P = 0.0035) and term infants (r =
0.515, P < 0.0001), while CM-TG correlated positively with
that at 1 month in preterm infants (r = 0.289, P = 0.0321), but
not in term infants (»r = 0.029, P = 0.9981).

Table 2 lists the 10th, 25th, 50th, 75th, and 90th percentiles for
CM-C and CM-TG in preterm and term infants. Compared with
term infants, preterm infants had higher CM-C and lower CM-TG
both in cord blood and at 1 month of age. To evaluate the lipid
composition of CM, the TG/C ratio (CM-TG/C) was calculated.
In cord blood, CM-TG/C was significantly lower in preterm
infants (2.53 + 0.67) than in term infants (8.35 + 1.21; P =
0.0001). At 1 month, CM-TG/C had increased significantly in
both preterm and term infants. CM-TG/C was still lower in pre-
term infants (18.78 4= 3.74) than in term infants (32.41 + 2.90; P
< 0.0001). CM-TG/C at birth correlated positively with that at
1 month in preterm infants (r = 0.289, P = 0.0321) but not in term
infants (r = 0.077, P = 0.5690). In addition, on single regression
analysis, CM-TG/C correlated positively with gestational age at
birth (r = 0.331, P = 0.0003) and at 1 month (r = 0.221, P =
0.0119) when the two groups of infants were combined. The rela-
tionship between birthweight Z score (BWz) and CM-TG/C as
also analyzed, showing a significant positive association at birth (r
=0.274, P =0.0029) but not at 1 month (= 0.100, P = 0.2578).

On multiple regression analysis including gestational age
and BWz as predictors for CM-TG/C, at birth, both gestational
age (B = 0.796, P = 0.0030) and BWz (fp = 1444, P =
0.0330; » = 0.381, P = 0.0001) were significant independent
predictors, while at 1 month, only gestational age (B = 1.986,
P = 0.0223), but not BWz ( = 1.055, P = 0.6372; r = 0.225,
P =0.0383) was a significant predictor.

We obtained information about milk feeding for 67 term
infants (90.5%) and 35 preterm infants (59.3%). There were no
significant differences in CM-C or CM-TG between the three
milk-feeding categories in either term or preterm infants. The rela-
tionship between CM-C and CM-TG in term and preterm infants
is shown in Figure 1, demonstrating the altered lipid composition
of the CM fraction in preterm infants at birth and at 1 month.

Table 2 Chylomicron cholesterol and triglyceride levels

Preterm infants Term infants

(n=159) (n=174)
CM-C CM-TG CM-C CM-TG
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Cord blood
10th %tile 0.01 0.00 0.00 0.00
25th %tile 0.02 0.01 0.01 0.01
50th %tile 0.03 0.03 0.01 0.09
75th %tile 0.11 0.11 0.02 0.23
90th %tile 0.18 0.30 0.06 0.43
At 1 month n=>58 n=71
10th %tile 0.03 0.68 0.02 0.68
25th %tile 0.06 0.95 0.05 1.11
50th %tile 0.25 1.37 0.08 2.17
75th %tile 0.37 2.19 0.13 3.36
90th %tile 0.47 3.41 0.18 4.90

C, cholesterol; CM, chylomicron; TG, triglyceride.
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Fig. 1 Relationship between triglyceride and cholesterol in the chylomicron (CM) fraction in (a,b) preterm and (c,d) term infants at
(a,c) birth and (b,d) 1 month of age. (a) r = 0.308, P = 0.0174; (b) r = 0.553, P < 0.0001; (c) » = 0.383, P = 0.0008; (d) r = 0.597,

P < 0.0001.

Discussion

To the best of our knowledge, this is the first investigation of
the lipid composition of CM in preterm infants. We found that
at 1 month of age, after oral feeding has been established, pre-
term infants had higher cholesterol and lower TG in CM com-
pared with term infants. Furthermore, in preterm infants, the
alteration in the composition of CM observed at 1 month was
already detectable in cord blood before the initiation of oral
feeding. Therefore, the CM composition at 1 month may be
determined by some prenatal factors, as well as by dietary fat.

The functional development of the human gastrointestinal
tract has been investigated in ex situ experiments with fetal
gastrointestinal tract tissue.® At 10 weeks of gestation, the per-
centage of edited intestinal apoB transcripts encoding apoB-48
is approximately 10%; it then increases progressively to nearly
adult levels (80%) at term.” Human fetuses at 18 weeks of
gestation have abundant lymphatic vessels in the stomach,
small intestine, and rectum.'® In addition, the human fetus
shows effective swallowing at as early as 15 weeks of

gestation.!" Taken together, this suggests that the human fetal
intestine may be developed enough to absorb fat in the second
trimester. The present findings confirm that human fetal intes-
tine can absorb lipids and secrete CM into the fetal circula-
tion, even in preterm infants born in the third trimester.

The cholesterol and TG reference ranges of lipoprotein sub-
classes (including CM measured on HPLC) for healthy Japa-
nese men and women were reported recently.” Compared with
the reference ranges, the 25th and 75th percentiles of CM-C
and CM-TG in cord blood were markedly lower in term
infants. At 1 month, the 25th and 75th percentiles of CM-C
were still lower, but CM-TG had reached adult fasting levels
in term infants. Thus, the CM fraction in term infants is more
TG rich than in adults. In the previously published healthy
adult study, all blood samples were collected >8 h after over-
night fast.” In contrast, in the present study, we obtained blood
samples immediately before milk feeding: approximately
3—4 h after the last feed. The present results suggest that term
infants may be well equipped to tolerate the frequent high-fat
load provided by milk.

© 2018 Japan Pediatric Society
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A novel finding of the present study is the alteration of the
CM composition in preterm infants. CM-TG/C was lower in
preterm infants, suggesting that the CM were less lipidated.
The maturation of gastrointestinal function in neonates was
investigated previously in infant pigs, because of their similar-
ity to human infants.'>'? The lipidation of CM in neonates is
mainly regulated by microsomal triglyceride transfer protein
(MTP) and apoA-IV."> MTP is a 97 kDa heterodimeric pro-
tein (two large M subunits and two small P subunits) that is
most abundantly expressed in small intestinal enterocytes and
hepatocytes."* MTP principally transfers TG to nascent apoB
to promote lipoprotein formation. Postnatally, expression of
the MTP large subunit in pig jejunum paralleled the intake of
a high-fat breast milk diet and declined after weaning. In pre-
term pigs, however, enteral feeding did not induce intestinal
MTP mRNA and activity.13 The present finding that human
preterm neonates have less lipidated CM after milk feeding
has begun, is in accordance with what is known of the intesti-
nal development of preterm pigs. Furthermore, in newborn
pigs, apoA-IV increases MTP activity and induces the packag-
ing of more TG into CM particles.15 MTP and its regulation
by apoA-IV may also be important in human neonatal fat
absorption. Importantly, we found that impaired lipidation of
CM in preterm infants is already apparent in cord blood. Pre-
term infants can absorb fat and secrete CM in the uterus, but
the functions of CM lipidation may not be fully developed,
and the immaturity remains at 1 month of age. Further investi-
gations are required to establish the exact mechanisms by
which the alteration in lipid composition of CM in human pre-
term infants persists after oral milk feeding has begun.

In the present study, we found that four infants had markedly
low CM-C and CM-TG <0.01 mg/dL in cord blood. Their
serum lipid profiles, cord blood TC, HDL-C, or TG, and
1 month blood TC, HDL-C, TG, CM-C, CM-TG, or CM-TG/C,
did not differ from those of the other infants in the present study.
Further clinical evaluations may provide some insight regarding
the interpretation of CM-C and CM-TG in cord blood.

In conclusion, preterm infants had higher cholesterol and
lower TG in the CM fraction compared with term infants. This
characteristic CM composition was observed at birth and at
1 month of age. Therefore, some prenatal factors persist to
influence CM lipidation during the early postnatal period. Fur-
ther investigations are necessary to evaluate the clinical utility
of CM composition measurements for preterm infants.
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