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Abstract In order to ascertain whether the high density lipoprotein (HDL) composition
of neonates with high serum cholesterol levels (³2.59 mmol/l or ³100 mg/dl) di�ers from
that of neonates with normal serum cholesterol levels (<2.59 mmol/l), 548 cord blood
samples were examined from full-term newborns of the Toledo Study (Spain) of whom no
perinatal factors were known which could alter cord blood lipid levels. Newborns were
selected according to the following criteria: single and eutocic delivery with cephalic
presentation, gestational age between the beginning of the 37th week and the end of the
41st week, body weight between 2.5 kg and 3.999 kg and an Apgar score of ³7 and ³9 at l
min and 5 min, respectively. The prevalence of high serum total cholesterol (TC) level was
greater (P < 0.02) in females than in males. Newborns with high TC levels had higher
triglyceride (P < 0.01), HDL-cholesterol (P < 0.001) and apoprotein (Apo) A-I
(P < 0.001) levels, and a higher TC/HDL-cholesterol ratio (P < 0.05), but a lower
HDL-cholesterol/Apo A-I ratio (P < 0.05). ANOVA two-way analysis showed a signi-
®cant e�ect of gender and serum cholesterol level and a statistical interaction of these two
factors upon triglycerides, Apo A-I, and the HDL-cholesterol/Apo A-I ratio. However,
HDL-cholesterol and the TC/HDL-cholesterol ratio were higher in neonates (males plus
females) with high serum TC but they were not a�ected by sex. The larger HDL particles
in males with high TC levels (HM) should be associated with the higher triglyceride level
found in those individuals.

Conclusion The composition of high density lipoproteins in newborns is in¯uenced by the
serum cholesterol level and by gender. Neonates with high total cholesterol have larger
average high density lipoprotein (HDL) particles. If total cholesterol is elevated, HDL
from males carries more cholesterol than HDL from females.
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Introduction

Metabolic studies of apoprotein (Apo) in high density
lipoproteins (HDL) in human volunteers have revealed
that variations in HDL levels are partially due to di�er-
ences in fractional catabolic rates. Large HDL particles
with increased ratios of HDL-cholesterol/Apo A-I plus
Apo A-II exhibit decreased fractional catabolic rates [5,
6]. These results suggest that HDL composition might be
important in controlling HDL levels [5] and in turn, in
processes that in¯uence the development of atheroscle-
rosis [15]. However, newborn HDL particles appear to be
the smallest in the HDL pro®le [4]. Few studies have
indicated lipoprotein level di�erences between male and
female neonates [1, 3, 21]. Moreover, few data related to
lipoprotein di�erences between male and female new-
borns with normal and high total serum cholesterol (TC)
levels are available. The aim of the present study was to
ascertain the di�erences in the HDL composition (HDL-
cholesterol and Apo A-I levels) of neonates with normal
and high TC levels. Since in previous studies di�erences
in lipoprotein levels between male and female newborns
were found [3, 21], the possible e�ect of gender on HDL
composition was also studied.

Subjects and methods

Subjects and samples

All participating mothers were Caucasians born in Spain. Mothers
whose pregnancies were complicated by hypertension or diabetes, or
who had received drugs or consumed excessive alcohol during
pregnancy were excluded from the study. The study was performed
in accordance with the Helsinki Declaration of 1964 (as amended in
1983 and 1989) and approved by the ConsejerõÂ a de la Salud de la
Comunidad AutoÂ noma Castilla-La Mancha, Spain. Throughout a
period of 11 months, 705 cord serum samples were collected at the
``Virgen de la Salud'' Hospital, Toledo (Spain), under this hospital's
direction and mothers' consent. Because earlier reports [10, 13, 18,
19] established an association between perinatal conditions and cord
serum lipid, lipoprotein and/or Apo levels, only, full-term newborns
were selected according to the following criteria: (1) singleton live
birth; (2) eutocic delivery with cephalic presentation; (3) gestational
age between the beginning of the 37th week and the end of the 41st
week; (4) body weight between 2.500 and 3.999 kg; and (5) Apgar
scores of ³7 at the 1st min and ³9 at the 5th min. Of the original 705
cord blood samples, 548 (307 from males and 241 from females)
ful®lled the above-mentioned criteria and were studied. The cut o�
point for de®ning high cord serum cholesterol levels was 100 mg/dl
(2.59 mmol/l), as suggested by Glueck et al. [11]. Data concerning
the mothers, their pregnancies and deliveries were obtained from the
notes in the records made by obstetricians and paediatricians, ac-
cording to the strict routine practice of the Department of Obstetrics
and Gynaecology of the Virgen de la Salud Hospital, Toledo.
Gestational age was determined based on menstrual history, ob-
stetrical ®ndings and the Dubowitz score of newborns.

Analytical procedures

Immediately after delivery, about 3 ml of umbilical cord blood
were collected and allowed to clot at room temperature for 30 min.
Serum was separated by centrifugation (30 min, 2500 rpm) and
kept at 4°C until analysis within a maximum of 72 h. Serum TC T
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was measured by the enzymatic cholesterol esterase-cholesterol
oxidase method (Boehringer Mannheim, Germany). HDL-choles-
terol was measured by the same method after precipitation of very
low density lipoproteins (VLDL) and low density lipoproteins
(LDL) with dextran sulphate-Mg2+ [23]. Triglycerides were as-
sayed by the enzymatic glycerol phosphate oxidase method pro-
posed by Boehringer Mannheim. Apo A-I was determined by
kinetic immunoturbidimetry following the method and indications
of the Behring Institute. Lipid internal quality control was carried
out according to the laboratory manual of the Lipid Research
Clinics Program. External quality control was provided by a
quality control laboratory (Wellcome, Sociedad EspanÄ ola de QuõÂ -
mica ClõÂ nica, Barcelona). Apo A-I was standardized against the
IUIS-NHLBI-CDS 1883 control sample assayed in the Interna-
tional Collaborative Study Centers for Disease Control for Apo-
lipoproteins Standardization. More details related to Apo A-I
quality control have been published [3]. Sometimes not enough
serum was available; measurements that could not be done within
72 h of collection were excluded. This explains the discrepancy in
the number of sample determinations.

Statistical analysis

The in¯uence of TC on the di�erent parameters tested was studied
by means of the unpaired Student's-t-test. The prevalence of high
serum TC levels amongst male and female newborns was compared
by the chi-square test. The e�ects of gender and cholesterol level
were studied by two-way ANOVA. Kormogorov, and Shapiro and
Wick normality tests were applied. When data were not normally
distributed they were analysed by logarithmic or arc sine trans-
formation. All calculations were performed using the S.A.S. 5.18
statistical packet in an IBM 4321, 22 model with VM/SP operating
system. Statistical signi®cance was stated at P < 0.05.

Results

Using the criteria of Glueck et al. [11], 20 females and 11
males (5.9%) had high TC levels. The percentage of HF
was higher than that of HM: 8.66% versus 3.75%
(P < 0.02). Table 1 shows that height, body weight,
body mass index and cephalic and thoracic perimeters
were similar in neonates with normal and high TC levels.
This table indicates the absence of a signi®cant e�ect of
either gender or TC levels on height, body weight, body
mass index and cephalic and thoracic perimeters, how-
ever, the gender-cholesterol level interaction was on the
borderline of statistical signi®cance (P < 0.08) for body
weight. Table 2 shows that neonates with high TC levels

presented higher triglyceride (P < 0.01), HDL-choles-
terol (P < 0.001), Apo A-I (P < 0.001) levels, along
with a higher TC/HDL-cholesterol ratio (P < 0.05) and
a higher HDL-cholesterol/Apo A-I ratio (P < 0.05)
than the newborns with TC < 2.59 mmol/l. Table 3
indicates a signi®cant e�ect of both gender and TC levels
on triglycerides, and Apo A-I levels. HDL-cholesterol
levels and the HDL-cholesterol/Apo A-I ratio were
signi®cantly in¯uenced by TC levels. A signi®cant in-
teraction (P < 0.05) between gender and cholesterol
level was found for triglycerides and Apo A-I values and
for the HDL-cholesterol/Apo A-I ratio. The HDL
fraction transports about 36% of the TC in HF, but
about 45% in HM. Di�erences in the relative contri-
bution of HDL-cholesterol to TC are shown in Fig. 1.

Discussion

Factors during pregnancy and delivery, as well as certain
diseases, can in¯uence fetal lipid metabolism, thus both
primary and secondary hyperlipidaemia may be present
at birth [17]. Serum cholesterol [8, 10] also seems related
to gestational age and birth weight. Taking into account
these in¯uences, newborns were selected according to
strict criteria (see Methods). No di�erences in age, body
weight and blood pressure were observed in mothers of
male and female newborns with high TC (data not
shown). Thus the di�erences found in the lipoprotein
parameters of newborns do not seem to be related to any
of the maternal characteristics studied.Mean TC levels in
newborn infants are similar throughout the world, re-
gardless of race or sex, and this lipid is evenly distributed
between low- and high-density lipoproteins [1, 13, 21].
However, previous studies have proposed di�erent cut
o� points for the de®nition of hypercholesterolaemia in
newborns. Glueck et al. [11] suggested a serum choles-
terol level at birth above 100 mg/dl as cut o�. Higher TC
levels were found in females both within the population
with normal cholesterol levels, as well as in the whole
full-term newborn population of the Toledo Study [2,
21]. The higher percentage of HF than HM should ®rst
be attributed to this fact. Averna et al. [1] have found a
very signi®cant higher TC in females than in males.

Table 2 Lipids, HDL-cholesterol and apoprotein A-I levels, and total cholesterol/HDL-cholesterol and HDL-cholesterol/apoprotein A-I
ratios in full-term neonates with normal (<2.59 mmol/l or <100 mg/dl) and high serum total cholesterol (³2.59 mmol/l or ³100 mg/dl)
(ND not determined)

Normal serum
total cholesterol
(<2.59 mmol/l)

High serum total
cholesterol
(³2.59 mmol/l)

Statistical
signi®cance

Triglycerides (mmol/l) 0.43 � 0.20 (493) 0.67 � 0.38 (31) <0.01
Total cholesterol (mmol/l) 1.71 � 0.36 (493) 2.99 � 0.47 (31) ND
HDL-cholesterol (mmol/l) 0.78 � 0.23 (468) 1.16 � 0.47 (31) <0.001
Total cholesterol/HDL-cholesterol ratio 2.42 � 0.75 (468) 2.92 � 1.13 (31) <0.05
Apoprotein A-I (g/l) 0.73 � 0.14 (488) 0.88 � 0.18 (31) <0.001
HDL-cholesterol/apoprotein A-I ratioa 0.39 � 0.11 (468) 0.45 � 0.15 (31) <0.05

aCalculated from data in g/l
Values are mean � standard deviation. Number of analyses in parentheses
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Glueck et al. [11] compared cholesterol levels in a-lipo-
proteins (HDL) and b-lipoproteins (LDL) of normo- and
hypercholesterolaemic newborns and found that changes
in TC were related to changes in b-lipoproteins. How-
ever, in the present study neonates with high TC levels
presented 49% higher HDL-cholesterol levels than in-
fants with TC < 2.59 mmol/l. In newborns, before the
onset of enteral feeding, the supply of free cholesterol for
LCAT mediated esteri®cation and subsequently HDL
incorporation, should be sparce. Consequently, their
reverse cholesterol transport would be depressed and the
high concentration of the smallest HDL (HDL3c) parti-
cles hence could re¯ect a transport potential not utilized
[4, 17], however, an increase in the proportion of larger
HDL particles (HDL2a,2b) has been related to high levels
of TC in neonates [17]. Neonates with high TC displayed,
according to the HDL-cholesterol/Apo A-I ratio,
larger average HDL particles than neonates with
TC<2.59 mmol/l. According to Brinton et al. [5, 6]
larger HDL particles displayed a decreased fractional
catabolic rate and are more enriched in cholesterol than
in Apo A-I. A main gender di�erence amongst neonates
with high TC in the current study is the relatively lower
transport of cholesterol by the HDL fraction in HF than
in HM. A related study [2] demonstrated that the LDL
fraction carried more cholesterol in HF than in HM.
These results suggest that di�erences in the production
and/or clearance of lipoproteins between male and fe-
male neonates with high TC levels take place. In the
current study, HM presented higher triglyceride levels
with respect to HF. A detailed picture of HM indicates
that a large percentage of them presented, despite
the absence of neonatal distress, triglyceride levels
³70 mg/dl, a cut o� point used for hypertriglyceridaemia
in other newborn studies [22]. It has been indicated thatT
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Fig. 1 HDL-cholesterol contribution (percentage) to total serum
cholesterol (TC) in male neonates with TC < 2.59 mmol/l (NM),
female neonates with TC < 2.59 mmol/l (NF), male neonates with
TC ³ 2.59 mmol/l (HM), and female neonates with TC ³ 2.59 mmol/
l (HF)
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the hypertriglyceridaemic state induces the substitution
of cholesterol by triglycerides in HDL2 particles trans-
forming them into high triglyceride content-HDL2b
particles. These HDL2b particles have been considered to
be rather less e�ective in the reverse cholesterol transport
[14, 17]. Concomitant with the lecithin-cholesterol acyl-
transferase reaction, another pathway involves removal
of cholesterol ester via cholesterol ester/triglyceride ex-
change between HDL and the triglyceride-rich lipopro-
teins (mainly VLDL), followed by HDL triglyceride
hydrolysis. However, signi®cant changes in the core and
surface domains of both LDL and HDL have been found
in relation to increasing plasma triglyceride levels [7, 16].
As is well established, Apo A-I is the major protein of
HDL [9], and is present in no other lipoprotein in neo-
nates. The HDL-cholesterol/Apo A-I ratio, therefore,
gives an idea of HDL transport of both components, as
well as of the average structural characteristics of the
HDL fraction. This ratio suggests that HM presented
36% more cholesterol-enriched HDL than HF. Consid-
ering a MW of 28 kd for Apo A-I [12], it is possible to
calculate the number of cholesterol molecules per Apo A-
I molecule in an average male or female neonate HDL
particle. An average NM or NF HDL particle presented
about 30 molecules of cholesterol per Apo A-I molecule,
while that of HM and HF exhibited about 47 and 34
molecules of cholesterol per Apo A-I molecule, respec-
tively. The higher HDL-cholesterol/HDL-Apo A-I ratio
also suggests the presence of higher levels of HDL2 in
HM. When the e�ect of sex and cholesterol level were
separately studied it was found that HDL-cholesterol
levels were about 65% higher and the HDL-cholesterol/
Apo A-I ratio was 50% higher in HM than NM. How-
ever, the Apo A-I levels were found to be similar in HM
and NM. HF presented 40% higher HDL-cholesterol
and 23% higher Apo A-I levels than NF, but the HDL-
cholesterol/Apo A-I ratio in HF did not change with
respect to that of NF. Thus, the present data suggest a
decreased fractional catabolic rate of HMHDL particles
in comparison to HF HDL. In short, our study demon-
strates that gender and serum cholesterol levels are key
factors in¯uencing the HDL composition at birth.
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