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Scrum lipids and lipoproteins were studied in 548 newborns from the Toledo
Study (Spain) selected according to the following criteria: single delivery alive child­
birth, eutocic delivery with cephalic presentation, gestational age between 37.0 and
41.86 wk, body weight between 2.500 and 3.999 kg and Apgar score of > 7 at 1 min
and > 9 at 5 min. Mean cord total cholesterol (TC) value (1.80 ± 0.48 mmol/1) was in
agreement with those of many studies. However, more than 5 % of newborns had
more than 2.60 mmol/1 (100 mg/dl). TC was equally carried by LDL and HDL (0.81
± 0.40 vs 0.80±0.27 mmol/1, respectively). Triglyceride (Tg) values were 0.44 ± 0.23
mmol/1 the cut-point being (95th percentile) for future studies at 0.87 mmol/1. With
the exception of Tg, scrum and lipoprotein lipids were kept rather constant between
wks 38 and 42. However, TC resulted significantly higher (p < 0.05) at wk 38 than at
wk 37. Tg were positive and significantly correlated with gestational age (p < 0.001),
showing a negative but significant correlation with the body mass index (p < 0.05)
and with the Apgar score (p < 0.001) of term-newborns.

Key words: Newborns, Term-period, Cholesterol, Triglycerides, Lipoproteins, Percentile
distribution.

The pathologic precursors of ischemic
coronary disease (ICD) are now recog-
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nised as originating in childhood (3, 20,
23), possibly induced by the same athero­
genic factors as those found in adults.
However, years of research will be needed
to ascertain the actual role these factors
play, when present in children, in provok­
ing early lesions (2).

Serum lipoproteins are considered
important risk factor variables of ICD,
with low density lipoproteins (LDL) and 
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high density lipoproteins (HDL) showing
positive and inverse risk associations,
respectively (14, 20, 32).

Levels of lipids and lipoproteins in cord
sera should be a reflection of the status of
plasma lipid metabolism in the infant at
birth. Earlier reports have shown an ass-
sociation between perinatal conditions
and levels of cord serum lipids. Most of
these studies have shown that lipid levels
are altered under conditions related to
perinatal distress (6, 15, 19).

WHO published a number of defini­
tions and recommendations related to the
perinatal period (33). Between those refer­
able to gestational age, term period was
defined as the period from 37 to less than
42 completed weeks (259 to 293 days).

Although maternal lipids cross the pla­
centa with difficulty, fetal lipid metabo­
lism during gestation is very active. Lipo-
genesis from glucose is high and essential
fatty acids are available to the fetus by
means of their direct or lipase-mediated
transfer through the placenta (16).

Because the deposition of triglycerides
continues up to 40 wk gestation as weight
rapidly increases (26), the rate of lipid
metabolism must increase significantly.
At the same time factors that normally
modify lipid metabolism might have the
same effects in utero and they are
expressed by changes in the serum lipids
and lipoproteins (19).

However, despite the recognized
importance of lipids, e.g. LDL-cholesterol
and HDL-cholesterol, little is established
concerning variations throughout the
term period.

The purposes of the present work are
to study the lipoprotein changes occur­
ring throughout the term period in a
selected sample of neonates from the
Toledo Study; to determine their normal
values according to the gestational age;
and to evaluate the possible influence of
some neonatal variables such as gestation­

al age, body weight, body mass index and
Apgar score on lipid and lipoprotein con­
centration of selected neonates.

Materials and Methods

The Toledo Study must be defined as a
neonatal screening programme to detect
infants with abnormal levels of some ICD
risk factors. Throughout a period of 11
months, 705 cord sera samples were col­
lected at the “Virgen de la Salud” Hospi­
tal, Toledo (Spain). With the aim of
obtaining reference data from the new­
borns, only healthy full-term newborns
were selected according to the following
criteria: single delivery alive childbirth,
eutocic delivery with cephalic presenta­
tion; gestational age between 37.00 and
41.86 wk; body weight between 2.500 and
3.999 kg and Apgar scores of > 7 at 1 min,
and > 9 at 5 min. After these selections 548
neonate cord blood was studied.

Data concerning the mothers, their
pregnancies and deliveries were obtained
from notes in the records made by obste­
tricians and pediatricians, according to the
strict routine practice in the “Departa-
mento de Obstetricia y Ginecologia” of
the Hospital. Gestational age was deter­
mined according to menstrual history and
the results of the pediatric examination of
newborns, and expressed in weeks as from
the first day of the last menstrual period.

The study was performed in accor­
dance with the Helsinki Declaration of
1964 (as amended in 1983 and 1989). The
investigation was approved by the Hospi­
tal’s Direction and the “Consejena de
Salud de la Comunidad Autonoma Casti-
lla-La Mancha” (Spain).

Immediately after delivery, mixed
(arterial and venous) umbilical cord blood
was collected in chilled tubes and allowed
to clot at room temperature for 30-60 min.
Serum was obtained after centrifugation
and immediately refrigerated at 4 °C.
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Serum total cholesterol (TC) was mea­
sured by the enzymatic cholesterol
esterase-cholesterol-oxidase method
(Boehringer Mannheim, Germany). HDL-
cholesterol was measured by the same
method after precipitation of VLDL and
LDL using the dextran sulphate Mg2+ pro­
cedure (31). Triglycerides (Tg) were
assayed by the enzymatic glycerol-phos-
phate-oxidase method (GPO-PAP) using
a commercial test (Boehringer Mannheim).
Cholesterol in LDL was estimated by the
Friedewald et al. (11) equation.

Lipids internal quality control was car­
ried out according to the laboratory man­
ual of the Lipid Research Clinics Program
(22). External quality control was provid­
ed by a quality control laboratory (Well­
come, S. E. de Quimica Ch'nica).

On the other hand, serum aliquots
were on a few occasions accidentally mis­
laid which meant that some of the results
were lost. Therefore, sometimes not
enough serum was available, which
explains the discrepancy in the number of
observations.

The various groups were compared
using ANOVA one-way and Duncan
tests. Kormogorov, and Shapiro and Wick
normality tests were applied. When data
were not normally distributed, they were
analysed with logarithmic transformation.
The relationship between lipids, lipopro­
tein lipids and some neonatal variables
within the selected neonates was study
using the Pearson product-moment corre­
lations.

Results

Tables I, II and III show the concentra­
tions of lipids and lipoproteins and the
ratio TC/HDL-cholesterol in the new­
borns. Percentile distributions and
changes of lipids and lipoproteins
throughout the term period are also
included. Only Tg concentrations were
significantly affected by the gestational
age. However, all lipids and lipoproteins
tended to increase between wk 37 and 38,
the increase in TC being significant.

Pearson product-moment correlations
show only significant correlations
between Tg levels and gestational age (p <
0.001) or body mass index (p < 0.05). Tg
levels show negative and significant corre­
lations with Apgar scores at 1 min (p <
0.001) and at 5 min (p < 0.001).

Discussion

Factors during pregnancy and delivery,
as well as certain diseases, can influence
the foetal lipid metabolism, thus both pri­
mary and secondary hyperlipidemia,
hypercholesterolemia, and hypertriglyc­
eridemia, may be present at birth (15).
Serum cholesterol (4, 9, 10) also seems to
be related to gestational age and birth
weight. Taking into account these influ­
ences, newborns were selected according
to strict criteria related to the kind of
delivery, gestational age, body weight and
foetal distress.

Percentile

Table I.- Lipid and lipoprotein levels and percentile distribution of full-term newborns.

n Mean ± SD Range 5th 10th 90th 95th

Triglycerides (mmol/l) 533 0.44 ± 0.23 0.08-1.81 0.18 0.22 0.71 0.87
Total cholesterol (mmol/l) 524 1.80 ±0.48 0.75-4.18 1.15 1.27 2.39 2.67
LDL-cholesterol (mmol/l) 470 0.81 ± 0.40 0.06-2.88 0.19 0.36 1.31 1.52
HDL-cholesterol (mmol/l) 494 0.81 ± 0.27 0.26-2.67 0.48 0.52 1.14 1.30
Total Cholesterol HDL-cholesterol 472 2.36 ± 0.78 1.2-5.9 1.5 1.6 3.5 3.9
n = number of neonates.
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Mean cord TC values are in agreement
with those of many studies (2, 5, 12, 18,
19, 25). However, a large number of
neonates (more than 5 %) have TC levels
higher than 100 mg/dl, cut-point utilized
by GLUECK et al. (12) for newborn hyper­
cholesterolemia. This cut-point was rather
close to the 95th percentile found in the
current study and might be taken as a sta­
tistically valid normal limit.

According to our data, cholesterol was
equivalently distributed among LDL and
HDL (both about 45 % of TC). Howev­
er, Averna et al. (1) found that HDL-
cholesterol was lower than LDL-choles-
terol and about 37 % of TC. Valdivieso
et al. (29) found higher values in LDL
than in HDL in Hispanic and Arab new­
borns, whereas DlAZ et al. (9) indicated
that HDL is the major cholesterol carrier
in neonates. BellO et al. (2) found that
HDL was the major carrier in male and
female neonates without a family history
of ICD.

Percentile 95th for LDL-cholesterol in
the present study was higher than 1.5
mmol/1 (—58 mg/dl). KwiTEROVlCH et al.
(17) found that the concentration of LDL-
cholesterol in cord blood permits the
ascertainment of the affected child of a
parent with the form of type-II hyper-
lipoproteinaemia, having approximately
half of the offsprings at risk LDL-choles­
terol above 41 mg/dl. This conclusion was
based on the use of cut-off limits derived
experimentally but selected arbitrarily (as
the upper 5 % of the normal distribution).

TC/HDL-cholesterol values were in
agreement with those derived from some
studies (25) but lower than those
described by others (1). In young popula­
tions a TC/HDL-cholesterol ratio higher
than 4 has been suggested as a risk level
for future ICD. According to the
TC/HDL-cholesterol ratio found, less
than 5 % of newborns has a ratio higher
than 4.

Data of Tg were similar to those of oth­
ers (2,19,29). The increase of Tg with ges­
tational age probably reflects the progres­
sive fatty deposition occurring during the
latter stages of gestation. As might be
expected with metabolically active com­
pounds, Tg showed much greater varia­
tion than TC or lipoprotein-cholesterol at
the time of the term period. Thibault et
al. (28) studying the ontogeny of intestinal
lipid and lipoprotein synthesis observed a
progressive increase in the lipoprotein
fractions produced by the foetal intestine
(such as chylomicrons, VLDL and HDL)
during development.

According to Videira-Amaral et al.
(30) term neonates have higher Tg levels
than pre-terms. Moreover, HARDELL (15)
showed that Tg distribution was displaced
to the left in pre-terms and to the right in
post-terms. Although Tg level is not con­
sidered in many studies as a primary risk
for future ICD, others (30) have selected
the level of 70 mg/dl as a cut-point. Less
than 10 % of the studied neonates present­
ed Tg values higher than 70 mg/dl (0.79
mmol/1).

Contrasting with Tg, results in TC,
HDL-choIesterol and LDL-cholesterol
suggest that throughout wks 38-42 minor
changes may be produced in cholesterol
metabolism. However, current results
show significant variations in TC between
wks 37 and 38.

Foetal plasma LDL-cholesterol levels
have been inversely related to the plasma
concentrations of the major foetal adrenal
secretory product, i.e. dehydroepiandros­
terone sulphate (DHEAS). Parker et al.
(24) have postulated that the observed fall
in plasma LDL-cholesterol levels is
caused by an increased rate of uptake and
use of LDL-cholesterol pool for steroid
hormone production by the foetal adren­
als near term, but this finding came from a
relatively small number of neonates and
from a pair of weeks, i.e. 36-37. Moreover, 
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no significant relationship was found
between serum hormone concentrations
(i.e. DHEAS) and gestational age at term
delivery (27). These findings would
explain the steady-state of TC and choles-
terol-lipoproteins throughout a large part
of the term period.

Linear correlations were applied in
order to evaluate the possible influence of
some neonatal variables on the lipoprotein
concentration of neonates. Apart from the
positive and significant relationship found
between gestational age and Tg levels, pre­
sent data indicate a weak negative but sig­
nificant correlation between Tg and body
mass index (BMI). Hardell (15) found a
negative correlation between birth weight
and Tg.

Increases in serum Tg has often been
related to age and obesity (7, 8), however
the extent to which such index actually
represents assessment of adiposity is
nonetheless controversial (21). In a previ­
ous work (13) a moderate positive correla­
tion between serum Tg and the fat per­
centage or the body fat content was found
in boys but not in girls.

Although Apgar scores of selected
newborns were into a narrow range and
indicate absence of perinatal stress, a neg­
ative and significant relationship was
found between Apgar scores and Tg lev­
els. According to HARDELL (15) newborns
with Apgar score below 7 show a distrib­
ution of Tg displaced towards higher con­
centrations.

In conclusion, cord blood results for a
large series of newborns indicate that
lipids, with the exception of Tg, are kept
rather constant between wks 38 and 42.
More studies should be performed in
order to confirm the TC changes found
between weeks 37 and 38.
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Cambios lipidicos y lipoproteicos durante el
periodo a termino en recien nacidos del estudio
Toledo. J. Physiol. Biochem. (Rev. esp. Fisiol.),
52(1), 23-30, 1996.

Se estudian los h'pidos y las lipoprotei'nas
sericas cn 548 neonatos del Estudio Toledo
(Espana) seleccionados segun las siguientes
premisas: Ninos nacidos vivos de parto unico,
cutocicos y con presentacion cefalica, con edad
gestacional entre 37,0 y 41,86 semanas, con
peso al nacer de 2,5 a 3,999 kg y con indices de
Apgar de > 7 al min y > 9 a los 5 min. La con-
centracion media de colcsterol total (CT) (1,80
± 0,48 mmol/1) es similar a la de otros estudios.
Sin embargo, mas de un 5 % de neonatos
tienen mas de 2,60 mmol/1 de CT (100 mg/dl).
El CT esta igualmente distribuido cn LDL y
HDL (0,81 ± 0,40 y 0,80 ± 0,27 mmol/1, respec-
tivamente). La concentracion de los trigliceri-
dos (Tg) es de 0,44 ± 0,23 mmol/1, estando el
nivel de corte para futures cstudios (percentil
95) en 0,87 mmol/L Con la excepcion de los
Tg, los h'pidos y lipoprotei'nas sericas se
mantienen constantcs entre la semana 38 y la
42, sin embargo el CT es mas elevado cn la
semana 38 que en la 37 (p < 0,05). Los Tg co-
rrelacionan de forma positiva con la edad
gestacional (p < 0,001) y mucstran una cor-
relacion negativa y significativa con el indicc de
masa corporal (p < 0,05) y con los indices de
Apgar (p < 0,001).

Palabras clave: Neonatos, Pcn'odo a termino, Coles-
tcrol, Trigliccridos, Lipoprotei'nas, Distribu-

cion en percentiles.
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