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A cross sectional study was carried out in 200 normal pregnant women between 8-40th
weeks of gestation, 25 women during delivery and 25 women 6 weeks after delivery. Plasma
and lipoprotein lipids were measured using standard procedures. Apolipoprotein A (Apo A)
and Apolipoprotein B (Apo B), were measured by electroimmunoassay. Plasma levels of
Apo A were elevated in pregnant women but the elevations were not significant until 17-20
weeks of gestation. Apo A during pregnancy was significantly correlated (p < 0.001) with
high density lipoprotein cholesterol (HDL-C). The level of Apo B increased progressively
during pregnancy and it was significantly correlated (p < 0.001) with total cholesterol (TC),
plasma triglycerides (TG) and phospholipids (PL). Apo A and Apo B levels returned to non
pregnant values within the puerperium, whereas TC, TG and PL remained significantly
elevated above controls (p < 0.01) 6 weeks post partum.
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It is well known that there is an in
crease in plasma cholesterol (TC), tri
glycerides (TG), phospholipids (PL) and
lipoprotein lipids, during human pre
gnancy (7, 10, 16-18, 22-24, 30, 32, 33)
but data on apolipoproteins are scarce
in the literature (12, 29).

Recent research has given informa
tion about plasma lipoprotein composi
tion and metabolism (26, 27, 31). In
addition to their role in mantaining
lipoprotein structure, some apolipopro

teins play important regulatory roles by
serving as cofactors for key enzymes of
lipid metabolism (3, 9, 21) and in the
binding of lipoproteins to cell receptors
(11, 34). In this sense, the apolipopro
teins not only participate in the trans
port of lipids but they play also an im
portant role in the regulation of lipopro
tein metabolism.

An analysis of apolipoproteins and
their relationships with the plasma lipid
fractions are, therefore, important in 
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characterizing the changes in lipid
metabolism during human gestation.
This is the purpose of the present study.

Materials and Methods

The cross sectional study was carried
out in 200 normal pregnant women
(primiparae and multiparae) visited in
the Cazar Centre for Prevention of Sub
normality (Saragossa, Spain). Demo
graphic data and information on the
state of health, medications and preg
nancy itself were obtained by interview.
Gestational age was determined by
menstrual history. Apart from control of
excess weight gain, no dietary instruc
tions were given. The subjects had not
received any medications known to af
fect plasma lipids and lipoproteins, at
the time of blood sampling. Their ages
ranged from 18 to 42 years with a mean
of 27.8 years (SD ± 4.6). They were
distributed according to their gestational
age in 8 groups of 25 subjects each.
Another group of 25 women with age
gestational > 37 weeks, was studied
at the time of delivery. The new bom
live babies had an average weight of
3,374 g (SD ± 450). Twenty-five other
women were studied 6 weeks after de
livery. Because they were encouraged
during pregnancy to breast-feed their
babies, most of them (92 %) were lactat
ing women. Finally, 25 non pregnant,
healthy, premenopausal women of simi
lar average age served as controls.
None of them was taking oral con
traceptives.

Venous blood samples were ob
tained after 12-16 hours fast and co
llected in chilled tubes containing 1 mg
of Ethylenediaminetetraacetic acid di
sodium salt per ml of blood. Delivery
blood samples were taken just after ex
pulsion of the placenta. Plasma was
separated immediately and stored at
0-4° C until further analysis.

Plasma TC and high density lipopro

tein cholesterol (HDL-C) were de
termined using the HUANG et al. proce
dure (13). TG were measured by a
semienzymatic method (4). Lipid
phosphorous was measured after extrac
tion with chloroform:metanol (2:1, v/v)
using Zilversmit’s method (35). PL
were calculated as lipid phosphorous
times 25. Precipitation of low (LDL)
and very low (VLDL) density lipopro
teins was performed with magnesium
chloride and sodium phosphotungstate
(20). Apolipoproteins A and B were mea
sured by electroimmunoassay (19) using
antisera and standards purchased from
Beringwerke AG (Marburg, W. Ger
many). The antiserum for apolipo
protein A included both anti A-I and
A-II antibodies.

Significance of differences was de
termined by the Student «t» test for non
paired variates. Significance of correla
tions coefficients was estimated using
the Geigy Scientific Tables (8). Proba
bility values less than or equal to 0.02
were considered significant.

Results

Lipid levels in whole plasma, HDL-C,
Apolipoprotein A (Apo A) and Apolipo
protein B (Apo B) from pregnant and
non pregnant women are showed in
table I. The plasma cholesterol level
showed an overall 60 per cent increase
during pregnancy, reaching a maximum
value at 33-36 weeks and remaining still
elevated at 6 weeks post partum. Little
change occured in HDL-C fraction. The
total plasma TG concentration increased
threefold during pregnancy with a maxi-
mun value in the last trimester, and
being still significantly elevated
(p < 0.01) at 6 weeks post partum. The
plasma PL also increased during preg
nancy, most of this increase took place
in the first half of gestation. There was
not significant change in Apo A until
17-20 weeks of gestation. At six weeks
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Fig. 1. Changes in the plasma apolipoprotein.
A: High density lipoprotein ratio (Apo A: HDL-C)
triangles; Total cholesterol: Phospholipid ratio
(TC:PL) squares; and Apolipoprotein B: Low and
Very low density cholesterol lipoprotein ratio
(Apo-B: LDL-C + VLDL-C) circles; during pre
gnancy and puerperium. The results are

means ± SEM.

post partum, the level of Apo A was
similap to that of control subjects. Apo
B increased progressively during preg
nancy, it was significantly higher
(p < 0.01) than control at 21-24 weeks.
Apo B returned to non pregnant, con
trol, value within the puerperium.

During pregnancy there were little
changes in the TC:PL ratio (figure 1).
Values for non pregnant, pregnant, at
term and post partum women were
practically identical. Little changes oc
curred in the Apo B: (VLDL + LDL)
cholesterol ratio during pregnancy. By
contrast, the Apo A: HDL-C ratio rose
during pregnancy with a peak at 33-36
weeks of gestation, and subsequent de
cline towards non pregnant values at
term.

Table II includes the correlation coef
ficients, and their significances, be
tween apolipoproteins and plasma lipids
during gestation. Apo A was signifi
cantly and positively correlated with
HDL-C, TC and PL. Apo B showed
high positive correlation (p < 0.001)
with TC, TG and PL; but significant
(p < 0.01) and negative correlation with
HDL-C. High correlations (p < 0.001)
were found between TC, TG and PL,
during pregnancy.

Correlation coefficient with variable no.

Table II. Correlation coefficients between apolipoprotein and lipid concentrations during pregnancy.
Total cholesterol (TC). High density lipoprotein cholesterol (HDL-C). Triglycerides (TG). Phospholipids

(PL). Apolipoprotein A (Apo A). Apolipoprotein B (Apo B).

Variable no. Parameter i 2 3 4 5 6

1 TC ■ 1 »
2 HDL-C 0.193*
3 TG 0.617** —0.228* —
4 PL 0.746** 0.261** 0.515** ——
5 Apo-A 0.340** 0.593** 0.168 0.244* -----
6 Apo-B 0.821** —0.191* 0.622** 0.548** 0.077 ------

*p < 0.01; "p < 0.001. Others are non-significarit.
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Discussion

The increases during pregnancy in
TC, TG and PL observed in this study,
agree rather well with those found in
other investigations (7, 10, 16, 18, 22,
24, 32). Some authors (17, 24, 33) dem
onstrated that in addition to the eleva
tion in plasma lipid levels, there are also
changes in the plasma lipoprotein com
position. In the present work we have
found little changes regarding HDL-C
during pregnancy, except for the val
ue obtained at 21-24 weeks, which was
significantly higher than control
(p < 0.01). Similar pattern of HDL-C
during pregnancy has been also showed
by others (17, 24). However, the protein
moiety of HDL particles, mainly Apo
A, rises during pregnancy and also the
Apo A: HDL-C ratio. This rise in Apo
A during pregnancy has been also de
scribed by Schonfeld and Pfleger
(29) in regard to Apo A-I, the main
component of the Apo A family. On
the other hand, since the relation Apo
A-I:Apo A-II does not change during
pregnancy (12) this means that there is
an elevation of whole Apo A, as shown
by our data. These results indicate a
change in the HDL particle composition
throughout gestation. Our data show
that, during pregnancy, Apo A was
positively correlated with HDL-C, and
this observation is consistent with the
correlation reported by Albers et al.
(1,5) between Apo A-I and HDL-C in a
group of women with and without
hormone medication.

Our results also show that the level of
Apo A in non pregnant women were
very similar, if not identical, to that
reported by some authors (6, 14) but
higher than that observed by others (5,
25). This can be due to the use of dif
ferent methods of measurement.

HILLMAN et al. (12) reported an ele
vation of Apo B levels in a group of
thirty-eight pregnant women sampled 

between the 18~39th week of gestation.
The new information provided by this
study shows a progressive rise of Apo B
throughout gestation. This progressive
rise of Apo B is accompanied by a
parallel elevation of cholesterol in the
lipoprotein of density < 1.063 during
pregnancy. This pattern of a balanced
increase in the constituents of these
lipoproteins is consistent with the idea
of VLDL and intermediate density
lipoproteins overproduction or under
utilization in pregnancy (33). In this
sense we have found a high positive
correlation between Apo B levels during
gestation and TC, TG and PL, and a
negative correlation between Apo B and
HDL-C, similar observations were re
ported in pregnancy and other clinical
situations (2, 15, 28).

The cholesterol : phospholipid ratio
did not change markedly during preg
nancy. Oliver and Boyd (22) found a
pronounced increase of this ratio during
pregnancy, but this has not been a gen
eral experience. The results of the pres
ent study thus agree with the majority of
investigations (7, 23, 30, 32). No expla
nation can be given for the discrepant
findings of Oliver and Boyd.

Apolipoproteins A and B levels re
turned to non pregnant values in the
post partum period. However, plasma
TC, TG and PL remain significantly
(p < 0.01) elevated 6 weeks post par
tum. The persistent elevation of these
lipid levels six to seven weeks post par
tum has been previously observed (7,
22, 24).

Because most of the mothers (92 %)
were lactating during the post partum,
no comparison of the blood lipid and
lipoprotein levels between lactating and
non lactating mothers could be made.
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Resumen

Se lleva a cabo un estudio transversal con 200
mujeres embarazadas de 8 a 40 semanas de gesta
tion, 25 mujeres en el momenta del parto y 25
mujeres a las 6 semanas despues del parto. Se
determinan individualmente los lipidos y lipopro-
teinas del plasma udlizando metodos estandar y
las apolipoproteinas A y B por electroinmunoana-
lisis. Los niveles de apolipoproteina A (Apo A)
aumentan durante el embarazo, elevacidn signifi-
cativa a partir de la 17-20 semana de gestation.
Durante el embarazo la Apo A se encuentra corre-
lacionada de forma significativa (p < 0,001) con el
colesterol de las lipoproteinas de alta densidad.
Los niveles de apoliproteina B (Apo B) aumentan
de forma progresiva durante el embarazo y estan
correlacionados (p < 0,001) con el colesterol total
(CT) trigliceridos totales (TG) y fosfolipidos (FL).
Los niveles de Apo A y Apo B recobran los
valores normales durante el post-parto, mientras
que a las 6 semanas del parto, el CT, TG y FL
permanecen todavia elevados de forma signifi
cativa (p < 0,01) con respecto a los controles.
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