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Relationship of blood rheology to lipoprotein
profile during normal pregnancies and those
with intrauterine growth retardation
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Abstract
Aims-The effects on fetal growth of hy-
perlipidaemia in pregnancy are not well
understood at present. In this study the
different lipid fractions in normal preg-
nancies and pregnancies complicated by
intrauterine growth retardation (IUGR)
were determined and related to changes
in plasma and serum viscosity.
Methods-Two groups ofpregnant women
were studied. Group 1 consisted of 35
healthy pregnant women aged between 21
and 38 years with no previous pathology
and a normal pregnancy to term. Group
1 patients were studied at four periods
defined at the start of the study: (1) < 17
weeks; (2) 18-24 weeks; (3) 25-32 weeks,
(4) .33 weeks. Group 2 consisted of 24
pregnant women aged between 16 and 34
years with ultrasound diagnosed IUGR
confirmed after birth. Plasma lipids and
plasmaandserumviscosityweremeasured.
Results-Plasma triglycerides, low density
lipoprotein cholesterol, and total cho-
lesterol increased progressively through-
out pregnancy, with significantly higher
values after week 25. Apolipoprotein A
(ApoA) and triglyceride concentrations
were significantly lower in the IUGR group
than in the normal group. The HDL/ApoA
ratio was greater in the IUGR group than
in the control group, as was the ApoBI
ApoA ratio. There were no differences in
the other lipids. Plasma and serum vis-
cosity was higher in the IUGR group than
in the normal group.
Conclusions-Haemorheological modific-
ations in the IUGR group are partly sec-
ondary to changes in high density lipo-
protein metabolism and the competitive
inhibition of fibrinolysis by ApoB, which
is increased in pregnancies with IUGR.
Changes in ApoA, and more specifically
in the ApoB/ApoA ratio, could be good
markers for the early detection of IUGR.
(J Clin Pathol 1995;48:571-574)

Keywords: Intrauterine growth retardation, hyper-
lipidaemia, fibrinolysis, fibrinogen, pregnancy, viscosity,
blood rheology.

During pregnancy, increases in female sex hor-
mones and lipolysis due to placental lactogen
cause an increase in lipid synthesis and lipid
metabolism. This in turn leads to increased
cholesterol, triglyceride, and phospholipid con-
centrations.

Hyperlipidaemia is commonly found in the
normal population associated with pathologies
such as atherosclerosis and hypertension. In
pregnant women, however, it also has serious
implications but these are not yet fully under-
stood. The increased nutritional requirements
of the fetoplacental unit and the endocrine
profile during pregnancy could provide the
starting point to explain these modifications.'
More studies on biochemical changes during

pregnancy are necessary to establish a range of
normality in order to characterise excessive
gestational lipolytic responses. This would en-
able us to determine if the changes in the
lipoprotein profile during pregnancy imply a
greater atherogenic risk with possible re-
percussions on fetal growth and development.
In this study the different lipid fractions in
normal pregnancies and in pregnancies with
intrauterine growth retardation (IUGR) were
determined and related to changes in plasma
and serum viscosity.

Methods
SAMPLE DEFINITION AND CHARACTERISTICS
Fifty nine pregnant women were studied. These
were divided into two groups. The first group
consisted of 35 healthy pregnant women aged
between 21 and 38 years (27 (SD 3.5)years)
with no previous pathology, a pregnancy to
term without complications (with a gestational
age of 279(10)days), and a birthweight of
3345.4 (449.3) g. The second group consisted
of 24 pregnant women aged between 16 and
34 years (24.5(4.9)years) with a gestational
age at term of 278(12)days, with ultrasound
diagnosed IUGR. The diagnosis ofIUGR was
made on the basis of a biparietal diameter
>2 SD below the mean at 33 weeks of gest-
ational age.2 The birthweight in newborns with
intrauterine growth retardation was between
1170 g and 2830 g (2305 4 (544-7)g).

METHODOLOGY
The women were fasting before blood was
drawn. Analytical determinations were carried
out in four study periods defined at the be-
ginning of the study: (1) pregnant < 17 weeks;
(2) pregnant 18 to 24 weeks; (3) pregnant 25
to 32 weeks; (4) pregnant .33 weeks. The
following variables were analysed in all cases:
total cholesterol, triglycerides, high density
lipoproteins (HDL), low density lipoproteins
(LDL), free fatty acids, and phospholipids by
enzymatic microtechnique,37 apolipoprotein A
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Table 1 Apolipoprotein and lipid means in healthy pregnant controls and in women with
intrauterine growth retardation. Values are means (SD)

Gestation (weeks)

<17 18-24 25-32 >33 IUGR (>33)

TC (mmol/l) 5-33 (0 83)t 5-45 (0 95) 6-17 (1-07)* 6-53 (1-14) 6-41 (1-03)
TG (mmol/l) 1-42 (0 40)t 1-45 (0 52) 1-95 (063)t 2-46 (0 73) 2-11 (0 59)*
LDL (mmol/1) 2-80 (057)* 2-58 (0-86) 3-27 (0-83) 3-51 (1-07) 3-41 (0 89)
HDL (mmol/l) 1-72 (0.40) 1-80 (0 28) 1 90 (0 28) 1-78 (0 38) 1-80 (0-49)
FFA (mmol/l) 0-020 (0 006) 0-024 (0-019) 0-025 (0-014) 0-031 (0-018) 0-032 (0.023)
PL (mmol/l) 7 70 (0 74)t 7 90 (1-72) 9 40 (1-51) 9 01 (2-18) 9-48 (1-39)
ApoA (g/l) 2-32 (0 4)* 2-74 (0 69) 2-99 (0 62)t 2-63 (0 42) 2-25 (0 55)*
ApoB(g/l) 0 95 (0-16)* 1-06 (0-31) 1-20 (0 35)* 1-38 (0-31) 1-49 (0 30)

IUGR= intrauterine growth retardation over 33 weeks of gestational age; ApoA= apolipoprotein
A; ApoB=apolipoprotein B; TC=total cholesterol; TG=triglycerides; HDL=high density
lipoprotein cholesterol; LDL=low density lipoprotein cholesterol; FFA=free fatty acid; PL=
phospholipid.
* p<0 05; t p<0 01, statistical significance observed among women at >33 weeks' gestation, and
those at <17, 18-24, 25-32 weeks' gestation and IUGR (>33 weeks).

Table 2 Ratios of lipoprotein constituents in healthy pregnant controls and in women
with intrauterine growth retardation. Values are means (SD)

Gestation (weeks)

<17 18-24 25-32 >33 IUGR (>33)

ApoB/ApoA 0 40 (0.49)* 0-38 (0.45)* 0 40 (0.56)* 0-52 (0-74) 0-66 (0 24)t
TC/HDL 3 09 (0 69) 3-02 (0-56)t 3-24 (0.85)* 3-66 (0 90) 3-56 (1-27)
LDIJHDL 1-62 (0-53) 1-43 (0 49) 1-72 (0 57) 1-97 (0-82) 1-89 (1-05)
HDIJApoA 0 74 (0 05) 0-65 (0 07) 0-63 (0 05) 0-67 (0 05) 0-80 (0 l)t
FFA[TG 0-014 (0 002) 0-016 (0.005) 0-012 (0 002) 0-012 (0 002) 0-015 (0 002)

IUGR= intrauterine growth retardation over 33 weeks of gestational age; ApoA= apolipoprotein
A; ApoB=apolipoprotein B; TC =total cholesterol; TG=triglycerides; HDL=high density
lipoprotein cholesterol; LDL= low density lipoprotein cholesterol; FFA =free fatty acid; PL=
phospholipid.
* p<005; t p<0 01, statistical significance observed among women at >33 weeks' gestation, and
those at <17, 18-24, 25-32 weeks' gestation and IUGR (>33 weeks).

Table 3 Plasma proteins and serum and plasma viscosity in healthy pregnant controls
and in women with intrauterine growth retardation. Values are means (SD)

Gestatwn (weeks)

<17 18-24 25-32 >33 IUGR (>33)

Albumin (g/dl) 4-34 (0 56)t 3 90 (0-41)t 3-66 (0 34) 3-52 (0 29) 3-46 (0 43)
a, globulin (g/dl) 0-32 (0-05) 0-28 (0-04)* 0-31 (0 05) 0 33 (0-04) 0-42 (0-19)t
at globulin (g/dl) 0-68 (0 1) 0-67 (0-13) 0-71 (0-13) 0-72 (0-13) 0-76 (0 22)
1B globulin (g/dl) 095 (0 27) 090 (0-21)* 1-03 (0-13) 1-02 (0-18) 099 (0-21)
y globulin (g/dl) 0-81 (0-16) 0-76 (0 19) 0-80 (0-21) 0-71 (0-17) 0 79 (0 30)
Total protein (g/dl) 7-12 (0 7)t 6-53 (0 58) 6-53 (0-48) 6-31 (0-50) 6-39 (0 74)
Plasma viscosity
(PV) (mPa-s) 1-09 (0-08) 1-06 (0-15) 1-08 (0-15) 1-12 (0-12) 1-26 (0-15)*
Serum viscosity
(SV) (mPa-s) 0 95 (0 09) 0-96 (0-13) 1-00 (0-12) 0-94 (0 07) 1-03 (0-13)*
PV-SV (mPa-s) 0-13 (0-13) 0 09 (0 2) 0-08 (0-14) 0-17 (0-15) 0-22 (0 2)

IUGR=intrauterine growth retardation over 33 weeks of gestational age; PV-SV=difference
between plasma and serum viscosity.
* p<0 05; t p<001, statistical significance observed among women at >33 weeks' gestation, and
those at <17, 18-24, 25-32 weeks' gestation and IUGR (>33 weeks).

(ApoA) and apolipoprotein B (ApoB) by simple
radial immunodiffusion.8 Systolic and diastolic
blood pressures were recorded for every case
in each study period; pressures were measured
three times with the women resting supine, and
the mean of the three values was used. Plasma
and serum viscosities were measured at 37°C
with a Harkness capillary viscosimeter (Coulter
Electronics). Statistical analysis included the
Shapiro and Wilk's normality test, one way
variance analysis (ANOVA), a comparison of
means, and Pearson's "r" correlation study.

Results
The means and standard deviations of all the
lipid measurements analysed during pregnancy
are given in table 1. Total cholesterol increased
progressively during pregnancy and the in-

crease was significant after week 25. Tri-
glycerides and LDL also increased, with
significantly higher values in period 4 compared
with period 1 (t=4-61, p<001; and t=2-17,
p<0 05) and with period 2 (t=6-07, p<0 01;
and t=2-51, p<0 05). HDL and free fatty
acids did not change significantly during
pregnancy (F=1-16, p=NS; and F=1-63,
p = NS). The phospholipids increased until
period 3 and then stabilised and decreased
slightly. ApoA increased up to period 3
after which it decreased significantly (t= 26 1,
p<0 05). ApoB increased gradually through-
out pregnancy.

Systolic blood pressure did not change sig-
nificantly during pregnancy (F = 1 -67, p = NS).
However, diastolic blood pressure was greater
in periods 2 and 3 than in period 1 (t=2-47,
p<005; and t=2-53, p<0 05 respectively). At
no time during pregnancy were the blood pres-
sure values abnormal in the IUGR group.

In period 1 ofthe normal pregnancies systolic
blood pressure was found to be correlated
with total cholesterol (r= 0.33, p<0 05), LDL
(r=0.53, p<0.01), free fatty acids (r= -0.42,
p<005), and phospholipids (r= -034,
p<005). The diastolic blood pressure was cor-
related with triglycerides (r= -034, p<0.05)
and phospholipids (r= -0.51, p<0.01). In
period 3 HDL and systolic blood pressure were
correlated (r= -0O36, p<0 05) and diastolic
blood pressure was correlated with total chol-
esterol (r=042, p<005). In period 4 there
was no significant relationship between the
blood pressure and the lipid variables.

After 33 weeks the ApoA and triglyceride
concentrations were significantly lower in the
IUGR group than in the controls, although no
differences were observed with the other lipids
(tables 1 and 2). Pregnant women with IUGR
had similar total protein values to the control
group, with the exception of oa, globulin which
was higher in the IUGR group (table 3). Re-
lationships between HDL and ApoA differed
between the groups: the IUGR group had a
highly atherogenic HDL/ApoA ratio, signi-
ficantly greater than that of the control group
(table 2).
Table 3 shows that there was significantly

higher plasma and serum viscosity in the IUGR
group than the values recorded in the same
periods in the normal pregnancies. The differ-
ence between these two variables is an indirect
method of calculating the viscosity effect of the
fibrinogen fraction.9 The difference between
the viscosities in period 4 of the control group,
017 (SD 0-15) mPa.s, is not significantly
different to that of the IUGR group,
022(0.20)mPa.s (t= 1-05, p=NS). The co-
efficients of variation for the control and IUGR
group viscosity differences were 88-2% and
71-4%, respectively.

Discussion
Changes in lipid levels during pregnancy result
from the metabolic adaptation of the mother.
Mobilisation of fat deposits, the increase in
free fatty acids, and the relationship between
circulating progesterone and oestrogen levels'0
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suggest that these hormones are responsible for
the lipid changes observed. Placental lactogen
favours the release of fats from their deposits
and an increase in free fatty acids, both being
vital adaptations to ensure the availability of
adequate energy substrate to the fetus.' Like
Jimenez et al," we did not find any significant
differences in HDL during pregnancy, although
a slight increase in mean HDL levels was ob-
served between weeks 25 and 32 as also re-
ported by Piechota and Staszewski.'0 Increases
in total cholesterol and triglycerides, confirmed
by other workers,"012-14 are observed in the
last few weeks of pregnancy. The small non-
significant increase in free fatty acid con-
centrations throughout pregnancy suggests
that lipolysis of endogenous triglycerides is
not increased. In accordance with other in-
vestigators,' 05 ApoB concentrations pro-
gressively increase throughout pregnancy. In
normal pregnancies, mean ApoA values show a
non-significant decrease after week 33 whereas
in the women with IUGR a decrease to below
pregestational levels is observed (table 1).
An increase in lipid levels after week 25 of

pregnancy is referred to in more than one
paper.'0 13 This results from adaptation of lipid
metabolism to the requirements of pregnancy.
The increase in triglyceride concentration in
normal pregnancies indicates a progressive in-
crease in the supply of free fatty acids to the
fetus during pregnancy. The free fatty acids
to triglyceride ratio, indicative of triglyceride
lipolysis, decreases slightly after week 25, in
spite of an increase in triglyceride con-
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centrations in the last period of pregnancy.
This suggests that the increase in endogenous
triglycerides is not equivalent to the increase
in endogenous lipolysis (table 2).
The ApoA concentration increases sig-

nificantly between weeks 25 and 32 of preg-
nancy, although the HDL/ApoA ratio was not
significantly different in the gestational periods
considered. Pregnant women with IUGR, how-
ever, have modifications in HDL composition
(a significantly greater HDL'ApoA ratio). In
contrast to the findings of Piechota and
Staszewski,'0 we could not detect any sig-
nificant changes in HDL composition in the
final gestational stages in the normal preg-
nancies; this is probably because these in-
vestigators did not distinguish between normal
pregnancies and pregnancies with IUGR,
which in our study are treated as two separate
groups.
The ApoB/ApoA ratio is considered to be

the most sensitive atherogenic index and its
mean value at the end of the pregnancy is
significantly higher than in previous stages.
This indicates that the lipoprotein profile in
normal pregnancies is more atherogenic in the
final stages and is significantly abnormal in
women with IUGR (table 2).
The LDL and HDL concentrations in nor-

mal pregnancies are closely related to cir-
culating progesterone and oestrogen and to the
pregnancy period in which they are determined.
The HDL concentration increases, through a
rise in ApoA synthesised predominantly in the
liver, when oestrogen levels are raised.'0 The
ApoA level is significantly lower in women with
IUGR than in normal pregnancies but further
studies have yet to be carried out to elucidate
the mechanisms involved.
The diastolic blood pressure increases pro-

gressively throughout pregnancy and could re-
spond to changes in water compartment-
alisation or to an increase in the plasma viscosity
following competitive inhibition of the plas-
minogen endothelial ApoB receptors, which is
increased during pregnancy.'6

Fletcher et al'7 have found changes in plasma
fibrinogen in pregnantwomen which are related
to an increase in fibrinogen catabolism initiated
by the action of thrombin, and causing
fibrinogen-fibrin complexes (high molecular
weight fibrin complexes-HMWFC). The
levels of HMWFC in pregnant women are
greater than in non-pregnant women.'7 We
know of no similar studies in which catabolism
offibrinogen has been evaluated in pregnancies
complicated by IUGR.
We did not measure fibrinogen because we

did not have large enough sample volumes
although we did determine the difference be-
tween plasma and serum viscosities to evaluate
the changes in viscosity which are produced by
fibrinogen. Pregnancy is associated with a rise
in fibrinogen and in factors VII, VIII, IX, X,
and XII which has been interpreted as being
the result of hormonally induced changes in
blood coagulation system function."' The
plasma viscosity is significantly greater in preg-
nantwomen with IUGR, inwhom there is a more
pronounced increase in fibrinogen level.'8 19
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The difference between the plasma viscosity
and serum viscosity could be a good index of
changes resulting from the fibrinogen fraction.9
Variation coefficients indicating the difference
between the viscosities in the two groups in
our study were greater than those cited by
Ernst et al9 and reveal a large variability in the
relationships between the viscosity and fib-
rinogen. This could be explained by increased
fibrinolytic activity in pregnant women17202l
which makes the viscosity difference method
unreliable under the circumstances.
The comparison between the protein frac-

tions of the normal pregnancies and the IUGR
group shows differences only in the a, globulin
fraction. HDL have a high electrophoretic mo-
bility in the oa, band. Although HDL values
were not statistically different in the two groups,
a compositional change can be observed in
these lipoproteins in the IUGR group, with a

decrease in ApoA. The relationship between
plasma viscosity and a, globulins in normal
pregnancies22 disappears in pregnancies with
IUGR (figure). The concurrent decrease in
ApoA and increase in ApoB in pregnancies
with IUGR could partly explain the viscosity
changes that occur in this group. The affinity
of both ApoB and plasminogen for the same

endothelial receptors,"6 leading to competitive
inhibition of fibrinolysis, could explain the in-
crease in plasma viscosity observed in the IUGR
group.

Causes of the decrease in ApoB and the
increase in the other protein fractions within
the a, electrophoretic band in pregnant women
with IUGR have yet to be discovered. On the
basis of our results we suggest that haemo-
rheological modifications in the IUGR group,
reported by several investigators,'7182324 are in
part secondary to changes in high density lipo-
protein metabolism and the competitive in-
hibition of fibrinolysis by ApoB, which are

increased in the pregnant women with IUGR.
Although more thorough clinical assays are

necessary, changes in ApoA, and more spe-
cifically in the ApoB/ApoA ratio, could be good
markers for the early detection of IUGR.
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