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Abstract

Adirms—The effects on fetal growth of hy-
perlipidaemia in pregnancy arc not well
understood at present, In this study the
different lipid [raciions in normal preg-
nancies and pregnancies complicated by
intrauterine growth retardation (JUGR)
were determined and related to changes
in plasma and scrum viscosity.
Methods—Twao groups of pregnant women
were studied. Group 1 consisted of 3%
healthy pregnant women aged between 21
and 38 years with no previgous 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 I consisted of 24
pregnant women aged between 16 and 34
vears with ultrasound diagnosed IUGR
confirmed after birth. Plasma lipids and
plasma and serum viscosity were measurcd.
Results—Plasma triglveerides, low density
lipoprotein cholesterol, and total che-
lesteral 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 confrol group, as was the ApoB/
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 metabolismi and the competitive
inhibition of fibrinolysis by ApoB, which
is increased 1n pregnancies with JUGR.
Changes in ApoA, and more specifically
in the ApoB/ApoA ratio, could be good
markers for the early detection of IUGR.,
(F Clin Pathol 1495.48:571-374)

Keywords: Iniraumwerme  growth  rcrardation, hyper-
lipidavinia, hbrinolyvsis, Abrinogen, pregnancy, viscosity,
blood rheulugy.

During pregnancy, increases in temale sex hor-
mones and lipolysis due to placental lactogen
cause un ncrease in lipid synthesis and lipid
metabolism. This in turn leads o increased
chelesterol, triglyeeride, and phospholipid con-
centrations.

Hyperlipidaemia 1s commonly found in the
normal population associated with pathologies
such us atherosclerosis and hypertension. In
pregnant wornoen, however, it also has scrious
wnpiications but these wre not yet tully under-
stood. The inercased nutritional requircments
of the feroplacental unit and the endocrine
profile during pregnancy could provide the
srarting point to explain these modificarions.!

More studies on biochemical changes during
PreEnancy are necessary 1o establish a range of
normality in order (o characierse excessive
gestational lipolytic responses. This would en-
able us to derermine 1If the changes in the
lipoproiein profile during pregnancy imply a
greater  atherogenic  risk possilile  re-
percussions on fetal growth and development.
I this study the different lipid fractions in
normal pregnancies and in pregnancies with
tntrauterine growth retardauon (IUGR) werc
determined and rclated o changes in plasma
and serum viscosity.

with

Methods

SAMPLE DEFINITION AND CHARACTERISTICS

Fifty nine pregnant women were studied. These
were divided into two groups. The first group
consisred of 33 healthy pregnant women aged
between 21 and 38 vears (27 (S 3.5) vears)
with no previous pathology, a pregnancy 1o
term without camplications (with a gestational
age of 27910 days), and a birthweight of
3345.4(149.3)g. The sccond group consisted
of 24 pregirant women aged between 16 and
34 vears (24.5(4.9)vears) with a gestational
age ar term of 278(12)days, with ultrasound
diagnosed IUGR. The diagnosis of JUGR was
made cn the basis of a4 biparietal diancrer
»>2 5D below the mean at 33 weceks ol gost-
ationa) age.” The hirthweight in newborns with
imtrautenine growth rerardation was bewween
1170 g and 2830 ¢g {2305-4(544-7) g).

.

METHODOLOGY
The women were fasting before blood was
drawn. Analyucal determuinations were carried
out in four study periods defined ar the be-
ginning of the study: (1) pregnant < 17 weeks;
(2) pregunant 18 to 24 weeks; (3) pregnant 25
10 32 weeks; () pregnant =33 weeks. The
following vanables were analysed in all cases:
total cholesterol, triglycendes, high density
hpoproteins (HDY), low density hpoproteins
(L)L), free fatty acids, and phospholipids by
enzymatic microtechnique,’ " apolipopretein A
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Table | Apolipoprotein and lipid means m healthy pregrant contols and in wonien with
frranterine preweh retanianon. Values are mioans (50

Gestution (wesks)

<17 1524 25-32 =33 TUGR >33
T {mmold) 543 (08BHT ST 043 01T (107 653 (1:1d; 041 1-11%)
TG (mmoldl) 12 (0A0yp 145 (0532 193 (0637 246 (0:73) 211 (5077
LDL (mmeldy 280 (0-57)* 2-598 (0-Ré) 327 (0-83) 351 (1-07) 341 /084
HDL (mmoll; 1-72 (0-4G) 1 8¢ (0-28) 190 (028 178 (038 180 iy
FFA {mmol1} 0020 (0-:006) D-024 (0-019) 0-025 (0-G14) O-031 (0-018) 0032 (1024
PL (mmel!1) 70 (07 70 (1472 940 (1-51) 901 (2-18)  u4ax
ApoA (i) 232 (045" 274 (069 2294 (0-62)F 263 (0-42) 225 (0590
ApoBigdl) 095 (D 1e)* 106 (031 120 (035 138 (0310 140 {030
TUGR ~ intrauterne growth retirdanon over 73 weeks of gestational age; ApoA - apohpoproion
A; ApoB - apolipoprotein. By TC - wotal cholesterol; TG =triglveerides; HDL —hign densiny

lipoprotain cholesterel; LDL —low density lipoprotein cholestero); VA =free fuery acid: I'l.—
phespholipid.

Fp0-05; F p<O-0 1, stadsical significance obseved aimong wornen al >33 weeks’ gestation, and
those at <17, 158-24, 25-32 weeks' gesration and [UGR (>33 weeks).

Table 2 Ratios of lpoprotein constetrents i healthy preguant controls and e womsn
with mtvawtering eoveth retardation. Falues are means (S

Civsnanton (tuacks)

<i7 18-24 15.31 >33 TUGR 121
ApoB/ApoA G0 (0-49)% 038 (D-k51* 040 (0565 052 (074 066 (0-24)F
TCHDL 300 (0:69) 302 (0-5e)t 324 (0-8537 366 (090) 356 (1-27)
LDL/HDL 162 (0-33) 143 {049 172 (057) 1497 (082)  1Ed (1-03)
HDIApod 07t (0-05) 903 (-07) 063 (009) 067 (0:05) 080 (01t
FFA/TG 0-014 (0-002) 0:016 (3-003) 0-012 (0-002) 0012 {0-002) D015 (B0

TUGR = mtranrenne growth retardabion vver 33 weeks of gestational age ApaA = apolipoprotein
A; ApoB =apolbpoprotein By TC=rotal cholesterol; TG —wrigiveendes: HDL=high densiry
lipoprotein cholesterol; LY —low density lipoprotein cholesrerol; FEA =free fatty acid; PL
phospholipid.

* pa0-05; + p<0-01, staustical significance observed among women at »33 weeks’ gestation, and
those ar <17, 1824, 23-32 weeks’ gestavion and IUGR (233 weeks),

Table 3 Plasma protems and serwm and plasma viscosary m healthy pregnant controls
and i swomen eith (ntrattenne growth reitardation. Values are means (SD)

Crastaelahn {fenoehs)

<7 i&=24 25-32 >33 TUGR 7233}
Albanun (g/dl) 434 (0-56)T 390 (04117 366 (034) 3320020 346 (0473
o, globulin (gidl) 032 (0-:05) 028 (0-0;% 031 (005 033004 042 (10t
A, plobulin (gdly 068 (011 067 (13 71 (013} 072 {0 13) 076 (0725
B globulin (eidl)  0-95 (0-27) 090 (0-21)* 103 {0-13)  1-02 {0-18)  0-09 (0-21)
7 globulin {gAdD Q81 (0-16) 076 {0-19) 0-80 {0-21) 0-71 (0-17) Q7% (03N
Total protein (g/dly 712 (T3 653 (058) 633 (048) 631 (0500 639 (07
Plasma viscosity
(PV) (mPa ) 100 (08) 106 (0-15) 1 OB (0-15) 112 (012) 126 (0-15)*
Serum wiscosity
(§V) (mPa's} 095 (0-00) 096 (0-13) 100 (0-12) 094 (N-07) 103 (013
PV-SV (mPa-s) o123 (013 009 (0-2) 008 (014 017 {(0-13) 022 (0-2)

TUGR —inurautering growth retardanion over 3% weeks of gonanonal ages PV-5V = difference
between plasma and serum viscoyy.

*p=0-05; T p<0-01, statstical significance observed among women ar >33 weeks’ gestation, and
those at <17, 18 24, 25 32 weeks' gestanon and [UGR (>33 weeks).

(ApoA) and apolipoprotein B (ApoB) by simple
radial immunodiffusion.” Systolic and diastolic
blood pressures were recorded for every case
in each study pertod; pressurcs 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” corrclation study.

Results

The means and standard deviatiens of all the
lipid measurements analvsed during pregnancy
are given in table 1. Toral cholesterol increased
progressively during pregnancy and the in-
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crease was significant afier weck 250 Tri-
glycerides and LDIL also increased, with
significantly higher values in period 41 compared
with period 1 (z=4-61, p<0(-01; and 1=2-17,
P<0-05) and with period 2 (1=0-07, p<0-01;
and t=251, p<0-053). HDL and free fatry
acids did not change <wigmficantly during
pregnancy (F- 116, p=N&; and IF=1-63,
p=NS). The phospholipids increased unti
period 3 and then stabilised and decreased
slightly.  ApoA  increased up to period 3
after which it decreased significantly (¢ =2-61,
p<0-05). ApoB increased gradually through-
OUL pregnancy.

Systolic blood pressure did not change sig-
nificantly during pregnancy (F=1-67, p=NS).
[towever, diastalic blood pressure was greater
in periods 2 and 3 than in period 1 (=247,
p<0-05; and t=2-33, p<0-05 respectively). At
no nme during pregnancy were the bleod pres-
sure values abnormal in the JIUGR group.

In period 1 of the normal pregnancies systolic
blood pressure was found to be correlated
with total cholesterol (r =033, p<0-03), LDL
(r=0.33, p<0.01), free farty acids (r= -0.42,
p<0-05), and phospholipids  (r=—0-34,
p<0-05). The diastolic blood pressure was cor-
related with triglycerides (r=  0-34, p<0.03)
and phospholipids (r=—0.51, p<0.01}. In
period 3 HDL and systolic blood pressure were
correlated (r= —0-36, p<0-05) and diastalic
blood pressure was correlared with toral chol-
esterol (r=0-42, p<0-03). In period 4 there
was no significant relanonship berween the
blood pressure and the lipid variables.

Afrer 33 wecks the ApoA and niglycende
concentrations were significanty lower n the
TUGR group than in the controls, although no
differences were observed with the other lipids
(tables 1 and 2). Pregnant women with ITUGR
had similar total protein values 10 the control
group, with the exception of «, globulin which
was higher in the IUGR group (1able 3. Re-
lationships between HDL and ApoA differed
between the groups: the [UGR group had a
highly atherogenic HDL/ApoA ratio, signi-
ficantly greater than that of the control group
(table 2).

Tahle 3 shows thar there was significantly
higher plasma and scrum viscosity n the [UGR
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
fibrinegen fraction.® The difference berween
the viscosities in period 4 of the control group,
0-17(SD0O-153)mPa.s, is not sigmficantly
different to that of rthe TUGR group,
0-22(0.200mPa.s (r=1-05, p=NS). The co-
efficients of variation for the control and IUGR
group viscosity differences werc 88-2% and
T1-4%, respectvely.

Discussion

Changes in lipid levels during pregnancy result
from the metabolic adaptation of the mother.
Mobilisation of fat deposits, the increase in
free fattv acids, and the relabionship between
circulating progesterone and oestrogen levels'”
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suggest that these hormones are responsible for
the lipid changes observed. Placental lactogen
favours the relcase of fats from their deposits
and an incresse in free farty acids, both being
vital adaptations to e¢nsure the availlability of
adequate energy subsirate to the ferus! Like
Jimencez er af,' we did not lind any significant
difterences in HIDL. duning pregnancy, althoueh
a slight increase in mean HIL levels was ob-
served berween weeks 23 and 32 as also re-
parted by Piechora and Sraszewski. " increases
in total cholesterol and rriglycerides. confirmed
by other workers.'* ' are observed in the
last few wecks of pregnancy. The small non-
significant increase in free fatty acid con-
¢entrarions throughour pregnuncy suggests
that lLipolvsis of endogenous triglycerides is
not nereased. In accutdance with other in-
vestigators,'®>  ApoB  concentrations  pro-
gressively ncrease throughout pregnancy. In
normal pregnancics, mean ApoeA values show a
non-significant decrease after week 33 whereas
in the women with TUGR a decrease 1o below
pregestational levels is observed (rable 1).

An increase in lipnd levels after weck 25 of
pregnancy 1s referred o in more than one
paper.!"? This results from adaptation of lipid
metabolism tir the requirements of pregnancy.
The increase in rriglveeride concenrration in
normal pregnancies indicates a progressive in-
crease 1 the supply of free farry acids to the
fetus during pregnancy. “lhe free fatty acids
to triglyceride rano, indicative of rriglveeride
lipolysis, decreases slightly after week 29, in
spite of an incrcase in triglycende con-
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cenrrations n the last period of pregnancy.
"T'his suggests that the increase n endogenous
rriglycerides 1s not cquivalent to the increase
in endogenous hpolysis (1able 2).

The ApoA  concentration  InDCreuses  sig-
nficantly between weeks 25 and 32 of preg-
1ev, although the HDL/ApoA ratio was not
igrificuntly different in the gestanional periods
considered. Pregnant women with [IUGR, how-
ever, have modifications iy HDL composinon
{a significantly greater HDIAApoA rano). In
contrasi to the fndings of Plechora and
Staszewski,' we could not detecr any sig-
nificari changes in HDL compesition in the
final gestational stages in the normal preg-
nancies; this is probably becausze these in-
vestigators did not distingish hetween normat
pregnancies and pregnancics with IUGR,
which 1n our study are treatcd as two separate
groups.

The ApoB/ApoA rano is considered o be
the most sensitive atherogeme index and s
mean value at the end of the pregnancy is
significantly higher than in previous stages.
This indicates that the lipoprotemn profile n
normal pregnancies is more atherogenicn the
final stages and is sigmflicanty abnormal m
women with [UGR (rable 2).

The LDL and HIDL concentratons in nar-
mal pregnancies are closely related to cir-
culating pregesteronc and vestrogen and o the
pregnancy period in which they are determined.
The HDL concenrtration increases, through a
rise in Aped synthesised predomantly in the
liver, when oestrogen luvels are raised.' The
ApoA level Is significantly lower in women with
IUGR than in narmal pregnancies but further’
studies have yet to be carried out to elucaidate
the mechanisms involved.

I'he dhastolic blood pressure mncreascs pro-
gressively throughour pregnancy und could re-
spend to changes in waler compariment-
alisation or to an mecrease in the plasma viscosity
following competitive inhibition of the plas-
minogen endothehal ApoB receprors, which s
increased during pregnancy.

Fletcher et al'" have found changes in plasma
fibrinogen In pregnunt women which are related
to an increase in fibrinogen catabolism iniuated
by the acton cof thrombin, and causing
fibrinogen-fibrin complexes (high molecular
weight fibrin  complexes—HMWIC). The
levels of HMWTC in pregnant women are
greater than in non-pregnant women.'’ We
know of no similar studies in which catabolism
of fibrinogen bas been evaluated in pregnancies
comphicated by TUGR.

We did not measure {ibrinogen because we
did not have large enough sample volumes
atthough we did determine the difference be-
tween plasma and serum viscosities to evaluate
the changes in viscosity which are produced by
fibrinogen. Pregnancy s associated with a rise
in fibrinogen and in factors VII, VITI, IX, X,
and XII which has boen interpreted as being
the result of hormonally induced changes in
blood coagulation systemm funcrion.”” The
plasma viscosity iy significantly greater in preg-
nantwomen with TUGR, in whom there is a more

pronounced increase in fibnnogen level. ™™




The difference between the plasma viscosity
and serum viscosity could be a good index of
changes resulting from the fibrinogen fraction.”
Vananon coefficients indicating the difference
between the viscosities in the two groups in
our study were greater than those cited by
Ernst ¢r a/” and reveal a large variability in the
relationships between the viscosity and hb-
rinogen. This could be cxplained by increased
fibrinolytic activity in pregnant women' =~
which makes the viscosity difference method
unreliable under the circumstances.

The comparison betwcen the protein frac-
tiens of the normal pregnancies and the JUGR
group shows differences only in the o, globulin
frucuion. HIDL have a high electrophoretic mo-

nlity in the o band. Although HIM . vaiues
were not statistically differentin the two groups,
a compositional change can be observed in
these lipoproteins in the IUGR group, with a
decrease in ApoA. The relationship berween
plasma wiscosity and o, globulins in normal
pregnancies®™ disappears in pregnancies with
IUGR {figure). The concurrent decrease in
ApoA and Increase in ApoB in pregnancies
with TUGR ceuld partly explain the viscosity
changes that occur in this group. The affinity
of both ApoB and plasminogen for the same
endaothelial receptors,'® Jeading 1o competitive
inhibition of fibrinolysis, could explain the in-
crease in plasma viscosity observed in the TUGR
group.

Causes of the decrease in ApoB and the
increase i the other protein fractions wirlin
the @, electrophoretic band in pregnant women
with JUGR have yet to be discovered. On the
basis of cur results we suggest that haemo-
rheological modifications in the 1IUGR group,
reported by several investigators,’ "**** are in
part secondary to changes in high density lipo-
protein metabolism and the competitve in-
hibition of fibrnnolysis by ApaB, 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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