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Lipid, lipoprotein profile and
hemorheology in preterm and full-term
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ABSTRACT

Aims The plasma lipids on the blood rheological
characteristics have been studied by several authors and
it has been proved that these repercussions have
influence on fetal growth during pregnancy. Moreover,
the blood rheology may generate the response of the
newborn to certain physiological and pathological sit-
uations, neonatal polycythemia being the most studied
rheological characteristic during the last years. Our aim
was to analyze and compare lipid, lipoproteic profile
and hemorheological characteristics in newbarns.
Methods Fifty-four newborns were studied. They were
divided into two groups according to the gestational
age: group | consisted of 26 newborns (gestational age
under 37 weeks) and Group [l consisted of 28 newborns
(gestational age over 37 weeks). The blood samples
were collected by venepuncture between the first and
third hour of life. We analyzed serum lipids, plasma
viscosity and rate of red blood cell (RBQ) rigidity.
Results The plasma viscosity is similar in the full-term
and preterm newborns, however, rigidity rate (RR) is
significantly higher in preterm newborns. The gesta-
tional age of the newborns was related to triglycerides
(TG), free fatty acids (FFA) and high-density lipoprotein
cholesterol (HDL). Preterm newborns showed lower
plasma concentrations of TG, phospholipids (PhL) and
HDL. However, the levels of low-density cholesterol
(LDL), FFA/TG and LDL/HDL ratio were significantly
higher in the newborns with lower gestational age.
Conclusions Although more thorough clinical assays

are necessary, we observed that preterm newborns

should have a LDL concentration and a LDU/HDL ratio

higher than term newborns.

IKTRODUCTION

Alchough lipid and lipoprotein concentrations n
adults can be derermined by echnic’, nutritional?,
hereditary’, or physioiogical® characreristics, new-
born show a lipid cancentration dependent on vascu-
larization  and metabolism of  placenra®,
materno—placental transference of nucrients and fetal
maturity . The repercussions of plasma lipids on rheo-
logical characteristics have heen studied by several
authors®™’, the repercussions of blood rheology on
fecal groweh during the pregnancy having been con-
firmed'"'", Moreover, blood rheology may gencrate
the newborn’s response with regard to certain physio-
logical and pathological situations, neonatal poly-
most  stuched  rheological

cythemia  being the

characceristic in the lasc few years'*™!4,

Gesranonal age of the newborn and their concen-
tration of plasma lipids in relation o blood rheology
have not been thoroughly studicd. Some studies show
rheological differences between preterm and tull-rerm
newborns, these being related to different protein
compositions of the plasma'®, difterent morphology
of red blood cells (RBG)!

of RBC due to the erythropoietin

7 or differenc production
1920

. The rigidity
rate of RBC depends on three fundamental factors:

cellular geometry (relationship  area/volume)?,
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intracrythrocyte viscosity and physical propertics of
the membrane’?}, On the ather hand, hematrocric is
another important characceristic which we take into
account when analyzing blood rheology in newborns,
as it 1s going to change progressively with the ges-
tational age*. OQur ann is to analyze and compare the
lipidic, lipoproteic and hemorheological charac-

teristics of plasma in newbaorns.

MATERTALS AND MLTITODS

Samples from 54 newborns were obtained in our
haspital. All cases of cach group were sclected in
chronological order with regard to bicth, both full-
term newborns and preterm newborns, those new-
borns that had a therapeutic intervention before the
third hour of hfe were excluded from our studics.
Nonc of the newborns in Group [ showed parhologi-
cal manifestations during the neonatal period. This
Echical

Commictee and consent of parent or guardian was

project was approved by the Hospital
obtained in each case.

The samples were collected by venepuncrure
berween the first and third hours of lifc = before the
perfusion of parenteral fluids. In all cases, 2 ml of
blood were collected and were divided into two
volumes, one volume was transferred to a dry glass
test tubc containing 10 ul/ml 10% ecthylenediamine-
reeraacetic acid (EDTA) for rheological determina-
tions'**% and rhe other volume was kept in reserve for
analytical determinacions in serum. The samples were
centrifuged at 2000 g for 30 min and the plasma and
serum were separated from the cellular packet.

RBC count, cell valume and hemoglobin concen-
tration were determined with a Coulter Counter
{Coulter Flecuranics, Tleres, UK). T.ow-density lipo-
protein cholesterol (LDL} was calculated as the differ-
ence between the mass of cholesterol in the
infranatanc and high-density lipoprotein cholesterol
{(HDL)**. Enzymaric colorimetric methods were used
for derermination of cholesterol and triglycerides
from all serum and lipoprotein lipids using commer-
cial kits {(Monotest Cholesterol (1C) and Triglyceride
CPO-PAP; Bochringer, Mannheim, Germany) with
an automared instrument (Kone Specific Clinical Ana-
lyzer, Kone, Fspoo, Finland). The variation coeffi-

cient from the analysis of total cholesterol was 1.43 to
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1.87 (+ 3 SD} and the one resuldng from the HDL
and triglyceride (TG) analysis was 2.13 (+ 1 SD). Free
fatty acids (FFA; enzymatic microtechnique, Waka
Chemicals Gmbh, Germany), phospholipids (Phl;
cnzymatic microtechnique, BioMerieux ). Determi-
nation of apolipoprotein A-1 (ApoA-I) and ApoB
were based on immunoprecipitation measurement,
enhanced by polyethyleneglycol at 340 nm?*. The
Kone Specific Clinical Analyzer and ApoA-1 and
ApoB reagents from Ormon Diagnostica (Espoo,
Finland) were used in the analyses.

Plasma viscosity was measured at 37 °C over the
following 8 h as recommended by the International
Committee for Standardization in Hemorheology,
with a Harkness 8052 serics capillary viscosimeter
(Coulter [iectronics)?®. Tn accordance with the locer-
national Commiteee for Standardization in Hemorhe-
ology™, a suspension of RBC 8% was obrained. Afer
washing the ccllular packer three times with the same
volume of saline solution and a phosphate buffer (pH
7.4; osmolality 295 mOsm/kg), the filrradon was
performed within the 3 h after extraction. We used
the method described by Schinid-Schonbein and
colleagues®”. We used a constant pressure  of
-10 emH:O and polycarbonate filters of 25 mm wich
§ pm of mean pore diameter {Millipore). The passage
time of 1 ml of phosphate buffer at 25 °C and then
the passage time of a suspension of RBC 8% (T,) were
measured. For each sample two measurements were
performed using different filters and we recorded the
mean valuc of both measurements of each case. The

filtrability was estimated by rigidity rate (RR)*":

T.-T
— s TP
RR T, x Hto %100

where T, is the passage time of the standard solution
phosphate buffer, T, is the passage time of the RBC
suspension and Hto is the hematocrir.

The low shear whole blood viscosity (LSWBV) was

calculated as follows?*:

LnLSWBYV = -0.606 + 0.0384 x Hro;
LS WBYV = e—0.606+ 00384 7 1L

The high shear whole blood viscosity (HSWRBV) was
calculated on the basis of the following expression®*:
LnHSWBV = 0.0047 + 0.0127 x Hto;

HSWBYV = 60.0047+ 0.0127 x thto
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The daca
Shapiro and Wilk's rest, correlation and regression

were  analyzed  stadistically  using
studies (Pearson’s r’j, and comparison of the means (1

test).

RESULITS

We scudied S4 newborns and they were divided into
two groups according ro the gestational age: Group 1
consisted of 28 newborns with a gestational age under
37 weeks [mcan 32 weeks (SD 3)] and a mean weighc
of 1900 g (SD 680}
newborns with a gestational age equal to or over 37

and Group Il consisted of 26

weeks [mean 40 weeks (SD 1)) and a mean weight of
3500 g (SD 460). The pestational age was <ignifi-
cantly related o TG {r=0.63
p <0.01; 95% CI 0.44-0.77); howcver, we did not
observe significant relations hetween gestational age

concentration

Table 1 Hemathologicai and hemorheological values in term

and preterm newborns

- ) Term Preterm

newborn newborn

REC (10%) 4.7 (0 64) 3(0 44

Hemoglobin (g/dl) 16 8 (2.44) 15.8(175)

Hematocrit (%) 49.4(6.79)  47.7(5.52)

MCV (ff) 105 6(484)  110.4(7 45)%**

MCH (pg) 364(192) 3623(2.63)

MCHC (g/d!} 34.2 (1 64) 33.5(1.76)

Plasma viscosily (mPa.s) 0.95(0.12) 020 (0 09)

Butter phosphate 1.10(017) 108(0.17)
tilterability {s)

RBC suspension 3.51(1.27) 4140161
filterablity {(s)

Rigidity rate 267 (11.8) 35.07 (15 9)*

Higit shear whole blood 1881(109) 4(1.07)
vISCosIly (mPa.s)

Low shear whole blood 364 (1.29) 3.41(102)
viscosity (mPa s)

pH 7 35(0.06) 7.29(0.12)

pCO2mmHy 5235248 71.1(376)*

pOzmmHg 3705(453) 38.03(11)

RSC. e blocd cells, MCv,
coreseular - emeagloning MCHC, mean corpuscular hemaodglobin concen-
datven, mp 2 D05, Y40 < 6001, statistical significance observed between

mean  corpuscular volume, MCH, mean

croups
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and 1C concenrration. Gestational age was inversely
related to LDL (r = 0.55; p < 0.001; 95% C1-0.33 to
-0.75} and LDL/HDL (r = =0.56; p < 0.01; 95% (]
-0.34 to -0.71) and FTFATG (r=-0.48,
p <0.01;95% Cl1-0.24 to -0.66). On the other hand,

gestanonal age was not significantly relaced to plasma

ratios

viscosity of newbormns, or to high shear whole blood
viscosities (I ISWBV) and low shear whole blood vis-
cosity (LSWBV).

In Table I the ngidity rate is significantly higher in
the preterm newborns. The plasma viscosity, and the
blood viscosity for high and low shicar were calculated
on the basis of the equation of Welch and colleagues®
and significant differences between preterm and full-
term newborns were not found. Preterm newborns
showed lower plasma concentrations of TG, phos-
pholipids (Phl), FIFA, HDL, ApoA and ApoB as
shown in Table 2. Howcever, LDI. concentrations are
significantly higher in newborns with low gestational
age. The study ot the lipoprotein rarios showed
significant differences among [.DI/HDL, HDL/ApoA

and FEA/TG ratios (Table 2).

Table 2 Lipid and lipoprotein ratios in term and preterm
newborns
) - Term—_ Preterm .
newborn newborn
Cholesterol total (mmal/l) 2 05 (0 33) 199(0 71)
Triglycerides (mmol/t) 1.42(053)  0.72(0 44)***
Phospholipids (g/) 1.58(0.35) 128 (0 20)***
Apohipoprotein A (g/l) 0.87(011) 079(0 12)*
Apolipoprotein B (g/1) 049(007)  0.42 (0 08)**
HDL (mmol/l) 1.00(0.27) 072(0.43)*
LDL (mmol/1) 041(0.30) 090 (0.48)***
FEA (mmol/l) 0.69(0.17) 057 (022)*
ApoB/ApoA ratio 0.57 (0 09) 054(0.14)
TC/HOL ratio 2.31(060)  2.74 (0 69)**
LDU/HDL ratio 0.46 (0 40) 1 10(0.77)%**
HDL/ApoA ratio 4(0.31) 0 98 (0.22)***
FFA/TG ratio 0.55 (0.35) 1.09 (0.59)***

HDL, high-density lipoproteint cholesterol; LDL, low-density lipoproter
cholesterol; FFA, free fatty acid, TC/HDL ratic, total cho ‘
lipoprotein  cholestera! ratio, IDHDL ratio, low-
cholesterol/high-density ‘ipoprotein cholestarol rato, HDUApeA ratio,
high-density ipoprotein cholesterol/apoipoproicin A ratio, FFATG rat o,
free !a'l\/ aud/triglycendes ratio *p < D05 **p<001, Y*"p <0001,
statistical significance observec between groups

ty lipocprotein
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DISCUSSION

Blood rheology in newborns

As in previous studies'®, we did nor find significant
differences between plasma viscosity in preterm and
full-term newborns. Fibrinogen is the molecule that
has higher influence on plasma viscosity**, and its
plasma concencration increases according to gesta-
tional age. From these observations, we can expect
higher values of plasma viscasity ‘n full-term than in
preterm newborns*™ 3¢ However, the different fibrino-
lytical accivity in the newborns, which depends on
gestational age, or acute or hypoxia stress during
delivery'*?", could explamm our valucs of plasma
viscosity in both groups. Likewise, Linderkamp and
colleagues'”, agree with us, since our resoles do not
show significant differences betwee:i the passage time
of RBC o fuli-term and preterm newborns. However,
when performing an adjustment on the passage time
of buffer and the suspension of hematocrir, we
observe significant differences between the rigidity
rate of tull-term and preterm newborns. Even though
several authors™ think that the accumulation of RBC
lactic acid may generate the increase of RBC rigidiry,
the lack of sigmificant changes in the pO: and pH
values in our study shows thart factors acher than RBC
lactic acid have to be related to the variability of RBC
rigidity rate. We, like Reinharr and co-workers®,
think thar 2 higher volume of RRC in preterm new-
borns is a determinant characteristic of the different
rigidity races observed between full-term and preterm

¥ have shown higher

newborns, Previous studies
values of blood viscosity in adults than in the new-
borns. These differences could be explained either hy
a diftevence in the plasma viscosity or by the influence
of plasma lipidic profile an RBC membrane and on ics
rigidicy”. Many of these premature newborns had
alrcady developed a respiratory distress together wich
A pCOs increase. [t could be expecred chat an increase
of pCO: such as that observed in the group of preterm
newbaorns may cause acidosis, which could justify the
increase of crythrocytary rigidicy in the group. How-
ever, its pll values do noc differ from those observed
in the group of term newborns. This fact i1s surely due
to the tampon effect of bicarbonate, i.c. a compen-
sated respiratory acidosis is produced. In the absence

of acidosis, pCO, ncrease does not seem to be the

Uberos et al.

only cause of the ervthrocytary rigidity increase ob-

served in premature newborns.

Blood lipidic characteristics in newborns

As shown in Table 2, TG concentration in term new-
borns is significantly higher than in preterm new-
borns, in which a linear relation between gesranional
age and TG concentration in blood is observed. Bayes
and cotleagres™ think that TG concencrations, both
in the mather and in the fetus, do not have a hnear
relation, although TG concentracion in maternal
blood

without any evidence of different lipolysis of TG in

increases  progressively  during  pregnancy
the mother or 1n the newbhorn'. Bayes and col-
leagues™® think thac the acnvity of placental lipo-
protein lipase and phosphorylase increase during
acute stress or acidosis. On the other hand, lipidic
hydrolysis of materno—placental space increases the
FFA contribution in the fetus.

Regarding our findings, on the one had we cannor
justify that hypoxic stress or lower pH are only
responsible for a higher hydrolysis of TG in preterm
newborns @+ we have not observed evident hypo-
xemia or acidosis in the group with a lower gesea-
tional age (Table 1). Bayes and co-workers*® found a
significantly higher TG concentration in those new-
barns with acute stress. On the other hand, our find-
ings regarding the increase of atherogenic rates in the
maternal plasma, which contribute 1o a decrease of
placental blood flow with a lower feral growth®!,
could indicate that placental ischemia is the mecha-
nism contributing to the progressive increase in the
activity of placental lipoprotein lipase and phos-
phorylasc. Our findings coincide with those of Lim
and colleagues® as they found increased phospholi-
pase A, concentrations in pregnancies with pre-eclam-
psia. Likewise, Endresen and co-workers® found an
increase in lipolysis of endothelial cells in vitro which
come from women with pre-eclampsia.

Therefore, observational data®™ suggest that full-
term newborns show higher ApoA concentrations
and lower HDL concentrarions. There is a quantita-
tive difference in the HDL composition since full-term
newborns have lower ApoA concentrations than pre-
term newborns. Besides, HDL/ApoA ratio values in

preterm newborns are similar 1o those in pregnant
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women'' . Lipithic changes in che fetus could be an
evolutionary mechanism of adapration to postnaral
lifc where oxvgen concentrations are higher, and so
the risk caused by the lipid peroxidation is greater®.
The peroxidative modifications of lipoproteins may
intervenc in the tissue damage®™ and in the transitory
vasoconstriction due o Lipidic peroxides®. On the

basis of these findings, preterm newbaorns would be in
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