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■ Summary The purpose of this
review was to systematically evalu-
ate the variability of the fatty acid
composition of venous cord blood
phospholipids in different popula-
tions. In an attempt to review pub-
lished evidence systematically, we
found 19 data sets describing fatty
acid composition of venous cord
blood phospholipids in 11 Euro-
pean and 2 American countries.
The amount of saturated-, mo-
nounsaturated- and parent essen-
tial polyunsaturated fatty acids ex-
hibited relatively moderate
variability among the data sets re-
viewed. Values of arachidonic acid
and docosahexaenoic acid showed
two-fold variability among the data

sets. The highest values of docosa-
hexaenoic acid were observed in
countries with apparently higher
consumption of dietary fat from
sea fish. Considering the differ-
ences in blood sampling, labora-
tory methods and data presenta-
tion, we conclude that fatty acid
composition of venous cord blood
phospholipids in healthy, full-term
infants shows relatively modest
variability; hence, it is suitable for
the estimation of in utero fatty acid
supply.
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Abbreviations

LA (C18:2n–6) linoleic acid
AA (C20:4n–6) arachidonic acid
ALA (C18:3n–3) α-linolenic acid
DHA (C22:6n–3) docosahexaenoic acid
EFA essential fatty acid
PUFA polyunsaturated fatty acid
LC-PUFA long-chain polyunsaturated fatty

acid
p-FABPpm placental plasma membrane fatty

acid binding protein
PL phospholipid

Introduction

Physiological availability of essential fatty acids and
long-chain polyunsaturates is important for the devel-
opment of the central nervous system, for body growth
and for the synthesis of eicosanoid hormones [1,2].Syn-
thesis activity of long-chain polyunsaturated fatty acids
in the fetus and the newborn does not appear to meet
the demand for the above-mentioned functions. Hence,
long-chain polyunsaturated fatty acids are supplied by
the maternal circulation for the fetus, and by human
milk or certain formulas for the infant.

It is well known that fat content and fatty acid com-
position of human milk are variable, and influenced by
maternal parity, the duration of pregnancy, stage of lac-
tation, various genetic factors, and – probably foremost
– by maternal diet [3]. Fatty acid composition of human
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colostrum also appears to be markedly influenced by ge-
ographic differences between populations [4]. It is much
less known, however, to which extent can these factors
influence the fatty acid status of the fetus. Neither the
putative barrier function of the placenta nor the sus-
pected active transport between mother and fetus has
been clearly characterized as yet.

Several studies investigated the lipid composition of
venous cord blood in different parts of the world. Recent
data suggest that lipid composition at birth may deter-
mine fatty acid status for later periods of infancy [5].
Therefore we decided to review the published informa-
tion on fatty acid composition of venous cord blood
lipids.

Methods of this review

We screened the literature of the past 30 years for data
on fatty acid composition of umbilical cord venous
blood plasma. We carried out a National Library of
Medicine search by using Pubmed utilities on databases
covering the period from 1970 to 2001. The searching
expressions were as follows: arachidonic acid or docosa-
hexaenoic acid or essential fatty acid, together with um-
bilical cord or infant or neonatal. Thereafter we also
checked the list of references in recent reviews and
utilised the database constructed for our previous re-
views on the role of essential fatty acids in infant nutri-
tion [1, 6].

Fatty acid composition of plasma phospholipids was
reported in several studies, whereas data obtained in
other lipid classes were published only in a few reports.
We identified a total of 19 data sets reporting cord blood
venous plasma phospholipid data from 13 countries.
Each of these studies investigated healthy, full-term in-
fants. Both pregnancy and delivery were normal in all
these studies, i. e., no maternal hypertension, protein-
uria, edema, preeclampsia, gestational diabetes, placen-
tal dysfunction or diabetes mellitus was reported, and
gestational ages were between 38 and 42 weeks. There
was no history of disease of the offspring. We excluded
those studies from this review in which any of the afore-
mentioned critera were not met.

In 17 data sets, venous blood samples were collected
from the umbilical cord immediately after clamping. In
two studies [7, 8], the exact time of the venipuncture was
not mentioned; it was stated only that the samples were
collected from the infants at birth.We hypothesized that
immediately after birth the fatty acid composition of the
infants’ venous blood closely resembles the fatty acid
composition of umbilical venous blood at delivery, and
also took these 2 studies into consideration. Results of
the fatty acid composition were presented as weight per-
centages of all phospholipid fatty acids identified in 18
studies, whereas in the study of Jensen et al. the data

were presented as molar percentages. The paper of Otto
et al. reported the data in weight concentrations (mg/l),
but for the purposes of this study we transformed these
data into weight percentages. (This calculation was ren-
dered possible by the fact that the authors also published
the total amount of fatty acids determined.)

Methods used in the studies reviewed

There were some methodological differences in the
studies reviewed. The samples were collected into he-
parinized or EDTA-containing tubes. Storage tempera-
ture was either –20 °C or –80 °C. Lipid extraction was
carried out by chloroform and methanol, and the
separation of different lipid fractions was performed by
thin layer chromatography in most studies; however,
some investigators used aminopropyl-bounded phase
columns. Fatty acid analysis was carried out by gas-liq-
uid chromatography in all studies. In 4 studies, a packed
column was used which tends to resolve fewer fatty acids
and be less accurate than the up-to-date capillary
columns used in the studies providing the other 15 data
sets.

The n-6 essential fatty acid, linoleic acid (C18:2n-6,
LA) as well as arachidonic acid (C20:4n-6, AA) and do-
cosahexaenoic acid (C22:6n-3, DHA) were reported in
all studies, whereas the n-3 essential fatty acid, α-
linolenic acid (C18:3n-3,ALA),was not reported in more
than half of the data sets evaluated (12/19). Only five
data sets reported also the geometric trans isomers of
unsaturated fatty acids.

Comparison of cord blood venous plasma
phospholipid fatty acid profiles

Fatty acid composition of venous cord blood phospho-
lipids from 19 data sets obtained in 13 countries are
shown in Table 1. Eleven of the populations investigated
were from Europe,one was from North America and one
was from South America.

Total saturated fatty acids were reported to be the
lowest in one data set from the Netherlands [9] (mean:
40.4 % by wt), and the highest in Austria [10] (median:
57.13 % by wt), whereas in the majority of the studies
mean or median values of total saturated fatty acids
ranged from 42 % to 49 % by wt. Total monounsaturates
(calculated as the sum of 2 to 7 fatty acids) were the low-
est in the Netherlands [11] (mean: 11.6 % by wt) and in
Austria [10] (median: 11.5 % by wt), whereas the highest
value was reported for Hungary [10] (median: 14.4 % by
wt). Total trans fatty acids (calculated as the sum of 3
trans fatty acids) showed large differences between Ger-
many [12] (median: 0.21 % by wt) and Hungary [10]
(median: 1.19 % by wt).
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The highest value of LA was observed in France [5]
(median: 9.30 % by wt), whereas the lowest in Spain [13]
(mean: 5.99 % by wt); in most populations LA values
were around 7 to 8 % by wt. Numerical values for ALA
were published in 7 of the 19 data sets. In one study, the
median ALA value was zero with minimal interquartal
distances. In 4 data sets,values of ALA were ≤ 0.1 % by wt
[7, 9, 10] (4 data sets are mentioned but only 3 references
are given, because reference 10 containes two different
data sets). In contrast, de Lucchi [13] and Olegard [14]
published mean ALA values of 2.45 % by wt and 0.44 %
by wt, respectively. It should be noted that these classical
studies [13, 14] were carried out using packed analytical
columns.

The contribution of AA to cord venous blood phos-
pholipids exhibited a nearly two fold variation: mean
values as low as 11.66 % by wt in Spain [13] to median
values as high as 21.70 % by wt in France [5] were de-
scribed. Most studies reported AA values ranging from
15 % by wt to 17 % by wt. Values of DHA were ranged
from 4.76 % by wt to 7.40 % by wt in 16 data sets,whereas
the highest value was reported for France [5] (median:
8.60 % by wt), and the lowest values were described for
Austria (median: 3.75 % by wt) and Hungary (median:
4.11 % by wt) within the same study.

Total values of the polyunsaturated fatty acids were
published in only three of the studies. However, total n-
3 and n-6 polyunsaturated fatty acid (PUFA) and n-3
and n-6 long-chain PUFA (LC-PUFA) values were re-
ported in most of the published studies. The lowest n-3
PUFA values were found in Austria and Hungary [10]
(median: 4.16 and 4.33 % by wt, respectively), whereas
the highest value was seen in studies from the Nether-
lands [9, 15] (mean: > 8.5 % by wt). The n-3 LC-PUFA
values presented similar variations as the n-3 PUFA val-
ues. In most data sets, the ranges of n-3 PUFA and n-3
LC-PUFA values were relatively small (5.44 to 8.14 by
wt). n-6 LC-PUFA values ranged between 22 % and 27 %
by wt and n-6 PUFA values ranged between 30 % and
35 % by wt; the lowest values of n-6 PUFA and n-6 LC-
PUFA were observed in Austria [10] (median: 19.14 % by
wt, median: 26.94 % by wt).

Discussion

LC-PUFAs are important for early human development;
they represent essential constituents of biologic mem-
branes and modulate such membrane properties as
fluidity, permeability and activity of membrane-bound
receptors and enzymes. LC-PUFAs play a decisive role 
in the synthesis of prostaglandins, leukotrienes and
thromboxanes with various regulatory functions.

During pregnancy, the fetus is supplied with pre-
formed LC-PUFA by placental transfer. The biochemical
mechanisms involved in the underlying transport

processes are not fully understood, and it is unknown to
which extent maternal dietary intakes can effect the LC-
PUFA transfer from the mother to the fetus. At birth,
plasma lipids of mothers contain higher levels of the es-
sential fatty acids ALA and LA than the cord blood lipids
of their healthy term infants [12]. In contrast,percentage
values for LC-PUFA are clearly and significantly higher
in infants than in their mothers. These results point to a
preferential and selective materno-fetal LC-PUFA trans-
fer [16].

Placental transfer of fatty acids is a stepwise process
with initial placental uptake of nonesterified fatty acids
and fatty acids hydrolized from maternal triglycerides
by lipoprotein lipase [17].A portion of the fatty acids are
esterified within the placenta, while the rest crosses the
tissue to the fetal circulation without incorporation into
lipids [17].Several proteins have been proposed as being
involved in the fatty acid movement across the placenta
[18–22]. Only the placental plasma membrane fatty
acid-binding protein (p-FABPpm) has been identified as
having a significantly higher affinity and binding capac-
ity for LC-PUFA (apparent binding capacity (Bmax) val-
ues for AA and DHA were 3.5 ± 0.11 and 4.0 ± 0.10 mol
per mol of p-FABPpm, respectively) than for oleic acid
and LA (2.1 ± 0.17, and 2.0 ± 0.14, respectively) [23].
There is no information available about the significance
of cytosolic FABP in this process. Thus, p-FABPpm may
be involved in the preferential uptake of LC-PUFA by the
placenta but definitive evidence about the structure and
function of p-FABPpm must await analysis of its com-
plete amino acid and/or cDNA sequence. In relation to
the different concentration of AA detected in cord blood
relative to their maternal intake, it has been suggested
that a compartmentalization of AA in the PL fraction of
the placenta and later in PL of cord blood could be the
mechanism for placental regulation of the transfer of
this fatty acid [24]. There is evidence of a selective accu-
mulation of 14CAA relative to 14CDHA in PL of placental
choriocarcinoma cells (BeWo cells) (60 % vs. 35 %) [25].
The selective accumulation of AA in PL would inhibit
their recrossing the placental barrier and thus they
might be selectively retained in the fetal circulation; a
similar mechanism could also be operative for DHA al-
though this has to be confirmed.

Al et al. [26] observed that consecutive pregnancies
were associated with a reduction in a so-called func-
tional PUFA status (particularly that of DHA), i. e., mul-
tiple pregnancy may cause maternal DHA depletion.
The observed decreases in maternal EFA and LC-PUFA
statuses during consecutive pregnancies [11, 26] may
also indicate a suboptimal PUFA status in the newborn.
LC-PUFA requirements are particularly high during the
third trimester of pregnancy, when the development of
the central nervous system is very intense and fetal body
stores are still poor. LA can be stored in adipose tissue
and mobilized if necessary, but ALA and LC-PUFA con-
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tents of adipose tissue stores are relatively low. More-
over, the total amount of adipose tissue in newborn and
particularly in preterm infants is rather limited. It is also
known that there are strong and positive maternal-fetal
correlations for all EFAs and their LC-PUFAs [12, 16].

This review compares neonatal fatty acid status
among different populations with potential differences
in maternal dietary habits. Considering also the differ-
ences of applied analytical methods and genetic and en-
vironmental differences of study populations, mean or
median fatty acid values of venous cord blood phospho-
lipids showed surprisingly moderate variability in this
review (Table 1). All data sets except the one from Aus-
tria [10] showed less than 50 % by wt contribution of to-
tal saturated fatty acids. The lowest and highest values of
total cis monounsaturates (mean: 11.5 % by wt, median:
14.5 % by wt, respectively) were rather close to each
other. In contrast, values of total trans isomeric fatty
acids showed a large variability among the five data sets
describing these data. Trans isomeric fatty acids can
cross the placenta and interfere with the conversion of
parent EFAs into their LC-PUFA metabolites [27–29].Al-
though the consumption of trans unsaturated fatty acids
is decreasing in most Western countries [16], the nega-
tive association between trans fatty acids and LC-PUFA
status deserves further attention. The significantly
higher values of trans fatty acids in the Hungarian com-
pared to German studies may represent the difference
between the trans fatty acid content of the food con-
sumed by the mothers.

Numerical values for LA showed very small variabil-
ity. In contrast, ALA values were found within a very
large range in the 7 data sets reporting ALA values.How-
ever, large differences were observed between results ob-
tained by packed columns and the much more sensitive
capillary columns. For comparison of the findings ob-
tained by packed and capillary columns, we calculated a
median value from reported venous cord blood phos-
pholipid data derived from the 4 data sets obtained with
packed and the 14 data sets obtained with capillary col-
umn, respectively (Table 2). (As Jensen et al. [7] pre-
sented their data in molar percentages, this data set was
excluded from this calculation.)

The observed trend of a gradient from higher to
lower n-3 LC-PUFA and n-3 PUFA values from Western
to Central-Eastern European countries appears to re-
flect differences in dietary intakes of n-3 LC-PUFA. The
main components of n-3 LC-PUFA are DHA and eicos-
apentaenoic acid. Diets in coastal countries like the

Netherlands, Finland or Italy contain much more fish
(rich in DHA), than those in Hungary or Austria. No ap-
parent geographical differences were found in n-6 LC-
PUFA values.

In summary, fatty acid composition of venous cord
blood phospholipids shows relatively moderate differ-
ences among the data sets published during the last 30
years. However, marked variability was seen in the val-
ues of the biologically probably most important fatty
acid, DHA. The differences found may be caused either
by the different laboratory methods used or by the dif-
ferent dietary habits of the populations studied, or the
combination of these factors.

Table 2 Median values and ranges calculated from phospholipid fatty acid data
reported in studies on umbilical venous blood. Data obtained in studies using cap-
illary chromatography are compared to those obtained in studies using packed col-
umn chromatography

Capillary column Packed column
n = 14 n = 4
median (min-max) median (min-max)

C18:3n-3 0.05 (0.04–0.07) 1.43 (0.40–2.45)
C20:3n-3 0.23 (0.00–1.00) –
C20:4n-3 0.09 (0.09–0.09) –
C20:5n-3 0.23 (0.05–0.56) 0.40 (0.17–0.50)
C22:5n-3 0.49 (0.32–0.51) 0.95 (0.23–1.90)
C22:6n-3 6.18 (3.75–8.60) 6.75 (3.60–7.40)
Σ n-3 PUFA 7.04 (4.16–8.14) 8.65 (8.60–8.70)
Σ n-3 LC-PUFA 6.52 (4.12–8.12) –

C18:2n-6 7.06 (6.21–9.30) 7.48 (5.99–8.80)
C18:3n-6 0.09 (0.05–0.15) –
C20:2n-6 0.35 (0.21–0.47) 0.32 (0.32–0.32)
C20:3n-6 5.09 (0.05–6.17) 5.20 (4.00–5.70)
C20:4n-6 16.32 (13.69–21.70) 17.55 (11.66–19.80)
C22:2n-6 0.12 (0.00–0.16) –
C22:4n-6 0.70 (0.10–0.81) 1.28 (0.70–1.87)
C22:5n-6 0.81 (0.49–1.43) 0.91 (0.60–1.30)
Σ n-6 PUFA 31.91 (26.94–34.20) 34.70 (33.80–35.60)
Σ n-6 LC-PUFA 23.20 (19.14–26.59) 27.05 (26.40–27.00)

C20:3n–9 0.48 (0.30–0.64) 0.60 (0.60–0.62)
Total n-3 + n-6 PUFA 38.41 (37.26–37.26) 44.85 (44.10–45.60)
Total monounsaturated 12.63 (11.54–14.44) 13.50 (13.30–13.70)
Total saturated 47.85 (46.07–57.13) 41.15 (40.40–41.90)
Total trans 0.69 (0.21–1.19) –

LC-PUFA long-chain polyunsaturated fatty acids, PUFA polyunsaturated fatty acids.
Σ n-6 PUFA = C18:2n-6 + C18:3n-6 + Σ n-6 LC-PUFA. Σ n-3 PUFA = C18:3n-3 +
C18:4n-3 + Σ n-3 LC-PUFA. Σ n-6 LC-PUFA = C20:2n-6 + C20:3n-6 + C20:4n-6 +
C22:4n-6 + C22:5n-6 Σ n-3 LC-PUFA = C20:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-
3. Total monounsaturated = C16:1n–7 + C17:1n–7 + C18:1n–7 + C18:1n–9 +
C20:1n–9 + C22:1n–9 + C24:1n–9. Total saturated = C12:0 + C14:0 + C16:0 +
C17:0 + C18:0 + C20:0 + C22:0 + C24:0 or a part of these fatty acids. Total
trans = C16:1t + C18:1t + C18:2tt



H. Minda et al. 131
Systematic review of fatty acid composition of plasma phospholipids of venous cord blood in full-term infants

1. Decsi T, Koletzko B (2000) Role of long-
chain polyunsaturated fatty acids in
early human neurodevelopment. Nutr
Neurosci 3:293–306

2. Decsi T, Koletzko B (1994) Fatty acid
composition of plasma lipid classes in
healthy subjects from birth to young
adulthood. Eur J Pediatr 153:520–525

3. Koletzko B, Thiel I, Abiodun PO (1992)
The fatty acid composition of human
milk in Europe and Africa. J Pediatr
120:S62–S70

4. Fidler N, Koletzko B (2000) The fatty
acid composition of human colostrum.
Eur J Nutr 39:31–37

5. Guesnet P, Pugo-Gunsam P, Maurage C,
et al. (1999) Blood lipid concentrations
of docosahexaenoic and arachidonic
acids at birth determine their relative
postnatal changes in term infants fed
breast milk or formula. Am J Clin Nutr
70:292–298

6. Decsi T, Koletzko B (1994) Polyunsatu-
rated fatty acids in infant nutrition.
Acta Paediatr Suppl 395:31–37

7. Jensen CL, Chen H, Fraley JK, et al.
(1996) Biochemical effects of dietary
linoleic/alpha-linolenic acid ratio in
term infants. Lipids 31:107–113

8. Kohn G, Sawatzki G, Van Biervliet JP, et
al. (1994) Diet and essential fatty acid
status of term infants. Acta Paediatr
Suppl 402:69–74

9. Al MDM, Hornstra G, Schouw YT, Bul-
stra-Ramakers MTEW, et al. (1990) Bio-
chemical EFA status of mothers and
their neonates after normal pregnancy.
Early Hum Dev 24:239–248

10. Decsi T, Minda H, Burus I, et al. (1999)
Cord blood essential fatty acid levels in
Austrian and Hungarian term infants
(in Hungarian with English summary).
Orv Hetil 140:881–884

11. Otto SJ, van Houwelingen AC, Antal M,
et al. (1997) Maternal and neonatal es-
sential fatty acid status in phospho-
lipids: an international comparative
study. Eur J Clin Nutr 51:232–242

12. Berghaus T, Demmelmair H, Koletzko B
(1998) Fatty acid composition of lipid
classes in maternal and cord plasma at
birth. Eur J Pediatr 157:763–768

13. De Lucchi C, Pita ML, Faus MJ, et al.
(1987) Changes in the fatty acid compo-
sition of plasma and red blood cell
membrane during the first hours of life
in human neonates. Early Hum Dev
15:85–93

14. Olegard R, Svennerholm L (1970) Fatty
acid composition of plasma and red cell
phosphoglycerides in full term infants
and their mothers. Acta Paediatr Scand
59:637–647

15. Schouw YT, Al MDM, Hornstra G, et al.
(1991) Fatty acid composition of serum
lipids of mother and their babies after
normal and hypertensive pregnancies.
Prostaglandins Leukotrienes Essent
Fatty Acids 44:247–252

16. Koletzko B, Müller J (1990) Cis and
trans-isomeric fatty acids in plasma
lipids of newborn infants and their
mothers. Biol Neonate 57:172–178

17. Dutta-Roy AK (2000) Transport mecha-
nisms for long-chain polyunsaturated
fatty acids in the human placenta. Am J
Clin Nutr 71:315S–322S

18. Abumrad NA, El-Marabi M, Amri E, et
al. (1993) Cloning of a rat adipocyte
membrane protein implicated in bind-
ing or transport of long chain fatty
acids that is induced during pre-
adipocyte differentiation. J Biol Chem
268:17665–17668

19. Campbell FM, Gordon MJ, Dutta-Roy
AK (1994) Plasma membrane fatty
acid-binding protein (FABP pm) of
the sheep. Biochim Biophys Acta 1214:
187–192

20. Paulussen RJA, van Moerkerk HTB,
Veerkamp JH (1990) Immunochemical
quantitation of fatty acid-binding pro-
teins. Tissue distribution of liver and
heart FABP types in human and
porcine tissues. Int J Biochem 22:
393–398

21. Schaffer JE, Lodish HF (1994) Expres-
sion cloning and characterization of a
novel adipocyte long chain fatty acid
transport protein. Cell 79:427–436

22. Stremmel W, Strohmeyer G, Bochardet
F, et al. (1985) Isolation and partial
characterization of a fatty acid-binding
protein in rat liver plasma membranes.
Proc Natl Acad Sci USA 82:4–8

23. Campbell FM, Gordon MJ, Dutta-Roy
AK (1998) Placental membrane fatty
acid-binding protein preferentially
binds arachidonic and docosahexa-
enoic acids. Life Sci 63:235–240

24. Kuhn DC, Crawford M (1986) Placental
essential fatty acid transport and
prostaglandin synthesis. Prog Lipid Res
25:345–353

25. Crabtree JT, Gordon MJ, Campbell FM,
Dutta-Roy AK (1998). Differential dis-
tribution and metabolism of arachi-
donic and docosahexaenoic acids 
by human placental choriocarcinoma
(BeWo) cells. Mol Cell Biochem 185:
191–198

26. Al MD, van Houwelingen AC, Badart-
Smook A, et al. (1995) The essential
fatty acid status of mother and child in
pregnancy-induced hypertension: a
prospective longitudinal study. Am J
Obstet Gynecol 172:1605–1614

27. Koletzko B, Decsi T (1997) Metabolic
acpects of trans fatty acids. Clin Nutr
16:229–237

28. Decsi T, Burus I, Molnár Sz, et al. (2001)
Inverse association between trans iso-
meric and long-chain polyunsaturated
fatty acids in cord blood lipids of full-
term infants Am J Clin Nutr 74:364–368

29. Koletzko B (1992) Trans fatty acids may
impair biosynthesis of long-chain
polyunsaturates and growth in man.
Acta Paediatr Scand 81:302–306

30. Houwelingen A, Foreman-von Dronge-
len M, Nicolini U, et al. (1996) Essential
fatty acid status of fetal plasma phos-
pholipids: similar to postnatal values
obtained at comparable gestational
ages. Early Hum Dev 46:141–152

31. Rump P, Mensink RP, DM Kester A, et al.
(2001) Essential fatty acid composition
of plasma phospholipids and birth
weight: a study in term neonates. Am J
Clin Nutr 73:797–806

References


