
351Ethnicity & Disease, Volume 14, Summer 2004

LIPOPROTEIN HETEROGENEITY AT BIRTH: INFLUENCE OF GESTATIONAL AGE AND RACE

ON LIPOPROTEIN SUBCLASSES AND LP (A) LIPOPROTEIN

Objective: To determine the influence of ges-
tational age, gender, and race, on lipoprotein
heterogeneity at birth.

Design: Prospective study of representative
sample of infants.

Setting: The Johns Hopkins Hospital.

Participants: 163 infants (70 White and 93
Black) .28 weeks gestational age.

Intervention: None.

Main Outcome Measures: Lipids, lipoprotein
subclasses, apolipoproteins, Lp (a) lipoprotein.

Results: The number of low-density lipopro-
tein (LDL) particles, large LDL subclass, and
LDL cholesterol level, were all significantly
higher in the younger infants. The large high-
density lipoprotein (HDL) subclass was signifi-
cantly higher, while the small HDL subclass
was significantly lower in the younger infants.
Female infants had a greater HDL size than did
males (P5.03). There were no differences be-
tween the age groups for HDL cholesterol,
very low-density lipoprotein subclasses, or lev-
els of triglycerides, or apolipoproteins B and A-
I. White infants had a notably higher mean
(SD) level (nmol/L) of total LDL particles (476
[251]), compared to the Black infants (372
[177]) (P5.009). The Black infants had a sig-
nificantly (P5.02) higher mean (SD) Lp (a) li-
poprotein level (mg/dL), compared to the
White infants, 2.8 (3.2) vs 1.7 (2.4). Black
small-for-gestational age infants had signifi-
cantly higher levels of very low and interme-
diate density lipoproteins and apolipoprotein
B, compared to appropriate-for-gestational age
infants.

Conclusions: Gestational age has a significant
effect on both LDL and HDL subclasses. Dif-
ferences in LDL particle number and Lp (a) be-
tween White and Black infants mirror those
seen later in life. (Ethn Dis. 2004;14:351–359.)
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INTRODUCTION

The plasma levels of the major li-
poproteins, very low density lipopro-
teins (VLDL), low density lipoproteins
(LDL), and high density lipoproteins
(HDL), are often expressed in terms of
their lipid content. This has clinical
utility, since elevated levels of LDL cho-
lesterol and of VLDL triglycerides, and
low levels of HDL cholesterol, predict
the development of coronary artery dis-
ease (CAD).1 Very low density lipopro-
teins (VLDL), LDL, and HDL, how-
ever, are each a heterogeneous group of
molecules that vary in size, density, con-
tent of their core cholesterol esters and
triglycerides, and in the apolipoproteins
on their surfaces.2–4 Methods that iden-
tify and measure these lipoprotein sub-
classes include analytical ultracentrifu-
gation,2 density gradient ultracentrifu-
gation (DGU),2 gradient gel electropho-
resis (GGE),3,4 and nuclear magnetic
resonance (NMR) spectroscopy.4 As a
result, greater insight has been obtained
about the relationship of these subclass-
es with CAD. For example, larger
VLDL, intermediate density lipoprotein
(IDL), and smaller LDL, predict an in-
creased risk of CAD, while larger HDL
is related to a decreased risk for CAD.1

The concentrations of plasma lipids
and lipoproteins at birth are consider-
ably lower than in children and adults.5

Nevertheless, certain metabolic inherit-
ed disorders of lipoprotein metabolism,
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such as familial hypercholesterolemia
(FH),5,6 hyperalphalipoproteinemia,7,8

and hypobetalipoproteinemia,9 are ex-
pressed in infants from families affected
by these conditions. Familial hypercho-
lesterolemia (FH) is strongly associated
with premature CAD, while the other 2
disorders appear to be related to a de-
creased risk of CAD. In the general
population, the ability of birth levels of
LDL and HDL cholesterol to predict
levels later in childhood, or in adult-
hood, has not been thoroughly deter-
mined.8,10–13

The heterogeneity of plasma lipo-
proteins at birth has also been exam-
ined, employing primarily DGU and
GGE.14–22 These studies have been labor
intensive, and generally have investigat-
ed groups of infants too small to permit
an examination of the influence of ges-
tational age, race, and gender on the
concentration and size of lipoprotein
subclasses. Here we examine, in detail,
lipoprotein heterogeneity at birth in a
group of 163 White and Black infants
using NMR spectroscopy, which pro-
vides simultaneous assessment of a
number of VLDL, LDL, and HDL sub-
classes on a small amount of plasma.
Small-for-gestational-age (SGA) infants
were also included in our study, because
SGA infants have been linked to adults
who develop CAD associated with ele-
vated LDL, low HDL, higher triglycer-
ides, hypertension, insulin resistance,
and diabetes.23

METHODS

Patient Population
We studied 163 White and Black in-

fants born at the Johns Hopkins Hos-
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Here we examine, in detail,

lipoprotein heterogeneity at
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using NMR spectroscopy,

which provides simultaneous

assessment of a number of

VLDL, LDL, and HDL

subclasses on a small amount

of plasma.

pital between January 3, 2000 and Sep-
tember 27, 2000. These infants consti-
tuted a representative sample of about
20% of all infants born during this pe-
riod. Inclusion criteria for the study in-
cluded the availability of gestational age
(determined by date of last menstrual
period, corrected by ultrasound, if nec-
essary) and birth weight. Apgar scores
(index of condition of infants at birth)
and placental weight were also recorded.
Exclusions included emergent births
and infants less than 28 weeks gestation.
The infants were studied anonymously,
using cord blood that was routinely ob-
tained after birth. Therefore, maternal
informed consent was not obtained.
The Joint Committee on Clinical In-
vestigation at Johns Hopkins approved
the study.

Definition of Small-for-
Gestational Age (SGA) and
Appropriate-for-Gestational Age
(AGA) Infants

A SGA infant was defined as one
whose weight for gestational age was 5
or , the 10th percentile, using the fetal
growth curves from the Johns Hopkins
Obstetrical Service, which are popula-
tion-based estimates of normal fetal size
across gestational age, specific to White
and Black infants. An AGA infant was

defined as one whose weight for gesta-
tional age was . the 10th percentile,
using the same fetal growth curves. A
separate growth curve was used for the
twins (total infants 5 9) in the data set,
to assess whether their weight for ges-
tational age was below the 10th percen-
tile.24

Blood Sampling
Umbilical cord blood (10 mL) was

collected in a tube containing liquid
EDTA. The blood was refrigerated until
the plasma was separated from the red
blood cells.

Plasma Lipid, Lipoprotein
Cholesterol, and Apolipoprotein
Measurement

An aliquot of fresh plasma was used
for the measurement of levels of total
cholesterol, total triglycerides, and direct
HDL cholesterol, as described else-
where.25 The CV for cholesterol mea-
surement was ,3%, and ,5% for tri-
glycerides, during the course of the
study. Low density lipoprotein (LDL)
cholesterol was estimated using the Frie-
dewald formula, which has been verified
for use with cord blood by preparative
ultracentrifugation.5,26,27 Apolipoprotein
A-1 was determined using immunotur-
bidometric methods28 with a CV of 5%.
Apolipoprotein B was measured using
an immunoturbidometric method that
was modified from the manufacturers’
(Sigma) instructions to provide a more
sensitive measurement of apoB using a
control pool with a low apoB value (42
mg/dL). Lp (a) lipoprotein levels were
determined using an ELISA method, as
previously described,29 and had a CV
of 8%.

Nuclear Magnetic Resonance
Spectroscopy

The concentrations of 6 VLDL, 1
IDL, 3 LDL, and 5 HDL subclasses
were determined by NMR spectroscopy,
in duplicate, on fresh plasma samples
(0.25 mL) at LipoScience, Inc. (Raleigh,
NC), as previously described in de-

tail.4,30 The total LDL particle concen-
tration (nmol/L) is the sum of the con-
centrations of LDL subclasses (includ-
ing IDL). Very low density lipoprotein
(VLDL) subclass concentrations are ex-
pressed in mg/dL of triglycerides, and
those of IDL, LDL, and HDL subclass-
es are in mg/dL cholesterol. The NMR
method also gave the average size (nm)
of VLDL, LDL and HDL particles.4,30

Since the NMR signals of lipopro-
tein subclasses from cord blood are not
noticeably different from those of
adults, analyses of cord blood samples
could be conducted successfully using
the standard adult analysis model, mod-
ified only by use of a background pro-
tein signal derived from the d.1.21
g/mL bottom fraction of cord blood,
rather than adult plasma. To account for
the presence in some cord blood sam-
ples of a larger-than-usual large HDL
subclass (H5), the reference signal of the
H5 subclass was digitally shifted to rep-
resent what would be expected for a par-
ticle with a diameter approximately 1
nm larger than usual. Using this modi-
fied NMR analysis model, good agree-
ment was observed with LDL and HDL
subclass distributions measured by gra-
dient gel electrophoresis.

To simplify analysis, the 15 mea-
sured subclasses were grouped into the
following 9 subclass categories: large
VLDL (V6V5) (60 nm–200 nm), in-
termediate VLDL (V4V3) (35 nm–60
nm), small VLDL (V2V1) (27 nm–35
nm), IDL (23 nm–27 nm), large LDL
(L3) (21.3 nm–23 nm), intermediate
LDL (L2) (19.8 nm–21.2 nm), small
LDL (L1) (18.3 nm–19.7 nm), large
HDL (H5H4H3) (8.2 nm–14 nm),
and small HDL (H2H1) (7.3 nm–8.2
nm). Levels of the largest HDL subclass
(H5, 10 nm–14 nm) were also exam-
ined. Average VLDL, LDL, and HDL
particle sizes (nm) were determined by
weighting the relative NMR signal con-
tribution from each subclass by its mean
diameter.

Statistical Methods
The relationships between lipids, li-

poprotein cholesterols, apolipoproteins,
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Table 1. Characteristics of the study population

White Black

Males
Females
Gestational age (weeks)
AGA*
SGA†

31
39

38.0 (3.2)
38.3 (2.9)
36.0 (4.5)

47
46

38.9 (2.3)
39.0 (2.2)
38.0 (2.5)

Birth weight (grams)
AGA*
SGA†

3184 (890)
3356 (762)
2024 (862)

3135 (545)
3245 (493)
2478 (430)

Values given are Mean (SD). AGA5appropriate for gestational age; SGA5small for gestational age.
* AGA, total 140 (White N561, Black N579).
† SGA, total 23 (White N59, Black N514).

Table 2. Lipids, lipoproteins, apolipoproteins, and lipoprotein subclasses in three
groups of infants with different gestational ages

Variable

Gestational Age (Weeks)

,32
(N57)

32 to 35.9
(N512)

36
(N5144) P Value

Total C*
LDL particle number†
LDL C*
Large LDL C*

91
570.5
51
38.9

70
485.1
27
28.25

60
369.2
26
10.45

.001

.007

.001
,.001

Small LDL C*
LDL size‡
ApoB*
Large HDL C*

15.9
20.8
18.3
19.6

8.55
21.3
17.80
26.25

10.10
20.6
16.96
14.55

.77

.045

.61

.01
Small HDL C*
HDL C*
ApoA-I*
Medium VLDL TG*

4.5
30
68
3.6

5.3
29
74.5
2.95

8.9
26
76
3.05

.001

.33

.28

.94
Small VLDL TG*
VLDL TG*
Total TG*
Lp (a)*

1.3
6.1

30.0
1.0

4.35
8.25

34.5
1.5

0.45
5.15

34.0
1.0

.15

.42

.52

.52

Note: The relationships between dependent variables and gestational age were evaluated treating gestational
age as a categorical variable with 3 categories (,32 weeks, 32 weeks to 35.9 weeks, and 36 weeks and greater).
P values comparing across gestational age groups were estimated using the Kruskal-Wallis test, due to the small
size of 2 of the groups and the skewness of the data (see Methods). Total C5total cholesterol; LDL C5low density
lipoprotein cholesterol; apoB5apolipoprotein B; HDL C5high density lipoprotein cholesterol; apoA-
I5apolipoprotein A-I; VLDL5very low density lipoproteins; TG5triglycerides; Lp (a)5lipoprotein (a).

* Median (mg/dL).
† Median nmol/L.
‡ Median nm.

lipoprotein subclasses and lipoprotein
sizes, and gestational age were evaluated,
treating gestational age as a categorical
variable with 3 categories (,32 weeks,
32 weeks to 35.5 weeks, and 36 weeks
and greater). P values comparing gesta-
tional age groups were estimated, using
the Kruskal-Wallis test, due to the small
size of 2 of the groups (N57 in the
,32 weeks group, and N512 in the 32

weeks to ,36 weeks group), and the
skewness of the data. There was no dif-
ference between the results of the anal-
yses using log transformed or untrans-
formed data; therefore, the results are
presented using untransformed data.
ANOVA and linear regression (treating
gestational age as continuous, and trans-
forming outcome variables to adhere to
assumptions of linear regression) were

also performed, and the resulting P val-
ues were very similar to those found us-
ing the Kruskal-Wallis test. To evaluate
differences in these lipid-related vari-
ables between the White and Black, and
male and female, infants, linear regres-
sion was used, adjusting for categorical
gestational age. Statistical significance
was based on 2-sided Type I error (al-
pha) of 0.05 level.

RESULTS

There were 70 White infants and 93
Black infants; 31 White males, 39
White females; 47 Black males and 46
Black females (Table 1). There were 23
SGA infants: 9 Whites (3 males, 6 fe-
males), and 14 Blacks (6 males, 8 fe-
males) (Table 1). No significant differ-
ences for gestational age were observed
between the White and Black infants, or
the male and female infants. The rela-
tionship between gestational age and
birth weight for the entire study popu-
lation (r50.71), and for the SGA in-
fants (r50.93), appeared to be approx-
imately linear. Similar relationships were
found for the 4 sex and race groups.

Gestational Age and Birth
Weight and Lipid and
Lipoprotein Levels

Total cholesterol level, the total
number of LDL particles, and LDL
cholesterol level, were all significantly
higher in the younger infants, and de-
creased with gestational age (Table 2).
The size of LDL changed significantly
with gestational age, manifesting a pat-
tern of increased size, followed by a de-
crease in size after 36 weeks. The apoB
levels decreased slightly with age, but
this change was not statistically signifi-
cant. These changes in LDL primarily
resided in the large LDL subclass, which
decreased significantly and notably with
gestational age. There was no significant
change in the levels of the small, dense
LDL subclass (Table 2).

The HDL cholesterol and apoA-I
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Table 3. Plasma levels of lipids, lipoprotein cholesterols and apolipoprotein levels in cord blood

Groups TC TG HDL-C LDL-C ApoB ApoA-I Lp (a)

Total
White
AGA
SGA
Black
AGA
SGA

64.6 (19.3)
67.6 (20.4)
66.8 19.2)
73.4 (28.1)
62.5 (18.1)
61.5 (16.5)
67.1 (25.9)

38.3 (14.2)
39.3 (15.1)
38.6 (13.5)
44.1 (23.5)
38.2 (15.1)
35.3 (10.5)*
50.1 (21.3)*

27.8 (9.2)
27.6 (8.2)
27.5 (7.4)
28.9 (13.1)
27.9 (9.9)
28.3 (10.0)
25.4 (9.3)

29.2 (14.2)
32.2 (15.8)
31.6 (15.6)†
35.9 (17.7)
27.0 (12.6)
26.2 (10.4)†
31.6 (21.1)

17.8 (6.1)
17.2 (4.1)
17.1 (4.0)
18.4 (5.4)
18.3 (7.3)
17.2 (4.3)‡
24.3 (14.9)‡

77.1 (14.5)
75.2 (11.9)
75.0 (10.7)
77.0 (18.8)
78.6 (16.1)
78.5 (16.8)
79.2 (13.1)

2.4 (3.1)
1.7 (2.4)§
1.8 (2.5)\
1.0 (0.9)
2.8 (3.2)§
2.9 (3.3)\
2.9 (3.3)

Values are given as mean (SD) in mg/dL. TC5total cholesterol; TG5total triglycerides; HDL-C5high density lipoprotein cholesterol; LDL-C5low density lipoprotein
cholesterol; ApoB5apolipoprotein B; ApoA-I5apolipoprotein A-I; Lp (a)5lipoprotein (a); AGA5appropriate-for-gestational age; SGA5small-for-gestational age.

* P,.001; † P5.04; ‡ P5.001; § P5.02; \ P5.05. All other comparisons were not statistically significant, after correcting for gestational age. Linear regression was used to
evaluate differences in these variables between the White and Black infants, adjusting for categorical gestational age (see Methods).

levels did not change significantly with
gestational age (Table 2). However,
there was a significant re-distribution of
the cholesterol within the HDL subclass
levels. The levels of the large HDL sub-
class initially increased, then fell signif-
icantly, so that the older infants had the
lowest levels of large HDL. In contrast,
there was a step-wise and significant in-
crease in the levels of the small HDL
subclass (Table 2).

The plasma levels of total triglycer-
ides, VLDL triglycerides, intermediate
VLDL subclass, and small VLDL sub-
class, did not fall significantly with ges-
tational age (Table 2). The large VLDL
subclass was undetectable in more than
50% of the infants. The strongest cor-
relation between the total triglycerides
level and VLDL subclasses occurred
with intermediate VLDL (r50.72,
P,.0001), although large VLDL
(r50.29, P,.0001) and small VLDL
(r50.33, P,.0001) were also signifi-
cant.

The inverse relationships between
gestational age and the plasma levels of
total and LDL cholesterol, total number
of LDL particles, large LDL, and large
HDL described above for the entire
study population were generally true for
the White and Black, and male and fe-
male, infants, although there were some
differences. The Black infants did not
manifest as much of a change in the to-
tal number of LDL particles with age as
did the White infants. The female in-
fants had similar inverse relationships

for all these parameters, while the
change in the males was primarily man-
ifested in the number of LDL particles.

Comparison of Plasma Levels
of Lipids, Lipoproteins,
Apolipoproteins and
Lipoprotein Subclasses in the
White Infants vs the Black
Infants, in the Males Versus the
Females, and in the SGA
Versus the AGA Infants

White Infants vs the Black Infants
The White infants had a significant-

ly (P5.03) higher mean (SD) level (mg/
dL) of LDL-C (32 [16]) than did the
Black infants (27 [13]), but this differ-
ence did not persist after age adjustment
(P5.10) (Table 3). However, the White
infants had a significantly (P5.002)
higher mean (SD) level (nmol/L) of to-
tal LDL particles (476 [251]) than did
the Black infants (372 [177]) (Table 4),
a difference that did persist after age
correction (P5.009). Both White and
Black infants in the youngest gestational
age group had the highest levels of total
number of LDL particles (Figure 1).
The mean White-Black difference was
also reflected in notably higher values
for the 95th percentiles for total number
of LDL particles (nmol/L) in the White
males (780) and White females (743),
compared to the Black males (553) and
Black females (652), respectively (Figure
1). Correction for gestational age was,
therefore, critical, and all subsequent P

values presented are corrected for age.
We did not detect any significant dif-
ferences (P5.27) in the average size of
the LDL particles between the 2 groups
(Table 4), indicating that the increased
number of LDL particles in the Whites
had a similar size and composition as
those in the Blacks. There was no sig-
nificant difference between the 2 groups
for total apoB levels (P5.31) (Table 3).
Therefore, measurement of the total
number of LDL particles by NMR pro-
vided more information on White-Black
differences at birth than did measure-
ment of either LDL-C or apoB.

There was no significant mean (1
SD) difference (P5.74) for the HDL
cholesterol levels between the White
and Black infants (Table 3). The mean
(1 SD) levels for apoA-I (mg/dL) was
higher in the Black infants (78.6
[16.2]), compared to the White infants
(75.0 [11.9]), but this did not reach sta-
tistical significance (P5.24) (Table 3).
The average size of the HDL particles
was larger in the Whites (9.54) than in
the Blacks (9.32), but this difference did
not reach statistical significance (P5.24)
(Table 4). The Whites did not have
higher levels of the larger HDL particles
(H5H4H3), compared to the Blacks
(Table 4).

There were no significant differences
between White and Black infants for to-
tal and VLDL triglycerides, VLDL su-
bfractions, or IDL cholesterol (Table 5).

The Black infants had a significantly
higher mean (1 SD) Lp (a) lipoprotein
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Table 4. Plasma levels and particle sizes of LDL subclasses and HDL subclasses in umbilical cord blood

LDL Subclasses

Cholesterol, mg/dL

Large Intermediate Small
LDL Size

(nm)

LDL Particle
Number
(nmol/L)

HDL Subclasses

Cholesterol, mg/dL

Large Small
HDL Size

(nm)

Total
White
AGA
SGA
Black
AGA
SGA

15.6 (13.7)
17.2 (14.5)
16.1 (13.7)
24.2 (17.9)
14.4 (13.1)
14.2 (13.0)
15.7 (14.3)

4.4 (6.2)
5.0 (6.8)
4.9 (6.7)
5.2 (8.3)
4.0 (5.7)
4.1 (5.7)
3.6 (5.7)

13.7 (14.4)
16.3 (16.1)
16.2 (14.2)
16.5 (26.8)
11.9 (12.9)
11.9 (13.4)
10.9 (9.9)

20.7 (0.8)
20.6 (0.8)
20.5 (0.7)
21.0 (0.9)
20.7 (0.9)
20.7 (0.9)
20.7 (0.9)

416.2 (217.2)
475.8 (251.0)*
465.9 (217.1)†
542.5 (429.3)
372.9 (176.8)*
370.5 (178.9)†
376.8 (174.1)

17.29 (8.91)
17.60 (8.02)
17.1 (7.4)
21.1 (11.4)
17.14 (9.61)
17.39 (9.83)
15.71 (8.69)

8.56 (2.45)
8.10 (2.75)
8.32 (2.57)
6.6 (3.6)
8.88 (2.18)
8.97 (2.15)
8.40 (2.37)

9.41 (0.75)
9.54 (0.78)
7.48 (0.72)

10.0 (1.1)
9.31 (0.72)
9.32 (0.71)
9.30 (0.77)

Values are given as mean (SD). LDL5low-density lipoproteins; HDL5high-density lipoproteins; AGA5appropriate-for-gestational age; SGA5small-for-gestational age.
* P5.009; † P5.012. All other comparisons were not statistically significant, after correcting for gestational age. Linear regression was used to evaluate differences in these

variables between the White and Black infants, adjusting for categorical gestational age (see Methods).

Fig 1. Frequency distributions of the LDL particle number (nmol/L) in the White
infants (top panel) and the Black infants (bottom panel). The frequency of infants
in each category of LDL particle number was divided by the sample size (N570
[White infants] and 93 [Black infants]) and multiplied by 100. The dotted vertical
line indicates the 95th percentiles for both groups. The infants were also subdivided
into 3 age categories indicated in the key provided in the top panel

level (mg/dL), compared to the White
infants (2.8 [3.2] vs 1.7 [2.4], respec-
tively) (adjusted for age, P5.02) (Table
3).

Male vs Female Infants
The only significant difference be-

tween all the male and female infants
was that the females had a greater av-

erage HDL size (nm), compared to the
males (age adjusted P5.034).

AGA vs SGA Infants
Appropriate-for-gestational age

(AGA) White infants also had signifi-
cantly higher levels of the total number
of LDL particles, but lower Lp (a) levels,
compared to the AGA Blacks (Tables 3,
4). Such differences were also apparent
when the SGA White infants were com-
pared to the Black SGA infants (Tables
3, 4), but did not reach statistical sig-
nificance, most likely related to the rel-
atively small number of SGA infants in
this study.

The Black SGA infants had about 2-
fold higher mean plasma levels of total
VLDL (P5.006) and intermediate
VLDL (.003) triglycerides, and IDL
(.04) cholesterol compared to Black
AGA infants (Table 5). Such differences
in the triglyceride-rich lipoproteins re-
sulted in a significantly higher mean (1
SD) total level of triglycerides (mg/dL)
in the SGA Black infants (50.1 [21.3]),
compared to the AGA Black infants
(35.2 [10.5]) (P5.02), as well as signif-
icantly higher (.001) apoB levels (Table
3). Similar trends for higher total VLDL
and intermediate VLDL triglyceride lev-
els, and larger average VLDL size were
observed when the SGA White infants
were compared to the AGA White in-
fants, but these were not statistically sig-
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Table 5. Plasma levels and particle sizes of VLDL subclasses and IDL in umbilical
cord blood

VLDL Subclasses

TG, mg/dL

Large Intermediate Small
Total VLDL
(TG, mg/dL)

VLDL Size
(nm)

IDL
(Cholesterol,

mg/dL)

Total
White
AGA
SGA
Black
AGA
SGA

0.38 (2.1)
0.5 (3.1)
0.2 (0.5)*
2.8 (8.5)*
0.3 (0.8)
0.3 (0.7)
0.4 (1.1)

6.1 (8.1)
6.7 (8.5)
6.4 (7.6)
8.3 (14.0)
5.7 (7.7)
4.6 (6.2)†

11.4 (12.2)†

2.7 (4.3)
2.9 (4.5)
2.7 (4.3)
4.6 (5.8)
2.6 (4.1)
2.4 (3.6)
3.8 (6.4)

9.2 (11.0)
10.1 (12.3)
9.3 (9.1)

15.8 (25.1)
8.6 (10)
7.3 (8.5)‡

15.6 (14.4)‡

35.7 (13.3)
37.2 (11.1)
36.9 (11.7)
39.9 (5.7)
34.5 (14.7)
33.2 (15.5)
41.5 (4.1)

1.6 (2.6)
1.6 (2.3)
1.7 (2.3)
1.4 (2.0)
1.6 (2.8)
1.4 (2.2)§
3.0 (5.0)§

Values given are Mean (SD). VLDL5very low-density lipoproteins; IDL5intermediate low-density lipoproteins;
TG5triglycerides; AGA5appropriate-for-gestational age; SGA5small-for-gestational age.

* P5.007; † P5.003; ‡ P5.006; § P5.04. All other comparisons were not statistically significant, after correcting
for gestational age. Linear regression was used to evaluate differences in these variables between the White and
Black infants, adjusting for categorical gestational age (see Methods).

We have expanded these

observations to demonstrate

that the total number of

LDL particles and the

average size of LDL both

decrease with gestational age,

and that such changes were

characteristic of the entire

study population.

nificant (Table 5). However, White SGA
infants did have significantly higher
large VLDL triglyceride levels, com-
pared to White SGA infants (P5.007)
(Table 5).

DISCUSSION

We report here a study of lipopro-
tein heterogeneity in a relatively large
group of infants, 28 weeks of gestational
age and older. Previous studies of lipo-
protein heterogeneity in umbilical cord
blood were performed in much smaller
groups of infants, and usually addressed
one major lipoprotein class at a
time.14–21 The development of NMR
spectroscopy has provided a more facile
method for assessing these characteris-
tics of lipoproteins in a small amount of
frozen plasma,4,30 thus providing us with
the opportunity to address more com-
pletely the influence of gestational age
on lipoprotein heterogeneity, and to ex-
amine differences between White and
Black, and male and female, infants.
Since there is a linear relationship be-
tween the size of a lipoprotein particle
and its hydrated density, there is a good
correspondence between the size of li-
poprotein subclasses by NMR, or GGE,
and the density of the particle deter-
mined by DGU.4,14–22 The data were

collected from one hospital population,
and, therefore, may not be representa-
tive of all infant populations. Further,
the data are cross-sectional; however, a
longitudinal assessment of the effects of
gestational age on lipoprotein heteroge-
neity requires repeated intrauterine sam-
pling, and is not feasible. Finally, we
have not examined the effects of known
modifiers of lipoprotein subclasses in
newborns, including maternal factors,
such as gestational diabetes, pre-eclamp-
sia, or smoking.23,31 A future prospective
study on the influence of maternal, en-
vironmental, and genetic factors on li-
poprotein heterogeneity at birth is
planned.

Our finding that plasma levels of to-
tal cholesterol and LDL cholesterol de-
clined significantly with gestational age
is in agreement with most,32–35 but not
all,36 other studies. We have expanded
these observations to demonstrate that
the total number of LDL particles and
the average size of LDL both decrease
with gestational age, and that such
changes were characteristic of the entire
study population. As suggested by oth-
ers,15 we found little evidence for in-
creased LDL heterogeneity in human
umbilical cord blood. The decrease in
LDL levels with gestational age in the
human fetus is directly related to an in-
crease in hepatic LDL receptor activi-

ty.34 The fetal adrenal gland, which pro-
duces large amounts of steroids, has the
highest concentration of LDL receptors
of any tissue studied.37 The fetal plasma
level of dehydroepiandrosterone sulfate,
the major secretory product of the fetal
adrenals, rises significantly between 33
weeks and 42 weeks of gestation.33 Since
LDL cholesterol is utilized as substrate
for fetal adrenal steroidogenesis, Parker
et al33 suggested that the increasing rate
of growth and steroid production by the
fetal adrenals near term is causally relat-
ed to the significant decline in the con-
centration of LDL cholesterol.

We also examined differences in the
plasma levels of lipids, lipoprotein cho-
lesterols, apolipoproteins, and lipopro-
tein heterogeneity between the White
and Black infants. We found that the
White infants had a notably higher total
number of LDL particles, compared to
the Black infants. This difference in
LDL particle number was also found
when comparing White and Black AGA
infants, and White and Black SGA in-
fants. However, no significant differenc-
es in LDL size were observed between
these 2 groups at birth. Therefore, the
smaller, dense LDL particles observed in
White adolescents in Bogalusa38 must
emerge after the intrauterine period.
The mean LDL cholesterol was also
higher in our White infants than in our
Black infants, but the difference was not
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significant after adjusting for gestational
age. This may explain why some,26,39

but not all,40 studies have reported that
White infants have higher LDL choles-
terol levels than Black infants. The dif-
ference between the Black/White groups
for total number of LDL particles of
104 nmol/L should be reflected in a
mean difference of about 5–6 mg/dL in
apoB levels. The simplest explanation
for the fact that we did not observe such
a mean difference in apoB levels may
reside in the difficulties of measuring
such low levels of apoB in cord blood
using an immunoturbimetric assay,
while the NMR signals from lipopro-
teins in cord blood vs that from adults
are very similar. Differences in LDL lev-
els between White and Black infants do
not appear to be explained by socioeco-
nomic factors,39 but are more likely due
to genetic influences.26

In contrast to LDL, we found that
Lp (a) lipoprotein was significantly
higher in the Black infants than in the
White infants, a difference that is also
seen later in adolescents41 and adults.42

Rifai et al43 were unable to detect dif-
ferences in Lp (a) levels between White
and Black infants at birth, perhaps re-
lated to the very low levels of Lp (a) at
birth.43–48 Lp (a) levels do not appear to
be associated with birth weight, gesta-
tional age, gender or health status,44–48

but correlate strongly with the sum of
parental and fathers’ Lp (a) levels, in-
dicating that genetic factors are involved
in determining infants’ Lp (a) levels.46

Vella and Calmarza45 reported that chil-
dren with a positive family history of
cardiovascular heart disease had a higher
mean Lp (a) level, and a higher preva-
lence of Lp (a) values, exceeding 5 mg/
dL, compared to children with a nega-
tive family history. The ranking of Lp
(a) levels at birth, highest in Indians,
followed by Malays, and then Chinese,
was concordant with the relative coro-
nary mortality rates for the respective
adult populations of Singapore.47 Deter-
mining whether Lp (a) levels, particu-
larly in Blacks, are independent predic-
tors of CAD, is controversial.42

We also report here significant
changes in the concentrations of the
large and small HDL subclasses with
gestational age; the plasma level of the
large HDL particles decreased, while
that of the small HDL particles in-
creased. One possible explanation for
the overall decrease in the large HDL
particles with gestational age might re-
side in increased activity of either cho-
lesterol ester transfer protein (CETP)
with gestational age, leading to en-
hanced transfer of cholesterol esters
from HDL to VLDL, or possibly he-
patic lipase (HL), enhancing the con-
version of large HDL to small HDL.
Conversely, we found no significant
change in this population in the plasma
levels of HDL cholesterol or apoA-I
with gestational age, consistent with the
findings of others.32,49 High density li-
poprotein (HDL) metabolism may be
different in SGA infants, but we were
not able to demonstrate any differences
in HDL cholesterol or HDL particles
between our SGA and AGA infants.
Others50,51 have reported lower levels of
HDL cholesterol in SGA infants; one
study reported50 that the large HDL
particles were reduced, and CETP activ-
ity increased, while in another study,51

both the large and small HDL particles
were decreased, along with reduced ac-
tivity of lecithin cholesterol acyl trans-
ferase (LCAT).

We found no significant change in
total, intermediate, or small VLDL tri-
glycerides, or in total triglycerides, with
gestational age. In most of the infants,
the large VLDL particles were usually
undetected in the NMR spectra. In the
Black group, we found that the total tri-
glycerides and apoB levels were signifi-
cantly higher in the SGA infants, com-
pared to AGA infants, reflecting higher
levels of total VLDL and intermediate
VLDL triglycerides and IDL cholester-
ol. Higher levels of triglycerides have
been reported in SGA infants.35,50,51 Ra-
dunovic and co-workers52 recently re-
ported elevated apoB levels in 18
growth-restricted fetuses, compared to

23 normally grown fetuses. However,
they did not measure the levels of tri-
glycerides. Clearly, a more comprehen-
sive study of lipids, apolipoproteins, and
lipoproteins, in a larger number of SGA
infants, is needed. Such infants should
also be followed after birth, since An-
derson et al53 found that SGA Danish
infants had raised LDL cholesterol levels
in the first 4 years of life.

In summary, we found significant ef-
fects of gestational age on both LDL
and HDL subclasses. The decrease in
the large HDL particles, and the in-
crease in the small HDL particles, with
gestational age, occurred without a sig-
nificant corresponding change in HDL
cholesterol or apoA-I. White infants ex-
hibited a significantly greater number of
total LDL particles, compared to Black
infants, a difference that is greater than
expected, based on the differences in
LDL cholesterol or apoB levels. To our
knowledge, this is the first study to
demonstrate that Black infants have sig-
nificantly higher Lp (a) levels than do
White infants. Future studies of a larger
number of SGA infants should incor-
porate an assessment of lipoprotein het-
erogeneity, and how this is influenced
by maternal factors.
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