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ABSTRACT. To investigate early detection of young fam- 
ilies with inherited dyslipidemia, we assessed changes in 
circulating apolipoprotein (apo) B and A-I levels and the 
apo B/A-I ratio during the 1st year of life and their relations 
to parental values. After measuring initial dried blood spot 
capillary blood levels in 919 babies when aged 4.25 f 0.98 
d (mean 2 SD), we recalled at a mean age of 8.5 f 2.3 mo 
those with levels in one or more of the following categories: 
the top 5% of apo B values (group I), the top 5% of apo 
B/A-I ratios (group 2), the bottom 5% of apo A-I values 
(group 3), and a group of 18 infants (group 4) who were 
not in any of the above three categories. We thus obtained 
serum lipid measurements in 51 infants and their parents. 
Two of the 13 group 1 infants had persistent hyperapo B 
at 8.5 mo; there was an inverse relationship between apo 
B and apo A-I levels in this group ( p  < 0.001). Two of 11 
babies in group 2 had lipid profiles consistent with familial 
hypercholesterolemia. However, none of the infants in 
group 3 had evidence at 8.5 mo of abnormal apo A-I or 
HDL levels, nor did their parents. For groups 1, 2, and 3, 
there was at 8.5 mo a regression of apo B and A-I toward 
mean levels for the "normal" 18 babies of group 4. In 
contrast, the high apo B/A-I ratios in group 2 remained 
high ( p  < 0.01) and showed evidence of tracking. Corre- 
lations between birth weight and apo B (positive) and apo 
A-I (negative) that were found previously at 1 wk were still 
evident at 8.5 mo. Thus, individual apo B/A-I ratio meas- 
urements during the'lst week of life are predictive of levels 
at 8.5 mo, and this finding may facilitate familial hyper- 
cholesterolemia detection. Persistence of significant cor- 
relations between birth weight and apolipoprotein levels 
suggests an ongoing relationship between birth weight and 
subsequent lipid metabolism. (Pediatr Res 30: 544-549, 
1991) 

Abbreviations 

apo A-I, apolipoprotein A-I 
apo B, apolipoprotein B 
apo(a), apolipoprotein(a) 

In a recent study we measured apo A-I, the principal protein 
moiety of the antiatherogenic HDL cholesterol, and apo B, the 
carrier protein for the atherogenic LDL cholesterol, in 919 
consecutively born neonates of birth weights 2 kg or greater when 
they were 2 to 5 d old (1). We wished to assess the variables 
affecting both of these apolipoproteins in the neonatal period 
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and to explore the hypothesis that the ratio of apo B to A-I when 
measured in dried blood spots obtained during routine neonatal 
screening programs could identify families with genetically de- 
termined dyslipidemias associated with increased cardiovascular 
risk. Levels of these apolipoproteins may be better predictors of 
coronary risk than HDL and LDL cholesterol (2-4). Our ultimate 
aim is to facilitate family-based coronary prevention directed to 
young parents with dominantly inherited dyslipidemia in the 
expectation that this would also benefit the children themselves 
when older (5). Our studies showed that birth weight, day of 
sampling (between d 2 and 5 after birth), and sex, in the case of 
apo B, all influenced the measured levels (1). 

Our aims in the study presented here were to assess the initial 
birth weight effects on the infants' apolipoprotein levels when 
they were approximately 8.5 mo of age and to explore correla- 
tions between the neonatal and the later concentrations and the 
relevance of levels in the infants and their parents to the detection 
of familial dyslipidemia. Our hypothesis was that the ratio of B 
to A-I would be a better marker for familial dyslipidemia than 
the measurement of apo B alone, which we had used in earlier 
studies (6, 7). 

SUBJECTS AND METHODS 

We sent letters to parents of four groups of infants, from a 
total of 9 19 babies assessed previously during the 1 st week of life 
(I), when the babies were of mean age 8.5 mo proposing lipid 
measurements in the infants and their parents. 

To define the infant groups, we first adjusted the measured 
neonatal apolipoprotein levels for the variables we had previously 
shown to affect them including birth weight, age at sampling, 
and sex in the case of apo B (1). Birth weight, a major contributor 
to variability, correlated negatively with apo A-I levels and 
positively with apo B levels (1). Age at sampling, between the 
2nd and 5th postnatal days, was positively correlated with the 
levels of both apolipoproteins. We adjusted apo B level according 
to our finding that, for a given age and birth weight, values for 
females are on average 9% higher than for males (1, 6). 

Having adjusted for birth weight, age at sampling, and sex, we 
selected infants whose neonatal apolipoprotein levels were in one 
or more of the following groups: the top 5% of the apo B 
distribution; the top 5% of the apo B/A-I distribution; and the 
lowest 5% of the apo A-I distribution. A fourth group of 18 
infants with apolipoprotein levels not included in any of above 
three groups was also selected. These 18 infants had neonatal 
apo A-I above the 5th percentile and neonatal apo B and apo B/ 
A-I below the 95th percentiles of their distributions. 

Recall of babies with high neonatal apo B. The 95th percentile 
for the adjusted apo B level in these 9 19 neonates was 0.46 g/L 
of whole blood, the equivalent of 1 .O1 g/L in serum assuming a 
hematocrit of 55%. Of the 45 neonates whose apo B levels were 
in the top 5%, 13 families responded and provided samples from 
13 infants, 12 mothers, and 10 fathers. They formed infant group 
1 in the analysis. 
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Recall of babies with high neonatal apo B/A-I. The 95th 
percentile for the ratio was 1.3. Among the 45 neonates with 
ratios above this level, 14 also had apo B levels in the top 5% of 
that distribution. There were, therefore, 31 neonates with high 
apo B/A-I ratios separate from those within the apo B top 5%; 
1 1 of these families responded and 1 I mothers, 1 1 fathers, and 
11 babies provided samples. They form infant group 2 in the 
analysis. 

Recall of babies with low neonatal apo A-I. There were 45 
neonates in the lowest 5% (<0.21 g/L of whole blood, the 
equivalent of 0.46 g/L of serum assuming a hematocrit of 55%) 
of the distribution of the adjusted concentration among the 9 19 
neonates assessed. When those who were also among the top 5% 
of the apo B or apo B/A-I distributions were excluded, there 
remained 29 neonates with isolated low initial apo A-I. Letters 
were sent to the parents of all 29. Nine of these families re- 
sponded, and we obtained venous samples from nine mothers, 
eight fathers, and nine infants. They form infant group 3 in the 
analysis. 

Thus, of the 76 families whose infants had high neonatal apo 
B or apo B/A-I ratios, 24 (32%) were available for study and, of 
the 29 infants with isolated low neonatal apo A-I, nine families 
(3 I%) were available. 

Recall of babies with "normal" neonatal apo B, A-I, and B/A- 
I. Eighteen other babies who had neonatal apo B levels and apo 
B/A-I ratios below the 95th percentile and neonatal apo A-I 
levels above the 5th percentile also attended the study with 17 of 
their fathers and 18 of their mothers. They constitute infant 
group 4 in the analysis. These infants were from among 50 
recalled separately because of increased apo(a) levels. Because we 
had previously shown apo(a) levels to be independent of apo B 
and apo A-I levels in this population in the neonatal period ( I )  
and they were also independent of them in the present popula- 
tion, we compared the apo B and apo A-I changes in these group 
4 infants with the changes in those who had high neonatal apo 
B, high apo B/A-I, and low apo A-I. The total study group, 
therefore, comprised 5 1 infants and 97 of their 102 parents. 

Sample collection and apolipoprotein assays. Venous blood 
samples were taken after a 12-h overnight fast in parents and 
after a recommended 6-h nonfeeding period in the babies. Meas- 
urements of total cholesterol, HDL cholesterol, LDL cholesterol 
(by calculation), and triglycerides were performed by the hospi- 
tal's Clinical Chemistry Department, and separate aliquots of 
parents' and infants' clotted blood were received in our labora- 
tory within 4 h of venipuncture. The sera were immediately 
separated and stored at -70°C for lipid and apolipoprotein 
analysis. The infants' serum total cholesterol, HDL cholesterol, 
LDL cholesterol (by calculation), and triglyceride levels were 
measured by the Department of Biochemistry, Royal Alexandria 
Hospital for Children, Sydney. Apo A-I and B levels were assayed 
in our laboratory within 3 wk of sampling. 

Both the initial dried blood spot capillary blood apo A-I and 
B levels and the serum concentrations measured at a mean age 
of 8.5 5 2.3 mo (range 5-13 mo) were assayed by ELISA as 
described previously from this laboratory (8,9). The within-assay 
and between-assay coefficients of variation for dried blood spot 
apo A-I measurements for the whole study were 5.4 and 7.8%, 
respectively, and for serum apo A-I, 4.2 and 8.5%, respectively. 
The dried blood spot apo B measurements had within-assay and 
between-assay coefficients of variation of 6.4 and 16%, respec- 
tively, and the serum apo B assay, 4.7 and 8.6%, respectively. 
The neonatal capillary blood samples were obtained by heel 
prick and spotted onto filter paper as part of the State of New 
South Wales neonatal screening program for phenylketonuria 
and hypothyroidism. To compare these whole blood measure- 
ments with the serum levels measured when the infants were at 
a mean age of 8.5 mo, we converted the neonatal whole blood 
concentrations to approximate serum levels by multiplying by 
2.2. We assumed a hematocrit of 55% (10). 

The project was approved by the Ethics Committee of the 
University of New South Wales. 

Statistics. Because the sizes of the subgrouped samples were 
small and the measured variables were not normally distributed, 
we used the nonparametric Mann-Whitney U test to compare 
the measured apolipoprotein and lipid levels between different 
subgroups and between parents and children. We also used the 
Wilcoxon paired test to compare the apolipoprotein levels meas- 
ured at 1 wk and at 5-13 mo. The linear regression coefficient 
was used to assess relationships between babies' and parents' 
lipoprotein and apolipoprotein levels in all families where sam- 
ples were obtained from the infants and both parents. For the 
assessment of correlations between measured variables, we used 
least squares linear regression analysis. For these correlations 
between the measured variables in subgrouped infants, we also 
used Spearman ranked correlation tests. Because the correlation 
coefficients by both statistical methods were virtually the same 
and the levels of the statistical significance of the coefficients 
were also not different, only the correlation coefficients by least 
squares linear regression method were reported. 

RESULTS 

Apolipoproteins and lipoproteins in infants. The mean levels + 
SD of apo B and A-I and the B/A-I ratio for all four infant 
groups in the neonatal period and at a mean age of 8.5 mo, 
together with their lipid profiles at 8.5 mo, are shown in Table 
1. The neonatal apo B and A-I levels reported are estimated 
serum levels obtained by assuming a 55% hematocrit. Although 
there are some variations in the levels of total, LDL, and HDL 
cholesterols and triglyceride at 8.5 mo among the four different 
groups (Table l), none of these differences was statistically sig- 
nificant. There were also no significant differences in the levels 
of apo A-I and apo B at 8.5 mo among the four subgroups. 
However, the apo B/A-I ratios in group 2 infants who had high 
initial ratios were significantly higher than in any of the other 
three subgroups ( p  < 0.00 1). 

Infant group I. Apo B decreased markedly during the 8.5-mo 
period ( p  < 0.0001) in the group 1 infants with neonatal apo B 
above the 95th percentile (Table I). Apo A-I and apo B/A-I also 
decreased, but the changes were not significant (Table 1). The 
correlation between the two apo B measurements was poor 
among the 13 group I infants (Table 1). When apo B at 8.5 mo 
in group 1 and group 4 infants were compared, the later having 
had normal neonatal levels, the levels were similar (Table 1 and 
Fig. 1, top panel). There was, therefore, evidence of regression to 
the mean value in the initially high apo B group I babies. 

Among these 13 group 1 babies with high neonatal apo B, one 
had high total cholesterol (7.1 mmol/L), LDL cholesterol (5.0 
mmol/L), and apo B (1.24 g/L) when aged 5 mo. The parents' 
levels of total and LDL cholesterol were 6.2 and 4.8 mmol/L for 
the father and 6.4 and 4.1 mmol/L for the mother, respectively; 
for apo B the levels were 1.00 and 1.07 g/L for the father and 
the mother, respectively. Another baby also had an increased 
total cholesterol (5.7 mmol/L), LDL cholesterol (4.4 mmol/L), 
and apo B (1.29 g/L) at 6 mo. Only the mother came for study, 
and her total cholesterol (4.3 mmol/L) and apo B levels (0.73 g/ 
L) were within the normal adult range. 

An interesting additional finding in these group 1 infants was 
that at age 8.5 mo the apo A-I and apo B levels in the 13 infants 
were highly negatively correlated ( r  = -0.838, n = 13, p = 
0.0003). There was also a trend toward this negative correlation 
in all of the other three groups, although none achieved statistical 
significance (Table 2). 

Infant group 2. In these infants with high neonatal apo B/A-I 
ratios, there was an increase in apo A-I and a decrease in apo B 
at 8.5 mo so that apo B/A-I decreased; none of these changes 
was statistically significant (Table 1). Although apo B/A-I at 
these two times was not significantly correlated for group 2 
infants, the apo B/A-I ratios of group 2 infants at 8.5 mo were 
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Table 1. Lipoprotein and apolipoprotein projles in infants [mean (SD)]* 

Age t Apo A-I Apo B Apo B/A-I TC TG HDL-C LDL-C 

Group 1 ( n  = 13)$ Neonates 0.9 1 1.15 1.57 N A N A N A N A 
(0.38) (0.17) (0.9 1 )  

Infants 0.80 0.70$ 1.05 4.24 1.61 0.93 2.59 
(0.25) (0.27) (0.7 1 )  (1.15) (0.78) (0.23) (1.01) 

r 0.49 11 0.36 0.35 

Group 2 ( n  = 1 I )  Neonates 0.55 0.9 1.75 N A N A N A N A 
(0.15) (0.17) (0.67) 

Infants 0.73 0.87 1.29 4.83 1.45 0.95 3.29 
(0.17) (0.44) (0.79) (2.13) (0.63) (0.18) (2.00) 

r 0.20 0.10 0.52 

Group 3 ( n  = 9)  Neonates 0.4 0.37 1.02 N A N A N A N A 
(0.08) (0.14) (0.53) 

Infants 0.795 0.651 0.88 4.49 1.58 0.97 2.80 
(0.17) (0.20) (0.39) (0.87) (0.47) (0.36) (0.80) 

r 0.28 0.23 0.5 1 

Group 4 ( n  = 18) Neonates 1.06 0.60 0.62 N A N A N A N A 
(0.36) (0.37) (0.39) 

Infants 0.83** 0.67** 0.88** 4.39 1.9 1 0.88 2.66 
(0.18) (0.2 1 )  (0.48) (0.89) (1.93) (0.32) (0.68) 

r 0.18 0.745 0.715 

* TC, total cholesterol; TG, triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; and NA, not applicable. 
t Neonates indicate those age 2-5 d; infants indicate those age 5-1 3 mo. 
$ Infant group 1 includes infants who had initial apo B above the 95th percentile; group 2 had initial apo B/A-I ratios above the 95th percentile; 

group 3 had initial apo A-I within the 5th percentile; and group 4 had initial apo A-I above 5th percentile and initial apo B and apo B/A-I ratios 
below the 95th percentiles. 

$p<O.OOI. 
11 0.10 > p > 0.05. 
1 p  < 0.01. 
** 0.05 > p > 0.0 1 .  

significantly higher than those in any of the other groups ( p  < 
0.001). In Figure 1 (middle panel), values in all infants among 
these 5 1 babies with high neonatal apo B/A-I (>95th percentile, 
n = 20) and group 4 infants who had neonatal apo B/A-I less 
than the 95% percentile are compared. The significant difference 
between the two groups is maintained at 8.5 mo (1.38 +. 0.78 for 
infants with high and 0.88 + 0.48 for group 4 infants with normal 
apo B/A-I, p < 0.001). This finding suggests a degree of tracking 
of the ratios during the 1st year of life even though the ratios in 
group 2 infants did decrease during this time. 

In support of this, two of 11 babies assessed in the top 5% of 
the apo B/A-I ratios had markedly elevated total cholesterol 
levels of 9.1 and 8.8 mmol/L, elevated LDL cholesterol levels of 
6.9 and 6.4 mmol/L, and serum apo B concentrations of 1.65 
and 1.58 g/L, respectively. The mother of one of these babies 
also had a high total cholesterol (9.8 mmol/L), LDL cholesterol 
(8.8 mmol/L), and apo B (1.80 g/L), which is consistent with 
the phenotype of familial hypercholesterolemia. The parents of 
the other infant had normal LDL cholesterol and apo B levels, 
the mother 3.2 mmol/L and 0.9 g/L and the father 4.3 mmol/L 
and 0.94 g/L, respectively. 

Infant group 3. In these infants who had low neonatal apo A- 
I, levels had increased markedly by 8.5 mo ( p  < 0.001). Apo B 
levels also showed a similar increase ( p  < 0.01). The correlation 
in apo A-I levels between these two measurements for group 3 
infants was not significant (Table I). Also, levels at 8.5 mo for 
all infants who had neonatal apo A-I below the 5th percentile (n 
= 17) and group 4 infants were not different (Fig. 1, bottom 
panel). Because group 4 babies had neonatal apo A-I values 
above the 5th percentile, this also indicates a regression toward 
the mean at 8.5 mo in the group 3 babies. In contrast to group 
1 and 2 infants, neither the parents of the group 3 infants nor 
the infants themselves at 8.5 mo had indications of inherited 
abnormal HDL or apo A-I levels. 

Infant group 4. In this group with normal neonatal apolipo- 

protein levels, apo A-I decreased and apo B and apo B/A-I 
showed increases at 8.5 mo (Table 1). Notably, apo B levels and 
apo B/A-I ratios at 8.5 mo were highly correlated with the levels 
and ratios measured at 2-5 d. However, the correlations in apo 
B levels and apo B/A-I ratios between these two times for the 
other three infant groups were not significant. None of the infants 
or parents of these group 4 infants had evidence of inherited 
hypercholesterolemias at the time of recall. 

Apolipoproteins and birth weight. We had previously shown 
that capillary blood apo A-I measured during the 1st week of life 
was negatively correlated with birth weight (1). When this rela- 
tionship was reassessed at a mean age of 8.5 mo, the significant 
negative correlation with birth weight was still evident. This 
negative correlation was statistically significant in group 1 infants 
( r  = -0.63, n = 13, p = 0.021). Negative correlations were also 
found in the other infant groups, although they were not statis- 
tically significant (Table 2). Furthermore, the positive correlation 
that we had previously observed between capillary blood apo B 
and the birth weight was also still evident at a mean age of 8.5 
mo with differed statistical significances in different groups 
(Table 2). There was also a significant positive correlation be- 
tween birth weight and the ratio of apo B/A-I at 8.5 mo of age 
shown both in group 1 and 4 infants (Table 2), whereas no 
significant correlation had been found in infants during the first 
postnatal week (I). There were no correlations between serum 
apo A-I and B with age when measured between the 5th and 
13th mo in any infant subgroups, and no correlations between 
the infants' birth weight and the apo A-I or apo B levels of the 
mother or the father. 

Parental serum lipid levels. The lipid and apolipoprotein pro- 
files and the ages of the parents are shown in Table 3. The fathers 
had higher total cholesterol, LDL cholesterol, triglyceride levels, 
and total cholesterol to HDL cholesterol ratios and lower HDL 
cholesterol levels than the mothers. The serum apo B and apo 
B/A-I levels were also significantly higher in the fathers and the 
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Fig. 1. Serum apolipoprotein levels at the ages of 2 to 5 d and 5 to 
13 mo (8.5 +- 2.3 mo) in three groups of infants (El) each compared with 
the levels in 18 infants who had normal neonatal levels (+). All values 
are means + SEM. The neonatal serum levels were obtained by assuming 
a hematocrit of 55% and multiplying capillary blood values by 2.2. In 
the top panel are the changes in 13 babies whose neonatal apo B levels 
were above the 95th percentile of the neonatal apo B distribution. The 
middle panel shows the changes found in all 20 infants whose neonatal 
apo B/A-I values were above the 95th percentile of the neonatal distri- 
bution. The lower panel shows the changes found in all 17 infants whose 
initial apo A-I levels were below the 5th percentile of the neonatal 
distribution. The 95th percentiles (upper and middlepanels) and the 5th 
percentile (lower panel) are shown. The 18 infants with normal apoli- 
poproteins had levels of apo B and apo B/A-I below the 95th percentile 
and apo A-I above the 5th percentile of the respective neonatal distri- 
butions among 919 consecutively born babies. At 8.5 mo, infants with 
high neonatal apo B and low neonatal apo A-I had levels not different 
from those whose neonatal apo B and A-I levels were normal. However, 
the babies with high neonatal apo B/A-I had significantly higher 8.5-mo 
ratios than those in the infants with normal neonatal ratios ( p  < 0.001). 

apo A-I levels were lower. These differences were evident in all 
subgroups of parents in each infant group, although some did 
not reach statistical significance. Furthermore, these lipoprotein 
and apolipoprotein levels did not differ among subgroups for 
both fathers and mothers. 

Correlations between cholesterol, triglyceride, and apolipopro- 
tein levels in infants and parents. There were 44 families for 
whom samples were available for apolipoprotein measurements 
from both parents and from their infants in the neonatal period 
and also at a mean age of 8.5 mo; for cholesterol and triglyceride 
measurements as well, there were 43 families. The regression 
coefficients between infants' apolipoprotein levels and individual 

Table 2. Correlations between apo A-I, apo B, and birth weight 
(B W) among 51 infants aged 8.5 + 2.3 mo 

Infant Apo A-I Apo B Apo B/A-I Apo A-I 
E~OUDS* vs BW vs BW vs BW vs apo B 

Group I -0.63 0.513 0.582 -0.838 
(n = 13) (p  = 0.021) ( p  = 0.073) ( p  = 0.037) ( p  = 0.0003) 

Group 2 -0.226 0.157 0.01 1 -0.4 17 
(n = I I) ( p  = 0.504) ( p  = 0.646) ( p  = 0.973) (p  = 0.203) 

Group 3 -0.024 0.530 0.357 -0.209 
(n = 9) ( p  = 0.952) ( p  = 0.146) ( p  = 0.304) ( p  = 0.589) 

Group 4 -0.342 0.500 0.474 -0.288 
(n = 18) ( p  = 0.164) ( p  = 0.035) ( p  = 0.047) ( p  = 0.24) 

* Infant groups 1-4 are described in a footnote to Table 1. 

parent and midparent (average of both parents) levels are shown 
in Table 4, and for cholesterol and triglyceride levels, in Table 
5. For apo A-I levels in the families of group 4 infants, there was 
a significant association between infant and midparent levels, 
but the only weak associations with individual parents (Table 4). 
For apo B the association between infants' and fathers' levels 
was only significant in the families of group 4 infants. For apo 
B/A-I ratios, there was a significant association between infants 
and mothers only in the families of group 1 infants. There were 
no familial associations in triglyceride levels in all of these 
families (Table 5). HDL cholesterol levels did not show familial 
aggregation in group 2 infants for father and midparent levels 
(Table 5). The association of total and LDL cholesterol levels 
between infants and their parents occurred with different degrees 
of significance in the families of each of the subgroups (Table 5). 

DISCUSSION 

The present results indicate that individual infants with high 
levels of apo B, low levels of apo A-I, and high apo B/A-I ratios 
measured during the neonatal period may regress toward mean 
concentrations for the whole population when remeasured at the 
age of 8.5 mo. The levels in those with high apo B at birth (group 
1 )  decreased significantly during the subsequent 8.5 mo, whereas 
levels in those with lower initial apo B increased, as illustrated 
by the results in the group 3 and group 4 infants (Table I). Also, 
levels in babies with low neonatal apo A-I (group 3) increased 
markedly during the 8.5 mo; levels in those with higher neonatal 
apo A-I (groups 1 and 4), however, decreased during the same 
period (Table I). These increases and decreases in apo A-I and 
apo B in the individual infant groups resulted in nonsignificant 
correlations between measurements at the two times for both 
apo A-I and apo B (Fig. 1, top and bottom panels). Although 
there was a significant correlation between apo B levels at these 
two times in group 4 infants with normal initial levels, the overall 
trend shown in Figure 1 (top panel) does not suggest tracking. 
Nevertheless, high apo B measured in the neonatal period did 
identify dyslipidemia in two infants, whereas low apo A-I alone 
did not. Although a similar trend also occurred in infants with 
high neonatal apo B/A-I, there was less overlap in the ratios 
among different infant groups at 8.5 mo than found with apo A- 
I and apo B alone. We have no explanation for the interesting 
finding of an inverse relationship between apo B and apo A-I 
levels at 8.5 mo, seen particularly in the high apo B (group 1) 
infants. 

When the infants with high initial apo B/A-I were compared 
with the group 4 infants with normal initial neonatal apo B/A-I 
at the age of 8.5 mo, the ratios in those with high initial neonatal 
values were still significantly higher ( p  < 0.001) than those of 
the group 4 infants (Fig. 1, middle panel). Although the correla- 
tions in apo B/A-I ratios between these two times were not 
consistently significant within individual infant groups, the find- 
ings shown in Figure 1 provide evidence for tracking of the ratio. 
This is of considerable interest in view of the predictive value of 
this ratio for cardiovascular risk (2, 3). Lack of statistical signif- 
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Table 3. Lipoprotein and apolipoprotein profiles in parents of recalled infants [mean (SD)/* 

Age Apo A-I Apo B 

Group It Father 34.6 0.95 0.95 
( n  = 10) (7.4) (0.22) (0.47) 
Mother 28.6 1.10 0.92 
( n =  12) (3.8) (0.24) (0.24) 

Group 2 Father 3 3 1.10 1.15 
( n =  1 1 )  (6.6) (0.29) (0.34) 
Mother 30 1.19 0.844 
( n =  1 1 )  (3.5) (0.14) (0.39) 

Group 3 Father 30 0.97 1.06 
( n  = 8)  (3.5) (0.07) (0.25) 
Mother 28.4 1.14 0.84 
( n  = 9 )  (4.3) (0.25) (0.29) 

Group 4 Father 34.8 1.07 1.08 
( n =  17) (4.0) (0.25) (0.34) 
Mother 32 1.469 0.789 
( n  = 18) (3.8) (0.64) (0.23) 

* TC, total cholesterol; TG, triglyceride; HDL-C, HDL cholesterol; and 
t Infant groups 1-4 are described in a footnote to Table 1. 
$0.05 >p>O.OI. 
rjp < 0.01. 
I I  p < 0.00 1. 

Table 4. Regression coeJJcients (SEM) between serum apo A-I 
and B concentrations and the upo B/A-I ratio in parents 
(individual and combined) and their infants when aged 

8.5 k 2.3 mo 
(Mother + 

Infants* Mother Father father)/2 

Apo A-I Group 1 0.5 (0.23)t 
( n  = 9)  
Group 2 0.30 (0.18) 
( n =  1 1 )  
Group 3 0.03 (0.30) 
( n  = 8) 
Group 4 0.25 (0.2) 
( n  = 16) 

Apo B Group 1 0.43 (0.30) 
( n  = 9)  
Group 2 -0.30 (0.35) 
( n  = I I )  
Group 3 -0.3 1 (0.2 1 )  
( n  = 8)  
Group 4 -0.25 (0.14) 
( n =  16) 

Apo B/A-I Group 1 1.03 (0.32)$ 
( n  = 9)  
Group 2 0.44 (0.52) 
( n =  1 1 )  
Group 3 0.08 (0.51) 
( n  = 8)  
Group 4 0.05 (0.34) 
( n  = 16) 

* Infant groups 1-4 are described in a footnote to Table 1. 
t 0 .10  >p>0.05. 
$p<O.OI. 
50.05 >p>O.OI. 

icance in apo B/A-I ratios between these two times in subgroups 
1, 2, and 3 could be due to small sample sizes in the subgroups. 
It is noteworthy that a high apo B/A-I ratio measured in the 
neonatal period did identify two infant families with familial 
hypercholesterolemia lipid profiles. 

There may be several reasons for the tracking of the ratio and 
not of the individual apolipoprotein levels. The ratio measure- 
ments are obtained from the one dried blood spot extract so that 
possible errors in quantitation of the individual apolipoproteins 

ADO BIA-I TC TG HDL-C LDL-C 

1.02 5.33 1.45 
(0.49) (1.51) (1.68) 
0.87 5.17 1.12 

(0.24) (0.73) (0.63) 
1.09 5.95 1.50 

(0.30) (0.92) (0.74) 
0.70$ 5.00 0.693 

(0.32) (1.88) (0.18) 
1.10 5.58 1.73 

(0.31) (1.07) (2.03) 
0.76* 5.20 1.25 

(0.28) (1.05) (0.71) 
1.07 6.12 1.62 

(0.43) (1.14) (0.83) 
0.5911 5.38 0.96 

(0.21) (0.96) (0.43) 

LDL-C, LDL cholesterol. 

are minimized, as Micic et al. ( 1  1) have documented. Some 
attenuation of the effects of variables on individual apolipopro- 
tein levels may also result from the use of the ratio. Perinatal 
factors may transiently affect apolipoprotein levels in the first 
few postnatal days (12, 13). Greater variabilities in the dried 
blood spot assays for apo B and apo A-I measurements during 
first few days of life would also be attributable to the weak 
correlations in apo B and apo A-I levels at these two times. This 
may be largely responsible for the regression toward mean levels 
in some infants during the 1st year of life. 

Despite the absence of a significant correlation between apo B 
measured during the 1st week of life and at a mean age of 8.5 
mo, two infants from the top neonatal 5% of the apo B distri- 
bution did have persisting hyperapo B, and in one there were 
high values for apo B and LDL cholesterol in one parent as well; 
only the mother of the other infant was available for study, and 
her levels were not elevated. The two infants identified with the 
phenotype of familial hypercholesterolemia were from among 
the top 5% of the apo B/A-I distribution. The absence of high 
levels in the parents of one of those infants is not explained, 
although nonpaternity or a new mutation might be possibilities 
inasmuch as the infant's levels of apo B and LDL cholesterol 
(1.58 g/L and 6.4 mmol/L, respectively) were consistent with 
the phenotype of familial hypercholesterolemia. It should be 
emphasized that the low response (3 1 %) to the recall in our study 
makes predictions about the prevalence of dyslipidemia during 
the 1st year of life uncertain. The families who responded may 
have had prior knowledge of a family history of hyperlipidemia 
or premature heart disease. However, the data are consistent 
with familial hypercholesterolemia occuning in about 1 in 500 
infants. 

Our data and also those reported by Sveger et al. (14) suggest 
that using both a high apo B/A-I ratio and a high apo B should 
improve the detection of both familial hypercholesterolemia and 
hyperapo B. The latter is also associated with increased cardio- 
vascular risk (1 5, 16) and when detected in infancy may indicate 
the early expression of the dominantly inherited familial com- 
bined hyperlipoproteinemia (17). In contrast to the findings for 
apo B and apo B/A-I ratio, low apo A-I alone detected in the 1st 
week of life was not in this study predictive of familial dyslipi- 
demia. This was despite the significant but weak correlation we 
found between levels in infants at 1 wk and 8.5 mo and between 
parental and infant levels when the infants were aged 8.5 mo. 
The latter significant correlation for apo A-I was also found by 
Hamsten et al. (18) in a study of 85 Swedish families. 
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Table 5 .  Regression coeJJcients (SEM) between serum total 
cholesterol, triglyceride, ITDL cholesterol, and LDL cholesterol 
concentrations in parents (individual and combined) and their 

infants at age 8.5 5 2.3 mo* 
(Mother + 

Infants? Mother Father father)/:! 

TC Group 1 
( n  = 9) 
Group 2 
( n =  11) 
Group 3 
( n  = 8) 
Group 4 
( n  = 15) 

LDL-C Group l 
( n  = 9) 
Group 2 
( n =  11) 
Group 3 
( n  = 8) 
Group 4 
( n  = 15) 

TG Group 1 
( n  = 9) 
Group 2 
( n  = I I) 
Group 3 
( n  = 8) 
Group 4 
( n  = 15) 

HDL-C Group l 
( n  = 9) 
Group 2 
( n  = 11) 
Group 3 
( n  = 8) 
Group 4 
( n =  15) 

* TC, total cholesterol; LDL-C, LDL cholesterol; TG, triglyceride; and 
HDL-C, HDL cholesterol. 

t Infant groups 1-4 are described in a footnote to Table 1. 
$ p  < 0.01. 
$0.05 >p>0 .01 .  
11 0.10 > p > 0.05. 

There is also evidence in the study for persisting effects of birth 
weight on the levels of individual apolipoproteins. The negative 
correlation of apo A-I levels with birth weight and the positive 
correlation of apo B that had been demonstrated in the neonatal 
period (1) were also present at 8.5 mo. The persistence of these 
birth weight effects is intriguing. Although we have no explana- 
tion for the findings, it is interesting that Sveger et al. (19) also 
found a negative effect of birth weight on apo A-I levels when 
these were measured in 10- to 1 1-yr-old children. In their series, 
obese 10- to 1 1-yr-old children had higher apo B levels and 
higher apo B/A-I ratios than nonobese children, although no 
correlation between apo B and birth weight was documented 
(19). However, both of these findings are in accordance with 
those of our study relating to a persisting effect of birth weight 
on circulating apolipoprotein levels in infancy and childhood. 
We were unable to determine whether our apolipoprotein find- 
ings were independent of gestational age. This is clearly relevant 
because if that were so it would suggest that this continuing effect 
is unrelated to reduced fetal growth. This was the case for the 
inverse relation between systolic blood pressure and birth weight 
documented by Barker et al. (20) for 10-yr-old children and 

adults. Thus, although we do not have explanations for the 
mechanisms, there appears to be an association between birth 
weight and both lipid metabolism and blood pressure in later 
life. 

In conclusion, our findings suggest that measuring apo B and 
the apo B/A-I ratio in infancy could facilitate detection of infants 
and parents with familial hypercholesterolemia and hyperapo B 
and facilitate family-based coronary prevention. When combined 
with apo(a) measurements (21), a more precise definition of 
cardiovascular risk and need for prevention should be possible 
and could be used in older children. The study also documents 
the persistence of an association between birth weight and apo 
A-I and apo B levels during the 1st year of life and in inverse 
relationship between apo B and apo A-I levels at the age of 8.5 
mo. 
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