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Abstract
The objectives were to prospectively assess determinants of apolipoproteins B (ApoB), A1
(ApoA1), and the ApoB/ApoA1 ratio in 797 healthy black and white schoolgirls from mean ages
10 to 19. There was prospective 9-year follow-up, with measures of ApoB at mean ages 10, 12,
14,16 and 19, ApoA1at mean ages 12, 14, 16, and 19, and assessment of annual reports of delayed
menstrual cyclicity (≥42 days) from ages 14 to 19. Studies of 402 black and 395 white healthy
schoolgirls were done in public and private schools, in urban and suburban Cincinnati. Black girls
had lower ApoB, higher ApoA1, and lower ApoB/ApoA1. SHBG at age 14 in white and black
girls was inversely correlated with the ApoB/ApoA1. At age 19, ≥3 annual reports of menstrual
delay ≥42 days and metabolic syndrome were associated with higher ApoB and a higher ApoB/
ApoA1 ratio. From ages 14 to 19, BMI and TG were independently positively associated with
ApoB. Menstrual cyclicity ≥42 days, metabolic syndrome, BMI, and TG were independently
positively associated with ApoB/ApoA1 ratios, while black race was negatively associated. The
atherogenic ApoB/ApoA1 ratio from ages 14 to 19 is lower in black girls, and positively
associated with hyperandrogenism, menstrual cyclicity ≥42 days, BMI, TG, and the metabolic
syndrome, facilitating an adolescent approach to primary prevention of cardiovascular disease.

1. Introduction
Secular trends in childhood and adolescence of increasing obesity [1], insulin resistance, and
the associated metabolic syndrome should overall increase the atherogenic ApoB/ ApoA1
ratio, an independent prospective predictor of myocardial infarction in men [2,3].
Apolipoprotein B (ApoB), the primary protein moiety associated with VLDL and LDL
cholesterol (VLDC, LDLC), may be an optimal index for assessing risk for cardiovascular
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disease, particularly in patients with type 2 diabetes mellitus or metabolic syndrome where
LDLC may not be high, but there are increased numbers of small dense LDL particles, rich
in ApoB [4]. Each molecule of very low-, intermediate-, and low-density lipoprotein
cholesterol has one ApoB100 molecule. ApoB48, produced in the gut, is associated with
chylomicrons, which transfer post-prandial triglyceride (TG) from the intestine to blood
stream, but in fasting subjects with normal TG levels (<200 mg/dL), the total ApoB level
represents the aggregate of atherogenic lipoproteins [5]. There is a common genetic origin of
ApoB100 and ApoB48 [6]. ApoAI, the primary protein moiety associated with HDL
cholesterol (HDLC) [7], is a major index of anti-atherogenic risk. The ApoB/ApoA1 ratio is
related in adults to the metabolic syndrome, and to measures of insulin resistance
(euglycemic insulin clamp glucose disposal rate) [2]; these factors, as well as plasma insulin
[8] have been shown to be independent, prospective predictors of myocardial infarction in a
community-based sample of middle-aged men [2]. In addition, the ApoB/ApoA1 ratio is
associated with the metabolic syndrome in obese children [9].

In the Bogalusa Heart Study, low apoA1, a low ApoA1/ ApoB ratio, and a low LDLC/ApoB
ratio in children were strongly related to parental incidence of myocardial infarction [10].
White children had lower ApoA1 and ratios of LDL cholesterol to ApoB than black children
[10]. Hereditary influences on LDL cholesterol and ApoB were more important in white
than in black children especially for ApoB [11]. The best predictor of the atherogenic ratio
of LDL cholesterol to ApoB (higher ratio is less atherogenic) was HDL cholesterol or the
more dense fraction of HDL (HDL-2 cholesterol) in all 4 sex–race groups [12].

In the current report, using data on 797 healthy schoolgirls in the Cincinnati Clinic of the
National Growth and Health Study (NGHS), prospectively studied from mean ages 10 to 19,
our specific aim was to examine determinants of Apo A1, Apo B, and the ApoB/ApoA1
ratio.

2. Materials and methods
2.1. The study population

In 1987, the National Heart, Lung, and Blood Institute (NHLBI) initiated a 10-year
longitudinal multicenter study (the NHLBI Growth and Health Study [NGHS] [13–15]) to
assess the development of obesity in black and white girls during adolescence and its
environmental, psychosocial, and cardiovascular risk factor (CVD) correlates [14–16].
Participant eligibility was limited to black and white girls who were within 2 weeks of ages
9–10 years and lived in racially concordant households. Race was self-declared by both girls
and parents and guardians. Annual visits were carried out from 9–10 years of age through
18–19 years of age.

2.2. IRB approval
In the NGHS [14] and the ancillary studies [17], procedures followed were in accordance
with the ethical standards of the Institutional Review Board of the Cincinnati Children's
Hospital, which approved the study. Signed informed consent was obtained from the girls'
parents or guardians and assent from the girls in NGHS. After age 18, the girls signed
informed consent for themselves.

2.3. Clinical data collection
As previously described, centrally trained staff used standard protocols [14] for annual
measures of systolic and diastolic blood pressure and anthropometric data, including body
mass index (kg/m2) to assess overweight and waist (beginning in Year 2) to assess fat
patterning [15].
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A single, trained registered nurse practitioner assessed sexual maturation annually during a
brief physical examination and ascertained onset of menarche annually by interview. Most
girls are menarchal [18] by age 14, up to 98% of whites, 97% of blacks [15,19]. In post-
menarchal girls, the nurse practitioner recorded the number of days since the previous
menstrual cycle and whether the participant was pregnant [13,14,17,20]. As previously
described [20–22], in post-menarchal girls, we used previously reported cutpoints for
menstrual delay(≥42 days since the last menses cycle [18,23,24]), assessing 6 annual reports
from ages 14 to 19 years. We based our cutpoint for delayed menstrual cyclicity on the
reports of Van Hooff et al [23,24] and Chiazze et al [18]. In a population study by Chiazze
et al, in 15–19 year old girls, average menstrual cycle length was >40 days in 2.5% of girls
[18]. Defining oligomenorrhea in 15-year old white Dutch girls by menses ≥42 days, Van
Hooff et al [23,24] reported that oligomenorrheic girls were more likely than girls with
either irregular or normal menses to be hyperandrogenic and to have polycystic ovaries.

Fasting blood was drawn for measures of lipid profiles, ApoB, and ApoA1 at mean ages 10,
12, 14, 16, and 19 [14]. Registered dietitians retrieved 3-day dietary records that included
two week days and a weekend day at mean ages 10, 11, 12, 13, 14, 16, 17 and 19 [14].
Records were coded for calculation of total calories and calories from protein, fat, and
carbohydrate using the most recent version of the Nutrition Data System for Research
Software [14,25] developed by the Nutrition Coordinating Center, U Minnesota,
Minneapolis, MN.

NGHS protocols for the collection of data on elective behaviors, including physical activity,
and TV viewing time have been described previously [14,25]. A pedometer (Caltrac ) [26]
was used over one 24-h period including a school day, to record activity. A longitudinally
validated habitual physical activity questionnaire (HAQ) [26–28] was used to measure
leisure-time physical activity including a school day, and separately for a summer day, once
per year from ages 10 to 17. A general physical activity questionnaire was filled out at age
19 [26–28].

In addition, in ancillary projects, the Cincinnati Clinic measured total and free testosterone
[29,30], DHEAS, and sex hormone binding globulin (SHBG) [31] at age 14, insulin at mean
ages 10, 16, and 19, and glucose at ages 10 and 19.

2.4. Laboratory measurements and clinical definitions
Methods for measurement of all metabolites have been previously described [14]. Since
different reagents were used for ApoAI in the measurements at each follow up visit, a
sample (n = 168) of sera aliquots from Years 3, 5, 7, and 10 stored at −80 °C was re-tested at
the Cleveland Clinic Lipid Laboratory using a single common reagent [32]. Since different
reagents were used for ApoB only in the measurements at Year 10, ApoB was re-measured
(n = 65) by the Cleveland Clinic Lipid Laboratory on the Year 7 and 10 samples using a
single common reagent [32].

Pediatric metabolic syndrome was defined at mean age 14 by ≥3 of the following 5 risk
factors as previously described [33]: TG ≥110 mg/dL, BMI≥the race–age specific 90th
percentile, systolic or diastolic blood pressure≥the age- height-specific 90th percentile,
HDLC≤50 mg/dL, and glucose ≥100 mg/dL. Metabolic syndrome (MetS) was also
determined at each year by adult MetS criteria [34], ≥3 of the following 5 conditions:
TG≥150 mg/dL, waist circumference >88 cm, systolic or diastolic blood pressure ≥130/85
mmHg, HDLC<50 mg/dL, and glucose ≥100 mg/dL. MetS category was defined as: 0=had
neither pediatric nor adult MetS, 1=had either pediatric or adult MetS, 2=had both.
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2.5. Statistical analysis
2.5.1. Statistical analyses were done using SAS version 9.1.3—Based on the
ApoB and ApoA1 measurements using specific reagents which were used in NGHS and re-
tested using a standard reagent (available in subsets, n = 168, n = 65), linear regression
formulae were constructed to convert all ApoB, ApoA1 measures corresponding to the
common reagent. Only the standardized ApoB, ApoA1 measures were exhibited in current
report.

2.6. Cross sectional analyses
Demographic data were summarized separately by race and study year, and black–white
differences at each year were assessed by Student's t tests.

Mean and 95% CI of ApoB, ApoA1, ApoB/ApoA1 at age 19 were calculated for categories
of variables: metabolic syndrome [yes, no], insulin and glucose [highest vs other quintiles],
and menses delay category (total number of annual reports of menstrual cyclicity ≥42 days
during age 14–19, [0, 1, 2, ≥3]), comparisons of ApoB, ApoA1, ApoB/ ApoA1 among
categories used analysis of variance after adjusting for race.

Spearman correlations were calculated between sex hormones and SHBG at age 14, and
ApoB, ApoA1, and ApoB/ ApoA1 at ages 14, and the participants' last ApoB and ApoA1
measures during age 17–19, by race.

2.7. Longitudinal analyses
To view the profile of unadjusted ApoB, ApoA1, and the ApoB/ ApoA1 ratio over time in
each race, repeated measures of ApoB, ApoA1 and ApoB/ApoA1 were fit by ordinary linear
regression models of age, age2 and interaction with race for girls who had at least 3
measures. The predicted mean values and their 95% CI were plotted.

To assess independent determinants of the outcome variables of interest over time, mixed
models for repeated measures analyses were used to assess ApoA1, ApoB, and the ApoB/
ApoA1 ratio during ages 14 to 19. First, an ordinary linear regression with stepwise
selection was carried out with the independent variables: race, age, BMI, waist
circumference, TG, annual report of menstrual cycles ≥42 days, total calorie intake, %
calorie from protein, % calories from fat, physical activity during a school day, physical
activity during a summertime day (all during the same year); pediatric MetS, and MetS
category. And multiple imputation for the explanatory variables was carried out (10
imputations) to maximize the number of observations which could be used in the model.
Then, for each imputation the mixed model was constructed including only the significant
explanatory variables from the stepwise selection above (as fixed effects), and subjects
(girls' ID) as the blocking variable (random effect) with an AR (1) covariance structure.
Finally, SAS MI analyze procedure was used to combine all 10 models to estimate the
parameters.

3. Results
Girls with type 1 diabetes mellitus (n = 7) were excluded from the analysis sample for this
report, as described previously [35], and 7 observations were excluded due to pregnancy.
Four hundred and ninety-three girls had measures of sex hormones at age 14. Data on onset
of menarche were obtained in 737 girls. Measures of ApoB were done in 797 girls, of whom
765 had data on length of menstrual cycles.
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In the total cohort of 737 girls having data on onset of menarche, 1.5% had onset at age 10,
9.5% by age 11, 35% by age 12, 66% by age 13, 90% by age 14, 97% by age 15, 99% by
age 16, and 100% by age 17. There was no association between age at menarche and the
total number of annual reports of menstrual cycles ≥42 days from ages 14 to 19, Mantel–
Haenszel X2 = 0.0026, p = .96.

Of 765 girls who had annual reports of menstrual cycle length, at age 14, 7% had cycles ≥42
days; at age 15, 6%; at age 16, 5%; at age 17, 9%; at age 18, 9%; at age 19, 10%; and for all
6 years from age 14 to 19, 8%.

Of the 765 girls with annual reports of menstrual cycle length, from ages 14 to 19, 564
(74%) had no menstrual cycles ≥42 days, 152 (20%) had 1 annual report ≥42 days, 35 (5%)
had 2 reports ≥42 days, and 14 (1.8%) had ≥3 reports ≥42 days . Of the 14 girls who
reported ≥3 annual reports of menstrual cycles ≥42 days, in 8 girls, cycles ≥42 days were
sequential, 2 girls first reported delayed menses at age 14, 3 at age 15, and 3 at age 17. In 6
girls reporting ≥3 cycles ≥42 days, menstrual delays were intermittent, with 3 girls starting
at age 14 and 3 starting at age 16.

ApoA1 and ApoB measurements were done in 797 girls, 395 white and 402 black during
ages 10–19. Measurements for ApoB were obtained at ≥3 visits in 481 girls (60%).
Comparing the 316 girls with <3 ApoB measures vs the 481 girls with ≥3 measurements,
there were no differences in race, BMI, TG, LDLC, ApoA1, ApoB/ApoA1, LDLC/ApoB
(all p > 0.2), however, the group with <3 ApoB measures was younger (13.7 ± 3.3 vs 14.0 ±
3.1 years, p = .01), and, pooling all ApoB measurements, had higher ApoB (73.4 ± 17.7 vs
71.7 ± 16.6 mg/dL, p = .05).

Of 2288 total measurements of ApoB, 1811 measures (79%) were obtained in 481 girls (243
W, 238 B) who had ≥3 measurements. Over 9 years of follow-up, ApoB levels in both white
and black girls could be modeled as quadratic curves of age, main difference was a vertical
shift (p = .005), with lower ApoB levels in blacks, Fig. 1:

White: ApoB = 131.9 − 8.2*age + 0.27*age2 (a concave parabola)

Black: ApoB = 114.6 − 5.8*age + 0.18*age2 (a concave parabola).

At mean ages 12, 14, 16, and 19, measurements for ApoA1 were obtained at ≥3 visits for
336 girls (177 white, 159 black). Of 1741 total measurements of ApoAI, 1130 measures
(65%) were obtained in girls who had ≥3 measurements. Over the 7 years of follow-up,
ApoA1 levels could be modeled as quadratic curves for white and black groups, but
different in intercept (p = .009), in coefficient of age term (p = .004), and in coefficient of
age2 term (p = .004), Fig. 2:

White: ApoA1 = 209.3 − 9.9*age + 0.31*age2 (a concave parabola)

Black: ApoA1 = 111.3 + 4.0*age − 0.16*age2 (a convex parabola).

Over the 7 years of follow-up, the ApoB/ApoA1 ratios (n = 1130) could be modeled as an
almost level straight line for whites and quadratic curve for black (all the 3 coefficients
differ, p ≤ .01), as in Fig. 3:

White: ApoB/ApoA1 = 0.53 + 0.0018*age (a straight line)

Black: ApoB/ApoA1 = 1.11 − 0.079*age +0.0026*age2 (a concave parabola).

ApoB was lower in black than in white girls, significantly lower at ages 10 (74 ± 17 vs 78 ±
17 mg/dL), 14 (68 ± 15 vs 72 ± 15 mg/dL), and 19 (71 ± 17 vs 75 ± 21 mg/dL), Table 1.
ApoA1 was higher in black than white girls, significantly higher at ages 12 (138 ± 14 vs 134
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± 13 mg/dL), 14 (138 ± 21 vs 131 ± 19 mg/dL), and 16 (136 ± 19 vs 131 ± 17 mg/dL),
Table 1.

TG levels were lower in black than in white girls at age 10 (74 ± 30 vs 82 ± 33 mg/dL), at
age 12 (77 ± 35 vs 94 ± 37 mg/dL), at age 14 (70 ± 30 vs 91 ± 47 mg/dL), at age 16 (71 ±
30 vs 93 ± 53 mg/ dL), at age 19 (76 ± 35 vs 98 ± 51 mg/dL); LDLC and the LDLC/ ApoB
ratio did not differ significantly by race, Table 2.

At age 19, girls with ≥3 reports of cycles ≥42 days had the highest ApoB compared to girls
with 2, 1, and 0 menses delays, and they also had a higher ApoB/ApoA1 ratio than girls with
0 or 1 menses delay, Table 3. Girls with 2 menses cycles ≥42 days had lower ApoA1 than
girls with no menses delay, Table 3. Girls with the metabolic syndrome had higher ApoB,
lower ApoA1, and a higher ApoB/ApoA1 ratio than those without metabolic syndrome,
Table 3. Top quintile insulin was associated with lower ApoA1 and with a higher ApoB/
ApoAl ratio, Table 3. TG was positively correlated with the ApoB/ApoA1 ratio, Table 3.

At age 14, in both white and black girls, the ApoB/ApoA1 ratio was inversely correlated
with SHBG, Table 4. In black girls, at ages 17–19, ApoB and ApoB/ApoAl ratio were
inversely correlated with age 14 SHBG, and ApoA1 was positively correlated with age 14
SHBG, Table 4.

Using Mixed Model analyses for repeated measures from age 14 to 19, BMI and TG were
significant independent positive predictors of ApoB, Table 5. Black race, TG, and %
calories from protein were positive predictors of ApoA1, while metabolic syndrome
category and waist circumference were negative predictors, Table 5. For the ratio of ApoB
to ApoA1, BMI, TG, pediatric metabolic syndrome, and menstrual delay ≥42 days were
positive predictors, while black race was a negative predictor, Table 5.

4. Discussion
Focusing on pediatric–adolescent determinants of ApoA1, ApoB, and the ApoB/ApoA1
ratio should facilitate primary approaches to prevention of coronary heart disease (CHD),
given the strong, independent association of the ApoB/ApoA1 ratio to CHD [2–5,7,9]. In the
current study, there were a number of novel findings relative to ApoB/ApoA1 in childhood
and adolescence, which could be relevant to adult cardiovascular risk.

The first novel finding in our study was that menstrual cyclicity ≥42 days, associated with
hyperandrogenism [36], ascertained yearly in post-menarchal girls from ages 14 through 19,
was independently associated with increasing ApoB/ApoA1 ratios. In our study, 90% of
girls were post-menarchal by age 14, the same as reported in the third NHANES study [37]
where 90% of US girls were menstruating by 13.75 years. Other studies have shown that
almost all girls are post-menarchal at age 14 [15, 18, 19], including 98% of whites and 97%
of blacks [19]. In the current study, to provide the most inclusive assessment of annual
reports of delayed menstrual cyclicity, we assessed 6 annual reports from ages 14 to 19.
There was no association (p = 0.96) between age at menarche and the number of annual
reports of menstrual cycles ≥42 days from ages 14 to 19. In our current and recent [21, 22]
studies of the relationships of delayed cyclicity to CVD risk, metabolic syndrome, obesity,
and polycystic ovary syndrome (PCOS), annual reports of menstrual cycles ≥42 days from
ages 14 to 19 were used to identify girls with unequivocal menstrual delay. The ≥42 day
cutpoint for menstrual delay was based on the reports of Van Hooff et al [23,24] and
Chiazze et al [18], and, in the current analysis sample, was found in 8% of reports of
menstrual cycle length from age 14 to 19. Van Hooff et al [23], whose ≥42-day indicator of
oligomenorrhea we used in the current study, reported oligomenorrhea in 24% of 15 year old
white Dutch schoolgirls. Van Hooff et al [23, 24] reported that “…our oligomenorrheic
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group will be a mixture of girls in whom this menstrual cycle pattern is a stage in their
maturation to a regular menstrual cycle pattern and girls who have or will develop PCOS,
characterized by oligo- or anovulation with high LH or androgen concentrations.”

In our current study, in girls with ≥3 menstrual cycles ≥42 days, the first of serial menstrual
cycle delays started at ages 14, 15, and 16, a finding which should alert physicians to assess
causes of oligomenorrhea early during adolescence. Previous longitudinal studies on
adolescent oligomenorrhea or hyperandrogenemia have shown that adolescents maintain
menstrual length characteristics in adulthood [38, 39]. Two thirds of adolescents whose
oligomenorrhea persisted for 2 or more years still have oligomenorrhea 10 years later [39,
40]. Avvad et al [41] reported that menstrual irregularity within the first postmenarchal
years can be an early clinical sign of PCOS.

A limitation of the current study is that the annual report of delayed menses does not fully
disclose what is going on during the rest of the year (i.e., oligomenorrhea, amenorrhea, a
single episode, etc). However, by obtaining annual reports from age 14 through 19, a pattern
of menses delays over a 6 year period should provide a more reliable estimate of menses
delay.

The second novel observation of the current study was the positive correlation of SHBG in
black girls at age 14 to ApoA1 and its negative correlation with ApoB and the ApoB/ApoA1
ratio. In adult women, there is an inverse association of SHBG with coronary [42] and
abdominal aortic calcification [43].

Low SHBG is associated with hyperandrogenism and is a characteristic finding in PCOS
[13]. We speculate that age 14 low SHBG (hyperandrogenism) predicts later higher ApoB/
ApoA1 ratios in young adulthood, since adolescent hyperandrogenism may persist into
adulthood [23,24]. Moreover, at age 19, the ApoB/ApoA1 ratio was higher in girls with top
quintile insulin levels, congruent with higher ApoB/ApoA1 ratios in black girls with annual
reports of menstrual cycles ≥42 days, since hyperinsulinemia, low SHBG, and
oligomenorrhea commonly co-aggregate [13,36,44,45], particularly in PCOS [45].

Given the high prevalence of PCOS [46], our novel finding of reduced adolescent menstrual
cyclicity, low SHBG, and hyperinsulinemia with an increase in the atherogenic ApoB/
ApoA1 ratio has implications for understanding the cardio-metabolic issues and increased
cardiovascular disease in adulthood [42,43,47,48] in women with menstrual irregularity and
PCOS. Our findings of a pro-atherogenic association of low SHBG and menstrual delay in
adolescence with increasing ApoB/ApoA1 foretell outcomes in adult women, where women
with a history of irregular cycles have increased risk of coronary heart disease (CHD) and
type 2 diabetes mellitus compared to women with regular cycles (defined as 27 to 29 or 26
to 31days) [47–49]. Antecedent history of irregular menses and elevated androgens is
associated with high risk for worsening cardiovascular event-free survival [47]. Age-
adjusted risk for CHD mortality increases in adult women with irregular menstrual cycles
[48].

Adolescent boys and girls with metabolic syndrome have lower SHBG levels than healthy
controls [50]. Assessment of menstrual history and appropriate laboratory work-up may
reveal the presence of PCOS in obese at-risk adolescent girls with a family history of the
metabolic syndrome [51]. There are, however, no uniformly agreed upon standard cutpoints
used in the diagnosis of pediatric–adolescent metabolic syndrome [52]. Ford et al [52] found
that there were 40 different definitions of metabolic syndrome used, and the concept of a
metabolic syndrome continues to be controversial whether used for adult or pediatric
populations.
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Our findings in black girls parallel those in male adolescents where obese boys with a high
free androgen index had higher ApoB/ApoA1 ratios than those with a low free androgen
index [53].

The third novel finding in our study was that from ages 12 to 19, by virtue of lower ApoB,
higher ApoA1, lower ApoB/ApoA1, and lower TG, black girls had amore favorable
apolipoprotein– TG risk factor profile, which, compared to white girls, should be less
associated with adult atherosclerosis [10]. To the extent that higher ApoB/ApoA1 ratios are
associated with increased risk for atherosclerosis by virtue of a relatively higher level of
atherogenic apolipoprotein (ApoB) than anti-atherogenic apolipoprotein (ApoA1), stable
higher ratios over time in white girls would be associated with higher risk for
atherosclerosis. On the other hand, the ApoB/ApoA1 ratio in black girls was lower, and fell
over time in a concave parabola (“U” shape).

Black children have lower LDL cholesterol and TG and higher HDL cholesterol [54,55],
larger LDL particles, and favorable lipoprotein subclass concentrations [56,57], all
associated with relatively lower CVD risk. Since black–white differences in the ApoB/
ApoA1 ratio, ApoB, and ApoA1 track during childhood and from adolescence to young
adulthood [58–60], they should protect against CVD in adult black women. Within this
frame of reference, Lee et al have reported that the overall rate for fatal and nonfatal definite
myocardial infarction was lower in blacks than in whites in the Community Cardiovascular
Surveillance Program [61]. However, in the NHANES I epidemiologic follow-up study,
age-adjusted risk for CHD was higher in African–American women ages 25 to 54 years than
in white women, a difference which could be explained by higher BMI and higher blood
pressure [62] in African–American women.

In mixed model analysis with repeated measures, black girls had higher ApoA1 during ages
14–19, congruent with findings in the Bogalusa study [10]. Black race, percent calories from
protein, and TG were positively associated with ApoA1. Metabolic syndrome and waist
circumference were inversely associated with ApoA1. Predictors of the ApoB/ApoA1 ratio
were BMI, TG, metabolic syndrome, menstrual delay (all positive) and black race
(negative). Hence black girls should be at lower CVD risk with respect to black–white
differences in ApoB, ApoA1, and the ApoB/ApoA1 ratio. The metabolic syndrome has
previously been associated with the ApoB/ ApoA1 ratio [9]. We have shown previously that
metabolic syndrome in childhood predicts adult cardiovascular disease and type 2 diabetes
mellitus 25 years later [63,64]. In the study by Lee et al [53], pediatric metabolic syndrome
was significantly positively associated with the ApoB/ApoA1 ratio, congruent with our
current finding. In obese Indian children, the ApoB/ApoA1 ratio was higher in children with
the metabolic syndrome compared to those without metabolic syndrome [9]. In obese
children, physical training reduced the ApoB/ApoA1 ratio by 43% (p < .01) [65]. The
ApoB/ApoA1 ratio has been shown to be strongly associated with metabolic syndrome and
its components in an urban Chinese population [66].

The importance of the atherogenic ApoB/ApoA1 ratio lies in its predictive capability for
development of cardiovascular disease. In the Bogalusa study [10], Srinivasan reported that
low values for ApoA1, the ApoA1 to ApoB ratio, and the LDL cholesterol/ApoB ratio in
children were strongly related to parental incidence of myocardial infarction. The ApoB/
ApoA1 ratio has been shown to be a significant independent predictor of insulin resistance
in US non-diabetic adults [67]. In a 26.8-year follow-up of a community-based sample of
1825 men age 50 at baseline, the ApoB/ApoA1 ratio and the metabolic syndrome
independently predicted risk for myocardial infarction [2]. In prospective studies of 7594 US
adults, mean age 46 at entry from the NHANES III survey, ApoB and the ApoB/ ApoA1
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ratio were significantly associated with CHD death after adjusting for other cardiovascular
risk factors [68].

Although potential racial admixture of girls in the sampling frames was considered,
assigning race by determination of polymorphic markers known to associate with white and
black subgroups [69] was deemed too expensive to be used and also would result in
probabilistic assignments. Consequently, the requirement of racial concordance between the
girl and parents was used instead. We do not believe that the self-declared racial background
systematically affected the results.

In the current study of adolescent girls, the atherogenic ApoB/ApoA1 ratio from ages 14 to
19 was inversely associated with black race, and positively associated with
hyperandrogenism, menstrual cyclicity ≥42 days, BMI, TG, and the metabolic syndrome.
Future studies are needed to determine how ApoB, ApoA1, or the ApoB/ApoA1 ratio could
predict the development of the metabolic syndrome. Moreover, studies are needed to
determine whether correction of ApoB levels or the ApoB/ApoA1 ratio offer more in terms
of CHD risk reduction when compared to the classical LDLC or HDLC measurements.
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TG triglyceride

SHBG sex hormone binding globulin

MetS metabolic syndrome
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DHEAS dehydroepiandrosterone sulfate
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LDLC low density lipoprotein cholesterol

HDLC high density lipoprotein cholesterol

MI multiple imputation

CI confidence intervals
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Fig. 1.
ApoB (mg/dL) in black and white girls from ages 10–19, mean and 95% confidence
intervals.
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Fig. 2.
ApoA1 (mg/dL) in black and white girls from ages 12–19, mean and 95% confidence
intervals.
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Fig. 3.
ApoB/ApoA1 ratio in black and white girls from ages 12–19, mean and 95% confidence
intervals.

Morrison et al. Page 16

Metabolism. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Morrison et al. Page 17

Ta
bl

e 
1

A
po

A
1,

 A
po

B
, a

nd
 A

po
B

/A
po

A
1 

in
 w

hi
te

 a
nd

 b
la

ck
 g

ir
ls

, a
ge

s 
10

–1
9,

 in
 th

e 
N

G
H

S 
st

ud
y.

M
ea

n 
A

ge
W

hi
te

B
la

ck
W

hi
te

 v
s 

B
la

ck

n
M

ea
n 

[9
5%

 C
I 

of
 m

ea
n]

n
M

ea
n 

[9
5%

 C
I 

of
 m

ea
n]

D
if

f 
[9

5%
C

I]

A
po

B
 (

m
g/

dL
)

10
29

8
77

.6
 [

75
.6

, 7
9.

6]
24

6
73

.7
 [

71
.6

, 7
5.

8]
3.

9 
[1

.0
, 6

.8
]†

12
23

3
73

.1
 [

71
.3

, 7
4.

9]
24

2
72

.1
 [

70
.1

, 7
4.

0]
1.

0 
[−

1.
6,

 3
.7

]

14
21

2
72

.4
 [

70
.4

, 7
4.

5]
19

5
67

.8
 [

65
.6

, 6
9.

9]
4.

6 
[1

.7
, 7

.6
]†

16
23

2
69

.2
 [

66
.9

, 7
1.

6]
23

1
66

.5
 [

64
.5

, 6
8.

5]
2.

8 
[−

0.
3,

 5
.9

]

19
18

3
74

.9
 [

71
.9

, 7
7.

9]
21

6
71

.0
 [

68
.7

, 7
3.

3]
3.

9 
[0

.2
, 7

.5
]*

A
po

A
1 

(m
g/

dL
)

10
0

0

12
23

3
13

4.
4 

[1
32

.8
, 1

36
.1

]
24

1
13

7.
6 

[1
35

.9
, 1

39
.3

]
−

3.
2 

[−
5.

5,
 −

0.
8]

†

14
21

2
13

0.
7 

[1
28

.2
, 1

33
.3

]
19

5
13

8.
2 

[1
35

.3
, 1

41
.2

]
−

7.
5 

[−
11

.4
, −

3.
7]

§

16
23

2
13

0.
8 

[1
28

.7
, 1

33
.0

]
22

9
13

5.
6 

[1
33

.1
, 1

38
.0

]
−

4.
7 

[−
8.

0,
 −

1.
4]

†

19
18

3
13

0.
0 

[1
27

.8
, 1

32
.2

]
21

6
12

9.
3 

[1
27

.6
, 1

31
.0

]
0.

7 
[−

2.
0,

 3
.4

]

A
po

B
/A

po
A

1

10
0

0

12
23

3
0.

55
 [

0.
53

, 0
.5

6]
24

1
0.

53
 [

0.
51

, 0
.5

4]
0.

02
 [

0.
00

02
, 0

.0
4]

*

14
21

2
0.

57
 [

0.
55

, 0
.5

9]
19

5
0.

50
 [

0.
48

, 0
.5

2]
0.

07
 [

0.
04

, 0
.0

9]
§

16
23

2
0.

54
 [

0.
52

, 0
.5

6]
22

9
0.

50
 [

0.
48

, 0
.5

2]
0.

04
 [

0.
01

, 0
.0

6]
†

19
18

3
0.

58
 [

0.
56

, 0
.6

1]
21

6
0.

55
 [

0.
53

, 0
.5

7]
0.

03
 [

−
0.

00
2,

 0
.0

6]

* p 
<

 .0
5.

† p 
<

 .0
1.

§ p 
<

 .0
00

1.

Metabolism. Author manuscript; available in PMC 2013 October 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Morrison et al. Page 18

Ta
bl

e 
2

T
ri

gl
yc

er
id

e,
 L

D
L

 c
ho

le
st

er
ol

, a
nd

 th
e 

ra
tio

 o
f 

L
D

L
 c

ho
le

st
er

ol
 to

 A
po

B
 in

 w
hi

te
 a

nd
 b

la
ck

 g
ir

ls
 in

 th
e 

N
G

H
S 

st
ud

y.

M
ea

n 
A

ge
W

hi
te

B
la

ck
W

hi
te

 v
s 

B
la

ck

n
M

ea
n 

[9
5%

 C
I 

of
 m

ea
n]

n
M

ea
n 

[9
5%

 C
I 

of
 m

ea
n]

D
if

f 
[9

5%
C

I]

T
G

 (
m

g/
dL

)

10
29

8
82

 [
78

, 8
6]

24
6

74
 [

70
, 7

8]
8 

[2
, 1

3]
†

12
23

3
94

 [
89

, 9
9]

24
2

77
 [

73
, 8

2]
17

 [
11

, 2
4]

§

14
21

2
91

 [
84

, 9
7]

19
5

70
 [

66
, 7

4]
21

 [
13

, 2
8]

§

16
23

2
93

 [
87

, 1
00

]
23

1
71

 [
68

, 7
5]

22
 [

14
, 3

0]
§

19
18

3
98

 [
91

, 1
06

]
21

6
76

 [
71

, 8
1]

22
 [

14
, 3

1]
§

L
D

L
 c

ho
le

st
er

ol
 (

m
g/

dL
)

10
29

5
10

8 
[1

04
, 1

11
]

24
6

10
3 

[1
00

, 1
07

]
4 

[−
0.

5,
 9

.3
]

12
23

3
98

 [
95

, 1
01

]
24

2
99

 [
95

, 1
02

]
−

0.
6 

[−
5,

 4
]

14
21

2
93

 [
90

, 9
7]

19
5

88
 [

85
, 9

2]
5 

[−
0.

3,
 1

0]

16
23

1
95

 [
91

, 9
8]

22
9

93
 [

89
, 9

6]
2 

[−
3,

 7
]

19
18

2
10

1 
[9

6,
 1

06
]

21
6

97
 [

94
, 1

01
]

3 
[−

2,
 1

0]

L
D

L
/A

po
B

10
29

5
1.

40
 [

1.
37

, 1
.4

4]
24

6
1.

41
 [

1.
38

, 1
.4

5]
−

0.
01

 [
−

0.
06

, 0
.0

4]

12
23

3
1.

33
 [

1.
30

, 1
.3

5]
24

2
1.

35
 [

1.
33

, 1
.3

8]
−

0.
03

 [
−

0.
06

, 0
.0

05
]

14
21

2
1.

27
 [

1.
25

, 1
.2

9]
19

5
1.

30
 [

1.
27

, 1
.3

2]
−

0.
02

 [
−

0.
05

, 0
.0

1]

16
23

1
1.

37
 [

1.
35

, 1
.3

9]
22

9
1.

40
 [

1.
37

, 1
.4

2]
−

0.
03

 [
−

0.
06

, 0
.0

07
]

19
18

2
1.

34
 [

1.
31

, 1
.3

6]
21

6
1.

36
 [

1.
34

, 1
.3

8]
−

0.
02

 [
−

0.
06

, 0
.0

1]

† p 
<

 .0
1.

§ p 
<

 .0
00

1.

Metabolism. Author manuscript; available in PMC 2013 October 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Morrison et al. Page 19

Table 3

Relationships of metabolic syndrome, menstrual cycles ≥42 days, insulin, glucose and triglyceride to ApoB,
ApoA1 and ApoB/ApoA1 at age 19.

ApoB (mg/dL) n Mean [95% CI of mean]

ALL 399 72.8 [70.9, 74.6]

No menses delay during age 14–19 279 72.9 [70.7, 75.1]

1 delay during age 14–19 85 71.5 [67.5, 75.5]

2 delays during age 14–19 24 70.3 [62.8, 77.8]

≥3 delays during age 14–19 11 84.6 [73.0, 96.2] * vs all other 3 categories

MetS at same year 22 85.2 [75.0, 95.3]

Not 375 72.0 [70.1, 73.8] ‡

Insulin in top quintile 77 74.8 [70.7, 78.9]

Not 309 72.2 [70.1, 74.4]

Glucose in top quintile 72 72.1 [67.7, 76.5]

Not 295 72.5 [70.3, 74.6]

Correlation with Triglyceride 399 Spearman r=0.45§

ApoA1 (mg/dL)

ALL 399 129.6 [128.3, 131.0]

No menses delay during age 14–19 279 130.4 [128.8, 132.1]

1 delay during age 14–19 85 128.5 [125.6, 131.4]

2 delays during age 14–19 24 124.4 [118.9, 129.9]* vs no delay

≥3 delays during age 14–19 11 127.9 [119.4, 136.4]

MetS at same year 22 122.7 [117.4, 128.1]

Not 375 130.1 [128.7, 131.5]*

Insulin in top quintile 77 124.5 [121.7, 127.4]

Not 309 130.6 [129.1, 132.1]‡

Glucose in top quintile 72 127.4 [124.3, 130.4]

Not 295 130.0 [128.5, 131.6]

Correlation with Triglyceride 399 Spearman r = 0.12*

ApoB/ApoA1

ALL 399 0.57 [0.55, 0.58]

No menses delay during age 14–19 279 0.56 [0.55, 0.58]

1 delay during age 14–19 85 0.56 [0.53, 0.59]

2 delays during age 14–19 24 0.57 [0.51, 0.63]

≥3 delays during age 14–19 11 0.66 [0.57, 0.76]* vs no delay, vs 1 delay

MetS at same year 22 0.70 [0.61, 0.79]

Not 375 0.56 [0.54, 0.57]§

Insulin in top quintile 77 0.61 [0.57, 0.64]

Not 309 0.56 [0.54, 0.57]†

Glucose in top quintile 72 0.57 [0.53, 0.61]

Not 295 0.56 [0.54, 0.58]
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ApoB (mg/dL) n Mean [95% CI of mean]

Correlation with Triglyceride 399 Spearman r = 0.38§

Adjusted for race, differ between categories:

*
<.05;

†
p < .01;

‡
p < .001;

§
p < .0001.
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Table 4

Spearman correlations between age 14 free testosterone, DHEAS, sex hormone binding globulin (SHBG) and
ApoB, ApoA1, ApoB/ApoA1 at mean ages 14, and 17–19 in NGHS girls.

White (n=237), free testosterone, DHEAS and SHBG measured at age 14 yrs (13.9 ±0.4, median 13.9)

Free Testosterone 1.24±0.63,
median 1.16 (pg/mL)

DHEAS 179±106, median 157
(mcg/dL)

SHBG 19.1 ±10.9, median 17.0
(nmol/L)

ApoB at age 14 r=−0.028, n=201 r=−0.034, n=201 r=−0.089, n=201

ApoB at age 17–19 r=−0.032, n=190 r=−0.061, n=190 r=−0.062, n=190

ApoA1 at age 14 r=−0.082, n=201 r=−0.0088, n=201 r=0.084, n = 201

ApoA1 at age 17–19 r=−0.10, n=190 r=−0.080, n=190 r=0.14, n = 190

ApoB/ApoA1 at age 14 r=0.020, n=201 r=−0.0092, n=201 r=−0.15*, n = 201

ApoB/ApoA1 at age 17–19 r=0.013, n=190 r=−0.0052, n=190 r=−0.12, n=190

Black (n = 253), free testosterone, DHEAS and SHBG measured at age 14 yrs (14.0±0.5, median 14.0 )

Free Testosterone 1.18±0.75,
median 1.06

DHEAS 179±91, median 161 SHBG 18.5±9.9, median 17.0

ApoB at age 14 r=0.0070, n=185 r=−0.043, n=185 r=−0.14, n=185

ApoB at age 17–19 r=0.083, n=195 r=−0.067, n=195 r=−0.23†, n = 195

ApoA1 at age 14 r=−0.049, n=185 r=0.023, n=185 r=0.21†, n=185

ApoA1 at age 17–19 r=−0.084, n=195 r=− 0.0085, n = 195 r=0.18,* n=198

ApoB/ApoA1 at age 14 r=0.028, n=185 r=−0.064, n=185 r=−0.24†, n = 185

ApoB/ApoA1 at age 17–19 r=0.11, n=195 r=−0.054, n=195 r=−0.30§, n=195

No significant differences between races in free testosterone, DHEAS or SHBG.

*
p < .05.

†
p < .01.

§
p < .0001.
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Table 5

Mixed model for repeated measures analysis of ApoB, ApoA1 and ApoB/ApoA1 in 670 girls during ages 14
to 19.

Dependent Variable Significant explanatory variable Parameter estimate, 95% CI p

ApoB intercept 50.56 [46.43, 54.70] <.0001

BMI (kg/m2) 0.40 [0.24, 0.57] <.0001

TG (mg/dL) 0.13 [0.11, 0.15] <.0001

ApoA1 intercept 143.86 [135.82, 151.90] <.0001

Black race 5.66 [3.32, 8.00] <.0001

Met S category (0, 1,2) −9.03 [−12.81, −5.24] <.0001

Waist circumference (cm) −0.29 [−0.39, −0.19] <.0001

TG (mg/dL) 0.037 [0.013, 0.061] .003

% calorie from protein 0.40 [0.10, 0.70] .008

ApoB/ApoA1 intercept 0.35 [ 0.32, 0.39] <.0001

Black race −0.043 [ −0.063, −0.023] <.0001

BMI (kg/m2) 0.0057 [0.0041, 0.0072] <.0001

TG (mg/dL) 0.00080 [0.00063, 0.00098] <.0001

Pediatric Met S (Yes as 1, no as 0) 0.097 [0.049, 0.148] <.0001

menstrual cycles ≥42 days (Yes as 1, no as 0) 0.041 [0.013, 0.015] .002

Stepwise regression was used to select significant explanatory variables from race, age, BMI, waist circumference, TG, annual report of menstrual
cycles ≥42 days, total calorie intake, % calorie from protein, from fat, physical activity during school day, physical activity during a summer day
(all at the same years), pediatric Met S, Met S category (neither pediatric MetS nor adult MetS as 0, either one as 1, both as 2), and total number of
annual reports of menses delay (1–6). Multiple (n = 10) imputations for 1269 observations which had ApoB. Then for each imputation, mixed
model for repeated measures analysis was constructed including only significant explanatory variables as fixed effect, and subjects as random
effect, with AR(1) variance structure within subjects. Finally, Procedure MIanalyze combined all 10 models from 10 imputations and estimated
parameters.
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