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ABSTARCT

Objective: To determine the association between apo B levels in mothers and their pre-
school offspring.

Methods: Anthropometric measurement (e.g. BMI), lipids, lipoproteins, and
apolipoproteins (e.g. apo B) levels were obtained in mothers and their children in

November 2015 in Buenos Aires.



Results: Eighty-four children (42M) aged 5.3+1.6 years and their mothers aged 33.8+7.2
years were examined. The prevalence of overweight was 39.2% (33) in mothers and
22.6%(19) in children, and the prevalence of obesity was 38.1% (32) in mothers and
10.7% (9) in children. Multiple linear regression analysis showed that maternal apo B
levels were associated with apo B levels in their offspring, adjusted for confounding
variables (Beta=0.29; p=0.03; R2=0.25). Furthermore, offspring born to mothers with high
apo B levels were six times likelier to have high apo B levels (OR), 5.7; (95% CI 1.3-25.5].

Conclusions: This study suggests that maternal apo B levels were significantly associated

with apo B concentration in their pre-school age children.

Background

The relationship between traditional cardiovascular disease (CVD) risk
factors and the occurrence of cardiovascular events is well understood (1). The
odds of developing CVD in adulthood are enhanced if risk factors, including
dyslipidemia, are present in childhood (1,2). Cardiovascular risk factors are well
known to be shared traits between parents and their children (3,4). Many CVD risk
factors correlate independently of parent and child BMI (5). In a large group of
elementary school children and their mothers, we have previously shown that the
increase in a mother’s waist circumference was associated with high prevalence of
metabolic syndrome in their children (6).

Dyslipidemia, a CVD risk factor, is well known to be a feature shared between
parents and their children (7-9). However, studies have clearly shown that
traditional determinants, such as total cholesterol, HDL-C, LDL-C and triglycerides
are inadequate for assessing the risk for future CVD, especially in children of
younger ages (10). Although low density lipoprotein-cholesterol (LDL-C) remains

the chief target of therapy to lower CVD events, apolipoprotein B (apo B), the



major apolipoprotein of very low density lipoprotein (VLDL), intermediate density
lipoprotein (IDL), and LDL particles, has also been proposed as a marker with high
predictive value (11). There has been a growing emphasis on the fact that each
LDL particle and other lipoproteins such as VLDL and IDL contain a single
molecule of apo B, meaning that measurement of apo B concentration constitutes a
reliable surrogate of the number of circulating atherogenic lipoprotein particles.
Small, dense LDL particles are common and, when present, LDL-C concentration
underestimates the number of LDL particles (11). Because risk of atherosclerosis
appears to be more directly related to the number of circulating atherogenic
particles that enter the arterial wall than to the concentration of LDL-C, apo B
would be a better predictor of CVD risk than serum LDL-C in children (12).
Although the amount of CVD risk factors are significantly lower in children
than in adults, children with levels at the extremes of the normal range are thought
to be at greater future risk (13). A recent study found positive correlations for
measures of adiposity, systolic blood pressure (BP), total cholesterol, LDL-C, HDL-
C, triglycerides, and insulin sensitivity between parents and their children (6-18
years) (5). The measurement of apo B is standardized, simple, and inexpensive and
can be done with samples obtained from non-fasting individuals (11). As fasting is
an issue in pre-school aged children, the measurement of apo B levels allows us to
circumvent this problem. To the best of our knowledge, there is no information
about the association between apo B levels in mothers and their pre-school aged
children. The objective of this study was to determine the association between apo

B levels in mothers and in their pre-school aged offspring.

Methods



Study design

A cross-sectional study was designed to determine the association between apo
B levels in mothers and their pre-school aged children. The study was approved by
the Human Rights Committee. Each parent gave written informed consent after an
explanation of the study and before its initiation.
Study population

Convenience sampling was used due to economic limitations. Approximately
70% of children attending a pre-school in the northern suburban area of Buenos
Aires, Argentina, were included in the sample. Eighty-four mother/child pairs were
evaluated. Children aged 3-6 years were examined in November 2015. Age, sex,
weight, height, and waist circumference were recorded for all children attending
the pre-school (112; 56 males). However, only 84 mother/child pairs were
included in the study, as only these pairs were not excluded based on the exclusion
criteria below.
Exclusion criteria

Exclusion criteria were: 1-missing anthropometric or biochemical data; 2-
mothers and/or children not fasting for 12 hours; 3-presence of type 1 or type 2
diabetes or other chronic diseases; 4-mothers being pregnant; 5- the informed
consent form not being signed. Furthermore, only one child per mother was
included. Given that some families had more than one child, the sample was
randomized to determine which child would be included. We chose to study
mothers and not both parents, as only mothers could attend the evaluation with
their children. Most of the fathers worked full time and could not attend.
Therefore, fathers were not included in the study.

Data Collection



Three sets of data were collected: demographic data, anthropometric
measurements, and blood samples for lipid, lipoprotein, and apolipoprotein
analysis. Trained research assistants performed all measurements. Socio-
demographic characteristics recorded included age, level of education and the
presence or absence of a refrigerator or a dirt floor in the house. These two
indicators are used to identify families of very low socioeconomic level by the
National Statistics and Censuses Institute of Argentina (INDEC,2010) (14). Height
and weight were measured with subjects wearing light clothing and without shoes.
Height was recorded to the nearest 0.1 cm with a wall-mounted stadiometer.
Weight was measured to the nearest 0.1 kg on a medical balance scale.

Sample Analysis

Whole-blood samples were collected from the antecubital vein, after an
overnight fast of 12 hours, for measurement of triglycerides, total cholesterol, LDL-
C, HDL-C, apo B, and apo A-I levels. In order to avoid technical bias due to possible
changes in calibration or internal quality control, all samples were analyzed with a
standardized homogeneous assay in a single laboratory. Lipids and lipoproteins
were analyzed by standardized methods using the 5800 AU Analyzer (Beckman
Coulter, CA, USA). Apo A-I and apo B levels were quantified by
immunonephelometry (IMMAGE®, Beckman Coulter, Fullerton, CA, USA). Within
and between assay coefficients of variation (CVs) were the following: total
cholesterol 1.1 and 1.5 %; high density lipoprotein-cholesterol (HDL-C) 3.2 and 3.8
%; triglycerides 1.3 and 2.4 %, and apo B, 2.41 % and 1.16%, respectively.
Concentration of non-HDL-C was calculated as total cholesterol minus HDL-C. LDL-
C concentration was calculated with the Friedwald formula given that no

participant presented with severe hypertriglyceridemia (15).



Defining overweight/obesity and dyslipidemia in children

Body mass index (BMI) was calculated as weight in kilograms divided by
height in m?, and z-score (BMI-z) was calculated as the deviation of BMI based on
the mean CDC reference values, accounting for age and sex (16). Children were
classified as underweight (<5th percentile), normal weight (5th to <85th
percentile), overweight (85th to <95th percentile), or obese (295th percentile)
according to Center for Disease Control (CDC) age- and sex-specific growth chart
percentiles (16). Triglyceride concentrations 21.69 mmol/L were considered
abnormal according to the reference standards of the American Heart Association
(17). LDL-C > 3.36 mmol/L and HDL-C <1.04 mmol/L were considered abnormal
for children (18).

Defining overweight/obesity and dyslipidemia in mothers
Overweight was defined as BMI 225 and <30 kg/mZ and obesity as BMI

>30kg/m2 according to the National Cholesterol Education Program’s Adult
Treatment Panel III (19). Abnormal lipid levels were defined as triglycerides >1.69
mmol/L, HDL-C <1.29 mmol/L, and LDL-C >3.36 mmol/L (19).

Statistical analysis

Risk factors in children and mothers were described by mean * standard
deviation for continuous variables and percentage for categorical variables.

The fit to normal distribution of continuous variables was assessed using the
Shapiro-Wilk test. Variables with a skewed distribution were logarithmically
transformed for analysis. After log transformation, the data were tested again to
confirm the findings. When comparing two groups with normally distributed data,
a student t-test was performed. When comparing more than two groups with

normally distributed data, one-way analysis of variance (ANOVA) and Student-



Newman-Keuls post hoc tests were used. Bonferroni’s adjustment was carried out
when many comparisons were performed. All data with skewed distributions
were normalized after log transformation. When the homogeneity of the variances
could not be proved, the Brown-Forsythe test was employed. In particular in this
analysis we applied it in cases where, although homogeneity was not rejected, the
p value was not high enough to accept it. In those cases (non-HDL-C and LDL-C) we
performed both tests (standard Anova and Brown-Forsythe) in order to determine
the consistency of the results. Pearson and Spearman correlation coefficients were
calculated to assess the degree of mother-child association in continuously
distributed risk factors. Pearson correlation was used for normal data distribution,
and Spearman, for skewed distribution. Multiple linear regression analysis was
performed to examine the relationship between apo B levels in mothers and their
offspring, adjusted for age, sex, and children’s and maternal BMI. Multiple logistic
regression analysis was performed to examine the relationship between high apo
B levels in mothers and their offspring, adjusted for age, sex, and children’s and
maternal BMI.

All tests were 2-sided, and p-values of less than 0.05 were considered
statistically significant. Analyses were performed using the SPSS statistical
software package version 22.0 (Chicago, IL, USA). The authors had full access to

the data and take responsibility for its integrity.

Results
Characteristics of mothers and their children
Anthropometric measurements were performed in 112 children. However, 28

mother-child pairs were excluded from the study based on the previously stated



exclusion criteria: 6 mothers were pregnant, 14 children only had their father
present and not their mother, 3 participants did not sign informed consent forms,
and 5 participants were siblings. Therefore 84 mother-child pairs were included in
the study.

This information was collected, but was never corrected in analysis. I am
assuming this is because these parameters were very similar between all
participants. However, this should be stated in the results section after statistics of
education level and socioeconomic status are presented.

There was no difference in the mean age and BMI between all children
(n=112; 56 males) and those who underwent the complete examination (n=84; 42
males) (p=0.34). All of the pairs belonged to a low socioeconomic level. Ninety
percent of the mothers did not have a high school education. None of them had a
dirt floor and only one did not have a refrigerator in the house. There was not a
significant difference in the socioeconomic levels between families who
participated in the study.

Table 1 shows the mean values of all variables for mothers and their
children included in the study. Nineteen (22.6%) children were overweight and 9
(10.7%) were obese; whereas 33 (39.2%) mothers were overweight and 32
(38.1%) were obese. The average maternal BMI was approximately 29 kg/m?2,
indicating that, as a group, they were overweight/obese. Thirty-four children
(40%) and 64 (76%) mothers had low HDL-C concentration; whereas 4 children
(5%) and 19 (23%) mothers had high triglyceride concentration. Three children
(4%) and 16 (19%) mothers had high total cholesterol concentration. In addition,
2 children (2%) and 21 (25%) mothers had high LDL-C concentration. The

prevalence of low HDL-C was the most common CVD risk factor among children



and their mothers.
Univariate associations

Most variables explored as continuous variables were significantly
correlated between mothers and their offspring: BMI (r=0.50) triglycerides
(r=0.31), total cholesterol (r=0.31), HDL-C (r=0.29), non-HDL-C (r=0.29), LDL-C
(r=0.33), apo B (r=0.34), and apo B/apo Al (r=0.33). However, apo A-I levels were
not significantly associated. The sample size was too small to evaluate sex-specific
correlations.
Analysis of CVD risk factors in children according to maternal apo B quartile

Maternal apo B levels ranged from 0.40 to 2.08 g/L. Children were divided
into four groups according to maternal apo B quartiles and the means of several
variables were compared between these groups (Table 2). Children’s z-BMI total
cholesterol, non-HDL-C, LDL-C, and apo B significantly increased as maternal apo B
quartiles increased (Table 2). However, mean values of HDL-C, triglycerides, apo
A-1, and apo B/apo A-I were not significantly different between maternal apo B
quartiles. Children with maternal apo B >III quartile had significantly higher BMI-z
(1.2+£1.1vs. 0.4 +1.2; p<0.05), LDL-C (2.73 £ 0.75 vs. 2.05 * 0.57 mmol/L; p<0.05),
and apo B (0.93 £ 0.20 vs. 0.74 * 0.15 g/L; p<0.01) than those with maternal apo B
<III quartile (Figure 1).
Multiple regression analyses

Multiple linear regression analysis showed that maternal apo B levels were
significantly associated with apo B levels in their offspring adjusted for age, sex,
and children’s and maternal BMI (R2=0.25; p<0.05) (Table 3). Furthermore,
multiple logistic regression analysis showed a significant increase in the odds ratio

for high apo B (> IlI quartile) among pre-school age children whose mothers had



apo B > III quartile compared with those with maternal apo B< III quartile adjusted
for sex, age, and children’s BMI [odds ratio (OR), 5.7; (95% CI 1.3-25.5]. In this
cohort, an offspring born to a mother with high apo B levels had approximately six
times the likelihood of having high apo B, independent of age, sex, and adiposity.
This suggests that these pre-school aged children whose mothers have a high apo

B concentration are at higher risk for CVD.

Discussion

The aim of this study was to determine the association between apo B levels
in mothers and in their pre-school offspring. We found that maternal apo B levels
were significantly associated with apo B levels in their pre-school age offspring,
adjusted for age, sex, and children’s and maternal BMI. Therefore, mother-child
correlations in apo B levels were independent of mother-child BMI. There is strong
evidence demonstrating that higher levels of BMI, BP, and lipids, even within the
normal range, tend to track into adulthood, are difficult to reverse, and are
associated with increased morbidity over time (20). Previous studies in adults
showed that the non-traditional risk factor, apo B, was a better marker of risk for
CVD than LDL-C (12,21). Because atherosclerosis begins early in life and remains
hidden for many years, screening for modifiable CVD risk factors should be
performed (7). Successful prevention of CVD depends on early identification and
modification of risk factors. Therefore, measurement of apo B levels in mothers
and in their pre-school children may identify individuals with CVD risk who may
benefit from early intervention.

There was a high prevalence of overweight/obesity in pre-school children
(33%) and in their mothers (77%) in this sample. Furthermore, we found that apo

B levels in mothers were significantly associated with apo B levels in their
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children. Specifically, the mother-child apo B correlation was independent of
adiposity. Furthermore, the multiple linear regression analysis showed that after
adjusting for mother and child BMI, the correlation remained significant.
Therefore, the implications of our results apply to both obese and non-obese
mothers and their offspring. Consistently, a previous longitudinal study in
adolescents showed that other mechanisms could act, in part, independently of
obesity, as insulin resistance during adolescence did not follow the expected
course in relation to developmental changes in adiposity (22). This highlights the
importance of shared genetic or environmental traits independent of obesity in the
transmission of CVD risk (7). An important genetic influence on BMI and lipid
levels is supported by adoption and twin studies, where a strong correlation was
found between adopted offspring and their biological parents, and between
monozygous twins and other pedigrees (23,24). Studies have suggested that CVD
begins during childhood, which may in part be due to genetic susceptibility, while
increased CVD risk is also mediated or modulated through environmental/lifestyle
factors [25,26].

Our results from a sample of pre-school children with and without risk
factors indicate that measurements of apo B concentration correlate between
mothers and their offspring. Our findings were consistent with other studies
associating parents’ lipid profiles with those of their offspring (7,27). In 1984, the
Basel Family Study showed that BMI and lipid levels, such as cholesterol,
triglycerides, and HDL-C, were strongly correlated between children and parents
from 506 Swiss families (28). However, the mean age of children from the Swiss
cohort was 17.3 years (28). In addition, Reis et al. described correlations of

traditional CVD risk factors between 170 parent-child pairs living in the USA [7]. A
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study performed by our group in a large cohort of elementary school children
showed that a mother’s waist circumference was associated with the presence of
the metabolic syndrome in their children (6). However, our study differs from
previous studies in that the offspring were pre-school children (under the age of 6
years) and non-traditional risk factors were measured, whereas most previous
studies have examined the association between traditional risk factors in parents
and their children over six years old. We found that children with mothers with
apo B concentrations in the fourth quartile not only had significantly higher apo B
levels, but also higher z-BM], total cholesterol, and LDL-C than children in the other
quartiles of maternal apo B. Veerkamp et al. (29) suggested that the most
consistent lipoprotein abnormality present across time within and between
different affected individuals with familial combined hyperlipidemia was elevated
apo B concentration. Consistently, previous studies demonstrated that non-fasting
apolipoproteins were superior to any of the lipid levels for estimation of the risk of
acute myocardial infarction regardless of ethnicity, age, or sex (11). In the clinical
setting, measurement of triglycerides and LDL-C (calculated by Friedewald
formula) requires a 12 hour fast. In contrast, measurement of non-traditional risk
factors, such as apo B, might be more convenient because they can be measured at
any time, regardless of food intake (11,30). The clinical measurement of
apolipoproteins is standardized, simple, and inexpensive (11). Therefore, as
fasting is an issue in the pediatric population, especially in pre-school ages,
measurement of apo B might be a more easily accessible tool for identifying
children at risk of CVD. The more accurately risk can be defined, the more cost
effective primary prevention will be (11). As far as we know, the association

between apo B levels in mothers and their pre-school children has not yet been
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described. CVD risk factors in the current health care system focuses on the
individuals who present themselves for care. This focus limits the delivery of
available preventive healthcare measures, because pre-school children do not seek
primary care services. Our study provides additional evidence to support the
screening of young parents and their pre-school children to measure apo B levels
as it is standardized, simple, inexpensive, and can be measured in non-fasting
samples (11). Identification of CVD risk factors in mothers should prompt a
recommendation for their children to consult a pediatrician for assessment,

diagnosis, prevention, and/or treatment.

Several limitations of this study should be acknowledged. First, it was a
cross-sectional study, and thus the directionality of the associations cannot be
established. Second, a local sample was recruited from a single geographic area.
Third, only mothers and not fathers were able to participate. Based on this study
design, we were unable to assess the relative contribution of the risk factor status
of fathers and both parents simultaneously on children’s risk factors. Because this
study was performed in a community from low socioeconomic level, the results
cannot be generalized for other communities. The strengths of our study included
a population-based sample of only pre-school children, which excluded the
influence of puberty on our results. Finally, few, if any, previous studies in pre-
school children have examined the association between apo B levels in mothers
and their children, taking into account the potential confounding effect of
anthropometric measures.

Conclusions

Our findings indicate that maternal apo B levels are significantly associated
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with apo B levels in their pre-school age children, adjusted for confounding
variables. Furthermore, the mother-child correlations in apo B levels were
independent of mother-child adiposity. Measurement of apo B levels in mothers
may identify both high-risk children and mothers who may benefit from
intervention. Further longitudinal studies should be performed to confirm these
findings.

There is not any potential conflict of interest
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Table 1: Clinical and Metabolic Characteristics of Mothers and their Children.

Children Mothers
(n=84) (n=84)

Age (years) 5.311.6 33.8+7.2
Sex (Male/female) 42/42 0/84
Weight ( kg) 19.9+4.4 70.9+15.6
Height (cm) 108.4+7.4 157.6%5.7
z-Height -0.37+1.27
BMI (Kg/m?) 16.8+2.1 28.7+5.8
z-BMI 0.63+1.12 -
WC (cm) 56.0+7.4 94.5+13.1
Systolic BP (mmHg) 88.5+11.1 114.0+£11.8
Glucose (mmol/L) 4.16+0.40 4.66+0.48
TG (mmol/L) 0.97+0.43 1.22+0.63
TC (mmol/L) 3.831+0.68 4.54+2.34
HDL-C (mmol/L) 1.13+0.25 1.19+0.49
LDL-C (mmol/L) 2.22+0.67 2.96+1.07
Non-HDL-C (mmol/L) 2.82+0.68 3.35+1.07
Apo A-l (g/L) 1.3840.25 1.55+0.27
Apo B (g/L) 0.78+0.19 0.94+0.30
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BMI, body mass index; WC, waist circumference; BP, blood pressure, TG,
triglycerides, TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDLC,
low-density lipoprotein cholesterol; Apo, apolipoprotein. Data are mean + SD or
median (percentile 25-50) values. Z-score is a quantitative measure of the deviation
of a specific variable taken from the mean of that population. In particular, CDC z-

BMI takes into account age and sex.

Table 2: Clinical and Metabolic Characteristics in Pre-school Children According to

Maternal Apo B Quartiles.

Quartile | Quartile Il Quartile 1l Quartile IV

0.39-0.73 0.75-0.87 0.88-1.11 1.14-2.08
Age (years) (NS) 4.7+0.9 53+1.0 54+1.1 5.4+0.9
z-BMI(b) 0.1 +1.19 0.40+1.2 0.7+0.9 1.20+1.10
Systolic BP (NS) 83.6+8.9 90.0 + 10.5 91.2+11.1 89.0+12.8
TC (mmol/L)(c) 3.6 +0.649 3.77 £ 0.56 3.63+0.62 4.34 +0.67
HDL-C (mmol/L) (NS) 1.12+0.20 1.20+0.26 1.05+0.22 1.14+0.31
LDL-C (mmol/L) (a) 1.99+0.70 2.05+0.57 2.15+0.55 2.73+0.75
TG (mmol/L) (NS) 1.00 £ 0.56 0.88 +0.34 0.90+0.30 1.12 £+ 0.46
Non-HDL-C (mmol/L)(c) 2.64 +0.67 2.69 +£0.59 2.71+0.57 3.27+0.76
Apo-A-1 (g/L) (NS) 1.34+0.20 1.43+0.24 1.35+0.24 1.40+0.31
Apo B (g/L) (a) 0.70+0.18 0.74 £ 0.15 0.78 +0.17 0.92 +£0.20
Apo B/Apo-A-I (Ns) 0.50 £ 0.20 0.50+0.20 0.60+0.10 0.70+£0.10

BMI, body mass index; BP, blood pressure; TC, total cholesterol; TG, triglycerides; HDL-
C, high density lipoprotein; LDL-C, low density lipoprotein cholesterol; Apo,
apolipoprotein; Z-score is a quantitative measure of the deviation of a specific variable

taken from the mean of that population. In particular, CDC z-BMI takes into account
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age and sex. Mean values + SD are shown. Quartile I: (0.40-0.73 g/L);.
(a) Significance found in comparison of QIV to Ql & II.

(b) Significance found in comparison of Q IV to QI

(c) Significance found in comparison of Q IV to Ql & .

(NS), non significant.

Table 3: Multiple Regression Analysis

. B
B (unstar'u!ardlzed (standardized t Significance
coefficient) ..
coefficient)
B Standard error B
Age (years) 0.08 1.42 -0.01 -0.06 0.95
Sex 7.64 491 0.20 1.56 0.13
M [ 2.17
aternal 45 19 0.09 0.29 0.03
Apo- B
Maternal BMI 052 0.50 -0.16 -1.04 0.30
Children's BMI 6.66 2.56 0.39 2.60 0.01
R?=0.25

BMI, body mass index; Apo, apolipoprotein. Relationship between mother/child Apo B

levels adjusted for age, sex, children’s BMI, and maternal BMI.

Figure 1: Boxplot. Children’s median Apo B levels and interquartile ranges are presented
separately according to the presence of maternal high apo B (>III Quartile) among pre-
school children. Apo B levels in children with maternal apo B levels >III quartile were
significantly higher than in children with maternal apo B levels < III quartile ( p<0.01).
The boxes define the 25th and 75th percentiles, and enclose the median; the extensions
define the range of values
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