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ABSTRACT
Introduction. Pediatric hypercholesterolemia 
has increased over the past decades. Knowing 
the environmental and genetic factors that have 
an impact on it would allow establishing more 
adequate screening guidelines.
Objectives. To determine if there is an association 
between genetic and environmental factors and 
hypercholesterolemia in children. To assess 
the predictive qualities of outcome measures 
associated with hypercholesterolemia.
Material and methods. Observational, analytical, 
cross-sectional study. Population: students 
from all schools located in Jovita. Age: ≥ 6 
and < 12 years old. The total cholesterol level 
was measured. A survey was administered to 
parents to assess their family medical history 
(FMH) and socioeconomic level (SEL). Weight 
and height were recorded to establish nutritional 
status. A survey was administered to children to 
identify their level of physical activity and their 
eating habits. The association was assessed by 
estimating the OR value (p < 0.05). Diagnostic 
tests were done to establish outcome measures 
that predict hypercholesterolemia.
Results. Three hundred and eighty-two students 
were included. Their mean cholesterol level was 
168 mg/dL, and 13.4% had hypercholesterolemia. 
A sedentary lifestyle was observed in 22.8%, and 
obesity, in 10.5%. A positive FMH, a high/
middle SEL, and obesity were associated with 
hypercholesterolemia (OR: 2.10, 2.10 and 2.05, 
respectively). No association was found between 
physical activity and fat/cholesterol intake and 
hypercholesterolemia. A positive FMH and a 
high/middle SEL were sensitive enough (75% 
and 88%) to predict hypercholesterolemia. The 
presence of hypercholesterolemia in both parents 
in relation to hypercholesterolemia in their child 
showed an OR of 9.59, a sensitivity of 73%, a 
specificity of 71%, a positive predictive value 
of 57%, and a negative predictive value of 83%.
Conclusions. A positive FMH, a high/
middle SEL, and obesity were associated with 
hypercholesterolemia in children. The presence 
of hypercholesterolemia in both parents was 
associated with hypercholesterolemia in their 
child and showed itself to be a great potential 
predictor and screening criterion.
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INTRODUCTION
The Horus study demonstrated 

that atherosclerosis has been present 
in  human beings  s ince  at  least 
2500 B.C.1

The prolongat ion of  current 
l i fe  expectancy has resulted in 
heart disease to be one of the main 
causes of morbidity and mortality 
worldwide. In addition, related risk 
factors have also increased, including 
hypercholesterolemia,  obesi ty , 
arterial hypertension, smoking, and a 
sedentary lifestyle.2

Autopsies done in young soldiers 
killed in the Korean War3 and the 
Pathobiological Determinants of 
Atherosclerosis in Youth (PDAY) 
study4 show that atherosclerosis may 
begin at an early age.

The prevalence and mean values 
of hypercholesterolemia in children 
has increased in many countries,5 
mainly due to changes in eating 
habits6 and the increase in the time 
spent in sedentary occupational 
and recreational  activit ies.7 An 
associat ion has been described 
between hypercholesterolemia and 
a higher socioeconomic status,8 
whereas results have been dissimilar 
in relation to obesity, sometimes even 
contradictory.9

S o m e  e x p e r t s  r e c o m m e n d 
establishing the cholesterol level 
as part of a universal screening.10 
The Argentine Society of Pediatrics 
(Sociedad Argentina de Pediatría, SAP),11 
in concordance with the American 
Academy of Pediatrics, recommends 
assessing children whose parents 
and/or grandparents have early 
vascular disease or whose parents 
have hypercholesterolemia. This 
method lacks predictive value.12

The goal of this study was to assess 
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outcome measures that may be associated with 
hypercholesterolemia in children and look for 
new screening criteria.

OBJECTIVES
To determine if there is an association 

between genetic and environmental factors  
and hypercholesterolemia in children.

To assess the predictive qualities of outcome 
measures associated with hypercholesterolemia.

MATERIAL AND METHODS
Observational, analytical, cross-sectional study 

conducted in April-May 2009.

Population
All students attending primary school (n= 503) 

in the municipality of Jovita, Córdoba (Argentina) 
during the 2009 school year.

Inclusion criteria
•	 Being ≥ 6 and < 12 years old by June 30th, 2009.
•	 Having obtained an informed consent signed 

by the father, mother or legal guardian and the 
minor’s assent, if applicable.

Exclusion criteria
•	 Refusing to participate in the blood draw or 

missing the appointment.
•	 Having an infectious disease at present or 

within 20 days before the blood draw.13

•	 Having nephrotic syndrome, hypothyroidism, 
or diabetes.

METHODOLOGY 
Cholesterol level outcome measure

Blood drawn from a vein upon fasting for 
at least 10 hours was used. Total cholesterol 
(TC) level was measured using the enzymatic 
AA liquid Colestat method (Wiener Lab). 
Hypercholesterolemia was defined as equal to 
or higher than 200 mg/dL. Serum was separated 
within the first hour following the blood draw, 
and tests were done in the same day using a 
Metrolab 2100 autoanalyzer. The technique 
used to measure cholesterol was subjected to a 
traceability control through the Reference and 
Standardization Lab for Clinical Biochemistry 
(Laboratorio de Referencia y Estandarización en 
Bioquímica Clínica, LARESBIC) of the Argentine 
Biochemistry Foundation (Fundación Bioquímica 
Argentina), and the corresponding certificate was 
obtained from the Cholesterol Reference Method 
Laboratory Network (CDC, Atlanta, USA).

Cholesterol levels were defined as high 
(≥ 200 mg/dL), desirable (< 170 mg/dL), and 
moderately high (170-199 mg/dL).14

Hereditary and sociocultural outcome measures
Family medical history (FMH): FMH was 

assessed using a survey designed by the authors 
in compliance with the SAP guidelines (Annex 1). 
It was dichotomized into positive FMH or 
unknown/negative FMH. Positive FMH was 
defined as any grandparent or parent having any 
of the vascular diseases described in the survey or 
both parents having hypercholesterolemia.

Socioeconomic level (SEL): SEL was assessed 
using the instrument designed by the Child 
Nutrition Study Center (Centro de Estudios Sobre 
Nutrición Infantil).15 It was also regarded as a 
dichotomous outcome measure (high/middle 
SEL or low SEL).

Nutritional status (NS): Weight and height 
were measured following the SAP guidelines 
for epidemiological studies.16 Body mass index 
was estimated, and NS was classified as per the 
International Obesity Task Force tables.17 NS was 
dichotomized into NS obesity or NS overweight/
normal weight.

Diet (D) and physical activity (PA): Fat and 
cholesterol intake and PA level were assessed 
using surveys designed by specialists in the field 
(Annexes 2 and 3). Surveys were self-administered 
under the supervision and advice of the teachers 
of students participating in the study, who were 
trained in advance by the authors. Diet was semi-
quantified in grams of fat and cholesterol, divided 
into tertiles, and classified into upper, middle and 
lower tertile. Diet was dichotomized into D-upper 
or D-middle/lower. PA was semi-quantified into 
METs, divided into tertiles, and dichotomized into 
PA sedentary or PA moderately sedentary/active.

Parental cholesterol level: This specific 
information was obtained from the parents’ 
answers to the FMH survey. This was considered 
a categorical outcome measure: both parents 
with hypercholesterolemia and both parents 
with normal cholesterol level. Children who had 
only one parent with hypercholesterolemia were 
excluded.

Note:  Given that  there are no cri teria 
established for the dichotomization of cholesterol 
level and hereditary and sociocultural outcome 
measures, statistical tests were done using every 
possible combination, and this classification was 
adopted based on those that actually evidenced 
an association.
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Statistical analysis
The cholesterol level outcome measure was 

considered numerical to estimate central tendency 
and dispersion, and categorical to establish 
prevalence values as per cut-off points agreed 
upon by the American Academy of Pediatrics.14,18

Crude associations between each hereditary 
and sociocultural outcome measure and the 
cholesterol level response outcome measure were 
studied as categorical, dichotomous outcomes, 
and contingency tables were used to measure the 
power of the association using odds ratios, and 
the statistical significance was analyzed using 
Fisher’s exact test.

The associations and relative power among 
independent outcome measures were studied using 
a logistic linear regression, estimating the odds ratio 
for each outcome measure as adjusted by the rest.

The associat ion between parents  who 
indicated to have hypercholesterolemia in the 
FMH survey and those who indicated to have 
normal cholesterol levels, and the cholesterol 
level response outcome measure in children was 
examined.

Tests were done to establish diagnosis, 
sensitivity, specificity, positive and negative 
predictive values, and positive and negative 
likelihood ratios using the outcome measures that 
showed an association with hypercholesterolemia.

For the statistical analysis, the InfoStat 
software, version 2012 (Grupo InfoStat, FCA, 
Universidad Nacional de Córdoba, Argentina) 
was used.

Ethical considerations
The methodological design applied in our 

research and the informed consent were assessed 
and approved by the Institutional Ethics and 
Health Research Committee of Polo Hospitalario 
(March 30th, 2009) of the city of Córdoba. Data 
confidentiality was maintained.

Results were delivered to parents in a sealed 
envelope and a recommendation was made to 
have their local hospital or family physician look 
at them.

RESULTS
Out of the 503 students in the study population, 

20 were excluded because they were older than 
12 years of age or had a concomitant disease, 16 
did not sign the informed consent, and 85 failed to 
complete all survey data or missed their blood draw 
appointment. The final number of assessed students 
was 382, which accounts for 79% of the eligible 
group (95% confidence interval [CI]: 75%-82%).

Participants’ median age was 9.08 years old, 
ranging from 6.05 to 11.99 years old; 46.3% were 
girls. The average cholesterol level and standard 
deviation were 168 ± 28 mg/dL. The cholesterol 
level was higher than desirable in 45.6% of the 
population (13.4%, high and 32.2%, moderately 
high).

Table 1 shows the distribution of cases by 
hereditary and sociocultural outcome measures.

The results of the bivariate analysis of 
hereditary and sociocultural outcome measures 
and the TC response outcome measure are 

Table 1. Prevalence by category of hereditary and sociocultural outcome measures (n= 382)

Outcome measure	 Classification	 n 	 %

Family medical history	 Positive	 189	 49.5
	 Unknown	 97	 25.4
	 Negative	 96	 25.1

Socioeconomic level	 High	 106	 27.7
	 Middle 	 198	 51.8
	 Low	 78	 20.4

Nutritional status	 Obesity	 40	 10.5
	 Overweight	 56	 14.7
	 Normal weight	 286	 74.9

Physical activity	 Sedentary	 87	 22.8
	 Moderately sedentary	 211	 55.2
	 Active	 84	 22.0

Diet (fat/cholesterol intake)	 Upper	 102	 26.7
	 Middle	 171	 44.8
	 Lower	 109	 28.5
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shown in Table 2.
An association was found between a positive 

FMH and hypercholesterolemia, OR 2.10, 95% 
CI: 1.32-3.34, and p = 0.017. A high/middle SEL 
showed the same OR (2.10), a 95% CI of 1.32-3.36 
and a p value of 0.096. NS obesity showed an OR 
of 2.05, a 95% CI of 0.90-4.66, and a p value of 0.076.

No association was observed between 
hypercholesterolemia and either D upper (p= 0.54) 
or PA sedentary (p= 0.39).

Hypercholesterolemia in both parents showed 
an OR of 9.59, a 95% CI of 1.29-57.09 and a p value 
of 0.011 in relation to hypercholesterolemia in 
their child (Table 3).

The multiple logistic regression analysis 
indicated in Table 4 shows agreement with the 
findings of the bivariate analysis.

Table 5 shows the results of the diagnostic 
tests.

DISCUSSION
Between 1997 and 2003, our team conducted 

two cholesterol screenings in the student 
population. In 1997, 756 children and adolescents 
(5-17 years of age) were assessed, and 15.7% had a 
cholesterol level above 170 mg/dL. Then in 2003, 
out of 1050 subjects in the same age group, the 
percentage of individuals with that cholesterol 
level had increased to 39.2%.19 As a result, between 
2003 and 2005, an education intervention aimed at 
the promotion of healthy habits was successfully 
implemented in all schools.20 The results of these 
experiences led to the formulation of this study’s 
purpose and objectives.

The hypercholesterolemia prevalence 
observed in this study reveals an alarming 
epidemiological situation, even though it is 
consistent with what other studies conducted in 
different Argentinean regions have reported.21,22

Table 2. Results from the bivariate statistical analysis of categorical, dichotomous outcome measures (n= 382)

Outcome measure	 Classification	 Total cholesterol level	

		  ≥ 200	 < 200	 Total	 OR (*)	 95% CI	 p (#)
		  n 	 %	 n 	 %	 n 	 %	  	  	  

Family medical history	 Positive	 33	 64.7	 156	 47.1	 189	 49.5	 2.10	 (1.32-3.34)	 0.017
	 Unknown/negative	 18	 35.3	 175	 52.9	 193	 50.5			 

Socioeconomic level	 High/middle	 45	 88.2	 259	 78.2	 304	 79.6	 2.10	 (1.32-3.36)	 0.096
	 Low	 6	 11.8	 72	 21.8	 78	 20.4			 

Nutritional status	 Obesity	 9	 17.6	 31	 9.4	 40	 10.5	 2.05	 (0.90-4.66)	 0.076
	 Overweight/ 
	 normal weight	 42	 82.4	 300	 90.6	 342	 89.5			 

Physical activity	 Sedentary	 14	 27.5	 73	 22.1	 87	 22.8	 1.32	 (0.73-2.38)	 0.442
	 Moderately sedentary/ 
	 active	 37	 72.5	 258	 77.9	 295	 77.2			 

Diet 	 Upper	 15	 29.4	 87	 26.3	 102	 26.7	 1.18	 (0.68-2.04)	 0.618
(fat/cholesterol intake)	 Middle/lower	 36	 70.6	 244	 73.7	 280	 73.3			 

OR: odds ratio; CI: confidence interval.
(*) Mantel-Haenszel odds ratio; (#) Cochran-Mantel-Haenszel test.

Table 3. Cholesterol level correlation between children with cholesterol ≥ 200 mg/dL or < 200 mg/dL and both parents with 
hypercholesterolemia (≥ 240 mg/dL) or normal cholesterol level (< 240 mg/dL)

	 Children’s cholesterol level (n= 32)			 

Outcome measure	 Classification	 ≥ 200	 < 200	 Total	 OR	 95% CI	 p
		  n 	 %	 n 	 %	 n 	 %

Parents’ cholesterol level	 Both ≥ 240	 8	 23.5	 6	 3.9	 14	 43.8	  
								        9.59	 (1.29-57.09)	 0.011
	 Both normal	 3	 8.8	 15	 9.8	 18	 56.3

OR: odds ratio; CI: confidence interval.
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The level of concern grows if we observe that 
a fourth of children (25.2%) are overweight or 
obese, their fat and cholesterol intake is high, and 
78% are sedentary or moderately sedentary.

PA and diet surveys have not provided 
the expected results in terms of prediction or 
association with hypercholesterolemia. It may be 
argued that the different levels of susceptibility in 
each individual resulted in dissimilar answers to 
external stimuli. It was decided that surveys should 
not be completed together with or by parents 
themselves for fear that the information provided 
by adults would be false; however, having children 
complete the surveys themselves, even if guided 
by their teachers, may pose doubts regarding the 
recall of their actual weekly intake given that these 
children, especially the younger ones, may not be 
capable of adequately measuring food intake or 
motor activities.

The p value obtained for NS obesity and SEL 
high/middle was not lower than the significance 
level specified in the methodology; however, 
in order to investigate the association structure 
and considering that the sample accounts for 
practically the entire population (79%), in this 
study we decided to consider as positive the 
association between hypercholesterolemia and 
NS obesity and SEL high/middle, given that the 
OR was > 2.

T h e  a s s o c i a t i o n  o b s e r v e d  b e t w e e n 
hypercholesterolemia and SEL is consistent with 
the findings of other study conducted in Río Cuarto, 
Córdoba, by Doctor Lubetkin in the child and 
adolescent population.8

Obesity was found in 10.5%. There is a 
popular tendency to relate obese subjects with 
hypercholesterolemia.

Although a previous study showed that this 
association had varying results and differences 
among countries in terms of culture, ethnicity 
and gender, a relatively strong association 
was observed.9 The sensitivity and positive 
predictive value of NS were low, but its specificity 
and negative predictive value were high, and 
this may indicate a relationship between non-
obese children and those who do not have 
hypercholesterolemia.

A limitation of this study may be that it 
included overweight and normal weight children 
in the same category.

Although the specificity of a positive FMH 
was low, as reported in other studies,23 its 
sensitivity was adequate, so it may be considered 
a predictor of hypercholesterolemia in this type of 
population, as suggested by pediatric societies.11,14

The 2008 American Academy of Pediatrics’ 
guidelines14 describe certain level of concern 
regarding the epidemic of childhood obesity 

Table 4. Multivariate logistic regression analysis of hereditary and sociocultural outcome measures in relation to cholesterol 
level (n= 382)

Regression outcome measures	 Dependent outcome measure: cholesterol level
	 OR	 95% CI	 χ2	 p

Positive family medical history	 2.20	 (1.18-4.13)	 6.07	 0.014
High/middle socioeconomic level	 2.12	 (0.85-5.25)	 2.60	 0.107
Nutritional status: obesity	 2.15	 (0.94-4.93)	 3.25	 0.071
Physical activity: sedentary	 1.60	 (0.80-3.21)	 1.79	 0.180
Diet (fat/cholesterol intake): upper tertile	 1.34	 (0.69-2.62)	 0.75	 0.388

OR: odds ratio; CI: confidence interval.

Table 5. Predictive values of family medical history, socioeconomic level, nutritional status, and parental cholesterol level

 	 Sensitivity	 Specificity	 PPV	 NPV	 LR+	 LR-

Positive family medical history	 75%	 35%	 17%	 89%	 1.16	 0.71
High/middle socioeconomic level	 88%	 22%	 15%	 92%	 1.13	 0.54
Nutritional status: obesity	 18%	 91%	 23%	 88%	 1.88	 0.91
Both parents with hypercholesterolemia	 73%	 71%	 57%	 83%	 2.55	 0.38

PPV and NPV: positive and negative predictive value; LR+ and LR-: positive and negative likelihood ratio.
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and propose introducing the screening for every 
overweight or obese children, regardless of their 
FMH.

If we had applied these criteria to our study, 
considering children with a positive or unknown 
FMH together with overweight or obese children 
with a negative FMH, we should have assessed 
316 subjects (82.7% of the total 382). Paradoxically, 
out of the 66 children we would have left out of 
the assessment, 34 (51%) had a cholesterol level 
above 170 mg/dL; therefore, using these criteria, 
the difference between the guided screening and 
the universal screening would be irrelevant.

The latest recommendations made by expert 
meetings in the USA, established in 2011, 
introduce additional criteria suggesting the 
inclusion of children with other risk factors, such 
as hypertension, smoking, etc., and propose a 
universal screening for every child between 9 
and 11 years of age and between 17 and 21 years 
of age.18 The SAP, in its latest consensus meeting, 
suggested the universal screening for children 
aged 6 to 11 years old, which is precisely what we 
did in this study.24 

An analysis done by Kusters et al.23 regarding 
several European countries indicates that the 
screening based on FMH lacks accuracy and 
there is a high proportion of children who are 
left undiagnosed. The Netherlands, Norway, 
and the United Kingdom have a familial 
hypercholesterolemia detection program based 
on a deoxyribonucleic acid (DNA) test done 
in family groups and an adequate technique, 
but it is costly. Slovenia performs a cholesterol 
screening in every pre-school child at 5 years of 
age. Italy proposes a screening based on FMH and 
ordered by pediatricians. Kusters et al. conclude 
by proposing that a universal screening in every 
child, from 1 to 9 years of age, is the most effective 
strategy, but this still has to be demonstrated in 
clinical practice. It is estimated that such massive 
strategy renders its implementation difficult.

A very strong correlation was observed in 
the analysis of hypercholesterolemia and normal 
cholesterol level in both parents whose children 
had the same condition, and diagnostic test 
results proved to be highly valuable. Failure to 
include in the analysis children who had only one 
parent with hypercholesterolemia may have been 
a limitation. Future studies are required to further 
analyze the relationship between the presence 
of hypercholesterolemia in one parent and their 
child’s cholesterol level.

A review published by Catherine McNeal25 
states that dyslipemia in children and adults is 
the result of inherited or acquired conditions. The 
genetic bases for hypercholesterolemia are well 
defined, so transmission of this phenotype from 
parents to children is a fact and responds to the 
laws of inheritance.26,27

I n  a d d i t i o n ,  t h e r e  a r e  s o c i o c u l t u r a l 
characteristics, such as eating and physical 
activity habits, which tend to be common to 
the family and may have a positive or negative 
impact on hypercholesterolemia.28

The results of this study on the cholesterol 
level in parents and children, and the empirical, 
observational evidence supported by the studies 
conducted by our team for the past 18 years, 
indicate that there are plenty of cases of children 
with hypercholesterolemia whose parents also 
have it.

We recommend focusing studies on the 
relationship between the cholesterol level of 
parents and children to find tools that help to 
improve screening criteria.

CONCLUSION
No association was established between 

hypercholesterolemia and a sedentary lifestyle, 
or between hypercholesterolemia and a fat- and 
cholesterol-rich diet.

A  p o s i t i v e  F M H ,  a  h i g h / m i d d l e 
S E L ,  a n d  o b e s i t y  w e r e  a s s o c i a t e d  w i t h 
hypercholesterolemia.

An association was also found between the 
cholesterol level of both parents and that of their 
child and a high prediction value in diagnostic 
tests. n
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