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ABSTRACT
INTRODUCTION Hypertension is one of the most studied risk factors 
for cardiovascular disease in adults; in children and adolescents, its 
global prevalence changes with age, from 1%–3% in children to 3.2% 
in adolescents. In adults, in addition to hypertension, several bio-
chemical markers of cardiovascular risk have been identifi ed. Con-
fi rming an association between these and hypertension in childhood 
and adolescence would allow for more timely diagnosis and monitor-
ing of cardiovascular disease, since the presence of both the markers 
and hypertension would imply increased risk.  

OBJECTIVE Confi rm an association between biochemical risk mark-
ers of cardiovascular disease and hypertension in children aged 8 to 
11 years. 

METHODS A cross-sectional study of 373 children aged 8–11 years 
was conducted in 3 primary schools in the city of Santa Clara in cen-
tral Cuba. The variables examined were age, sex, height, blood pres-
sure, cholesterol, triglycerides, lipoproteins and apolipoproteins. The 
children were classifi ed as normotensive, prehypertensive or hyper-
tensive, based on blood pressure readings and percentiles for age, 
sex and height. Descriptive statistics were calculated for quantitative 
variables. A bivariate analysis, tests of independence for qualitative 

variables and a means comparison for quantitative variables (ANO-
VA and its nonparametric alternative, the Kruskal Wallis test) were 
performed. Fisher’s F-test and its associated probability value were 
employed. 
 
RESULTS Some 32.2% of the children were prehypertensive and 
5.1% hypertensive. Cholesterol and triglyceride values were sig-
nifi cantly higher in hypertensive than in normotensive children 
(p = 0.028 and p = 0.047, respectively). HDL numbers were higher in 
normotensive children (p = 0.001), and LDL numbers and the LDL/
HDL ratio were higher in the hypertensive children, with differences 
between groups (p = 0.001 for both variables). There were differences 
between the three blood pressure categories for lipoprotein(a) and 
ApoA (p <0.001 and p = 0.001), for ApoB and for the ApoB/ApoA ratio 
(p <0.001 for both variables), with lower ApoA values and higher ApoB 
and ApoB/ApoA values in the hypertensive children.

CONCLUSIONS The biochemical risk markers most strongly associat-
ed with hypertension in children are ApoB values, LDL, lipoprotein(a), 
and LDL/HDL and ApoB/ApoA ratios. 

KEYWORDS Adolescent, child, hypertension, apolipoproteins, car-
diovascular diseases, risk factors, Cuba

INTRODUCTION
Globally, cardiovascular disease (CVD) is a major cause of illness 
and the leading cause of death, accounting for more than 17.9 
million deaths per year in 2015. This number is expected to grow 
to more than 23.6 million by 2030.[1] CVD is the main cause of 
death in Cuba and in high-income countries, although it is also on 
the rise in other middle- and low-income countries.[2] 

Atherosclerosis is a process characterized by abnormal deposits 
of lipids, cholesterol and plaque, leading to coronary artery dis-
ease and other cardiovascular problems. Its origin is multifactori-
al, and many of its main risk factors are known.[3] It is increasingly 
found in children at younger ages. The importance of determining 
their health status in relation to its main causal factors facilitates 
the adoption of preventive and therapeutic interventions to avert 
or minimize its consequences. 

A risk factor for a condition is causal if in its absence, the condi-
tion in question would not have occurred at all or would not have 
occurred until later.[4,5] Cardiovascular risk factors include hyper-
tension, diabetes, dyslipidemia, obesity, smoking, genetic factors 
and family history.[6]

The presence of a cardiovascular risk factor is infl uenced by the 
presence and extent of coexisting risk factors. Epidemiologic and 
clinical studies have shown that individuals with multiple risk fac-
tors are at higher risk for cardiovascular disease than individuals 
with just a single risk factor.[7] Concurrence of lipid disorders (as 
evidence of atherosclerosis) with hypertension increases risk and 
makes the determination of related biochemical markers particu-
larly important. 

Many risk factors are determined by behaviors and attitudes ac-
quired in childhood and continued throughout life. Thus, timely 
prevention of cardiovascular risk should begin in childhood and 
adolescence.[8] In recent decades, interest has grown in identi-
fying factors that predispose children and adolescents to devel-
oping cardiovascular disease as part of public policies aimed at 
primary prevention.[9,10] 

Hypertension (HT) is one of the world’s most common disorders 
in adults; its prevalence increases with age, and it is a risk factor 
for cardiovascular disease. HT is a serious health issue, because 
its consequences include heart, blood vessel, kidney and retina 
damage. HT in children is more common than might be expected; 
globally, its prevalence ranges from 1%–3% in children to 3.2% in 
adolescents.[11] In Cuba, the prevalence in youngsters aged 
5–14 years was 1.8 per 1000 population in 2017.[12]

It is currently recognized that onset and progression of athero-
sclerosis are related to an infl ammatory process in the blood ves-
sels,[13] and recent studies have focused on identifying a number 
of biochemical markers such as angiogenic growth factors, plate-
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IMPORTANCE The results provide evidence for greater 
attention to hypertension in children and adolescents, and 
for adding study of biochemical markers to conventional 
risk indicators to ensure timely CVD risk assessment.
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let activation and thrombosis related to lipids and other factors.
[14,15] Available data show that these local and systemic infl am-
matory markers play a key role in development and progression 
of the atherosclerotic process. Several of them are considered 
independent risk markers for atherosclerosis and CVD and can 
therefore be used for screening, diagnostic and monitoring pur-
poses.[5] 

Oxidation of low-density lipoproteins (LDL) in the subendothe-
lium is a key factor in vascular damage. LDL molecules are 
carried through the endothelial cells and accumulate in the vas-
cular intima, where they can undergo oxidation, glycosylation, 
acetylation and triglyceride enrichment, thus increasing their 
atherogenicity.[15]

Oxidized LDL particles have atherogenic effects, although other 
lipoproteins, such as very low-density lipoproteins (VLDL), inter-
mediate-density lipoproteins (IDL) and lipoprotein(a), do as well. 
Atheroma plaque formation is a complex infl ammatory process 
involving various cells and mediators. Oxidized lipoproteins in-
fi ltrated into the subendothelial space stimulate intima’s cells to 
produce proinfl ammatory cytokines and chemokines that acti-
vate circulating monocytes, which then enter tissues, becoming 
infl ammatory macrophages and later, foam cells, resulting in 
intracellular accumulation of cholesterol esters and fatty streak 
formation.[15]  

The purpose of this study is to draw attention to the relatively high HT 
prevalence in Cuban children and adolescents, frequently accompa-
nied by abnormal values of biochemical markers that are predictors 
of CVD risk. A particularly important motivation is to prevent early-
onset CVD and reduce mortality from this cause in Cuba.[1,16]

METHODS
Design and sample Between April 1, 2014 and March 31, 2015, 
a cross-sectional study was conducted of 373 students aged 8 to 
11 years from schools in the city of Santa Clara in central Cuba, 
chosen for ease of access. All children from the third through fi fth 
grade were included whose parents provided written informed 
consent. 
 
Variables 
Blood pressure For HT classifi cation, criteria of the 4th Report 
of the American Academy of Pediatrics[11] and the recommen-
dations of the European Society of Hypertension of September 
2009[17] were used. Children were classifi ed as normotensive if 
average systolic and diastolic pressure were both less than the 
90th percentile; prehypertensive if average systolic and/or diastol-
ic pressure were greater than or equal to the 90th and less than 
95th percentile; and hypertensive if average systolic or diastolic 
pressure was above or equal to the 95th percentile. All percentiles 
were age-, sex-, and height-dependent.

Weight was measured with an analog scale and expressed in ki-
lograms. 

Height was measured using a height rod attached to the scale and 
expressed in centimeters. 

Lipid panel biochemical markers Cholesterol, triglycerides, 
high-density lipoprotein (HDL), LDL, lipoprotein(a) [Lp(a)], apo-

lipoprotein A (ApoA), and apolipoprotein B (ApoB) were mea-
sured. Cholesterol/HDL, LDL/HDL and ApoB/ApoA ratios were 
calculated.

Data collection and management Data included a clinical his-
tory and measurements as well as laboratory tests. Blood pres-
sure, weight, height and lipid marker results were recorded. Blood 
pressure was taken fi ve times over the course of three days. 

For laboratory tests, children were instructed to fast for 12 hours be-
fore venous blood draw. Their parents were also informed to help 
guarantee compliance. Blood was drawn from the antecubital vein, 
and serum was obtained following coagulation after centrifuging at 
3000 rpm for 15 min. Serum concentrations of total cholesterol (TC) 
(Cholesterol liquicolor, CHOD-PAP Method, Human, Germany), tri-
glycerides (TG) (Triglycerides GPO liquicolor, GPO-PAP Method, 
Human, Germany), and HDL cholesterol (HDL-c) (HDL-Cholesterol, 
Human cholesterol liquicolor test kit, Germany) were then deter-
mined. LDL cholesterol (LDL-c) was calculated using the Friedewald-
Fredrikson formula: LDL-c = TC - (HDL-c + (TG/5)). Apolipoproteins 
B-100 and A1 were determined by immunoturbidimetry. The values 
were expressed in standard international units as mmol/L.

Lipid reference values (mg/dL) are presented in Table 1.[18] 

Normal values for the remaining lipid markers are shown in Table 2.[19]

Analysis Descriptive statistics, means and standard deviations 
in the lipid panel biochemical markers were used for each group. 
Tests for independence based on the chi-square statistic and its 
associated probability were used for qualitative variables, and 
mean comparison tests (ANOVA and its Kruskal Wallis nonpara-
metric alternative) for quantitative variables. In all cases, the sig-
nifi cance threshold was p = 0.05.

Ethics Once the purpose of the study and the risks and ben-
efi ts of participation had been explained to the children’s 
parents, they were asked to provide written consent in the 

Table 1: Lipid reference values[18]

Parameter Ideal
 (mg/dL)

Normal range 
(mg/dL)

Dyslipidemia
(mg/dL)

Triglycerides
0–9 years <75 75–99 ≥100
10–19 years <90 90–129 ≥130
TC <170 170–199 ≥200
LDL-c <110 110–129 ≥130
HDL-c >45 40–45 <40

TC: total cholesterol    LDL-c: low-density lipoprotein     HDL-c: high-density lipoprotein

Table 2: Normal values for lipid markers[19]

Markers Normal values
TC/HDL ratio ≤3.5
LDL/HDL ratio ≤2.2
Apolipoprotein - A1 (ApoA) >130 mg/dL
Apolipoprotein B-100 (ApoB) 90–140 mg/dL
ApoB/ApoA ratio 0.8–1.2 
Lipoprotein(a) >25 mg/dL

TC: total cholesterol    LDL: low-density lipoprotein     HDL: high-density lipoprotein
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presence of the investigator and a wit-
ness, in accordance with Declaration of 
Helsinki and WHO guidelines.[20,21] Since 
schoolchildren were involved, Ministry of 
Education authorization for the study was 
also obtained as required by Cuban law. All 
information obtained remained confi dential, 
and in no case was the identity of a child 
disclosed. Choice of diagnostic media was 
based on material accessibility, care to 
maximize benefi ts for participants, the ethi-
cal norm of “do no harm,” and international 
and domestic guidelines established for 
good clinical and laboratory practices. 

Results of physical examinations and di-
agnoses based on clinical and biochemical 
data obtained were provided to parents of 
participating children. When the examina-
tions revealed health problems, appoint-
ments for medical followup were arranged 
with specialists, at the José Luis Miranda 
Pediatric Teaching Hospital in Santa Clara. 

RESULTS
Although most of the children were classi-
fi ed as normotensive, a substantial percent-
age were hypertensive or prehypertensive 
(37.3%) (Table 3). 

There were signifi cant differences among 
groups (normotensive, prehypertensive and 
hypertensive) with respect to classic bio-
chemical markers (Table 4). With the excep-
tion of triglycerides—which were higher in 
normotensive than in prehypertensive chil-
dren—all indicators showed a monotonically 
decreasing pattern for HDL and an increas-
ing pattern for the rest of the indicators, as 
expected.

All biochemical indicators based on the struc-
tural proteins of the lipoproteins also exhibit-
ed signifi cant differences. With the exception 
of ApoA, higher values were found in the hy-
pertensive children (Table 5).

DISCUSSION
The proportion of hypertensive and pre-
hypertensive children in the sample ex-
ceeds the HT prevalence reported in 
Cuba for 2017.[11] The high percentage 
of prehypertensive children is a matter of 
concern. The global literature reports that 
progression of prehypertension to HT is 
approximately 7% per year and that pre-
hypertension poses a high risk for devel-
opment of HT in children,[22] making it 
a major challenge for the health system. 
Lipid alterations found in the prehyperten-
sive children magnify the importance of 
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Table 3: Distribution of studied children by blood pressure group
Blood pressure category Frequency Percentage
Normotensive 234 62.7
Prehypertensive 120 32.2
Hypertensive 19 5.1
Total 373 100.0

Table 4: Comparison of classic biochemical markers by blood pressure group

Variable Category n Mean Standard 
deviation

Fisher’s 
F p

Cholesterol
mg/dL

Normotensive 234 134.1 23.5
Prehypertensive 120 137.5 24.7
Hypertensive 19 149.5 39.8
Total 373 136.0 25.1 3.61 0.028

Triglycerides
mg/dL

Normotensive 234 85.0 36.3
Prehypertensive 120 78.4 37.1
Hypertensive 19 100.5 62.8
Total 373 83.7 38.0 3.08 0.047

HDL
mg/dL

Normotensive 234 45.2 9.2
Prehypertensive 120 44.4 6.9
Hypertensive 19 37.4 6.3
Total 373 44.5 8.6 7.60 0.001

LDL
mg/dL

Normotensive 234 73.1 20.8
Prehypertensive 120 85.7 27.4
Hypertensive 19 104.4 36.6
Total 373 78.7 25.4 22.22 <0.001

Cholesterol/HDL

Normotensive 234 2.96 0.02
Prehypertensive 120 3.09 0.01
Hypertensive 19 4.00 0.03
Total 373 3.05 0.02 14.27 <0.001

LDL/HDL

Normotensive 234 1.7 0.7
Prehypertensive 120 2.0 0.8
Hypertensive 19 2.9 1.2
Total 373 1.9 0.8 25.72 <0.001

LDL: low-density lipoprotein     HDL: high-density lipoprotein

Table 5: Comparison of biochemical markers based on structural proteins, by blood 
pressure group 

Variable Category N Mean Standard 
deviation

Fisher’s 
F p

Lipoprotein(a)
mg/dL

Normotensive 234 11.6 8.5
Prehypertensive 120 13.1 8.1
Hypertensive 19 23.6 8.9
Total 373 12.7 8.7 18.27 <0.001

ApoA
mg/dL

Normotensive 234 135.9 9.9
Prehypertensive 120 134.7 8.8
Hypertensive 19 127.3 11.8
Total 373 135.1 9.8 7.12 0.001

ApoB
mg/dL

Normotensive 234 75.2 40.3
Prehypertensive 120 88.4 40.0
Hypertensive 19 117.7 46.2
Total 373 81.6 41.7 12.11 <0.001

ApoB/ApoA

Normotensive 234 0.6 0.3
Prehypertensive 120 0.7 0.3
Hypertensive 19 1.0 0.4
Total 373 0.6 0.3 12.91 <0.001

ApoA: Apolipoprotein A     ApoB: Apolipoprotein B
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this condition, underscoring the need to study lipid markers in 
these children and provide guidance on lifestyle changes to 
reduce risk of HT and CVD.

The association between serum cholesterol and blood pressure 
and between both variables and CVD has been confi rmed by 
epidemiologic studies.[23,24] The higher cholesterol values we 
found in hypertensive and prehypertensive children are consis-
tent with these results and alert to risk of atherosclerosis and 
CVD in early adulthood. 

A close relationship between total serum cholesterol and CVD 
risk has been reported, along with the fi nding that changes in 
cholesterol concentrations through pharmacologic or lifestyle 
interventions are accompanied by changes in CVD incidence.
[25,26] Based on these fi ndings, clinicians and epidemiologists 
agree that total plasma cholesterol is a useful marker for predict-
ing CVD.[24,27]

Although to a lesser extent than other classic biochemical indi-
cators, triglycerides differed signifi cantly among the groups, with 
higher concentrations in the hypertensive children. The lower 
triglyceride numbers in prehypertensive children may have been 
due to fat distribution, a characteristic not examined in this study. 
Some studies have shown that hypertriglyceridemia is more 
strongly associated with body fat distribution and diets rich in sat-
urated fats than with alterations in blood pressure values.[28,29] 
High triglyceride values have been considered an independent 
CVD risk factor, although this remains a controversial issue and 
some authors question the independent nature of the relationship.
[23,26] 

The hypertensive and prehypertensive children had lower HDL 
values; according to the literature, therefore, they should be at 
higher risk of developing atherosclerosis and CVD. High HDL val-
ues are considered protective in the presence of hypertension.
[28,30] Studies since the 1950s note that persons with high HDL 
concentrations are less likely to suffer from CVD. Coronary risk 
is estimated to decrease 2%–3% with a 1 mg/dL increase in HDL 
concentration.[23,25] 

There were wide differences among the groups in terms of both 
LDL and the LDL/HDL ratio. These results are consistent with 
those of several studies showing an association between HT and 
high LDL, and reveal a direct association between high LDL val-
ues and CVD.[31,32] 

High LDL concentrations in young adults predict appearance 
of CVD later in life; thus, the relationship between changes in 
LDL and the development of CVD is considered a continuous 
process that begins at an early age.[33,34] High values or an 
increase in values of this lipid marker in the hypertensive and 
prehypertensive children indicate higher risk of developing CVD 
in adulthood than in the normotensive children; therefore they 
need increased medical attention to control blood pressure and 
dyslipidemia. 

Several studies show that high total cholesterol and LDL levels 
and the total cholesterol/HDL ratio are independently associated 
with a higher incidence of HT and CVD.[35–38] The prehyper-
tensive and hypertensive children with elevated values for these 

markers in our study are at greater risk of developing CVD—one 
more reason to offer them specialized consultations for monitor-
ing and followup. 

Lp(a) values were higher in the hypertensive and prehyperten-
sive children. While this is unrelated to HT in children, several 
studies[39–42] indicate that determining this marker helps identify 
children and adolescents at future risk of vascular disease, since 
high values are associated with higher thrombogenic capacity. 

These studies also report that high Lp(a) concentrations are an 
independent CVD risk factor, even in the presence of normal con-
centrations of cholesterol and triglycerides.[40] Dalmau Serra[42] 
contends that the risk is higher for Lp(a) concentration in plasma 
above 30 mg/dL and is 2 to 3 times greater when it exceeds 
50 mg/dL. Lp(a) concentrations normally show little variation 
throughout life, and in adulthood remain at levels similar to those 
in childhood. High Lp(a) concentrations have been reported in 
children with familial cardiovascular risk factors.[40] Determining 
this marker is useful, especially in children with an adverse lipid 
profi le. 

ApoA is the main constituent of high-density lipoproteins and 
higher levels are therefore associated with lower CVD risk.[39] 
ApoB is found in VLDL, LDL, IDL and lipoprotein remnants, all 
with atherogenic properties. Thus, high values in hypertensive 
and prehypertensive children are relevant when estimating the 
risk of CVD.[39] It has been suggested that low levels of ApoA1 
and high levels of ApoB in young people, as found in the hyper-
tensive and prehypertensive children in this study, could predict 
intimal thickening of the carotid artery in early adulthood and 
thus be associated with cardiovascular risk.[43] The ApoB/ApoA 
ratio accurately refl ects the balance between atherogenic and 
antiatherogenic lipoproteins.[44,45] In the hypertensive and pre-
hypertensive children studied, the balance favored atherogenic 
lipoproteins, denoting greater CVD risk.  

An increase in ApoB levels and the ApoB/ApoA1 ratio, as well 
as a decrease in ApoA1, are better predictors of cardiovascu-
lar events than any other known risk factor, including high LDL 
concentrations.[46–49] Recent prospective studies show an as-
sociation between ApoA1 and ApoB lipoprotein plasma levels and 
coronary artery disease, mainly in adults,[48,49] and suggest that 
the ApoB/ApoA ratio is the strongest predictor of this condition.
[48,50] Studies in children are more scarce, but some supporting 
these results were conducted in Venezuela in 2004 by Fernández 
and in Spain in 2007 by Garcés and de la Oya.[51,52] This sug-
gests that the hypertensive children in our study are at high risk of 
developing CVD in early adulthood. 

CONCLUSIONS
The proportion of hypertensive and prehypertensive children is 
higher than previously reported, and their blood pressure values 
are associated with high values of lipid markers usually consid-
ered predictive of CVD. The most important biochemical markers 
associated with HT in these children were high values for LDL, 
LDL/HDL and ApoB/ApoA ratios and lipoprotein(a) concentra-
tions.         Our results point to the need to ensure monitoring and con-
trol of prehypertensive and hypertensive children and adolescents 
in Cuba.
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