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Does individual dietary intervention have 
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ABSTRACT

The study was aimed at assessing eating habits 
of adolescent population, diagnosed with one or 
more cardiovascular risks (CVR) before and two 
months after the individual dietary intervention. 
Food frequency questionnaire, anthropometric 
measurements, blood pressure and biochemical 
measurements with individual nutrition educati-
on were conducted on a group of 17 adolescents 
aged 14.5 years. Total calorie intake, proteins, to-
tal and saturated fats, cholesterol, total and sim-
ple carbohydrates and sodium decreased, while 
fiber intake increased significantly. Significant 
decrease showed mean body mass index, total 
cholesterol, LDL, TAG, and blood pressure. The 
individual dietary education resulted in a positive 
shift in eating habits as well as CVR values.
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INTRODuCTION

Since cardiovascular risks (CVR) (hypertension, 
overweight/obesity, dyslipidemia) increasingly 
occur in childhood and adolescence, their early 
recognition and treatment are of utmost impor-
tance in cardiovascular diseases (CVD) preven-
tion. Adolescence is the period of acquisition 
of one’s attitudes and gaining life-style habits 
that have a significant and long-term effect on 
person’s health, therefore it is very important at 
this age to recognize and correct pre-existing ha-
bits that could represent a basis for the appearan-
ce of one or more CVRs (1,2).

Since no study of individual dietary intervention 
on Croatian adolescent population had ever been 
conducted, we wanted to determine its feasibility 
and the level of measurable impact on CVRs, if 
any. Therefore, we hypothesized that the inciden-
ce of earlier annotated CVR factors in adolescent 
population from Eastern Croatia, i.e. hyperten-
sion and dyslipidemia, are mainly caused by 
inadequate eating habits. Also, we hypothesize 
that present CVRs in observed population can be 
modified via individual dietary intervention, de-
fining it as a feasible and suitable intervention for 
this population. Overall, the final outcome would 
result in significant measurable changes in CVRs 
expressed as anthropometric and biochemical 
measurements and blood pressure, as well as in 
slight positive changes in eating habits.
Therefore, the aim was to assess eating habits 
of adolescent population, diagnosed with one or 
more CVRs (increased blood lipids, blood pressu-
re and BMI), before and two months after the in-
dividual education intervention, and to determine 
the influence of changes in eating habits on CVRs.

EXAMINEES AND METhODS

The research included a group of 17 adolescents 
aged 14.5 years (12 boys and 5 girls). Inclusion cri-
teria for this intervention study was previously dia-
gnosed one or more CVRs (family history of CVD, 
increased blood pressure and BMI). General prac-
titioners or after the regular physical examination 
at high school entry referred the adolescents to a 
specialist cardiologic examination at the cardiolo-
gy office  of the Pediatrics Clinic, General Hospital 
„Dr Josip Benčević“ in Slavonski Brod. Labora-
tory diagnosis included blood glucose level, lipid 
status (HDL, LDL, TAG and total cholesterol). 
Blood pressure was also measured. Anthropome-
tric measurements included body weight and hei-
ght measurement on medical scale, and body mass 
index (BMI) was calculated. For the assessment of 
nutritional status the 5th, the 85th and the 95th centile 
of CDC-curves for age (3) were used.
Initial investigation also included evaluation of 
nutritional habits, and for that purpose semi-qu-
antitative food frequency questionnaire (FFQ) 
was developed. FFQ was created by the research 
team, combining different findings of earlier stu-
dies (1,2) with special emphasis on specific cha-
racteristics of nutrition related to CVR, such as 
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TV viewing, snacking, fast-food and sweetened 
beverages consumption, fruit and vegetables con-
sumption etc.. Serving sizes were presented using 
pictures of a particular dish. The adolescents par-
ticipated in the 120-minute individual education 
session, which included dietary recommendations 
related to diagnosed CVR. Two months after the 
intervention all of the measurements and dietary 
assessment were repeated as described. 
The research was approved by the Ethical Co-
mmittee for testing on humans of the Faculty of 
Food Technology Osijek. The presence of one or 
both parents was required during investigation.
Statistical calculations were done with software 
tool Statistica 8.0 (StatSoft, Tulsa, OK, USA). 
Parametric statistics was used. Descriptive sta-
tistics was combined with t-test for dependent 
and independent samples, with statistical signi-
ficance at p≤0.05.

RESuLTS

Changes of dietary habits in the two-month pe-
riod after the individual education resulted in a 
decrease of total energy intake and changes in 
intake of particular nutrients (Table 1). The dif-
ference in intake on initial and control examina-
tion was statistically significant. For total energy 
intake p=0.002, total fat and saturated fats in-
take p<0.001, intake of proteins p=0.018, total 
carbohydrates p=0.025, simple carbohydrates 
p=0.008, intake of sodium p=0.013 and fiber in-
take (in grams per 1000 kcal) p=0.006.
Changes in observed cardiovascular risk factors 
on control examination, after conducted indivi-
dual education can be observed via individual 
progress presented in Table 2. The mean BMI 
of examinees significantly decreased by 0.9 or 
2.9% from 30.3 kg/m2 on initial to 29.5 kg/m2 on 
control examination (p=0.004). All blood lipid 

 Total energy
(kcal)

Total fat
(g)

Saturated fat 
(g)

Cholesterol 
(mg)

Proteins 
(g)

Total 
carbohydrates (g)

Simple 
carbohydrates (g)

Sodium 
(mg)

Fiber 
(g/1000 kcal)

Ei 3 570 155.5 55.9 375 123.8 426.4 135.1 7 574 8.4
Ec 2 812 116.8 41.8 297 104.4 342.0 108.9 6 147 9.8
∆Ec-Ei -758 -38.7 -14.1 -78 -19.4 -84.4 -26.2 -1 426 1.5
% -21.2 -24.9 -25.2 -20.8 -15.7 -19.8 -19.4 -18.8 17.8
p 0.002 <0.001 <0.001 0.446 0.018 0.025 0.008 0.013 0.006

Table 1. Dietary intake of energy, macronutrients and sodium on initial (Ei) and control (Ec) medical examination after the indi-
vidual dietary education intervention

EXAMINEE TC 
Ei

TC 
Ec ∆TC LDL 

Ei
LDL 
Ec ∆LDL TAG 

Ei
TAG 
Ec ∆TAG BPS 

Ei
BPS 
Ec ∆BPS BPD 

Ei
BPD 
Ec ∆BPD BMI 

Ei
BMI 
Ec ∆BMI

1 5.0 4.9 -0.1 3.2 3.1 -0.1 1.9 1.7 -0.2 115 115 0 70 80 10 35.3 33.1 2.1
2 4.0 4.2 0.2 2.8 2.5 -0.3 1.1 0.9 -0.3 160 120 -40 100 80 -20 37.2 36.6 0.7
3 5,0 4.8 -0.2 3.1 3.0 -0.1 2.4 2.0 -0.5 125 125 0 90 90 0 24.3 23.7 0.6
4 4,9 4.1 -0.8 3.3 3.2 -0.1 2.5 1,5 -1.0 150 120 -30 90 80 -10 34.6 33.3 1.3
5 5,6 5.1 -0.5 3.7 3.2 -0.5 1.3 1.3 -0.1 115 120 5 75 80 5 18.6 18.9 -0.3
6 4,5 4.4 -0.1 2.9 2.4 -0.5 1.1 1.2 0.0 190 140 -50 100 85 -15 27,7 27.3 0.4
7 4,5 3.5 -1.0 3.1 2.5 -0.7 1.5 1.5 -0.0 150 115 -35 90 80 -10 31,9 30.9 1.0
8 4,7 4.0 -0.7 3.3 2.8 -0.5 1.0 0.9 -0.1 120 120 0 80 80 0 30.8 27.2 3.6
9 5,0 4.6 -0.4 3.5 3.2 -0.3 1.1 1.1 -0.0 150 120 -30 80 60 -20 28.9 28.4 0.5
10 6,5 6.0 -0.5 4.8 4.5 -0.3 1.2 1.2 -0.0 155 140 -15 100 100 0 36.9 35.9 1.0
11 3,5 3.5 0.0 2.3 2.2 -0.1 1.0 0.9 -0.1 150 125 -25 100 80 -20 38.7 35.6 2.6
12 2,1 2.1 0.0 1.6 1.6 0.0 1.0 1.0 0.0 135 135 0 85 85 0 31.2 31.2 0.0
13 3,9 3.9 0.0 2.9 2.9 0.0 1.2 1.2 0.0 140 140 0 90 90 0 36.9 36.9 0.0
14 6,6 5.1 -1.5 3.5 3.2 -0.3 0.5 0.5 0.0 100 110 10 60 70 10 17.2 17.3 -0.2
15 3,9 3.9 0.0 2.2 2.2 0.0 1.6 1.6 0.0 115 115 0 80 80 0 38.6 38.6 0.0
16 5,1 4.8 -0.3 3.1 2.8 -0.3 1.0 0.8 -0.2 115 115 0 70 75 5 26.8 25.0 1.8
17 5,4 5.3 -0.1 3.4 3.2 -0.2 2.0 1.0 -1.0 120 115 -5 80 80 0 20.7 20.7 0.0
mean value 4.7 4.4 0.4 3.1 2.9 0.3 1.4 1.2 0.2 135.6 122.9 12.7 84.7 80.9 3.8 30.3 29.5 0.9
% decrease in CVR 7.6 8.1 14.5 9.3 4.5 2.9
p 0.005 <0.001 0.019 0.012 0.137 0.004

Table 2. Observed cardiovascular risk factors (CVR) values on initial (Ei) and control (Ec) medical examination after the individual 
dietary education intervention

TC Ei, total cholesterol on initial examination; TC Ec, total cholesterol on control examination; LDL Ei, LDL cholesterol on initial examination; 
LDL Ec, LDL cholesterol on control examination; TAG Ei, triacylglycerols on initial examination; TAG Ec, triacylglycerols on control exami-
nation; BPS Ei, systolic blood pressure on initial examination; BPS Ec, systolic blood pressure on control examination; BPD Ei, dyastolic blood 
pressure on initial examination; BPD Ec, dyastolic blood pressure on control examination; BMI Ei, body mass index on initial examination; BMI 
Ec, body mass index on control examination.
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values also decreased significantly: TC by 0.4 
mmol/ L or 7.6% with p=0.005, LDL decreased 
by 0.3 mmol/ L or 8.1% with p<0.001 and TAG 
decreased by 0.2 mmol/L or 14.5% with p=0.019. 
Systolic blood pressure was also statistically si-
gnificantly reduced by 12.7 mmHg or 9.3% with 
p=0.012, while reduction of diastolic blood pre-
ssure by 3.8 mmHg or 4.5% did not show stati-
stically significant reduction (p=0.137) (Table 2).

DISCuSSION

The efforts of institutions at all levels, focused 
on CVR prevention, are mostly based on the 
adoption of regular life-style and dietary habits 
in childhood and adolescence, considering their 
repeatedly proved relationship with CVR deve-
lopment and the fact that the habits acquired in 
early life periods are most commonly transmitted 
in the later life periods (4). Two recent studies 
(2,5) showed that the intervention program, in-
cluding changes in dietary and life-style habits, 
significantly affected the values of certain CVR 
parameters in adolescents. Education on proper 
dietary habits and promotion of physical activi-
ty resulted in increased intake of fruit, reduced 
fat intake (average of 6 g), sugar and sweetened 
beverages, and a decrease in total energy intake 
for an average of 200 kcal. These changes resul-
ted in significant changes in CVR values (2,5). 
Our individual intervention resulted in signifi-
cant changes, or specifically in increased levels 
of HDL by 8.0% (results not shown), reduction in 
total cholesterol by 7.6%, lowering levels of LDL 
by 8.1%, lowering triacylglycerol by 14.5%, re-
duction in systolic by 9.3% and diastolic pressure 
4.5%. Also, total energy intake decreased by 758 
kcal, total fat intake for an average of 39 g.
Dietary recommendations for children with 
dyslipidemia, older than two years, according 
to the National Cholesterol Education Program 
(NCEP) include reduction of total and saturated 
fat, cholesterol and simple sugars as well as in-
creased intake of complex carbohydrates without 
restriction of protein intake (6). Replacing satu-
rated fats with unsaturated in quantities of 3 ser-
vings a day in the diet with reduced intake of total 
fat, according to some authors, may be related to 
reduced level of LDL by 10 to 15% in adults (7). 
Evidence of the effectiveness of these dietary 
principles for children are provided by two large 

randomized studies, STRIP and DISC (8,9). Both 
studies confirmed LDL reduction and it has not 
been observed that the change of dietary habits 
and the application of the diet principles had un-
desirable effects on growth and development of 
children (10).
Although the value of certain nutrient intake on 
the control examination in this study still excee-
ded recommended levels of daily intake, redu-
ced total cholesterol, LDL, triacylglycerols, and 
elevated HDL on the control examination can be 
satisfying, considering the relatively short period 
between the initial and control examination, as 
well as extremely high total energy and intake of 
certain nutrients before applying given dietary 
advices. A significant reduction in total and sa-
turated fat intake achieved in this period was a 
result of a serious approach to education and par-
ticipants cooperation, appointing it as a possible 
intervention model for other age groups of pati-
ents with CVR. Surely, a remark has to be made 
to findings of several studies (11-13) showing 
that the improvement of the lipid profile and ot-
her CVRs reduction were not conditioned by the 
influence of individual nutrients, but their inte-
raction. Still, the hypothesis of significant mea-
surable changes in CVRs expressed as anthropo-
metric and biochemical measurements and blood 
pressure was confirmed, accenting the individual 
dietary intervention as a feasible and useful met-
hod in CVRs improvement.
Increased protein intake, without compliance on 
plant-animal-protein ratio recommendations, of-
ten result in high intake of saturated fat (14). In 
this study, the total protein content in the energy 
intake increased on the control examination com-
pared to the initial. Still, significant increase in fru-
it and vegetables intake on the control examination 
may be considered favorable for reducing the risk 
of hypertension. But the relationship between pro-
teins of plant and animal origin remained negative 
(1:1.5). Increased intake of simple carbohydrates, 
according to other studies (12,13) can present the 
risk of increased triglycerides and decreased HDL, 
while increased intake of complex carbohydrates, 
within the recommended energy intake, has the 
opposite effect. The share of total carbohydrates 
on the control examination in this study was si-
gnificantly reduced, as well as the intake of simple 
carbohydrates. Reduced intake of simple carbohy-
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drates was notably contributed by a reduced intake 
of sweetened beverages. Significant reduction in 
total energy intake is mostly resulted by reduced 
frequency of this food group, and correlation was 
found between intake of simple carbohydrates and 
triacylglycerol. Our results clarify clear decrease 
in sodium (18.8%), and saturated fats (by 25.2%) 
intake after the individual education, despite ma-
nifestation of typical eating habits of Eastern Cro-
atia (high intake of meat and products). A study 
conducted in 2008 in Croatia showed that the 
increase of 1 g of salt in daily intake in children 
and adolescents increased blood pressure by 0.4 
mmHg (15). The initiative for salt intake reduction 
in some European countries resulted in 10% lower 
sodium intake (16).
According to several recent studies (10,17,18), an 
increased intake of fiber as a result of increased 
intake of fruit, vegetables and grains, has stronger 
impact on the BMI reduction and improved lipid 
profiles in obese children and adolescents than the 
share of total and saturated fats, carbohydrate and 
protein. Study results show more adequate daily in-
take of fibers on the control examination (average of 
9.8 g/1000 kcal). The reason lies in increased avera-
ge daily intake of vegetables by 23%, fruit by 60%, 
and due to increased intake of cereals and cereal 
products, as well as half wholemeal bread, whole-
wheat and whole-grain bread (results not shown).
The hypothesis of improvement in eating habits 
after the individual dietary intervention through 
education was confirmed. Even though the im-
pact was low in some particular components, it 
was significant and should be considered as an 
important tool in prevention studies as well as a 
part of usual medical treatment procedure.
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