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Abstract
Background: This study aimed to investigate the association between prenatal/infancy factors 
and lipid profile in children and adolescents.
Methods: This multicentric national study was conducted in 30 provinces in Iran. It comprised 
4200 participants, aged 7-18 years, from the fifth survey of a national surveillance program. 
History regarding birth weight, as well as the type of consumed milk and food during infancy 
was obtained from parents. In addition to physical examinations, fasting blood samples were 
obtained to assess the lipid profile of these students.
Results: Data from 3844 participants were available (91.5% participation rate), 52.4 % of 
students were boys. Mean (SD) age of participants was 12.3(3.2) years. Consuming cow milk 
in the first two years significantly increased the risk of high triglycerides (TG) (odds ratio [OR]: 
2.77, 95% CI: 1.32-5.85, P: 0.01), elevated low-density lipoprotein (LDL) (P<0.05) and low 
high-density lipoprotein (HDL) (P <0.05). Students who had consumed commercially made 
food as complementary feeding were 93% more likely to have high LDL (OR: 1.93, 95% 
CI=1.19-3.13, P: 0.01) and 90% more likely to have high TG than students who had consumed 
homemade food (OR: 1.90, 95% CI: 1.15-3.12, P: 0.01). The aforementioned figures were not 
significantly associated with an elevated total cholesterol (TC) level. 
Conclusion: Our findings revealed that the history of using human milk and home-made food 
as complementary feeding was associated with better lipid profile in childhood and early 
adolescence. Increasing public knowledge in this regard might be useful for encouragement of 
healthier life prevention of chronic diseases.

Article History:
Received: 15 Apr. 2020
Accepted: 17 Aug. 2020
ePublished: 7 Nov. 2020
 
Keywords:
Children, Dyslipidemia, 
Breastfeeding, 
Complementary feeding 

*Corresponding Author:
Roya Kelishadi, 
Email: kelishadi@med.mui.
ac.ir, kroya@aap.net

ARTICLE INFO

Original Article

Introduction
Lipid structures, such as triglycerides (TG), lipoproteins, 
cholesterols and phospholipids have different roles 
and functions in human body.1 Defects in absorption, 
accumulation and metabolism of lipids may lead to 
various lipid disorders.2,3 

One of the main concerns about lipid metabolism 
is the risk of future cardiovascular disease (CVD) and 
atherosclerosis. Nowadays, the role of cholesterol is well 
known in the pathogenesis of atherosclerosis, as well 
as low-density lipoprotein cholesterol (LDL-C) from 
this lipid group which is known as the most important 

lipoprotein involved in this condition.4 This process 
begins with the accumulation of fatty acid streaks in the 
vascular wall, resulting in adverse health outcomes.5 Many 
of the lipid-related disorders start developing from an 
early age. Studies have shown that some CVD risk factors 
in adulthood can be tracked to childhood.6

Lipid profile test is a screening tool for analyzing 
measurable blood lipid structures that can help predict the 
presence of disorders associated with any abnormal lipid 
status such as dyslipidemia.7 It has been found that prenatal 
and postnatal dietary factors such as breastfeeding, obesity 
in pregnancy, maternal lipid status and various childhood 
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diets may affect the child’s lipid profile.8 Determining 
the factors related to the lipid status of children can be of 
paramount importance for prevention of further disorders 
in later years of life. 

The aim of this study was to investigate the relationship 
of the prenatal and infancy factors with lipid profile of a 
nationally representative sample from the population of 
Iranian children and adolescents.

Materials and Methods 
This cross-sectional nationwide study was conducted 
among school students in 30 provinces in Iran.

Subjects
Data for this study were derived from the fifth survey of the 
school-based surveillance program entitled “Childhood 
and Adolescence Surveillance and Prevention of Adult 
Non-communicable Disease” (CASPIAN-V) formerly 
conducted in 2015. The aim and methods of the main 
survey have been described in details previously.9

Briefly, multistage stratified cluster sampling method 
with equal cluster size was used to select 7-18- year old 
students of both genders living in urban and rural areas 
across Iran. To collect the biochemical test samples, the 
number of 4200 students was calculated.

Measurement tool
Students’ questionnaire was designed in accordance 
with the World Health Organization-Global School 
Health Survey (WHO-GSHS) questionnaire (translated 
to Persian). Moreover, questions about early-life factors 
were asked from parents. Validity and reliability of both 
English and Persian questionnaires has been previously 
confirmed.10,11 

Measurements 
Demographic information about students including age, 
sex, living area, and number of household members was 
collected by trained interviewers. Findings from physical 
examinations were recorded by trained health-care 
staff. Weight with light clothes and barefoot height were 
measured to the nearest 0.1 kg and 0.1 cm, respectively.9 
Body mass index (BMI) was calculated by dividing weight 
(kg) by squared height (m2). BMI was categorized in 
accordance with the WHO growth charts.12

Physical activity (PA) and leisure time screen time (ST)
PA classification was based on times per week that the 
child was physically active for at least 30 minutes. The 
level of PA was classified as low (<2 times/week), moderate 
(2-4 times/week) and high (>4 times/week).13 In order to 
measure the screen time (ST), number of hours per day 
that students spent in front of the television and/or videos, 
personal computer, or electronic games were asked, then 
cumulative spent time front screen (ST) were divided into 
two categories of low (<2 hours/day) and high (≥2 hours/
day).13

Healthy and unhealthy dietary habits were evaluated by 
using principle component analysis on usage of healthy 
food (milk, fruits and vegetables) and unhealthy food 
products (sweets, salty foods, soft drinks, and fast foods). 
Two components from this method (healthy and unhealthy 
dietary habits), were divided into three categories: low, 
moderate and high healthy/unhealthy dietary habits.

Blood sampling and Lipid profile
Eligible students, accompanied with one of their parents, 
were referred to the laboratory. Then, 6ml of venous 
blood sampling was collected, while students were to be 
fasting for 12 hours prior to our sampling. All collection 
tubes were centrifuged at 2500–3000 ×g for 10 minutes. 
All samples were sent to Isfahan Mahdieh laboratory in 
a cold box. TG, total cholesterol (TC), LDL-C and high-
density lipoprotein-cholesterol (HDL-C), were measured 
enzymatically by Hitachi Autoanalyzer14,15 to determine 
lipid profile. Atherogenic index was calculated by dividing 
TG to HDL-C.16 Serum TGs ≥100 mg/dL, TC ≥ 200 mg/
dL, LDL-C ≥110 mg/dL, HDL-C <40 mg/dL (except in 
boys 15–18 years: <45 mg/dL) and atherogenic index 
>2.016 were considered as abnormal lipid profile.17

Breastfeeding duration 
Breastfeeding duration was assessed by the question from 
parents “how many months did your child consume breast 
feeding in the first two years of life?” The answers were 
categorized into five categories of not breastfed (0 month), 
up to 6 months, 6-12 months, 12-18 months and 18-24 
months. 

Birth weight 
For the statistical analysis, students’ birth weight (BW) 
(g) was asked from parents and then was categorized into 
three levels: low (<2500 g), normal (2500-4000 g) and 
high (>4000 g).

Socio-economic status 
The socio-economic status (SES) of families was evaluated 
using principle component analysis method on questions 
about parents’ education level, parents’ employment, home 
ownership status (home owner/rental), type of school 
(public/private), car ownership and having a personal 
computer. This method summarized these factors in the 
main component of SES, which is categorized to low (the 
first tertile), moderate (the second tertile) and high SES 
(the highest tertile). 

Other studied variables consisted of the type of 
complementary feeding at the first two years of life 
(always homemade food/always commercial food/often 
homemade food/often formula), type of milk consumed 
at first two years of life (breast milk/formula/cow milk/
mixed), father’s and mother’s age at the child’s birth, father’s 
and mother’s preconception weight and consanguinity of 
parents.
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Statistical analysis
Results are presented as mean (SD) for continuous 
variables and frequency (%) for categorical variables.
In this study high TG, high TC, high LDL, low HDL and 
high atherogenic index were considered as binary outcome 
(yes/no). Comparison of demographic characteristics, 
mean of lipid profile indices and prevalence of abnormal 
lipid profile according to the gender were evaluated and 
compared between different prenatal/infancy dietary 
groups using t test and Chi-square test. The multiple 
logistic regression models were used to evaluate the 
association of prenatal factors and lactation period with 
lipid profile after adjustment for potential confounders. 
The odds ratio with 95% confidence interval (OR 95% CI) 
for all predictive variables was presented based on crude 
model (Model I), adjusted model for sex, age, living area, 
PA, ST, diet (Model II) and the model additionally adjusted 
for family size, mother education, father education and 
other independent variables in this study (Model III). 
All statistical analyses were performed by SPSS v. 18.0 
(PASW Statistics for Windows, Chicago: SPSS, Inc.). For 
all analyses, type 1 error of 0.05 and type 2 error of 0.2 
were considered. 

Results
The participation rate was 91.5% (n= 3843), 52.4 % of 
students were boys and 72.2 % lived in urban area. The 
demographic characteristics of study participants divided 
by their gender are presented in Table 1. The frequency of 
high PA, breast milk consumption and homemade food 
consumption as complementary feeding was significantly 
higher in boys than girls (P < 0.05). Duration of the breast 
feeding was neither associated with gender of the baby nor 
body weight.

Mean (95% CI) of lipid profile indices and prevalence 
of hyperlipidemia factors (95% CI) according to gender 
are presented in Table 2. Mean values of TC and LDL were 
significantly higher in girls than in boys (P < 0.05). The 
prevalence of elevated LDL was significantly higher in 
girls (29.7%) than boys (26.4%) (P = 0.03). Interestingly, 
prevalence of low HDL was significantly higher in boys 
(32.7%) than girls (26%) (P <0.001). 

Tables 3 and 4 present the association of prenatal 
factors and lactation period characteristics with the risk 
of elevated TG, elevated TC and LDL, and low HDL-C 
derived from multiple logistic regression analysis. Students 
who had consumed cow milk in the two first years of life 
had significantly higher odds for elevated TG than student 
with breast milk consumption history (OR: 2.77, 95% CI: 
1.32-5.85, P =0.01). The odds of elevated TG in students 
who had always consumed formula as complementary 
feeding was 90% higher than students who had consumed 
homemade food (OR: 1.90, 95% CI: 1.15-3.12, P: 0.01). 
There was no significant association between prenatal 
factors (i.e. type of complementary feeding, type of milk, 
father’s and mother’s age at child’s birth, pre-conception 
parental weights, consanguinity in parents and BW) and 

lactation period with odds of an elevation TC in 6 to18 
years (Table 3).

Consuming cow milk in the first two years significantly 
increased the odds of high LDL and low HDL (P < 0.05). 
Students who consumed formula food as complementary 
feeding were 93% more likely to have high LDL than 
students consumed breast milk (OR: 1.93, 95% CI: 1.19-
3.13, P: 0.01). The odds of high LDL in students with 
familial marriage of parents was 25% lower than others 
(OR: 0.75, 95% CI: 0.61-0.91, P < 0.001) (Table 4). 
Table 5 presents the association of prenatal factors and 
lactation period with the risk of elevated atherogenic 
index using multiple logistic regression. Consuming cow 
milk in the first two years significantly increased the odds 
of high atherogenic index (OR: 2.31, 95% CI: 1.08-4.21, P 
= 0.03). 

Discussion
The findings of the present study showed that the risk 
of elevated TG, low HDL and high atherogenic index 
was significantly higher in students with the history of 
cow milk consumption in infancy than in the breastfed 
individuals. On the other hand, consumption of formula 
as complementary food was associated with a higher risk 
of elevated LDL and elevated TG compared to the breast 
milk or homemade complementary food. The association 
between the type of breast milk substitute and changes in 
various lipid profile indices has been investigated in some 
earlier studies. They demonstrated that breastfeeding 
was associated with high concentrations of TG and 
LDL in infancy followed by lower levels of LDL and 
TG in adolescence.12 Our results are consistent with the 
abovementioned studies. It is documented that infants 
who are formula-fed have higher cholesterol synthesis 
than infants who are breastfed. Evidence has not yet 
shown whether differences in cholesterol synthesis and 
metabolism during infancy period would persist beyond 
weaning in to adulthood. Further research is needed to 
clarify the differences between breast milk and formula 
such as galactose levels or higher phytosterol protein 
in formula which might affect lipid metabolism.18 The 
aforementioned studies also reported that breast milk 
substitutes are highly prevalent among families with high-
SES living in developing countries, as opposed to results 
from Western countries. Moreover, in rural communities 
or more underprivileged families who are less likely to 
be able to buy substitute resources, breastfeeding was 
observed to be more frequently used in female infants, 
so the budget could be preserved to obtain breast milk 
substitutes for other infants and the whole family.19,20 The 
difference between the lipid status of breast milk and milk 
substitutes depends on the type of the replacements, the 
type and amount of fatty acids present in the formula, 
and the diet of the mother, but the findings of the many 
related studies reported better lipid profile status in 
breastfed individuals compared to those consuming milk 
substitute.21,22 It is reported that breastfeeding in infancy 
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Table 1. Characteristics of participants according to gender: The CASPIAN-V study

Girl Boy Total P value

Age (y) 12.3 (3.2) 12.4 (3.1) 12.3 (3.2) <0.001*

BMI (kg/m2) 18.5 (4.7) 18.5 (4.9) 18.5 (4.4) 0.56

Living area 0.76

Urban 1318 (72%) 1458 (72.4%) 2776 (72.2%)

Rural 513 (28%) 555 (27.6%) 1068 (27.8%)

Physical activity 0.001*

Low 626 (36.2%) 579 (30.9%) 1205 (33.5%)

Moderate 568 (32.9%) 627 (33.5%) 1195 (33.2%)

High 533 (30.9%) 666 (35.6%) 1199 (33.3%)

Screen time 0.48

< 2 h 1549 (86.6%) 1677 (85.8%) 3226 (86.2%)

≥ 2 h 240 (13.4%) 278 (14.2%) 518 (13.8%)

Healthy dietary 0.73

Low 485 (33.0%) 561 (34%) 1046 (33.5%)

Moderate 477 (32.4%) 539 (32.7%) 1016 (32.6%)

High 508 (34.6%) 549 (33.3%) 1057 (33.9%)

Unhealthy dietary 0.43

Low 482 (32.8%) 506 (30.7%) 988 (31.7%)

Moderate 516 (35.1%) 590 (35.8%)  1106 (35.5%)

High 472 (32.1%) 553 (33.5%) 1025 (32.9%)

Fathers' hyperlipidemia history 0.23

yes 225 (12.4%) 223 (11.1%) 448 (11.7%)

No 1589 (87.6%) 1778 (88.9%) 3367 (88.3%)

Mothers' hyperlipidemia history 0.16

Yes 150 (8.3%) 141 (7.1%) 291(7.6%)

No 1664 (91.7%) 1858 (92.9%) 3522 (92.4%)

Socio-economic statues (SES) 0.01*

Low 629 (36.3%) 615 (31.8%) 1244 (33.9%)

Moderate 538 (31.0%) 682 (35.3%) 1220 (33.3%)

High 568 (32.7%) 637 (32.9%) 1205 (32.8%)

Familial marriage of parents 0.99

No 975 (54.1%) 1083 (54.1%) 2058 (54.1%)

Yes 827 (45.9%) 918 (45.9%) 1745 (45.9%)

Type of milk consumed 0.03*

Breast milk 1494 (81.8%) 1636 (81.3%) 3130 (81.5%)

Formula 109 (6.0%) 91 (4.5%) 200 (5.2%)

Cow’s milk 11 (0.6%) 7 (0.3%) 18 (0.5%)

Mixed 213 (11.7%) 279 (13.9%) 492 (12.8%)

Type of complementary feeding 0.67

Always homemade food 1331 (73.6%) 1496 (74.5%) 2827 (74.1%)

Always formula 63 (3.5%) 79 (3.9%) 142 (3.7%)

Usually homemade food 362 (20.0%) 374 (18.6%) 736 (19.3%)

Usually formula 52 (2.9%) 58 (2.9%) 110 (2.9%)

Breastfeeding duration (months) 0.06

No feeding 73 (4.0%) 59 (3.0%) 132 (3.5%)

To 6 499 (27.6%) 611 (30.6%) 1110 (29.2%)

>6-12 167 (9.2%) 208 (10.4%) 375 (9.9%)

>12-18 246 (13.6%) 252 (12.6%) 498 (13.1%)

>18-24 821 (45.5%) 870 (43.5%) 1691 (44.4%)

Birth weight (g) 0.94

< 2500 177 (10.8%) 195 (10.5%) 372 (10.7%)

2500-4000 1334 (81.4%) 1517 (81.9%) 2851 (81.7%)

>4000 127 (7.8%) 140 (7.6%) 267 (7.7%)

* P < 0.05 considered as statistically significant.
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might reduce the risk of none communicable diseases in 
older ages.23 Exclusive breastfeeding in early infancy may 
improve lipid profile in late adolescence. Moreover, it has 
positive affect on cardiovascular health, thus the use of 
breast milk should be encouraged.18

Furthermore, our results showed that children who 
were in families with low SES had a higher risk of low HDL 
than those in other families. This is consistent with some 
earlier findings.24 SES is affected by different factors such 
as living environment, educational level, health insurance 
coverage, lifestyle, mental stress, budget, quality of life, 
free time activities such as exercise and work. Naturally, 
improvement in these factors is associate with a reduction 
in the prevalence and severity of many disorders such as 
dyslipidemia.25

Moreover, our study indicated that male subjects had a 
more frequent history of breastfeeding, homemade food 
as complementary feeding, and higher physical activity 
categories compared to females. In addition, girls showed 
higher levels of TC and LDL while boys had lower HDL 
levels. Besides, the prevalence of high LDL and low HDL 
in girls was significantly higher than in boys. It seems 
that, female gender can be considered as a risk factor for 
dyslipidemia in this study. Association between genders 
and lipid profile status of children has been investigated 
in some previous studies. These studies showed that 
the mean TG and cholesterol levels were higher in girls 
compared to the boys and the prevalence of low HDL in 
boys was higher.26 

There are some possible underlying mechanisms 
regarding the lipid profile status in relation to gender. 
Of these mechanisms, puberty is the one which should 
be taken into account.27,28 Changes in the lipid profile are 
observed during different stages of puberty, childhood 
and adolescence.29 For instance, changes in the expression 
of some genes, such as ABCA1 and apoA-1 are associated 
with a reduction in HDL-3 production and an alteration 
in esterified cholesterol concentrations.30 The difference 
in sex hormones, also, correlates with the difference in 
metabolism of lipids; for example, testosterone leads to 
an increase in HDL.31 Other factors such as environment, 
nutrition, individual habits, and physical activity also 

affect the lipid profile.32

One of the limitations in this study was the fact that we 
did not evaluate the physical activity level based on the BMI 
of the students for each year of the age. Another limitation 
of this study is that students’ lipid profile in this study was 
not evaluated based on the age of puberty or separated age 
years. As a result, further studies may yield more accurate 
results by considering the educational stages, ethnicity, 
and place of residence of the students. Some strengths of 
this study which might overcome its limitations are large 
number of sample size, and nationwide coverage. These 
strengths increase the generalizability of our findings.

Conclusion
It can be concluded that the history of using breast milk 
and homemade food as complementary feeding was 
associated with better lipid profile in childhood and 
adolescence.

Boys showed higher weight and risk for lower HDL 
levels compared to girls. Low family SES was significantly 
associated with a higher risk of having low HDL levels. 
Using breast milk as the main type of milk consumed 
throughout infancy and healthy homemade food as 
complementary feeding might secure the chances of 
healthier lipid profile indices in older stages of childhood 
and adolescence ,which in turn acts out as a protecting 
factor against non-communicable diseases such as CVD, 
hypertension and diabetes mellitus. In order to achieve 
such goals, physicians and pediatricians should encourage 
breast feeding and the avoidance of commercially made 
food and formula in infancy as much as possible. Public 
knowledge about the long-term benefits of healthy eating 
in early life should be increased.
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Table 2. Mean (95% CI) of and prevalence (95% CI) of lipid profile in gender category: The CASPIAN-V study

Girls  Boys  Total P value

Mean (95% CI)

TG (mg/dL) 89.02 (87.04-91.11) 87.15 (85.24-89.18) 88.04 (86.56-89.50) 0.21

TC (mg/dL) 154.82(153.56-156.09) 152.96 (151.71-154.23) 153.85 (152.98- 154.73) 0.03*

LDL (mg/dL) 97.0 (95.25-98.82) 94.39 (92.72-96.23) 95.63 (94.48-96.89) 0.04*

HDL (mg/dL) 46.16 (45.71-46.61) 46.21 (45.75-46.66) 46.19 (45.86-46.48) 0.86

Prevalence (95% CI)

High TG 28.6% (26.5-30.6) 26.9% (25-28.9) 27.7% (26.2-29.1) 0.29

High TC 4.9% (3.9-5.9) 5.0% (4.0- 6.0) 4.9% (4.3-5.6) 0.88

 High LDL 29.7% (27.5-31.7) 26.4% (26.2-29.1) 28.0% (26.6-29.4) 0.03*

 Low HDL 26.0% (23.9-28.0) 32.7% (30.8-34.8) 29.5% (28.0-31.0) <0.001*

TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
* P < 0.05 considered as statistically significant.
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