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ABSTRACT

Background: Cardiovascular diseases (CVDs) are the leading cause of mortality in Iran; with dyslipidemia as an important contributing risk
factor.

Objectives: To assess the early onset of dyslipidemia, our goal was to determine lipids and lipoproteins levels in cord blood and their
correlation with maternal age as a first study in Iran.

Patients and Methods: This cross sectional study was done on the cord blood of 243 healthy, full-term newborn infants (114 females and 129
males). The blood was sampled from the umbilical cord immediately after a normal delivery. The serum was tested in order to determine
the lipid profile including total cholesterol (TC), triglycerides (TG) and high density lipoprotein-cholesterol (HDL-C). Low density-lipoprotein
(LDL-C) was computed by Friedewald equation.

Results: A statistically significant negative correlation was observed between cord blood HDL-C and maternal age (r =-0.18, P <0.01). There
was no relationship between other lipids and lipoproteins with maternal age. Our findings also showed the TC, TG and LDL-C mean level were
significantly more and the mean level of HDL-C was significantly lower than reference value. Additionally, the mean of TC and LDL-C in female
neonates were significantly more than the male (P <0.01). Also, there was no correlation between cord blood lipids and lipoproteins with birth
weight and maternal body mass index (BMI).

Conclusions: In a current study based on increasing maternal age, the HDL-C level in cord blood was decreased which is an independent risk
factor for CVDs in adulthood.
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1. Background

Cardiovascular diseases (CVDs) are the largest single
contributor to global mortality and will continue to
dominate mortality trends in the future (1). Nowadays,
age-adjusted CVDs mortality is higher in major low and
middle income countries than in developed countries
(2). Atherosclerosis is considered as a major cause of
CVDs; it is a process that begins early in life and progress-
es silently for decades (3). In adults, increased low density
lipoprotein cholesterol (LDL-C) and reduced high density
lipoprotein cholesterol (HDL-C) levels are associated with
atherosclerotic lesion, with its prodromal stages formed
early in life (4-6). Children with high level LDL-C at birth
might be more liable to high lipoprotein serum levels as
they reach adulthood (7, 8). In North America every child
over the age of 3 years old has some degree of aortic fatty
streaks (9). Extensive epidemiological evidence supports
the relationship between both genetic and maternal fac-
tors such as hypercholesterolemia, diet, mode of deliv-
ery, length of pregnancy and pre-eclampsia with the cord
blood lipids and lipoprotein profiles (5, 10-18). Addition-
ally, the fetal life is affected by maternal age (19, 20).

2. Objectives

Since no study has been performed in this regard, our
objective was to determine the relationship between lip-
ids and lipoproteins profile in the cord blood of normal
full-term newborns in correlation to maternal age.

3. Patients and Methods

This is a cross sectional study on the umbilical cord
blood of 243 (114 females and 129 males) normal full-term
newborn infants who were delivered vaginally. The sub-
jects were selected from the live born neonates who were
delivered in hospitals affiliated with the Ahwaz Jundisha-
pur University of Medical Sciences in Iran. Mothers and
neonates with any medical and obstetric complication
were excluded from the study. Maternal body mass index
(BMI) was computed by the pre-conception and the final
weight in pregnancy. The other data was obtained by in-
terview and maternal obstetric records. Gestational age
of newborns was between 37-42 weeks and their weight
(in grams) was measured using a neonate scale (Seca).
Blood was sampled from the umbilical cord immediately
following normal delivery. Serum lipids profile including
total cholesterol (TC), triglycerides (TG) and high density
lipoprotein-cholesterol (HDL-C) measured by an enzy-
matic method using an autoanalyser (Hitachi, Tokyo, Ja-
pan). Low density-lipoprotein (LDL-C) was computed by
Friedewald equation (LDL-C=TC — (HDL-C+TG/5)).

3.1. Statistical Analysis

For statistical analysis t-test and analysis of variance
(ANOVA) have been used. Additionally, the Pearson cor-
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relation test was used for determining the relation be-
tween cord blood lipids and lipoproteins with birth
weight, maternal BMI and maternal age. The significance
level considered as P <0.05.

4. Results

The baseline characteristics of mothers, neonates and
cord blood lipid profile are presented in (Table 1). A sig-
nificant negative correlation was observed between cord
blood HDL-C level and maternal age (r = -0.18, P <0.01)
(Table 2). This correlation remained significant even af-
ter adjusting for the pre-conception BMI and parity. Fur-
thermore, there was no correlation between other cord
blood lipids and lipoproteins levels with maternal age.
Additionally, the mean levels of TC and LDL-C in females
were significantly more than the male neonates (P <0.01)
and the mean levels of HDL-C and TG were greater in male
neonates but the difference was not significant (Table 3).
There was no correlation between cord blood lipids and
lipoproteins levels with birth weight. Our findings also
indicated the mean level of TC, TG and LDL-C were signifi-
cantly more and the mean level of HDL-C was significant-
ly lower than reference values (Table 4) (21).

Table 1. Characteristics of the Study Population and Cord Blood Lipids
and Lipoproteins Levels (n =243)

No. Mean*SD Range

Mother
Maternal age, y 243 24%5.20 14-41
Preconception BMI, 243 25.901+3.99 16.44-38
kg/m?
Pre-delivery BMI, kg/m?> 243 27.67+4.04 17.68-39.86
Parity at entry 2.32 19

1 95

2 60

3 44

>3 44
Neonates
Birth weight ,g 243 32331418 2150 - 4950
Gender

Male 129

Female 14
Cord Blood Lipids and Lipoproteins

TC, mg/L 81.02+19.75 40-200

LDL-C, mg/dL 48.92+1634 11133

HDL-C, mg/dL 25.09+734 1575

TG, mg/dL 42+29.10 17300

Abbreviations: BMI, body mass index; HDL, high density lipoprotein;
HDL-C, high density lipoprotein cholesterol; LDL, low density lipoprotein;
LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG,
triglycerides
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Table 2. Correlation Coefficient between Umbilical Cord Blood Lipid
Levels and Maternal Age

Lipid Correlation PValue
coefficient

TC 0.063 0.33

LDL-C -0.02 0.76

HDL-C -0.18 0.006

TG -0.1 0.09

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides

Table 3. Comparison of Lipids and Lipoproteins Levels between Subjects
and Reference Value

Lipid Subjects Reference PValue
Mean + SD values
n=243
TC, mg/dL 81.02+19.75 68 0.0001
LDL-C,mg/dL 48.92+1634 29 0.0001
HDL-C,mg/ 25.09+734 35 0.0001
dL
TG, mg/dL 42+29.10 34 0.0001

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides

Table 4. Comparison of Lipids and Lipoproteins Levels According to
Gender

Lipid Male Female PValue
Mean + SD Mean £ SD

TC, mg/dL 78.17+18.44  84.26+20.74 0.016

LDL-C,mg/dL 46.20%15.46 5194+16.92  0.007

HDL-C, mg/dL 25.27+8.54 24.8915.73 0.691

TG, mg/dL 4228+32.75  41.67+24.46  0.871

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides

5. Discussion

The lipids and lipoproteins levels in the maternal blood
increase appreciably during pregnancy (23). Despite this
variation, the TC, TG, and lipoproteins levels in the cord
blood are lower than in adults and the relative propor-
tion present in HDL-C as opposed to LDL-C is much higher
(24-28). Evidence has shown that the maternal lipid levels
are affected by maternal factors such as BMI, maternal
weight gain, diet, pre-pregnancy lipid levels, parity, mode
of delivery and various medical complications of preg-
nancy that may have significant impacts on lipid metab-
olism and plasma levels (13, 14, 17, 23, 29, 30). This change
to maternal lipoprotein levels could influence cord blood
lipid levels (30). In the present study, all the subjects had
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an uncomplicated pregnancy and a normal vaginal deliv-
ery. In our findings, the mean of TC, LDL-C and TG levels
were significantly higher and the mean level of HDL-Cwas
significantly lower than the previous studies (28, 31). Also
the mean levels of TC, LDL-C were significantly higher and
the mean levels of TG and HDL-C were significantly lower
than the study in the center of Iran by Kelishadi and et
al. (Table 5) (22). The intake of high calorie foods during
pregnancy (particularly saturated fats) could induce ma-
ternal hypercholesterolemia; which may have an effect
on the lipid metabolism of the fetus (10, 12, 32). Addition-
ally, in the Iranian population, the mean of cholesterol
consumption was high (about 500mg/day), and also the
mean of TC levels, particularly in females, was higher (210
+10 mg/dL) than in previous studies (33, 34). The pattern
of lipid profiles in the cord blood of the study group may
be due to the intake of fat-laden foods by mothers in this
community.

Table 5. Comparison of Lipids and Lipoproteins Levels between Subjects
and Kelishadi Study with Reference Values(22).

Lipid Subjects Reference Kelishadi
Mean + SD values Mean + SD
n=243 n=322

TC, mg/dL 81.02+19.75 68 76.9+28.9

LDL-C,mg(/dL 48.92+1634 29 341+11.7

HDL-C,mg/ 25.09%734 35 301+9.4

dL

TG, mg/dL 42+29.10 34 67.5+20.1

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides

We also demonstrated a negative correlation between
maternal age and HDL-C in the cord blood, a pattern that
has not been shown in previous studies. During the last
3 decades, there has been an increasing trend toward de-
layed childbearing among women in the developed and
developing world (19). Pregnant women aged 35 years or
older experience an increased risk of complications in
pregnancy as compared to younger women (35). Former
studies reported that pregnancy causes adverse effects
on the maternal HDL-C level (29, 36-38), but we did not
find any study regarding relationship of parity and lipid
profile in cord blood. Although the parity was higher in
older women compared with women who were younger,
the highest occurrences of most of obstetric and fetal
complications were significantly higher among older
multiparas(39). Moreover, it is known that aging is a sig-
nificant factor affecting changes in the lipid profile. It
seems that the higher maternal age might have an inde-
pendent effect on the HDL-C level in cord blood.

Gender differences in lipid profile have been demon-
strated repeatedly in adults (40, 41). This is also notice-
able in children (42). There are several studies which
demonstrated these differences are already apparent at
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birth (22, 31). These studies showed that TC, HDL-C, LDL-C
and TG levels have been higher in female versus male neo-
nates (43). Our findings also revealed that the mean of TC
and LDL-C in females were significantly more than male
neonates. We found a significant negative correlation be-
tween maternal age and HDL-C level in cord blood. This
finding may have negative implications on future cardio-
vascular health. However, determination of this relation
needs to be explored in future longitudinal studies. Lipid
profile has been determined in the cord blood of normal
neonates and can be used as reference values for future
studies.

Acknowledgements

We are grateful to Dr. S Daneshvar for helpful discussion
and criticisms. Parts of this work are supported by the Ah-
vaz Jundishapur University of Medical Sciences and Razi
General Hospital of Ahvaz.

Authors' Contribution

There is no contribution.

Financial Disclosure

There is no financial disclosure.

Funding/Support

There is no funding/support.

References

1. World Health Organization. World health statistics 2009. WHO,.
20009.

2. Global health risks: Mortality and burden of disease attributable
to selected major risks. WHO. 2008.

3. RifaiN,Backorik P, Albers ], Carl A, Edward R. Teitz Textbook of clini-
cal chemistry.1999;p:826-30.

4. McGill HC]Jr, McMahan CA, Zieske AW, Tracy RE, Malcom GT,
Herderick EE, et al. Origin of atherosclerosis in childhood and
adolescence. Amer ] clin Nutri.

5. Cohen MS. Fetal and childhood onset of adult cardiovascular dis-
eases. Ped Clin North Am.2004;51(6):1697-719.

6. Barker DJP. The intrauterine origins of cardiovascular disease.
Acta Peediatrica.1993;82:9.

7. FONneb® V, Dahl LB, Moe P], Ingebretsen OC. Does VLDL-LDL-
Cholesterol in Cord Serum Predict Future Level of Lipoproteins?.
Acta Peediatrica.1991;80(8-9):780-5.

8. Bastida S, Sanchez-Muniz F, Cuena R, Perea S, Aragonés A. High
density lipoprotein-cholesterol changes in children with high
cholesterol levels at birth. Europ J Pediat. 2002.

9. Holman RL, Mc GH,Jr,, Strong P, Geer ]C. The natural history of
atherosclerosis: the early aortic lesions as seen in New Orleans
in the middle of the 20th century. AmJ Path.1958;34(2):209-35.

10.  Choo KE, Davis TME, Mansur MA, Azman E, Achana S. Serum lipid
profiles in Malay mothers and neonates: A cross-sectional study.
J Paediat Child Health.1996;32(5):428-32.

1. Fard N, Mehrabian F, Sarraf-zadegan N, Sajadi F. Fat-modified di-
ets during pregnancy and lactation and serum lipids after birth.
Indian | Pediat. 2004;71(8):683-87.

12.  Ortega RM, Gaspar M], Cantero M. Influence of maternal serum
lipids and maternal diet during the third trimester of pregnancy
on umbilical cord blood lipids in two populations of Spanish
newborns. Int ] Vit Nut Res. 1996;66(3):250-7.

] Compr Ped. 2013:4(1)

13.

15.

16.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Yoshimitsu N, Douchi T, Yamasaki H, Nagata Y, Andoh T, Hatano
H. Differences in umbilical cord serum lipid levels with mode of
delivery. BJOG.1999;106(2):144-47.

Rodie VA, Caslake M], Stewart F, Sattar N, Ramsay JE, Greer IA,
et al. Fetal cord plasma lipoprotein status in uncomplicated
human pregnancies and in pregnancies complicated by pre-
eclampsia and intrauterine growth restriction. Atherosclerosis.
2004;176(1):181-7.

Bastida S, Cuesta C, Perea S, Aragones A, Sanchez-Muniz FJ. Lipid
and lipoprotein changes throughout the term-period in neo-
nates from the Toledo Study. Rev Esp Fis.1996;52(1):23-9.

Diaz M, Leal C,Ramony Cajal ], Jimenez MD, Martinez H, Pocovi M.
Cord blood lipoprotein-cholesterol: Relationship birth weight
and gestational age of newborns. Metabolism.1989;38(5):435-38.
Ginsburg BE, ZetterstrOM R. Serum Cholesterol Concentrations
in Newborn Infants With Gestational Ages of 28-42 Weeks. Acta
Peediatrica.1980;69(5):587-92.

Catarino C, Rebelo I, Belo L, Rocha-Pereira P, Rocha S, Castro EB.
Fetal lipoprotein changes in pre-eclampsia. Acta Obst Gyne Scan.
2008;87(6):628-34.

Jacobsson B, Ladfors L, Milsom 1. Advanced Maternal Age and Ad-
verse Perinatal Outcome. Acta Obst Gyne Scan.2004;104(4):727-33.
Tabcharoen C, Pinjaroen S, Suwanrath C, Krisanapan O. Pregnan-
cy outcome after age 40 and risk of low birth weight. Acta Obst
Gyne Scan.2009;29(5):378-83.

Neal W. Defects in metabolism of lipids. In: Kliegman R, Behrman
R,. Nelson textbook of pediatrics. Philadelphia: Sunders; 2007
Kelishadi R, Badiee Z, Adeli K, et al. Cord blood lipid profile and
associated factors: baseline data of a birth cohort study. Ped Peri-
nat Epidemiol. 2007;21(6):518-24.

Alvarez J], Montelongo A, Iglesias A, Lasuncion MA, Herrera E.
Longitudinal study on lipoprotein profile, high density lipo-
protein subclass, and postheparin lipases during gestation in
women. ] Lip Res.1996;37(2):299-308.

Nagasaka H, Chiba H, Kikuta H, Akita H, Takahashi Y, Yanai H.
Unique character and metabolism of high density lipoprotein
(HDL) in fetus. Atherosclerosis. 2002;161(1):215-23.

Averna MR, Barbagallo CM, Di Paola G, Labisi M, Pinna G, Marino
G. Lipids, Lipoproteins and Apolipoproteins Al All, B, CII, CIIl and
E in Newborns. Neonatology. 1991;60(3-4):187-92.

Parker Jr CR, Carr BR, Simpson ER, MacDonald PC. Decline in the
concentration of low-density lipoprotein-cholesterol in human
fetal plasma near term. Metabolism.1983;32(9):919-23.

Stozicky F, Slaby P, Volenikova L. The pattern of major serum
apolipoproteins during the early neonatal period. Acta Obst Gyne
Scan.1982;71(2):239-41.

William AN. Metabolic Disease. In: Kiligman RM, . Nelson Text-
book of Pediatrics. Philadelphia: Sanders; 2007. p. 580-93
Gunderson EP, Lewis CE, Murtaugh MA, Quesenberry CP, Smith
West D, Sidney S. Long-term Plasma Lipid Changes Associated
with a First Birth. Amer | Epidemiol. 2004;159(11):1028-39.
Sirikulchayanonta C, Singsurapap W, Phuapradit W. The effect of
parity on lipid profile in normal pregnant women. ] Med Ass Thai.
2000;83 Suppl 1:5141-5.

Loughrey CM, Rimm E, Heiss G, Rifai N, et al. Race and gen-
der differences in cord blood lipoproteins. Atherosclerosis.
2000;148(1):57-65.

Palinski W, Napoli C. The fetal origins of atherosclerosis: mater-
nal hypercholesterolemia, and cholesterol-lowering or antioxi-
dant treatment during pregnancy influence in utero program-
ming and postnatal susceptibility to atherogenesis. FASEB J.
2002;16(11):1348-60.

Azizi F, Allahverdian S, Mirmiran P, Rahmani M, Mohammadi E
Dietary factors and body mass index in a group of Iranian adoles-
cents.Tehran lipid and glucose study. Int ] Vit Nut Res. 2001;(71):123-27.
Azizi F, Rahmani M, Ghanbarian A, Emami H, Salehi P, Mirmiran
P.Serum lipid levels in an Iranian adults population: Tehran lipid
and glucose study. Europe | Epidemiol. 2003;18(4):311-19.

Jolly M, Sebire N, Harris ], Robinson S, Regan L. The risks associat-
ed with pregnancy in women aged 35 years or older. Hum Reprod.
[Research Support, Non-U.S. Gov't]. 2000;15(11):2433-7.

Gunderson EP, Quesenberry CP, Lewis CE, Tsai AL, Sternfeld B,

75



Esfarjani SVet al.

Relation between Cord Lipid and Maternal age

76

37.

38.

39.

40.

West DS. Development of Overweight Associated with Child-
bearing Depends on Smoking Habit: The Coronary Artery
Risk Development in Young Adults (CARDIA) Study. Obesity.
2004;12(12):2041-53.

Gunderson E, Whitmer R, Lwis C, Queensberry C, West D, Sidney
S. Do long-term HDL-C declines associated with a first birth vary
byapo E phenotype? The Coronary Artery Risk Development in
Young Adults (CARDIA) study. ] Women Health. 2005;14(10):917-28.
Mankuta D, Elami-Suzin M, Elhayani A, Vinker S. Lipid profile in
consecutive pregnancies. Lip Health Dis. 2010;9:58.

Muhieddine AFS, Anwar HN, U. IM, M. Z, K. A, Kh. AM. Impact of
Advanced Maternal Age on Pregnancy Outcome. Am ] Perinatol.
2002;19(1):1-8.

Bachorik PS, Lovejoy KL, Carroll MD, Johnson CL. Apolipoprotein

41.

42.

43.

B and Al distributions in the United States, 1988-1991: results
of the National Health and Nutrition Examination Survey III
(NHANES I11). Clinical Chemistry. 1997;43(12):2364-78.

Hutchinson RG, Watson RL, Davis CE, Barnes R, Brown S, Romm
F, et al. Racial differences in risk factors for atherosclerosis. The
ARIC Study. Atherosclerosis Risk in Communities. Angiology.
1997;48(4):279-90.

Srinivasan SR, Frerichs RR, Webber LS, Berenson GS. Serum lipo-
protein profile in children from a biracial community: the Boga-
lusa Heart Study. Circulation. 1976;54(2):309-18.

Andoh T, Uda H, Yoshimitsu N, Ueda T, Iwamatsu Y. The sex dif-
ferences in cord blood cholesterol and fatty-acid levels among
Japanese fetuses. | Epidemiol. 1999; p. 226-31

] Compr Ped. 2013:4(1)



