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Background & aim: This study aimed to determine the relationship between lipid and
apolipoprotein B-100 (apo B-100) levels in maternal and umbilical cord sera as well as
the effects of these components on anthropometric measurements of newborn infants.
Methods: This correlational study was performed on 85 appropriate for gestational
age (AGA) newborns and their mothers. For analysis, 5 ml of maternal blood and 5 ml
of umbilical venous cord blood were obtained during labor and immediately after
delivery, respectively. Sera were separated by centrifugation and analyzed on the same
day for estimation of lipid profile including total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and apolipoprotein B-100. Also, anthropometric indices of newborn infants
were measured and recorded. Pearson’s correlation coefficient was used to determine
the relationship between variables.

Results: There was a positive correlation between maternal and neonatal serum TC
levels (r=0.23, P=0.042). Maternal LDL-C level was positively correlated with neonatal
HDL-C (r=0.24, P=0.035), TC (r=0.29, P=0.01), and apolipoprotein B-100 levels (r=0.25,
P=0.031). A significant positive correlation was observed between maternal
apolipoprotein B-100 level and neonatal TC (r=0.26, P=0.019), HDL-C (r=0.23,
P=0.043), and apolipoprotein B-100 levels (r=0.24, P=0.038). Maternal TG level was
positively correlated with neonatal crown-heel length (r=0.27, P=0.018) and birth
weight (r=0.23, P=0.039). However, maternal HDL-C level was negatively correlated
with neonatal birth weight (r=-0.29, P=0.01) and chest circumference (r=-0.27,
P=0.019). A significant negative correlation was found between cord blood TG level
and newborn’s head circumference (r=- 0.23 P=0.046).

Conclusion: Maternal lipid profile can affect neonatal lipid level and anthropometric
measurements.
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Introduction

investigations have indicated a strong indepen-

Coronary artery disease (CAD) is a major
cause of morbidity and mortality, worldwide. It
is a gradual and progressive disease that usually
starts in childhood and manifests clinically in
middle to late adulthood (1-2).

Lipids and related compounds are important
risk factors for the development of atheroscler-
osis and cardiovascular diseases (3). Numerous

dent relationship between serum cholesterol and
CAD incidence (4). Moreover, scientific studies
suggest that serum lipid profile, especially low-
density lipoprotein cholesterol (LDL-C) in
newborns, is significantly associated with lipid
level later in life and development of hyper-
cholesterolemia and CAD during adulthood (5-6).

Various factors influence the composition of
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fetal plasma lipids including placental
insufficiency, maternal age, duration of
pregnancy, and mode of delivery (7-8). Maternal
lipid and lipoprotein levels may also influence
cord blood lipid concentration (8). On the other
hand, since fetus requires a substantial amount
of cholesterol for the development of tissues and
organs, lipid concentration is likely to affect
neonatal anthropometric parameters.

Hence, the present study was designed to
investigate the correlation between lipid and
apolipoprotein B-100 (apo B-100) levels in
umbilical cord and maternal sera. We also
assessed the impacts of these factors on
anthropometric measurements of newborn
infants.

Materials and Methods

This correlational study was performed on
85 Appropriate for Gestational Age (AGA)
newborns and their mothers in the maternity
ward of Najmieh Hospital in Tehran, Iran, in
2012. Written informed consents were obtained
from all participants before entering the study.
The study protocol was approved by the Ethics
Committee of Tarbiat Modares University of
Medical Sciences, Tehran, Iran.

Inclusion criteria were as follows: 1)
singleton pregnancy; 2) gestational age of 37-42
weeks; 3) absence of congenital malformations;
4) newborns with five-minute Apgar score >7;
and 5) non-use of medications except iron
supplements.

Pregnant women with previous history of
medical complications such as pre-eclampsia,
eclampsia, diabetes mellitus, gestational diabetes,
and thyroid disorders were excluded from the
study.

For analysis, 5 ml of maternal venous blood
was collected during labor and 5 ml of umbilical
cord venous blood was obtained immediately
after delivery. Body weight (BW), crown-heel
length, head circumference (HC), and chest
circumference (CC) of all neonates were
recorded after transferring the newborns to the
nursery room for routine examinations. The
newborns’ weights were measured, using an
infant scale (Seca). Crown-heel length, along
with HC and CC (cm), were recorded by a non-
stretch tape.

Sera were separated by centrifugation and
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analyzed on the same day for the estimation of
cholesterol, triglyceride (TG), and high-density
lipoprotein (HDL), using cholesterol oxidase/p-
aminophenazone (CHOD-PAP) method, enzy-
matic colorimetric method [glycerol phosphate
oxidase/p-aminophenazone (GPO-PAP)], and
Lopes commercially available enzymatic Kits,
respectively. Plasma LDL-C level was measured
via standard enzymatic, colorimetric assay and
apo B-100 was measured using immune-
turbidimetry.

Continuous data were expressed as mean *
standard deviation (SD). Statistical analysis was
conducted using SPSS version 16. The normality
of data distribution was verified using
Kolmogorov-Smirnov test. Pearson’s correlation
coefficient was used to determine the
relationship between variables. P-value less than
0.05 was considered statistically significant.

Results

A total of 85 newborns (48 female and 37
male subjects), along with their mothers, were
recruited. The mean maternal age was 27.9+3.5
years and the mean gestational age at delivery
was 39+0.55 weeks. The mean values of BW,
crown-head length, HC and CC in newborns
were 3309.6+312.1 g, 50+1.6 cm, 34.7+1.1cm,
and 33.54+1.1 cm, respectively.

Maternal and neonatal serum lipid levels are
shown in Table 1 and correlation coefficients
between the umbilical cord and maternal serum
lipid levels are presented in Table 2. As the
results indicated, there was a significant positive
correlation between maternal and neonatal
cholesterol concentrations (r=0.23, P=0.042).

Table 1. Mean (SD) of lipid profile in maternal
and umbilical cord blood (mg/dl)

Serum lipids = Mothers (n=85) N(eli):;;;es
TG 242+70.26 33.08+12.82
TC (mg/dl) 221+45.65 52.87+12.9
LDL-C (mg/dl) 125.27+27.28 25.37+8.11
HDL-C (mg/dl) 63+10.7 33.56+8.39
Apolipoprotein B 130+27.99 26.59+£6.81

TG: triglyceride; TC: total cholesterol; LDL -C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein
cholesterol
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Table 2. Correlation between umbilical cord and maternal lipid levels
Cord blood
Apo B-100 LDL-C HDL-C TC TG
Apo B-100 r=0.24 r=0.11 r=0.23 r=0.26 r =0.045
'8 P P=0.038" P=0.32 P=0.043" P=0.019" P=0.70
_% HDL-C :;0.081 :; 0.12 ri0.095 :;0.118 i 0.212
= P =0.49 P =0.27 P=0.41 P =031 P=0.067
£ LDL-C r=0.25 r=0.16 r=0.24 r=20.29 r=0.053
% P=0.031" P=0.16 P=0.035" P=0.01" P=0.65
= TG r=0.069 r=0.005 r=0.056 r=0.07 r=0.01
P=0.61 P=0.96 P=0.63 P=0.55 P=0.9
TC r=0.15 r=0.08 r=0.21 r=0.23 =-0.028
P=0.17 P=0.46 P=0.06 P =0.042" P=0.8

TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; apo
B-100: apolipoprotein B-100. "P-value less than 0.05 was considered significant.

Table 3. Correlation between cord blood lipid level and neonatal anthropometric indices

Neonatal lipid profile
Apo B HDL-C LDL-C TG TC
. . =0.03 r=0.08 r=0.05 r=-0.19 r=0.07
Birth weight (g) P=0.75 P=0.48 P=0.6 P=0.08 P=0.54
. r=0.18 r=0.024 r=0.14 r=0.11 r=0.12
Birth length (cm) P=0.11 P=0.83 P=0.22 P=0.33 P=0.29
. r=-0.18 r=-0.16 r=-0.17 r=-0.23 r=-0.05
Head circumference (cm) P=0.11 P=0.8 P=0.13 P=0.046" P=0.65
. r=-0.03 r=0.06 r=-0.05 r=0.88 r=-0.18
Chest circumference (cm) P=0.74 P=0.57 P=0.6 P=0.45 P=0.87
“P < 0.05 was considered significant
Table 4. Correlation between maternal lipid level and neonatal anthropometric measurements
Maternal lipid profile
Apo B-100 HDL-C LDL-C TG TC
. . r=0.14 r=-0.29 r=20.06 r=0.23 r=20.04
Birth weight (g) P=0.21 P=0.01" P=0.58 P=0.039* P=0.68
. r=0.12 r=-0.08 r=0.1 r=0.27 r=0.08
Birth length (cm) P=0.27 P=0.48 P=0.39 P=0.018" P=0.45
. r=-0.04 r=-0.16 r=-0.01 r=0.1 r=-0.01
Head circumference (cm) P=0.7 P=0.14 P=0.93 P=0.36 P=0.88
. r=-0.001 r=-0.27 r=-0.06 r=0.12 r=-0.01
Chest circumference (cm) P=0.9 P=0.01" P=0.56 P=0.27 P=0.86

" P < 0.05 was considered significant

Maternal LDL-C level was positively correlated
with neonatal HDL-cholesterol (HDL-C) (r=0.24,
P=0.035), total cholesterol (TC) (r=0.29, P=0.01)
and apo B-100 (r=0.25, P=0.031) Ilevels.
Furthermore, a significant positive relationship
was observed between maternal apo B-100 level
and neonatal TC (r=0.26, P=0.019), HDL-C (r=0.23
P=0.043) and apo B-100 (r=0.24, P=0.038) levels.

As the results indicated, there was a negative
correlation between TG level in umbilical cord
blood and HC (r=-0.23, P=0.046) (Table 3).
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Associations between maternal lipid level and
neonatal anthropometric indices are shown in
Table 4. Maternal TG level had a significant
positive correlation with neonate’s crown-heel
length (r=0.27, P=0.018) and BW (r=0.23,
P=0.039). However, Maternal HDL-C level was
negatively correlated with neonatal BW (r=-0.29,
P=0.01) and CC (r=-0.27, P=0.019).

Discussion
The present study demonstrated a positive
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relationship between maternal and neonatal
serum TC concentrations. This finding is in
accordance with some previous studies (7-9),
though it was contradictory to the results of a
study by Badruddin and colleagues (10), which
did not show any association between maternal
and neonatal serum TC concentrations; this
discrepancy might be due to the nature of
Badruddin‘s study (a pilot study).

Napoli et al. found that fatty streak formation
in fetal aortas from hypercholesterolemic
mothers and mothers with temporarily
increased cholesterol level during pregnancy is
substantially more than fetuses born from
normocholesterolemic mothers (11). Therefore,
the association between maternal and neonatal
TC levels is of high importance, since maternal
hypercholesterolemia is probably associated
with enhanced lesion formation in fetal aorta
and increased susceptibility to atherogenesis
later in life (12).

In the present study, we also observed a
positive correlation between maternal LDL-C
level and neonatal HDL-C, TC, and apo B-100
levels. Similarly, Rodie et al. reported that
maternal TC and LDL-C levels were positively
correlated with neonatal HDL-C level (13).
Similarly, a study by Ortega and colleagues
reported a positive correlation between maternal
LDL-C and neonatal TC and LDL-C (9). The
positive correlation found between maternal
LDL-C and neonatal HDL-C in the study by Rodie
et al. and the significant positive relationship
observed between maternal serum LDL-C and
neonatal TC in the study by Ortega et al. are in
agreement with the present study results.

Prospective studies indicate that apo B-100
is a more important predictor of CVD risk,
compared to TC or LDL-C level (14). In this
study, we found that maternal apo B-100 level
had a positive association with neonatal apo B-
100 level. This relationship may suggest the
possibility of placental transfer of intact apo B-
100 particles.

Another study by Pocovi et al., performed on
27 mothers and infants, did not show any
relationship between maternal and umbilical
cord apo B-100 levels (15). This result is
inconsistent with that of the present study,
which might be explained by the small sample
size of the aforementioned research. In addition,
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in the present study, we discovered that
maternal apo B-100 level was positively
correlated with neonatal TC and HDL-C levels.

As the results indicated, maternal TG level
had a significant positive correlation with
neonatal BW. This positive correlation has been
reported earlier by several researchers (16-17).
In fact, maternal hypertriglyceridemia during
late pregnancy is a result of increased hepatic
synthesis of very-low-density lipoprotein
(VLDL) due to increased oestrogen production
and reduced activity of extra-hepatic lipoprotein
lipase, which result in reduced utilization of TG
and its increased level (18).

The positive relationship between maternal
serum TG level and neonatal BW is confusing
since maternal serum TG does not seem to pass
the placental barrier (19). However, considering
the physiological mechanisms, it is hypothesized
that placental lipoprotein lipase hydrolyzes
maternal TG to release free fatty acids, which
are able to cross the placenta (19).

Also, the association between maternal TG
concentration and neonatal BW might be
explained by the fact that in adult population,
elevated serum TG level is positively correlated
with insulin resistance (20). Therefore, it is
believed that high levels of maternal serum TG
level in mid-to-late pregnancy lead to enhanced
insulin resistance, and consequently increased
neonatal BW (20). Our study also showed a
positive correlation between maternal TG level
and length of newborns. Our observation of the
positive correlation between maternal TG
concentration and neonatal length was similar
to the result obtained by Mitra and colleagues
(21).

Moreover, the current study indicated that
maternal HDL-C level was negatively correlated
with neonatal BW, which is in agreement with
previous reports (22-23); however, on the
contrary, Fakhar-un-Nisa et al. (24) showed a
positive correlation between maternal HDL-C
level and neonatal BW.

The mechanisms by which maternal HDL-C
level can affect fetal weight have not been clearly
defined. However, some possible functions are
noted for HDL-C level, which can affect fetal
growth and development; for instance, maternal
serum HDL-C plays an important role in fetal
cholesterol homeostasis. Cholesterol is used for

J Midwifery Reprod Health. 2014; 2(4):227-232.
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keeping an ideal sterol balance in extra-
embryonic tissues of fetus, which helps with fetal
growth and development (25).

The inverse relation between maternal HDL-
C and fetal BW can be explained by the fact that
fetal weight is more affected by maternal HDL-C,
compared to fetal HDL-C; therefore, due to the
decreased maternal HDL-C, HDL-C transfer to the
fetus decreases and the balance of cholesterol
homeostasis is disrupted in extra-embryonic
tissues of the fetus. Following that, extra-
embryonic tissues of the fetus absorb cholesterol
via reparative mechanisms; these mechanisms
can affect and increase fetal weight (26).

We also found that maternal HDL-C level was
negatively correlated with neonatal CC; this
result confirms earlier observations by Mitra and
colleagues (21). Our study also indicated that
only TG level in umbilical cord blood was
negatively correlated with neonatal HC. Some
studies showed an inverse association between
cord blood TG level, neonatal BW, and abdominal
circumference; they explained this association by
the reduced activity of lipoprotein lipase (27-28).

We could not suggest a mechanism for the
negative relationship between neonatal TG and
HC. However, according to the results of the
present study (which showed a negative
association between umbilical cord TG level and
HC) and previous research, which showed an
inverse association between neonatal TG, BW,
and abdominal circumference, it can be inferred
that disproportionate size at time of birth is
related to metabolic changes of lipids.

Conclusion

This study showed that maternal lipid profile
can affect neonatal lipid level and anthropometric
measurements. Hence, it is recommended that
longitudinal studies be performed in order to
investigate the relationship between anthropo-
metric measurements at birth and maternal/
neonatal serum lipid levels and evaluate this
relationship in years following birth.

Acknowledgment

This study was performed as a M.Sc. thesis
and was funded by Tarbiat Modares University.
The authors are grateful to mothers who
participated in this study.

J Midwifery Reprod Health. 2014; 2(4): 227-232.

Conflict of Interest
The authors declare no conflicts of interest.

References

1. Padmanabhan S, Hastie C, Prabhakaran D,
Dominczak AF. Genomic approaches to coronary
artery disease. The Indian Journal of Medical
Research. 2010; 132(5):567-578.

2. Hong YM. Atherosclerotic cardiovascular disease
beginning in childhood. Korean Circulation
Journal. 2010; 40 (1):1-9.

3. Parish S, Peto R, Palmer A, Clarke R, Lewington S,
Offer A, et al .The joint effects of apolipoprotein B,
apolipoprotein A1, LDL cholesterol, and HDL
cholesterol on risk: 3510 cases of acute
myocardial infarction and 9805 controls.
European Heart Journal. 2009; 30(17):2137-2146.

4. Rajasekhar D, Saibaba KSS, Srinivasa Rao PVLN,
Latheef SAA, Subramanyam G. Lipoprotein (a):
Better assessor of coronary heart disease risk in
South Indian population. Indian Journal of
Clinical Biochemistry. 2004;19(2):53-59.

5. Diaz M, Leal C, Ramon y Cajal ], Jimenez M,
Martinez H, Pocovi M, et al. Cord blood
lipoprotein-cholesterol: relationship birth weight
and gestational age of newborns. Metabolism.
1989; 38(5): 435-438.

6. Bastida S, Sanchez-Muniz FJ], Cuena R, Perea S,
Aragones A. High density lipoprotein-cholesterol
changes in children with high cholesterol levels
at birth. European Journal of Pediatrics. 2002;
161(2):94-98.

7. Choo KE, Davis TM, Mansur MA, Azman E, Achana
S. Serum lipid profiles in Malay mothers and
neonates: A cross-sectional study. Journal of
Paediatrics and Child Health. 1996; 32(5): 428-
432.

8. Bansal N, Cruickshank JK, McElduff P, Durrington
PN. Cord blood lipoproteins and prenatal
influences. Current Opinion in Lipidology. 2005;
16(4):400-408.

9. Ortega R, 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. International Journal for Vitamin and
Nutrition Research. 1995;66(3):250-257.

10. Badruddin SH, Lalani R, Khurshid M, Molla A,
Qureshi R, Khan MA. Serum cholesterol in
neonates and their mothers. A pilot study.
Journal of the Pakistan Medical Association.
1990; 40(5):108-109.

11. Napoli C, D'Armiento FP, Mancini FP, Postiglione
A, Witztum JL, Palumbo G, et al. Fatty streak
formation occurs in human fetal aortas and is
greatly enhanced by maternal hyper-
cholesterolemia. Intimal accumulation of low

231


http://www.ijem.in/searchresult.asp?search=&author=Subarna+Mitra&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ncbi.nlm.nih.gov/pubmed?term=Hong%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=20111646

Ghiasi A et al.

JMIRH

Relationship between Maternal and Neonatal Lipids

12.

13.

14.

15.

16.

17.

18.

19.

232

density lipoprotein and its oxidation precede
monocyte recruitment into early atherosclerotic
lesions. Journal of Clinical Investigation. 1997;
100(11): 2680 -2690.

Palinski W, Napoli C. The fetal origins of
atherosclerosis:maternal hypercholesterolemia,
and  cholesterol-lowering or  antioxidant
treatment during pregnancy influence in utero
programming and postnatal susceptibility to
atherogenesis. The FASEB Journal. 2002; 16(11):
1348-1360.

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):181-187.

Lamarche B, Moorjani S, Lupien PJ], Cantin B,
Bernard PM, Dagenais GR, et al. Apolipoprotein
A-1 and B levels and the risk of ischemic heart
disease during a five year follow-up of men in
Québec Cardiovascular Study. Circulation. 1996;
94(3):273-278.

Pocovi M, Ordovas JM, Grande F. Lecithin:
cholesterol acyltransferase, lipids and
lipoproteins in maternal and umbilical cord
plasma. Artery. 1982;11(4):264-272.

Nolan C], Riley SF, Sheedy MT, Walstab JE,
Beischer NA. Maternal serum triglyceride,
glucose tolerance, and neonatal birth weight
ratio in pregnancy: a study within a racially
heterogeneous population. Diabetes Care. 1995;
18(12):1550-1556.

Knopp RH, Magee MS, Walden CE, Bonet B,
Benedetti TJ. Prediction of infant birth weight by
GDM screening tests: importance of plasma
triglyceride. Diabetes Care. 1992; 15(11):1605-
1613.

Di Cianni G, Miccoli R, Volpe L, Lencioni C, Ghio A,
Giovannitti M, et al. Maternal triglyceride levels
and newborn weight in pregnant women with
normal glucose tolerance. Diabetic Medicine.
2005; 22(1):21-25.

Knopp RH, Bonet B, Zhu X. Lipid metabolism in
pregnancy. In: Cowett RM, ed. Principles of
perinatal-neonatal metabolism. 2nd ed. New
York: Springer; 1998:221-258.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y,
Ishimaru T. Maternal serum triglyceride at 24-32
weeks' gestation and newborn weight in
nondiabetic women with positive diabetic
screens. Obstetrics & Gynecology. 2001; 97(5):
776-780.

Mitra S, Misra S, Nayak PK, Sahoo JP. Effect of
maternal  anthropometry and  metabolic
parameters on fetal growth. Indian Journal of
Endocrinology and Metabolism. 2012; 16(5):
754-758.

Clausen T, Burski T, @yen N, Godang K, Bollerslev
], Henriksen T. Maternal anthropometric and
metabolic factors in the first half of pregnancy
and risk of neonatal macrosomia in term
pregnancies. A prospective study. European
Journal of Endocrinology. 2005;153(6):887-894.

Yang YD, Zhai GR, Yang HX. Factors relevant to
newborn birth weight in pregnancy complicated
with abnormal glucose metabolism. Zhonghua Fu
Chan ke Za Zhi. 2010; 45(9):646-651.

Nisa F, Jafri SA, Kousar S, Rakhashanda J.
Correlation of gestational lipid profile with
neonatal birth weight. Biomedica. 2011; 27:68-
71.

McConihay JA, Honkomp AM, Granholm NA,
Woollett LA. Maternal high density lipoproteins
affect fetal mass and extra-embryonic fetal tissue
sterol metabolism in the mouse. Journal of Lipid
Research. 2000;41(3):424-432.

Schaefer-Graf UM, Graf K, Kulbacka I, Kjos SL,
Dudenhausen ], Vetter K, et al. Maternal lipids as
strong determinants of fetal environment and
growth in pregnancies with gestational diabetes
mellitus. Diabetes Care. 2008; 31(9):1858-1863.

Li J, Wang ZN, Schlemm L, Pfab T, Xiao XM, Chen
YP, et al. Low birth weight and elevated head-to-
abdominal circumference ratio are associated
with elevated fetal glycated serum protein
concentrations. Journal of Hypertension. 2011;
29(9):1712-1718.

Merzouk H, Meghelli-Bouchenak M, El-Korso N,
Belleville ], Prost J. Low birth weight at term
impairs cord serum lipoprotein compositions
and concentrations. European Journal of
Pediatrics. 1998; 157(4):321-326.

J Midwifery Reprod Health. 2014; 2(4):227-232.


http://www.ncbi.nlm.nih.gov/pubmed?term=Lamarche%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8759066
http://www.ncbi.nlm.nih.gov/pubmed?term=Moorjani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8759066
http://www.ncbi.nlm.nih.gov/pubmed?term=Lupien%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=8759066
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20YD%5BAuthor%5D&cauthor=true&cauthor_uid=21092542
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhai%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=21092542
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20HX%5BAuthor%5D&cauthor=true&cauthor_uid=21092542
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.thebiomedicapk.com%2Farticles%2F240.pdf&ei=5ceuULOGB-ON0wWu7oHADA&usg=AFQjCNEgrEfEXKluXbvbzO4aGV-JSVOvwQ&sig2=sZlcKQb8hU4-pPOjdFppng
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.thebiomedicapk.com%2Farticles%2F240.pdf&ei=5ceuULOGB-ON0wWu7oHADA&usg=AFQjCNEgrEfEXKluXbvbzO4aGV-JSVOvwQ&sig2=sZlcKQb8hU4-pPOjdFppng
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.thebiomedicapk.com%2Farticles%2F240.pdf&ei=5ceuULOGB-ON0wWu7oHADA&usg=AFQjCNEgrEfEXKluXbvbzO4aGV-JSVOvwQ&sig2=sZlcKQb8hU4-pPOjdFppng

