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INTRODUCTION AND LITERATURE REVIEW 

The mother’s nutritional environment during fetal period 

has important effects on her fetus short and long-term 

health. Maternal fatty acids intake during pregnancy and 

lactation pass to the fetus via the placenta .Imbalances in 

fatty acid intake during the fetal period change the fatty 

acid composition of membrane phospholipids of the 

fetus, which can cause structural and functional problems 

in cells (Innis SM. et al., 2007). Normal fetal growth is a 

positive function of gestational weight gain, modified by 

maternal pre-pregnancy body mass index (BMI) (Herrera 

et al., 2014). Preterm birth is one of the leading causes of 

infant morbidity and mortality worldwide 

(GoldenbergRL et al., 2008). The rate of preterm births 

has been increasing over the last several decades 

(MathewsTJ et al., 2011).  

 

Respiratory distress syndrome (RDS) is one of the most 

common causes of morbidity and mortality in preterm 

neonates (HamvasA et al., 2011). RDS is caused by a 

deficiency of pulmonary surfactant which results in 

increased surface tension in alveoli, resulting in micro-

atelectasis and low lung volumes (ReuterS, et al., 2014). 

Pulmonary surfactant is a complex mixture of lipids and 

proteins. It is produced by endoplasmic reticulum (ER) 

of the type II epithelial cell and prevents atelectasis at the 

end of the expiration phase of breathing. This lipid 

decreases surface tension of the fluid layer of the 

lung (FarooqiIS 2007, FarooqiIS 2008). The lipid 

component constitutes (90%) by weight of surfactant and 

includes phospholipids and neutral lipids, primarily 

cholesterol, which is believed to facilitate spreading of 

dipalmitoylphosphatidylcholine at the air–liquid 

interface in the lung, lowering surface tension.(BansalN 

et al. 2005). 

 

Surfactant phospholipids are phosphatidylcholines 

(lecithins). Dipalmitoyl lecithin is a very effective 

surface-active agent and a major constituent of the 

surfactant preventing adherence, due to surface tension, 

of the inner surfaces of the lungs. Its absence from the 

lungs of premature infants causes respiratory distress 

syndrome (Orgeig et al., 2011).  
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ABSTRACT 

Essential lipids malnutrition can affect maternal health and lead in preterm birth to higher incidence of  neonatal 

respiratory distress syndrome. The objective of this study was to investigate early serum lipid profiles in preterm 

infants and their relationship with development of neonatal respiratory distress syndrome (RDS). This study was 

cross sectional, hospital based prospective case control study, conducted at the obstetrics and gynecology 

department in Elmak Nimer university hospital in Shendi town, River Nile state, north Sudan from October 2017 to 

April 2019. The study included 160 appropriate-for-gestational-age (AGA) preterm infants, subdivided into three 

group according to their gestational age and the presence or absence of RDS. Another 50 AGA healthy full term 

newborns were randomly selected as control group. Umbilical cord venous blood was collected from all of them. 

Lipid profile (Total cholesterol (TC), low density lipoprotein (LDL), high density lipoprotein (HDL) and 

triglyceride (TG) were measured. Ninety-three infants developed Respiratory Distress Syndrome. RDS cases 

significantly increased P. value of (0.000). There was significant higher serum concentration level of TC and LDL 

with P. value of (0.000) and non-significant high HDL with lower birth weight. There was also significant increase 

of TG with higher birth weight. There was a significant decrease of TC and LDL in RDS, with P. value of (0.000) 

and non-significant of lipoprotein HDL and TG in RDS. 
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Lipid metabolism has important roles in fetal 

development during the late stages of gestation 

including; growth and fat accretion in utero (Herrera E 

and Ortega-SevovillaH, 2014), transport of cholesterol to 

the fetal adrenal for hormone synthesis, increasing 

amniotic fluid lecithin levels with maturation of 

pulmonary function and changes in the levels of minor 

phospholipids in amniotic fluid (LaneDM et al., 2002). 

Furthermore, it has been suggested that lung cholesterol 

metabolism might be regulated by both low-density 

lipoprotein (LDL) and high-density lipoprotein (HDL) 

(YonezawaR et al., 2009).  

 

The fact that maternal plasma cholesterol concentrations 

are directly correlated with fetal cholesterol 

concentrations in rodents supports the possibility that 

maternal plasma cholesterol concentrations are able to 

cross the placenta in humans. In addition, the extent of 

fatty streaks in the fetal aorta is correlated with maternal 

cholesterol concentrations in mid-gestation in humans 

(MahmoudNS, et al., 2012). 

 

In addition, several factors significantly affect neonatal 

serum lipids, especially gestational age and birth weight 

(GossVet al., 2013). A deficiency or reduced transport of 

essential and/or long-chain polyunsaturated fatty acids, 

which resulted in lipid alterations, could inhibit normal 

fetal growth and maturation, one effect of which would 

be delayed development of the fetal lungs, which could 

lead to the respiratory distress syndrome (RDS) post-

natal (GunesT et al., 2007). 

 

The development of the respiratory system begins at 

about 4 weeks of gestation. By 28 weeks, enough alveoli 

have matured that a baby born prematurely at this time 

can usually breathe on its own. The respiratory system, 

however, is not fully developed until early childhood, 

when a full complement of mature alveoli is present. 

 

Successful development and function of the lung requires 

the completion of both physical development, required 

for the structure of the lung, and biochemical 

development of the surfactant system, required for the 

stability of this very large surface area. The two 

processes clearly are related. Incomplete development of 

lung structure and premature birth prior to the 

development of the surfactant system will lead to 

respiratory insufficiency in the newborn. (Martini WZ, et 

al 1999). 

 

At the 24 week of gestation the type II gramular 

pneumocytes appear in the alveolar epithelium and 

within a few days they produce their typical osmiophilic 

lamellar inclusion bodies. The number of type II cells 

increases until the 32 week, at which time surface 

tension decreases when inclusion bodies increase in the 

type II cells. (McCury CE, et al. 2009). 

 

The infants who subsequently developed respiratory 

distress had significantly lower lipoprotein levels than 

the levels in normal newborns and in preterm infants 

without respiratory distress after delivery. (HamvasA, et 

al., 2011). 

 

A deficiency or reduced transport of essential and/or 

long-chain polyunsaturated fatty acids, which resulted in 

lipid alterations could inhibit normal fetal growth and 

maturation, one effect of which would be delayed 

development of the fetal lungs, which could lead to the 

respiratory distress syndrome (RDS) post-natally (Mathai 

ML, et al 2004). 

 

Respiratory distress syndrome which is also known as 

hyaline membrane disease occurs most commonly in 

those born before 37weeks gestation. Risk increases with 

degree of prematurity. Symptoms and signs include 

grunting respirations, use of accessory respiratory 

muscles, and nasal flaring appearing soon after birth. 

Diagnosis is clinical; prenatal risk can be assessed with 

tests of fetal lung maturity. Treatment is surfactant 

therapy and supportive care (Donn SM, Sinha SK. 2012). 

 

Rationale of the study 

Neonatal respiratory distress (NRD) is a common 

neonatal problem, responsible for high morbidity and 

mortality. There are few published studies in developing 

countries addressing neonatal respiratory distress 

syndrome. There is no previously published study in 

Sudan on this problem.The purpose of this study was to 

evaluatecord blood lipid profile in preterm infants and its 

association with RDS. 

 

Objectives of the study 

The general objective of this study was to investigate 

early serum lipid profile in preterm infants and their 

relationship with neonatal respiratory distress syndrome 

(RDS). 

 

Specific objectives 
1. Evaluation of early serum lipid profile in preterm 

infants and its relationship with gestational age and 

birth weight. 

2. Assessment of early serum lipid profile in preterm 

infants and its relationship with Respiratory Distress 

Syndrome. 

 

MATERIALS AND METHODS 
The study was cross sectional, hospital based prospective 

case control study, conducted in obstetrics and 

gynecology departmentin Elmak Nimer University 

hospital in Shendi town in River Nile state, north Sudan 

in the period from October 2017 to April 2019. 

 

The study included (160) appropriate-for-gestational-age 

(AGA) preterm infants. They were grouped according to 

gestational age (GA)in weeks into three groups: 

1. Forty newborns with GA (28 to 30) weeks. 

2. Sixty newborns with GA (31 to 33) weeks. 

3. Sixty newborns with GA (34 to 36) weeks. 
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Each group was further divided according to the 

presence or absence of RDS. Another 50 AGA healthy 

full term newborns were randomly selected as control 

group.  

 

All newborns were selected from neonatal intensive care 

unit (NICU) and obstetric department of Elmak Nimer 

University hospital. 

 

Exclusion criteria 

Neonates with the following conditions were excluded 

from the study: 

1. Congenital malformations. 

2. Presence of maternal illness like diabetes mellitus, 

gestational diabetes, tuberculosis, asthma, pregnancy 

induced hypertension. 

3. Family history of coronary heart disease or 

hypercholesterolemia. 

4. Any maternal medication, except iron & vitamin 

supplements. 

5. Neonates with hypoglycemia or pathological 

jaundice 

6. Instrumental delivery. 

 

Sociodemographic and clinical data was collected 

through structured questionnairesby direct interview. 

 

Blood sample collection and analysis 

After delivery of the placenta and cord clamping, 5 ml of 

umbilical cord blood was obtained from the placental 

end of umbilical cord. Sera were separated by 

centrifugation at 4000 rpm and stored at -80 Celsius in 

the hospital blood bank.  

Total cholesterol (TC), low-density lipoprotein (LDL), 

high-density lipoprotein (HDL) and triglyceride (TG) 

were measured by standard methods using commercial 

reagents kits from Bio Systems S.A. Costa Brava, 30. 

08030 Barcelona (Spain). 

 

Statistical analysis 

Statistical analysis was done using statistical package for 

social sciences (SPSS), for windows, version 16.0. The 

data was represented as mean ± stander deviation. Mean 

values were compared using student t-test, p-values 

<0.05 was considered as statistically significant. 

 

Ethical approval 

The study was approved by research ethics committee of 

the faculty of graduates studies and scientific sesearch in 

Shendi University. Informed consent was obtained 

verbally from each mother after explanation of the aims 

of the study. 

 

RESULTS 

The study included 160 preterm infants with gestational 

ages ranging from 28 to 36 weeks, and birth weight 

ranging from 748 to 2495gram. Ninety-three developed 

Respiratory Distress Syndrome and 67 did not exhibit 

any sign of it. 

 

Of the infants with gestational age group (28-30) weeks 

80% were confirmed as having Respiratory Distress 

Syndrome. All the parameters were evaluated for the 

effects of gestational age by dividing the study 

population into four gestational age groups. 

 

Table (1): Characteristics of study groups. 

Study categories 
Group1(GA:28-30; 

n:40) 

Group2(GA:31-

33;n:60) 

Group3(GA:34-

36;n:60) 

Group4(full 

term;n:50) 
P. value 

Gestational age (weeks) 28.87±0.79 31.93±0.89 35.25±0.77 38.42±1.19  

Birth weight (grams) 1035.25±185.87 1733.67±388.87 2608.33±463.33 3177.00±346.58  

Sex (No, %) 
Males 21(52.5%) 36(60%) 29(48.3%) 24(48%) 

.450 
Females 19(47.5%) 24(40%) 31(51.7%) 26(52%) 

Modeof delivery 
Normal 24(60%) 6(10%) 35(58.3%) 24(48%) 

.200 
Cesarean 16(40%) 54(90%) 25(41.7%) 26(52%) 

RDS 
Yes 32(80%) 41(68.3%) 13(21.7%) 4(8%) 

 ٭000.
No 8(20%) 19(31.7%) 47(78.3%) 46(92%) 

 .significant different from control٭

 There was no significant difference between studied groups as regard Sex, Mode of delivery. 

 RDS cases significant increase with early GA (p:˂ 0.05). 
 

Table (2): Lipid profile according to gestational age. 

Study 

categories 

Group1(GA:28-30; 

n:40) 

Group2(GA:31-

33;n:60) 

Group3(GA:34-

36;n:60) 

Group4(full 

term;n:50) 
P. value 

TC(mg/dl) 66.28±10.25 69.35±7.13 77.62±10.22 73.26±6.o8 .000٭ 

LDL(mg/dl) 29.28±3.86 28.65±4.14 30.00±3.18 20.00±1.59 .000٭ 

HDL(mg/dl) 23.88±1.76 21.33±3.13 23.3.70±1.08 20.98±0.79 .090 

TG(mg/dl) 33.90±8.45 42.38±7.39 56.42±12.58 68.72±9.72 .000٭ 

 .Significant different from control٭

 There was significant increase of TG with advanced GA (p:˂ 0.05),while TC was higher in preterm than term 

infants (p:˂ 0.05) especially late preterm (GA:34-36 weeks). 

 Regarding lipoproteins, there was significant LDL in preterm (p:˂ 0.05) and non-significant high HDL(p:˂ 0.05). 



Umniah et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

146 

Table (3): Lipid profile according to birth weight (˃1500-˂2500)mg. 

parameter 

Preterm(GA:28-36;n:160) 
Group4(full 

term;n:50) 
P. value 

<1500(mg);n:44 
1500-2500(mg); 

n:63 

>2500(mg); 

n:53 

TC(mg/dl) 66.06±9.24 70.15±7.13 77.52±8,21 73.25±6.08 .000٭ 

LDL(mg/dl) 28.65±4.14 28.65±4.04 30.00±3.17 29.00±4.59 .000٭ 

HDL(mg/dl) 22.88±1.76 21.73±1.13 22.76±1.97 20.98±0.79 .200 

TG(mg/dl) 34.65±7.05 43.38±10.40 52.16±9.17 68.72±9.72 .000٭ 

 .significant different from control٭

 There was significant higher of TC and LDL (p:˂ 0.05) and non-significant high HDL(p:˂ 0.05) with lower birth 

weight. 

 There was significant increase of TG with higher birth weight. 

 

Table (4): Lipid profile among RDS and non-RDS in preterm infants. 

Parameter Groups 
RDS Non-RDS 

P. value 
N Mean±SD N Mean±SD 

TC(mg/dl) 

Group1(GA:28-30) 32 64.37±10.24 8 73.88±6.18 

 Group2(GA:31-33) 41 68.34±6.88 19 71.53±7.34 ٭0.000

Group3(GA:34-36) 13 80.31±7.93 47 76.87±10.71 

LDL(mg/dl) 

Group1(GA:28-30) 32 28.91±3.91 8 30.75±3.45 

 Group2(GA:31-33) 41 28.41±4.17 19 29.16±4.15 ٭0.000

Group3(GA:34-36) 19 29.69±3.09 47 30.09±3.22 

HDL(mg/dl) 

Group1(GA:28-30) 32 23.59±1.78 8 25.55±1.19 

0.094 Group2(GA:31-33) 41 21.10±3.12 19 21.84±3.18 

Group3(GA:34-36) 19 23.54±0.97 47 23.74±1.11 

TG(mg/dl) 

Group1(GA:28-30) 32 31.44±6.49 8 43.75±8.51 

 Group2(GA:31-33) 41 41.44±7.47 19 44.42±6.96 ٭0.000

Group3(GA:34-36) 19 52.08±12.26 47 57.62±12.51 

 .significant different from non-RDS under groups٭

 

Table (5): Lipid profile of RDS and non-RDS in all infants’ group study. 

 RDS Non-RDS P. value 

TC(mg/dl) 68.92±9.79 74.41±8.53 .000٭ 

LDL(mg/dl) 28.72±1.93 30.07±3.97 .000٭ 

HDL(mg/dl) 22.30±2.70 22.49±2.06 .100 

TG(mg/dl) 49.34±14.64 59.08±9.04 .070 

 .significant different from non-RDS as general٭

 This result appear more significant decrease of TC and LDL in RDS, and non-significant of lipoprotein HDL and 

TG in RDS. 

 

DISCUSSION 

The main finding of our study was thesignificant 

increase in RDS associated with early preterm delivery, 

which was an expected finding as RDS occurs primarily 

in premature infants; its incidence is inversely related to 

gestational age and birth weight (Ambala Vanan, et al., 

2011). 

 

In table (2) There was statistically significant increase of 

TG with advanced GA, while TC was higher in preterm 

than term infants, especially late preterm (GA:34-36 

weeks). Regarding lipoproteins, there was statistically 

significant LDL difference in preterm and insignificant 

difference of HDL level. These findings were in line 

with those parented by (Hiromichi Shoji, et al. 2014) in 

Japan, who demonstrated that in preterm infants, 

prematurity and poor fetal growth may influence lipid 

and apolipoprotein metabolism and affect atherogenic 

indices at birth. 

In table (3) Birth weight does not have any effect on 

these parameters, but when sub-grouped in (˂ 1500) kg, 

(1500-2500) kg and (˃2500) kg, significant difference 

appear as in table (4).  

 

In table (4) there was statistically significant higher level 

of TC and LDL and insignificant HDL with lower birth 

weight. There was significant increase of TG with higher 

birth weight. That mean lipid profile was related similar 

to both GA and BW; similar to the finding of (Donegá S 

et al., 2006) who reported that fetal maturity has no 

impact on the concentration of lipid in newborn, but birth 

weight does not have any effects on these parameters. 

Probably, the effect of lipids metabolism seemsto be 

related to fetal maturation and development rather than 

their weight. (Rakhi Jain et al., 2011) reported that total 

cholesterol (TC) and LDL were significantly higher in 

preterm low birth weight (LBW) newborns as compared 

to term LBW neonates. Moreover VLDL and 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Shoji%2C+Hiromichi
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apolipoprotein B were increased significantly in preterm 

LBW newborns than in term LBW group. They also 

reported that gestational age and birth weight were 

inversely correlated with TC, LDL, VLD There was no 

significant difference between AGA and SGA among 

full tem and preterm in the study of (Donegá S et al., 

2006). 

 

Regarding TC, it was higher in preterm 

(66.28)(69.35)(77.62)mg/dl than full term (73.26mg/dl) 

as shown in table (2) similar, to the findings reported 

by(GhaemiS et al., 2014); who could findsignificant 

differences between cordblood concentrations of 

triglycerides, total cholesterol, and LDL-C in the term, 

late preterm and preterm infants. Other study of 

(Tohmaze, 2014) found that preterm infants had a high 

level of cholesterol concentration. Furthermore, (Pardo et 

al., 2005) demonstrated that cholesterol level of 

premature group was substantially higher than that of 

term group. It has previously been reported that fetal TC 

and LDLc levels decline from30-33 to 42 weeks of GA 

(Ginsburg and Zetterstorm, 1980). Probably, the cause of 

the fall in plasma LDLc concentration can be explain by 

the increase of its up take by the fetal adrenal gland for 

steroid hormone production (Parker et al., 1983). 

 

Maternal cholesterol can cross the placenta and 

cholesterol concentration in maternal serum affect 

concentration in neonates (Bansal N et al., 2005). 

However, this influence appears to be limited; fetuses 

can synthesize enough cholesterol when mothers have 

low circulating cholesterol (Woollett LA, 2005). 

 

Cholesterol concentration of amniotic fluid might have a 

prognostic significance in the prediction of respiratory 

distress in early neonatal period. (Wojcika–Jagodzinka et 

al., 1989). 

  

Regarding umbilical blood LDL in this study, it was 

significantly high in early preterm and low BW (29.28), 

(28.65), (30.00)mg/dl respectively than the term (20) 

mg/dl as shown in table (2) and (3) which was consistent 

with many studies. (YonezawaR, et al., 2009), 

reportedhigher LDL in preterm than term infants. 

Similarly (RakhiJ, et al., 2011) reported significant 

different between term and preterm. However, the 

findings of(Wang etal., 2013) presented statistically 

insignificant differencein spite of being progressive with 

advanced gestation and increasing weight. This 

findingcould be explained by the observation that in 

human fetuses, increase in hepatic LDL receptor activity 

are positively correlated with gestational age and 

negatively correlated to LDL concentration (Nagano et 

al., 2013). 

 

The current study demonstrated significant increase of 

TG with advance GA, (33.90),(42.38),(56.42)mg/dl in 

the three preterm group with P. value of (0.000), which 

is consistent with many other studies, such as the study 

of (Donega Set al., 2006) who observed that TG values 

were lower in preterm newborns than in full term ones. 

The study of(GhaemiS et al., 2014) documented the 

highest (61.69 mg/dl) and lowest (47.03 mg/dl) 

concentrations of triglycerides in term and preterm 

newborns, respectively The progressive increase in 

triglyceride with gestational age is considered to be 

secondary to the increase in total body fat during last 

weeks of gestational (Bansal N, et al., 2005). 

 

The characteristic distribution of TG in neonates, 

especially the relatively high LDL concentration, may 

partly be explained by a reduction in hepatic lipase 

activity (Fujita et al., 2008). However, lipase activity, 

even including lipoprotein lipase (LPL), cannot fully 

explain the mechanism of TG distribution because TG 

concentrations were markedly low. Another possible 

mechanism is low lipid transfer across the placenta and 

low lipogenesis in the liver (Herrera and amusquivar, 

2000).  

 

The presentstudy indicated that differences in the 

gestational age did not affect cord venous blood HDL 

level with P. value of (0.090) as depicted in table (2) and 

(3) in agreement with the previous findings of (Pardo et 

al., 2005, Tohmaze, 2014). 

 

In the present work, only TC and LDL were related to 

the occurrence of RDS among all preterm infants groups 

as stated in table (5) with significant decrease of TC and 

LDL in neonates who developed and did not develop 

RDS, and statistically insignificant difference of TG and 

HDL (22.30-22.49)mg/dl among the two group. 

 

These findings went well with earlier ones (Hardell LI, 

1981, Lane DM et al 2002). That the infants who 

subsequently developed Respiratory Distress Syndrome 

had significantly lower lipoprotein levels than the levels 

in preterm infants without Respiratory Distress 

Syndrome after delivery. 

 

More recently, (GunesT, et al., 2007) and (MahmoudNS 

et al., 2012) reported that total serum cholesterol, LDL 

and HDL were significantly lower in RDS neonates, 

while serum TG and VLDL, showed no significant 

difference when compared to non- RDS group. 

 

In contrast, (Wang et al., 2013) reported only low TG 

level among RDS cases in preterm infants with 

gestational age of 28-30 weeks. (YonezawaR et al., 

2009) found no difference in lipid profile between 

neonates with RDS and preterm neonates without RDS. 

However, none of neonates born after 34 of gestational 

in their study developed RDS.  

 

Factors during pregnancy and delivery, as well as certain 

disease, can influence lipid study findings in newborns, 

(Lane et al., 2002) found that preterm infants developing 

respiratory disease post-natal had significant lower cord 

serum lipid levels than those of normal term infants or 

preterm infants free of respiratory disease. 
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It has been postulated that low serum lipid levels are 

evidence of reduced essential fatty acids and long-chain 

polyunsaturated fatty acid supply, which could inhibit 

fetal growth in utero, delaying fetal lung maturation. 

Moreover, lower levels of cholesterol found in infants 

with RDS indicated a limited ability to metabolize 

VLDL, probably related to lipoprotein lipase impairment 

(GunesT. et al., 2007). 

 

The current study highlighted the supreme role of 

maternal nutrition in the future heath of her fetus with 

especial concern of essential long unsaturated fatty acids 

such as DHA and EPA. (Deborah L O’Connor, et al. 

2016). Yet, the gap between understanding of nutritional 

science, epigenetics with the nutritional need for 

maternal health and the future health and ability of the 

newborn is too wide to comfort (Crawford MA. 2012). 
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