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Abstract 
Background: Lipids such as cholesterol and triglycerides play an important role in both maternal 
and foetal energy metabolism. Little is known about maternal lipid levels in pregnancy and their 
effect on foetal growth. The aim of this study was to assess maternal lipid levels, foetal growth 
and the risk of small-for-gestational age (SGA) and large-for-gestational age (LGA 
Conclusions: Our study suggests a novel association of early pregnancy triglyceride and remnant 
cholesterol levels with foetal growth, patterns of foetal growth and the risk of LGA. Future studies 
are warranted to explore clinical implication possibilities. 
Keywords: Foetal programming; Foetal weight; Infant; Small-for-gestational age; Lipoproteins; 
Pregnancy. 
 
BACKGROUND 
The nutritional status of women during pregnancy is exceptionally critical. Nutrient inadequacies 
during pregnancy can impair fetal growth, which can in turn increase the risk for low birth weight 
(LBW), small-for-gestational-age (SGA) babies, preterm delivery, or alterations in infant body 
composition1. Infants born with LBW have a greater risk of developing hypertension, 
cardiovascular disease, and diabetes mellitus in middle age2. The deleterious effects of maternal 
malnutrition not only affect antenatal growth and development but also alter lifelong health from 
infancy to senescence3,4. Poor nutrition of the mother may put the fetus at risk for structural 
defects and even death5-7. 
 
Many studies especially in developing countries have shown that maternal malnutrition seriously 
impairs fetal outcomes. Birthweight and gestational duration are adversely affected and pregnancy 
complications increase in maternal malnutrition8. Maternal nutrition in pregnancy, as the main 
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determinant of fetal nutrition, may lead to permanent modifications in fetal growth trajectories, 
gene expression, and metabolic pathways and lead to a modified disease risk profile in postnatal 
life9. It is, therefore, probably crucial to improve maternal nutrition status to improve pregnancy 
outcomes. 
 
Despite economic growth, improvements in maternal nutritional status in Indiia in the course of 
the most recent decade have been moderate. High rates of maternal undernutrition are measured 
by low Body Mass Index (BMI) which adversely affects the health and survival of mothers and 
newborns10- 
13. While undernourishment remains a significant issue in nations undergoing rapid economic 
growth, a dynamic ascent of overnutrition, especially among women of reproductive age in Saudi 
Arabia, is a cause of concern10,14. 
 
As per Barker's Hypothesis, early-life poor nutrition including prenatal as measured by birth 
weight, increase predisposition to metabolic syndrome which includes insulin insensitivity, 
diabetes mellitus, hyperlipidemia, obesity, hypertension, and other complications including 
coronary heart disease (CHD), and stroke15. 
 
Physiologically, there is an increase in the concentration of serum lipids during the entire 
pregnancy because of essential adjustments in metabolic and physiologic functions16,17. During 
pregnancy, lipids are not only important for fetal development but for placental functions as 
well18. Lipids are fatty or oily compounds that are contributed by diet or through syntheses in the 
liver if the body’s requirement is not met through food and nutrition. The main constituents of the 
lipid profile consist of lipoproteins [low-density lipoproteins (LDL), high-density lipoproteins 
(HDL), and very low-density lipoprotein (VLDL)], cholesterol (CH), and triglycerides (TG). 
Cholesterol is essential for the structural integrity of the cell19. 
 
Lipid concentration changes are notable in the second trimester of pregnancy20. An increase in 
maternal lipid levels in Chinese and Iranian populations has been associated with adverse 
pregnancy outcomes16,17,21. Dyslipidemia is a well-known risk factor for metabolic syndrome, 
especially hypertriglyceridemia17,21. The most common forms of dyslipidemia are a higher level 
of LDL or bad cholesterol, higher levels of TG, higher level of CH, and lower levels of HDL or 
good cholesterol22,23. The incidence of fetal growth restriction (FGR), preterm birth, and SGA 
neonates is inversely related to a lower level of CH in maternal serum24,25 whereas, high TG and 
CH levels also show the same result26,27. 
 
There are various factors (environmental, financial, social, religious, age, and activity level) that 
influence dietary choices and nutritional intake during pregnancy. Improving maternal nutrition 
practices during pregnancy can potentially save lives and improve outcomes for both mothers and 
babies. Nutrition education and counseling may be pertinent to improve the health of a pregnant 
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woman. It is proposed to conduct this study keeping these changes in maternal nutrition in 
perspective. 
 
AIM OF THE STUDY 
The study aims to determine the association of maternal nutritional status and lipid profile with 
the perinatal outcome and evaluate the impact of nutrition education on the birthweight of the 
newborn. 
 
LITERATURE REVIEW 
According to the World Health Organization, a significant number of women are ignorant of the 
impact of their nutritional status on pregnancy and its outcome and do not get adequate 
micronutrients in their eating regimens not only throughout their reproductive life but during 
pregnancy as well 28-3 
 
Nutrition Education, Nutritional Knowledge, and Practice during pregnancy 
- Gezimu et al opined that knowledge and practice of nutrition during pregnancy in the 
researched area were found to be low. Similarly, parity and occupation were also associated with 
knowledge and were found to be a predictor of nutritional practice. Most of the participants were 
found to have poor dietary practices. Therefore, community-based nutritional education and 
antenatal nutritional counseling are required to be reinforced in the area to improve dietary 
practice31 
- Teweldemedhin et al stated that nutritional counseling and education resulted in a 
significant improvement in the mean scores of the knowledge in pregnant women from pre-
intervention to immediate post-intervention. Their study had shown that nutrition education during 
pregnancy has played a major role in enhancing the participant's knowledge and bringing in 
positive nutritional practices among them32. 
- Abu-Baker et all concluded that the experimental group had shown significantly higher 
nutritional knowledge scores compared to the control group score after the educational 
intervention. Similarly, the dietary practice was found to be higher in the experimental group 
compared to their counterparts33. 
- Singh et al concluded that 81.1% of those surveyed emphasized the importance of diet 
during pregnancy. Residence, education, and fertility were significantly associated with the 
knowledge of pregnant women to increase their diet during pregnancy. Painful labor and Cesarean 
section fear were the main reasons not to add extra food during pregnancy34. 
- Tenaw et al stated that nutrition education for pregnant women has shown a significant 
effect in improving K&P about proper nutrition for pregnancy. The nutritional knowledge and 
practices of pregnant women should be emphasized, as they are poorly understood. Many studies 
show that women have a good understanding of nutrition, but they need improvement to practice 
effectively 
35. 
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- Kumar et al opined that in-depth interviews revealed that the participants had poor practice 
despite having good nutritional knowledge and knowledge about increased nutrient intake in 
pregnancy36. 
 

Recommended weight gain during pregnancy based on Pre-Pregnancy BMI for singleton 
pregnancy37: 

Pre-pregnancy BMI (kg/m2) 
(WHO) 

Category Recommended Gestational Weight 
Gain Singleton 

<18.5 Underweight 12.5 - 18 kg 
18.5-24.9 Normal weight 11.5 - 16 kg 
25-29.9 Overweight 7-11.5 kg 
30 -34.9 Obese- Class I 5 - 9 kg 

 
It is well known now that the health status both before and after conception holds great significance 
for both mother and child. Weight gain and birth weight are indisputably related to each other. 
Several studies have shown a higher occurrence of LBW with inadequate maternal weight gain. It 
is suggested that a low weight gain after 20 weeks of gestation may result in preterm birth and low 
weight gain throughout pregnancy in LBW babies. A weight gain of 7-11 kg appears to be a 
measure of adequate fetal growth although preferably it should be closer to 10 kg rather than 7kg 
12. Adequate nutrition before and during pregnancy has a greater long-term impact on health than 
it does at any other time. 
 
Maternal Lipid Profile and Fetal Growth 
- Gootjes et al concluded that there is a significant linear trend was noticed of a larger crown-
rump length (CRL) in women with higher TG concentrations. A significant positive association 
was also observed between the analysis of CRL and remnant cholesterol. CRL was not associated 
with TC, LDLc, HDLc concentration, and TG/HDLc ratio in early pregnancy. When the analyses 
were split for 10–12 weeks and 12–14 weeks of gestational age. Relation between TG, remnant 
CH, and attenuated embryonic size demonstrated were no longer significant on sensitivity 
analysis38. 
- Adank et al stated an association between increased fetal head circumference (HC) and 
abdominal circumference (AC) growth rates with maternal TG levels and remnant cholesterol 
levels. Their research shows a novel relationship between fetal development, patterns of fetal 
growth, and the risk of LGA and early pregnancy TG and residual cholesterol levels39. 
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