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Abstract: Problem statement: Heart disease is the leading cause of death worldwide and is 
dramatically increasing in developing countries. Preventive approaches, such as dietary and lifestyle 
changes can have major health implications to prevent the onset of heart disease. Besides healthy 
nutrition in the adult life, maternal nutrition during pregnancy and lactation can also have a significant 
impact on the outcome of heart disease in the later life of the offspring. Approach: Higher levels of 
plasma total cholesterol, especially Low-Density Lipoprotein (LDL) cholesterol and lower levels of 
high-density lipoprotein cholesterol are associated with an increased risk of heart disease. We have 
used various animal models and dietary strategies to investigate the regulation of lipid and lipoprotein 
metabolism. We also manipulated maternal diets during pregnancy and lactation to study the outcome 
of heart disease in the offspring in later life. Results: Reducing the intake of saturated and trans fatty 
acids reduce the risk of heart disease, while polyunsaturated fatty acids elicit beneficial health effects. 
Amongst polyunsaturated fatty acids, omega-3 class of fatty acids, are associated with lower incidence 
of heart disease however, an increased consumption of omega-6 fatty acids may increase the risk of 
heart disease. Higher intake of saturated fat during pregnancy and lactation inhibits the gene 
expression of LDL receptor which leads to an increase in plasma LDL-cholesterol levels of the 
offspring thereby putting the offspring at a higher risk of heart disease. 
Conclusion/Recommendations: An optimum ratio of omega-6 to omega-3 fatty acids is critical to 
reduce the risk of heart disease. Developing countries need to pay a special attention to dietary 
guidelines to reduce the burden of heart disease. 
 
Key words: Dietary fats, prenatal and postnatal nutrition, cardiovascular disease, lipids and cholesterol 

 
INTRODUCTION 

 
 Heart disease is the leading cause of death in not 
only the developed countries but also in developing 
countries such as India. A recent report suggests that by 
the year 2010, India will bear 60% of the world's heart 
disease burden (Khunti and Samani, 2004; Anand et al., 
2000; Kahn, 2008) having more than 100 million 
people affected by the disease. It was also reported that 
the average age of patients in India, with heart disease, 
is significantly lower when compared to people in other 
developed countries. In the past five decades, the rates 
of heart disease among urban populations in India have 
risen from 4-11% (Khunti and Samani, 2004; Anand et 
al., 2000). Thus heart disease, which was once 
considered as the disease of the Western countries, is 
now over powering India. The question arises as to why 
India’s health worries have now shifted from age-old 
problems, such as infectious disease, famine and 
malnutrition, towards heart disease, obesity and 
metabolic syndrome? One of the reasons may be the 
road to modernization, where a larger number of 
populations are trading healthy traditional diets for 

fattier foods and a sedentary lifestyle. Besides poor 
dietary habits, the Indian population also appears to 
have a genetic makeup that predisposes them to heart 
disease (Anand et al., 2000). South Asians have 
elevated levels of Low-Density Lipoprotein (LDL)-
cholesterol (“bad cholesterol”) and triglycerides that are 
associated with an increased risk of heart disease, while 
the concentrations of High-Density Lipoprotein (HDL)-
cholesterol (“good cholesterol”), which is protective 
against heart disease, are lower. Moreover, the South 
Asian population tends to gain weight in the abdominal 
region which increases the risk of heart disease (Anand 
et al., 2000). Lastly, the nutrition of the mothers, during 
pregnancy and lactation, may also contribute towards 
early onset of diseases, such as heart disease, diabetes 
and obesity, in the offspring (Chechi et al., 2009; 
McMillen and Robinson, 2005; McMillen et al., 2008). 
Animal studies have confirmed that feeding high fat 
diets during gestation and lactation leads to 
abnormalities of metabolic pathways of the offspring 
thereby predisposing the offspring to higher incidence of 
diseases in later life. These reports stress the importance 
of nutrition awareness in the general population in India 
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for the prevention and treatment of heart disease and 
related diseases. A focus on prevention will certainly 
reduce the health care cost in the future. 
 
Dietary fats and heart disease: Dietary fats are 
essential for the growth and development, however an 
excess of fat can cause the onset of heart disease and 
related complications (Watts et al., 1996). Dietary fat 
intake has long been associated with an increased risk 
of heart disease, where both the quality and the quantity 
of fat are known to play an important role. The 
influence of fat on the state of the body and mind was 
depicted as early as the 18th century by a Swiss 
physiologist, Albrecht von Haller, who had stated that 
“During sleep and when the body and spirit are in 
response, fat deposits in the cells and when it is in too 
great quantity it becomes injurious because it 
compresses the blood vessels and resists the action of 
heart. This makes one subject to asthma, stroke and 
dropsy” (Carpenter, 1998). The importance of dietary 
fats in cardiovascular disease first emerged in 1953 
when Ancel Keys conducted the first worldwide 
epidemiological study to link dietary fats to mortality 
from heart disease (Keys, 1953). In the “seven 
countries” study, Keys (Keys, 1970) found significant 
association between total fat and saturated fat intake 
and mortality from heart disease. The association 
between dietary fats and heart disease is mainly due to 
alterations in blood triglyceride and cholesterol levels. 
The first guidelines on consumption of dietary fat were 
published in (Page et al., 1957) and amended in (Page 
et al., 1961) that generally reflected the guidelines 
recognized today. In 1968, the Committee on Nutrition 
of the American Heart Association published guidelines 
to reduce the intake of animal fat, decrease saturated 
fats and increase polyunsaturated fats and to apply 
dietary recommendations early in life. 
 The major kinds of fats consumed in our diet are 
saturated, polyunsaturated, monounsaturated and trans 
fatty acids. The most abundant fatty acids found in 
nature have an even number of carbon atoms and the 
chain length varies from four to 30 carbons long. The 
most abundant fatty acids found in food are 18-carbons 
long. The nomenclature of fatty acids is based on the 
number of carbon atoms in the chain, the degree of 
unsaturation and the location of the double bond. The 
position of the first double bond nearest from the 
methyl end of the carbon chain is described by an 
omega number also referred to as n or ω (n-3, n-6, n-7 
and n-9). Polyunsaturated fatty acids with the first 

double bond three carbons away from the methyl end is 
an n-3 fatty acids, whereas polyunsaturated fatty acids 
with its first double bond six carbons away from the 
methyl end is an n-6 fatty acid. Humans are not able to 
synthesize n-6 (linoleic acid; 18:2) or n-3 (linolenic 
acid; 18:3) fatty acids, making these fatty acids 
essential dietary nutrients that must be consumed in our 
diet. Table 1 gives the most common fatty acids found 
in nature, the number and position of the double bond 
and the common foods containing these fatty acids. 
 
Saturated and trans fats in Heart Disease: The 
consumption of both saturated and trans fatty acids 
have a positive correlation with the onset of heart 
disease (Watts et al., 1996; Denke, 2006). Studies have 
shown that these fatty acids increase the levels of blood 
total- and LDL-cholesterol (Spady et al., 1993). The 
plasma LDL-cholesterol levels increase by 1.3-1.7 mg 
dL−1 for every 1% increase in energy from saturated 
fatty acids (Keys et al., 1965; Mensink and Katan, 
1992). Studies have also shown a dose-dependent effect 
of trans fatty acids in increasing plasma LDL-
cholesterol concentrations (IM, 2005). Saturated fats 
are usually solid at room temperature and are not highly 
prone to oxidation when compared with unsaturated 
fats. Trans fats, on the other hand, are unsaturated, but 
they can raise total and LDL-cholesterol and lower 
HDL-cholesterol concentrations, similar to the effects 
of saturated fatty acids, thereby increasing the risk of 
heart disease (Mensink and Katan, 1992). Although 
naturally occurring in some foods such as dairy and 
animal meats, trans fats generally result from baking, 
cooking and frying in most restaurants and fast-food 
chains. Meat and full-fat dairy products contribute 
approximately 60% of saturated fatty acids in a typical 
diet. Other main sources of saturated fat and trans fat in 
a typical Indian diet are foods from some plants and the 
consumption of deep fried foods. In most restaurants, 
the cooking oil after frying is not changed frequently 
enough to reduce the intake of oxidized fat, which is 
also linked to an increased risk of heart disease 
(Ghafoorunissa, 2008). In certain parts of India, trans 
fats from hydrogenated vegetable oil, commonly known 
as vanaspati, are consumed to much greater quantity 
than in the United States thereby increasing the risk of 
heart disease.  

 
Table 1: Common fatty acids found in nature 
  Number of Position of the  Common food 
Fatty acid Notation double bounds double bound Saturation sources 
Stearic acid 18:00 0 - Saturated Most animal fats 
Oleic acid 18:01 1 n-9 Monounsaturated Olive oil.canola oil 
Linoleic acid 18:02 2 n-6 Polyunsaturated Sunflower.Safflower.corn oils 
Linolenic acid 18:03 3 n-3 Polyunsaturated Soybean oils.flax oil 
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 The North American dietary guidelines have 
regulations in place for the consumption of dietary fats 
and the type of fat in the diet. It is recommended to 
limit the intake of foods high in saturated fat, trans fat 
and cholesterol, such as whole-milk dairy products, 
fatty meats, partially hydrogenated vegetable oils, fried 
foods and egg yolks. Instead, it is recommended to 
choose foods low in saturated fat, trans fat and 
cholesterol. This can be accomplished by enriching the 
diet in fruits and vegetables, grain products especially 
from whole grains, lentils and beans and to add either 
fish or flax powder (ground alsi) to the diet. The intake 
of saturated fat should not exceed 7% of total calories 
each day; trans fat intake should not exceed 1% of total 
calories each day. The intake of total fat (saturated, 
trans, monounsaturated, polyunsaturated) should be no 
more than 30% of total calories, while that of saturated 
+ trans fat should be no more than 10% of total 
calories. 
 
Unsaturated fats and the risk of heart disease: Both 
mono- and polyunsaturated fatty acids are considered 
healthy fats as these are known to lower the risk of 
heart disease. Oleic acid, a monounsaturated fatty acid, 
lowers total and LDL-cholesterol concentrations when 
it replaces saturated fatty acids (IM, 2005; Kris-
Etherton, 1999). Similarly, studies have shown that an 
increase of 1% energy from polyunsaturated fatty acids 
reduces the levels of total cholesterol by 0.9 mg dL−1 
(Keys et al., 1965; Hegsted et al., 1965). Clinical 
studies have shown that polyunsaturated fatty acids 
decreased the risk of heart disease by 25-43% (Dayton 
et al., 1969; Leren, 1970; Singh et al., 2002). 
Unsaturated fats have at least one unsaturated bond or a 
double bond and are often found in liquid oils of 
vegetable origin. Polyunsaturated fats are easily 
oxidized and become rancid, especially under high 
temperatures such as heating. Monounsaturated fats are 
also liquid at room temperature, however can start to 
solidify when kept in the refrigerator. Although both 
types of unsaturated fats may help lower blood 
cholesterol level when used in place of saturated fats in 
the diet, the total amount of fat should still not exceed 
30% of the calories of the total daily intake. Some of 
the rich sources of oils rich in polyunsaturated fatty 
acids are: safflower oil, mustard oil, corn oil, sesame 
oil, sunflower oil and nuts/seeds. On the other hand, the 
oils rich in monounsaturated fats are: olive oil, peanut 
oil, avocado oil. 
 
Omega-3 polyunsaturated fatty acids in heart 
disease: Long chain polyunsaturated fatty acids of the 
omega-3 (n-3) series, such as Eicosapentaenoic Acid 

(EPA) and Docosahexaenoic Acid (DHA), are found to 
a great extent in fish, fish oil and other marine sources. 
These n-3 fatty acids are known to have 
cardioprotective effects due to their antiarrythmic, anti-
inflammatory and antiatherogenic properties (Demaison 
and Moreau, 2002). The relationship between fish and 
fish oil consumption and reduced risk of heart disease 
was first observed by Bang et al. (1971) who found that 
Eskimos were at a lower risk of coronary heart disease 
compared to Danes. The beneficial effects of fish oil are 
mainly attributed to the biological effects of n-3 PUFA, 
such as EPA and DHA (Dyerberg, 1986; Kagawa et al., 
1982). Consumption of two meals/week of a fatty fish 
over two years reduced coronary artery infarction by 
29% in human subjects (Burr et al., 1989). One of the 
biggest challenges is however to decide the appropriate 
ratio of n-6 to n-3 fatty acids. It is generally accepted 
that the optimum ratio should be between 4-10:1. If the 
diet contains a ratio of n-6/n-3 fatty acids greater than 
50:1, one can expect to develop n-3 deficiency along 
with an increased risk of heart disease and other 
complications; this appears to be the current ratio 
consumed by the general public. 
 Awareness in the general population in North 
America to increase the intake of polyunsaturated fatty 
acids and to decrease the intake of saturated fat caused 
a dramatic increase in the consumption of vegetable 
oils, which are significantly rich in n-6 fatty acids. The 
consumption of n-3 rich sources however remained the 
same or decreased, which resulted in a significant 
increased ratio of n-6 to n-3 fatty acids (Simopoulos, 
2006). The only exception to this trend is perhaps in the 
Japanese and Eskimos (Dyerberg, 1989) population, 
where the intake of n-3 fatty acids is very high and can 
reach up to 10 g day−1. Decreased intake of n-3 fatty 
acids is not only linked to the increased incidence of 
heart disease but it also increases the risk of asthma, 
arthritis, other inflammatory diseases and certain forms 
of cancer. Compared to the present very low intake of 
n-3 polyunsaturated fatty acids in most countries, it 
would require a large increase in the intake of fatty fish 
or alternative sources of EPA and DHA. Approximately 
100-200 g of fatty fish (herring, mackerel, fresh tuna, 
sardines and cod, salmon) provides about 2 g of very 
long chain n-3 polyunsaturated fatty acids. On the other 
hand, consuming only 1 g of fish oil capsules provides 
about 200-300 mg of EPA and DHA. Caution should 
however be taken when using fish oil supplements as 
high intakes of n-3 fatty acids can lead to side effects, 
especially increased bleeding. There is also some 
evidence that high intakes of n-3 PUFA increase the 
requirements for vitamin E, possibly because of 
potential increase in lipid peroxidation. Besides fish and 
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fish oil, flaxseed (alsi) contains high amounts of 
linolenic acid, an n-3 fatty acid that is converted to EPA 
and DHA in human body, thus making it a perfect 
alternative of n-3 fatty acids for vegetarians. Other 
vegetarian sources of n-3 polyunsaturated fatty acids 
are canola oil and walnuts. 
 
Nutrition during pregnancy and the risk of heart 
disease in the offspring in adult life: Metabolic 
problems associated with the consumption of dietary 
fats are not only important for the health of an 
individual but also for the health of the offspring born 
to mothers consuming specific nutrients during 
pregnancy and lactation. The ‘fetal origins hypothesis’ 
known more appropriately as the Developmental 
Origins of Health and Disease (DOHaD) hypothesis 
suggests that nutrition during early or prenatal life has 
permanent effects on the cardiovascular health of a 
person in adult life (Barker, 1995; 1997). It is proposed 
that adverse nutrition in the womb creates a ‘stressed 
environment’ for the developing fetus. The fetus 
responds to nutritional stress by ‘programming’ its own 
growth in a way that puts the offspring at an increased 
risk of future metabolic disorders (Fig. 1). Studies have 
employed maternal nutrient restriction models to induce 
the metabolic abnormalities like insulin resistance 
(Snoeck et al., 1990), dyslipidemia (Khan et al., 2005) 
and hypertension (Sherman and Langley-Evans, 2000) 
in the offspring. However, there is limited data from 
epidemiological and animal studies concerning over–
nutrition, especially the consumption of excess calories 
from fat, during pregnancy or early life and its effects 
on health in later life. 
 The incidences of metabolic syndrome and 
cardiovascular disease are steadily increasing in the 
traditional Western societies where maternal under-
nutrition is not a primary concern. A typical Western 
diet is rich in dietary fat content, especially saturated 

fatty acids, which is linked to an increased incidence of 
heart disease (Keys et al., 1965). There are only a few 
animal studies to date indicating that high fat 
consumption during pregnancy can induce features of 
metabolic syndrome in the adult offspring independent 
of the adult environmental factors (Taylor et al., 2005; 
Guo and Jen, 1995). A recent study from our research 
group has shown that maternal diet rich in saturated 
fatty acids caused significant inhibition of hepatic LDL-
receptor gene in the offspring of mice, which was 
responsible for an increase in plasma total- and LDL-
cholesterol concentrations (Anand et al., 2000). It was 
also observed that the maternal diets rich in saturated 
fatty acids caused endothelial dysfunction of the aortae 
in the offspring. Other studies have shown that trans 
fatty acids get deposited in infant tissues, thereby 
causing alterations in the metabolic pathways to put the 
infant at higher risk of disease (Dalainas and Ioannou, 
2008). Combined together, these findings suggest that 
maternal intake of saturated and trans fatty acids may 
put the offspring at an increased risk of heart disease in 
later life. 
 The fatty acid composition of maternal diets can 
alter the regulation of several transcription factors 
involved in the regulation of metabolic pathways 
(Jump, 2008). It is suggested that epigenetic regulation 
of gene transcription involving DNA methylation and 
histone modifications are key factors in regulating early 
development (Heerwagen et al., 2010). Peroxisome 
Proliferatoractivated Receptors (PPARs) are a class of 
transcription factors that regulate lipid, cholesterol and 
glucose metabolism and are known to be under the 
control of epigenetic regulation (Lillycrop et al., 2008; 
McCurdy et al., 2009). Thus dietary fats during 
pregnancy can have long-term effects that involve DNA 
modification. 

 

 
 

Fig. 1: Development origins of health and disease and the importance of maternal nutrition 
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Omega-3 fatty acids during pregnancy: As opposed 
to saturated fats, polyunsaturated fats, especially those 
from the omega-3 group, have been shown to induce 
beneficial effects. The consumption of polyunsaturated 
fatty acids during pregnancy and lactation influence the 
transfer of these fatty acids across the placenta and 
through breast milk thereby providing health benefits 
(Innis et al., 2006; Innis, 2004). A higher intake of 
omega-3 fatty acids by the mothers increases the 
transfer of these fatty acids to the infant before birth, 
causing protective effects. Several reports have 
established long-term benefits of omega-3 fatty acids, 
especially DHA, on the child’s development. The levels 
of blood DHA in infants has been shown to be 
associated with higher scores on measures of neural and 
visual maturation (Ceruku et al., 2002; Jorgensen et al., 
2001). Moreover, children born to mothers who 
consumed seafood during pregnancy showed higher 
verbal intelligence (Hibbeln et al., 2007). The 
consumption of seafood or fish is low amongst North 
Indian population however this population can gain 
significant health benefits from consuming flax, which 
is a good source of omega-3 fatty acid Alpha-Linoleic 
Acid (ALA). The question arises whether dietary ALA 
can provide sufficient amounts of higher chain omega-3 
fatty acids through the elongation and desaturation 
pathways. It appears that the conversion of ALA to 
DHA is low in humans (Pawlosky et al., 2003; Hussein 
et al., 2005). On the other hand, newborn infants can 
convert significant amounts of ALA to EPA and DHA 
(Salem et al., 1996). Moreover, the conversion of ALA 
to DHA is higher in women than men, which is further 
increased during pregnancy (Williams and Burdge, 
2006). Incorporating flax in the diet will likely induce 
beneficial health effects thus it should be encouraged as 
a health food. 
 
Genetic makeup and heart disease: South Asians 
seem to be naturally predisposed to heart disease 
compared to other ethnic groups (Anand et al., 2000). 
South Asians, living in Canada, have a higher risk of 
heart disease when compared to the European and 
Chinese population, even after adjusting for all other 
known risk factors. This is suggested to be due to a 
"thrifty-gene" in South Asians who adapted over many 
generations to the region's frequent famines. However 
an overabundance of food in the present days is causing 
imbalances of metabolic pathways leading to an 
increased risk of heart disease, insulin resistance, 
diabetes and obesity. The levels of LDL-cholesterol in 
South Asians are similar to other populations however 
they tend to carry small-dense LDL, which is 
considered to be more atherogenic (Kulkarni et al., 

1999) due to its increased susceptibility to oxidation. 
On the other hand, the South Asian population not only 
has lower levels of HDL-cholesterol, the “good 
cholesterol”, but they also have a higher concentration 
of small, less protective HDL particles (Bhalodkar et 
al., 2004). 
 Besides having a higher risk for heart disease, the 
prevalence of diabetes mellitus and obesity, other risk 
factors for the onset of heart disease, is uniformly 
higher in South Asians. It is projected that India alone 
will experience the greatest global increase in type 2 
diabetes by the year 2025 (King et al., 1998). The 
prevalence of diabetes is low in the rural areas, where 
only about 2% of the population is diabetic however the 
risk is much higher in urban population. The risk of 
type 2 diabetes is even greater amongst the Indian 
population settled in the Western World (Venkataraman 
et al., 2004). The Indian population also appears to 
have greater fat deposits in the abdominal area, which 
again puts them at a higher risk of heart disease. Recent 
studies suggest that the waist/hip ratio may provide a 
better estimate of the degree of abdominal obesity and 
the risk of heart disease (Yusuf et al., 2005). Visceral or 
abdominal obesity is also an important factor in the 
pathogenesis of insulin resistance and heart disease. 
 

CONCLUSION 
 
 Several studies have strongly indicated that the 
Indian population is predisposed to a higher risk of 
heart disease and the related risk factors. It is thus 
important for the Indian population to pay a greater 
attention to their lifestyle and diet. It is further noted 
that certain diets may induce greater detrimental health 
effects in a population that is already predisposed to a 
disease. The association between genetic makeup of an 
individual, the response to a particular diet and the 
onset of disease is an emerging area of research. This is 
covered under both nutrigenetics (response of an 
individual to a particular nutrient based on one’s 
genetic makeup) and nutrigenomics (alterations in gene 
expression by various nutrients) to design personalized 
diets for better health (Fig. 2). It is likely that within the 
next few years, experts on nutrigenomics will be able to 
precisely tailor a diet for one’s specific needs. This may 
help in preventing or delaying the onset of heart disease 
and related diseases. It is important to control the type 
and amount of different fats in one’s diet. In general, 
eating a healthy diet that is low in fat (less than 30% of 
total caloric intake from fat), especially in saturated and 
trans fats (less than 10% of total caloric intake from 
fat), along with consumption of plenty of vegetables 
and fruits, is recommended for a healthy lifestyle.  
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Fig. 2: Nutrigenomics focuses on the effect of nutrients 

on the genome, whereas nutrigenetics focuses on 
the effect of genetic variation on the response to 
a particular nutrient 

 
For individuals who do not consume fish, other options 
are available such as consuming flax, walnuts and 
canola oil, to consume “designer” foods high in omega-
3 fatty acids or to take omega-3 supplements. The 
omega-6 to omega-3 fatty acid ratio should be 
maintained in the range of 5-10:1 for beneficial health 
effects. Finally, attaining proper health is in one’s own 
hands by following good eating habits and exercising 
regularly.  
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