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Abstract: Problem statement: Heart disease is the leading cause of death waddvand is
dramatically increasing in developing countrieseu@ntive approaches, such as dietary and lifestyle
changes can have major health implications to prtetlee onset of heart disease. Besides healthy
nutrition in the adult life, maternal nutrition ding pregnancy and lactation can also have a sggmifi
impact on the outcome of heart disease in the ldgpf the offspring.Approach: Higher levels of
plasma total cholesterol, especially Low-Densitpdprotein (LDL) cholesterol and lower levels of
high-density lipoprotein cholesterol are associatéith an increased risk of heart disease. We have
used various animal models and dietary strategi@svestigate the regulation of lipid and lipopiinte
metabolism. We also manipulated maternal dietshdupregnancy and lactation to study the outcome
of heart disease in the offspring in later lifesults: Reducing the intake of saturated and trans fatty
acids reduce the risk of heart disease, while pagturated fatty acids elicit beneficial healtteets.
Amongst polyunsaturated fatty acids, omega-3 até$atty acids, are associated with lower incidence
of heart disease however, an increased consumptiomega-6 fatty acids may increase the risk of
heart disease. Higher intake of saturated fat dupmegnancy and lactation inhibits the gene
expression of LDL receptor which leads to an insee&n plasma LDL-cholesterol levels of the
offspring thereby putting the offspring at a higherisk of heart disease.
Conclusion/Recommendations. An optimum ratio of omega-6 to omega-3 fatty adglritical to
reduce the risk of heart disease. Developing c@amineed to pay a special attention to dietary
guidelines to reduce the burden of heart disease.
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INTRODUCTION fattier foods and a sedentary lifestyle. Besidesrpo
dietary habits, the Indian population also appears
Heart disease is the leading cause of death in ndtave a genetic makeup that predisposes them ta hear
only the developed countries but also in developinglisease (Anandet al., 2000). South Asians have
countries such as India. A recent report suggbstsily  elevated levels of Low-Density Lipoprotein (LDL)-
the year 2010, India will bear 60% of the worldsit  cholesterol (“bad cholesterol”) and triglyceridaattare
disease burden (Khunti and Samani, 2004; Aretiall, = associated with an increased risk of heart disesisie
2000; Kahn, 2008) having more than 100 millionthe concentrations of High-Density Lipoprotein (HBL
people affected by the disease. It was also regpdiiet  cholesterol (“good cholesterol”), which is proteeti
the average age of patients in India, with heas¢ae, against heart disease, are lower. Moreover, thahSou
is significantly lower when compared to people thes  Asian population tends to gain weight in the abdwahi
developed countries. In the past five decadesrates  region which increases the risk of heart diseasea (@
of heart disease among urban populations in Indieeh et al., 2000). Lastly, the nutrition of the mothers, idgr
risen from 4-11% (Khunti and Samani, 2004; Anahd pregnancy and lactation, may also contribute toward
al., 2000). Thus heart disease, which was oncearly onset of diseases, such as heart diseasmteka
considered as the disease of the Western counisies, and obesity, in the offspring (Checlet al., 2009;
now over powering India. The question arises asitp ~ McMillen and Robinson, 2005; McMilleat al., 2008).
India’s health worries have now shifted from agé-ol Animal studies have confirmed that feeding high fat
problems, such as infectious disease, famine andiets during gestation and lactation leads to
malnutrition, towards heart disease, obesity andabnormalities of metabolic pathways of the offsgrin
metabolic syndrome? One of the reasons may be thbereby predisposing the offspring to higher innitke of
road to modernization, where a larger number ofdiseases in later life. These reports stress tperiance
populations are trading healthy traditional diets f of nutrition awareness in the general populatiomitia
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for the prevention and treatment of heart diseast a double bond three carbons away from the methyliend
related diseases. A focus on prevention will celyai an n-3 fatty acids, whereas polyunsaturated fatigisa
reduce the health care cost in the future. with its first double bond six carbons away frone th
. . . methyl end is an n-6 fatty acid. Humans are not¢ &bl
Dietary fats and heart disease: Dietary fats are synthesize n-6 (linoleic acid; 18:2) or n-3 (linuie
essential for the growth and development, however aacid; 18:3) fatty acids, making these fatty acids
excess of fat can cause the onset of heart diss@be essential dietary nutrients that must be consumedi
related complications (Wattt al., 1996). Dietary fat djet. Table 1 gives the most common fatty acidsébu
intake has long been associated with an incredskd r jn nature, the number and position of the doubledoo
of heart disease, where both the quality and tle@fy  and the common foods containing these fatty acids.
of fat are known to play an important role. The
influence of fat on the state of the body and mvab o4\ rated and trans fats in Heart Disease: The

gﬁsgi;(t)?ggigts A(?I%rrlgcl'?tsvgr]\eH;Iilgé? \?v?]rc])turg dbS{aSad?tW'séonsumption of both saturated and trans fatty acids
“During sleep and when the body and spirit are inhgve a positive correlation with the onset_of heart
response, fat deposits in the cells and wheniit 90 disease (Wattet al., 1996; Denke, 2006). Studies have

great quantity it becomes injurious because itshown that these fatty acids increase the levetdoafd
compresses the blood vessels and resists the aaftion total- and LDL-cholesterol (Spadst al., 1993). The
heart. This makes one subject to asthma, stroke arglasma LDL-cholesterol levels increase by 1.3-14/ m
dropsy” (Carpenter, 1998). The importance of dietar dL™ for every 1% increase in energy from saturated
fats in cardiovascular disease first emerged in3195¢a1ty acids (Keyset al., 1965; Mensink and Katan,

when Ancel Keys conducted the first worldwide ;997) studies have also shown a dose-dependext eff
epidemiological study to link dietary fats to mditta of trans fatty acids in increasing plasma LDL-

from heart disease (Keys, 1953). In the “seven .
countries” study, Keys((Kgys, 1970)) found signifita cholesterol concentrations (IM, 2005). Saturatets fa

association between total fat and saturated fakent aré usually solid at room temperature and are igbiiy
and mortality from heart disease. The associatioProne to oxidation when compared with unsaturated
between dietary fats and heart disease is mairgytdu fats. Trans fats, on the other hand, are unsatijratg
alterations in blood triglyceride and cholestemldls. they can raise total and LDL-cholesterol and lower
The first guidelines on consumption of dietaryvsre ~ HDL-cholesterol concentrations, similar to the efée
published in (Paget al., 1957) and amended in (Page of saturated fatty acids, thereby increasing tis& df

et al., 1961) that generally reflected the guidelinespeqrt gisease (Mensink and Katan, 1992). Although
recognized today. In 1968, the Committee on Noiti naturally occurring in some foods such as dairy and

of the American Heart Association published guidesi : .
to reduce the intake of animal fat, decrease smmira 2"imal meats, trans fats generally result from igki

fats and increase polyunsaturated fats and to appl§P°king and frying in most restaurants and fastfoo
dietary recommendations early in life. Chains. Meat and full-fat dairy products contribute

The major kinds of fats consumed in our diet areapproximately 60% of saturated fatty acids in a@dgb
saturated, polyunsaturated, monounsaturated and tradiet. Other main sources of saturated fat and tianis
fatty acids. The most abundant fatty acids found ina typical Indian diet are foods from some plantd te
nature have an even number of carbon atoms and th@nsumption of deep fried foods. In most restasrant

chain length varies from four to 30 carbons lonbeT the cooking oil after frying is not changed freqtign
most abundant fatty acids found in food are 18-masb enough to reduce the intake of oxidized fat, whigh

long. The nomenclature of fatty acids is basedl@n t 55, “jinked to an increased risk of heart disease

nhumber of carbon atoms in the chain, the degree OGhafoorunissa, 2008). In certain parts of Indians

unsaturation and the location of the double bortie T .
position of the first double bond nearest from thef@!s from hydrogenated vegetable oil, commonly know

methyl end of the carbon chain is described by afS vanaspati, are consumed to much greater quantity
omega number also referred to as mqm_g’ n_6’ n-7 than in the United States thereby increasing thle of

and n-9). Polyunsaturated fatty acids with thet firs heart disease.

Table 1: Common fatty acids found in nature

Number of Position of the Common food
Fatty acid Notation double bounds double bound ratan sources
Stearic acid 18:00 0 - Saturated Most animal fats
Oleic acid 18:01 1 n-9 Monounsaturated Olive oilaa oil
Linoleic acid 18:02 2 n-6 Polyunsaturated Sunflo®efflower.corn oils
Linolenic acid 18:03 3 n-3 Polyunsaturated Soyhbanflax oil
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The North American dietary guidelines have (EPA) and Docosahexaenoic Acid (DHA), are found to
regulations in place for the consumption of dietlatg  a great extent in fish, fish oil and other marioerses.
and the type of fat in the diet. It is recommended These n-3 fatty acids are known to have
limit the intake of foods high in saturated fagrts fat  cardioprotective effects due to their antiarrythnainti-
and cholesterol, such as whole-milk dairy productsjnflammatory and antiatherogenic properties (Deorais
fatty meats, partially hydrogenated vegetable diled  and Moreau, 2002). The relationship between fisth an
foods and egg yolks. Instead, it is recommended tdish oil consumption and reduced risk of heart alsse
choose foods low in saturated fat, trans fat andvas first observed by Bargjal. (1971) who found that
cholesterol. This can be accomplished by enrichiteg Eskimos were at a lower risk of coronary heart alise
diet in fruits and vegetables, grain products esfigc compared to Danes. The beneficial effects of fishre
from whole grains, lentils and beans and to adideeit mainly attributed to the biological effects of FRBIFA,
fish or flax powder (groundlsi) to the diet. The intake such as EPA and DHA (Dyerberg, 1986; Kagaval.,
of saturated fat should not exceed 7% of totalregdo 1982). Consumption of two meals/week of a fatt fis
each day; trans fat intake should not exceed 1%taf  over two years reduced coronary artery infarctign b
calories each day. The intake of total fat (saagdat 29% in human subjects (Buet al., 1989). One of the
trans, monounsaturated, polyunsaturated) shouldobe biggest challenges is however to decide the apiaiepr
more than 30% of total calories, while that of sated  ratio of n-6 to n-3 fatty acids. It is generallycapted
+ trans fat should be no more than 10% of totathat the optimum ratio should be between 4-10:1héf
calories. diet contains a ratio of n-6/n-3 fatty acids gredtan

50:1, one can expect to develop n-3 deficiency glon
Unsaturated fats and the risk of heart disease: Both  with an increased risk of heart disease and other
mono- and polyunsaturated fatty acids are considerecomplications; this appears to be the current ratio
healthy fats as these are known to lower the risk oconsumed by the general public.
heart disease. Oleic acid, a monounsaturated dattl Awareness in the general population in North
lowers total and LDL-cholesterol concentrations whe America to increase the intake of polyunsaturasety f
it replaces saturated fatty acids (IM, 2005; Kris-acids and to decrease the intake of saturatedatesed
Etherton, 1999). Similarly, studies have shown #rat a dramatic increase in the consumption of vegetable
increase of 1% energy from polyunsaturated fatt§isac  oils, which are significantly rich in n-6 fatty as. The
reduces the levels of total cholesterol by 0.9 rhg'd consumption of n-3 rich sources however remained th
(Keys et al., 1965; Hegstedet al., 1965). Clinical same or decreased, which resulted in a significant
studies have shown that polyunsaturated fatty acidicreased ratio of n-6 to n-3 fatty acids (Simopsul
decreased the risk of heart disease by 25-43% ¢@Dayt 2006). The only exception to this trend is perhaphe
et al., 1969; Leren, 1970; Singlet al., 2002). Japanese and Eskimos (Dyerberg, 1989) population,
Unsaturated fats have at least one unsaturateddrosmd where the intake of n-3 fatty acids is very higld @an
double bond and are often found in liquid oils ofreach up to 10 g day Decreased intake of n-3 fatty
vegetable origin. Polyunsaturated fats are easilycids is not only linked to the increased incidenée
oxidized and become rancid, especially under higheart disease but it also increases the risk dfnast
temperatures such as heating. Monounsaturatedrats arthritis, other inflammatory diseases and cerfaims
also liquid at room temperature, however can gtart of cancer. Compared to the present very low intaike
solidify when kept in the refrigerator. Althoughtho n-3 polyunsaturated fatty acids in most countrigs,
types of unsaturated fats may help lower bloodwould require a large increase in the intake dféish
cholesterol level when used in place of saturatésiii  or alternative sources of EPA and DHA. Approximgtel
the diet, the total amount of fat should still msiceed 100-200 g of fatty fish (herring, mackerel, fresind,
30% of the calories of the total daily intake. Soafe sardines and cod, salmon) provides about 2 g of ver
the rich sources of oils rich in polyunsaturatettyfa long chain n-3 polyunsaturated fatty acids. Ondthesr
acids are: safflower oil, mustard oil, corn oilsame hand, consuming only 1 g of fish oil capsules piesi
oil, sunflower oil and nuts/seeds. On the otherdhéime  about 200-300 mg of EPA and DHA. Caution should
oils rich in monounsaturated fats are: olive ogaput however be taken when using fish oil supplements as
oil, avocado oil. high intakes of n-3 fatty acids can lead to sideds,

especially increased bleeding. There is also some
Omega-3 polyunsaturated fatty acids in heart evidence that high intakes of n-3 PUFA increase the
disease: Long chain polyunsaturated fatty acids of therequirements for vitamin E, possibly because of
omega-3 (n-3) series, such as Eicosapentaenoic Acjgbtential increase in lipid peroxidation. Besidiss fand
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fish oil, flaxseed dls)) contains high amounts of fatty acids, which is linked to an increased inoick of
linolenic acid, an n-3 fatty acid that is convertedePA  heart disease (Keys al., 1965). There are only a few
and DHA in human body, thus making it a perfectanimal studies to date indicating that high fat
alternative of n-3 fatty acids for vegetarians. @th consumption during pregnancy can induce features of
vegetarian sources of n-3 polyunsaturated fattylsaci metabolic syndrome in the adult offspring independe
are canola oil and walnuts. of the adult environmental factors (Taykdral., 2005;

. ) , Guo and Jen, 1995). A recent study from our researc
Nutrition during pregnancy and the risk of heart g4y has shown that maternal diet rich in satdrate
dlrzeaseemlsn atsgtce)c?gz?jr Ivr\]/?thlrt]h:d(ligt‘lsll:fg' t:\élr?t%?oé'é ar 2ty acids caused significant inhibition of hepatDL-
?ats are not only important for the phealth of an¥eceptor_ gene in t_he offspr_ing of mice, which was
individual but also for the health of the offspribgrn responsible for an Increase in plasma total- and.-LD

cholesterol concentrations (Anaetal., 2000). It was

to mothers consuming specific nutrients during . 0k
pregnancy and lactation. The ‘fetal origins hypstse also observed that the maternal diets rich in agtdr

known more appropriately as the Developmenta[fatty acids cgused endothehal dysfunction of thease
Origins of Health and Disease (DOHaD) hypothesigh the offspring. Other studies have shown thabdra
suggests that nutrition during early or prenafal lias fatty acids get deposited in infant tissues, thgreb
permanent effects on the cardiovascular health of gausing alterations in the metabolic pathways totipe
person in adult life (Barker, 1995; 1997). It i®posed infant at higher risk of disease (Dalainas and hoan
that adverse nutrition in the womb creates a ‘stds 2008). Combined together, these findings suggest th
environment' for the developing fetus. The fetusmaternal intake of saturated and trans fatty anidy
responds to nutritional stress by ‘programming’oven  put the offspring at an increased risk of hearéat® in
growth in a way that puts the offspring at an iased  |ater Jife.

risk of future metabolic disorders (Fig. 1). Stideave The fatty acid composition of maternal diets can

tehmployetdbm?terngl ”Ut“elr‘tF restlfll(cuo_n m?dels tlhmt:e alter the regulation of several transcription fasto
€ metabolic  abnormalities fike nSulin resistance,,,eq in the regulation of metabolic pathways

(Snoecket al., 1990), dyslipidemia (Khaet al., 2005) : X e
and hypertension (Sherman and Langley-Evans, ZOOéfump' 2008). IF IS suggeste_d that epigenetic mgm
in the offspring. However, there is limited datarfr f gene transcription involving DNA _methylatl_on and
epidemiological and animal studies concerning over-histone modifications are key factors in regulatirgly

nutrition, especially the consumption of excesoias ~ development (Heerwagest al., 2010). Peroxisome
from fat, during pregnancy or early life and itfeets ~ Proliferatoractivated Receptors (PPARs) are a abéiss
on health in later life. transcription factors that regulate lipid, cholesteand

The incidences of metabolic syndrome andglucose metabolism and are known to be under the
cardiovascular disease are steadily increasinghén t control of epigenetic regulation (Lillycrogt al., 2008;
traditional Western societies where maternal underMcCurdy et al., 2009). Thus dietary fats during
nutrition is not a primary concern. A typical Waste pregnancy can have long-term effects that involdAD
diet is rich in dietary fat content, especiallywsated —modification.

Maternal nutrition

Change in fetal growth

Change in — Sn11lcn}1'al change Metabolic and endocrine
childhood growth within organs .
g S dysfunction

Disease in later life

Fig. 1: Development origins of health and diseagkthe importance of maternal nutrition
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Omega-3 fatty acids during pregnancy: As opposed 1999) due to its increased susceptibility to oxatat
to saturated fats, polyunsaturated fats, espediatige ~ On the other hand, the South Asian population nét o
from the omega-3 group, have been shown to induchas lower levels of HDL-cholesterol, the *“good
beneficial effects. The consumption of polyunsaeda cholesterol”, but they also have a higher concéntra
fatty acids during pregnancy and lactation influetite  of small, less protective HDL particles (Bhalodletr
transfer of these fatty acids across the placenth a al., 2004).
through breast milk thereby providing health besefi Besides having a higher risk for heart disease, th
(Innis et al., 2006; Innis, 2004). A higher intake of prevalence of diabetes mellitus and obesity, othsr
omega-3 fatty acids by the mothers increases théactors for the onset of heart disease, is unifgrml
transfer of these fatty acids to the infant befoith,  higher in South Asians. It is projected that Indlane
causing protective effects. Several reports havevill experience the greatest global increase iretgp
established long-term benefits of omega-3 fattydsici diabetes by the year 2025 (Kirgy al., 1998). The
especially DHA, on the child’s development. Theelsv  prevalence of diabetes is low in the rural areasgrey
of blood DHA in infants has been shown to beonly about 2% of the population is diabetic howether
associated with higher scores on measures of nandal risk is much higher in urban population. The rigk o
visual maturation (Ceruket al., 2002; Jorgensegt al., type 2 diabetes is even greater amongst the Indian
2001). Moreover, children born to mothers who population settled in the Western World (Venkataaam
consumed seafood during pregnancy showed highest al., 2004). The Indian population also appears to
verbal intelligence (Hibbelnet al., 2007). The have greater fat deposits in the abdominal aredchwh
consumption of seafood or fish is low amongst Northagain puts them at a higher risk of heart diseaseent
Indian population however this population can gainstudies suggest that the waist/hip ratio may pmad
significant health benefits from consuming flax,igfh  better estimate of the degree of abdominal obesity
is a good source of omega-3 fatty acid Alpha-Liimle the risk of heart disease (Yusitfal., 2005). Visceral or
Acid (ALA). The question arises whether dietary ALA abdominal obesity is also an important factor ie th
can provide sufficient amounts of higher chain os8g pathogenesis of insulin resistance and heart diseas
fatty acids through the elongation and desaturation
pathways. It appears that the conversion of ALA to CONCLUSION
DHA is low in humans (Pawloskst al., 2003; Hussein
et al.,, 2005). On the other hand, newborn infants can  Several studies have strongly indicated that the
convert significant amounts of ALA to EPA and DHA Indian population is predisposed to a higher rigk o
(Salemet al., 1996). Moreover, the conversion of ALA heart disease and the related risk factors. Ithiss t
to DHA is higher in women than men, which is furthe important for the Indian population to pay a greate
increased during pregnancy (Wiliams and Burdgeattention to their lifestyle and diet. It is furtheoted
2006). Incorporating flax in the diet will likelynduce that certain diets may induce greater detrimentalth
beneficial health effects thus it should be encgedsas effects in a population that is already predisposed
a health food. disease. The association between genetic makeap of
individual, the response to a particular diet ahd t
Genetic makeup and heart disease: South Asians onset of disease is an emerging area of reseanitisT
seem to be naturally predisposed to heart diseasmvered under both nutrigenetics (response of an
compared to other ethnic groups (Anaatdal., 2000). individual to a particular nutrient based on one’s
South Asians, living in Canada, have a higher dék genetic makeup) and nutrigenomics (alterationseimeg
heart disease when compared to the European amkpression by various nutrients) to design persoedl
Chinese population, even after adjusting for aleot diets for better health (Fig. 2). It is likely thaithin the
known risk factors. This is suggested to be due to next few years, experts on nutrigenomics will bk dab
"thrifty-gene" in South Asians who adapted over ynan precisely tailor a diet for one’s specific needsisTmay
generations to the region's frequent famines. Hewev help in preventing or delaying the onset of heatakse
an overabundance of food in the present days isimgu and related diseases. It is important to contreltipe
imbalances of metabolic pathways leading to armand amount of different fats in one’s diet. In gahe
increased risk of heart disease, insulin resistancesating a healthy diet that is low in fat (less ti3®96 of
diabetes and obesity. The levels of LDL-cholest@mol total caloric intake from fat), especially in satted and
South Asians are similar to other populations hawvev trans fats (less than 10% of total caloric intakenf
they tend to carry small-dense LDL, which is fat), along with consumption of plenty of vegetable
considered to be more atherogenic (Kulkaehial.,  and fruits, is recommended for a healthy lifestyle.
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