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ABSTRACT

Background: Polyunsaturated fatty acids (PUFA) are found in nuts and seeds, salad
dressings and vegetable oil and are prone to oxidation during storage and food
preparation. Evidence supports that consumption of oxidized lipids promotes
atherosclerosis and glucose intolerance in animal models. However there is a dearth of
evidence with regard to the amount of oxidized lipids consumed and its association with
parameters of adiposity and glucose homeostasis in humans.
Objective: The objective of this study is to estimate the amount of oxidized lipids in
common foods and the oxidized lipid consumption in the US population using the data
from National Health and Nutrition Examination Survey (NHANES) 2005-06. The
second objective of this study is to investigate if there is an association between
consumption of oxidized lipids with markers of adiposity and glucose tolerance.
Methods- Foods with possible high oxidized lipid content were selected from the
NHANES food frequency questionnaire. Oxidized lipid content /Peroxide Values (PV) of
these foods were determined from published values in the literature. Oxidized lipid
consumption was stratified into tertiles to determine the relationship between
consumption of oxidized lipids and markers of adiposity. Regression analysis was used to
explore to the extent to which body fat % and HOMA- IR scores could be attributed to
oxidized lipid intake.
Results- The estimated mean daily consumption of oxidized lipids was 0.625 meq/kg of
fat for the US population. Estimated mean consumption of oxidized lipids was
significantly greater in men compared to women, in children compared to adults and

among African Americans compared to other races. In both men and women it was
observed that the markers of adiposity like body fat%, waist circumference, triceps
skinfold decreased significantly with increased consumption of oxidized lipids. However
in women (below 18 years) there was a significant increase in HOMA-IR with increased
consumption of oxidized lipids.
Conclusion- Increased consumption of oxidized lipids is associated with decreased fat
mass but increased glucose intolerance in women, but not in men.
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Chapter I
Introduction
Studies indicate that high intake of energy from fat contributes to the development
of obesity which increases the risk of chronic diseases such as, type 2 diabetes,
atherosclerosis, and cancer (1) . On the other hand, metabolic studies reveal that
polyunsaturated fatty acids (PUFAs) such as n-3 and n-6 fatty acids are linked to
reduced risk of type 2 diabetes, atherosclerosis, and cancer (2). Foods rich in n-3
PUFA are cold water oily fish like salmon, herring, and mackerel. While food
sources of n-6 fatty acids are nuts and oils from soybean, rapeseed, and sunflower.
In addition, certain foods are enriched in PUFAs such as, α linolenic acid (ALA),
eicosapentanoic acid (EPA), and docosahexaenoic acid (DHA) because of their role in
improving cognitive function and decreasing cardiovascular risk (2). Through effective
marketing strategies the intake of fish oil supplements (containing EPA and DHA) is on
the rise among older Americans. In 2002, 7% of the American adults reported taking fish
oil supplements. According to the latest update from the agricultural industry the

consumption of vegetable is was estimated to rise by about 10 % in 2010 – 2011
(3).
Because PUFAS are naturally present in our daily diet, it is important to note that
these fats are prone to autoxidation generating a complex mixture of lipid
hydroperoxides, chain-cleavage products, and polymeric compounds (3).
However there is paucity of research on the health risks associated with the
consumption of oxidized lipids in humans. A few studies in animals confirm that
consumption of lipid-oxidation products may increase the risk of atherosclerosis
and glucose intolerance. (4).
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In PUFA, the number of double bonds present is the determinant factor for the
number of positional isomeric monohydroperoxides that are generated and equals
to (2n-2 where n stands for number of carbon atoms). The process of lipid
oxidation is initiated by the attack on a fatty acid or fatty acyl side chain which
has reasonable reactivity to a hydrogen atom from a methylene carbon in the side
chain. The more double bonds in a fatty acid side chain, the easier is the removal
of a hydrogen atom. This is the reason why PUFAs are prone to oxidation. With
the increase of temperature, storage, and processing of food, the rate of
autoxidation increases (5). Studies conducted especially in animal models have
concluded that the biological effects of consuming lipid oxidation products may
be relevant in various diseases. Oxidized lipids have been implicated in
atherosclerosis as they are absorbed by the intestine and incorporated into
lipoproteins as demonstrated by an in vitro study by Stapran et al (6).
Consumption of oxidized lipids has also shown to cause cancer by generating
lipid peroxyl radicals that have DNA- cleaving activity in mice (7). There are
studies which have shown that oxidized lipid consumption may cause decreased
adiposity but increased glucose intolerance in mice (8).
However there is a scarcity of studies which have reported the amount of oxidized
lipids being consumed by the general population. There are also no reported
studies which indicate whether chronic intake of smaller amounts of oxidized
lipids presents any health hazard or influence obesity (4).
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Therefore the purposes of this study were to quantify the consumption of oxidized
lipids and to investigate if there is any association between the consumption of
oxidized lipids and markers of adiposity.
We hypothesize that there will be a positive association between the consumption
of oxidized lipids and markers of adiposity in the US population.
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Chapter II
Literature Review
Obesity is a significant public health issue in the United States. Clinically, obesity
is defined as a body mass index ≥30 m/kg2. Other measures such as waist
circumference (9), triceps skinfold and body fat % are also used as indicators of
obesity (10). According to NHANES 2007-2008, the prevalence of obesity has
plateaued since the last decade and the current rate of obesity is 32.2% among
adult men and 35.5% among adult women (11) . Obesity is directly related with
higher risk of overall morbidity and mortality. Obese individuals are at a higher
risk of developing diabetes, hypertension, dyslipidemia, insulin resistance,
dyspnea, and apnea (12). The Western diet is characterized with elevated intake of
high-fat red-meat, processed and fried foods. The Western diet is high in saturated
fats which has been implicated in increasing the risk for cardiovascular disease
(13), cancer, and other chronic diseases.
Indeed PUFAs are classified as n-3 or n-6 based on their chemical structure.
These are present in vegetable oils, nuts, and fish. Consumption of these fats has
been found to have a number of beneficial health effects. Metabolic studies have
demonstrated that
n-3 and n-6 PUFA have cholesterol-lowering effects (14) . Additionally results
of nutritional intervention trials indicate that diets high in PUFA were more
successful in lowering total serum cholesterol than diets low in fat and high in
carbohydrate (2). In the prospective Nurses Health Study results have indicated
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that elevated consumption of n-6 PUFA was associated with significantly lower
incidence of type 2 diabetes by increasing insulin sensitivity (15) . Consumption
of fish (n-3 PUFA) was associated with decreased cardiovascular risk in various
populations especially Alaskan Native Americans (16), Greenland Eskimos (17)
and people residing in Japanese living fishing villages (18). Subsequent
prospective cohort studies have also found an inverse association between fish
consumption and risk of cardiovascular mortality in diverse populations (19).
During frying, storage, and other process such as preparation of fish oil
supplements, PUFAs undergo oxidation. Lipid oxidation is a major degradative
process in food, which not only causes changes in flavor, color, and texture but
also results in the production of cytotoxic and genotoxic compounds (20). The
process of lipid peroxidation can be categorized into 3 phases. These are initiation,
propagation, and termination.(5). In PUFA, the number of double bonds present is
the determinant factor for the number of positional isomeric monohydroperoxides
that are generated and equals to (2n-2) where n stands for number of carbon atoms.
Therefore in oxidation of linoleic acid (18:2) 2 monohydroperoxides with the
hydroperoxy groups are formed.(21).

Measurement of Oxidized lipids in Common Foods
Food rich in PUFA are more prone to oxidation. Therefore there may be
conflicting conclusions on the benefits of consuming food rich in PUFA. For
example there may be decreased therapeutic benefits of consuming fish oil
supplements as they are more prone to oxidation. Studies indicate that the rate of
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oxidation in over the counter commercial fish oil supplements is about 20-30%
(22). It is essential to consider that food cooked in oil that has been heated and
reused also has higher amount of oxidized lipids. Common examples of such
foods are French fries, chicken nuggets, and fried seafood. Because
hydroperoxides are the primary products of lipid oxidation, therefore, usually the
oxidized lipids in foods are measured as peroxide value (PV meq/Kg of fat). The
extent of lipid oxidation may be measured by various methods. High-performance
liquid chromatography (HPLC) is a common and accurate technique for
measuring the peroxides and cytotoxic aldehydes in foods (23) . However this
method is cumbersome and requires expensive equipments. Another common and
popular method for measuring primary products of lipid oxidation is to measure
the conjugated dienes, by measuring the absorbance at ultra violet (UV) light in
the wavelength range 230-235 nm. Thiobarbituric acid (TBA) test is another
popular and simple test to measure secondary products of lipid oxidation in food.
In this test the sample is heated with TBA at low pH, and the resultant
Malondialdehyde (MDA) is measured by its absorbance at 532 nm (24) . For our
study we have considered reported baseline PV values. PV of foods like French
fries and chicken nuggets increase with increased exposure to heated oil. In a
study by Hazuka et al the PV for oil extracted from the potato fritters increased
from 10.5 meq/ kg to 11.5 meq/kg from day 1 to day 5 of frying. In the same
study the results indicated that the PV of the vegetable oil used for frying the
potato fritters increased from 1meq/kg to 3meq/kg (25). Thus it becomes essential
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to investigate the effect of consuming food that are rich in PUFA but are more
prone to oxidation.

Role of dietary Oxidized Lipids in chronic disease
Various studies conducted in vivo (22) and in vitro (23, 24) suggest that
consumption of oxidized lipids may cause atherosclerosis. Evidence from studies
suggests that oxidized lipoproteins play a significant role in atherosclerosis. In
both human and animal studies oxidized lipoproteins have been observed in
atherosclerotic lesions (25-27). Studies indicate that these atherosclerotic lesions
may occur locally in the artery wall or that circulating oxidized lipoproteins are
incorporated in the lesions. Although the exact mechanism of the origin of
development of such lesions is still not clear some studies suggest that oxidized
lipids are absorbed in the intestines which are incorporated into serum
lipoproteins which are potentially atherogenic (28).

Animal Studies
A study by Staprans et al (6) established that when oxidized linoleic acid,
oxidized with Copper Sulphate is administered to rodents, they are absorbed and
incorporated into chylomicrons and transported to the liver in the remnant
particles. In a study by Merchant et al (26) LDL receptor knockout mice were fed
linoleic acid that was oxidized enzymatically with soybean lipoxidase along with
a high fat diet (21/% fat), Consumption of a high fat diet containing oxidized
linoleic acid increased aortic lesions, plasma cholesterol and oxidative stress
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compared to mice fed a high fat diet with unoxidized linoleic acid. The amount of
oxidized lipids fed to the mice models was 1.3% of the total fat consumption.
Studies in animal models have also demonstrated that oxidized lipid consumption
may cause increased glucose intolerance. In a study when rats were fed oxidized
oil (soybean oil used to fry flour dough for 6hours/day for 4 days) there was
decreased tissue mass, cell size and lipid/DNA ratio in the fat pads of the rats
consuming the oxidized oil in comparison to the rats fed fresh fish oil. This
suggests that consumption of heated oil decreased fat pad mass as compared to a
diet containing unheated oil. However the group consuming the oxidized oil had
higher blood glucose measured by oral glucose tolerance test in comparison to the
group consuming fresh soybean oil and fresh fish oil (8).

Human Studies
A few studies that have been conducted to study the effect of the consumption of
oxidized

lipids in humans have been short term and postprandial studies in small

cohort. Staprans et al (27) examined if oxidized lipids (vitamin E depleted corn oil
after storage of 6-8 weeks with a PV value of 66nmol/mg of oil) are absorbed and
incorporated into postprandial serum chylomicrons in humans. The results from this
study concluded that in humans oxidized lipids are incorporated in chylomicrons
into the circulation and act as a contributor of total body pool of oxidized lipid.
In a study by Sutherland et al men (n=12) were given a meal of used fat (the fat
used for frying had a PV value 4 times higher than the recommended by the
American Oil Chemists Association) in comparison to a meal containing unused fat.
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The group consuming the meal with the used fat had a reduced level of paraoxonase
activity in comparison to the control group. The enzyme paraoxonase present in
HDL is important in prevention of atherogenesis as it hydrolyzes oxidized
phospholipids and inhibits LDL (29). In a study conducted in the same cohort, the
researchers found that the meal with used fat also caused impaired arterial
endothelial function. Impaired endothelial dysfunction is observed in the first
stages of atherogenesis and is also associated with other health conditions like
hypercholesterolemia and diabetes mellitus (30) .
Although there have been a number of studies conducted on the effect of oxidized
lipids on atherosclerosis the method of oxidizing lipids in different studies vary and
this may cause variability in the amount of oxidation as well as the outcome.
In conclusion, there is some evidence that consumption of oxidized lipids can
promote atherosclerosis in animal models and could increase risk factors for
cardiovascular disease in humans.

Relationship of PPAR gamma with Markers of Adiposity
Peroxisome proliferator-activated receptor-gamma (PPAR) is a ligand activated
transcription factor, which plays a key role in the differentiation of adipocytes. It is
a member of the PPAR family of nuclear receptors. The PPAR nuclear receptors are
predominantly expressed in adipose tissue, adrenal gland and spleen. Various
studies have shown that PPAR is essential in regulation of adipocyte differentiation
and glucose homeostasis (31). In type 2 diabetes, insulin resistance occurs in the
peripheral organs such as the muscle by which there is a decreased uptake and
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utilization of glucose. Thiazolidinediones (TZD), drugs used in the treatment of type
2 diabetes, are pharmacological ligands for PPAR. It is hypothesized that the
activation of PPAR gamma by the TZD improves the ability of adipose tissue to
store triglycerides (TG) thereby removing those from the liver and muscle. Thereby,
the action of the drug may cause slight weight gain but may result in better insulin
sensitivity. Studies conducted in mice which are heterozygous Pparg+/- (indicates
only 50% of PPAR) report that these mice have increased insulin sensitivity and
resistance to obesity by high fat diet. The mechanism for this phenomenon cannot
be fully explained (32). Therefore it can be concluded that both activation and
partial loss of PPAR cause increased insulin sensitivity. However mice with
PPAR knocked out in the adipose tissue have elevated plasma glucose and insulin
levels, and decreased adiposity. (33). In summary, the level and the
activation/inactivation of PPAR seem to dictate the adiposity and glucose
homeostasis. Another important reason that we are interested in PPAR is because
oxidized lipids have to shown to be strong ligands of this transcription factor.
According to studies, bioactive metabolites generated during lipid oxidation of
linoleic acid, 9-HODE and 13-HODE act as endogenous activators and ligands of
PPAR gamma (31). Thus we hypothesize that dietary oxidized lipids might
influence the adiposity of an animal and thus influence glucose homeostasis.
A significant number of studies have demonstrated the effect of dietary oxidized
lipids on disease risk in animals. However, the few studies that have looked at the
effect of consumption of oxidized lipids in humans have been on a small cohort of
people. To our knowledge, there are no data that estimates the consumption of
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oxidized lipids in humans. Therefore, our current investigation will estimate the
consumption of oxidized lipids in the US population. Next we plan to determine if
this consumption of oxidized lipids is associated with markers of adiposity and
glucose tolerance.
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Chapter III
Methods
NHANES population:
The population for the study is derived from the NHANES, a nationwide survey
designed to evaluate the health and nutritional status of adults and children in the
US. The NHANES program started in 1960. At the beginning of 1999 the survey
became a continuous program that included a range of health and nutrition
measurements. We chose NHANES 2005-06 to estimate oxidized lipid
consumption because the survey includes more than 5000 people representing the
US population. The sample population is identified across different counties
nationwide. Sampled persons were interviewed and underwent physical
examination in the Mobile Examination Centers (MEC).
NHANES 2005–2006 was a stratified, multistage probability sample of
noninstitutionalized civilians in the US population. The data were collected by
trained bilingual interviewers by using standardized questionnaires and physical
examinations. The data were collected from participant homes or at mobile
examination centers. The Food Frequency Questionnaire (FFQ) was used to
collect information on the frequency of consumption of foods and food groups
during the previous 12 months. This was usually mailed to respondents after the
completion of the second 24-hour recall. Although the FFQ does not mention any
portion sizes it was assumed that the respondent referred to a single portion size
when they answered the FFQ.
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The 2005-2006 NHANES also includes anthropometric examination data.
Measurements like height, weight were assessed at mobile examination centers to
the nearest 0.1 kg and 0.1 cm, respectively, by using standardized equipment and
procedures. Waist circumference was measured to the nearest 0.1 cm and triceps
skinfold measured to the nearest 0.1 mm. The BMI was calculated by the formula
BMI = weight (kg)/height (m) 2. The laboratory data on fasting blood glucose
levels were reported as mmol/l and insulin levels were reported as pmol/l.
Apart from the above measures reported in NHANES 2005-06, we added two
additional markers, body fat % and homeostasis model assessment (HOMA-IR)
scores, as parameters for measuring adiposity and glucose homeostasis. The body
fat % was calculated by the formula in males = 0.353 waist (cm) + 0.756 triceps
(mm) + 0.235 age (y) - 26.4; for women = 0.232 waist (cm) + 0.657 triceps (mm)
+ 0.215 age (y) - 5.5 (10). As insulin resistance is the primary cause of type 2
diabetes and can therefore be deemed a risk factor for other chronic diseases
HOMA scores were included as an outcome variable. HOMA scores were
calculated by the formula: fasting serum insulin (μU/ml) X fasting plasma glucose
(mmol/l)/22.5 (37).

Estimation of oxidized lipid consumption (PV, meq/kg of fat):
As a first step, foods rich in PUFA which are likely to have elevated oxidized
lipids were identified from the FFQ. This list included French fries, chicken
nuggets, and fried fish. Such foods were chosen because usually vegetable oil,
rich in PUFA, is used to fry these foods and these oils are heated repeatedly to fry
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the foods thus incorporating the peroxides into the food. Some of the popular fast
food restaurants have reported using canola oil for frying foods like French fries,
chicken nuggets and fried fish(38). Other foods included from the FFQ were nuts
as they are a good source of PUFA. Other foods like pizza, and oil used for
cooking were also included. The PV for the above foods were determined from
published studies. The estimated consumption of oxidized lipids is reported as
mean ± standard error of mean. Table 1 summarizes the list of foods and the
studies from which oxidized lipid amount for each food was determined. The PV
was expressed as (meq/kg of fat). In order to determine the relationship between
oxidized lipid intake and markers of adiposity the PV were divided into tertiles and trend
of mean values for BMI, triceps, waist circumference, body fat % and HOMA IR across
the tertiles was determined by SPSS one way ANOVA (but the complex sample weight
was accounted for in the calculation in complex module of SPSS version 18).

The data were analyzed using SPSS version (9.2) and SAS version (18). The SAS
software was used as it accounts for sample design and sample weights to
calculate appropriate estimates of variance for the data in NHANES 2005-2006.
The data related to the estimated consumption of oxidized lipids (as PV) were
checked for normal distribution. The mean intake of oxidized lipids was reported
as peroxide consumption /day and peroxide consumption /day/gm of PUFA.
Because the data were found not to be normally distributed it was logarithmically
transformed. The data related to markers for adiposity like waist circumference,
triceps skinfold, BMI and body fat %, fasting blood glucose, insulin, and HOMAIR were also checked for normal distribution. Apart from waist circumference ,
triceps skinfold, and body fat%, all the other parameters were found not to be
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normally distributed and therefore logarithmically transformed with the exception
of BMI which was transformed by square root. Blood glucose was not to be
normally distributed even after log transformation, therefore it was decided to
include only subjects with a blood glucose ≤ 200 mmol/l which was then log
transformed.
Indeed the data for oxidized lipid consumption was reported by gender, age, race
and education in adults. Peroxide consumption was stratified into tertiles to
determine the relationship between consumption of oxidized lipids with markers
adiposity like waist circumference, Body Mass Index (BMI), triceps skinfold,
body fat%, fasting glucose, insulin and HOMA-IR score. The general linear
model procedure included in the complex samples module of SPSS (version 18)
was used to obtain p-value for tests for linear trend. Comparisons were considered
statistically significant at a p≤0.05. Regression analysis was used to explore to the
extent to which body fat % and HOMA- IR scores could be attributed to oxidized
lipid intake. Regression coefficients and standard errors were estimated after
multivariate adjustment for the following covariates: age, sex, and energy intake.
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Table 1
Food
French

PV

Value

1.98 meq/kg

Reference
Lake RS (1997) (39), Jonnalagadda PR

Fries
Fried

(2001) (40), Hazuka Z(2000) (25)
2.2 meq/kg

Lake PR (1997) (39), Olayinka S(2009),
O’Leary(2000) (41)

Fish
Pizza

2.45 meq/kg

Singh P(2010) (42), O’Leary (2000) (41)

Nuts

1.20 meq/kg

LS Maguire (2004) (43), A Kaijser (2000)
(44), GP Savage (1999) (45), E Ryan (2010)
(46), V Nepote (2010) (47)

Cooking

PV Baseline in oil x

Naaz S (2004) (48),

Oil

Frequency x Type of

Chapman (2009) (49), Rastogi (2006)

Oil *

(50),

* The calculation of oil was done by multiplying the PV value for the type of oil
(Olive/Corn/Canola/Other) reported, with the frequency of consumption/day
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Chapter IV
Results
The mean oxidized lipid consumption (measured as PV) in a day was estimated in
the sample population (n= 5971) and was found to be 0.625 ± 0.024 meq/kg* of
fat. The mean oxidized lipid consumption calculated per gm of PUFA for (n=
5638) was 0.0286 ± 0.0 31* meq/kg of fat. Table 2 provides the estimated mean
daily oxidized lipid consumption by gender, age, race and education levels in
adults. The results indicate that children (≤ 18yrs) have a higher peroxide
consumption in comparison to adults (≥ 18yrs). Men consumed more oxidized
lipids than women (0.695 ± 0.02 Vs 0.569 ± 0.03). In addition African Americans
had the highest consumption which was significantly different from the people of
other races. There was no significant difference in the mean consumption based
on education.
As shown in Table 3, mean values of BMI, body fat% and waist circumference
decreased with increasing consumption of oxidized lipids among young men (≤18
years). In adult men Table 3 body fat%, triceps skinfolds decreased with
increased consumption of oxidized lipids in adult men (≥ 18 years) (p≤0.10). We
observed a trend of decreased HOMA-IR score with increased consumption of
oxidized lipid.
Among women below 18years of age mean body fat % and waist circumference
decreased with increasing oxidized lipid consumption. This trend was significant
for both variables with p values of 0.009 and 0.007, respectively Table 4.
*The reported means are antilog values.
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However there was an increase in mean insulin concentration and HOMA-IR with
increasing consumption of oxidized lipids. Among adult women Table 4 there
was no significant relation between markers of adiposity and oxidized lipid but
we observed a trend of an increase in mean triceps skinfolds and HOMA-IR with
increasing oxidized lipid.
The results of multiple regression analyses for body fat % and log transformed
HOMA- IR score are presented in Table 5 for men for women. We decided to
perform regression analysis separately for men and women as there are clear
physiological differences in both the groups. There was a significant inverse
relationship (p ≤0.05) between body fat % and oxidized lipid consumption/gm of
PUFA in both men and women. There were no significant relationship between
log transformed HOMA-IR score and oxidized lipid consumption/gm of PUFA in
men. There was a positive relation between (p≤0.05) log transformed HOMA-IR
score and oxidized lipid consumption/gm of PUFA in women.
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Table 2 Estimated mean intake of oxidized lipids based on gender, age, race and
education level

Parameter

Mean
(meq/kg of fat)

SEM

p value

Gender
Men
Women

0.695*
0.569*

0.02
0.03

Sig

Age
≤ 18 yrs
≥ 18 yrs

0.788*
0.584*

0.03
0.02

Sig

Race/ Ethnicity
Mexican American
Other Hispanics
Caucasian
African American
Others

0.556*
0.547*
0.633*
0.712*
0.530*

0.05
0.08
0.03
0.03
0.06

Education
Upto High School
Some College
College Degree

0.562*
0.596*
0.580*

0.02
0.04
0.04

Sig

N Sig

Intake of oxidized lipids expressed as (PV consumption/day) meq/ kg of fat are reported
by gender, age, race and education above. *The reported means are antilog values.
Sig –Statistically significant (p≤0.05). N Sig- Statistically not Significant (p≥ 0.05)
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Table3: Relationship between estimated consumption of oxidized lipids and markers
of adiposity in men

Catego
ry
Male ≤
18 yr

Male ≥
18 yr

Parameter
Fasting Blood
Glucose (mmol/l)
BMI (kg/m2)
Body Fat%
Triceps Skinfold
(mm)
Waist
Circumference
(cm)
Insulin (pmol/l)
HOMA-IR
Fasting Blood
Glucose (mmol/l)
BMI (kg/m2)
Body Fat%
Triceps Skinfold
(mm)
Waist
Circumference
(cm)
Insulin (pmol/l)
HOMA-IR

Tertile 1
( ≤ 0.0214
meq/kg of
fat)

Tertile 2

Tertile 3
( ≥0.0478
meq/kg of
fat

(0.0215-0.0477
meq/kg of fat)

94.44 ± 0.01
19.99 ± 0.04
10.44 ± 0.76

94.16 ± 0.01
19.35 ± 0.03
8.83 ± 0.81

94.82 ± 0.01
0.76
18.71 ± 0.03 0.006*
7.33 ± 0.64 0.002*

11.72 ± 0.51

12.03 ± 0.48

11.50 ± 0.33

71.75 ± 1.2
51.47 ± 0.10
2.00 ± 0.11

68.18 ± 1.17
54.16 ± 0.12
2.10 ± 0.38

65.12 ± 1.02 0.001*
55.53 ± 0.12 0.574
2.17 ± 0.10
0.561

101.9 ± 0.01
28.57 ± 0.03
32.57 ± 0.03

100.99± 0.01
28.26 ± 0.04
31.28 ± 0.68

94.82 ± 0.02
27.97 ± 0.04
30.67 ± 0.96

15.54 ± 0.39

14.81 ± 0.34

14.38 ± 0.31 0.001*

102.61 ± 1.03
54.98 ± 0.04
2.34 ± 0.04

101.44 ± 1.14
52.35 ± 0.06
2.18 ± 0.07

100.85 ±
1.55
49.06 ± 0.07
2.02 ± 0.08

P for
trend

0.712

0.264
0.152
0.01*

0.176
0.149
0.09

Intake of oxidized lipids measured as (oxidized lipid consumption/day/gm of PUFA)
meq/kg was divided into tertiles and the mean markers of adiposity in males are reported
above. * Statistically significant at p ≤ 0.05, the means for fasting blood glucose, insulin
and HOMA are expressed as the antilog of the actual log transformed value. The mean
BMI are expressed as square of the square root value
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Table4: Relationship between estimated consumption of oxidized lipids and
markers of adiposity in women

Category
Female ≤
18 yr

Female ≥
18 yr

Parameter
Fasting Blood
Glucose
(mmol/l)
BMI (kg/m2)
Body Fat%
Triceps
Skinfold (mm)
Waist
Circumference
(cm)
Insulin (pmol/l)
HOMA-IR
Fasting Blood
Glucose
(mmol/l)
BMI (kg/m2)
Body Fat%
Triceps
Skinfold (mm)
Waist
Circumference
(cm)
Insulin (pmol/l)
HOMA-IR

Tertile 1
( ≤ 0.0214
meq/kg of
fat)

Tertile 2
(0.0215-0.0477
meq/kg of fat)

Tertile 3
( ≥0.0478
meq/kg of
fat

P for
trend

90.11 ± 0.01
20.46 ± 0.04
24.14 ± 0.65

90.2 ± 0.01
19.25± 0.03
22.01 ± 0.30

92.2 ±0.012
19.58± 0.05
21.69 ± 0.67

0.264
0.123
0.009*

16.00 ± 0.69

14.87 ± 0.28

14.66 ± 0.50

0.128

72.19 ± 1.14
54.71 ± 0.10
2.04 ± 0.10

67.68 ± 0.74
55.7 ± 0.05
2.07 ± 0.04

67.72 ± 1.26
72.82 ± 0.08
2.77 ± 0.09

0.007*
0.029*
0.03*

96.54 ± 0.01
27.98 ± 0.03
41.43 ± 0.42

96.16 ± 0.01
28.04 ± 0.04
41.48 ± 0.61

0.351
0.564
0.1

23.07 ± 0.30

23.91 ± 0.42

98.49 ± 0.01
28.33 ± 0.05
41.43 ± 0.65
23.80 ±
0.420

94.25 ± 0.89
46.11 ± 0.05
1.86 ± 0.06

93.69 ± 1.05
44.97 ± 0.07
1.81 ± 0.08

94.69 ± 1.18
52.72 ± 0.07
2.21 ± 0.07

0.735
0.134
0.081

0.086

Intake of oxidized lipids measured as (oxidized lipid consumption/day/gm of PUFA)
meq/kg was divided into tertiles and the mean markers of adiposity in females are
reported above. * Statistically significant at p ≤ 0.05, the means for fasting blood glucose,
insulin and HOMA are expressed as the antilog of the actual log transformed value. The
mean BMI are expressed as square of the square root value
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Table 5: Regression Analysis of Body Fat % and HOMA-IR in Men and Women

Gender Outcome Variable
Body Fat % 1
Male
HOMA- IR 2

Body Fat % 1
Female
HOMA- IR 2


Predictor Variable  Coefficients P Value
Age
0.593 ± 0.041
≤0.001 *
PV/gm of PUFA
-1.586 ± 0.451
0.003 *
PV /gm of PUFA * Age
0.027 ± 0.011
0.029 *
Total Kcal/day
0.001 ± 0 .00
0.024 *
Age
0.004 ± 0.008
0.589
PV n/gm of PUFA
-0.129 ± 0.101
0.22
PV /gm of PUFA * Age
0.001 ± 0.002
0.683
Total Kcal/day
0.001± 0.00
0.002 *
Age
0.598 ± 0.035
≤0.001 *
PV n/gm of PUFA
-2.007 ± 0.382
≤0.001*
PV /gm of PUFA * Age
0.057 ± 0.008
≤0.001 *
Total Kcal/day
0.001 ± 0.001
0.371
Age
-0.003 ± 0.005
0.607
PV n/gm of PUFA
0.166 ± 0.07
0.051*
PV /gm of PUFA * Age
-0.001± 0.001
0.412
Total Kcal/day
0.001 ± 0.001
0.227

Above table contains the results of regression analysis to predict the extent to which body
fat % and HOMA- IR scores could be attributed to oxidized lipid intake. * Statistically
significant at p ≤ 0.05
1. Model: Body Fat%= (Intercept) + Age +estimated oxidized lipid consumption/gm
of PUFA + Age* estimated oxidized lipid consumption/gm of PUFA +Total Kcal
consumed/day.
2. Model: HOMA-IR = (Intercept) + Age +estimated oxidized lipid consumption/gm
of PUFA + Age* estimated oxidized lipid consumption/gm of PUFA +Total Kcal
consumed/day
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Chapter V
Discussion
In both animal and human studies, consumption of oxidized lipids has been
associated with detrimental health effects like, increased risk of atherosclerosis (32,
51) , insulin resistance (8) and cancer (52). In order to understand the implication of
the effect of oxidized lipids in humans, the necessary first step is to estimate the
amount of oxidized lipid consumed by the general population. There are no
considerable studies which report the consumption of oxidized lipids in the US
population and how it relates to markers of adiposity like BMI, waist circumference,
body fat%. The first aim of this study, therefore, was to estimate the oxidized lipid
consumption of the representative US population from NHANES 2005-06. The
second aim was to see if the estimated oxidized lipid consumption is associated with
markers of adiposity and glucose tolerance.
The results from our study indicate that the estimated consumption of oxidized lipids
is significantly higher in children (≤18 years) as compared to adults Table 2. This
may be indicative of the fact that children are consuming more fried and processed
food as compared to adults. In fact Paeratakul et al reported that, consumption of fast
food is higher in children (47%) compared to adults (37%) (53). Our results also
indicated that men had a higher consumption of oxidized lipids in comparison to
women. The results indicate that the consumption of oxidized lipids was highest in
African Americans and lowest in the other races. A study by Block et al reported that
African American neighborhoods tend to have higher number of fast food restaurants
/sq km compared to other neighborhoods. The result from the study indicated that
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there were approximately 2.4 fast food restaurants in predominantly African
American neighborhoods compared to 1.5 fast food restaurants in predominantly
white neighborhoods.(54). The predominance of fast food restaurants in
neighborhood with high African American population reflects that the consumption
of fried and processed food is higher among this race.
The results in the study demonstrate that with increased consumption of oxidized
lipids there was a decrease in the markers of adiposity like waist circumference, body
fat% and triceps skinfolds. The reported results were surprising as we had anticipated
that with increased consumption of oxidized lipids there would be an increase in
adiposity. We made this assumption because of the evidence that suggests that
PPAR ligands (oxidized lipids) increase adipose mass. The lack of an increase in
adipose mass with increasing consumption of oxidized lipids suggests just the
opposite; that oxidized lipids are perhaps acting as antagonists of PPAR. We also
noticed that in women (≤18 years) the HOMA- IR scores increased significantly with
increased consumption of oxidized lipids /gm of PUFA. However, markers of
adiposity decreased. There was no significant increase in HOMA-IR scores in women
≥ 18 years with increased consumption of oxidized lipids, although we noticed that
there was an increased trend (p=0.081). This result was also seen in a mouse study
(55). In that study there was decreased adiposity in mice fed oxidized lipids but there
was increased glucose intolerance in comparison to the control mice that were fed
unoxidized fat. Together, these results may therefore suggest that oxidized lipids in
females act as an antagonist for PPARγ, thereby decreasing the triglyceride content of
white adipose tissue (WAT) but increasing the fat deposition in the liver and muscle
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which causes an increase in insulin resistance. This phenomenon of action is directly
opposite of the agonist action of the drug Thiazolidinediones (TZD) on PPARγ. In
patients with diabetes, TZDs act by stimulating differentiation in adipocytes thereby
causing a reduction of free fatty acids, and tumor necrosis factor α causing improved
insulin resistance but overall weight gain (56) . However the same trend is not
observed in men although with increased intake of oxidized lipids there was a
significant decrease in the markers of adiposity for both the groups. There was no
significant relationship between the HOMA-IR score and peroxide consumption/gm
of PUFA in men ≤ 18 years.
The regression analysis indicated that in both men and women body fat% could be
predicted based on log transformed peroxide consumption/gm of PUFA when
controlled for age, gender, and energy intake. In women, we observed that the
HOMA-IR score could be significantly predicted based on log transformed peroxide
consumption/gm of PUFA, however the same was not observed in men. The above
results may be indicative of metabolic obesity where the accumulation of fat may be
around abdominal viscera and inside intraabdominal solid organs and may not be
measured by the conventional measures of adiposity like BMI, waist circumference,
and body fat %. Studies indicate that the effect of fat accumulation is dependent on
the anatomical location (57). Accumulation of fat in and around visceral organs
causes increased production of proinflammatory cytokines such as tumor necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6) and decreased adiponectin thereby
causing increased insulin resistance. In another study by Rodriquez et al (58), in
rodents, it was observed that the fat pad mass was dependent on the expression of
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PPAR. The expression of PPAR differed in male versus female mice. The
accumulation of fat in and around the visceral organs also differs based on gender,
and ethnicity. This may be the reason why we do not see the same relationship of
peroxide consumption/gm of PUFA and HOMA-IR scores in men and women.
There are many strengths as well as limitations to our study. The strength of the study
is that it’s an initial attempt in estimating the amount of oxidized lipid consumption in
the US population. It is also one of the first attempts to estimate if there is an
association between consumption of oxidized lipid and markers of adiposity in a large
population. The limitation of our study is that it is cross sectional and therefore it is
difficult to differentiate cause and effect from simple association. Also the
confounding factors may not be equally distributed in the groups that are being
compared and therefore may contribute to bias based on unequal distribution. Another
limitation of our study is that the reported consumption of oxidized lipids is the
estimated mean and may be different from the usual or the actual intake in the
population. As our estimation of consumption of oxidized lipids is based on the
qualitative FFQ and the portion sizes are not measured therefore the amount reported
may not be the actual amount being consumed. The oxidized lipid consumption in our
study is just based on consumption of the few foods identified from the NHANES
FFQ. There are other foods which may be contributing to the total consumption of
oxidized lipids that have not been identified by us.
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Summary and Conclusion
In this study based on NHANES 2005-06 data, we observed that in men and women
markers of adiposity like body fat%, triceps skinfold and waist circumference
decreased with increased consumption of oxidized lipids. In women we observed that
HOMA-IR scores increased significantly with increased consumption of oxidized
lipids. However the same trend was not observed in men. This may indicate that
oxidized lipids act as antagonists of PPARγ which could lead to an increased
deposition of fat in the visceral organs and decreased subcutaneous fat thereby
causing increased insulin resistance in women. However this effect is not true in case
of men.
Further research needs to be done in assessing other risk factors with oxidized lipid
consumption like LDL levels, C Reactive Protein which may be implicated in
diseases like atherosclerosis and cancer
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