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ABSTRACT

In this essay we present analysis examining the basic dietary structure and its relationship to

mortality in the �rst National Health and Nutrition Examination Survey (NHANES I ) conducted

between 1971 and 1975. We used results from 24-hour recalls on 10,483 individuals in this study.

All of the indivduals in the analytic sample were followed through 1992 for vital status. The mean

follow-up period for the participants was 16 years. During follow-up2,042 (48%) males and 1,754

(27%) females died.

We �rst attempted to capture the inherent structure of the dietar y data using principal com-

ponents analyses (PCA). We performed this estimation separately for each race (white and black)

and gender (male and female) and compared the estimated principal components among these four

strata. We found that the principal components were similar (but not id entical) in the four strata.

we also related our estimated principal components to mortality usingCox Proportional Hazards

(CPH) models and related dietary component to mortality using forward variable selection.
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CHAPTER 1

INTRODUCTION

Nutrition plays a signi�cant role in longevity and health outcomes. The r ecognition that nutrition

is important to health dates back to the 5th century BCE when Hippocrates, the father of Western

medicine, said,\Let food be your medicine and medicine be your food" (quoted in) [1]. In addition

to maintaining health, it is now recognized that speci�c nutrient- rich foods may have the ability to

prevent disease.

Nutritional scientists have concluded that diet plays a major role in the prevention of chronic

diseases. It has been observed that modern societies su�er the most from diet-originating condi-

tions such as diabetes, cancer, hypertension, and heart disease. Thereason for this is that diet in

the last couple of decades has changed drastically[1, 15]. Modern diets include oversupply of food

and high processed food consumption that contains high amounts of saturated fat, simple sugars,

cholesterol, and preservatives.

The diet of an individual not only has the ability to cause harm, but can prevent disease and

therefore maintain health. Current dietary guidelines re
ect our understanding of the roles of dif-

ferent dietary components in changing the risk of chronic diseases. Evidence for the relationship

between diet and health has usually come from studies that focused on single nutrients, food items,

and dietary components to all-cause and cause-speci�c mortality [13]. A few researchers have

examined the total diet or dietary patterns and their association to health and mortality [2] [10]

.The primary method used to determine the dietary patterns in these studies depended on score

measures like recommended food score (RFS, count the number of food items recommended by

current dietary guidelines consumed at least once a week) or dietary diversity score (DDS, the sum

of major food groups consumed daily).
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Previous research found that there is a relationship between speci�c nutrients or individual

foods to health and mortality.

Because diets are complex, containing multiple nutrients, the inter-correlation of dietary vari-

ables makes it di�cult to isolate the e�ects of individual nutrient s and their interactions on health.

Thus, this study addresses a gap in our understanding of the role of diet in health using principal

components analysis to examine the e�ects of multiple dietary components intake to mortality,

instead of focusing on the role of single nutrients, foods, and food groups in disease prevention as

previous research has done.

1.1 Purpose and Questions

This study will examine the structure of the dietary components intake and its relation to

mortality.

1. What is the relationship between dietary components and mortality?

2. Is there a di�erence in the structure of dietary components intake and mortality between

males and females?

3. Is there a di�erence in the structure of dietary components intake and mortality between

blacks and whites?

2



CHAPTER 2

BACKGROUND

2.1 Epidemiological Evidence

Many studies have investigated the relationship between dietary constituents and health. In

this section we review several articles that previously reported the relationship between food com-

ponents and dietary pattern relationship to morbidity and mortality.

Oh et. al. [13] examined the association between types of dietary fat and the risk of Coronary

Heart Disease (CHD). The authors investigated this relationship througha 20-year follow-up of a

nurses' health study. The nurses' health study was created in 1976 andincluded 121,700 registered

female nurses, whose ages ranged from 30 to 55 years and completed a survey listing their lifestyle

factors, medical and health history. A food frequency segment was introduced in the survey in

1980, and a follow up questionnaire was sent every two years to the surveytakers. A �nal sample

of 78,778 women from this study provided the necessary input for this analysis. The selected cases

were initially free from CHD and diabetes. The �nal selection included 1,766 cases who reported

CHD, from which 1,241 reported nonfatal myocardial infarctions and the remaining 525 involved

fatal CHD. The method used in this study was Cox proportional hazards model for the various

multivariate analyses. The �nding highlighted the fact that during t he 20-year follow-up, an in-

creased consumption of polyunsaturated fat was correlated with a reduced risk of CHD (RR=0.66,

95% CI:0.50, 0.85). On the other hand, an increased consumption of trans-fat was correlated with

a higher risk of CHD (RR =1.50, 95% CI: 1.13, 2.00). Last, but not least, the study pinpointed

the fact that the impact of both polyunsaturated fat and trans fat consumpti on on CHD was more

robust in the category of women under 65 years of age.

Casiglia examined the association of dietary iron intake to cardiovascular outcome (mortality

and morbidity) in Italian women in 2011 [2]. This study included 908 women, ages 44-78, who

completed a food frequency questionnaire (FFQ). The objective ofthe study was to determine if

3



dietary iron intake could predict cardiovascular morbidity or mortalit y in women. After 10 years of

follow up, there were 220 fatal and non-fatal cases from cardiovascular morbidity in the cohort. The

method used in this study is binomial multivariate Cox analysis. The author found that there is an

inverse association between iron intake and cardiovascular outcome in women, noting the incidence

of low consumption of iron intake to increase risk of non-fatal cardiovascular outcome (RR =1.86,

95% CI: 1.11,3.10) and (RR =1.42, 95% CI: 0.82, 2.46) fatal cardiovascular morbidity. The results

from this study suggested that low iron intake could be an independentpredictor of cardiovascular

mortality and morbidity in women.

Kant [10] used data from phase 2 (1987-1989) of a prospective cohort study, the Breast Cancer

Detection Demonstration Project. The article examined the association of mortality with a mul-

tifactorial diet quality index. The project screened 283,222 women, from which 42,254 completed

the food frequency questionnaire. Ages ranged from 35 to 74 in 29 screening centers based in 27

cities in the United States. In order to conduct this study, a 62-item food frequency questionnaire

was developed to gather dietary information. This questionnaire served as a base to develop a Rec-

ommended Food Score (RFS) to assess total diet quality. RFS is the sum of the number of foods

recommended by current dietary guidelines including fruits, vegetables, whole grains, low-fat dairy,

and lean meats and poultry that were stated on the questionnaire to be consumed at least once a

week. After follow up of 5.6 years, there were 2,065 deaths in the cohort andthe RFS was inversely

associated with mortality. The study suggested that females with dietary patterns similar to the

recommended dietary guidelines have a reduced risk of mortality andprovided evidence supporting

the predominant food based dietary guidelines. Thus, the authors proposed that enhanced health

outcomes are connected to diets conforming to current dietary recommendations.

Kant [9] examined the connections between the dietary behavior score(DBS) and mortality.

This study was conducted using 350,886 disease-free people, between 50and 75 years of age, from

NIH American Association of Retired Persons Cohort. The dietary behaviorscore (DBS) derived

from responses to food frequency questionnaire echoes the Dietary Guidelines for Americans recom-

mendation of fruits, vegetables, whole grains, low-fat dairy, and low-fat meats intake. The score for

each individual component ranged from 0 to 6; the DBS was the sum of the scores of the individual

4



components and ranged from 0 to 36. Cox proportional hazards regression methods was used to

examine the relationship between DBS and mortality. Results showed a signi�cant inverse rela-

tionship between DBS and mortality in both genders. The multivariate relative risk of mortality

for the highest DBS was 0.75 (95% CI: 0.70-0.80) in women and 0.79 (95% CI: 0.75-0.83) in men.

This study emphasized the association of recommended dietary behaviors with lower mortality in

both men and women independent of other lifestyle risk factors.

Kant [11] studied the relationship between a measure of overall diet quality with mortality using

data from the First National Health and Nutrition Examination Survey (NHANES I) E pidemio-

logic Follow-up Study. The measure used was dietary diversity score(DDS). The DDS range from

1-5 counts the number of food groups:dairy, meat, grain, fruit, and vegetable, consumed daily. One

point was counted for each group consumed. Age adjusted risk of mortality was inversely related to

DDS (P< 0.0009) in men and women, the relative risk of mortality in men consuming two or fewer

food groups was 1.5 (95% CI: 1.2-1.8) and 1.4 (95% CI: 1.1-1.9) for women. The resultssuggested

that the increased risk of mortality is associated with diets comprising of fewer food groups.

2.2 Relationship between Dietary Component Intakes to
Mortality

Nutritional scientists have repeatedly shown that diet plays a major role in the prevention of

chronic diseases. The components of the diet that contribute to health outcomes consist of both

macronutrients (carbohydrates, lipids, and proteins) and micronutrients (vitamins and minerals).

This section will brie
y review what is currently known about the roles of some of the major nu-

trients that will be evaluated in the current work.

2.2.1 Macronutrients

Macronutrients are those that are consumed by humans to provide energyand build and main-

tain body tissues. Carbohydrates and protein provide 4 Kcal/gram and fat provides 9 Kcal/gram [15].

Carbohydrates The recommended consumption of carbohydrates is between 45% and 65%

of the overall intake (6). Dietary carbohydrates are digested in the gastrointestinal tract and

5



metabolized to produce the high energy molecule adenosine triphosphate (ATP). Non-digestible

carbohydrates, also known as dietary �ber, do not provide energy but rather act as bulking agents

to help the normal functioning of the large intestine produce fecal matter. With this, the body

has the ability to bind and eliminate irritating agents such as carcinogens that can cause the

development of bowel cancer. Dietary �ber also binds bile acids and causes their elimination from

the body. Thus, when dietary �ber is present, the liver uses cholesterol to make more bile acid. This

results in a reduction in serum cholesterol levels and reduces the incidence of hypercholesterolemia

and cardiovascular disease (CVD).

It has been observed that carbohydrates of a simple nature (meaning consumed as simple sug-

ars from soft drinks, fruit juices, processed foods, white bread, etc.) are absorbed rapidly into the

blood stream requiring little to no digestion, thus causing an excessive amount of glucose in the

blood and therefore excessive secretion of insulin from the pancreas causing over sensitivity and

potentially diabetes type 2 risk development. Complex carbohydrates, such as whole meal rice,

whole meal grains, fruits, and vegetables should be consumed instead [15].

Protein consumption is recommended usually around 15% to 35% of daily intake or 0.8-1g per

kilogram of body weight (6). The major function of protein is its ability t o build enzymes (required

to break down food molecules), hormones, neurotransmitters, immunity, and even genetic pro�le

(DNA). Protein food sources are red and white meat, legumes, nuts and milk. The negative aspect

of increased protein consumption is that it might overload the digestive system, and encourage

the proliferation of detrimental bacteria causing 
atulence. Undigested proteins may also become

antigens, causing allergy situations. Another negative e�ect of increased protein is that it can bind

to calcium from bones, causing kidney stones.

Fat is an under-estimated nutrient. The truth is, it is harmful if th e wrong type of fat is chosen

or excessive amounts are consumed. The recommended fat intake is 20% to 35%per day.

Major functions of fat are that it is a key element and vital to cell membranes (the outer layer

of a cell). The cell membrane protects the cells from injury, crashing into other cells, organs and

tissues. Fat acts in a protective way providing lubrication. Fat is divided into saturated and un-

saturated fat. Saturated fat is usually considered the bad fat as it usually is stuck in the arteries
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but unsaturated fat has the ability to take the fat from the arteries and t ake it to the liver for

further break down [1]. Excessive amounts of saturated fat are linked to coronary artery disease,

hypertension, and even bowel cancer. Fat food sources are meat, butter, olive oil, nuts, and seeds.

Cholesterol is an essential component of cell membranes and �ne-tunes its 
uidity. It is also

greatly important in the myelin sheath, which is necessary for the insulation of neurons. Cholesterol

is also a product of bile acids (required for the breakdown of fat intosmaller globules). It is also

required for the production of vitamin D as it is a primary precursor t o this process.

Cholesterol is divided into HDL (high-density lipoprotein) and LDL ( low-density lipoprotein).

HDL is responsible for getting rid of the fat in the arteries and taking it to the liver for processing

and excretion through bile, whereas LDL takes it from the liver to the arteries. LDL cholesterol is

usually linked to heart attacks and general cardiovascular conditions. Usually when there is high

blood pressure, there are ruptures to the blood vessel walls giving the opportunity for LDL to bind

and adhere to the walls with much greater ease causing angina (heart pain)and blockage of the

arteries, which can lead to death.

2.2.2 Micronutrients

Micronutrients are dietary components that are required in low amounts by the human body to

maintain function. Vitamins are organic compounds that cannot be created by the human body,

therefore are required to be consumed in the form of food. These include fat-soluble (A, D, E,

K) and water-soluble (C and B complex) vitamins. Many minerals such as iron, zinc, selenium,

chromium, iodine, and sodium are also essential nutrients [1].

Vitamin A is a bioactive group of compounds known as retinoid. Retinoid such as retinal

and retinol, which play key roles in vision, and retinoic acid, that regulates gene expression in a

wide variety of cell types, are essential at all stages of life. Because oftheir role in gene expression,

cellular proliferation, and cellular di�erentiation, retinoid have been linked to the prevention of a

number of cancers. Liver is rich in retinoid. Beta-carotene, found inred and orange fruits and

vegetables, such as apples, carrots, and tomatoes can be easily convertedby the liver into func-

tional retinoid. Because vitamin A is fat-soluble and thus stored in the liver, overconsumption of
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vitamin A can lead to toxicity symptoms including nausea, blurred vision, fatigue, and others issues.

Vitamin C is a water-soluble antioxidant vitamin. Because we have only very small stores of

this vital nutrient, its consumption is required on a day-to-day b asis. It is a necessary nutrient

for immune function, wound healing, collagen synthesis that is neededfor bone, muscle, tendons,

ligaments and blood vessels. Vitamin C also enhances iron absorption, thus reducing the potential

of anemia arising from iron de�ciency. De�ciencies of vitamin C are associated with the disease

scurvy that is characterized by sore, bleeding gums leading to toothloss, infections, fatigue, joint

pain, and cognitive alterations. Vitamin C can be found in fruit and speci� cally from citrus fruit

such as oranges and lemons but also capsicums and others.

2.2.3 Major Minerals

Iron is a key mineral in the synthesis of hemoglobin, the complex in red blood cells responsible

for transporting oxygen through the blood to all organs, tissues and cells. Dietary iron de�ciency

results in microcytic, hypochromic anemia, commonly referred toas iron de�ciency anemia. Iron

is also needed for the production of energy rich molecules, ATP. Thus, iron de�ciency can cause

fatigue and weakness both via reductions in hemoglobin and because of a lackof ATP production.

Major iron food sources are red meat that is readily absorbed by the bodybut can also be con-

sumed from legumes and green leafy vegetables, particularly when consumed with vitamin C that

facilitates non-heme iron absorption.

Sodium is a nutrient found nearly in all foods and extra sodium added (usually seen in the

form of sodium chloride as table salt). It is mostly consumed from processed foods. Because it is

so ubiquitous in our food supply, de�ciency is extremely rare andit does not need to be added to

food. Excess sodium is linked to cardiovascular-related conditions such as congestive heart failure,

hypertension, and stroke in large part because of its role in osmotic pressure and water retention.

Excess sodium has also been linked to cataracts and osteoporosis.

Calcium is required for a wide variety of functions. It is clearly needed forbone density and

strength, as 98% of calcium is found in the bones. Thus, adequate calcium is needed to prevent
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skeletal conditions such as osteoporosis, rickets, osteomalacia, fractures, and tooth loss. Calcium

also has important functions in blood clotting, regulating blood pH, muscle contraction, and the

ability of neurons in the nervous system to transmit information. Calcium de�ciency is also linked

to reduced muscle growth, weakness and cramps. Calcium is also responsible for roles that maintain

a normal heart rhythm, and reducing the risk of developing arrhythmias.

Numerous studies have shown that calcium has the ability to reduce blood pressure of hyperten-

sive patients. It has been reported that elderly patients that had a lower intake of dietary calcium

also had high blood pressure. The current recommendation for calciumintake is 1200mg/day.

However, excessive calcium consumption also is linked to risk in high blood pressure development.

Calcium is also linked to having the ability to reduce some types ofcancers and speci�cally colon

cancer. The way this is thought to work is calcium has the capability to form insoluble compounds

with carcinogenic substances and facilitating their excretion from the body. Some calcium rich

foods include dairy products, meat, �sh and speci�cally �sh with bones (sardines), nuts, and seeds.

Potassium is equally important as sodium as an electrolyte a�ecting the rhythm of the heart.

As opposed to sodium which elevates blood pressure, potassium has the ability to reduce it. Potas-

sium loss and de�ciency may a�ect athletes (excessive water loss),those under excessive stress,

those who consume large amounts of alcohol/co�ee/tea and a result laxative abuse. De�ciency of

potassium is usually associated with high blood pressure (as it acts asan antagonist with sodium,

sodium increasing blood pressure and potassium reducing it). Ithas been shown that increasing

potassium in an individual su�ering from high blood pressure may reduce it slightly over the du-

ration of eight weeks. Other de�ciency-related conditions include fatigue, headaches, insomnia,

reduced growth, edema (water retention) and even death (usually from heart-related arrhythmias).

Potassium food sources include sun
ower seeds, parsley, milk, bananas, apricots, sardines, avoca-

dos, nuts and other seeds, resins, and dates.

Phosphorus is the most abundant mineral after calcium and is a major component of energy

rich molecules such as ATP and creatine phosphate. These energy compounds are produced in

metabolic cycles that metabolize carbohydrate, fats, and proteins for energy. It is also an essen-

tial mineral in the conversion of fatty acids to phospholipids found in the outer membrane of all
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cells. Like calcium, vitamin D is required for the e�ective and e�c ient absorption of phospho-

rus. Furthermore, another important function of phosphorus is that lik e calcium, it is important

in bone growth and development (80% of phosphorus is found in bones). Majorfood sources of

phosphorus include chicken, eggs, garlic, almonds, tuna, sesame seeds, cheese, sardines, and salmon.

2.2.4 Conclusions

As highlighted previously, diet plays a critical role in maintaining health and preventing disease

and mortality. Over time, diet and lifestyle have changed drastically with a direct correlation

towards shifts in health patterns and disease development. Therefore, a better understanding of

the components of food consumption will contribute to the ability to make recommendations to

the general public about food choices that prevent disease and improve successful longevity.
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CHAPTER 3

STATISTICAL BACKGROUND

Our purpose in this study is to examine the relationship between dietary component intakes and

mortality. To do this we used prognostic models, in particular the logistic regression or Cox pro-

portional hazards (CPH) model. However because some of the variables are highly correlated, the

interpretation based on a �tted model that includes highly correlated variables becomes di�cult.

As a possible way to overcome this problem we will �rst perform some dimension reduction for

the data using principal components analysis (PCA). This chapter provides introduction and back-

ground of logistic regression, survival analysis, cox proportional hazards (CPH) model, principal

components analysis (PCA).

3.1 Prognostic Models

Prognostic models are widely used in the health �eld. Prognostic models are used to predict

outcomes of certain events (diseases or death), given some set of variables that in
uence these

events. Prognostic models has many forms like logistic model and the Cox proportional hazard

model, where it is the common tool used for prediction of health outcomes in many studies.

3.1.1 Logistic Regression

Logistic regression is a popular Generalized Linear Model (GLM) used to model data with

binary responses. Y represents the binary response. For our case, this will be mortality. The

response is a random variable that follows a Bernoulli distribution andcan be written as a member

of the exponential family [6],

f (y; � ) = � y(1 � � )1� y = (1 � � ) exp
�

ylog
�

1 � �

�
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The linear function for logistic regression model is
pP

j =1
� j , where � j represents the coe�cient

associated with the j th covariate (j = 1 ; :::; p) and x ij is the i th observed value of the covariate

vector (i = 1 ; :::n).

The linear combination of the predictors is related to the responses through the logit link

function:

logit ( � (x)) = log
� (x)

1 � � (x)
=

X
� j x ij

The logistic model speci�es that the probability of an event for the i th , � i (x) is:

� i (x) =
exp(

P
� j x ij )

1 + exp(
P

� j x ij )

The likelihood for a sample ofn observations can be written as:

L (� ) =
nQ

i =1
� yi (1 � � )1� yi

=
nQ

i =1

�
exp[

P
� j x ij ]

1+exp[
P

� j x ij ]

� yi
�

1 � exp[
P

� j x ij ]
1+exp[

P
� j x ij ]

� 1� yi

And, the log likelihood is:

log (L (� )) =
nX

i =1

yi (� j x ij ) �
nX

i =1

log [1 + exp (� j xij )]

To �nd the maximum likelihood estimates (MLE) for the � j s, take the partial derivatives of the

log likelihood and set these to zero to achieve the likelihood equations:

@log (L (� ))
@�

=
X

i

�
yi x ij � x ij

exp[
P

� j xij ]
1 + exp[

P
� j xij ]

�
= 0

These equations have no closed form solution and so are solved by using anumerical method

(usually the Newton-Raphson algorithm or the Fisher scoring method). The numerical method

involves the estimation of the matrix of second derivatives. The negative of this estimated matrix

supplies an estimate of the variance-covariance matrix of the estimated logistic coe�cients:

�
@2 (L (� ))
@�j @�k

=
X

i

x ij x ik
exp[

P
� j xij ]

(1 + exp[
P

� j xij )
2
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3.2 Survival Analysis

Survival analysis is a method for analyzing data where the outcome variable is the time until

the occurrence of an event of interest or end point. In medical research the event can be death or

occurrence of a disease or healing from disease after treatment. Survival time or the time to event

can be weeks, month or years. For example, if the event of interest is cancer diseases, then the

survival time can be the time in years until a person develops a cancer.

Subjects are usually followed over a speci�ed time period and with emphasis on the time at

which the event of interest occurs. When the data about survival time is incomplete, subjects who

have not experienced the event at the end of follow-up are called censored. Censoring is classi�ed

into three groups based on event occurring time. Right censoring occurs when the study followup

ends before an event occurs, while Left censoring is when the followup begins after the event has

occurred. Interval censoring when the last time a patient's status is known can only be character-

ized as falling into some time interval.

3.2.1 Describing the Distribution of Survival Times

The survival function is de�ned as the probability that a subject su rvives longer then a speci�ed

time t, and the hazard function is the probability of a subject experiencing failure within a small

time period [17]. Let T denote the survival time with probability distribution function f (t), the

distribution function of T is given by

F (t) = P (T < t ) =
t
s
0

f (u) du

Then by de�nition:

f (t) =
d
dt

F (t) = lim
� t ! 0

P(t < T � t + � t)
� t

The survival function S(t) is de�ned as

S(t) = P(T � t) = 1 � F (t)

The hazard function at time t, often called the instantaneous death rate, is de�ned as
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h (t) = lim
� t ! 0

P( t � T � t+� t=T � t )
� t

The survival and hazard functions are related by:

h (t) =
f (t)
S (t)

and

h (t) = �
d
dt

f logS (t)g

The cumulative hazard function is de�ned as

H (t) =
t
s
0

h (u) du = � log f S (t)g

The cumulative hazard function is related to the survival function by

S (t) = e� H (t )

There are three types of survival models that relate covariates to survival time: non-parametric

model, parametric model, and semi-parametric model. The parametric model requires assumptions

about the probability distribution of survival times. In our analyses w e use the Cox proportional

hazards model a semi-parametric model.

3.2.2 The Cox Proportional Hazards Model

The Cox proportional hazards model allows us to include covariates into a model for risk or

hazard. It was introduced by Cox in 1972 and is the most commonly used statistical model in

survival analyses of epidemological and medical studies [3].

The Cox proportional hazards model that relates the hazard function at time t with covariates

x is de�ned by the equation

h (t; x) = h0 (t) exp f � xg

Where h0 (t) is the baseline hazard function at time t and the � s are coe�cients for covariates

in x. One reason for the popularity of the model is that the � s have a simple interpretation.

If x denotes the only covariate, and we consider two individuals who are oneunit apart, i.e.

one has valuex and the other has valuex + 1 the ratio of their hazards is:
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h0 (t) exp f �x g
h0 (t) exp f �x + 1g

= exp(� )

The method of partial likelihood is used to establish estimates forthe coe�cients. The partial

likelihood estimates the probability that given an event occurs at time t, the event is the observed

event:

L p (� ) =
nY

i =1

"
exp

�
�x `

i

�

P
j"R (t i ) exp (�x j )

#ci

Where the product is over all observed times, either events or censored andR(t i ) represents

the risk set at time t i , i.e., uncensored individuals at risk of having the event. For all individuals

censored at or before timet i ci = 0,the contribution to the likelihood equals one, so we can

simplify the partial likelihood by using only m observed failures:

L p (� ) =
mY

i =1

"
exp

�
�x `

i

�

P
j"R (t i ) exp (�x j )

#

To estimate the maximize partial likelihood estimates of the � s, we take the log:

log (L (� )) =
mX

i =1

2

4� 0x `
i � log

X

j"R (t i )

exp
�
� 0x j

�
3

5

We di�erentiate this with respect to the � s

d log (L p (� ))
d� k

=
mX

i =1

"

x ik �

P
j"R (t ij ) x jk exp (� 0x j )
P

j"R (t i ) exp (� 0x j )

#

Setting this equal to zero forms the partial likelihood equations:

d log (L (� ))
d�

=
mX

i =1

[x ik � �xwi k ] = 0

Where

�xwi k =
X

j"R (t i )

wij (� ) x jk

and
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wij (� ) =
exp

�
x`

j �
�

P
l"R (t ij ) exp [� j x jl ]

Since there is no closed form solution, a numerical method is used to solve for the estimate of

� (Newton-Raphson)

3.2.3 Examining Proportional Hazard Assumption

Cox proportional-hazards regression models are the most common models used to analyzing

survival data and a key assumption in the Cox models is that the e�ectof any predictor variable is

constant over time. There are two types to tests for this assumption. The Wald test for individual

predictors and test based on the scaled Schoenfeld residuals.

3.2.4 Schoenfeld Residuals

In 1982 Schoenfeld [14] proposed the �rst set of residuals for the proportional hazards regression

model. These residuals are not de�ned for censored individuals.

The Schoenfeld residual is de�ned as the covariate value for the individual that failed minus its

expected value

residual = X k � �x(�̂; t k )

Testing the time dependent covariates is equivalent to testingfor a non-zero slope in a gener-

alized linear regression of the scaled Schoenfeld residuals on functions of time. A non-zero slope is

an indication of a violation of the proportional hazard assumption. For any regression, it is very

helpful to graph the scaled Schoenfeld residuals against a time variable so we can deduct if there

are any possible patterns in addition to performing the tests of non-zero slopes. To decide if the

assumption in the Cox models holds we need to observe these slopes.

3.3 Principal Components Analysis

In our analysis, we are interested in 13 di�erent dietary components that are correlated to vary-

ing degrees. This intercorrelation is often high and using these variables in a stepwise algorithm

could result in models that are di�cult to interpret. An often used method of retaining the impor-

tant structure of the data using a smaller number of variables in the model is principal components
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analysis (PCA)

3.3.1 Principal Components Analysis as a Dimension Reduction Technique

Principal components analysis involves transforming a set of correlated variables into a set of

uncorrelated variables called principal components. PCA was introduced in 1901 by Karl Pearson

and later generalized by Harold Hotelling in the 1930s [8]. The primary objectives of PCA are to (i)

reduce the dimensionality of the data, to identify the actual dimension of the data and (ii) identify

new possibly meaningful underlying variables. In PCA, we try to preserve the most variation in the

data. In this process of dimension reduction, some new variables called principal components can

be formed in decreasing order of importance [5]. Suppose we have a data set with p variables and

some of the variables are correlated to each other. Using PCA provides p uncorrelated components

and most of the information in the data set can be described by a few components.

Principal components di�ers from regression in that there is no \dependent" variable. We seek

a linear transformation of the data that has some particular properties. That is we want to �nd ci

such that:

c1 = a11x1 + a12x2 + � � � + a1pxp

c2 = a21x1 + a22x2 + � � � + a2pxp

: : :
cp = ap1x1 + ap2x2 + � � � + appxp

The ci are chosen to satisfy three properties:

1. var(c1) > var (c2) > ::: > var (cp)

2. ci and cj are uncorrelated for i 6= j .

3. a2
i 1 + a2

i 2 + � � � + a2
ip = 1

Investigators often perform principal component analysis on \standardized" variables. That is,

they subtract the mean and divide this result by the standard deviation for each variable of each

observation in the data set. (This process does not give the same answer as if the untransformed

variables had been used in the data set.) When standardized variablesare used in deriving the

principal components one says they have performed principal components on the correlation matrix.
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When the unstandardized variables are used, we say we have performed principal components on

the covariance matrix. In all of our analysis we have used standardized variables.

Principal components derived in this fashion allow us to interpret the eigenvalues of the corre-

lation matrix as the proportion of variation explained by the principal comp onents. The solution

for a1 is the eigenvector of the sample covariance matrix� corresponding to its largest eigenvalue

� 1. The other principal components are derived similarly so thatai is the eigenvector of the sample

covariance matrix with the i th largest eigenvalue� i .

The total population variance equal to the total variance of the p principal components, where

� indicates the amount of variance explained by each principal component:

pX

i =1

� i = trace ( � )

When � then this is just p, the number of components. This result leads to the three often

used method of deciding how many prinicipal components should be used:

1. Select all of the components for which� i > 1. The intuition behind this selection is that if

� i > 1 then the component accounts for more variance than any single covariate.

2. Select the number of components according to the number that \explain" a set percentage of

the total variance. I.e. select the largestk components such that:

kP

i =1
� i

pP

i =1
� i

� c

where 0< c < 1 is chosen such that the selected components explain a large proportionof

the variance. The selection ofc is arbitrary, but often � :7

3. The scree test is a graphical procedure. The eigenvalues are plotted against the number of

the components and an \elbow" is sought where the subsequent components explain little of

the variance and each involves little improvement over the one prior. Using this method, one

retains all of the components prior to the elbow.

3.4 Variable Selection

Variable selection in regression used when we wants to model the relationship between a variable

of interest and a subset of predictors, but there is uncertainty about which subset to use. We used
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stepwise algorithm To select the subset of predictors. There is three types of stepwise selection,

backward elimination, forward elimination and stepwise [18] [4].

In examining the relationship between dietary variables and mortality in our data, we used the

forward stepwise algorithm to determine the best �tting model. We use p=.05 as the signi�cance

level for entry in each case.
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CHAPTER 4

RESULTS

4.1 The NHANES I Data

The data used for our analyses are part of the National Health and Nutrition Examination

Survey (NHANES). NHANES is a population-based survey initiated in the 1960s and designed to

collect information on the health and nutrition of adults and children in the United States. There

are two parts to this survey, an in-home interview and a health examination. During the in-home

interview, participants are asked questions about their health status, disease history, and diet. The

examination component consists of medical and dental examinations, physiological measurements,

and laboratory tests administered by highly trained medical personnel. For our preliminary anal-

yses, we focused on NHANES I conducted from 1971-1975. We use data from the 24Hour Food

Consumption Intake and the NHANES Epidemiologic Follow-up Study (NHEFS). T he NHEFS

study included follow-up for vital status of the participants from NHANES I. Follow-up for vital

status information is available for NHANES I, NHANES II and NHANES III.

Data on the 24Hour Food Consumption Intake were obtained by the 24hour recall method,

where each participant was asked to report each food she/he had consumedon the day before the

examination (midnight to midnight) for all regular meals eaten and snacks between the meals (7).

It included foods eaten on Monday through Friday. The �le contains a separate record for each

food item consumed by each examined person with the amount of calories and selected nutrients

contributed by each food item. The nutrients that are included in all NHANES �les are protein,

fat, total carbohydrates, saturated fat, cholesterol, calcium, phosphorus, iron, sodium, potassium,

vitamin A, thiamine, ribo
avin, niacin, and vitamin C.

The epidemiologic follow-up study NHEFS was begun in 1982. Respondents to NHANES I

(N=14,407) who were 25-74 years of age were considered eligible for follow-up andfollowed for

vital status. There have been several releases of vital status data, the data we used for our anal-
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ysis followed participants through June 30, 1992. Participants not reportedas deceased before

the cut-o� date were considered alive. We restricted our analyses tothose individuals for whom

follow-up of vital status was available and excluded those individualswho did not provide a 24-

hour recall or whose 24-hour recalls were deemed unsatisfactory due to incomplete questionnaires

or who were fasting or ill on the recall day. Our �nal analytic data set contained 10,483 observations.

4.2 Descriptive Statistics

In this section, we describe the variables that will be included in our analysis for the study and

present our initial exploratory analyses. Figures 4.1 - 4.6 present boxplots giving the distribution

of age, body mass index, calories and dietary component intake separately for black and white,

male and female participants. We have 10,483 examinees in this dataset, 4,203(40%) are male and

6,280 (60%) are female. The mean age of white and black men at the baseline was 53 and55 years

respectively, and 48 years for white and black women. The mean body massindex for white and

black men was 25.7, for white women was 25 and 27.8 for black women.

The mean follow up period for the participants was 16 years. During follow up 2,042 (48%)

male and 1,754 (27%) female died.

Figure 4.1 presents the distribution of age and BMI for white and black males and females,

the average age for male was higher than female at the baseline of study. There is a signi�cant

di�erence between genders for age but not for race. The black women havethe highest BMI. There

is a signi�cant di�erence between race but not for gender.

Figure 4.2 presents the distribution of energy intake and the proportion of energy from carbo-

hydrate for white and black male and female. The average energy intake for males is higher than

females and the average for white is higher than black. The average for female is higher than male

for the proportion of energy from carbohydrate. Table 4.1 demonstrates a signi�cant di�erence

between gender and race for energy intake and there a signi�cant di�erence between genders not

for race for the proportion of energy from carbohydrate.
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Figure 4.3 presents the distribution for the proportion of energy from fat and protein for white

and black male and female, the average means for the proportion of energy from fat for male higher

than female, the black male and female have higher proportion of energy fromprotein than white

male and female . Table 4.1show there is a signi�cant di�erence between gender and not race for

proportion of energy from fat and there a signi�cant di�erence between gender and race for the

proportion of energy from protein.

Figure 4.4 presents the distribution for the proportion of energy from saturated fat and polyun-

saturated fat for white and black male and female, white male has the highest average means for

the proportion of energy from saturated fat, the average means for the proportion of energy from

polyunsaturated fat for white and black female higher than white and black male. Table 4.1show

there is a signi�cant di�erence between gender and race for proportionof energy from saturated

fat and there a signi�cant di�erence between gender and not race for theproportion of energy from

polyunsaturated fat.

Figure 4.5 presents the distribution for the proportion of energy from monounsaturated fat and

cholesterol for white and black male and female, the average means for the proportion of energy

from monounsaturated fat for male higher than female and black higher than white, the male con-

sumption more cholesterol then female. Table 4.1 show there is a signi�cant di�erence between

gender and race for proportion of energy from monounsaturated fat and there a signi�cant di�er-

ence between gender and not race for cholesterol.

Figure 4.6 presents the distribution for calcium and sodium for white and black male and fe-

male, the average means for calcium for white male and female higher than black male and female,

the white male and female consumption more sodium then black male and female. Table 4.1 show

there is a signi�cant di�erence between gender and race for calcium and there a signi�cant di�er-

ence between gender and race for sodium.

Table 4.1 presents the mean and standard deviation for each component of dietary intake. The

statistics are presented separately for each race (black and white) andgender (male and female)
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combination. For energy intakes of calcium, iron, sodium, potassium, phosphorus and vitamin B3

there are signi�cant di�erences between genders and races. The average intake in higher for males

than females and for whites than for blacks. There is a signi�cant di�erence between the genders

for proportion of energy from Alcohol, cholesterol and the proportion of energy from carbohydrate.

Males consumed more cholesterol than females and the proportion of energy from Alcohol for males

was higher than females and the proportion of energy from carbohydrate for female higher than

male. There is a signi�cant di�erence for vitamin C between races, were consumption of vitamin

C in white more than black. Race and gender did not a�ect the distributi on of proportion of en-

ergy from fat, protein, saturated fat, monounsaturated fat, polyunsaturated fat, Vitamin B1 and

vitamin B2.

Table 4.2 presents the correlation matrix for the dietary component intake. From this table

we see that some of the dietary components were highly correlated with correlation coe�cients

that vary from 0.51 to 0.92. Protein and fat had a correlation coe�cient of 0.75, and protein and

phosphorus had a correlation coe�cient of 0.85, while protein and iron had a correlation coe�cient

of 0.78, and fat and phosphorus had a correlation coe�cient of 0.73, and calcium and phosphorus

had a correlation coe�cient of 0.80. Potassium and phosphorus had a correlationcoe�cient of

0.78, and saturated fat and phosphorus had a correlation coe�cient of 0.7, and saturated fat and

MSFA had a correlation coe�cient of 0.92 . The high correlation among dietary component could

lead to unreliable and unstable estimates of regression coe�cients.

In this study we examine the relationship between dietary component intakes and mortality. To

do this we used the Cox proportional hazards (CPH) model, but because the variables are highly

correlated as we see in Table 4.2, the interpretation based on the model could be wrong because

of the multicollinearity of the data. To solve this problem we will �rs t use principal components

analysis (PCA). After estimating the principal components, we use the Cox proportional hazards

(CPH) model to examine the relationship between dietary component intakes and mortality.
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Figure 4.1: Boxplots for BMI and Age

Figure 4.2: Boxplots for Calories and % from Carbohydrate

Figure 4.3: Boxplots for % Calories from Fat and Protein
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Figure 4.4: Boxplots for % Calories from Saturated Fat and Polyunsaturated Fat

Figure 4.5: Boxplot for % Calories from Monounsaturated Fat and Cholesterol

Figure 4.6: Boxplot for Calcium and Sodium
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4.3 Examining Proportional Hazards Assumption

For our analysis we used Cox Proportional Hazards model, we test the Proportional Hazards

assumption by using Schoenfeld residuals.

4.3.1 Schoenfeld Residuals for 13 Dietary Variables

The thirteen dietary components were subjected to Schoenfeld residuals separately for Black

and White males and females, resulting in four separate analyses.

White Male: Table 4.3 All the variables have a zero slope except cholesterol, but when we look

at the graph we could not say the slope is di�erent from zero. White Female: Table 4.4 All the

variables have a zero slope expect protein, again when we look at the graphwe could not say the

slope is di�erent from zero. Black Male: Table 4.5 All the variables havea zero slope expect Iron,

but when we look at the graph we could not say the slope is di�erent from zero. Black Female:

Table 4.6 All the variables have a zero slope and we can said the e�ect of anypredictor variable

is constant over time.

Table 4.3: Tests for Nonproportional Hazards for 13 Dietary Variables, White Male

variables Correlation t Value p value

Protein 0.0126 0.5 0.6192
Fat 0.0212 0.84 0.4016

Total Carbohydrate 0.00819 0.32 0.7463
Alcohol 0.0266 1.05 0.2938

Calcium -0.0332 -1.31 0.1895
Phosphorus 0.0276 1.09 0.2754

Iron -0.0235 -0.93 0.3522
Sodium 0.0102 0.4 0.6878

Potassium 0.00253 0.1 0.9203
Saturated fatty acid -0.00689 -0.27 0.7853

Monounsaturated fatty acid -0.0189 -0.75 0.4557
Polyunsaturated fatty acid -0.00183 -0.07 0.9424

Cholesterol -0.0616 -2.44 0.0148
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Table 4.4: Tests for Nonproportional Hazards for 13 Dietary Variables, White Female

Variable Correlation t Value p value

Protein -0.0593 -2.14 0.0329
Fat 0.0492 1.77 0.0767

Total Carbohydrate 0.00902 0.32 0.7458
Alcohol 0.00816 0.29 0.7694

Calcium -0.0187 -0.67 0.5014
Phosphorus 0.0356 1.28 0.2005

Iron 0.0169 0.61 0.5438
Sodium -0.00352 -0.13 0.8995

Potassium -0.0099 -0.36 0.722
Saturated fatty acid -0.0343 -1.23 0.2178

Monounsaturated fatty acid -0.0262 -0.94 0.347
Polyunsaturated fatty acid -0.0417 -1.5 0.1337

Cholesterol -0.0201 -0.72 0.4707

Table 4.5: Tests for Nonproportional Hazards for 13 Dietary Variables, Black Male

Variable Correlation t Value p value

Protein -0.02 -0.37 0.7134
Fat 0.00694 0.13 0.8987

Total Carbohydrate 0.00599 0.11 0.9124
Alcohol 0.0532 0.98 0.3286

Calcium 0.0974 1.8 0.0732
Phosphorus -0.0123 -0.23 0.8209

Iron 0.121 2.24 0.0259
Sodium -0.0726 -1.34 0.1825

Potassium -0.1079 -1.99 0.0472
Saturated fatty acid 0.0147 0.27 0.7876

Monounsaturated fatty acid -0.0462 -0.85 0.3967
Polyunsaturated fatty acid 0.0861 1.59 0.1136

Cholesterol -0.0371 -0.68 0.4966
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Table 4.6: Tests for Nonproportional Hazards for 13 Dietary Variables, Black Female

Variable Correlation t Value p value

Protein -0.0744 -1.34 0.18
Fat 0.0645 1.16 0.2457

Total Carbohydrate 0.0521 0.94 0.3485
Alcohol -0.0101 -0.18 0.8565

Calcium 0.0171 0.31 0.7582
Phosphorus -0.00555 -0.1 0.9204

Iron -0.00298 -0.05 0.9573
Sodium 0.00413 0.07 0.9409

Potassium 0.0292 0.53 0.5989
Saturated fatty acid -0.00703 -0.13 0.8993

Monounsaturated fatty acid -0.0874 -1.58 0.1151
Polyunsaturated fatty acid -0.00064 -0.01 0.9908

Cholesterol -0.0265 -0.48 0.6337

4.3.2 Schoenfeld Residuals for 12 Dietary Variables

Table 4.7- Table 4.10 present the result for Schoenfeld residuals for the twelve dietary compo-

nents separately for Black and White males and females, the result were similar for the entire set

of dietary component.

Table 4.7: Tests for Nonproportional Hazards for 12 Dietary Variables, White Male

variables Correlation t Value p value

Protein 0.013 0.530 0.595
Total Carbohydrate 0.011 0.420 0.672

Alcohol 0.026 1.010 0.311
Calcium -0.033 -1.290 0.196

Phosphorus 0.029 1.130 0.258
Iron -0.021 -0.850 0.398

Sodium 0.012 0.460 0.649
Potassium 0.001 0.050 0.959

Saturated fatty acid 0.012 0.470 0.637
Monounsaturated fatty acid -0.008 -0.330 0.740
Polyunsaturated fatty acid 0.014 0.560 0.574

Cholesterol -0.061 -2.410 0.016
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Table 4.8: Tests for Nonproportional Hazards for 12 Dietary Variables, White Female

Variable Correlation t Value p value

Protein -0.058 -2.070 0.038
Total Carbohydrate 0.018 0.630 0.528

Alcohol 0.008 0.300 0.766
Calcium -0.018 -0.660 0.510

Phosphorus 0.038 1.380 0.169
Iron 0.019 0.680 0.494

Sodium 0.000 0.010 0.989
Potassium -0.012 -0.420 0.674

Saturated fatty acid 0.005 0.170 0.864
Monounsaturated fatty acid 0.009 0.340 0.734
Polyunsaturated fatty acid -0.015 -0.550 0.584

Cholesterol -0.018 -0.640 0.519

Table 4.9: Tests for Nonproportional Hazards for 12 Dietary Variables, Black Male

Variable Correlation t Value p value

Protein -0.022 -0.410 0.685
Total Carbohydrate 0.003 0.060 0.952

Alcohol 0.051 0.940 0.347
Calcium 0.095 1.750 0.081

Phosphorus -0.010 -0.180 0.860
Iron 0.120 2.220 0.027

Sodium -0.072 -1.320 0.188
Potassium -0.104 -1.910 0.057

Saturated fatty acid 0.032 0.590 0.559
Monounsaturated fatty acid -0.054 -0.980 0.326
Polyunsaturated fatty acid 0.109 2.020 0.044

Cholesterol -0.034 -0.620 0.534
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Table 4.10: Tests for Nonproportional Hazards for 12 Dietary Variables, Black Female

Variable Correlation t Value p value

Protein -0.076 -1.380 0.169
Total Carbohydrate 0.059 1.060 0.289

Alcohol -0.010 -0.180 0.856
Calcium 0.021 0.380 0.708

Phosphorus -0.004 -0.060 0.949
Iron 0.007 0.120 0.904

Sodium 0.010 0.180 0.861
Potassium 0.025 0.440 0.659

Saturated fatty acid 0.040 0.720 0.470
Monounsaturated fatty acid -0.062 -1.120 0.263
Polyunsaturated fatty acid 0.037 0.660 0.508

Cholesterol -0.027 -0.480 0.630

4.4 Relation of Dietary Variables to Mortality

In this section we present the results of using a variable selection algorithm to determine a

subset of the dietary variables related to mortality. We do the analysis twice, once with all 13

variables and once with 12 variables (after removing fat consumption). In both cases we performed

the variable selection with three di�erent sets of candidate variables for inclusion. The �rst model

included only the diet variables, the second model included the diet variables and age, and the

third model included the diet variables, age and covariates as candidates for inclusion.

4.4.1 Results for 13 Dietary Variables

Table 4.11 presents the results for the three sets of candidate variables. There is large variation

in the variables included both within and between groups.

Table 4.12 presents the signi�cant relationship between dietary variables and mortality for white

male. In the �rst model, protein, fat, total carbohydrate, alcohol and Poly unsaturated fatty acid

have a signi�cant inverse association with all-cause mortality and phosphorus and Monounsatu-

rated fatty acid have a signi�cant positive association with all-cause mortality. For model two

after adjustment for age protein and total carbohydrate have a signi�cant inverse association with

all-cause mortality and cholesterol has a signi�cant positive associationwith all-cause mortality.
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After multivariate adjustment for the risk factors in the third mode l, the inverse association for

protein and total carbohydrate remained signi�cant for all-cause mortality .

Table 4.13 presents the signi�cant relationship between dietary variables and mortality for white

female. In the �rst model, protein, fat, total carbohydrate and Polyuns aturated fatty acid have

a signi�cant inverse association with all-cause mortality and phosphorus and potassium have a

signi�cant positive association with all-cause mortality. For model tw o after adjustment for age

only fat has a signi�cant inverse association with all-cause mortality. After multivariate adjustment

for the risk factors in the third model, the inverse association for protein remained signi�cant and

potassium has a signi�cant positive for all-cause mortality.

Table 4.14 presents the signi�cant relationship between dietary variables and mortality for black

male. In the �rst model, protein and total carbohydrate have a signi�can t inverse association with

all-cause mortality and calcium has a signi�cant positive association with all-cause mortality. For

model two after adjustment for age only iron has a signi�cant inverse association with all-cause

mortality. After multivariate adjustment for the risk factors in the t hird model, the inverse associ-

ation for iron remained signi�cant for all-cause mortality.

Table 4.15 presents the signi�cant relationship between dietary variables and mortality for white

female. In the �rst model, protein and total carbohydrate have a signi� cant inverse association with

all-cause mortality and potassium have a signi�cant positive associationwith all-cause mortality.

For models two and three, after adjustment for age or adjustment for age and the other risk factors

the risk estimates for all cause-mortality were attenuated for all dietary variables .
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4.4.2 Results for 12 Dietary Variables

Table 4.16 presents the results for the three sets of candidate variables. Once again, there is

large variation in the variables included both within and between groups. The variables selected

from this smaller set is similar to what was selected using the entire set of dietary variables.

Table 4.16: Variables Selected for 12 Dietary Variables using a forward Stepwise algorithm

Group Model 1 Model 2 Model 3

Black Female
Protein
Total carbohydrate
Potassium

Age Age Sbpsit1 Prediab

Black Male
Protein
Total carbohydrate
Calcium

Iron Age
Iron Age Sbpsit1
Smok2 Prediab

White Female

Protein
Total carbohydrate
Phosphorus Potassium
Saturated fat
monounsaturated
fatty acid
Polyunsaturated fatty
acid Cholesterol

Iron Age
Protein Potassium
Age Chol Sbpsit1
Smok2 Prediab

White Male

Protein Alcohol
Total carbohydrate
Phosphorus
Saturated fat
monounsaturated
fatty acid
Polyunsaturated fatty
acid

Protein
Total carbohydrate
Cholesterol Age

Protein
Total carbohydrate
Age Sbpsit1 Smok2
Pre diab

Model 1: 12 diet variables only.
Model 2: 12 diet variables and age.
Model 3: 12 diet variables, age, and covariates

Table 4.17 presents the signi�cant relationship between dietary variables and mortality for white

male. In the �rst model, protein, total carbohydrate, alcohol, saturated fatty acid and Polyunsat-

urated fatty acid have a signi�cant inverse association with all-causemortality and phosphorus

and Monounsaturated fatty acid have a signi�cant positive association with all-cause mortality.

For model two after adjustment for age protein and total carbohydrate have asigni�cant inverse

association with all-cause mortality and cholesterol has a signi�cant positive association with all-
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cause mortality. After multivariate adjustment for the risk factors in the third model, the inverse

association for protein and total carbohydrate remained signi�cant for all-cause mortality.

Table 4.18 presents the signi�cant relationship between dietary variables and mortality for white

female. In the �rst model, protein, total carbohydrate, saturated fatt y acid and Polyunsaturated

fatty acid have a signi�cant inverse association with all-cause mortality and phosphorus, potassium

and cholesterol have a signi�cant positive association with all-cause mortality. For model two after

adjustment for age only iron has a signi�cant inverse association with all-cause mortality. After

multivariate adjustment for the risk factors in the third model, th e inverse association for protein

remained signi�cant and potassium has a signi�cant positive for all-causemortality.

Table 4.19 presents the signi�cant relationship between dietary variables and mortality for black

male. In the �rst model, protein and total carbohydrate have a signi�can t inverse association with

all-cause mortality and calcium has a signi�cant positive association with all-cause mortality. For

model two after adjustment for age only iron has a signi�cant inverse association with all-cause

mortality. After multivariate adjustment for the risk factors in the t hird model, the inverse associ-

ation for iron remained signi�cant for all-cause mortality.

Table 4.15 presents the signi�cant relationship between dietary variables and mortality for white

female. In the �rst model, protein and total carbohydrate have a signi� cant inverse association with

all-cause mortality and potassium have a signi�cant positive associationwith all-cause mortality.

For models two and three, after adjustment for age or adjustment for age and the other risk factors

the risk estimates for all-cause mortality were attenuated for all dietary variables. we can see the

result look similar for the two data set
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4.5 Principal Components Analysis of Dietary Variables

4.5.1 Principle Components for 13 Dietary Variables

The thirteen dietary components were subjected to principal components analyses (PCA) sep-

arately for Black and White males and females, resulting in four separateanalyses. In each case

the principal components were estimated by decomposing the correlation matrix (as described in

Section 3.3).

We performed two analyses, one using all of the estimated components andone using a reduced

set where we retained only some of the estimated components. To identify the number of PC to

be retained, we examined the eigenvalues (> 1:0 criterion), the proportion of explained variance

(> 5%) and scree graphs. In our data the scree test was inconclusive, no evident \elbow" appeared

in the plot.

Interpreting the meaning of components is di�cult and assigning labels is somewhat arbitrary.

However, we considered the variable loading of the dietary components and whether the absolute

value of the loading was 0.40 or greater. Table 4.21 - 4.25 displays the eigenvalues and eigenvectors

for each principal components for each gender and race combination.

White Male. For the reduced set of components we retained four principle components from

the thirteen estimated. The eigenvalues for components one to four were, 7.19, 1.20, 1.02 and

0.87. The �rst principle component explains about 55% of the total variance, the second principle

component explains about 9%, the third principle component explains about 8%, and the fourth

principle component explains about 7%.

The �rst four components appear to provide a reasonable summary of the data, accounting for

79% of the total variance.

The loading of the components are shown in Table 4.22. The �rst component appears to be

associated with overall dietary intake since the eigenvector has approximately equal loading on all

variables. The second component has high loading on polyunsaturated fatty acid and low loadings

on calcium. The third component has a high loading on alcohol. The fourth component has a low

loading on carbohydrate and a high loading on cholesterol.
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Black Male. We retained four principle components from thirteen principle components. The

eigenvalues for components one to four were, 7.22, 1.18, 1.05 and 0.83. The �rst principle component

explains about 56% of the total variance, the second principle component explains about 9%, the

third principle component explains about 8%, and the fourth principle component explains about

6%. The four components account for 79% of the total variance.

The loading of the components are shown in Table 4.23. The �rst component appears to be

a measure of the overall dietary intake since the eigenvector shows approximately equal loading

on all variables. The second component has a low loading on polyunsaturated fatty acid and high

loadings on calcium and potassium. The third component has a high loading on alcohol. The

fourth component has a high loading on carbohydrate and a low loading on cholesterol.

White Female. We retained four principle components from the thirteen principle compo-

nents. The eigenvalues for components one to four were, 6.63, 1.37, 1.12 and 0.86. The �rst

principle component explains about 51% of the total variance, the second principle component

explains about 11%, the third principle component explains about 9%, and the fourth principle

component explains about 7%. The four components account for 77% of the total variance.

The loading of the components are shown in Table 4.24. The �rst component appears to be a

measure of the overall dietary intake since the eigenvector shows approximately equal loading on

all variables. The second component has a high loading on polyunsaturated fatty acid and a low

loading on calcium. The third component has a high loading on alcohol. The fourth component

has a low loading on cholesterol.

Black Female. We retained four principle components from thirteen principle components.

The eigenvalues for components one to four were, 7.29, 1.18, 1.04 and 0.85. The �rstprinciple

component explains about 56% of the total variance, the second principle component explains about

9%, the third principle component explains about 8%, the fourth principle component explains

about 7%. The four components account for 80% of the total variance.

The loading of the components are shown in Table 4.25. The �rst component againappears to

be measure of the overall dietary intake since the eigenvector showsapproximately equal loading

on all variables. The second component has a low loading on polyunsaturated fatty acid and high
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loading on calcium and potassium. The third component has a high loading on alcohol. The fourth

component has a high loading on carbohydrate and a low loading on cholesterol.

Summary of PCA Analyses. The result shows dietary pattern, depends on high loading

of carbohydrate, calcium, alcohol, potassium and low loading of cholesterol and polyunsaturated

fatty acid for black males and females, and dietary pattern depends on highloading of cholesterol,

polyunsaturated, alcohol and low loading of carbohydrate and calcium for white males and depends

on high loading polyunsaturated, alcohol and low loading of cholesterol and calcium.

In summary, we can qualitatively state that in NHANES I, the principal comp onents for the

dietary components are similar but not identical in the four groups.

Figure 4.7: Pattern for Principle Component One for 13 Dietary Variables, NHANES I

4.5.2 Principle Components for 12 Dietary Variables

The twelve dietary components were subjected to principal components analyses (PCA) sepa-

rately for Black and White males and females, resulting in four separateanalyses. In each case the

principal components were estimated by decomposing the correlation matrix.
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Table 4.22: Eigenvectors for 13 Dietary Variables, White Male, NHANES I

Prin1 Prin2 Prin3 Prin4
Protein 0.32 -0.02 0.04 0.24
Fat 0.34 0.29 -0.06 -0.01
Total Carbohydrate 0.26 -0.30 0.04 -0.42
Alcohol 0.04 0.11 0.95 0.16
Calcium 0.25 -0.47 -0.09 0.18
Phosphorus 0.33 -0.25 0.11 0.19
Iron 0.29 -0.01 0.031 0.02
Sodium 0.25 -0.21 -0.05 -0.20
Potassium 0.30 -0.31 0.09 -0.04
Saturated fatty acid 0.32 0.24 -0.09 0.07
Monounsaturated fatty acid 0.33 0.33 -0.08 -0.07
Polyunsaturated fatty acid 0.21 0.36 0.10 -0.56
Cholesterol 0.22 0.31 -0.19 0.55

Table 4.23: Eigenvectors for 13 Dietary Variables, Black Male, NHANES I

Prin1 Prin2 Prin3 Prin4
Protein 0.32 0.01 0.10 -0.21
Fat 0.34 -0.32 0.03 0.06
Total Carbohydrate 0.26 0.23 -0.19 0.52
Alcohol 0.03 0.19 0.95 0.13
Calcium 0.24 0.43 -0.14 -0.11
Phosphorus 0.33 0.28 0.07 -0.16
Iron 0.31 0.07 -0.03 -0.13
Sodium 0.25 0.09 -0.06 0.31
Potassium 0.27 0.42 -0.09 0.06
Saturated fatty acid 0.32 -0.28 0.07 -0.03
Monounsaturated fatty acid 0.33 -0.36 0.06 0.02
Polyunsaturated fatty acid 0.23 -0.39 0.01 0.36
Cholesterol 0.24 -0.09 -0.02 -0.62
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Table 4.24: Eigenvectors for 13 Dietary Variables, White Female, NHANES I

Prin1 Prin2 Prin3 Prin4
Protein 0.33 -0.03 0.26 -0.18
Fat 0.35 0.29 -0.15 0.03
Total Carbohydrate 0.25 -0.24 -0.32 0.34
Alcohol 0.03 0.21 0.71 0.63
Calcium 0.25 -0.48 0.06 -0.04
Phosphorus 0.34 -0.27 0.19 -0.07
Iron 0.29 -0.01 0.15 -0.08
Sodium 0.24 -0.18 -0.23 0.26
Potassium 0.29 -0.32 0.10 0.08
Saturated fatty acid 0.33 0.21 -0.07 -0.07
Monounsaturated fatty acid 0.33 0.31 -0.16 -0.01
Polyunsaturated fatty acid 0.20 0.43 -0.25 0.28
Cholesterol 0.22 0.24 0.28 -0.53

Table 4.25: Eigenvectors for 13 Dietary Variables, Black Female, NHANES I

Prin1 Prin2 Prin3 Prin4
Protein 0.32 -0.04 0.07 -0.20
Fat 0.34 -0.30 -0.04 0.11
Total Carbohydrate 0.25 0.30 0.01 0.47
Alcohol 0.03 0.03 0.96 0.02
Calcium 0.24 0.45 -0.13 -0.03
Phosphorus 0.33 0.25 0.11 -0.14
Iron 0.31 0.01 0.05 -0.18
Sodium 0.26 0.21 -0.16 0.14
Potassium 0.27 0.38 0.06 0.09
Saturated fatty acid 0.32 -0.24 -0.07 0.03
Monounsaturated fatty acid 0.33 -0.31 -0.04 0.05
Polyunsaturated fatty acid 0.23 -0.45 0.06 0.40
Cholesterol 0.23 -0.10 -0.02 -0.70
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Figure 4.8: Pattern for Principle Component Two for 13 Dietary Variables, NHANES I

We performed two analyses, one using all of the estimated components andone using a reduced

set where we retained only some of the estimated components. To identify the number of PC to

be retained, we examined the eigenvalues (> 1:0 criterion), the proportion of explained variance

(> 5%) and scree graphs. In our data the scree test was inconclusive, no evident \elbow" appeared

in the plot.

Interpreting the meaning of components is di�cult and assigning labels is somewhat arbitrary.

However, we considered the variable loading of the dietary components and whether the absolute

value of the loading was 0.40 or greater. Table 4.26 - 4.30 displays the eigenvalues and eigenvectors

for each principal components for each gender and race combination.

White Male. For the reduced set of components we retained four principle components from

the thirteen estimated. The eigenvalues for components one to four were, 7.19, 1.21, 1.03 and

0.86. The �rst principle component explains about 55% of the total variance, the second principle
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Figure 4.9: Pattern for Principle Component Three for 13 Dietary Variables, NHANES I

component explains about 9%, the third principle component explains about 8%, and the fourth

principle component explains about 7%.

The �rst four components appear to provide a reasonable summary of the data, accounting for

79% of the total variance.

The loading of the components are shown in Table 4.27. The �rst component appears to be

associated with overall dietary intake since the eigenvector has approximately equal loading on all

variables. The second component has high loading on polyunsaturated fatty acid and low loadings

on calcium. The third component has a high loading on alcohol. The fourth component has a low

loading on carbohydrate and a high loading on cholesterol.

Black Male. We retained four principle components from thirteen principle components. The

eigenvalues for components one to four were, 7.25, 1.22, 1.01 and 0.81. The �rst principle component

explains about 56% of the total variance, the second principle component explains about 9%, the
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Figure 4.10: Pattern for Principle Component Four for 13 Dietary Variables, NHANES I

third principle component explains about 8%, and the fourth principle component explains about

6%. The four components account for 79% of the total variance.

The loading of the components are shown in Table 4.28. The �rst component appears to be

a measure of the overall dietary intake since the eigenvector shows approximately equal loading

on all variables. The second component has a low loading on polyunsaturated fatty acid and high

loading on calcium and potassium. The third component has a high loading on alcohol. The fourth

component has a high loading on carbohydrate and a low loading on cholesterol.

White Female. We retained four principle components from the thirteen principle compo-

nents. The eigenvalues for components one to four were, 6.63, 1.37, 1.07 and 0.91. The �rst

principle component explains about 51% of the total variance, the second principle component

explains about 11%, the third principle component explains about 9%, and the fourth principle

component explains about 7%. The four components account for 76% of the total variance.
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The loading of the components are shown in Table 4.29. The �rst component appears to be a

measure of the overall dietary intake since the eigenvector shows approximately equal loading on

all variables. The second component has a high loading on polyunsaturated fatty acid and a low

loading on calcium. The third component has a high loading on alcohol. The fourth component

has a low loading on cholesterol.

Black Female. We retained four principle components from thirteen principle components.

The eigenvalues for components one to four were, 7.29, 1.19, 1.03 and 0.84. The �rstprinciple

component explains about 56% of the total variance, the second principle component explains about

9%, the third principle component explains about 8%, the fourth principle component explains

about 7%. The four components account for 79% of the total variance.

The loading of the components are shown in Table 4.30. The �rst component againappears to

be measure of the overall dietary intake since the eigenvector showsapproximately equal loading

on all variables. The second component has a low loading on polyunsaturated fatty acid and high

loading on calcium and potassium. The third component has a high loading on alcohol. The fourth

component has a high loading on carbohydrate and a low loading on cholesterol.

Summary of PCA Analyses. The result shows dietary pattern, depends on high loading

of carbohydrate, calcium, alcohol, potassium and low loading of cholesterol and polyunsaturated

fatty acid for black males and females, and dietary pattern depends on highloading of choles-

terol,polyunsaturated,alcohol and low loading of carbohydrate and calcium for white males and

depends on high loading polyunsaturated, alcohol and low loading of cholesterol and calcium.

In summary, we can qualitatively state that in NHANES I, the principal comp onents for the

dietary components are similar but not identical in the four groups.

4.6 Examining Proportional Hazards Assumption for Principle
Components

4.6.1 Schoenfeld residuals for 13 Principle Components

The thirteen principle components were subjected to Schoenfeld residuals separately for Black

and White males and females, resulting in four separate analyses.
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Table 4.27: Eigenvectors for 12 Dietary Variables, White Male, NHANES I

Prin1 Prin2 Prin3 Prin4
Protein 0.35 0.06 0.01 -0.21

Total Carbohydrate 0.28 -0.30 0.11 0.40
Alcohol 0.04 0.31 0.90 -0.19

Calcium 0.27 -0.49 0.01 -0.26
Phosphorus 0.36 -0.18 0.14 -0.22

Iron 0.31 0.08 0.00 0.05
Sodium 0.27 -0.19 -0.01 0.21

Potassium 0.32 -0.25 0.13 0.03
Saturated fatty acid 0.33 0.23 -0.14 -0.06

Monounsaturated fatty acid 0.33 0.32 -0.14 0.10
Polyunsaturated fatty acid 0.21 0.37 0.03 0.61

Cholesterol 0.23 0.38 -0.31 -0.46

Table 4.28: Eigenvectors for 12 Dietary Variables, Black Male, NHANES I

Prin1 Prin2 Prin3 Prin4

Protein 0.34 -0.05 0.12 -0.19
Total Carbohydrate 0.28 0.19 -0.22 0.52

Alcohol 0.03 0.32 0.92 0.13
Calcium 0.26 0.44 -0.21 -0.16

Phosphorus 0.35 0.24 0.04 -0.17
Iron 0.34 -0.02 -0.01 -0.10

Sodium 0.27 0.05 -0.06 0.32
Potassium 0.30 0.39 -0.15 0.04

Saturated fatty acid 0.33 -0.28 0.10 -0.03
Monounsaturated fatty acid 0.33 -0.38 0.11 0.04
Polyunsaturated fatty acid 0.23 -0.45 0.07 0.41

Cholesterol 0.25 -0.20 0.03 -0.58
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Table 4.29: Eigenvectors for 12 Dietary Variables, White Female, NHANES I

Prin1 Prin2 Prin3 Prin4

Protein 0.35 0.08 0.21 -0.18
Total Carbohydrate 0.27 -0.27 -0.29 0.36

Alcohol 0.03 0.35 0.68 0.61
Calcium 0.27 -0.47 0.20 -0.07

Phosphorus 0.37 -0.19 0.23 -0.08
Iron 0.31 0.10 0.06 -0.06

Sodium 0.26 -0.19 -0.21 0.27
Potassium 0.32 -0.26 0.14 0.08

Saturated fatty acid 0.34 0.20 -0.11 -0.07
Monounsaturated fatty acid 0.34 0.30 -0.24 0.00
Polyunsaturated fatty acid 0.20 0.41 -0.39 0.32

Cholesterol 0.23 0.36 0.14 -0.52

Table 4.30: Eigenvectors for 12 Dietary Variables, Black Female, NHANES I

Prin1 Prin2 Prin3 Prin4

Protein 0.34 0.14 0.02 -0.15
Total Carbohydrate 0.27 -0.29 0.09 0.48

Alcohol 0.03 0.20 0.95 -0.03
Calcium 0.26 -0.50 0.00 -0.14

Phosphorus 0.36 -0.17 0.15 -0.17
Iron 0.33 0.10 0.00 -0.10

Sodium 0.28 -0.23 -0.11 0.13
Potassium 0.30 -0.32 0.14 0.09

Saturated fatty acid 0.33 0.21 -0.12 0.03
Monounsaturated fatty acid 0.34 0.30 -0.12 0.08
Polyunsaturated fatty acid 0.23 0.49 -0.07 0.50

Cholesterol 0.24 0.21 -0.11 -0.64
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Figure 4.11: Pattern for Principle Component One for 12 Dietary Variables,NHANES I

Table 4.31 - Table 4.34 show Schoenfeld residuals result, all the principle components have a

zero slope for the four groups, we can said the e�ect of any principle components is constant over

time.

4.6.2 Schoenfeld residuals for 12 Principal Components

Again the twelve principal components were subjected to Schoenfeld residuals separately for

Black and White males and females, resulting in four separate analyses.

Table 4.35 - Table 4.38 show Schoenfeld residuals result, all the principal components have a

zero slope for the four groups, we can said the e�ect of any principal components is constant over

time.
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Table 4.31: Tests for Nonproportional Hazards for 13 Principle Components, White Male

Correlation t value p value

Prin1 0.04 1.73 0.08
Prin2 -0.01 -0.47 0.64
Prin3 0.05 2.06 0.05
Prin4 -0.04 -1.39 0.16
Prin5 -0.01 -0.42 0.68
Prin6 0.00 -0.16 0.87
Prin7 -0.02 -0.72 0.47
Prin8 -0.02 -0.88 0.38
Prin9 0.01 0.38 0.71
Prin10 -0.03 -1.27 0.21
Prin11 -0.01 -0.33 0.74
Prin12 -0.02 -0.96 0.34
Prin13 -0.02 -0.77 0.44

Table 4.32: Tests for Nonproportional Hazards for 13 Principle Components, White Female

Correlation t value p value

Prin1 0.00 0.14 0.89
Prin2 -0.01 -0.50 0.62
Prin3 -0.02 -0.55 0.58
Prin4 0.03 0.99 0.32
Prin5 -0.01 -0.36 0.72
Prin6 0.02 0.65 0.52
Prin7 -0.02 -0.78 0.44
Prin8 0.02 0.74 0.46
Prin9 0.01 0.20 0.84
Prin10 0.04 1.27 0.20
Prin11 -0.02 -0.71 0.48
Prin12 -0.04 -1.47 0.14
Prin13 -0.05 -1.72 0.09
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Table 4.33: Tests for Nonproportional Hazards for 13 Principle Components, BlackMale

Correlation t value p value

Prin1 0.08 1.49 0.14
Prin2 0.00 0.02 0.98
Prin3 0.03 0.59 0.55
Prin4 0.00 -0.04 0.97
Prin5 0.03 0.55 0.58
Prin6 0.06 1.04 0.30
Prin7 0.01 0.12 0.90
Prin8 -0.06 -1.15 0.25
Prin9 -0.08 -1.46 0.15
Prin10 0.13 2.43 0.02
Prin11 0.01 0.12 0.90
Prin12 -0.03 -0.62 0.54
Prin13 0.00 -0.07 0.94

Table 4.34: Tests for Nonproportional Hazards for 13 Principle Components, BlackFemale

Correlation t value p value

Prin1 -0.10 -1.72 0.09
Prin2 0.07 1.32 0.19
Prin3 -0.02 -0.32 0.75
Prin4 0.12 2.14 0.03
Prin5 -0.01 -0.23 0.82
Prin6 0.00 -0.03 0.97
Prin7 0.07 1.30 0.19
Prin8 -0.02 -0.27 0.79
Prin9 0.04 0.78 0.44
Prin10 0.04 0.70 0.48
Prin11 -0.01 -0.10 0.92
Prin12 -0.05 -0.90 0.37
Prin13 -0.07 -1.22 0.23
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Table 4.35: Tests for Nonproportional Hazards for 12 Principle Components, White Male

Correlation t value p value

Prin1 0.04 1.75 0.08
Prin2 0.00 -0.09 0.93
Prin3 0.06 2.19 0.03
Prin4 0.03 1.14 0.25
Prin5 0.01 0.39 0.70
Prin6 0.00 -0.19 0.85
Prin7 -0.02 -0.64 0.52
Prin8 -0.02 -0.91 0.36
Prin9 0.01 0.34 0.73
Prin10 -0.03 -1.30 0.20
Prin11 -0.01 -0.35 0.73
Prin12 -0.02 -0.93 0.35

Table 4.36: Tests for Nonproportional Hazards for 12 Principle Components, White Female

Correlation t value p value

Prin1 0.00 0.06 0.95
Prin2 -0.02 -0.76 0.44
Prin3 -0.01 -0.29 0.77
Prin4 0.03 0.98 0.33
Prin5 0.01 0.28 0.78
Prin6 0.02 0.70 0.48
Prin7 -0.02 -0.66 0.51
Prin8 0.02 0.75 0.45
Prin9 0.01 0.25 0.80
Prin10 0.03 1.20 0.23
Prin11 -0.02 -0.81 0.42
Prin12 -0.04 -1.41 0.16
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Table 4.37: Tests for Nonproportional Hazards for 12 Principle Components, BlackMale

Correlation t value p value

Prin1 0.08 1.50 0.14
Prin2 0.00 0.01 0.99
Prin3 0.03 0.62 0.54
Prin4 0.00 -0.08 0.94
Prin5 0.06 1.15 0.25
Prin6 0.02 0.36 0.72
Prin7 0.00 0.06 0.95
Prin8 -0.06 -1.13 0.26
Prin9 -0.08 -1.38 0.17
Prin10 0.13 2.43 0.02
Prin11 0.00 0.08 0.94
Prin12 -0.04 -0.72 0.47

Table 4.38: Tests for Nonproportional Hazards for 12 Principle Components, BlackFemale

Correlation t value p value

Prin1 -0.09 -1.68 0.09
Prin2 -0.11 -1.90 0.06
Prin3 0.00 0.02 0.99
Prin4 0.11 1.92 0.06
Prin5 -0.02 -0.30 0.77
Prin6 0.00 0.07 0.95
Prin7 0.07 1.29 0.20
Prin8 -0.01 -0.14 0.88
Prin9 0.04 0.66 0.51
Prin10 0.00 -0.07 0.94
Prin11 -0.05 -0.93 0.35
Prin12 -0.07 -1.22 0.23
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Figure 4.12: Pattern for Principle Component Two for 12 Dietary Variables, NHANES I

4.7 Survival Analysis (Cox Proportional Hazards Model)

4.7.1 Relating PCA to Survival for 13 Dietary Variables

To examine the impact of dietary components as characterized by the Principal Components

on mortality we used Cox Proportional Hazards (CPH) models. We perfomed two analysis. One

examining all of the estimated principal components and one using only the �rst 4 (that account for

approximately 80% of the total variance). In each case, we �t three models. The �rst model included

only the principal components, the second included age in addition to the principal components,

and the third included age and other known risk factors for mortality to t he principal components.

In each analysis and each stratum, we �t three proportional hazards models, an unadjusted

model containing only the principal components, a model includingage and principal components

and a model including the principal components and age,cholesterol, systolic blood pressure, current

smoking status and diabetes. For example, using the �rst four principal components we �t the
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Figure 4.13: Pattern for Principle Component Three for 12 Dietary Variables, NHANES I

following models.

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4) (4.1)

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4 + � age) (4.2)

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4 + � age + � sbp+ � smoking + � diabetes + � cholesterol ) (4.3)

Table 4.39 presents the results of relating the principal componentsto survival among white males.

In all models the �rst principal component is signi�cantly related t o survival.

The �rst analysis uses all estimated principal components, the �rst model ( unadjusted model )

we found principal component one,third, nine and eleven had a signi�cant inverse association with
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Figure 4.14: Pattern for Principle Component Four for 12 Dietary Variables, NHANES I

all-cause mortality ( lower risk of mortality) with hazard ratio 0.83 ( 95% CI :[0.81-0.85])for princi-

pal component one, HR 0.82 ( 95% CI:[0.77-0.88])and principal component four, six and ten have

a signi�cant association with all-cause mortality with hazard ratio 1.11 ( 95% CI:[1.05-1.18])for

principal component four.

After adjusting for age the second model with all estimated principal components, we found

principal components one has a signi�cant inverse association with all-cause mortality with hazard

ratio 0.95 ( 95% CI:[0.93-0.97])and principal component four has a signi�cant association with all-

cause mortality with HR 1.07 ( 95% CI:[1-1.13])and the inverse association for principal component

three become non signi�cant.

The third model adjusted for age,cholesterol,systolic blood pressure,current smoking status and

diabetes,the inverse association of principal component one with risk of mortality remained signi�-

cant with hazard ratio 0.95 ( 95% CI:[0.93-0.97])and the inverse association for principal component
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three and four become non signi�cant.

For the second analysis we include the �rst four principal componentson CPH models we get

the same result for the �rst analysis.

Table 4.40 presents the results of relating the principal componentsto survival among black

males, in all models the �rst principal components is signi�cantly r elated to survival.

The �rst analysis unadjusted CPH model with all estimated princip al components, principal

components one and �ve have a signi�cant inverse association with all-cause mortality with Hazard

ratio 0.84 ( 95% CI:[0.80-0.88]) for principal component one.

The second CPH model we adjusted for age, the �rst principal componentis the only com-

ponent has a signi�cant inverse association with all-cause mortality were Hazard ratio 0.94 ( 95%

CI:[0.89-0.98]).

After multivariate adjustment for the risk factors in the third mode l,the inverse association for

principal component one remained signi�cant for all-cause mortality with HR 0.94 ( 95% CI:[0.89-

0.99])

For the second analysis we include the �rst four principal componentson CPH models we get

the same result as for the �rst analysis.

Table 4.41 presents the results of relating the principal componentsto mortality among white

females.In all models the �rst principal component is signi�cantly related to survival.

The �rst analysis was an unadjusted CPH model with all estimated principal components.The

�rst,second, fourth and eleven principal components have a signi�cant inverse association with all-

cause mortality were hazard ratio is 0.86 ( 95% CI:[0.84-0.88])for principal component one, HR

0.85 ( 95% CI:[0.81-0.89])for second principal component and principal component four has HR

0.92 ( 95% CI:[0.86-0.98]) and principal components six and ten have a signi�cant association with

all-cause mortality.
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Model two, the age adjusted CPH model with all estimated principal components.The �rst and

twelve principal components have a signi�cant inverse association with all-cause mortality with

hazard ratio is 0.96 ( 95% CI:[0.94-0.99]) for principal component one and principal component

nine has a signi�cant association with all-cause mortality .

In model three, after multivariate adjustment for age and other risk factors there were a signif-

icant inverse association for the �rst two principal component with r isk of mortality,hazard ratio

0.97 ( 95% CI:[0.94-0.99])for principal component one and HR 0.94 ( 95% CI:[0.89-0.99])for the

second principal component.

Again for the second analysis we include the �rst four principal components on CPH models

we get the same result for the �rst analysis.

Table 4.42 presents the results of relating the principal componentsto mortality for black

females.

The �rst analysis was an unadjusted CPH model with all estimated principal components.The

�rst, fourth six and thirteen principal components have a signi�can t inverse association with all-

cause mortality and principal component eight, nine and twelve have a signi�cant association with

all-cause.

For models two and three, after adjustment for age or adjustment for age and the other risk

factors the risk estimates for all cause-motility were attenuated for all principal components expect

principal component twelve and thirteen.

For second analysis we include on the unadjusted CPH model only the �rst four principal

components. Similar to the analysis with all components, the risk for all-cause mortality was sig-

ni�cantly lower for higher values of principal components one and four with Hazard ratio 0.931 (

95% CI:[0.892-0.973]) for principal component one and HR 0.869 ( 95% CI:[0.771-0.98]) for princi-

pal component four.
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In models two and three, after age adjustment or multivariate adjustment for risk factors the

association between the four principal component become non-signi�cant for all-cause mortality .

4.7.2 Relating PCA to Survival for 12 Dietary Variables

To examine the impact of dietary components as characterized by the Principal Components

on mortality we used Cox Proportional Hazards (CPH) models. We perfomed two analysis. One

examining all of the estimated principal components and one using only the �rst 4 (that account for

approximately 80% of the total variance). In each case, we �t three models. The �rst model included

only the principal components, the second included age in addition to the principal components,

and the third included age and other known risk factors for mortality to t he principal components.

In each analysis and each stratum, we �t three proportional hazards models, an unadjusted

model containing only the principal components, a model includingage and principal components

and a model including the principal components and age,cholesterol, systolic blood pressure, current

smoking status and diabetes. For example, using the �rst four principal components we �t the

following models.

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4) (4.4)

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4 + � age) (4.5)

h(t) = h0(t)exp(� P C1 + � P C2 + � P C3 + � P C4 + � age + � sbp+ � smoking + � diabetes + � cholesterol ) (4.6)

Table 4.43 presents the results of relating the principal componentsto survival among white males.

In all models the �rst principal component is signi�cantly related t o survival.

The �rst analysis uses all estimated principal components, the �rst model ( unadjusted model )

we found principal component one,third,four,eight,nine and elevenhad a signi�cant inverse associa-

tion with all-cause mortality ( lower risk of mortality) with hazard rati o 0.82 ( 95% CI:[0.79-0.83])for
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principal component one, HR 0.83 ( 95% CI:[0.77-0.88])for principal component ten and principal

component six has a signi�cant association with all-cause mortality with hazard ratio 1.12 ( 95%

CI:[1.04-1.21]).

After adjusting for age the second model with all estimated principal components, we found

principal components one has a signi�cant inverse association with all-cause mortality with hazard

ratio 0.95 ( 95% CI:[0.92-0.97])and the other association for principal components become non sig-

ni�cant.

The third model adjusted for age,cholesterol,systolic blood pressure,current smoking status and

diabetes,only principal component one has inverse association with risk of mortality remained sig-

ni�cant with hazard ratio 0.95 ( 95% CI:[0.92-0.97]).

For the second analysis we include the �rst four principal componentson CPH models we get

the same result for the �rst analysis.

Table 4.44 presents the results of relating the principal componentsto survival among black

males, in all models the �rst principal components is signi�cantly r elated to survival.

The �rst analysis unadjusted CPH model with all estimated princip al components,�rst prin-

cipal component has a signi�cant inverse association with all-cause mortality with Hazard ratio

0.83 ( 95% CI:[0.79-0.87]) and principal component six has a signi�cant association with all-cause

mortality with Hazard ratio 1.24 ( 95% CI:[1.06-1.45]) .

The second CPH model we adjusted for age, the �rst principal componentis the only com-

ponent has a signi�cant inverse association with all-cause mortality were Hazard ratio 0.93 ( 95%

CI:[0.88-0.98]).

After multivariate adjustment for the risk factors in the third mode l,the inverse association for

principal component one remained signi�cant for all-cause mortality with HR 0.94 ( 95% CI:[0.89-

0.99])
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For the second analysis we include the �rst four principal componentson CPH models we get

the same result as for the �rst analysis for �rst and second models, butfor the third model principal

component one become non signi�cant.

Table 4.45 presents the results of relating the principal componentsto mortality among white

females.In all models the �rst principal component is signi�cantly related to survival.

The �rst analysis was an unadjusted CPH model with all estimated principal components.The

�rst,second, fourth and eleven principal components have a signi�cant inverse association with all-

cause mortality were hazard ratio is 0.86 ( 95% CI:[0.83-0.88])for principal component one, HR 0.83

( 95% CI:[0.79-0.88])for second principal component and principal component four has HR 0.91 (

95% CI:[0.85-0.97]) and principal components six, nine and ten have a signi�cant association with

all-cause mortality .

Model two, the age adjusted CPH model with all estimated principal components.The �rst

and twelve principal components has a signi�cant inverse association with all-cause mortality with

hazard ratio is 0.96 ( 95% CI:[0.93-0.99]) and principal component six has a signi�cant association

with all-cause mortality .

In model three, after multivariate adjustment for age and other risk factors there were a sig-

ni�cant inverse association for the �rst two principal component and p rincipal component twelve

with risk of mortality and principal component six has a signi�cant association with risk of mortal-

ity,hazard ratio 0.97 ( 95% CI:[0.93-0.99])for principal component one and HR 0.94 ( 95%CI:[0.89-

0.99])for the second principal component.

Again for the second analysis we include the �rst four principal components on CPH models

we get the same result for the �rst analysis.

Table 4.46 presents the results of relating the principal componentsto mortality for black

females. Principal components one and four are signi�cantly related to survival for the unadjusted

model only.
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In the �rst analysis, the unadjusted CPH model with all estimated p rincipal components, the

mortality risk was signi�cantly low for principal components one,four an d six with Hazard ratio 0.92

( 95% CI:[0.88-0.97]) for principal component one and HR 0.85 ( 95% CI:[0.75-0.97]) for principal

component four and principal component nine, eight and twelve have a signi�cant association with

all-cause mortality.

For models two and three, after adjustment for age or adjustment for age and the other risk

factors the risk estimates for all cause-motility were attenuated for all principal components except

principal component twelve .

For second analysis we include on the unadjusted CPH model only the �rst four principal

components. Similar to the analysis with all components, the risk for all-cause mortality was sig-

ni�cantly lower for higher values of principal components one and four with Hazard ratio 0.931 (

95% CI:[0.892-0.973]) for principal component one and HR 0.869 ( 95% CI:[0.771-0.98]) for princi-

pal component four.

In models two and three, after age adjustment or multivariate adjustment for risk factors the

association between the four principal component become non-signi�cant for all-cause mortality .

4.8 Conclusion

The aims of this study were to examine the basic structure of dietaryintake and to examine

the relationship between this structure and mortality and to examine whether this structure and

the relationships to mortality varied according to race or gender.

The dietary variables are highly correlated to each others and this couldlead to multicollinearity,

to solve this problem we use principal components analysis. The results of our principal components

analysis show similar, but not identical patterns of intake by race and gender.

We used Cox Proportional Hazard models to examine the impact of dietary variables on mortal-

ity. We used two ways one with the original dietary variables and one with the principle components

and we run three di�erent models. The �rst model was an unadjusted model, the second was ad-
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justed for age and, the third model was adjusted for age and other risk factors. We did this twice

once for the thirteen dietary variables and once for the twelve dietaryvariables without fat.

The results for variable selection suggest the relationship of dietaryintake is di�erent between

race, for white people there is a signi�cant relationship between mortality and protein, fat, total

carbohydrate, phosphorus, monounsaturated fatty acid and, polyunsaturated fatty acid and for

black people there is a signi�cant relationship between mortality and protein, and total carbohy-

drate. After adjusted for age or risk factors most dietary variables were dropped and become non

signi�cant for motility, some stayed and the ones which remained also varied by race and gender.

The results for the Cox Proportional Hazard models with principle component analysis sug-

gested that for all groups the �rst principle component has a signi�cant i nverse e�ect on the risk

for all cause-mortality. Principal components selected in the unadjusted model lose their signi�-

cance when covariates are added to the model.

Analysis with dietary variables without fat show us similar result for the analysis with all

thirteen dietary variables.

The major conclusion to be drawn is, perhaps, that whichever dietary components may be

related to mortality, their impact weakens signi�cantly when model ed jointly with the known

covariates for mortality { age, systolic pressure, cholesterol, smoking, and diabetic status.
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CHAPTER 5

FUTURE WORK

5.1 Examination of Age and Dietary Structure

In our analyses relating dietary structure to mortality, the inclus ion of age in the model appeared

to attenuate the relationship between structure and mortality. In ou r future work we will examine

this relationship in more depth to determine whether structure might vary according to age.

5.2 Additional Data { NHANES II, NHANES III, AND
NHANES 1999

As noted previously, our choice of dietary components to include was madein order to be

consistent among the NHANES surveys.

The three additional studies, Nhanes II (1975-1979), Nhanes III (1988-1992) and Nhanes 1999

(1999-2000) contain the same dietary variables and followup for mortality. We will re-do our basic

analyses to determine if we obtain the same results in these additional studies.

5.3 Compare Dietary Structure According to Race and Gender
and Among the Studies

As noted, the dietary principal components were similar, but not identical, among the four

strata considered in our preliminary analyses. We would like to perform a more formal analysis of

whether there are signi�cant di�erences in the principal components among the di�erent groups.

To accomplish this, we will compare the correlation matrices, since equality of correlation

matrices implies equality of principal components (assuming correlation was used to derive the

components as is the case with our analyses).

There are numerous ways to compare the correlation matrices. Jennrich [7] derived an approx-

imate � 2 based on the assumption of multivariate normality. Maximum likelihood estimation can

also be used (see e.g. SAS help 9.4, Proc GLIMMIX) to jointly derive thecorrelation structures in

di�erent groups.
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There are also tests that do not require the multivariate normal assumption. Mantel [12]

suggested a permutation test (based only on the correlation matrices) that has been widely used

in many �elds including anthropology and genetics [16] to infer whether the underlying distance

matrices di�er signi�cantly between groups. This test can also easily be made operational with

a permutation test based on the individual observations rather than the estimated correlation

matrices.
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APPENDIX A

ESTABLISHING THE ANALYTIC DATA SET

83



APPENDIX B

SCHOENFELD RESIDUAL PLOT

B.1 Schoenfeld Residual Plot for Dietary Variables

B.1.1 White Male

Figure B.1: Schoenfeld Residuals for Protein and Fat, White Male

Figure B.2: Schoenfeld Residuals for Total Carbohydrate and Alchhol, White Male
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Figure B.3: Schoenfeld Residuals for Calcium and Phosphorus, White Male

Figure B.4: Schoenfeld Residuals for Iron and Sodium, White Male
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Figure B.5: Schoenfeld Residuals for Potassium and SFAT, White Male

Figure B.6: Schoenfeld Residuals for MSFAT and PSFAT, White Male

Figure B.7: Schoenfeld Residuals for Cholesterol, White Male
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B.1.2 White Female

Figure B.8: Schoenfeld Residuals for Protein and Fat, White Female

Figure B.9: Schoenfeld Residuals for Total Carbohydrate and Alchhol, White Female
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Figure B.10: Schoenfeld Residuals for Calcium and Phosphorus, White Female

Figure B.11: Schoenfeld Residuals for Iron and Sodium, White Female
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Figure B.12: Schoenfeld Residuals for Potassium and SFAT, White Female

Figure B.13: Schoenfeld Residuals for MSFAT and PSFAT, White Female

Figure B.14: Schoenfeld Residuals for Cholesterol, White Female
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B.1.3 Black Male

Figure B.15: Schoenfeld Residuals for Protein and Fat, Black Male

Figure B.16: Schoenfeld Residuals for Total Carbohydrate and Alchhol, Black Male
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Figure B.17: Schoenfeld Residuals for Calcium and Phosphorus, Black Male

Figure B.18: Schoenfeld Residuals for Iron and Sodium, Black Male
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Figure B.19: Schoenfeld Residuals for Potassium and SFAT, Black Male

Figure B.20: Schoenfeld Residuals for MSFAT and PSFAT, Black Male

Figure B.21: Schoenfeld Residuals for Cholesterol, Black Male
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B.1.4 Black Female

Figure B.22: Schoenfeld Residuals for Protein and Fat, Black Female

Figure B.23: Schoenfeld Residuals for Total Carbohydrate and Alchhol, Black Female
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Figure B.24: Schoenfeld Residuals for Calcium and Phosphorus, Black Female

Figure B.25: Schoenfeld Residuals for Iron and Sodium, Black Female
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Figure B.26: Schoenfeld Residuals for Potassium and SFAT, Black Female

Figure B.27: Schoenfeld Residuals for MSFAT and PSFAT, Black Female

Figure B.28: Schoenfeld Residuals for Cholesterol, Black Female
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IRB
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