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ABSTRACT

In this essay we present analysis examining the basic dietary steture and its relationship to
mortality in the rst National Health and Nutrition Examination Survey (NHANES | ) conducted
between 1971 and 1975. We used results from 24-hour recalls on 10,483 individuatsthis study.
All of the indivduals in the analytic sample were followed through 1992 for vtal 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 edcrace (white and black)
and gender (male and female) and compared the estimated principal componts 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.

Xi



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 ¢ 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 nmidsom diet-originating condi-
tions such as diabetes, cancer, hypertension, and heart disease. Theason for this is that diet in
the last couple of decades has changed drastically[1, 15]. Modern dietscinde oversupply of food
and high processed fod 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. \idence for the relationship
between diet and health has usually come from studies that focused oningjle nutrients, food items,
and dietary components to all-cause and cause-speci ¢ mortality [13]. Adw researchers have
examined the total diet or dietary patterns and their association to heath 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 fbatems recommended by
current dietary guidelines consumed at least once a week) or dietaryidersity score (DDS, the sum

of major food groups consumed daily).



Previous research found that there is a relationship between speci nutrients or individual

foods to health and mortality.

Because diets are complex, containing multiple nutrients, the iter-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 dién health using principal
components analysis to examine the e ects of multiple dietary componets intake to mortality,
instead of focusing on the role of single nutrients, foods, and food gups 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 dierence in the structure of dietary components intake and mortality between
males and females?

3. Is there a dierence in the structure of dietary components intake and mortality between
blacks and whites?



CHAPTER 2

BACKGROUND

2.1 Epidemiological Evidence

Many studies have investigated the relationship between dietary onstituents and health. In
this section we review several articles that previously reported e 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 andhie 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 anohcluded 121,700 registered
female nurses, whose ages ranged from 30 to 55 years and completed a sunisiynlg their lifestyle
factors, medical and health history. A food frequency segment was imbduced in the survey in
1980, and a follow up questionnaire was sent every two years to the survagkers. A nal sample
of 78,778 women from this study provided the necessary input for this angkis. 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 remaning 525 involved
fatal CHD. The method used in this study was Cox proportional hazards moal 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 reduakrisk of CHD (RR=0.66,
95% CI:0.50, 0.85). On the other hand, an increased consumption of trans-fat wasrelated with
a higher risk of CHD (RR =1.50, 95% CI: 1.13, 2.00). Last, but not least, the study pnpointed
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 cardiovascar 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 othe study was to determine if



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 mordity 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 inamnen, noting the incidence
of low consumption of iron intake to increase risk of non-fatal cardiovasclar outcome (RR =1.86,
95% CI: 1.11,3.10) and (RR =1.42, 95% CI: 0.82, 2.46) fatal cardiovascular morbidity. The esults
from this study suggested that low iron intake could be an independenipredictor of cardiovascular

mortality and morbidity in women.

Kant [10] used data from phase 2 (1987-1989) of a prospective cohort study, the Bast Cancer
Detection Demonstration Project. The article examined the associaibn of mortality with a mul-
tifactorial diet quality index. The project screened 283,222 women, fom which 42,254 completed
the food frequency questionnaire. Ages ranged from 35 to 74 in 29 screagicenters 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 serve as a base to develop a Rec-
ommended Food Score (RFS) to assess total diet quality. RFS is the sa of the humber 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 consned at least once a
week. After follow up of 5.6 years, there were 2,065 deaths in the cohort anthe RFS was inversely
associated with mortality. The study suggested that females with di¢ary patterns similar to the
recommended dietary guidelines have a reduced risk of mortality angrovided evidence supporting
the predominant food based dietary guidelines. Thus, the authors poposed that enhanced health

outcomes are connected to diets conforming to current dietary recomendations.

Kant [9] examined the connections between the dietary behavior scoréDBS) and mortality.
This study was conducted using 350,886 disease-free people, betweenab@ 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 DieyaGuidelines for Americans recom-
mendation of fruits, vegetables, whole grains, low-fat dairy, and low-t meats intake. The score for

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



components and ranged from 0 to 36. Cox proportional hazards regression methsdvas used to
examine the relationship between DBS and mortality. Results showe 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 behirs 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 gality 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 scor¢DDS). The DDS range from
1-5 counts the number of food groups:dairy, meat, grain, fruit, and vegetble, consumed daily. One
point was counted for each group consumed. Age adjusted risk of mortality wasiversely related to
DDS (P<0.0009) in men and women, the relative risk of mortality in men consuming tvo 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 resuliaggested

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

2.2 Relationship between Dietary Component Intakes to
Mortality

Nutritional scientists have repeatedly shown that diet plays a mgor role in the prevention of
chronic diseases. The components of the diet that contribute to healt 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 energgnd 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 gastointestinal tract and



metabolized to produce the high energy molecule adenosine triphospke (ATP). Non-digestible
carbohydrates, also known as dietary ber, do not provide energy but ather act as bulking agents
to help the normal functioning of the large intestine produce fecal natter. 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 auses their elimination from
the body. Thus, when dietary ber is present, the liver uses clolesterol to make more bile acid. This
results in a reduction in serum cholesterol levels and reduces ¢hincidence of hypercholesterolemia
and cardiovascular disease (CVD).

It has been observed that carbohydrates of a simple nature (meaning conmed as simple sug-
ars from soft drinks, fruit juices, processed foods, white breadetc.) are absorbed rapidly into the
blood stream requiring little to no digestion, thus causing an exessive amount of glucose in the
blood and therefore excessive secretion of insulin from the panase causing over sensitivity and
potentially diabetes type 2 risk development. Complex carbohydrats, 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 pe
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, immuity, and even genetic pro le
(DNA). Protein food sources are red and white meat, legumes, nuts and nk. 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 increase 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 3p¥%r 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, crasing 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 usual is stuck in the arteries



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 linkedd coronary artery disease,

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

Cholesterol is an essential component of cell membranes and ne-tunes its uidiy. It is also
greatly important in the myelin sheath, which is necessary for the irsulation 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 to 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. Usally when there is high
blood pressure, there are ruptures to the blood vessel walls givg the opportunity for LDL to bind
and adhere to the walls with much greater ease causing angina (heart pairdnd 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 he human body,
therefore are required to be consumed in the form of food. These ihale fat-soluble (A, D, E,
K) and water-soluble (C and B complex) vitamins. Many minerals such as fion, 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 retal
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 tifeir 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 convertedthe liver into func-

tional retinoid. Because vitamin A is fat-soluble and thus stored in the liver, overconsumption of



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 srll stores of
this vital nutrient, its consumption is required on a day-to-day basis. It is a necessary nutrient
for immune function, wound healing, collagen synthesis that is needeébr bone, muscle, tendons,
ligaments and blood vessels. Vitamin C also enhances iron absorption, tis reducing the potential
of anemia arising from iron de ciency. De ciencies of vitamin C are assciated with the disease
scurvy that is characterized by sore, bleeding gums leading to toothoss, 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 lolod cells responsible
for transporting oxygen through the blood to all organs, tissues and cefl. 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. Ths,, iron de ciency can cause
fatigue and weakness both via reductions in hemoglobin and because of a laok ATP production.
Major iron food sources are red meat that is readily absorbed by the bodyut can also be con-
sumed from legumes and green leafy vegetables, particularly when comsed with vitamin C that

facilitates non-heme iron absorption.

Sodium is a nutrient found nearly in all foods and extra sodium added (usudly seen in the
form of sodium chloride as table salt). It is mostly consumed from procssed 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 conditins such as congestive heart failure,
hypertension, and stroke in large part because of its role in osmotic presire 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 calciuns ineeded to prevent



skeletal conditions such as osteoporosis, rickets, osteomalacia, fracts, 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 resysible 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 lbod pressure of hyperten-
sive patients. It has been reported that elderly patients that had a bwer intake of dietary calcium
also had high blood pressure. The current recommendation for calciunintake is 1200mg/day.
However, excessive calcium consumption also is linked to risk inigh 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 he 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 hasetability 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 abus De ciency of
potassium is usually associated with high blood pressure (as it acts an antagonist with sodium,
sodium increasing blood pressure and potassium reducing it). Ihas been shown that increasing
potassium in an individual su ering from high blood pressure may raluce 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 fom heart-related arrhythmias).
Potassium food sources include sun ower seeds, parsley, milkahanas, 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 engyy
rich molecules such as ATP and creatine phosphate. These energy compuls are produced in
metabolic cycles that metabolize carbohydrate, fats, and proteins for eargy. It is also an essen-

tial mineral in the conversion of fatty acids to phospholipids found in the outer membrane of all



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 like calcium, it is important
in bone growth and development (80% of phosphorus is found in bones). Majodiood sources of

phosphorus include chicken, eggs, garlic, almonds, tuna, sesame seatfeese, 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. Therefe, 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 imprevsuccessful longevity.
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CHAPTER 3

STATISTICAL BACKGROUND

Our purpose in this study is to examine the relationship between detary 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 areghily 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 @nension reduction for
the data using principal components analysis (PCA). This chapter prwides introduction and back-
ground of logistic regression, survival analysis, cox proportional hazardsGPH) model, principal

components analysis (PCA).

3.1 Prognostic Models

Prognostic models are widely used in the health eld. Prognostic modis are used to predict
outcomes of certain events (diseases or death), given some set of variablthat in uence these
events. Prognostic models has many forms like logistic model and the Qoproportional hazard

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

3.1.1 Logistic Regression

Logistic regression is a popular Generalized Linear Model (GLM) used to mdel data with
binary responses. Y represents the binary response. For our case,ishwill be mortality. The
response is a random variable that follows a Bernoulli distribution andcan be written as a member

of the exponential family [6],

flyi)= Y@ ) 7=@ )exp ylog
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The linear function for logistic regression model is‘Fp1 i, where ; represents the coe cient
associated with thej™ covariate (j = 1;:::;p) and Xij Jis the i" observed value of the covariate
vector (i = 1;::n).

The linear combination of the predictors is related to the responses tirough the logit link
function:

x) _X

logit( (x)) =log T - i

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

p
exp( 5 iXi)
1+ exp( i Xij )

i (x)=

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

L()= 2 vyt
i=1 ) P 1 v
_ Q expl p Xl yi expl p Xl yi
=1 I+exp[  jxj] I+exp[  jxj]
And, the log likelihood is:
xXn xXn
log(L ()= yi (jXij) log [1 +exp ( jxij)]
i=1 i=1

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

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

P
expl o jXil

@g(L() _ X 9
" leexpl  jxi]

@

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

=0

Yi Xij
[

(usually the Newton-Raphson algorithm or the Fisher scoring method). The numerical method
involves the estimation of the matrix of second derivatives. The negatie of this estimated matrix

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

P
Ly _ X, el x]
@j @ i Ik (1+exp[r inj)z
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3.2 Survival Analysis

Survival analysis is a method for analyzing data where the outcome variale is the time until
the occurrence of an event of interest or end point. In medical reseah the event can be death or
occurrence of a disease or healing from disease after treatment. Sival time or the time to event
can be weeks, month or years. For example, if the event of interest isancer diseases, then the
survival time can be the time in years until a person develops a canece

Subjects are usually followed over a speci ed time period and wh emphasis on the time at
which the event of interest occurs. When the data about survival tme is incomplete, subjects who
have not experienced the event at the end of follow-up are called cepred. Censoring is classi ed
into three groups based on event occurring time. Right censoring aurs when the study followup
ends before an event occurs, while Left censoring is when the follmp begins after the event has
occurred. Interval censoring when the last time a patient's statws 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
t
F()=P(T <t)= sf (u)du
0
Then by de nition:

d ) P(t<T t+ t
f(t):&F(t):“Wo ( " )

The survival function S(t) is de ned as

St)=P(T t)=1 F(t)

The hazard function at time t, often called the instantaneous death rate, is de ned as

13



I P(t T t+ t=T 1)
h(t) = Ilqrn0 :

The survival and hazard functions are related by:
f ()

h®= 50

and

d
h(t) = arogS(t)g

The cumulative hazard function is de ned as

H()= sh(udu= logfS(t)g
0

The cumulative hazard function is related to the survival function by

S(t)=e H®

There are three types of survival models that relate covariates to stvival time: non-parametric
model, parametric model, and semi-parametric model. The parametd 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 ird a model for risk or
hazard. It was introduced by Cox in 1972 and is the most commonly used stastical 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) = hpo(t)expf xg

Where hg (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 onanit apart, i.e.

one has valuex and the other has valuex + 1 the ratio of their hazards is:

14



ho (t)expf x g
ho (t)expf x +1g

= exp( )

The method of partial likelihood is used to establish estimates foithe coe cients. The partial
likelihood estimates the probability that given an event occurs at time t, the event is the observed
event:

n . #C
Yoo exp x

i=1 'R (t;) €XP (X j)

Where the product is over all observed times, either events or c¢esored andR(t;) represents

Lp( )=

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

censored at or before timet; ¢ = 0,the contribution to the likelihood equals one, so we can
simplify the partial likelihood by using only m observed failures:
yn " exp X #

Lp( )= P :

i IR @) SXP(X])

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

2 3
xn . X
log (L ()= 4 % log exp %; O

i=1 IR (ti)
We di erentiate this with respect to the s
n P #
iR () Xik €xp (%)
Xik f O
=1 iR (1) €XP (X))

dlog (Lp( ) _
d g

Setting this equal to zero forms the partial likelihood equations:

dlog (L()) _ X

g Xk  Xwk]=0

i=1
Where

Xwik = wii () Xjk
i"R (ti)

and
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exp X;
IR (t; ) €XPLjXji]

Since there is no closed form solution, a numerical method is usea tsolve for the estimate of

wij ()=P

(Newton-Raphson)

3.2.3 Examining Proportional Hazard Assumption

Cox proportional-hazards regression models are the most common modelsatsto 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 propominal hazards regression

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

The Schoenfeld residual is de ned as the covariate value for the ingidual that failed minus its
expected value

residual = Xx  x(t )

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 fuiwets of time. A non-zero slope is
an indication of a violation of the proportional hazard assumption. For any regresion, it is very
helpful to graph the scaled Schoenfeld residuals against a time varidd so we can deduct if there
are any possible patterns in addition to performing the tests of non-ze 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 hat are correlated to vary-
ing degrees. This intercorrelation is often high and using these vaables 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 nodel 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 correlai variables into a set of
uncorrelated variables called principal components. PCA was introdged in 1901 by Karl Pearson
and later generalized by Harold Hotelling in the 1930s [8]. The primary objectves of PCA are to (i)
reduce the dimensionality of the data, to identify the actual dimendon 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 catleprincipal components can
be formed in decreasing order of importance [5]. Suppose we have a datet svith p variables and
some of the variables are correlated to each other. Using PCA provides pneorrelated components
and most of the information in the data set can be described by a few compamnts.

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 ¢

such that:

C1 = a11X1 + agpXo + + aipXp
C2 = ap1Xy1 + axXz + + azpXp

Cp = a.p]_X]_ + ap2X2 + + a.prp

The ¢ are chosen to satisfy three properties:

1. var(cy) > var (cp) > i >var (¢p)

2. ¢ and ¢ are uncorrelated fori 6 .

3.ag+ahp+ +taf=1

Investigators often perform principal component analysis on \standardizel" 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 answas if the untransformed

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

principal components one says they have performed principal componés on the correlation matrix.
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When the unstandardized variables are used, we say we have perforahg@rincipal components on
the covariance matrix. In all of our analysis we have used standardizedariables.

Principal components derived in this fashion allow us to interpretthe eigenvalues of the corre-
lation matrix as the proportion of variation explained by the principal comp onents. The solution
for a; is the eigenvector of the sample covariance matrix corresponding to its largest eigenvalue

1. The other principal components are derived similarly so thata; is the eigenvector of the sample
covariance matrix with the i largest eigenvalue ;.

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:
xP
i =trace( )

i=1
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 esl:

1. Select all of the components for which ; > 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 \explai" a set percentage of
the total variance. l.e. select the largestk components such that:

where 0< ¢ < 1 is chosen such that the selected components explain a large proportioof
the variance. The selection ofc is arbitrary, but often 7

3. The scree test is a graphical procedure. The eigenvalues are plotteagainst the number of
the components and an \elbow" is sought where the subsequent componenexplain 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 eglonship between a variable

of interest and a subset of predictors, but there is uncertainty abot which subset to use. We used
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stepwise algorithm To select the subset of predictors. There is tlee 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 | Data

The data used for our analyses are part of the National Health and Nutrition Examinmation
Survey (NHANES). NHANES is a population-based survey initiated in the 1960s and @signed 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 examirmtion. During the in-home
interview, participants are asked questions about their health statis, disease history, and diet. The
examination component consists of medical and dental examinations, physiogical measurements,
and laboratory tests administered by highly trained medical personnel For our preliminary anal-
yses, we focused on NHANES | conducted from 1971-1975. We use data from the 24Hour Food
Consumption Intake and the NHANES Epidemiologic Follow-up Study (NHEFS). The NHEFS
study included follow-up for vital status of the participants from NHANES |. Follow-up for vital

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

Data on the 24Hour Food Consumption Intake were obtained by the 24hour recall rmathod,
where each participant was asked to report each food she/he had consumenh the day before the
examination (midnight to midnight) for all regular meals eaten and snhacks ketween 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 drselected nutrients
contributed by each food item. The nutrients that are included in all NHANES les are protein,
fat, total carbohydrates, saturated fat, cholesterol, calcium, phosphoris, iron, sodium, potassium,

vitamin A, thiamine, ribo avin, niacin, and vitamin C.
The epidemiologic follow-up study NHEFS was begun in 1982. Respondents to NHANE |
(N=14,407) who were 25-74 years of age were considered eligible for follow-up arallowed for

vital status. There have been several releases of vital status data, #thdata we used for our anal-

20



ysis followed participants through June 30, 1992. Participants not reportedas deceased before
the cut-o date were considered alive. We restricted our analyses tahose 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 tocomplete 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 m our analysis for the study and
present our initial exploratory analyses. Figures 4.1 - 4.6 present boylots giving the distribution
of age, body mass index, calories and dietary component intake separatelprf black and white,
male and female participants. We have 10,483 examinees in this dataset, 4,2080%) are male and
6,280 (60%) are female. The mean age of white and black men at the baseline was 53 &%lyears
respectively, and 48 years for white and black women. The mean body massdex 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 folbw 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 maks and females,
the average age for male was higher than female at the baseline of study. Theiis a signi cant
di erence between genders for age but not for race. The black women hawhe 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 proporton of energy from carbo-
hydrate for white and black male and female. The average energy intake for amles is higher than
females and the average for white is higher than black. The average for feate is higher than male
for the proportion of energy from carbohydrate. Table 4.1 demonstrates a sigrcant di erence
between gender and race for energy intake and there a signi cant di erace 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 fromtffor male higher
than female, the black male and female have higher proportion of energy fromrotein than white
male and female . Table 4.1show there is a signi cant di erence betwee 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 sturated fat and polyun-
saturated fat for white and black male and female, white male has the highésaverage means for
the proportion of energy from saturated fat, the average means for the propoibn 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 nonounsaturated fat and
cholesterol for white and black male and female, the average means for thegportion of energy
from monounsaturated fat for male higher than female and black higher than whie, the male con-
sumption more cholesterol then female. Table 4.1 show there is a sigoant di erence between
gender and race for proportion of energy from monounsaturated fat and there a ghi 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 thandatk male and female,
the white male and female consumption more sodium then black male and feale. Table 4.1 show
there is a signi cant di erence between gender and race for calcium ad 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 dagy intake. The

statistics are presented separately for each race (black and white) andender (male and female)
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combination. For energy intakes of calcium, iron, sodium, potassium, pbhsphorus and vitamin B3
there are signi cant di erences between genders and races. The avage 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 fom carbohydrate.
Males consumed more cholesterol than females and the proportion of energpi Alcohol for males
was higher than females and the proportion of energy from carbohydrate for feale 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 witharrelation 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 orrelation coe cient
of 0.78, and fat and phosphorus had a correlation coe cient of 0.73, and calcium and posphorus
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 sattated 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 componehintakes and mortality. To
do this we used the Cox proportional hazards (CPH) model, but becausehte variables are highly
correlated as we see in Table 4.2, the interpretation based on the modebald 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 mtakes and mortality.
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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 Propoibnal Hazards

assumption by using Schoenfeld residuals.

4.3.1 Schoenfeld Residuals for 13 Dietary Variables

The thirteen dietary components were subjected to Schoenfeldesiduals 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 cholésrol, but when we look
at the graph we could not say the slope is di erent from zero. White Femaé: Table 4.4 All the
variables have a zero slope expect protein, again when we look at the grapke 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 ero. Black Female:
Table 4.6 All the variables have a zero slope and we can said the e ect of angredictor 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 Fenale

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 159 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 Femag

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 fohe twelve dietary compo-
nents separately for Black and White males and females, the result wersimilar 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 Fenale

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

31



Table 4.10: Tests for Nonproportional Hazards for 12 Dietary Variables, Black Femad

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 seleahn algorithm to determine a
subset of the dietary variables related to mortality. We do the analysk twice, once with all 13
variables and once with 12 variables (after removing fat consumption). h 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 i@t variables and age, and the

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

4.4.1 Results for 13 Dietary Variables

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

in the variables included both within and between groups.

Table 4.12 presents the signi cant relationship between dietary varables 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 phoghorus and Monounsatu-
rated fatty acid have a signi cant positive association with all-cause nortality. 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 |, 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 varables 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 phosphoris and potassium have a
signi cant positive association with all-cause mortality. For model two 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 potein remained signi cant and

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

Table 4.14 presents the signi cant relationship between dietary varables and mortality for black
male. In the rst model, protein and total carbohydrate have a signi cant inverse association with
all-cause mortality and calcium has a signi cant positive association wih all-cause mortality. For
model two after adjustment for age only iron has a signi cant inverse assoiation 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 varables 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 andhe 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 variabs. 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 ente set of dietary variables.

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

Group Model 1 Model 2 Model 3
Protein
Black Female | Total carbohydrate Age Age Sbpsitl Prediab
Potassium
Protein .
Iron Age Sbpsitl
Black Male Total. _carbohydrate Iron Age Smok29 Pre. dFi)ab
Calcium
Protein

Total _carbohydrate

Phosphorus Potassium . .
Protein Potassium
Saturated_fat

White Female monounsaturated Iron Age Age Chol Sbpsitl
Smok2 Prediab

fatty acid
Polyunsaturated fatty
acid Cholesterol
Protein Alcohol

Total _carbohydrate

Phosphorus Protein Protein

White Male Saturated_fat Total _carbohydrate Total ,carpohydrate
monounsaturated Cholesterol Age Age Sbpsitl Smok2
fatty acid Pre_diab
Polyunsaturated fatty
acid

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 varables 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 podive 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 varables 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 mortalty and phosphorus, potassium
and cholesterol have a signi cant positive association with all-cause mrtality. For model two after
adjustment for age only iron has a signi cant inverse association with alleause 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 varables and mortality for black
male. In the rst model, protein and total carbohydrate have a signi cant inverse association with
all-cause mortality and calcium has a signi cant positive association wih all-cause mortality. For
model two after adjustment for age only iron has a signi cant inverse assoiation 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 varables 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 andhe 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 compnents 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 correlan matrix (as described in
Section 3.3).

We performed two analyses, one using all of the estimated components armhe using a reduced
set where we retained only some of the estimated components. To idefit 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, noident \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 anwhether the absolute
value of the loading was 0.40 or greater. Table 4.21 - 4.25 displays the eigenvakiand eigenvectors

for each principal components for each gender and race combination.

White Male. For the reduced set of components we retained four principle componénfrom
the thirteen estimated. The eigenvalues for components one to four we, 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 abut 8%, and the fourth
principle component explains about 7%.

The rst four components appear to provide a reasonable summary of the dad, accounting for
79% of the total variance.

The loading of the components are shown in Table 4.22. The rst component appars to be
associated with overall dietary intake since the eigenvector has appximately equal loading on all
variables. The second component has high loading on polyunsaturated fatty ag and low loadings
on calcium. The third component has a high loading on alcohol. The fourth compnent 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 conponents. The
eigenvalues for components one to four were, 7.22, 1.18, 1.05 and 0.83. The rstpciple component
explains about 56% of the total variance, the second principle component giains 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 appars to be
a measure of the overall dietary intake since the eigenvector shows ppximately equal loading
on all variables. The second component has a low loading on polyunsaturatedtty acid and high
loadings on calcium and potassium. The third component has a high loading on aftiol. The

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

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 0.86heT rst
principle component explains about 51% of the total variance, the second pmciple component
explains about 11%, the third principle component explains about 9%, and e fourth principle
component explains about 7%. The four components account for 77% of the total vaaince.

The loading of the components are shown in Table 4.24. The rst component appars to be a
measure of the overall dietary intake since the eigenvector shows appximately equal loading on
all variables. The second component has a high loading on polyunsaturated fgt acid and a low
loading on calcium. The third component has a high loading on alcohol. The fouh component

has a low loading on cholesterol.

Black Female. = We retained four principle components from thirteen principle conponents.
The eigenvalues for components one to four were, 7.29, 1.18, 1.04 and 0.85. The rgtinciple
component explains about 56% of the total variance, the second principle coponent 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 agaimppears to
be measure of the overall dietary intake since the eigenvector shovapproximately equal loading

on all variables. The second component has a low loading on polyunsaturatedtty acid and high
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loading on calcium and potassium. The third component has a high loading on atthol. 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 ahpolyunsaturated
fatty acid for black males and females, and dietary pattern depends on highoading of cholesterol,
polyunsaturated, alcohol and low loading of carbohydrate and calcium for whie males and depends

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

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

4.5.2 Principle Components for 12 Dietary Variables

The twelve dietary components were subjected to principal compongs 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 atrix.
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Table 4.22: Eigenvectors for 13 Dietary Variables, White Male, NHANES |

Prinl Prin2 Prin3 Prind
Protein 0.32 -0.02 0.04 0.24
Fat 0.34 029 -0.06 -0.01
Total Carbohydrate 0.26 -0.30 0.04 -0.42
Alcohol 0.04 011 095 0.16
Calcium 0.25 -047 -0.09 0.18
Phosphorus 033 -0.25 0.11 0.9
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 0.32 024 -0.09 0.07
Monounsaturated fatty acid 0.33 0.33 -0.08 -0.07
Polyunsaturated fatty acid 0.21 036 0.10 -0.56
Cholesterol 0.22 031 -019 0.55

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

Prinl Prin2 Prin3 Prin4
Protein 032 001 0.0 -0.22
Fat 0.34 -0.32 0.03 0.06
Total Carbohydrate 0.26 0.23 -0.19 0.b2
Alcohol 003 019 095 0.13
Calcium 0.24 043 -014 -011
Phosphorus 033 0.28 0.07 -0.16
Iron 031 0.07 -0.03 -0.13
Sodium 025 0.09 -0.06 0.31
Potassium 0.27 042 -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 |

Prinl Prin2 Prin3 Prind
Protein 0.33 -0.03 0.26 -0.18
Fat 035 029 -0.15 0.03
Total Carbohydrate 0.25 -024 -0.32 0.34
Alcohol 003 021 071 0.63
Calcium 0.25 -048 0.06 -0.04
Phosphorus 034 -0.27 0.19 -0.07
Iron 029 -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 0212 -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 0.22 024 028 -0.53

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

Prinl Prin2 Prin3 Prin4
Protein 032 -0.04 0.07 -0.20
Fat 0.34 -0.30 -0.04 0.11
Total Carbohydrate 0.25 030 0.00 047
Alcohol 0.03 0.03 096 0.02
Calcium 0.24 045 -0.13 -0.03
Phosphorus 033 025 011 -0.14
Iron 031 0.01 0.05 -0.18
Sodium 0.26 0.21 -0.16 0.14
Potassium 0.27 038 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 |

We performed two analyses, one using all of the estimated components armhe using a reduced
set where we retained only some of the estimated components. To idefi 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, noiéent \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 a@nwhether the absolute
value of the loading was 0.40 or greater. Table 4.26 - 4.30 displays the eigenvakiand eigenvectors

for each principal components for each gender and race combination.

White Male. For the reduced set of components we retained four principle componénfrom
the thirteen estimated. The eigenvalues for components one to four we, 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 |

component explains about 9%, the third principle component explains abut 8%, and the fourth
principle component explains about 7%.

The rst four components appear to provide a reasonable summary of the da, accounting for
79% of the total variance.

The loading of the components are shown in Table 4.27. The rst component appars to be
associated with overall dietary intake since the eigenvector has appximately equal loading on all
variables. The second component has high loading on polyunsaturated fatty agd and low loadings
on calcium. The third component has a high loading on alcohol. The fourth compnent has a low

loading on carbohydrate and a high loading on cholesterol.

Black Male.  We retained four principle components from thirteen principle conponents. The
eigenvalues for components one to four were, 7.25, 1.22, 1.01 and 0.81. The rstpciple component

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

52



PCA

Prind

“Wariable

racesex
White Males White Females
e Black MaleS = Black Females

Figure 4.10: Pattern for Principle Component Four for 13 Dietary Variables, NHANES |

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 apgears to be
a measure of the overall dietary intake since the eigenvector shows pmximately equal loading
on all variables. The second component has a low loading on polyunsaturatectty acid and high
loading on calcium and potassium. The third component has a high loading on atthol. 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 0.91heT rst
principle component explains about 51% of the total variance, the second [mciple component
explains about 11%, the third principle component explains about 9%, and he fourth principle

component explains about 7%. The four components account for 76% of the total vaaince.
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The loading of the components are shown in Table 4.29. The rst component appars to be a
measure of the overall dietary intake since the eigenvector shows appximately equal loading on
all variables. The second component has a high loading on polyunsaturated fgt acid and a low
loading on calcium. The third component has a high loading on alcohol. The fouh component

has a low loading on cholesterol.

Black Female.  We retained four principle components from thirteen principle conponents.
The eigenvalues for components one to four were, 7.29, 1.19, 1.03 and 0.84. The rgtinciple
component explains about 56% of the total variance, the second principle coponent 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 agaimppears to
be measure of the overall dietary intake since the eigenvector shovepproximately equal loading
on all variables. The second component has a low loading on polyunsaturatectty acid and high
loading on calcium and potassium. The third component has a high loading on atthol. 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 ahpolyunsaturated
fatty acid for black males and females, and dietary pattern depends on higHoading of choles-
terol,polyunsaturated,alcohol and low loading of carbohydrate and calcium ér white males and

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

In summary, we can qualitatively state that in NHANES 1, 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 Schoenfé 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 |

Prinl Prin2 Prin3 Prind

Protein 0.35 0.06 0.01 -0.21

Total Carbohydrate  0.28 -0.30 0.11 0.40
Alcohol 0.04 031 0.90 -0.19

Calcium 0.27 -049 0.01 -0.26
Phosphorus  0.36 -0.18 0.14 -0.22

ron 031 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 |

Prin1 Prin2 Prin3 Prind

Protein 0.34 -0.05 0.12 -0.19

Total Carbohydrate  0.28 0.19 -0.22 0.52
Alcohol 0.03 032 092 0.13

Calcium 0.26 044 -0.21 -0.16
Phosphorus 0.35 0.24 0.04 -0.17

ron 034 -0.02 -0.01 -0.10

Sodium 0.27 0.05 -0.06 0.32

Potassium 0.30 039 -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 |

Prin1 Prin2 Prin3 Prind

Protein 0.35 0.08 0.21 -0.18

Total Carbohydrate  0.27 -0.27 -0.29 0.36
Alcohol 0.03 035 0.68 0.61

Calcium 0.27 -047 0.20 -0.07

Phosphorus  0.37 -0.19 0.23 -0.08

ron 031 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 023 036 0.14 -0.52

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

Prin1 Prin2 Prin3 Prind

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

ron 033 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 |

zero slope for the four groups, we can said the e ect of any principle congnents is constant over
time.

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

4.6.2 Schoenfeld residuals for 12 Principal Components

Again the twelve principal components were subjected to Schoenfdlresiduals separately for
Black and White males and females, resulting in four separate analyses.

time.

Table 4.35 - Table 4.38 show Schoenfeld residuals result, all the pripal components have a
zero slope for the four groups, we can said the e ect of any principal compants is constant over
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Table 4.31: Tests for Nonproportional Hazards for 13 Principle Components, Whie Male

Correlation tvalue p value

Prinl 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, Whie Female

Correlation tvalue p value

Prinl 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

59



Table 4.33: Tests for Nonproportional Hazards for 13 Principle Components, BlackMale

Correlation tvalue p value

Prinl 0.08 1.49 0.14
Prin2 0.00 0.02 0.98
Prin3 0.03 0.59 0.55
Prind 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
Prinl11 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, Blackemale

Correlation tvalue p value

Prinl -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, Whieé Male

Correlation tvalue p value

Prinl 0.04 1.75 0.08
Prin2 0.00 -0.09 0.93
Prin3 0.06 2.19 0.03
Prind 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
Prinl11 -0.01 -0.35 0.73
Prin12 -0.02 -0.93 0.35

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

Correlation tvalue p value

Prinl 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 tvalue p value

Prinl 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, Blackemale

Correlation tvalue p value

Prinl -0.09 -1.68 0.09
Prin2 -0.11 -1.90 0.06
Prin3 0.00 0.02 0.99
Prind 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
Prinl1l -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 |

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 Pricipal Components
on mortality we used Cox Proportional Hazards (CPH) models. We perfomed tvo analysis. One
examining all of the estimated principal components and one using onlyte rst 4 (that account for
approximately 80% of the total variance). In each case, we tthree models The rst model included
only the principal components, the second included age in addition to he 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 modelsan unadjusted
model containing only the principal components, a model includingage and principal components
and a model including the principal components and age,cholesterolystolic blood pressure, current

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

following models.
h(t) = ho(t)exp( pc1+ pc2+ pPc3t+ pca) (4.1)

h(t) = ho(t)exp( pc1+ pc2+ pPc3t pPcat age) (4.2)

h(t) = hO(t)eXp( pcit pc2t pc3t pcat aget sbp+ smoking +  diabetes T cholesterol) (4-3)

Table 4.39 presents the results of relating the principal component$o 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 ent inverse association with
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Figure 4.14: Pattern for Principle Component Four for 12 Dietary Variables, NHANES |

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 aten 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 @mponents, we found
principal components one has a signi cant inverse association with altause mortality with hazard
ratio 0.95 ( 95% CI:[0.93-0.97])and principal component four has a signi cant assoation with all-

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

three become non signi cant.

The third model adjusted for age,cholesterol,systolic blood preage,current smoking status and
diabetes,the inverse association of principal component one with risof mortality remained signi -

cant with hazard ratio 0.95 ( 95% CI:[0.93-0.97])and the inverse association forrpncipal 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 componentgo 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-ause 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 wee Hazard ratio 0.94 ( 95%

Cl:[0.89-0.98)).

After multivariate adjustment for the risk factors in the third mode [,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 component$o 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 @nt inverse association with all-
cause mortality were hazard ratio is 0.86 ( 95% CI:[0.84-0.88])for principal compnent one, HR
0.85 ( 95% CI:[0.81-0.89])for second principal component and principal componeffour has HR
0.92 (95% CI:[0.86-0.98]) and principal components six and ten have a signi cdrassociation with

all-cause mortality.
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Model two, the age adjusted CPH model with all estimated principal conponents.The rst and
twelve principal components have a signi cant inverse association vth all-cause mortality with
hazard ratio is 0.96 ( 95% CI:[0.94-0.99]) for principal component one and princigl 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 risk 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])fohe

second principal component.

Again for the second analysis we include the rst four principal componets on CPH models
we get the same result for the rst analysis.

Table 4.42 presents the results of relating the principal componentdo 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 igini cant association with
all-cause.

For models two and three, after adjustment for age or adjustment for age and tie other risk
factors the risk estimates for all cause-motility were attenuated for al principal components expect

principal component twelve and thirteen.

For second analysis we include on the unadjusted CPH model only the st four principal
components. Similar to the analysis with all components, the risk for alcause mortality was sig-
ni cantly lower for higher values of principal components one and four wih 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 pciA

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 carfor 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 Pricipal 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 onlyhe rst 4 (that account for
approximately 80% of the total variance). In each case, we tthree models The rst model included
only the principal components, the second included age in addition to lie 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 modelsan unadjusted
model containing only the principal components, a model includingage and principal components
and a model including the principal components and age,cholesterolystolic blood pressure, current
smoking status and diabetes. For example, using the rst four princpal components we t the

following models.

h(t) = ho(t)exp( pc1+ pc2t pPc3t pca) (4.4)

h(t) = ho(t)exp( pc1+ pc2+ pPc3t pPcat age) (4.5)

h(t) = hO(t)eXp( pcit pc2t pc3t pcat aget sbp+ smoking *  diabetes T cholesterol) (4-6)

Table 4.43 presents the results of relating the principal component$o 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 eleverhad a signi cant inverse associa-

tion with all-cause mortality ( lower risk of mortality) with hazard rati 0 0.82 ( 95% CI:[0.79-0.83])for

71



TOT .00 TO00 [TOT ZO0O TOO |[880 900 «ET0-| tuud
80T 900 800 (0T 900 900 (60 800 OTO- guld
660 S00 TOO0- (860 SO0 ¢200- |SOT 900 SO0 cuud
TOT 200 TOO0 |TOT <200 TOO ||€6'0 200 x00-| Tuud
sjusuodwo) ediduld Ino4
€€0 670 «OTT- ||FE0 870 «80'T-||6€0 97’0 «¥6°0- || ETUlM
6T 620 890 ||[86'T 820 x890 |[FF'E 620 «C'T || CTUld
G680 ¢¢0 9T0- (080 TZ0O €20 (L0 <220 €£€0- TTund
T0T ¥T0 100 (TOT #T'0 TOO |OOT STO 000 oTuld
(A" ¢1o TT°0 LTT ZT°0 9T0 /ST ZT°0 «S¥0 oulld
90T O0T0 900 (60T OTO 800 |9C¢'T OT0 «EC0 | 8uud
/80 600 ¥T'0- |[S80 600 LT0- |96'0 600 ¥0°0- Luud
96'0 800 ¥00- (960 800 ¥00- ||T80 800 «TZ0-| 9uud
/6’0 /00 €00- (00T 00O T00 (60T LOO 800 Guld
860 L00 <200 (960 10O ¥00O- ||98°0 LOO «STO-| tuud
90T 00 900 (SOT ZLO0O SO0 (680 600 TITO- gund
960 S00 ¥00- (960 SO0 ¥00O- |COT 900 <200 culd
00T €00 TOO0 |0OT 200 TOO |60 200 «80°0-| Tuud
4H  ()es 4H  ()es 4H  ()es
paisnipe arelreAnniy paisnipe aby [opow paisnlpeun

sjusuodwo) ediduud ||V

| SANVHN ‘efewad >oelg ‘Aifenop 0} sjusuodwo) fediduld €T Jo diysuone|sy zv' a|gqeL

72



principal component one, HR 0.83 ( 95% CI:[0.77-0.88])for principal component te and principal
component six has a signi cant association with all-cause mortality with hazard ratio 1.12 ( 95%
Cl[1.04-1.21]).

After adjusting for age the second model with all estimated principal @mponents, we found
principal components one has a signi cant inverse association with altause mortality with hazard
ratio 0.95 ( 95% CI:[0.92-0.97])and the other association for principal componestbecome non sig-

ni cant.

The third model adjusted for age,cholesterol,systolic blood presge,current smoking status and
diabetes,only principal component one has inverse association withsk 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 componentdo 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 modlity with Hazard ratio
0.83 (1 95% CI:[0.79-0.87]) and principal component six has a signi cant associan 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 wee Hazard ratio 0.93 ( 95%
ClI:[0.88-0.98]).

After multivariate adjustment for the risk factors in the third mode [,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 componentso 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 @nt inverse association with all-
cause mortality were hazard ratio is 0.86 ( 95% CI:[0.83-0.88])for principal compnent one, HR 0.83
( 95% CI:[0.79-0.88])for second principal component and principal componenioir has HR 0.91 (
95% CI:[0.85-0.97]) and principal components six, nine and ten have a signtant association with

all-cause mortality .

Model two, the age adjusted CPH model with all estimated principal conponents.The rst
and twelve principal components has a signi cant inverse association ith all-cause mortality with
hazard ratio is 0.96 ( 95% CI:[0.93-0.99]) and principal component six has a signiant 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%1:[0.89-

0.99])for the second principal component.

Again for the second analysis we include the rst four principal componets on CPH models
we get the same result for the rst analysis.

Table 4.46 presents the results of relating the principal components¢o mortality for black
females. Principal components one and four are signi cantly related to srvival 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 and six with Hazard ratio 0.92
(1 95% CI:[0.88-0.97]) for principal component one and HR 0.85 ( 95% CI:[0.75-0.97]) for prcipal
component four and principal component nine, eight and twelve have a gini cant association with
all-cause mortality.

For models two and three, after adjustment for age or adjustment for age and hie other risk
factors the risk estimates for all cause-motility were attenuated for al principal components except

principal component twelve .

For second analysis we include on the unadjusted CPH model only the st four principal
components. Similar to the analysis with all components, the risk for alcause mortality was sig-
ni cantly lower for higher values of principal components one and four wih 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 pciA

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 carfor 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 couldead to multicollinearity,
to solve this problem we use principal components analysis. The re#s of our principal components
analysis show similar, but not identical patterns of intake by race and gader.

We used Cox Proportional Hazard models to examine the impact of dietary vaiables on mortal-
ity. We used two ways one with the original dietary variables and one wih 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 fact@. 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 moatality and protein, fat, total
carbohydrate, phosphorus, monounsaturated fatty acid and, polyunsaturate 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 dopped and become non
signi cant for motility, some stayed and the ones which remained also @ried 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 inverse e ect on the risk
for all cause-mortality. Principal components selected in the unadjsted 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 dietay 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, smokig, and diabetic status.

80



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 our 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 Iil, AND
NHANES 1999

As noted previously, our choice of dietary components to include was madé order to be
consistent among the NHANES surveys.

The three additional studies, Nhanes Il (1975-1979), Nhanes Ill (1988-1992) and Nhanes 1999
(1999-2000) contain the same dietary variables and followup for mortality. We wil re-do our basic

analyses to determine if we obtain the same results in these additial 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 idertical, among the four
strata considered in our preliminary analyses. We would like to perdrm a more formal analysis of
whether there are signi cant di erences in the principal componerts among the di erent groups.

To accomplish this, we will compare the correlation matrices, since guality of correlation
matrices implies equality of principal components (assuming correltion was used to derive the
components as is the case with our analyses).

There are numerous ways to compare the correlation matrices. Jennitic[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 assumpion. Mantel [12]
suggested a permutation test (based only on the correlation matrices) tht has been widely used
in many elds including anthropology and genetics [16] to infer whetherthe 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

Dietary data set
32,000

# Of records = 20,749
Sick = 533

Unsatisfactory complete the
survey=411

N = 19,810

NHEFS
14.407

Age <25 = 8,913

# Of records = 13,247

N = 10,483

/

Live =6,687
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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
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Figure B.2: Schoenfeld Residuals for Total Carbohydrate and Alchhol, Whie Male
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Figure B.3: Schoenfeld Residuals for Calcium and Phosphorus, White ke

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, Whie Female
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Figure B.10: Schoenfeld Residuals for Calcium and Phosphorus, Whitedmale

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 Femal

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, Blak Male
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Figure B.17: Schoenfeld Residuals for Calcium and Phosphorus, Black Mal

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, Blak Female
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Figure B.24: Schoenfeld Residuals for Calcium and Phosphorus, Black Reale

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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