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And whatever you do, whether in word or deed, do it all in the name of the
Lord Jesus, giving thanks to God the Father through him.
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Part 1. Background

1. Diet: A risk factor for disease

Typically, many cultures have some sort of set beliefs regarding the effects
of food on one’s body. While these values have been passed from generation
to generation, it is only a more recent occurrence for formal epidemiological
studies to be conducted on the validity of these beliefs [1]. Nutritional epi-
demiology, the study of the relationship between nutrition and health, stems
from the interest in the concept that there exists a relationship between diet
and disease [2]. With diet being a difficult exposure to measure in obser-
vational research studies, identifying associations between diet and disease
in homogeneous populations is difficult due to insufficient variation [1]. For
many years, various studies have attempted to shed more light on diet’s role
in health and disease by improving the methodology for nutritional epidemi-
ological studies. One focus in these studies includes evaluating a person’s
daily nutrient intake as a variable of interest. Nutrient density, a ratio of a
nutrient value to total caloric intake, is another variable of interest since it
is a convenient way to describe diet [2].

This thesis will report the development, analyses, and results of the re-
producibility and validation studies for the Guam Food Frequency Ques-
tionnaire (FFQ). Emphasis on the statistical tools used in this study will be
explained in greater detail, especially how statistics relates to and is applied
to nutritional epidemiological studies such as these.

2. Dietary instruments

2.1. Food Records. Diet records contain open-ended data where respon-
dents are asked to record all foods and amounts of foods consumed over a
set period of time [3]. Participants are trained in advance on the proper
methods for accurately completing a food record. During a set period of
time that is determined by the researcher, a participant records the type
and quantity of foods consumed immediately before or after consumption in
order to minimize having to rely too much on the participant’s recall mem-
ory. Food amounts are recorded as either weights or as standard household
measurements (e.g., cups, tablespoons, teaspoons). A completed food record
must immediately be reviewed by a nutritionist or a trained research assis-
tant in order to be sure there is an adequate amount of detail provided by
the participant [2].

Utilizing food records saves time for researchers since interviews are nec-
essary only in the event clarification is needed. Not having to rely on a
participant’s memory is another benefit. A couple drawbacks are that a
participant may not be as thorough in detailing food preparation and may
not be as accurate in measuring amounts of food. Also, a participant’s eat-
ing habits may temporarily change at the time of keeping a food record
because the participant knows that s/he is being actively assessed.
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2.2. 24-Hour Recalls. A 24-hour dietary recall is another dietary tool
where participants are asked to recall the type and quantity of foods and
drinks consumed during the past day or previous 24-hour period [2]. A
trained research assistant or a nutritionist interviews the participant and
records all foods consumed.

An interview allows the researcher to ask probing questions in order to
solicit specific data at a greater level of detail. As a result, data from a 24-
hour recall can contain specific and accurate information because a trained
interviewer would know how to ask all the right questions. A substantial
drawback is that the data is only as reliable as a participant’s ability to
accurately remember all foods and amounts of foods consumed within the
past 24 hours.

2.3. FFQs. In epidemiological studies, evaluating nutrition as a factor is
most commonly done by means of a food frequency questionnaire [2]. A FFQ
is a dietary instrument that assesses long-term dietary intake of a specific
population. Since FFQs are culturally and ethnically sensitive, validation
and reproducibility FFQ studies need to be conducted each time a tailored
FFQ is used for a new target population [2].

A drawback to utilizing a FFQ is that, compared to open-ended data
formats such as diet records and recalls, a participant is not able to be as
specific about food consumption, food preparation, and food amounts [2].
Another drawback is that the FFQ solicits information on dietary intake
over a less precisely defined set of time [2]. On the other hand, processing
data from a FFQ can be faster and, therefore, more cost-effective for a study.

3. Validation & Reproducibility

The term validity is defined to be the degree to which the questionnaire
measures the dietary aspect that it was designed to measure [2]. On the
other hand, reproducibility demonstrates the consistency of questionnaire
measurements after repeated administrations of a FFQ to the same person
at different times [2].

In our particular case, a validation study of a FFQ demonstrates how
reliable this dietary tool is in its ability to rank nutrient intake of individ-
uals on Guam. The Guam FFQ must first be tested for its validity and
reproducibility before being able to render the tool as usable in later epi-
demiological studies. Generally, validation studies measure one instrument
against another instrument that is considered to be a “gold standard.” How-
ever, very few gold standards exist for diet, namely the biomarkers doubly
labelled water for energy and urinary nitrogen for protein. These biomarkers
are prohibitively expensive and allow study of only 2 nutrients. Therefore,
using diet records is considered to be an acceptable alternative “gold stan-
dard” of measurement.
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Part 2. Guam

4. BRISK project

According to the most recent report of Guam Cancer Facts and Figures
2003 - 2007, Guam’s breast cancer incidence rate is the highest of all can-
cer incidence rates for women on Guam at 76.2 cases per 100,000 persons,
age-adjusted to the 2000 U.S. standard population. Among all reported
mortality rates for Guam, breast cancer is a close second only to lung and
bronchial cancer. The risk of breast cancer is substantial for Chamorro (the
indigenous people of Guam) women with the second highest incidence rate
after lung cancer [4] and the highest mortality rate [5].

No epidemiological or clinical studies have been done on breast cancer risk
factors for Guamanians to date [6]. However, there is at least one full project
underway that is funded by a National Institutes of Health, National Cancer
Institute grant to the University of Guam (UOG) Cancer Research Center
in joint partnership with the University of Hawai‘i (UH) Cancer Center. Co-
Investigators Drs. Rachael Leon Guerrero (UOG), Rachel Novotny (UH),
Lynne Wilkens (UH), and Suzanne Murphy (UH) are conducting a research
project called the Development of a Breast Cancer Risk Model for the Pacific
(also known as BRISK).

The purpose of this study is to conduct a retrospective case-control study
with 100 cases and 200 controls. A case-control study is a type of obser-
vational study where researchers gather a set of participants who have the
disease (the cases) and a set of participants who do not (the controls) [7].
Data obtained from this case-control study are used to build a breast cancer
risk model that will add modifiable health behaviors and obesity, along with
well-accepted risk factors (eg. the “Gail” model) in breast cancer develop-
ment, among Asian-Pacific women of the Mariana Islands. The study will
also establish an understanding of breast cancer in the Mariana Islands in
relation to lifestyle and create new opportunities for further research in the
Pacific.

In order to develop this model, researchers created an extensive dual
quantitative and qualitative BRISK questionnaire that captures informa-
tion to evaluate demographic risk factors, known breast cancer risk factors,
and a variety of other risk factors. Diet is included as among one of the
aforementioned “variety of other risk factors.”

5. Development of Guam FFQ

The basis of dietary guidance for the creation of this Guam FFQ was from
a 2004 UOG Cancer Research Center cross-sectional study of Chamorro
(n = 66) and Filipino (n = 61) adults living on Guam who were between
the ages of 25-65 years. Participants completed a 24-hour dietary recall
which helped reveal some of the commonly consumed foods on Guam. The
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sampling procedures for this study are described in detail in another article
[8].

Guam’s self-administered 15-paged, 142-item quantitative FFQ was cre-
ated by first using Hawai‘i’s Multiethnic Cohort (MEC) quantitative FFQ as
a reference questionnaire [9]. Additional food items were included in Guam’s
FFQ after identifying commonly consumed foods from a 2004 study that en-
titled Diet and Obesity among Chamorro and Filipino adults on Guam [8].
Most of the 142 items in the FFQ are aggregated food items rather than
individual foods. Figure 1 is a bar graph that shows the frequency of food
items per food groupings (e.g., processed meats versus hotdogs alone).

FFQ data contain serving sizes and frequencies of each aggregated food
item rather than individual foods (see Appendix D for a blank copy of the
Guam FFQ). Food items listed in the Guam FFQ are comprised of foods that
are grouped together by similarity and comparable nutrient composition.
Only few food items listed in the Guam FFQ are comprised of only one food
(e.g., “white rice” is listed by itself).

Figure 1. Food Groupings on the Guam FFQ
10Soups & Noodles

10Mixed Dishes

7Meats

4Type of Meat Preparation

13Poultry & Fish

6More Meats & Mixed Dishes

10Starches

20Vegetables & Salads

3Beans

16Fruit

12Breads & Spreads

8Cereal & Dairy

10Desserts & Snacks

5Alcoholic Beverages

8Beverages

0 25

6. Validation Study: Design

For the validation study, researchers obtained participants by means of
convenient sampling. Dr. Rachael Leon Guerrero surveyed friends of her
UOG students, UOG staff members, and friends and relatives of those UOG
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staff members. While sampling for this study, a balanced number of partici-
pants from across the age groups was intentionally recruited. Twenty-two of
the 58 participants were less than 24 years of age , 15 participants were 24–35
years old, and 21 participants were older than 35 years. Fourteen partici-
pants in this validation study were post-menopausal women participating in
the BRISK pilot study who completed an entire BRISK questionnaire along
with a FFQ and a 24-hour dietary recall. All participants in the validation
study first completed a FFQ and then completed a diet record/recall within
the following 5 days [9]. Prior to completing a diet record, participants
were instructed by a trained research assistant on the process of correctly
completing a diet record. Completed diet records were reviewed upon com-
pletion for accuracy by a trained research assistant and a registered dietician
[9]. Thirty-six of the 58 participants completed a 2-day diet record. Two-day
diet records were required in order to establish within person and between
person variances and adjust for day-to-day variation.

Three participants of the validation study were not recorded in the data
due to not having completed both a dietary recall and a Guam FFQ. The
choice for 400 kcal/day to be our cut off for the study is arbitrary, yet
acceptable, since a general acceptable range is usually 500–3,500 kcal/day
for women and 800–4,000 kcal/day for men [2]. Due to the relatively small
sample sizes for both studies, it makes sense to be a bit more forgiving with
the ranges in order to minimize excluding too many participants, while also
taking measurement error into consideration. Using total energy intake in
order to identify outliers in our sample population is a supported practice
in these type of studies since energy is the only intake that is physiologically
fixed within a narrow and predictable range [2].

7. Reproducibility Study: Design

Researchers gathered data from 58 participants by means of convenience
sampling for a reproducibility study. Dr. Rachael Leon Guerrero tasked her
UOG Spring 2007 nutrition students to seek participants. Students were
given Guam FFQs and were assigned to ask a family member or friend to
complete the questionnaire. In order to avoid having only those in their early
twenties complete the questionnaire, Dr. Leon Guerrero made it clear that
the student should try his or her best to get someone who is an older relative
or friend to participate. Participants completed a Guam FFQ during April
2007, and then they completed a second Guam FFQ four weeks later in May
2007.

Research assistants managed data entry. The same data were entered
twice into Excel spreadsheets and then compared to check for accuracy. All
studies were approved by each of University of Hawai‘i’s and University of
Guam’s Institutional Review Boards [9].
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8. Nutrient Computation

In March 2010, I was hired by the University of Hawai‘i Cancer Center
(UHCC) Epidemiology Department under Dr. Lynne Wilkens and joined
the Biostatistics core. The Biostatistics core, led by Dr. Wilkens and Dr.
Grazyna Badowski (UOG), provides statistical consultation and support
for projects that are funded by the UOG-UH joint research grant. With
the assistance of the BRISK team and with a great deal of help from Dr.
Wilkens, I completed majority of the work that is described in the remainder
of this thesis.

8.1. Guam Food Composition Table: Development. Nutrient intake
data from the validation study’s diet records were computed by the Pacific
Tracker (PacTrac) Program, 4th edition. The PacTrac program is an on-
line dietary assessment tool that was based on a program developed by the
USDA called Tracker for nutritional assessment and modified for use in the
Pacific Islands by including the food composition data from the University
of Hawai‘i Cancer Center which includes local foods [10]. As of 2008, eighty-
five recipes of foods commonly consumed on Guam were added to the UHCC
database to allow PacTrac to be relevant for Guam-based dietary analysis
studies [11]. Since then, more Guam recipes have been added to the UHCC
database during further development of the Guam FFQ validation study.

8.2. Nutrient Computation. In order to use a completed FFQ to assess
nutrient intake for an individual, a food composition table must first be
constructed. A food composition table displays the amounts of each nutrient
per 100 grams of food for each food item. The database for the PacTrac
program was used to gather information for nutrient composition for each of
the individual foods composes a FFQ food item. Converting data from FFQs
to nutrient intake values is especially useful for epidemiological purposes of
examining relationships between nutrient intake and health outcomes.

Amounts of nutrients per 100 grams of each of the aggregated food items
on the FFQ were computed as the weighted average of amounts of its con-
stituent foods. We first used the 24-hour dietary recall data from the 2004
study of 127 Guamanians as a source of commonly eaten foods. Each in-
dividual food from the recall data along with its associated frequency was
assigned into its appropriate Guam FFQ food item category. This was done
so as to create a preliminary list of individual food weights per food item.
Dr. Rachael Leon Guerrero, a registered dietician, then made appropriate
adjustments and additions to the food weights list in order to make accom-
modations for commonly consumed foods on Guam that may not have been
adequately (if at all) represented in the 2004 study.

Nutrient information for each individual food represented in the revised
list was obtained by accessing the University of Hawai‘i Cancer Center food
database. The food composition table resulted after computing weighted
averages of all individual foods listed for each FFQ food item.
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In order to compute daily nutrient intake per person, serving sizes for
each FFQ food item first needed to be converted into grams in order to
convert them to nutrients, as the food composition table gives amounts of
nutrients per 100 grams of food. Using the MEC FFQ food as a reference,
if a MEC FFQ food item was similar to a corresponding Guam FFQ item,
then the gram weight for each serving size from the MEC item was used for
the Guam food item’s gram weight. Any Guam FFQ food items that could
not be linked to a MEC FFQ food item were assigned gram weights by Dr.
Leon Guerrero.

Frequency per food item was converted into times per day by dividing the
corresponding monthly frequency by 30.4 (See Table 1). Grams consumed
per day per food item were then computed by multiplying the gram weight
by the daily frequency for each food item. Nutrient information for each food
item per person was computed by taking the product of grams consumed
per day per food item and nutrient component per 100 grams of food item
and then scaling the product by a factor of 100. Total nutrient consumption
per day was computed by taking the sums of each nutrient across all food
items within person.

Table 1. Conversion Table.

Category Times per day

Never (<1/mo) 0
Once a month 1/30.4
2–3x a month 2.4/30.4
Once a week 4.3/30.4
2–3x a week 10.3/30.4
4–6x a week 21.7/30.4
Once a day 1
2 or more a day 2

9. Statistics

9.1. Spearman’s Correlation Coefficient. In 1904, English psycholo-
gist Charles Spearman proposed the Spearman correlation coefficient (also
known as Spearman’s ρ) in the American Journal of Psychology [12]. Spear-
man aimed at quantifying the strength of two associated variables in psy-
chology experiments by creating a non-parametric version of the Pearson
correlation that would measure monotone association rather than Pearson’s
measure of linear association.
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Pearson’s product-moment correlation coefficient for two quantitative ap-
proximately normally distributed variables X and Y is calculated as the
covariance divided by the square root of the product of variances:

(1) r =
∑

i (Xi −X)(Yi − Y )√∑
i (Xi −X)2

√∑
i (Yi − Y )2

Pearson’s r is a bounded measure of association between X and Y since
−1 ≤ r ≤ 1, where r only takes on its extreme values only in “degenerate”
cases of r = ±1 when the data are exactly linear and r = 0 when there is
no linear association [13].

Pearson’s r does have some drawbacks with respect to this dietary study.
For one, its value is not as reliable if the distributions are not approximately
normal and there exist extreme values, as these outliers can significantly
influence the value of r. Another drawback to Pearson’s r is that this
coefficient measures linear association rather than monotonic association.
Spearman’s ρ has the same formula of Pearson’s r with the ranks for X
(numbered from 1 to n in descending order) and the ranks for Y substituted
for the respective X and Y values.

Based on [14], SAS computes Spearman’s ρ by using Equation 2.

(2) ρ =
∑

i (r(Xi)− r(X))(r(Yi)− r(Y ))√∑
i (r(Xi)− r(X))2

√∑
i (r(Yi)− r(Y ))2

where r(Xi) =rank(Xi) and r(Yi) =rank(Yi).
Spearman’s ρ is not affected by outliers in the observed values, and ρ

measures monotone association rather than strict linear association. Like r,
ρ is also bounded by ±1 since (

∑
ab)2 ≤

∑
a2∑ b2 by the Cauchy-Schwartz

inequality [15]. Positive correlation in the extreme sense (ρ = 1) represents
perfect agreement in that the larger the X value, then the larger its cor-
responding Y value is. On the other hand, negative correlation (ρ = −1)
represents perfect disagreement in that the larger the X value, then the
smaller its Y value. If there is no correlation between X and Y , then Spear-
man’s ρ tends towards 0.

Different statistical books present different versions of Spearman’s ρ, with
equations 2 and 3 being two of the most commonly reported versions. As-
suming no ties for ranks are present, an equivalent expression for ρ is as
follows:

(3) rS = 1− 6
∑

i d
2
i

n(n2 − 1) where di = r(Xi)− r(Yi).
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Proof. Given n observations, where Xi 6= Xj and Yi 6= Yj for all i 6= j, we
have

r(X) = r(Y ) = (1 + 2 + 3 + ...+ n)/n = 1
2(n+ 1),

n∑
i=1

r(Xi) =
∑

i

r(Yi) = 1 + 2 + 3 + ...+ n = 1
2n(n+ 1) and

n∑
i=1

[r(Xi)]2 =
∑

i

[r(Yi)]2 = 12 + 22 + 32 + ...+ n2 = 1
6n(n+ 1)(2n+ 1).

Thus,
√∑n

i=1 (r(Xi)− r(X))2 =
√∑n

i=1 (r(Yi)− r(Y ))2.
Thus,

ρ =
∑n

i=1 (r(Xi)− r(X))(r(Yi)− r(Y ))√∑n
i=1 (r(Xi)− r(X))2

√∑n
i=1 (r(Yi)− r(Y ))2

=
∑n

i=1 (r(Xi)− r(X))(r(Yi)− r(Y ))∑n
i=1 (r(Xi)− r(X))2

=
∑n

i=1 r(Xi)r(Yi)−
∑n

i=1 r(Xi)r(Y )−
∑n

i=1 r(Yi)r(X) +
∑n

i=1 r(X)r(Y )∑n
i=1 (r(Xi)− r(X))2

=

∑n
i=1 r(Xi)r(Yi)−

[1
2n(n+ 1)

] [1
2(n+ 1)

]
−
[1

2n(n+ 1)
] [1

2(n+ 1)
]

+ n

[1
2(n+ 1)

]2

1
6n(n+ 1)(2n+ 1)− 2

[1
2n(n+ 1)

] [1
2(n+ 1)

]
− n

[1
2(n+ 1)

]2

=

∑n
i=1 r(Xi)r(Yi)−

1
4n(n+ 1)2

1
6n(n+ 1)(2n+ 1)− 1

4n(n+ 1)2

= 12
∑n

i=1 r(Xi)r(Yi)− 3n(n+ 1)2

2n(n+ 1)(2n+ 1)− 3n(n+ 1)2

= 12
∑n

i=1 r(Xi)r(Yi)− 3n(n+ 1)2

n(n2 − 1)

= 12
∑n

i=1 r(Xi)r(Yi)− n(n+ 1)[−(n− 1) + 2(2n+ 1)]
n(n2 − 1)

= 12
∑n

i=1 r(Xi)r(Yi) + n(n2 − 1)− 2n(n+ 1)(2n+ 1)
n(n2 − 1)

= 1−
6
[
−2
∑n

i=1 r(Xi)r(Yi) + 1
3n(n+ 1)(2n+ 1)

]
n(n2 − 1) .



12 MARIE Q. CHONG

Since
n∑

i=1
(di)2 =

n∑
i=1

[r(Xi)− r(Yi)]2

=
n∑

i=1
[r(Xi)]2 − 2

n∑
i=1

r(Xi)r(Yi) +
n∑

i=1
[r(Yi)]2

= 1
6n(n+ 1)(2n+ 1)− 2

n∑
i=1

r(Xi)r(Yi) + 1
6n(n+ 1)(2n+ 1)

= 1
3n(n+ 1)(2n+ 1)− 2

n∑
i=1

r(Xi)r(Yi),

we have the desired result. �

Utilizing Spearman’s ρ is widely accepted to measure agreement in repro-
ducibility and validation studies. Using ranks may seem like a less accurate
method of expressing the relationship between variables since we cannot al-
ways determine how close or how far (r(Xi), r(Yi)) is from (r(Xj), r(Yj))
for i 6= j. However, what is lost in accuracy is gained in generality since
correlations remain ranking invariant under stretching and shrinking [15].

All correlations reported in the results section of this paper were done by
SAS 9.2 programming. We can use the following data as an easy example
to help see how ρ can be calculated by hand. The data presented in Table 2
is a subset consisting of all males represented in the reproducibility study.

Table 2. Data for Spearman’s ρ example.

FFQ1 FFQ2 Rank(FFQ1) Rank(FFQ2) (di)2

1400.48 1343.42 10 11 1
1359.38 1388.89 11 10 1
2216.55 1866.55 7 9 4
2038.09 2191.38 9 8 9
2504.30 2567.64 5 6 1
2205.82 2949.51 8 3 0
2953.38 3730.19 2 2 0
3045.07 5807.17 1 1 0

One can observe that
∑

i d
2
i = 30 and n = 11. Thus,

ρ = 1− 6(30)
11(120) = 0.86.

It is easy to see how this process could take a very long time if each cor-
relation for each nutrient for each study were to be done by hand. However,
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it is a worthwhile task to go through such a procedure in order to better
appreciate the ease and importance of utilizing a statistical software tool
such as SAS. One might also observe that this correlation is different than
what is reported in the results section (ρ = 0.82), and that is because the
correlations in the results section were adjusted for age and race.

Another example for using Spearman’s ρ and identifying an example of
a possible systematic between-person error (discussed in section 9.4) is as
follows: correlations for energy adjusted nutrients were not performing as
one would expect based on the trends from similarly structured past studies.
This was an issue for both the reproducibility and the validation studies, but
it was especially troublesome to see such poor energy adjusted correlations
for the reproducibility study.

In an effort to determine the source behind the poor correlations, Dr.
Lynne Wilkens suggested we look at the following graphs for the repro-
ducibility study. We evaluated the following three scatter plots, as shown
in Figures 2, 3, 4.

The first graph in Figure 2 shows the crude energy intake per participant,
with the energy intake from the first FFQ on the x-axis and the energy
intake from the second FFQ on the y-axis. One can directly observe that it
seems to be sufficiently correlated. This is confirmed with ρ = 0.71.

Figure 2. Reproducibility Study

The second graph in Figure 3 is the total fat intake per person in the
reproducibility study. The ordered pair (x, y) is the reported fat intakes
from the first FFQ and the second FFQ, respectively. Notice, again, that
the distribution is well correlated with ρ = 0.71.

Fat intake is strongly correlated with energy intake [2]. Of all nutrients,
fats have the greatest food energy per mass (9 kcal/g) and, therefore, is
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Figure 3. Reproducibility Study

a large contributor to total energy intake. Figure 4 displays a graph of
fat density (total fat/total calories) per person in the reproducibility study.
The ordered pair (x, y) is the fat density from the first and second FFQs
per person, respectively. It is here where we come across the problem where
energy and fat intakes are individually well-correlated, but the ratio is not
correlated with ρ = 0.34.

Figure 4. Reproducibility Study

While the graphs did not lead us to a definite solution to the problem, it
was still helpful to see where the correlations went awry. Dr. Lynne Wilkens
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hypothesizes that one source of this problem may be due to the representa-
tion of saturated fat in the FFQ. This may be due to an underreporting of
the consumption of processed meats or the underreporting of the consump-
tion of foods containing coconut milk. Even though the list of foods under
each FFQ food item is not exhaustive, perhaps the FFQ did not mention a
highly consumed processed meat under one of the FFQ food items. Also,
perhaps the participant did not consider a key food that s/he highly con-
sumes when reporting intake for a particular food item. Another plausible
explanation may be a misrepresented food weight in our creating a food
composition table for the FFQ.

It is noteworthy to point out the outlier that can be seen in each of the top
right corners of Figures 2 and 3. While it might be worthwhile to eliminate
this participant for having an unusually high energy intake, it is easy to see
that this one outlier is not the cause of the overall problem. It is easy to
see that Spearman’s ρ is not too sensitive to this particular outlier since
this participant has a high ranking for both FFQs, resulting in a minimal
difference of ranks. Also, this outlier is certainly not the cause for the poorly
correlated fat density distribution in Figure 4.

9.2. Cross Classification. Contingency tables (cross classification) are an
alternative method of analysis for presenting data on the associations be-
tween the FFQ and diet records [2]. In this validation study, categories
were defined by quartile cut-off points. Cross classification provides the op-
portunity to assess the extent of misclassification per nutrient by reporting
the proportion of values that fell into the same quartile, adjacent quartiles,
quartiles that are one apart from each other (e.g., a participant’s reported
energy intake on the FFQ belonging to the first quartile while that same par-
ticipant’s reported energy intake on his/her diet record falling into the third
quartile), or opposite quartiles (gross misclassification). Cross classification
results for the validation study are seen in Table 4.

9.3. Bland-Altman Plots. Bland-Altman plots measure validity by as-
sessing relative agreement between two methods that measure the same
continuous variable on the same scale [16]. These scatter plots compare two
methods of measurements per subject per nutrient by plotting a participant’s
difference of the two scores on the y axis by the mean of the two scores on the
x axis. Additional reference lines appear in Bland-Altman plots such as the
mean of differences and confidence intervals (0±1.96SDdiff ), where SDdiff

is the standard deviation of the differences. Bland-Altman plots, shown in
Figures 5, 6, 7, and 8 are created by using log-transformed nutrient values
to increase normality [2].

9.4. Variability Correction. Random and systematic errors are two gen-
eral types of error that can be observed within person and between persons.
Random within person error occurs in FFQ studies due to day-to-day fluctu-
ating in diet. However, the mean of repeated measures of diet tends towards
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the true value and minimizes this error. Random between person error re-
sults from only having one measurement per participant along with the
presence of random within person error. Random between error also occurs
when there is systematic random within person error randomly distributed
among all participants in a study [2].

Systematic within person error happens when a participant fails to iden-
tify on a FFQ a food s/he commonly consumes (but not necessarily a com-
mon food for the entire population). Given the food consumption trends
for the population of interest, a commonly consumed food that is not ap-
propriately identified on an FFQ can be a source of systematic between
person error [2]. Systematic error is substantially more difficult to measure
compared to random error.

Error correction is modeled by
(4) z = x+ ε

where x is the true measure of exposure, z is the surrogate measure that
contains random measurement error ε [2].

We use equation 5 in order to adjust correlations for within person vari-
ability.

(5) rt = ro

√
1 + λ/n

where rt is the true correlation; ro is the observed correlation; λ = (sw)2/(sb)2,
the ratio of within- and between-person variances obtained by intraclass cor-
relations; and n is the number of replicates per person [2].

In order to compute for rt for correlations for the validation study, Dr.
Wilkens computed factors (of the form

√
1 + λ/n) for 6 variable types (ro):

original, sex/race/age adjusted, logged, density, and energy adjusted. Since
our current sample size is not sufficiently large nor is it a sufficiently homo-
geneous population, and with only 36 two-day food records, the estimates
are not considered to be stable enough to create factors for each of the 6 vari-
ables separately. Therefore, the median factor is used as the factor across
all 6 variable types. In the event that the median factor is greater than 3,
the minimum factor is used instead.

10. Validation Results

Correlations are adjusted for age, sex, and race for the validation study
and for sex and race in the reproducibility study. Spearman’s correlations
for absolute nutrients ranged from 0.24 for polysaturated fat to 0.72 for
sodium with a mean of 0.46.

Participants in the validation study averaged 2,147 kcal/day for energy
intake for the 1- to 2-day diet records and 2,647 kcal/day for the Guam
FFQ. For the reproducibility study, participants averaged 2,577 kcal/day
for energy intake for the first FFQ and 2,365 kcal/day for the second FFQ.

The following tables report Spearman’s ρ coefficients for both log trans-
formed nutrients and densities. ICC values, a cross-classification table, and
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Bland-Altman plots were also computed for the validation study. Nutrients
in the validation study were adjusted for age, sex, and race, and nutrients
in the reproducibility study were adjusted for sex and race. Although mea-
sures were taken to assure that most of the participants in the reproducibility
study would be older than 30 years of age, the participants were not asked
to report their ages, which is why age adjustments were not possible for the
reproducibility study. Additional tables reporting correlations for various
subgroups of the studies are listed in Appendix A.
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Table 3. Validation Study (n = 58). Corrected correlations
between 1- to 2-day diet records and Guam FFQ for selected
nutrients among all participants in the validation study.

Correlation Assessment Methods

Dietary Variables Spearman’s ρ∗
Spearman’s

ρ for
Densities†

ICC∗

Energy (kCal) 0.55 0.10
Protein(g) 0.34 0.34 0.17
Total Fat(g) 0.56 0.48 0.39
Saturated Fat(g) 0.41 -0.05 0.23
Mono Fat(g) 0.30 0.52 0.19
Poly Fat(g) 0.17 0.58 0.15
Chol(mg) 0.20 0.23 0.03
Carbohydrate(g) 0.49 0.26 0.26
Calcium(mg) 0.69 0.30 0.36
Phosph(mg) 0.67 0.44 0.28
Magnes(mg) 0.44 0.26 0.19
Iron(mg) 0.78 0.02 0.00
Sodium(mg) 0.94 0.45 0.51
Potass(mg) 0.51 0.09 0.12
Zinc(mg) 0.55 0.16 0.37
Thiamin(mg) 0.81 0.31 0.73
Riboflavin(mg) 0.71 0.15 0.68
Niacin(mg) 0.33 -0.08 0.00
VitB-6(mg) 0.59 0.32 0.00
VitB-12(mcg) 0.35 0.08 0.00
VitC(mg) 0.47 0.07 0.97
Dietary Fiber (g) 0.72 0.23 0.27

∗ correlations based on log transformed values for sex, age, and race
† correlations adjusted for sex, age, and race
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Table 4. Validation Study n = 58. Cross classification‡(%)
of intake of selected nutrients between 1- to 2-day diet records
and Guam FFQ among all participants in the validation
study.

Dietary Variables Same Quartile Adjacent Quartile One Quartile Apart Opposite Quartiles

Energy(kcal) 36 29 26 9
Protein(g) 41 31 17 10
Total Fat(g) 31 36 24 9
Saturated Fat(g) 31 33 28 9
Monounsaturated Fat(g) 31 34 26 9
Polyunsaturated Fat(g) 29 38 24 9
Cholesterol(mg) 33 40 19 9
Carbohydrate(g) 36 31 26 7
Calcium(mg) 45 41 10 3
Phosphorus(mg) 33 43 16 9
Magnesium(mg) 33 48 12 7
Iron(mg) 24 48 24 3
Sodium(mg) 31 38 26 5
Potassium(mg) 26 59 9 7
Zinc(mg) 38 33 21 9
Thiamin(mg) 36 36 19 9
Riboflavin(mg) 36 43 16 5
Niacin(mg) 29 38 22 10
VitB-6(mg) 33 40 19 9
VitB-12(mcg) 24 53 12 10
VitC(mg) 38 47 14 2
Fiber(g) 40 41 16 3

mean 33 41 19 7
‡ Statistics based on instrument-specific cut-off points
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Figure 5. Bland-Altman Plots
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Figure 6. Bland-Altman Plots, cont’d
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Figure 7. Bland-Altman Plots, cont’d
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Figure 8. Bland-Altman Plots, cont’d
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Table 5. Reproducibility Study (n = 56). Corrected cor-
relations between pre- and post-FFQs for selected nutrients
among all participants in the reproducibility study.

Correlation Assessment Methods

Dietary Variables Spearman’s ρ∗ Spearman’s ρ for Densities†

Energy (kCal) 0.69
Protein(g) 0.69 -0.02
Total Fat(g) 0.69 0.35
Saturated Fat(g) 0.70 0.39
Mono Fat(g) 0.69 0.22
Poly Fat(g) 0.70 0.26
Chol(mg) 0.71 0.15
Carbohydrate(g) 0.60 0.25
Calcium(mg) 0.72 0.56
Phosph(mg) 0.67 0.44
Magnes(mg) 0.66 0.64
Iron(mg) 0.66 0.55
Sodium(mg) 0.69 0.19
Potass(mg) 0.68 0.58
Zinc(mg) 0.66 0.34
Thiamin(mg) 0.66 0.69
Riboflavin(mg) 0.72 0.62
Niacin(mg) 0.65 0.37
VitB-6(mg) 0.67 0.68
VitB-12(mcg) 0.68 0.43
VitC(mg) 0.75 0.69
Dietary Fiber (g) 0.68 0.68
∗ correlations based on log transformed values for sex and race
† correlations adjusted for sex and race

11. Reproducibility Results

Two of the 58 participants were excluded from the reproducibility study
and none of the 58 participants in the validation study due to having re-
ported unusually low caloric intakes (<400 kcal/day) in either the diet record
or the FFQ. Spearman’s correlations for absolute nutrients ranged from 0.65
for carbohydrate to 0.75 for vitamin C and a mean of 0.70.
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12. Conclusion

12.1. FFQ Validation. Correlations reported for the Guam FFQ valida-
tion study performed favorably and is comparable to other established, sim-
ilarly conducted nutritional epidemiological studies such as MEC and Wil-
lett’s 1988 Nurses’ Health Study which evaluated reproducibility and validity
for a 116-item FFQ with 150 participants. MEC reported that correlations
for white females ranged from 0.38 for protein to 0.66 for vitamin C [17].
Correlations for the Nurses’ Health Study had a mean of 0.50 and ranged
from 0.28 for iron to 0.61 for carbohydrate [2]. While these correlations
coefficients may seem to be low, validation studies typically range from 0.5
to 0.7 and are comparable to other validity tests conducted in other non-
laboratory epidemiological population studies that have well-established a
positive association between lifestyle and disease risk [2].

12.2. FFQ Reproducibility. Overall, correlations for the reproducibility
study are within what would be considered to be an acceptable range. Most
reproducibility studies usually have correlations that range between 0.5 to
0.7 [2]. After adjustments, the correlations for the reproducibility study
ranged from 0.6 for carbohydrate to 0.75 for vitamin C with a mean of 0.68.

These results are comparable to Willett’s 1988 Nurses’ Health Study that
had an average correlation of .53 with a range of .44 for carbohydrate to .62
for vitamin C [2]. Willett’s Nutritional Epidemiology textbook reports re-
sults on 41 other completed reproducibility studies [2]. While reproducibility
studies are still important in assessing a FFQ, it is uncommon nowadays to
see published journal articles that report solely on a reproducibility.

12.3. Limitations. Due to the low number of Chamorro females surveyed
(n = 3), there were insufficient data at present to present side-by-side cor-
relation results with Filipino females (n = 37) in the reproducibility study.
There were also a low number of Chamorro males surveyed (n = 2) for the
reproducibility study.

12.4. Future Research. Data collection is still on-going for both the val-
idation and reproducibility studies in order to have larger overall sample
sizes. Efforts are taken to ensure the groups (such as males in both stud-
ies, Chamorro females in the reproducibility study) that initially had small
sample sizes during the first round of sampling will now have a better rep-
resentation in the final sample population. Since the SAS code is already
written, the statistical analyses should be a relatively quick process after
data entry. Upcoming results will be submitted for publication. [9].

Now that the Guam FFQ is rendered usable, we will now be able to
use this dietary instrument in conjunction with the data from the BRISK
questionnaire to create a breast cancer risk model for women on Guam. As
more data are collected during the BRISK study, it would be helpful to
conduct follow-up calibration studies for the Guam FFQ.
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Appendix A. Additional Tables

Table A.1. Validation Study. Corrected correlations be-
tween 1- to 2-day diet records and Guam FFQ for selected
nutrients among males (left) and females (right) in the vali-
dation study.

Correlation Assessment Methods

Males (n = 14) Females (n = 44)

Dietary Variables Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Energy (kCal) 0.62 0.50
Protein(g) 0.01 0.59 0.50 0.22
Total Fat(g) -0.23 -0.50 0.76 0.73
Saturated Fat(g) 0.43 -0.22 0.37 0.05
Mono Fat(g) -0.18 0.17 0.42 0.63
Poly Fat(g) -0.29 0.62 0.35 0.56
Chol(mg) 0.32 0.09 0.19 0.26
Carbohydrate(g) 0.74 0.26 0.39 0.26
Calcium(mg) 0.76 0.28 0.71 0.34
Phosph(mg) 0.79 0.48 0.70 0.54
Magnes(mg) 0.38 0.31 0.51 0.22
Iron(mg) 0.28 0.05 0.97 -0.09
Sodium(mg) 1.00 -0.57 0.86 0.89
Potass(mg) 0.44 0.48 0.54 -0.12
Zinc(mg) -0.14 0.14 0.78 0.16
Thiamin(mg) 0.79 0.37 0.88 0.15
Riboflavin(mg) 0.72 0.28 0.73 0.12
Niacin(mg) -0.19 0.02 0.48 -0.21
VitB-6(mg) 0.41 0.51 0.70 0.20
VitB-12(mcg) 0.82 -0.05 0.31 0.19
VitC(mg) 0.30 0.26 0.54 0.01
Dietary Fiber (g) 0.77 0.73 0.69 0.07

∗ correlations based on log transformed values for sex, age, and race
† correlations adjusted for sex, age, and race



28 MARIE Q. CHONG

Table A.2. Validation Study. Corrected correlations be-
tween 1- to 2-day diet records and Guam FFQ for selected
nutrients among males (left) and females (right) in the vali-
dation study.

Correlation Assessment Methods

Males (n = 14) Females (n = 44)

Dietary Variables Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Energy (kCal) 0.62 0.50
Protein(g) 0.01 0.59 0.50 0.22
Total Fat(g) -0.23 -0.50 0.76 0.73
Saturated Fat(g) 0.43 -0.22 0.37 0.05
Mono Fat(g) -0.18 0.17 0.42 0.63
Poly Fat(g) -0.29 0.62 0.35 0.56
Chol(mg) 0.32 0.09 0.19 0.26
Carbohydrate(g) 0.74 0.26 0.39 0.26
Calcium(mg) 0.76 0.28 0.71 0.34
Phosph(mg) 0.79 0.48 0.70 0.54
Magnes(mg) 0.38 0.31 0.51 0.22
Iron(mg) 0.28 0.05 0.97 -0.09
Sodium(mg) 1.00 -0.57 0.86 0.89
Potass(mg) 0.44 0.48 0.54 -0.12
Zinc(mg) -0.14 0.14 0.78 0.16
Thiamin(mg) 0.79 0.37 0.88 0.15
Riboflavin(mg) 0.72 0.28 0.73 0.12
Niacin(mg) -0.19 0.02 0.48 -0.21
VitB-6(mg) 0.41 0.51 0.70 0.20
VitB-12(mcg) 0.82 -0.05 0.31 0.19
VitC(mg) 0.30 0.26 0.54 0.01
Dietary Fiber (g) 0.77 0.73 0.69 0.07

∗ correlations based on log transformed values for sex, age, and race
† correlations adjusted for sex, age, and race
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Table A.3. Reproducibility Study. Corrected correlations
between pre- and post- FFQs for selected nutrients among
males (left) and females (right) in the reproducibility study.

Correlation Assessment Methods

Males (n = 11) Females (n = 45)

Dietary Variables Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Energy (kCal) 0.82 0.69
Protein(g) 0.77 0.40 0.67 -0.10
Total Fat(g) 0.79 0.29 0.68 0.35
Saturated Fat(g) 0.86 0.28 0.69 0.42
Mono Fat(g) 0.74 0.06 0.68 0.27
Poly Fat(g) 0.65 -0.49 0.69 0.39
Chol(mg) 0.98 0.45 0.68 0.08
Carbohydrate(g) 0.61 0.34 0.59 0.23
Calcium(mg) 0.49 0.28 0.74 0.66
Phosph(mg) 0.75 0.28 0.67 0.49
Magnes(mg) 0.60 0.16 0.67 0.70
Iron(mg) 0.89 0.64 0.63 0.51
Sodium(mg) 0.70 0.14 0.69 0.26
Potass(mg) 0.47 0.25 0.73 0.68
Zinc(mg) 0.86 0.26 0.64 0.37
Thiamin(mg) 0.74 0.79 0.65 0.67
Riboflavin(mg) 0.56 0.65 0.73 0.62
Niacin(mg) 0.76 0.54 0.64 0.37
VitB-6(mg) 0.65 0.75 0.68 0.67
VitB-12(mcg) 0.85 0.69 0.65 0.37
VitC(mg) 0.66 0.47 0.81 0.71
Dietary Fiber (g) 0.35 0.59 0.72 0.71

∗ correlations based on log transformed values for sex and race
† correlations adjusted for sex and race
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Table A.4. Validation Study. Corrected correlations be-
tween 1- to 2-day diet records and Guam FFQ for selected nu-
trients among Chamorro females (left) and Filipino females
(right) in the validation study.

Correlation Assessment Methods

Chamorro Females (n = 22) Filipino Females (n = 19)

Dietary Variables Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Spearman’s ρ∗
Spearman’s

ρ for
Densities†

Energy (kCal) 0.36 0.65
Protein(g) 0.38 0.01 0.60 0.57
Total Fat(g) 0.93 0.72 0.42 0.39
Saturated Fat(g) 0.60 -0.32 0.25 0.55
Mono Fat(g) 0.60 0.78 0.19 0.30
Poly Fat(g) 0.46 0.61 0.34 0.55
Chol(mg) 0.28 0.75 0.43 0.11
Carbohydrate(g) 0.37 0.37 0.41 0.09
Calcium(mg) 0.73 0.26 0.74 0.35
Phosph(mg) 0.80 1.00 0.56 -0.12
Magnes(mg) 0.50 0.16 0.54 0.30
Iron(mg) 0.76 -0.17 1.00 -0.01
Sodium(mg) 0.78 0.44 1.00 0.98
Potass(mg) 0.47 0.04 0.60 -0.28
Zinc(mg) 0.43 0.24 1.00 0.19
Thiamin(mg) 0.93 0.24 0.90 0.15
Riboflavin(mg) 0.63 0.16 0.91 0.04
Niacin(mg) 0.35 -0.71 0.49 0.18
VitB-6(mg) 0.99 0.01 0.39 0.33
VitB-12(mcg) 0.03 0.16 0.87 0.01
VitC(mg) 0.46 -0.01 0.65 -0.15
Dietary Fiber (g) 1.00 0.30 0.61 0.06

∗ correlations based on log transformed values for sex, age, and race
† correlations adjusted for sex, age, and race
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Table A.5. Reproducibility Study. Corrected correlations
between pre- and post- FFQs for selected nutrients for Fil-
ipino Females (n = 36).

Correlation Assessment Methods

Dietary Variables Spearman’s ρ∗ Spearman’s ρ for Densities†

Energy (kCal) 0.65
Protein(g) 0.66 -0.17
Total Fat(g) 0.65 0.20
Saturated Fat(g) 0.65 0.31
Mono Fat(g) 0.66 0.20
Poly Fat(g) 0.69 0.34
Chol(mg) 0.66 0.05
Carbohydrate(g) 0.58 0.14
Calcium(mg) 0.75 0.64
Phosph(mg) 0.64 0.42
Magnes(mg) 0.64 0.64
Iron(mg) 0.62 0.46
Sodium(mg) 0.68 0.19
Potass(mg) 0.70 0.61
Zinc(mg) 0.58 0.37
Thiamin(mg) 0.64 0.66
Riboflavin(mg) 0.72 0.61
Niacin(mg) 0.57 0.28
VitB-6(mg) 0.65 0.67
VitB-12(mcg) 0.68 0.38
VitC(mg) 0.80 0.69
Dietary Fiber (g) 0.71 0.68

∗ correlations based on log transformed values for sex and race
† correlations adjusted for sex and race
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Appendix B. SAS Programming

Post data collection and data entry, the bulk of my time was spent using
the statistical program Statistical Analysis System (SAS 9.2) to organize
data and compute statistics. Processing this data manually, or even on an
Excel spreadsheet, would have been a very long and arduous task. Simply
stated, SAS 9.2 is a data set (similar to a structured spreadsheet) manipu-
lation program that computes statistics and allows the user to organize and
manage a data set’s variables and the variables’ observations from a small-
to large-scale level.

Data for the studies were collected and compiled on Microsoft’s Excel
spreadsheet program. Then the Excel spreadsheets were imported and con-
verted into SAS-compatible data sets. In Figure 9, a sample screenshot of a
SAS program is shown. The left side bar contains several icons that are SAS
spreadsheet files. The main section of the screen shows sample code that
was written in the “Editor” tab of the program. Two other screens that are
not shown in Figure 9 are the “Log” tab that displays a running log of how
each part of the program performed and the “Output” tab that displays the
outputs of any code that was executed.

Figure 9. A sample screen shot of SAS 9.2

Figure 10 shown below gives sample code for computing Spearman’s ρ.
Much of the surrounding code that leads up to this point has been omitted.
This sample uses the PROC CORR procedure in order to compute Spear-
man’s rank correlation coefficient for the data set called “ffqrecall,” which
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contains the variables “Energy ” and “dailynut1.“ “Energy” is the variable
name for the energy values for each person who completed a dietary recall
in the validation study. “Dailynut1” is the variable name for the energy val-
ues for each person’s corresponding energy values from his/her completed
Guam FFQ. Each row of the SAS data set used to compute a data set used to
compute the correlation coefficient contains one person’s respective energy
values from the diet record and the FFQ.

Figure 10. A sample screen shot of SAS 9.2

Oftentimes in this study, we will process many of the variables in the
same fashion. The code in Figure 10 just computes Spearman’s ρ for en-
ergy. Instead of having to write the above code repetitively for the other
21 nutrients, a favorable alternative would be to utilize macro variable pro-
gramming in SAS. The “%” is indicative of using macro variable code in SAS.
Figure 11 is a sample macro variable program used in the reproducibility
study to compute Spearman’s ρ for all 22 dietary components. Another
example of macro variable code was used to start building Guam’s Food
Composition Table. By enumerating the variables that we want to process
through this program, the numbers listed at the bottom of the code show
which variables are to be processed through this macro variable program.
The syntax is similar to that of general code, but there is a greater ease in
using symbolic substitution to greatly reduce the code length so as to make
the overall program more readable for a programmer.
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Figure 11. Sample of SAS 9.2 code using macro variables

Figure 12. Sample of SAS 9.2 code using macro variables
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Appendix C. Guam: A brief introduction

The island of Guam (located 13◦26’40”N and 144◦44’12”E) is the south-
ernmost island of the Marianas Islands and has a population of 159,000
people. At 212 square miles, it is the largest of all the islands in Microne-
sia. Guam is an unincorporated territory of the United States by the 1950
Organic Act, so anyone born on Guam is granted U.S. citizenship. English
and Chamorro are the two official languages; however, most business and
commerce transactions are conducted in English.

Guam’s economy depends heavily on tourism as its main source of income.
Tourists are attracted not only to the beautiful beaches and tropical climate,
but also to Guam’s proximity to Asia in being the closest United States
point of entry. Majority of Guam’s tourists are from Japan, with many of
the other tourists coming from other parts of Asia and Russia due to ease
of access with visa waiver options offered to several countries in order to
increase tourism on Guam.

Chamorros make up nearly 40% of the population and are the largest eth-
nic representation on Guam. The Chamorro people have a unique culture
that is strongly rooted in the arts and ocean-related activities such as fishing
and navigation. Spanish influences permeate much of the Chamorro culture
and language due to initial Spaniard colonization from 1668-1898. Today,
Guam is the most modernized island of the Micronesian islands. As devel-
opment continues, the struggle grows stronger between the preservation of
culture and modernization. Due to recent political and social changes on
Guam, young adult Chamorros are taking proactive measures in bringing
awareness to the current issues and striving towards rebirth of Chamorro
traditions, language, and culture. It will be interesting to see what the fu-
ture holds for Guam as the people continue to seek ways to be self-sufficient
while co-existing with the U.S. military presence on the island.

Information and graphics courtesy of the The World Factbook in the Central Intelligence
Agency’s online library at www.cia.gov.
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Appendix D. Sample FFQ
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