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Calcium is important to bone health as well as related to a number of health problems
such as osteoporosis, hypertension, cardiovascular disease, and some cancers. Calcium

intake level was far bellow the Dietary Reference Intake and dairy product consumption
was inconsistent with the Daily Dietary Guidelines among adolescents in Taiwan based

on a recent nationwide nutrition survey. The purpose of this study was to apply the
ecological model to identify factors affecting dairy product consumption behavior
among eighth graders in Taipei, Taiwan. This study included three phases: focus groups,
validation of instruments, and questionnaire survey. In the first phase, four focus
groups with 20 males and 20 females representing urban and suburban schools were
conducted to explore intrapersonal, interpersonal, community, and societal influences in

dairy product consumption of eighth graders for developing a valid measurement
instrument used in the subsequent quantitative survey. The long-table approach was

used for data analysis. It was found that taste preference, restriction of drink choices,
availability, perceived benefits, eating occasions, and family influences are important
areas to include in an intervention designed for this target group. In the second phase, a
self-administered food frequency questionnaire (FFQ) and behavior questionnaire was

developed. The 14-item FFQ was validated against repeat 24-hour recalls on 60 eighth

graders. The behavior questionnaire was pilot-tested on approximately 200 students
and reviewed by an expert panel for content validity. The deattenuated correlation
coefficients of 0.52 and 0.87 were obtained for FFQ1 and the average of two recalls and
for FFQ2 and the average of two recalls, respectively. Cronbach's a of 0.70.9 were
reached for all sections of the behavior questionnaire except nutrition knowledge

section. In the third phase, questionnaire survey was conducted on a random sample of
1,374 eighth graders (response rate = 91%) and a final sample of 1,090 subjects was

used for data analysis. Dairy calcium intake was calculated in SAS based on the Taiwan

Nutrient Databases and food labels on the dairy products. Mean dairy calcium intake
for all participants measured by a 14-item FFQ was 520 mg/day. More than 50% (278

mg/day) of total dairy calcium intake was solely from 100% cow or goat milk. Two
approaches were adopted in data analysis: (1) a behavioral approach using principle

components analysis and multiple regression found that facilitating, hindering,
interpersonal, and community factors were the four constructs measured in this
instrument and significantly predicted dairy calcium intake; (2) a statistical approach
using stepwise linear regression and hierarchical linear regression found that
convenience, preference for dairy products, self-efficacy, family encouragement,
appearance of wholesale stores, and dairy sources from community were significant
predictors of dairy calcium intake, accounting for 17.8% of the systematic variance.
Implications for interventions targeting eighth graders and their parents as well as for

policy-makers were addressed. Significant factors found in this study to be associated
with dairy product consumption include the intrapersonal and interpersonal influences,
which may be modifiable through interventions; whereas community and societal

influences may be changed through policy making or social change and need further
studies using different study designs.
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CHAPTER 1

INTRODUCTION
1.1 Statement of the Problem
Many diet studies have provided evidence that inadequate calcium intake is
associated with the incidence of osteoporosis (Heaney, 2002, Heaney, 2000 & Prentice,
2004), hypertension (McCarron and Reusser, 1999, Witteman et al., 1989, Trevisan et
al., 1988, & Ackley et al., 1983), cardiovascular disease (McCarron and Reusser, 2001),

obesity and insulin resistance (Pereira et al., 2002), breast cancer (Lipkin and Newmark,
1999 & Moorman and Terry, 2004), and colon cancer (Holt, 1999).

Surveys in the

United States found that osteoporosis is the major cause of fractures in postmenopausal
women and the elderly, and that there were more than 25 million American women who

had osteoporosis, which has resulted in more than 10 billion dollars of medical
expenditures annually (NIH Consensus Development Panel on Calcium Intake, 1994).
In Taiwan, a survey found that the prevalence of vertebral fractures was 18 percent and
12 percent for elderly females and males, respectively (Tsai et al., 1996).

Moreover,

the direct and indirect medical and social cost caused by hip fractures in 1996 exceeded
120 million US dollars, and the mortality rate of elderly people who got hip fractures

within the last year of their deaths was about 30 percents (Tsai, 1997).

Therefore, on

one hand, osteoporosis and its related fractures place a heavy burden to individuals and
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to the society, and it also degrades the quality of life among the elderly.

Importantly,

inadequate calcium intake is one of the major causes of osteoporosis among the elderly
(Prentice, 2004).

On the other hand, breast cancer is the most common cancer in women after skin
cancer and is the second leading cause of cancer deaths after lung cancer worldwide.
Asian populations have a lower risk of breast cancer as compared to Western
populations (age-standardized rate: ASR < 35 per 100,000 vs. ASR 8O-4O0 per 100,000)
(Globocan, 2002).

However, breast cancer incidence has increased among Asian

populations (Leung et al., 2002 & Yang et al., 2003).

In Taiwan, breast cancer

incidence has increased three-fold since 1980 (Department of Health, 1998). In
addition, the age-adjusted mortality from cancers of all sites increased from 115 per
100,000 in 1971 to 156 per 100,000 in 1996 for males in Taiwan (Chen et al., 2002).
Colon cancer was one of the five leading causes of cancer deaths.

Moreover,

cardiovascular diseases and diabetes were the top fourth and fifth causes of deaths in
Taiwan and the standardized mortality rates were 55 per 100,000 and 41 per 100,000 in
2004, respectively (Department of Health, 2004).

Since inadequate calcium intake

was reported to be associated with these diseases, calcium intake level among
Taiwanese is an important issue, and it deserves more attention in public health nutrition
area.

Three nationwide nutrition surveys in Taiwan have found that calcium intake
among Taiwanese was obviously lower than the reference dietary intake of calcium
recommended by the Department of Health (DOH) in Taiwan.

The first national

nutrition survey reported that the average daily calcium intake was 440 mg (Huang et al.,
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1983).

This level increased to 507 mg per day in the second national nutrition survey

(Lee et al., 1991).

The newest national survey conducted during 1993 to 1996 reported

an average of 504 mg per day (Pan et al., 1999).

According to the Recommended

Daily Nutrient Allowances (RDNA) issued by DOH in 1993, RDNA of calcium for
adolescents and adults is 700 mg and 600 mg, respectively.

The DOH amended the

RDNA to Dietary Reference Intakes (DRIs) in 2002 and greatly increased the
recommendation of calcium intake to 1,200 mg for adolescents and 1,000 mg for adults.
Based on the newest standard of Dietary Reference Intakes, calcium intake among the
majority of Taiwanese has only reached about half or less of the recommended level.

As stated above, inadequate calcium intake is associated with many health problems and
may cause substantial medical and societal resource losses.

For these reasons, it is

important to increase daily calcium intake among Taiwanese, especially among
adolescents.

Adolescence is a period when skeletal bones are rapidly growing, and

thus requires a huge amount of bioavailable calcium.

Also, calcium intake in

adolescence influences the peak bone mass in young adulthood (Nieves et al., 1995,
Teegarden et al., 1999, Abrams et al., 1997 & Du et al., 2002), and, accordingly,

adolescence is a critical period for osteoporosis prevention. Additionally, eating
behavior in adulthood is usually formed in adolescence (CDC, 1996).

Whether an

adolescent has a healthy eating habit that can provide adequate calcium sources for
physiologic needs may affect his/her lifelong calcium consumption and overall health
later in life.

Therefore, how to enhance calcium consumption among adolescents is of

paramount importance in the area of public health nutrition in Taiwan.
Dairy products are the richest food source of dietary calcium.

If an individual's
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diet was devoid of dairy products, it would be difficult to reach the recommended level
of calcium.

However, the majority of Taiwanese are not used to consuming dairy

products in their daily diets.

The third national nutrition survey, 1993-1996 Nutrition

and Health Survey in Taiwan (NAHSIT), shows that consumption of dairy products
among Taiwanese decreases as age increases.

The average daily consumption of dairy

products among adults is approximately 0.3 to 0.4 serving, being far lower than the
Daily Dietary Guidelines of one to two servings in dairy products (Wu et al., 1999).
Although dairy intake among adolescents is slightly higher as compared to adults, the
average daily intake of adolescents is still below one glass (one serving) per day (Tzeng
et al., 1999).

Additionally, the food sources of calcium among adults consist of 37

percent from dark green vegetables, 21 percent from dairy products, and 48 percent
from other foods (Wu et al., 2001).

Adolescence has the lowest level of vegetable

consumption across all age strata (Tzeng et al., 1999).

Although no study accurately

analyzes the food sources of calcium among Taiwanese adolescents, dairy products are
considered the most important source since adolescents have low intake of vegetables
and very few foods are calcium-fortified in Taiwan.

Dairy products are not only the

richest source of calcium, but also the best biologically utilized source of calcium
(Charles, 1992).

Therefore, increasing consumption of dairy products may be the most

effective way to increase dietary calcium intake level among adolescents.
It is unclear why most Taiwanese adolescents' consumption levels of dairy
products are below the recommendation of Daily Dietary Guidelines or why their
average dietary calcium intake levels are under the DRI of calcium. People may
simply think that individual choices determine whether a person chooses to consume
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dairy products or not.

However, environmental factors also play important roles in

influencing an individual's food consumption behavior other than individual factors.
In general, environmental factor is a broad term, including interpersonal relationship
and the relationship between an individual and the environment in which a person is
living.

Influences of living environment, from the smallest to the largest realm,

include family, school, community, and the whole nation.

Studies focusing on eating

behaviors hardly consider all factors listed above simultaneously.

Emphasis is

commonly focused on individual factors or extended to family factors.

Nevertheless,

an individual is living in the immense societal environment. Many of a person's food
choices are unexplained by individual or family factors.

Thus, a study aimed at

comprehensively understanding an individual's food consumption behaviors must use a
conceptual framework that includes all levels of affecting factors.

An ecological

model or perspective fits in with this characteristic.
In summary, adolescence is a critical period for maximizing peak bone mass in a

person's lifespan, and eating habits in adulthood are mainly formed in adolescence.
Dairy products are the most important food source of calcium among adolescents to
increase the peak bone mass.

Therefore, this study aims to investigate factors that

influence dairy consumption behaviors of eighth graders in Taipei, Taiwan using an

ecological model, taking into account individual factors, interpersonal factors,
community factors, and the whole societal factors simultaneously.

1.2 Research Ouestions and Hypotheses
This study comprises two components: focus group interviews and a quantitative

survey.
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The purpose of focus groups is to gather infonnation on factors that influence

eighth graders' dairy product consumption behaviors from their responses to discussion
questions.

Research questions in focus groups include:

What dairy products are the most frequently consumed?
Does a participant often have access to dairy products at home, school, and
convenient stores nearby residence and school?
What factors can encourage or discourage a participant to make a decision of

whether or not to consume dairy products?
How do those factors, suggested by participants, influence the dairy
consumption behaviors?

Previous qualitative studies suggest that factors affecting adolescents' food choices
include hunger and food cravings, perceived lactose intolerance or cow's milk allergy,
appeal of food, time considerations of adolescents and parents, convenience of food,
food availability, parental influence on eating behaviors including culture or religion of

the family, benefits of foods such as health, situation-specific factors, mood, body
image, habit, cost, media, lack of self-discipline, and lack of a sense of urgency.

This

study explored influential factors particularly for dairy products and for Taiwanese
adolescents.

Furthermore, identified factors from focus groups were tested for the

significance of predicting dairy calcium intake in a subsequent survey.

The

quantitative survey focuses on the following questions:
1.

What factors are valid at the intrapersonal level of the ecological model of dairy
product consumption behaviors?
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What factors are valid at the interpersonal level of the ecological model of
dairy product consumption behaviors?
What factors are valid at the community level of the ecological model of dairy
product consumption behaviors?
What factors are valid at the societal level of the ecological model of dairy
product consumption behaviors?
What level of influences and factors can strongly predict dairy calcium intake
among eighth graders in Taiwan?

Are there any interactions between the strong predictors identified in research
question five in relation to the amount of dairy calcium intake?

Hypotheses tested in the study are as follows:
As suggested by previous research, psychosocial factors (like the taste of dairy

products, perceived health and nutrition benefits of dairy products, high
self-efficacy, high knowledge level regarding calcium, high satisfaction of body

weight, high school grades, high family connectedness, a sense of urgency, and

high self-discipline) and biological factors (hunger and male) are predictive of

increased dairy calcium intake.

Psychosocial factors (perceived lactose

intolerance or cow's milk allergy, high cost) and lifestyle factors (lack of time,
inconvenience, skip a meal, dieting behavior, low frequency of eating breakfast,

binge eating, and substance abuse) are predictive of decreased dairy calcium
intake.

Family factors (higher socioeconomic status of parents, small family size, high
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frequency of family meals, family members drink milk, family members try to
get participants to drink milk, and availability of dairy products at home) and
peers factors (peers drink milk, peers try to get participants to drink milk) are
predictive of increased dairy calcium intake.
Dairy products available at schools, fast food restaurants, vending machines, and
convenience stores are associated with increased dairy calcium intake.
Advertising of dairy products is associated with increased dairy calcium intake.
Concern of body weight influenced by mass media is associated with decreased
dairy calcium intake.

Vegetarianism due to religious beliefs is associated with

decreased dairy calcium intake.

Cultural influence (family meals following

traditional diets) is associated with decreased dairy calcium intake.

1.3 Delimitations of the Study
This study intends to delimit the target study population in eighth graders of public
junior high schools in Taipei, Taiwan.

As discussed in Section 1.1 (statement of the

problem), adolescence is a critical period for determining peak bone mass, and thus
adolescents should be the priority study population.

Adolescents mainly consist of

middle school students and high school students. Owing to limited research resources,
the researcher chooses to delimit the study population in public middle school students
for the sake of expecting a better cost-effective outcome of intervening at an earlier age
if the study findings are applied to develop intervention programs.
students in Taiwan include seventh to ninth graders.

Middle school

Only eighth graders are chosen

because ninth graders are facing a great pressure of preparing for the high school
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entrance examination and are likely to be reluctant to participate in the present study.

Additionally, seventh graders are just transiting from elementary schools and may not
be as capable as eighth graders in responding to the questionnaire.
Instead of measuring total calcium intake, this study attempts to focus on dairy
calcium intake.

The rationale for making this decision is based on the fact that dark

green vegetables and dairy products are the major food sources of calcium among
Taiwanese but adolescents have low vegetables intake, indicating that dairy products are
the main food sources of calcium for adolescents.

An advantage of narrowing down

the measure of calcium intake in dairy products alone is that it can simplify the food
frequency questionnaire, and possibly help to enhance the quality of data collection.
Also, factors affecting dairy consumption behaviors and other foods may be different.
Since increasing dairy products intake may be effectively enhance dietary calcium

intake, narrowing down the scope of the study to dairy consumption behaviors is more
promising to obtain straightforward information that can effectively increase calcium
intake among adolescents in Taiwan.

1.4 Definition of Terms
Dairy Products: According to the hygiene and safety regulations and standards of dairy
products declared by the Department of Health, Taiwan (Department of Health, 2003),
dairy products are divided into ten categories: (1) fresh milk (include cow milk and goat
milk): whole milk, low-fat milk, skim milk, fortified milk, and UHT/sterilized milk; (2)
milk powder (include cow milk powder and goat milk powder): whole milk powder,
skim milk powder, flavored milk powder, and mixed milk powder; (3) evaporated and
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condensed milk: no sugar condensed milk, sweetened condensed milk, and sweetened
condensed skim milk; (4) flavored milk (comprise flavored cow milk and flavored goat
milk): fresh flavored milk and UHT flavored milk; (5) cultured milk: coagulated milk
(yogurt), diluted fermented milk; (6) cheese; (7) cottage cheese; (8) whey protein
powder; (9) butter; (10) other dairy products.

Condensed milk, whey protein powder,

and butter are excluded from the present study for the following reasons: (1) the intake
frequency of condensed milk is very low; (2) whey protein powder is mainly used in
food processing, not by general consumers; (3) buffer belongs to the food group of fat

and oil and does not contain calcium, in terms of nutrition.

1.5 Significance of the Study
The current intake level of calcium is much lower than the recommended level
among Taiwanese adolescents.

Inadequate calcium intake is related to many chronic

diseases, so it is important to make efforts to increase calcium intake, from dairy

products, among adolescent for their long-term overall health. The literature, although,
suggests some predictive factors in intrapersonal and interpersonal levels, what factors
at community and societal levels can predict dairy calcium consumption level are
unclear.

Also, among intrapersonal, interpersonal, community, and societal levels,

what factors in which levels are the most powerful factors of affecting adolescents'
consumption behaviors towards dairy products are unknown.

This study is, therefore,

necessary to explore factors that influence adolescents in their dairy consumption
behaviors.

This study is expected to make contributions to the following three aspects: (1)

establishing qualitative and quantitative research data of factors affecting dairy
consumption behaviors of eighth graders in Taipei, Taiwan.

These data could be an

important reference for future studies, nutrition education interventions, and public
health nutrition policy-making; (2) establishing a baseline assessment of dairy calcium
intake level among eighth graders in Taipei, Taiwan.

Additionally, major contributors

of dairy foods to the total dairy calcium intake are identified.

These data, representing

eighth graders in Taipei area, could be an important reference for assessing calcium
intake status of adolescents by health department officers.

Moreover, nutrition

educators can target on the major contributors when promoting the increased
consumption of dairy products; (3) developing a valid food frequency questionnaire for
assessing dairy product consumption among middle school students in Taiwan.

This

food frequency questionnaire can be used to assess adolescents' dairy product
consumption by future studies; (4) providing an example of applying an ecological
model in studying nutritional behaviors. Nutrition and health educators can benefit
from this application in better understanding the influences of broad living
environments in nutritional behaviors.
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CHAPTER 2

LITERATURE REVIEW
2.1 Overview of this Chapter
The present study aims to investigate factors that influence
consumption behaviors
of eighth graders towards dairy products in Taiwan using

an ecological model.

This

chapter thoroughly reviews current literatures to provide the foundation
for the study
design.

The associations of calcium with several chronic diseases, including

osteoporosis, blood pressure, cardiovascular diseases, obesity and insulin

resistance,

breast cancer, and colon cancer, are discussed to point out the importance
of adequate
calcium intake.

Various sources of calcium and its bioavailability are then presented,

and the reasons for dairy products as the best source of calcium are provided.

In the

next section, commonly used dietary assessment methods, including the 24-hour dietary
recall and the food frequency methods, are introduced to provide

guidance for designing

the validation study and for developing the instrument of assessing usual dairy intake
for the present study.

The discussions then move to review current literatures regarding

investigations of

factors associated with eating behaviors, calcium intake, or dairy products intake.
Both quantitative and qualitative studies are reviewed.

Moreover, the theories and

rationales of using an ecological model are discussed.

This chapter finally ends up

with the summary of elements, extracted from current literatures, which
fall into a
specific level of the ecological model, the conceptual framework, of
the present study.
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2.2 Inadequate Calcium Intake and Health Outcomes
Many diet studies have provided evidence that inadequate calcium intake is
associated with various adverse health outcomes, such as the incidences of osteoporosis
(Heaney, 2002, Heaney, 2000 & Prentice, 2004), hypertension (McCarron and Reusser,
1999, Witteman et al., 1989, Trevisan et al., 1988, & Ackley et al., 1983),

cardiovascular disease (McCarron and Reusser, 2001), obesity and insulin resistance
(Pereira, 2002), breast cancer (Lipkin and Newmark, 1999, Moorman and Terry, 2004),
and colon cancer (Holt, 1999).

Calcium involves in a variety of physiologic functions

in a human body, including muscle contractions, hormone release, neurotransmifter
release, glycogen metabolism, vision, cellular differentiation, proliferation, and motility
(Kass-Wolif, 2004), structural transport, cell adhesiveness, and blood coagulation
(Miller and Anderson, 1999), and thus long-term inadequacy of calcium intake is
associated with many chronic diseases.

2.2.1 Calcium and Osteoporosis
"The WHO definition of osteoporosis is a bone mineral content (BMC) or bone
mineral density (BMD), measured by techniques such as dual-energy X-ray
absorptionmetry, that is more than -2.5 SD below the young adult mean for the
population." (Prentice, 2004).

Osteoporotic fracture is a serious problem among older

people and thus fracture rate is commonly used in comparison of osteoporosis between
populations.

Low bone mass, usually measured by BMC and BMD, is a risk factor of

osteoporotic fracture (World Health Organization, 1994).

Due to WHO's definition of

osteoporosis and BMC or BMD as common measures for fracture studies, changes in
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BMC and BMD are usually equated to alteration of fracture risk.

However, this kind

of interpretation could sometimes be problematic for two reasons.

First, improvements

in bone quality such as muscle strength or balance may decrease fracture risk with little
or no changes in BMC or BMD.

Secondly, significant increases in BMC or BMD may

result in poor bone quality and unchanged or even increased bone fragility.

This is

because increased BMC or BMD may just reflect bone remodeling transient effects
which may or may not have long-term benefits to reduce fracture incidence.

Therefore,

it is recommended that fracture should be used as the primary end-point, rather than
depending on evidence of increased BMC or BMD in randomized clinical trial aiming
to determine protective effects of nutrients (Prentice, 2004).

Osteoporotic fracture involves in multiple risk factors, including low bone mass,
physical frailty, propensity to fall, a history of fracture, altered bone architecture,

reduced inherent bone material strength, and varying soft tissue distribution over bony
prominence (Prentice, 2004, Heaney, 2000).

Bone mass is something that could be

done nutritionally to prevent osteoporotic fracture but it is important to bear in mind
that bone mass is only one of the risk factors of osteoporotic fracture.
factors other than nutrition could affect bone mass.

Also, many

For example, genetics accounts for

60%70% of variation in BMD within a population (Prentice, 2001). Release of
gonadal hormones and some environmental factors such as cigarette smoking, alcohol
abuse, physical inactivity, and use of certain medication can also influence bone mass
density (Prentice, 2004, Heaney, 2000).

These ideas could help to explain inconsistent

findings from epidemiologic studies as it is difficult to rule out all possible confounders
in observational studies.
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Among nutritional factors that are associated with bone mass density, calcium is
the major nutrient that receives much attention and continues to be debated about the
adequate intake level to maximize peak bone mass.

The association between calcium

intake and risk of hip fracture varies by the average calcium intake level of a population.
In a review of many epidemiologic studies, Prentice (2004) concludes that there is a
threshold of increasing risk below around 400-5 00 mg/day in populations at risk of

osteoporotic fracture, but that no additional benefit of lowering the risk is associated
with calcium intake in a population with the average intake close to the recommended
level.

More specifically, it was found to be no relationship between calcium intake

and risk of hip fracture in a population with an average calcium intake close to the
recommended level and with a moderate to high risk of osteoporosis.

By contrast, in

populations with a lower calcium intake, an inverse relationship was suggested.
Interestingly enough, on a world-wide basis, those nations with a high calcium intake
also have higher rates of fracture, while relatively lower fracture rates occur in those
populations with a lower calcium intake.

It is believed that obligatory urinary and

dermal calcium excretion is lower in countries with a customary low calcium diet than
those with a Western diet (Prentice, 2004).
genetically different between ethnic groups.

Moreover, the skeleton structures are

The Blacks have heavier skeletons and

utilize dietary calcium more efficiently as compared to the Caucasians (Heaney, 2000).
Additionally, the typical skeletons of Caucasians with a long and large hip axis are
structurally weaker as compared to the Asians with a shorter, less sharply angled upper
femoral segment (Heaney, 2000).

Therefore, calcium intake may be associated with

osteoporotic fracture but the relationship varies among populations with various
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characteristics.

The roles of calcium intake in relation to bone health should be

examined within a population, not across cultural and ethnic groups, if epidemiologic
methods are to be used (Heaney, 2000).

Other nutritional and lifestyle factors relating to osteoporosis comprise vitamin D,
phosphorus, magnesium, protein, fluorine, sodium, phyto-oestrogen, caffeine, and
alcohol.

Poor vitamin D status has been linked to osteoporotic fracture and

age-related bone loss. Vitamin D can be obtained from dietary sources as well as by
skin synthesis under exposure of sunlight.

Elderly people and individuals with limited

exposure of sunlight are at risk of being poor vitamin D status and are considered in
need of increasing dietary vitamin D intake or supplementation.

Calcium and vitamin

D supplementation is widely recommended for the treatment of osteoporosis and
secondary fracture prevention among postmenopausal women. Nevertheless, whether
this regimen is effective is still under study. Phosphorus is an essential element for

bone formation. A depletion of serum phosphate is found to impair bone
mineralization, the last step of bone remodeling, and compromise the function of
osteoblast, a cell responsible of bone formation.

However, evidence is limited.

High

protein and high sodium diets are concerned to increase urinary calcium excretion.
Different dairy products possess distinct potential renal acid load (PRAL) of diets and
various calcium-to-sodium ratio, which may result in different consequences in terms of
calcium balance (Massey, 1998 & Weinsier and Krumdieck, 2000).

Milk and its

non-cheese products have relatively low PRAL, whereas cheeses have relatively high
PRAL, equivalent to meat, fish, poultry, and some grain products with respect to the
ability of acid excretion after metabolism (Remer and Manz, 1995).

Cheeses have
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seven-fold PRAL as compared to milk and its non-cheese products is because cheeses
have high amount of protein with amino acids containing sulfur which will generate
sulfate after metabolism and increase the acidity of the urine.

Furthermore, processed

cheeses such as American cheese and cottage cheese have calcium-to-sodium ratios of
0.3 and 0.15, much lower than that of milk (2.4) and yogurt (2.6) (Weinsier and
Krumdieck, 2000).

Sodium and calcium share some of the same transport system in

the proximal tubule, thus high sodium intake will increase calcium excretion from the
urine.

In short, milk and its non-cheese products may be beneficial to bone health,

while processed cheeses may be not.

Magnesium intake has been reported to be

positively related to BMD and increased phyto-oestrogen consumption may prevent
bone loss.

Nevertheless, data from human studies are limited.

Finally, caffeine and

alcohol intake is considered to increase urinary calcium excretion. However,
conclusive data are limited (Prentice, 2004).

2.2.2 Calcium, Blood Pressure and Cardiovascular Diseases
The association between calcium intake and blood pressure once has been

controversial. A cross-sectional study conducted in the U.S. found that both systolic
and diastolic blood pressure levels had an inverse relationship with calcium intake from
dairy products in men but not in women (Ackley et al., 1983).

Another cross-sectional

study conducted in nine Italian communities found an inverse association between
whole milk consumption and systolic blood pressure but not diastolic blood pressure
(Trevisan et al., 1988).

This study also found that daily consumption of cheese was

not associated with a reduced blood pressure level.

These two examples of studies
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show the inconsistent results of the relationship between calcium from dairy products
and blood pressure levels across gender, types of dairy products, and types of blood
pressure.

Also, a cross-sectional study cannot draw any conclusion about the causal

relationship between calcium intake and blood pressure, even though a significant
association is found.

After nearly 20 years of studying in this relationship, a large body of plausible,
reproducible and consistent data has been established using various study designs such

as observational studies and randomized clinical trials in many populations. A blood
pressure-lowering effect of adequate calcium intake has been consistently reported
(McCarron and Reusser, 1999).

In a review article of finding consensus in the dietary

calcium-blood pressure debate, McCarron and Reusser (1999) conclude that calcium
consumption of 1000 to 1500 mg/day through diets in adulthood can reduce the risk of
hypertension.

However, various calcium-rich foods have different effects on blood

pressure (Trevisan et al., 1988).
saturated fat and sodium.

For example, regular cheeses have a high content of

This is probably why cheese consumption did not have a

blood pressure-lowering effect in Trevisan et al. study.

Therefore, sources of dietary

calcium should be taken into consideration if a suggestion of increasing calcium intake
to prevent hypertension is given.

With respect to cardiovascular diseases, low intake of calcium and potassium has
long been suggested to cause cardiovascular diseases by epidemiologic data.

However,

single-nutrient intervention data show inconsistent results from different study designs
and populations (McCarron and Reusser, 2001).

McCarron and Reusser (2001)

suggest that a study of diet-cardiovascular disease relationship should focus on an
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overall diet or dietary patters rather than a single nutrient because nutrients are not

consumed individually but as a combined constituent of a varied diet.

Specifically,

they conclude that adequate intake of calcium and potassium, particularly derived from
foods, in which they coexist with other essential nutrients contribute to cardiovascular
health as well as overall health.

2.2.3 Calcium, Obesity, Insulin Resistance and Diabetes
A population-based prospective study suggests that increased diary consumption,
rich in calcium, may protect overweight individuals from the development of obesity
and insulin resistance syndrome (Pereira et al., 2002).

In Pereira et als. study, insulin

resistance syndrome was defined as the presence of two or more of four components:
abnormal glucose homeostasis, obesity, elevated blood pressure, and dyslipidemia.

Insulin resistance syndrome and obesity are recognized key risk factors of type II
diabetes and cardiovascular diseases.

Thus, this study provides evidence of a possible

protective effect of calcium intake on type II diabetes and cardiovascular diseases
among overweight individuals.

In a cross-sectional study in Spain, the prevalence of osteoporosis was 21.7 % in
92 type II diabetes patients.

Significant differences in calcium intake level were

observed between patients with and without osteoporosis.

Patients with osteoporosis

had a significant lower intake of calcium (de Luis Roman et al., 2004).

Thus, the

author suggests that increased calcium intake may have a protective role in bone
mineral density in patients with type II diabetes. However, study results based on such
a weak study design should be interpreted with caution.

Calcium intake level may be
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associated with insulin resistance syndrome and diabetes but evidence is still
insufficient so far.

2.2.4 Calcium and Breast Cancer
Current epidemiologic evidence does not support a strong association between
dairy foods consumption and the risk of breast cancer.

It may be greatly subject to

measurement error as dairy product is a diverse group of foods and it is difficult to
separate the individual effect of a specific constituent of dairy foods on the development
of breast cancer (Moorman and Terry, 2004).

Multiple pathways may involve in

explaining the relationship between dairy foods and breast cancer, including both
positive and negative associations.

On the one hand, some hypotheses have been made

to suggest a positive association between dairy product consumption and the risk of
breast cancer, including: (1) a high consumption of whole milk and many types of
cheeses may involve in high intake of saturated fatty acids, which is associated with an
increased risk of breast cancer; (2) contaminants such as pesticides, which are
potentially carcinogenic, are possibly contained in milk products; (3) milk may contain
growth factors such as insulin-like growth factor I (IGF-I), which have been suggested
to promote tumor cells growth (Moorman and Terry, 2004).

On the other hand, some

hypotheses suggesting that dairy products protect against breast cancer have focused on
the anti-carcinogenic properties of calcium, vitamin D, and conjugated linoleic acid
(CLA), abundantly existing in dairy products (Moorman and Terry, 2004).

Lipkin and Newmark (1999) found that decreasing dietary calcium intake and
vitamin D level may induce adverse changes in mammary gland and several other
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organs in a high-fat diet.

The organic changes could be reversed by increasing

dietary calcium intake and vitamin D level.

One possible mechanism that calcium and

vitamin D may inhibit carcinogenesis is that level of free fatty acids and unconjugated
bile acids increases in a high-fat diet, and it presents an irritate proliferative-stimulating
effect, which is a cell damaging effect.

Increasing dietary calcium intake and vitamin

D level may decrease irritation-driven hyperproliferation, and thus reverse the cell
damaging effect (Lipkin and Newmark, 1999).

2.2.5 Calcium and Colon Cancer
Calcium intake derived from dairy foods is also suggested to have a protective
effect on colon cancer.

The possible mechanism is that calcium conjugates with bile

acids and fatty acids resulting in precipitation and thus reducing the cellular toxicity of
bile acids and fatty acids (Holt, 1999).

In a 12-month randomized clinical trial, Holt et

al. (1998) found that an addition of 850 mg of calcium per day with about 82% of
calcium from dairy products was associated with significant changes in proliferation
and differentiation markers.

It is thought that dairy calcium is likely involved in a

greater improvement in the indices of risk for colon cancer than supplemental calcium
as compared to findings of previous studies.
Several potential adverse effects of increasing calcium and vitamin D intake such
as the hypothetical risk of hypercalciumia, of precipitation of renal stones, of
interference with the absorption of other minerals, and constipation side-effect are
concerned.

Nevertheless, Holt (1999) thinks that none of them should be seriously

worried for the following reasons.

In the first place, constipation can be relieved by
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increasing dietary fiber intake and by administration of stool softeners.

Secondly, a

prospective study shows an inverse association between dietary calcium intake and the
risk of kidney stones (Curhan et al., 1993).

The protective effect of a high calcium diet

may be as a result of decreasing oxalate absorption in the colonic lumen by increased
precipitation of calcium oxalate.

Thirdly, some studies suggest that calcium

supplementation may interfere with iron absorption (Cook et al., 1991, Hallberg, 1991);
whether this is clinically important, however, is not confirmed (Hallberg, 1998).

2.2.6 Summary
Available literatures suggest that inadequate calcium intake is associated with
many adverse health outcomes, such as osteoporosis, hypertension, cardiovascular
diseases, obesity and insulin resistance, breast cancer, and colon cancer.

Increased

calcium intake may be related with a reduced incidence of osteoporotic fracture, but this
association is limited in a population with an average calcium intake lower than the
reconmiended level.

Adequate calcium intake has been consistently reported to have a

blood pressure-lowering effect.

Importantly, various calcium-rich foods have different

effects on blood pressure, and thus sources of dairy calcium should be taken into

consideration if a suggestion of increasing calcium intake to prevent hypertension is
given.

Moreover, an overall diet with adequate calcium and potassium along with

other heart friendly nutrients in foods, such as a high calcium, low fat, and high fruit
and vegetable diet, contributes to cardiovascular health. Calcium is also suggested to
have a possible protective effect on type II diabetes and cardiovascular diseases among
overweight individuals.

Weak evidence also suggests that increased calcium intake
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may have a protective role in bone mass density in patients with type II diabetes.
Additionally, increased intake of dairy foods may be associated with an increase in the
risk of breast cancer if accompanying with high saturated fatty acids, pesticides, and
growth factors, and may be related to a reduced risk of breast cancer if the dairy foods

have a high contents of calcium, vitamin D, or conjugated linoleic acid in a high-fat diet.
Finally, calcium may have a protective effect on colon cancer through conjugating with
bile acids and fatty acids, resulting in precipitation and thus reducing the cellular
toxicity of bile acids and fatty acids.

2.3 Food Sources of Calcium and Calcium Bioavailability
Calcium could come from dairy foods, non-dairy foods, fortified foods, or
supplements.

Each source contains a different amount of calcium and a different

chemical composition, including factors that may increase or decrease calcium
utilization by our bodies.

The efficiency of calcium absorption is subject to the overall

level of calcium in a food, the chemical specific composition of food, and volume of
food consumed (Fishbein, 2004).

Several factors have been recognized to possibly

influence calcium absorption or bioavailability, including the pH level of chyme and
gastrointestinal environments, physiologic requirements, salt types of calcium
supplements, amount of ingested calcium at a time, other nutrients and compounds
coexisting in foods (Fishbein, 2004), and calcium-to-protein ratio (Chan et al., 1995).

Calcium salts must be converted to ionized Ca2 in an acid environment before being
absorbed.

The existence of vitamin D facilitates calcium absorption.

Calcium

absorption efficiency decreases as age increases, primarily reflecting the lower vitamin
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D receptor activity (Fishbein, 2004).

Additionally, the efficiency of absorption is

increased during periods of high physiologic requirements (Fishbein, 2004). For
example, children may absorb up to 75 percent of ingested calcium as compared to

2040 percent of ingested calcium in young adults (Fishbein, 2004).

The adequate

intake of calcium during pregnancy and lactation is set in the same recommended level
as non-pregnant women in the same age interval because calcium absorption efficiency
and retention adjusts during pregnancy and lactation and thus calcium requirements are
not higher (Bryant et al., 1999).

Moreover, the absorption efficiency is higher at low

intakes (less than 500 mg per time) than higher intakes (Fishbein, 2004, Shieh et al.,
2003).

Calcium absorption from supplements is generally good (Fishbein, 2004).

The

absorption rates of calcium carbonate and calcium lactate are 40 percent and 21 percent,
respectively (Shieh et al., 2003).

However, Dawson-Hughes et al. (1990) reported that

supplementation with calcium citrate malate was more effective than supplementation
with calcium carbonate.

Major sources of calcium from non-dairy foods include dark

green leafy vegetables, beans, nuts, and fish.

Among vegetables, mustard greens,

collards, and bok choy are considered excellent sources out of their high calcium
content and excellent bioavailability (Fishbein, 2004).

However, the quantities

required to reach the recommended level of calcium limit the role of these vegetables in
fulfilling calcium requirements (Weaver and Plawecki, 1994).

Moreover, calcium

bioavailability is low in spinach, although its calcium content is rich, resulting from
high content in oxalate which may form calcium oxalate kidney stones and thus inhibit
calcium absorption (Fisbbein, 2004, Kass-Wolif, 2004).
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Protein plays a positive role in improving calcium absorption; however, high
protein intake may produce negative calcium balance from increased urinary calcium
excretion if phosphate intake is kept low (Kass-Wolif, 2004, Chan et al., 1995).

But if

phosphate intake increases with the protein intake, the effect of high protein intake on
increased urinary calcium excretion is minimized (Chan et al., 1995).

The dietary

calcium-to-protein ratio is suggested to be important in achieving a positive calcium
balance, and the optimal ratio is recommended at least 16:1 (Chan et al., 1995).
this point of view, dairy foods are ideal for calcium retention as its ratio is
and should offset the calciuric effect (Massey, 1998 & Heaney, 2000).

obtaining calcium from dairy products has many other advantages.

From

20:1 (mg:g)

Moreover,

Dairy products

contain many vitamins, minerals and macronutrients other than calcium and are

important for the growth of adolescents. A diet devoid of dairy products may be
inadequate in calcium, vitamin A, folate, riboflavin, vitamin B6, magnesium, and

potassium (Fleming and Heimback, 1994). Many adolescent girls concern about body
weight and may avoid consuming dairy products for this reason.

However, Chan et al.

(1995) reported that increased intake of dairy products did not increase total fat or
saturated fat intake and was not associated with excess weight gain or increased body
fat in pubertal girls.

This finding provides evidence that dairy products are good

sources of calcium, particularly for those who highly concern their body weight.
In short, although calcium supplements and dark green leafy vegetables, generally,
have good calcium bioavailability, dairy products are preferred for recommending on
the increase of calcium intake.

Those whose diets devoid of dairy products for any

reason should be educated the importance of increased calcium intake from non-dairy
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sources.

2.4 Dietary Assessment of Calcium Intake
Three measurement methods, food record method, 24-hour dietary recall method,
and food frequency method, are commonly used in dietary assessment.

The 24-hour

dietary recall and the food record method are based on assessing an individual's actual
intake of foods, while food frequency method is based on an individual's perception of
usual intake over a less precisely defined period of time (Buzzard, 1998). All three
methods could be used to assess calcium intake.

"The appropriateness of methods for

estimating dietary intake depends on the degree of precision required of the data, the
resources available, and the characteristics of the study population." (Zulkifli and Yu,
1992).

In general, the primary data collection instrument in nutritional epidemiology

is a food frequency questionnaire (FFQ) (Buzzard, 1998, Subar et al., 1995).

The

recall and record methods are often administered to assess the validity of a FFQ,
forming the foundation for adjusting associations between risk of disease and nutrient
intake as assessed by a FFQ (Buzzard, 1998).

However, if estimate of the absolute

intake of foods and nutrients is the purpose of a study rather than acquirement of
relative rankings, recall or record methods are recommended (Buzzard, 1998).

The

present study focuses on average long-term dairy calcium intake; therefore, discussions
in the following sections targeted the food frequency method as well as the 24-hour
dietary recall, used as a reference method.

2.4.1 Assessment Methods
The food record method is considered a "gold standard" method for acquiring
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accurate food intake data.

However, it is not practical in a large-scale investigation

as it requires literacy and pre-training of participants.
subjects' motivation to obtain a complete data.

It also requires a high level of

Therefore, the food record method is

not chosen in the present study.

2.4.1.1 24-Hour Dietary Recall Method
The 24-hour dietary recall method is currently the most commonly used data
collection method for surveillance of a population's nutritional status and food
consumption level in the United States (Buzzard, 1998) and in Taiwan.

This method

has been used in several nationwide nutrition surveys, such as the National Health and
Nutrition Examination Surveys (NHANES) (Briefel, 1994), the Continuing Surveys of
Food Intakes by Individuals (CSFII) (Guenther, 1994), and the Nutrition and Health
Survey in Taiwan (NAHSIT) (Pan et al., 1999).

The 24-hour recall collects

information about everything an individual consumed from midnight to midnight of the
previous day or over the past 24-hour period from the time of interview, conducted by a
trained dietary interviewer.

Thus, the accuracy of 24-hour recall depends on the

respondent's short-term memory (Buzzard, 1998).

Information required to be

collected includes name and amount of food consumed, food preparation methods,
recipe ingredients, and brand name of commercial products.

In order to improve the

completeness of data collection, the USDA five-step multiple-pass method is
recommended (Conway et al., 2004).

In the five-step multiple-pass method, a

checklist of common forgotten foods is used to enhance the completeness of reporting
foods eaten.

The use of various amount estimation tools such as common sizes of
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mugs, glasses, bowls, standard measuring cups and spoons, three-dimensional food
models, and photographs of foods can help accurately quantify amounts of foods
consumed (Buzzard, 1998).

The 24-hour dietary recall can be administered by face-to-face interview or by
telephone interview as well as self-administration. Face-to-face interview is
traditionally used, while telephone interview is increasingly used in the United States
(Buzzard, 1998).

Two major advantages of conducting dietary recall interviews using

telephone are suggested by Buzzard (1998).
both the respondent and the interviewer.

First is to eliminate the need of travel for

This is particularly beneficial when the

geographic area of a study is wide and multiple days of intake are to be collected.
Second is to prevent the possibility that a respondent may modify his/her diets if an
interview is scheduled in advance.

Several studies have successfully used telephone

interview to collect 24-hour dietary recall data (Cullen et al., 1999, Bogle et al., 2001,
Mayer-Davis et al., 1999).

Bogle et al. (2001) found no statistically significant

differences for mean energy or protein intake between telephone and face-to-face
interviews.

Estimating portion size could present a big challenge of telephone interview for
collecting 24-hour recall data, since all the food models and other amount estimation
tools typically available at a face-to-face interviewing site are not accessible to the
interviewee (Buzzard, 1998).

Photographs of different portion size for selected foods,

a ruler, or standard measuring cups and spoons could be mailed to each subject to keep
at work or at home prior to the telephone interview (Buzzard, 1998).

The interviewer

can ask the subject to use these tools to better estimate and describe the exact amount
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the subject had to eat and drink.

This remedial measure may improve the data

quality through telephone interview.

The 24-hour dietary recall method can provide a precise estimate of dietary intake
in the previous 24 hours or a one-day dietary intake. However, it cannot represent the
overall diet of an individual due to large day-to-day variation, within-person variation.

2.4.1.2 Food Frequency Method
The food frequency method is the most commonly used strategy for data collection
in large-scale nutritional epidemiology studies as long term usual dietary intake is
usually desired.

The 24-hour dietary recall method is not appropriate for this purpose

because it is generally expensive, unrepresentative of usual intake if only a few days are
assessed, and unsuitable for assessment of diet in a distant past (Willett, 1998,
pp.74-100).

Although the food frequency method cannot accurately measure a

subject's actual intake, "it may be advantageous to sacrifice precise intake
measurements obtainable on one or a few days in exchange for more crude information
relating to an extended period of time." (Willett, 1998, pp.74-1 00). Willett's statement

provides the rationale and conceptual basis of the food frequency method.

Moreover,

Angus et al. (1989) suggest that a food frequency questionnaire is a simple method for
assessing calcium intake.

Some other studies also use a food frequency method to

assess calcium intake (Jensen et al., 2004, Xu et al., 2000).
A basic food frequency questionnaire consists of two components: a food list and a
frequency response.

An advanced FFQ may add a section of portion size information.

Thus, there are three major types of food frequency questionnaires: (1) a simple food
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frequency questionnaire does not collect information on portion size; (2) a
semiquantitative food-frequency questionnaire gives a respondent a standard unit size
first and then asks the consumption frequency based on the given unit size (Willett,
1998, pp.'74-100); (3) the third type of FFQ asks a respondent to choose a portion size

from small, medium, or large and then report the consumption frequency (Block et al.,
1986).

Details of considerations for developing a food frequency questionnaire are

described in the next section.
A food frequency questionnaire can be administered by face-to-face interview or
by telephone or can be self-administered by mail.

In survey research, face-to-face

interviews and telephone interviews usually have a higher response rate as compared to
mailed self-administered questionnaire survey (Singleton and Straits, 1999).

When

face-to-face, the interviewer can provide visual aids such as photographs, measuring
tools, and food models in presenting the questions.
when portion size questions are included in the FFQ.

This is particularly beneficial
However, some disadvantages

are associated with face-to-face interviews, including high cost, difficulty of locating
respondents not at home, fear of strangers, and potential interviewer bias.

By contrast,

a self-administered questionnaire survey is the least expensive survey mode. When a
very large sample size is desired, cost must be kept low, ease of administration is
necessary, and moderate response rate are considered satisfactory, a mailed

self-administered survey is preferable (Singleton and Straits, 1999).

2.4.2 Development of Food Frequency Questionnaire
A food frequency questionnaire at least includes the food list and the frequency
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response section.

Portion size information is an option of a FFQ. Principles for

designing each component of a FFQ are discussed in this section.

2.4.2.1 The Food List
The objectives of a study should be used as guidance in determining food items on
the food list of a FFQ.

The number of food items is determined by whether the

objective is to measure intake of a few specific foods or nutrients or whether the
purpose is to comprehensively assess dietary intake (Willett, 1998, pp.'74.-100).

In

general, 130 food items are approaching the limit (Willett, 1998, pp.74-100). An
extremely long questionnaire may lead to fatigue and boredom of an ordinary
respondent, which can weaken concentration and accuracy.

Owing to the limited

number of food items, only informative food items should be included in the food list.
Willett (1998) suggests three criteria for selecting a food item. "First, the food must be
used reasonably often by an appreciable number of individuals.
have a substantial content of the nutrient(s) of interest.

Second, the food must

Third, to be discriminating, the

use of the food must vary from person to person."
Willett (1998) also recommends several approaches to compile a food list.

First

is to identify the foods that contain very large amounts of the nutrient(s) of interest from
published Taiwan Nutrient Databases.

This approach can simply catch foods with a

high content of the nutrient(s) of interest but it cannot guarantee that all foods selected
are frequently consumed.

The second approach is to start with a long list of foods that

are potentially important nutrient sources and systematically reduce the list. A
researcher can conduct a pilot study and simply delete the infrequently consumed food

items based on the results of the pilot study.
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It is risky that this strategy may ignore

an informative food item with high between-person variation but is not frequently used
by most individuals.

Reduction of the food list can also be accomplished by using a

stepwise regression analysis.
used with caution.

However, the stepwise regression technique should be

Some food items may enter the regression model as statistically

significant predictors on the basis of chance alone.

The third strategy is to identify

foods that contribute most importantly to the total absolute intake of a nutrient by the
study population from previously obtained food records or 24-hour recalls.

Finally, a

study can use or modify an existing questionnaire if the hypotheses are adequately
addressed by an existing questionnaire and the form is reasonably appropriate for the
cultural background of the study population.
Several good points regarding the organization and structure of a food list are
suggested by Willett and Subar et al.

For example, related items should be clustered

together and more specific items should precede general items (Willett, 1998,
pp.74-100).

Multiple, simple, clear questions are preferable to a single longer,

complex question (Subar et al., 1995, Willett, 1998, pp.74-100)

2.4.2.2 Frequency Response Section
In addition to the food list, response formats to frequency questions also require
careful consideration.

Most investigators provide multiple-choice frequency response

categories with the number of options ranging from five to ten (Willett, 1998,

pp.74-l00).

Compared to open-ended frequency responses, Subar et al. (1995) suggest

that using multiple-choice frequency response format can increase clarity and reduce

errors.
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With respect to the number of options, Willett (1998) thinks that "five

choices are likely to be too few and will result in serious loss of information."

He

explains that when the response categories are broadened, the discrimination capacity of
questions would decrease.

Additionally, Willett (1998) suggests that the range of

response categories at the low frequency end could be broader than that of the high
frequency end because a food consumed less than once per week makes relatively little
contribution to nutrition intake.

Frequency response options used in 1980 Nurses'

Health Study Dietary Questionnaire include nine categories: almost never, 1-3 per
month, 1 per week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4-6 per day, and
6+ per day (Willett, 1998, pp.74-100).

2.4.2.3 Portion Size information
Whether it is necessary to add portion size section to a food frequency
questionnaire is debatable.

Before making the decision, a researcher must consider

whether subjects are able to conceptualize the unit size clearly and relate this to their
own habits in order to add useful information from portion size (Willett, 1998,
pp.74-100).

Although it is possible that a more detailed assessment with additional

portion size information may improve the measurement of nutrient intake, available
data do not support this hypothesis.

Willett (1998) cites several studies (Samet et al.,

1984, Hernandez-Avjla et al., 1988, Cummings et al., 1987, Hankin et al., 1975, and

Block et al., 1990) to illustrate that individual variation in intake of any food is mostly
explained by the frequency of consumption.

That is to say, portion size questions in a

FFQ provide little additional information on the ranking of individuals' intake.

Moreover, Willett (1998) emphasizes that "the concept of usual portion size is
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inherently complex and unlikely to be reported precisely", and that it is not necessarily

true that there is nothing to lose by adding portion size questions.

He explains that "if

the amount of variation due to error exceeds the amount of information gained on true
variation in portion size, validity can actually be reduced."
Nevertheless, adding portion size questions may be critical in certain
circumstances.

For example, if the frequency of eating meat in a culture is fixed, but

the amount eaten varies substantially between persons.

It is important to focus on the

portion size question in this case (Willett, 1998, pp.74-100).

Also, if portion size

questions are finally decided to be included, providing ranges for categories of serving
sizes is observed to give a better clarity than asking subjects to report their usual serving

size as small, medium, or large in relation to a specified medium serving size (Subar et
al., 1995).

2.4.3 Validation Study of Food Freiuency Ouestionnaire
For a large-scale nutritional epidemiologic study that does not require accurately
estimating absolute intakes of nutrients or foods but a log-term usual intake is desired, a
food frequency method is usually carried out.

In this case, the 24-hour dietary recall

method is often used to assess the validity of a FFQ.

"Validity refers to the degree to

which the questionnaire actually measures the aspect of diet that it was designed to

measure." (Willett and Lenart, 1998). A food frequency questionnaire is usually
designed to measure between-subject variation in nutrient(s) or food intake.

"The

ability of a questionnaire to discriminate among individuals is most directly evaluated
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by comparing individual estimates of nutrient intake based on the questionnaire with
those measured by a more accurate method, that is, a gold standard." (Willett and Lenart,
1998).

Food record method is considered a gold standard as it does not rely on

memory, it is open-ended, no restrictions imposed by a fixed list of foods, and portion
sizes can be measured directly.
respondents.

However, it requires literacy and prior training of

Therefore, "when subjects are illiterate or less than highly motivated,

multiple 24-hour recalls may be the only reasonable option." (Willett and Lenart, 1998).
Willett and Lenart also suggest that, ideally, "the subjects in the validation study

should be a random sample of the study population in which the questionnaire is being
used."

With respect to the number of subjects required for a validation study, it

depends on the degree of precision required.

Based on the standard one-sample

formula for sample size using Fisher's Z transformation of correlation coefficients, for
a=O.05 and 1 -=O.8, the number of subjects necessary would be approximately 110
(Willett and Lenart, 1998).

In epidemiologic studies, the commonly acceptable

correlation coefficient is between 0.5 and 0.7.

Willett and Lenart (1998) suggest that a

reasonable sample size for a validation study is about 100 to 200 persons, assuming that
a sufficient number of days of dietary information are obtained to reasonably describe
an individual's true diet, typically 14 to 28 days.

This number of replicates seems

impractical for a general study with limited resources.

Using a small number of

replicate measures such as two 24-hour dietary recalls is possible if a statistical
adjustment to remove the effects of within-person variation is combined in the data
analysis process (Willett, 1998, pp.302-320).

Using the approach of a small number of

replicates is not only advantageous in terms of cost and feasibility, but also beneficial
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for an increase in the validity of COnClUSiOnS by preventing the eating behavior

changes of participants due to large numbers of replicates.

Rockett et al. (1997) have

conducted a highly efficient and relatively low-cost validation

study of a FFQ designed

for adolescents by using telephone interviews for 24-hour
recalls combined with a
statistical correction for within-person variation derived from a small number of
replicates.

"If a small number of replicates per subject is employed,

the number of subjects

needs to be increased to maintain the same precision of
the corrected correlation
coefficient (assessed by standard error or 95% confidence interval)." (Willett
and Lenart,
1998).

The number of subjects required to maintain a constant standard

error for the

corrected correlation depends on the intraclass correlation, which varies among
nutrients (Willett and Lenart, 1998).

The available data shows that the ratios of the

within-person and between-person components of variance (SW2/Sb2) of calcium
from 1.0 to 2.6, presenting the range of intraclass correlation'
1998, pp.33-49).

range

from 0.28 to 0.5 (Willett,

If intraclass correlation equals to 0.5, a sample of slightly larger than

100 subjects with two replicates is sufficient.

However, if intraclass correlation equals

to 0.2, a sample of 200 to 300 subjects with three replicates will be needed to provide
highly informative information on questiomiaire validity (Willett and Lenart, 1998,
Rosner and Willett, 1988).

Therefore, a validation study of a food frequency

questionnaire designed to capture between-subject variation in dairy calcium intake will
need at least 100 subjects with two 24-hour dietary recalls per subject to provide
effective information on the validity of the FFQ.

Also, to maximize the efficiency of

Intraclass correlation (r1)= lI(A+ 1), where X= SW2/Sb2 (Willett and Lenart, 1998).
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study design, adopting the approach of a small number of replicates, a statistical
correction to remove the effect of within-person variation should be perfonned to obtain
the deattenuated correlation coefficient (the true correlation coefficient, or the observed
correlation coefficient using a large number of replicates).

The validation study can be

carried out by telephone interview to reduce the cost and to enhance the feasibility.

2.5 An Ecological Model: Theories and Rationale
The notion of 'ecology of health' was generated in mid-twentieth century.

It was

first used to explain a critical three-way interaction between the infectious agent, the
host individual and the environment (McMichael, 2001).

The ecological perspective

was, then, amplified to illuminate the causation of chronic diseases and to design better
health promotion programs.

As Sallis and Owen (2002) described, the ecological

perspective focuses on the nature of people's transaction with their physical and
socio-cultural surroundings.

They emphasized that 'ecological' refers to models,

frameworks, or perspectives rather than specific variables.

Under Sallis and Owen's

working definition of ecological models, health behaviors are influenced by
intrapersonal, social and cultural, and physical environment variables.

When applying

ecological models to specific behaviors, including eating behaviors, the researcher has
to identify relevant environmental variables in each dimension because there is no
existing comprehensive conceptualization of an ecological model for a specific behavior
(Sallis and Owen, 2002).

Conventionally, the dominant public health perspective is focused on the
biomedical processes of individuals.

This kind of paradigms looks at the population as
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the aggregation of numerous free individuals.

It ignores that a population is a group

of people, a collective body, who shares values, experiences, social relations, and
physical environments.

Thus, Nancy Krieger, an epidemiologist, criticizes public

health research that adopts the biomedical approach, as the study of 'decontextualised
lifestyles' (Krieger, 2001).

Moreover, McMichael (2001) highlights the importance of

using a more integrative approach such as an ecological perspective to address
population health problems. Armstrong (1999) also mentions that the dominance of
the individualistic and biomedical model in epidemiology has been described as
"biomedical fallacy"2.

She thinks that conceptual and instrumental tools of

epidemiology research should allow the researcher understanding of the role of cultural
and social processes and inequalities.

Thus, there was a need for paradigm change,

from a biomedical paradigm to an integrative paradigm, in epidemiologic research.
The ecological model has been applied to the study of obesity in adolescents
(Gordon-Larsen, 1997).

Focus groups were used to elucidate the cultural concept of

obesity, mainly body image.

This approach generates an understanding of how an

adolescent's perception of body image derived from the cultural context where the
adolescent grew up may influence the onset of obesity.

However, there are more

environmental factors that can be identified when applying an ecological perspective to
study human nutritional behavior.

More research is still needed to document

environmental influences in nutritional behaviors using an ecological perspective.
In short, an ecological model enables a public health researcher to understand
2

"Biomedical fallacy" means the error in inferring that risk factors for diseases in individuals can be
summed to understand the causes of disease in populations, or that the health of a population can be
explained entirely in terms of characteristics of individuals. (Shy, 1997)
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population health problems with a socio-cultural context, preventing the introduction

of bias due to the 'biomedical fallacy'. Eating behavior is a social process, not merely
an individual's personal choices.

It is believed that physical environment, social and

cultural environment, and intrapersonal factors will influence human behaviors of
dietary intake.

An ecological model has been recommended as an ideal approach to

better understand adolescents' eating behaviors and the multiple and interacting factors
that influence these behaviors (Story et al., 2002). However, to my knowledge, it has
not yet been used as a conceptual framework for studying general eating behaviors or
dairy product consumption behaviors.

2.6 Factors Associated with Eating Behaviors, Calcium Intake, or Dairy Calcium

Intake
Eating is a very complex set of behaviors influenced by multiple dimensions of
factors.

Each dimension of influences could make unique contributions to eating

habits or could have interactions with each other and collectively contribute to eating
behaviors.

An ecological model suggests that eating behaviors are influenced by

multiple levels of factors, that is, intrapersonal, social and cultural and physical
environment factors.
other.

It also posits that these variables are likely to interact with each

Several studies have examined factors associated with eating behaviors, calcium

intake, or dairy calcium intake but most studies merely focus on lower levels of
influences such as personal factors and family factors.

However, these studies could

still provide useful information for the present study although no single study is
comprehensive nor has successfully used an ecological approach to thoroughly
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understand factors associated with dairy calcium intake.

An intensive review of

literature and discussion with respect to factors associated with eating behaviors,
calcium intake, or dairy product consumption is presented below.

Story et al. (2002) present a conceptual model of explaining individual factors and
environmental factors on adolescent eating behaviors based on an ecological
perspective and social cognitive theory (SCT).

Likewise, an ecological perspective

positing multiple levels of factors that may interact and influence eating behaviors
provides the main framework of Story's conceptual model of adolescent eating
behaviors.

Reciprocal determinism, one of the concepts in SCT, provides a

perspective that incorporates ecological and cognitive points of view.

This perspective

indicates a dynamic interaction between an individual's characteristics, behaviors, and
external environment in which an individual lives (Baranowski et al, 1993).

Social

cognitive theory supports an ecological perspective in forming the comprehensive
conceptual framework, and thus Story's model is an integrated theoretical framework,
consisting of four levels of factors affecting eating behaviors. There is a reciprocal
relationship between each level.

Level one comprises individual (intrapersonal)

influences, including psychosocial factors, biological factors, and lifestyle factors.
Psychosocial factors include food preference, taste and sensory perception of food,
health and nutrition, meaning of food, self-efficacy, and knowledge.
designate hunger and sex.

Biological factors

Lifestyle factors include time and convenience, cost, meal

patterns, and dieting behavior.

Level two comprises interpersonal influences or social environmental influences,
including family factors and peers factors.

Family factors include demographic
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characteristics, family meal, and food availability.

Peers factors include peers'

choices of food and whether an individual's eating behavior is accepted by peers.

The

possible mechanisms that interpersonal factors may help develop eating behaviors
involve in modeling, reinforcement, social support, and perceived norm.

Level three

comprises physical environmental influences in community setting, including schools,
fast-food restaurants, vending machines, convenience stores, and worksites. The
physical environment in the community influences adolescents' access to and
availability of foods and influences their perceived norms with respect to eating
behaviors.

Level four comprises societal influences, so-called macrosystem influences.

Influential factors in this level are very broad.

The authors mention that influential

factors may include the media, cultural and social norm, food production and
distribution system, and political and socioeconomic factors but they merely focus on
media and advertising.

Mass media influences include media environment, media

exposure and use, food advertising, and media effects on eating and weight concerns.
Food production and distribution system also plays an important role in societal level of
influences as "you caimot eat what you do not have" (Sallis and Owen, 2002).

Also,

cultural and social norm serves as a definite standard of determining what is appropriate
and customary to consume in certain populations. However, these factors are not
discussed in Story et al. article.

Food production, namely food availability in a national level, is usually not a
problem in most societies.

The real problem in a societal level that may influence

individuals' food choices is whether foods are distributed equally within a nation,
namely food accessibility.

The concept of food accessibility is determined by income
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level, purchasing power of the people, and prices of foods (Velempini and Travers,
1997).

Thus, these three factors, representing the concept of food accessibility, may

influence individuals' dairy consumption behaviors in a societal level.
In a study examining factors that influence calcium intake among low-income
middle school girls, Lee et al. (2003) classify influencing factors to personal factors,
environmental factors, and behavioral factors on the basis of social cognitive theory.
Personal factors, in this study, include taste enjoyment of dairy products, perceived
lactose intolerance, and specific knowledge about calcium sources, content in milk, and
current recommendation.

Taste enjoyment has a positive association and perceived

lactose intolerance has a negative association with calcium intake, while knowledge has
no association in this study.

Environmental factors include number of children in the

household (a negative association), whether or not a girl often sees her father drink milk
(a positive association), whether or not a girl often sees her siblings drink milk (a
negative association), and whether or not a girl's parents and friends often try to get her
to drink milk (a positive association). Interestingly, for a middle or high income
family, if a girl sees her siblings drink milk, it would have a positive influence in her
milk drinking behavior.
opposite.

However, for a low-income family, the influence is exactly

Because food resources are very limited in a low-income family, milk is

primarily given to a younger child. Regarding behavioral factors, the frequency of
eating breakfast is the only significant factor in this study.

It is probably due to the

fact that milk is primarily consumed at breakfast.

In a school-based health behavior survey, Neumark-Sztainer et al. (1997) identified
the related factors of inadequate dairy product consumption among American
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adolescents across socio-demographic and personal factors, psychosocial factors, and
behavioral factors.

In the dimension of socio-demographic and personal factors,

female, nonwhite, and low socioeconomic status were significant risk factors of low
dairy product consumption.

Among psychosocial factors, low weight satisfaction, low

school grades, and low family connectedness were related to low consumption of dairy
products.

Additionally, dieting, binge eating, and substance abuse were those

behavioral factors that associated with low consumption of dairy foods.
Harel et al. (1998) also conducted a survey investigating the relationship between
calcium related knowledge and diets among American adolescents.

This survey found

that 98 percent of participating adolescents believe in the health benefits of dietary
calcium, 51 percent know that calcium can strengthen skeleton, but only 20 percent
know functions of calcium in nerves and muscles and in regulation of blood pressures
(15 percent).

Also, 60 percent of adolescents know that adolescence is the critical

period to increase bone mass and only 19 percent know the recommended level of
calcium.

Most adolescents know that dairy products are the richest source of dietary

calcium but only 10 percent know the calcium content in various dairy products and 45
percent know the non-dairy sources of calcium.

The major sources of knowledge

regarding calcium are health education teachers (55%), parents (46%), and health
professionals (3 8%).
and allergy.

The main reasons for not consuming dairy products are dislike

The authors, therefore, conclude that adolescents understand the health

benefits of calcium but specific knowledge about dietary reference intake of calcium
and calcium content in various dairy products is insufficient.
Another study regarding dairy calcium intake among women aged 22 to 85 years
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old uses three aspects of factors, namely knowledge, attitude, and behavior, to
examine associated factors and finds that only attitude related factors are significantly
associated with dairy calcium intake (Chapman et al., 1995).

Attitude related factors

listed in this study include perception of meeting the recommended level, restriction of
energy intake due to weight control, no disagreement of drinking milk, no avoidance of
dairy products, concern about my calcium intake level, and like of milk.

Women who

had attitudes mentioned above are more likely to have higher dairy calcium intake.

The authors emphasize that one fourth of women in this study have dairy calcium intake
level lower than 60 percent of the recommended level but think that they meet the
recomn-iendation.

Thus they do not think that inadequate dairy calcium intake is a

problem of theirs and would not take any action to improve it.
Additionally, a study examining environmental influences on children's eating

categorizes environmental factors as demographic and socioeconomic factors and
children's food environment (Crockett and Sims, 1995).

Within the realm of

demographic and socioeconomic factors influences, the authors discuss that residences
that live in a remote area are poorer, health status is worse, and their children's diets are
deviant from the recommendation of dietary guidelines.

Moreover, educational

achievement of parents directly influences household income, food expenditures, and
parents' acceptance and concern of nutrition education.
employed mothers have a lower quality of diets.
factor that affects children's diet quality.

Also, children with full-time

Teen pregnancy is also a significant

Teen pregnancy is usually associated with

less social support, lower socioeconomic status, and significant social isolation and
social pressure.

These factors can all contribute to children's nutrition status.

Among
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children with these inferior backgrounds, homeless children are the most vulnerable.
Homeless children often have health problems such as upper respiratory infections,
gastrointestinal problems, lice infestations, and anemia.

In America, usually, food

expenditures in a low-income household make up a higher percentage of total
expenditures than that of a middle or high-income household.

This is because a

low-income household often does not have a car to go to a large supermarket for
grocery shopping where foods are fresher and cheaper, and thus the unit price of foods
the low-income family paid is much higher.

With regard to children's food environment, the study discusses that household
income, family type, and family size will influence the kind and quantities of foods
consumed, specifically food availability of children.

The trend of dining out and home

eating but not home cooking increases as eating patterns change.
among family members may be completely different.

controls in children's diets.

Eating patterns

Mothers have less and less

Children decide on their own about what they will eat.

More and more convenience foods, single-serve items, and micowavable entrees are
consumed by children.

This change of children's eating patterns creates a new

dynamics of determinants of children's food consumption.

On one hand, as the

frequency of family meals decreases, parents have fewer opportunities to educate their
children about healthful eating patterns and lifestyles.

On the other hand, the

influences of peers increase through group norms and exposure of some
health-compromising behaviors such as smoking, alcohol drinking, and substance use.
The National School Lunch Program (NSLP) of the US also plays a role in

children's diets.

Lunches provided in schools account for one-third or more of the
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students' daily intake. A student can only make choices within what are served in a
school lunch program and the program could make a significant contribution to the
development of healthful eating habits.
from state to state.

However, participation rate of the NSLP varies

In Taiwan, 1738 out of 2685 elementary schools (67%) and 247 out

of 747 middle schools (33%) have administered a school lunch program by 1998
(Ministry of Education, 1999).

The administration, lunch menu, and lunch price of a

school lunch program varies from school to school, mainly based on the size and
location of the school (Chung, 2001).

Most students pay for their lunch, while

low-income and disabled students receive free lunches from government subsidies.
Basically, every student participates in the school lunch program if it is operated in the
school.

Therefore, the school lunch program in Taiwan may influence students' dairy

product consumption behavior through the offer of dairy products and nutrition
education accompanying with the school lunch program.
Television advertisement is another important environmental influence in
children's eating habits.

Advertising of foods often encourages children to eat more

junk foods and fast foods. A study points out that children of parents with higher
educational completion usually have a computer in their bedrooms, while children of
parents with lower educational level usually have a television in their bedrooms and
may watch television for a longer time than those without (Story et al., 2002).
In synthesis of foregoing section, the integrated theoretical framework based on an
ecological perspective and social cognitive theory, proposed by Story et al. (2002),
could be used as the skeleton of the conceptual framework of the present study.

Findings of other four studies (Lee and Reicks, 2003, Neumark-Sztainer et al., 1997,
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Hare! et al., 1998 & Chapman et al., 1995) and Crockeft and Sims (1995) article

provide additional items that could support the completeness of the conceptual model.

Apparently, most studies focus on the lower levels of influences in the ecological model,
that is, intrapersonal and interpersonal influences.

Detailed information on physical

environment influences in community setting and societal influences may need to be
probed from qualitative studies to establish a complete model that could adequately
explain the consumption behaviors of dairy products.

Socio-cultural and religious

aspects of dairy product consumption in Chinese will be discussed in the next section.
Knowledge variable is suggested by Story et al. and Hard et al., although Lee et al.

and Chapman et al. found no association with calcium intake.

And "nutrition

knowledge is a necessary but not sufficient factor for changes in consumers' food
behaviors" (Worsley, 2002).

Therefore, knowledge variable should be included in the

present study.

2.7 Influences of Chinese Culture and Religion in Dairy Product

ConsumptionSocjeal Influence
Dairy product consumption, on average, is lower among Asian populations
including Chinese from mainland China and Taiwan as compared to Western
populations.

In general, it is thought that Asian populations have higher rates of

lactose intolerance resulting in avoiding dairy products in their diets (Fishbein, 2004).
However, when considering a population's food consumption behavior from a cultural
perspective, a different story may be revealed.

There might be certain cultural factors

that discourage the consumption of dairy products, and lactose intolerance may be as a
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result of biological adaptation to long-term no dairy diets.
The Taiwanese population mainly consists of Han people, the largest ethnic group
in China and Taiwan residing in the South of mainland China.

The Han people have

long relied on agriculture as their economic foundation and on rice, wheat, and a variety
of animal foods, fruits, and vegetables as their traditional foods. Dairy products are
rarely shown in Chinese traditional foods among the Han population (Kittler and Sucher,
2001, Katz and Weaver, 2003).

By contrast, dairy products are traditionally important

for nomadic herders of Sichuan province, located in the West of China, and for residents
in Yunnan province, southwest of mainland China.

Staples of nomadic herders in

Sichuan and Tibet are barley and buckwheat, usually mixed with tea, milk, or broth to
provide an instant meal (Kittler and Sucher, 2001, Katz and Weaver, 2003).

Yogurt,

fried milk curd, and cheese are heavily consumed by Han Chinese in Yunnan, a very
rare case for Han people (Kittler and Sucher, 2001, Katz and Weaver, 2003).

This

custom was probably spread from India via Tibet in medieval times (Katz and Weaver,
2003).

The Chinese have historically had a dislike for dairy products and no conclusive
theory can explain this phenomenon (Barer-Stein, 1999).

One possible explanation is

that Han people, the majority of the Chinese, historically do not use dairy products in
their regular diets and thus dairy products become an unfamiliar flavor for Han people
and therefore difficult to incorporate into their meals.

Another possible explanation is

that Han people psychologically avoid consuming the milk or meat of their work
animals in return for their hard work to provide staples (Barer-Stein, 1999). In recent
decades, marketing promotion and nutrition education has changed the consumption

behavior and attitudes among Chinese, both in China and Taiwan. For example,
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fresh milk and powdered milk consumption has increased and fresh milk is considered a
nutriment rather than a drink as thought before (Warm and Chen, 1997).

Whipped

cream is used in many desserts and ice cream is becoming a favorite treat (Barer-Stein,
1999).

Nevertheless, consumption of dairy products is not equally distributed among

Chinese populations and the average consumption level per person per year is still far
lower than that of Western populations and than the recommended level (Fishbein, 2004,
Wu et al., 2001, Tzeng et al., 1999).

Religious influences may also affect some people's dairy product consumption in
Taiwan.

"Religion influences dietary intake by prescribing or proscribing certain

foods, providing ritual foods or meals, and reinforcing key cultural and social values."
A certain religion may be localized in a certain country, and religious influences in
dietary intake may be varied in countries.

Thus, within a nation, "food is both a

marker of religious affiliation and a marker of ethnic identity" (Katz and Weaver, 2003).
The dominant religion in Taiwan is Buddhism.

Buddhism, originated from India in the

fifth century B.C.E., is mainly divided into two branches, Mahayana and Theravada
(Hinayana).

Mahayana spreads north into Tibet, China, Taiwan, Korea, Vietnam, and

Japan, while Theravada spreads south into Sri Lanka, Burma, Thailand, Laos, and
Cambodia (Kittler and Sucher, 2001).
The Four Noble Truths, the principle doctrine of Buddhism, enlighten daily life of
Buddhists.

Key principles of Buddhism such as ahimsa and the cessation of suffering

enable the association with vegetarianism (Katz and Weaver, 2003).
vegetarian is not rigid.

The definition of

There are two major types of vegetarian: one holds a strict
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criterion, not eating any animal foods including dairy products and eggs (Brennand,
1991); the other is called lacto-ova vegetarian, eating dairy products and eggs, but no
meats (Kittler and Sucher, 2001).

Therefore, some vegetarians in Taiwan may try to

avoid dairy products in their daily diets for the sake of enlightenment by Buddhism.

2.8 Influences of Food Allergy and Lactose Intolerance in Dairy Consumption
Eggs, cow's milk, and peanut are the most common food allergens in Western
populations.

The overall prevalence of food allergy is about 23% in infants and

young children of the USA, Sweden, Denmark, and Australia (Hill et al., 1999).

In

Asia, the incidence of food allergy is greatest in infancy and in young children with
atopic dennatitis.

The most conimon food allergens in Asian populations are eggs,

cow's milk, and fish or shellfish (Hill et al., 1997).

In China, about 10% patients had

cow's milk allergy and 60%70% patients had allergy with seafood based on a sample
of 763 patients with asthma (Lai et al., 1985).

In Taiwan, the prevalence of atopic

dennatitis was 10.3% at the age of 18 months, 23.1% at the age of two years, and 21.4%
at the age of three years (Hill et al., 1997).

The most common food allergens are eggs,

cow's milk, and peanut.
In a study of 100 Australian infants with cow's milk allergy, the reactions to cow's
milk challenge were divided into three distinct groups in terms of the clinical nature of
the reaction and its timing (Hill et al., 1999).

Group one of infant patients developed

rapid onset of symptoms within minutes of ingestion of small volumes of cow's milk.
Allergy symptoms include urticaria, angio-oedema, eczema flares, and anaphylaxis.

These patients demonstrated highly positive skin tests to milk allergen extract and high

serum IgE anti-cow's milk antibodies.

Group two developed vomiting and/or

diarrhea symptoms in several hours after ingestion of
Most patients in this group had negative skin tests.

modest volumes of cow's milk.

Group three developed diarrhea

but not vomiting, with or without respiratory or
eczematous reactions more than 20

hours after ingestion of large amount of cow's milk.
general model of cow's milk allergy.

This classification provides a

Based on the study findings, the authors made

four conclusions: "(1) cow's milk allergy was not restricted to an anaphylactic
IgE-mediated response; (2) reactions could commence several
hours or even days after

ingestion of normal volumes of cow's milk; (3) up to 75% of the children who

intolerant to cow's milk protein were also intolerant
20% of the infants with cow's milk allergy

were

to other food proteins; (4) up to

were intolerant to soy formula and/or

extensively hydrolyzed infant formula." (Hill et al., 1999)
In short, according to these limited data, the

prevalence of food allergy is higher in

Chinese populations as compared to Western populations.

It is not clear whether the

differences in reactivity to foods are due to genetic or cultural factors.

Genetic

susceptibility to food allergy seems possible as the allergy
may operate at the T-cell

level modulated by the major histocompatibility complex (Hill et al., 1999).
food allergy is subtle as a usual diet seldom only contains

a single food item and the

symptoms may not occur right after ingestion of the food allergen.
whether dairy consumption may be influenced directly by the
of cow's milk allergy, causing physiological discomfort,

Also,

It is not clear

occurrence of symptoms

or indirectly by psychological

factors and cultural beliefs that cow's milk is a food allergen for most people and is
not
an ideal food, if food allergy does influence an individual's consumption of dairy
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products.
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To explore the influences of cow's milk allergy in dairy consumption

behaviors, it is important to include factors of clinical symptoms, psychological factors,

individuals' perceptions of cow's milk, and cultural beliefs as independent variables in a
survey.

Lactose intolerance is considered a barrier to increased dairy calcium intake for
some individuals as lactose maldigesters may avoid calcium-rich dairy products because
of the presence of intolerance symptoms (Jackson and Savaiano, 2001).

The

prevalence of lactose maldigestion in Caucasian populations was estimated to range
from 6% to 22% (Jackson and Savaiano, 2001).

A genetic screening study of 350

postmenopausal women in Australia found that 24% of participating women had
genotypes of lactase deficiency, and that the polymorphism was associated with

subjective milk intolerance, reduced milk calcium intake, and reduced bone mass
density at the hip and the lumbar and may predispose to bone fractures
(Obermayer-Pietsch et al., 2004).

In a study of 726 Taiwanese children aged from

three to 18 years, lactose maldigestion was found in less than 15% of preschool-age
children, 45% of younger school-age and 60% of older school-age children (Ting et al.,
1988).

Approximately 70% of adolescents showed malabsorption. The critical

period of changing intolerance level was from six to seven years of age (Ting et al.,
1988).

Similar incidences were reported for other Asian children (Quak and Tan,

1998).

Lactose digestion relies on the activity of lactase.

Lactase activity is high during

the suckling period and dramatically declines to 5% to 10% of its original functional
capacity after weaning, known as "lactase non-persistence" and normally called lactose

maldigestion (Jackson and Savaiano, 2001).
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Maldigestion of lactose results in the

fermentation of unhydrolyzed lactose in the large intestine by colonic bacteria.
Intolerance symptoms include abdominal pain, bloating, flatulence,
(Jackson and Savaiano, 2001).

and acute diarrhea

The occurrence of intolerance symptoms depends on

several factors, including the dose consumed, the degree of

colonic adaptation, the rate

of gastric emptying, and the physical form of the food that
carries the lactose (Jackson
and Savaiano, 2001).

Lactose intolerance can be managed by dietary strategies, such

as consuming small amounts of milk at each meal (a cup or less than 12

grams of

lactose), coingestion of lactose with a meal, and modifying the amount and form of
lactose-containing foods consumed (Jackson and Savaiano, 2001).
ingestion may assist biological adaptation, inducing alterations in

Chronic lactose

the metabolic capacity

of the colonic bacteria, which allows for more efficient digestion
of the lactose that
reaches the colon.

Consumption of lactose with a meal can decrease and delay peak

hydrogen production and significantly reduce symptoms ofmaldigestion.
whole milk is better tolerated than low-fat milk.
tolerance level.

Moreover,

Chocolate milk may also improve the

Lactose in yogurts is digested better than lactose in milk due to the

activity of the microbial beta-galactosidase that digests the lactose
in yogurts.

In

addition, over-the-counter digestive aids, such as lactase tablets, lactase preparations,
lactose-free milk, and prehydrolyzed milk, may be also an alternative for
maldigesters
to incorporate dairy products into their diets (Jackson and Savaiano, 2001).

Although the prevalence of lactose intolerance in the Chinese population may be
high, maldigestion should not be a limiting factor to dairy calcium intake since
maldigesters can tolerate moderate amoimts of lactose daily and dietary management

strategies can help increase the tolerance level.
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In addition to biological adaptation

to lactose digestion, psychological adaptation is also important for changing eating
behaviors or adopting dietary management to consume adequate calcium from dairy
foods.

To understand whether the problem of lactose intolerance had an influence in

individuals' food choices, it is necessary to take into account psychological factors
along with symptoms of lactose maldigestion in a study.

2.9 Findings of Food Choice Process of Adolescents from Oualitative Method
In Section 2.6, substantial information regarding factors that may influence eating
behavior, calcium intake, or dairy product consumption is found from several
quantitative studies.

Although that information is useful, a common limitation of

quantitative findings is that predictors of eating behaviors or calcium intake are derived
from literature review and subjectively selected by researchers rather than from the
perspective of respondents.

Some influential factors may be excluded from the study

due to the unawareness of their potential influences.

Additionally, influential factors

may vary in different cultural contexts of various populations.

Thus, adopting a

mixing method, combining the quantitative and qualitative research methods, may be
needed.

There are several approaches to conceptualize the mixing method in terms of

its functions and time ordering of implementation, meaning that implementing the

qualitative method first, or the quantitative method first, or conducting them
simultaneously.

The qualitative and quantitative research methods could be integration

or complementarity in a mixing method (Brannen, 1992).

Qualitative work could be

used as a facilitator of quantitative work, or quantitative work could be used as a
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facilitator of qualitative work, or both methods are given equal emphasis (Brannen,
1992).

With respect to time ordering, two methods could be carried out consecutively

or simultaneously.

If the contribution of qualitative methods is to form a theoretical

problem which a survey then goes on to address or to develop and pilot the instruments
of a survey, it requires that intensive fieldwork is performed prior to the survey
(Brannen, 1992).

However, if a qualitative method is used to clarify or extend a

survey finding, then it must be conducted after the survey (Brannen, 1992). If the two
methods are integrated, they may be carried out simultaneously.

Qualitative research methods have been accepted as valid methods to study food
choice processes, and the findings can be used in improving the content of eating
behavior questionnaires as well as in developing or improving diet intervention
programs among adolescents (Neumark-Sztainer et al., 1999).
Baranowski et al. (1993) point out that focus groups are an effective method when a
researcher would like to explore subjects' responses toward a research question and
describe the question systematically.

"Focus groups provide an opportunity for the

intensive exploration of subjective aspects of human behavior.

They provide a

nonquantitative method for getting at deeper subjective beliefs about human behavior."
(Baranowski et al., 1993).

Focus groups have been intensively used in research of

eating behaviors and health education.

Findings from some qualitative studies are

described and discussed in the following paragraphs.
Neumark-Sztainer et al. (1999) obtain factors that influence food choices among
adolescents from their responses in focus group discussions, including hunger and food
cravings, appeal of food, time considerations of adolescents and parents, convenience of
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food, food availability, parental influence on eating behaviors including culture or

religion of the family, benefits of foods such as health, situation-specific factors, mood,
body image, habit, cost, and media.
urgency and taste preferences.

Barrier factors found are lack of a sense of

This study discovers several factors that are not

mentioned in quantitative studies discussed in Section 2.6, including appeal of food,
situation-specific factors, mood, and habit.

The adolescent subjects in this study also

propose several suggestions that may improve adolescents' food choice behaviors.
Their suggestions include making healthful food taste and look better, limiting the
availability of unhealthful options, making healthful food more available and
convenient, teaching children good eating habits at an early age, and changing social
norms to make it "cool" to eat healthfully.

Story and Resnick (1986) also use a group discussion akin to a focus-group format
to explore the thoughts about food and nutrition among a group of high school students.
High school students participating in this study strongly support the statement that
"teenagers do not eat the right kinds of food", and point out that poor eating habits
among adolescents include skipping meals, unbalanced meals, and too much snacking.
These students further express that although they know that their eating habits are
inappropriate, there are several barrier factors prohibiting their improvement, such as
lack of time, lack of self-discipline, and lack of a sense of urgency.

Additionally,

single-parent family pattern and increased maternal employment reduce the frequencies
of family meals.

Most of these teenagers feel that it is important to eat meals with

family on a regular basis.
present a significant barrier.

However, schedule differences between parents and children
This study also provides additional information, that is,
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lack of self-discipline, to the formation of study variables.

In conclusion, qualitative research methods can be used to facilitating the
development and piloting of quantitative instruments.

For accomplishing this purpose,

the qualitative method should be conducted prior to a survey.

Focus groups, one of the

qualitative methods, is the most commonly used method in studying eating behaviors
and can be complementary with a quantitative survey.

Conducting focus groups prior

to a survey can generate substantial information from the perspective of study subjects,
and thus contribute to the completeness of study variables in a quantitative study.

2.10 Summary of Factors Associated with Dairy Product Consumption
In concluding the above literature review regarding factors associated with eating
behaviors, calcium intake, and dairy product consumption, a conceptual model for
guiding the present study is formed.

Elements of the ecologic conceptual model based

on literature review are as follows:

Level 1: Intrapersonal influences
Psychosocial factors or attitude factors: preference toward dairy products, health and
nutrition, self-efficacy, knowledge, satisfaction of self body weight, school grades,
perceived lactose intolerance, perceived cow's milk allergy, appeal of food, mood, a
sense of urgency, and self-discipline

Biological factors: hunger, symptoms of lactose intolerance, symptoms of cow's
milk allergy, and gender

Lifestyle factors: time and convenience, meal pattern, dieting behavior, frequency of
eating breakfast, health-compromising behaviors (binge eating and substance abuse),
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and habit
Level 2: Interpersonal influences

Family factors: educational level of parents, family size, family meals, and
availability of dairy foods at home, connectedness of family, maternal employment,

milk drinking of family members, and encouragement of milk drinking by family
members

Peers factors: food choices of peers and conformity of group norms in eating
patterns, and situation-specific factors
Level 3: Physical environmental influences of conmTlunity

Availability of dairy products in school setting, fast food restaurants, vending
machines, and convenience stores
Availability of dairy foods in school lunch programs
Availability of milk ordering services in schools
Level 4: Societal influences

Mass media: media environment, media exposure and use, food advertisement,
influence of mass media in a participant's eating habit and concern of body weight
Socio-cultural norms: religious belief (vegetarianism), traditional foods (whether
dairy products are important in daily diets), cultural belief (whether dairy products
are considered ideal foods for Chinese)

Accessibility of dairy products: dairy products availability (check statistics of dairy
production), household income level, purchasing power (whether participants have
the purchasing power, influenced by household income, to buy dairy products),

price (whether participants are sensitive to pricing of dairy products)
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CHAPTER 3

Perspectives on Dairy Product Consumption among Eighth Graders in
Taipei, Taiwan

60

Abstract
Based on a recent nationwide nutrition survey, calcium intake level was far bellow
the Dietary Reference Intake and dairy product consumption was inconsistent with the
Daily Dietary Guidelines among adolescents in Taiwan.

It is unclear why dairy

product consumption is low in this population, thus an exploratory study using focus
groups is appropriate for gaining information on dairy product consumption from
adolescents' perspectives.

Dairy products were targeted because of their high calcium

content and good bioavailability.

The purpose of this study was to explore

intrapersonal, interpersonal, community, and societal influences in dairy product
consumption of eighth graders for developing a valid measurement instrument.
Four focus groups with 20 males and 20 females were conducted at two junior high
schools, representing urban and suburban areas.
this study.

Homogeneous groups were used in

Questions used to elicit discussions focused on topics related to dairy

product consumption in the four levels of influences.

The whole course of focus

groups was tape-recorded, and recorded data were subsequently transcribed into a
verbatim transcript supplemented with the written notes.
used for data analysis.

The long-table approach was

It was found that taste preference, restriction of drink choices,

availability, perceived benefits, eating occasions, and family influences are important
areas to include in an intervention designed for this target group.
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Introduction

For a number of reasons, increasing calcium intake among adolescents in Taiwan is
a pressing public health nutrition issue.

First, based on a recent nationwide nutrition

survey, calcium intake levels among adolescents was far bellow the Dietary Reference
Intakes in Taiwan (Pan et al., 1999).

Secondly, calcium intake is related to a number

of health problems such as osteoporosis (Heaney, 2002 & Prentice, 2004), hypertension
(McCarron and Reusser, 1999), and some cancers (Moorman and Terry, 2004 & Holt,
1999).

Third, adolescence is a critical period for maximizing peak bone mass, an

important determinant of bone health later in life.

Dairy products are the preferred

source of dietary calcium due to their high calcium content, good bioavailability of
calcium, and abundant sources of nutrients other than calcium (USDA and US DHHS,
2000, Weaver et al., 1999 & Charles, 1992).

It was unclear that what are the factors

influencing adolescents choices not to consume dairy products and whether these
factors are modifiable.

Consequently, it is valuable to understand determinants of

dairy product consumption among adolescents.
Both quantitative and qualitative research methods are appropriate to study
determinants of dairy product consumption.
strengths and limitations.

However, both methods have their

While original quantitative research is popularly accepted

and adopted in studying the determinants of calcium intake and dairy product
consumption (Lee and Reicks, 2003, Neumark-Sztainer et al., 1997 & Hare! et al.,
1998), a common limitation of quantitative findings is that predictors of calcium or
dairy product intake are derived from literature review and subjectively selected by
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researchers rather than the perspective of participants. A qualitative research method
such as focus groups can make up for this limitation.

Therefore, a combination of

quantitative and qualitative methods in a research topic is ideal.

An exploratory study

using focus groups preceding a quantitative survey may contribute to the success of the
survey in three aspects: locating the necessary domains, generating items that
appropriately cover a domain, and finding item wordings that are appropriate for most
of the respondents (Morgan, 1997).
We applied focus group interviews among eighth graders in Taipei, Taiwan to help

generate survey questions to study factors affecting dairy product consumption behavior.
The purpose of this study was to identify intrapersonal factors, interpersonal factors,
community factors as well as societal factors that are related to eighth graders' dairy
product intake.
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Methods
Participants

Four focus groups with a total of 40 eighth graders (20 males and 20 females) were

conducted at two junior high schools, one is located in Taipei City and the other is
located in Taipei County.

These two schools were randomly chosen from 120 public

junior high schools in Taipei City and County, Taiwan.
randomly selected an eighth-grade class.

The school administration

Ten males and ten females were recruited

from the selected class and were arranged to gender-specific focus groups.

The

homogenous group (gender-specific group with the same age range and ethnic and

social class background) used in the present study was pursued for the reasons of
participants' comfort and the ease of data analysis (Krueger and Casey, 2000).
Moreover, no more than ten participants for each focus group accorded with suggestions
in the literature (Krueger and Casey, 2000, Litosseliti, 2003, Morgan, 1997 & Rabiee,

2004) for ensuring that each participant would join the discussion orderly and a variety
of perspectives could be obtained.
Students' participation was completely voluntary.

The Institutional Review Board

at Oregon State University approved the study protocol prior to the initiation of focus

groups to protect human rights of participants. A signed assent form was obtained
from each participant and informed consent letters were distributed to parents of
participants prior to each focus group session.

Procedures
The focus group discussions were directed by one of the study researches.
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Following Krueger and Casey's (2000) recommendations, the moderator encouraged
participants to exchange ideas and opinions and ensured that discussions stayed focused
on the study topic but tried to intervene as little as possible.

Questions used to elicit

discussions focused on topics related to dairy product consumption, such as
intrapersonal, interpersonal, community, and societal factors that may influence
participants' consumption of dairy products (Table 3-1).

The discussion guide was

developed based on Story et als. (2002) research framework of eating behaviors in
adolescents because the findings of the focus groups were expected to guide the
development of the instrument utilized for investigating factors affecting dairy product
consumption using the ecological perspective.

These focus group questions were

pre-tested using a group often eighth graders and reviewed by an expert in the field of
nutrition education.

Before the start of the discussions, participants were told that their names would
remain anonymous during the discussions and data analysis stages.

Students were

informed that all sessions were tape-recorded and signed an informed consent form
prior to the start of the discussion.

The sessions lasted approximately 45 minutes.

Topic one and two were designed to open the discussions.

At the beginning, the

moderator asked each participant to fill out a worksheet before discussion in order to
stimulate independent thinking and to help a participant respond to the discussion topics
with concrete examples.

The worksheet includes questions of what dairy products a

participant consumed in the previous day, with whom a participant ate/drank, and why a
participant chose those foods he/she ate/drank.

After completing the worksheet, the

moderator provided a definition of what is considered a dairy product and invited each
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participant to share what he/she wrote, specifically why he/she chose to eat those
foods.

Subsequently, the moderator led the discussion based on the previously

prepared discussion guide.

Additionally, an assistant was present for each session to

take notes, observing non-verbal interaction and noting which statement was made by
which particular individual, for enabling a complete analysis of the data in context
(Litosseliti, 2003).

Data Analysis
The tape-recorded data were transcribed into a verbatim transcript supplemented
with the written notes.

The verbatim transcript was necessary for data analysis and to

prevent the loss or misunderstanding of any comments and to reduce the chance of
selective analysis.

The long-table approach (Krueger and Casey, 2000) and

suggestions by others (Litosseliti, 2003 & Rabiee, 2004) were followed for data analysis
(Table 3-2).

Data analysis was based on the purpose of the study, identifying key

components in the four levels of influences (intrapersonal, interpersonal, community,
and societal).

The researcher first read the transcripts for general impression and then identified
substantive parts in the transcripts that relate to the research questions as well as new
topics or issues.
of influences.

These identified quotes were then classified based on the four levels
Categories were developed within each level of influences.

Classification and categorization was carried out systematically based on Krueger's and
Casey's standard procedure (2000).

The researcher examined the data in depth and

detail and looked for the most important themes, trends, and patterns in the content of
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each discussion.

Four criteria (frequency, specificity, emotion, and extensiveness)

were adopted to consider how much weight or emphasis should be given to comments
or themes (Krueger and Casey, 2000).

Similarities and differences were also compared

across the four focus groups on the same topic.
The caution advised by Litosseliti (2003) was completely undertaken while
analyzing the focus group data.

That is, one should not accept comments at face value.

"Words and statements can only be considered in context: who articulates them, at what
point in the discussion, in response to what comment, in what manner, in association
with what kind of non-verbal cues, and within what kind of broader socio-cultural
context."
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Findings
The findings are presented according to the research framework, the ecological
model, used in a subsequent quantitative survey.

The ecological model consists of four

levels of influences: intrapersonal, interpersonal, community and societal influences.
Examples of quotes are presented in tables to illustrate how the four levels of influences

may affect the consumption behaviors of participants towards dairy products.

Intrapersonal influences
The participants were asked what things of themselves might influence their

choices of eating or not eating dairy products.

In response, the participants mentioned

tastes, perceived benefits and adverse physical reactions as the main reasons for eating
or not eating dairy products (Table 3-3).

Whether the participants like the flavor of

dairy products was the most frequently and extensively mentioned factor that affected
their consumption behavior.

Male participants generally expressed positive comments

about fresh milk but some of them strongly indicated negative comments about milk
made from milk powder.

More than half of female participants gave negative

comments about milk such as "gross", "yucky" and "it leaves un-dissolved powdery
stuff in the bottom", in particular on milk made from milk powder.
few participants in both genders like the flavor of goat milk.
that its rank smell is stronger than cow milk.
usually dare not to eat the plain yogurt.

Moreover, very

Most of them thought

Those who are in fear of milk flavor

Moreover, females were more likely to give

positive comments about yogurt drinks, while males tended to give negative comments
about this form of dairy products.

Most participants indicated that the fermented
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lactic-drink such as is Yakult one of their favorite drinks.

The second frequently mentioned reason was categorized as adverse physical

reactions. A few participants indicated that they suffered from diarrhea when they
drank milk and milk products.

Some of them also suffered from allergy such as

irritated eyes and cramp as well as a sudden abdominal pain.
occurred when cold milk was drunk on an empty stomach.
thought that a right timing for drinking milk was important.

It was said that diarrhea
Thus the participant
Moreover, one participant

indicated that if she likes the flavor, it doesn't matter that she would suffer from
diarrhea after consuming dairy products.

However, a small number of participants

indicated that they seldom consume dairy products because of these adverse physical
reactions.

Those who indicated that they suffered from diarrhea also said that not all

dairy products have this effect.

They were fine when drinking a milk shake and eating

ice cream.

Some participants indicated that they consumed dairy products because of
perceived benefits.

Benefits of eating dairy products mentioned were getting taller and

smarter, lose weight, obtaining calcium, nutrition, and good for the gastrointestinal
function.

Being taller was the most frequently and extensively mentioned benefit and

motivation for consuming dairy products.
and teachers.

This image was mainly given by parents

A few participants might obtain this idea from the advertisement

mentioned in the focus group claiming that children would be growing like a big tree if
milk was consumed daily.

When asked what time or occasion dairy products were consumed in a day, most
participants linked milk and cheeses to breakfast while fermented lactic-drink and
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yogurt drink were more likely to be associated with snacks after school.
participant indicated that milk was the dinner beverage.

Oniy one

Some participants said that

they would drink milk when they were hungry or thirsty and no alternative drinks other
Focus group participants further indicated

than milk were available simultaneously.

that milk was not suitable after exercise even though they were thirsty. In general,
milk was not seen as a thirst quencher.

Some participants even thought it increased

thirst and that it has a bad aftertaste.

Interpersonal influences
When asked who in their families and schools might influence their choices of
eating or not eating dairy products, the participants consistently responded that parents
had great impacts on their consumption behavior towards dairy products (Table 3-4).

Most participants pointed out that both parents encouraged them to drink milk;
moreover, some even coerced them to drink milk when they were little.
participants were also encouraged by their older brothers or sisters.

Some of the

They indicated

that the most frequently given reason for drinking milk was to make them taller.
Sometimes participants were given reasons such as "milk would go sour if we did not

drink it soon", "you have to drink it since we've got a lot at home", and "it's good for
health to drink milk before going to bed".

Participants reflected that encouragement

from family members facilitated their consumption of dairy products. However,
whether they accept the flavor of dairy products remains a prerequisite to family
encouragement.

When asked how teachers and classmates could possibly influence their dairy
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consumption, some participants expressed that teachers had somewhat of an impact
on them but most participants consistently indicated that classmates did not affect them
at all.

Two groups of participants pointed out that information from teachers about

whether dairy products are beneficial to health were inconsistent.

The health

education teacher encouraged students to drink milk, whereas the scout teacher
discouraged students from consuming dairy products.

Community influences
The participants were asked what things in or nearby their house and school might
influence their choices of eating or not eating dairy products.

In response, the

participants referred factors to availability of dairy products at home and school (Table
3-5).

Whether dairy products are often available at home seems important for some

participants as they indicated that they ate whatever their mothers prepared or whatever
was seen on the dining table.
products themselves.

Some individuals said that they would never buy dairy

They further explained that if their parents did not bring dairy

products home, they would have drunk less milk. A few participants further pointed
out that if drinks other than milk were available at home, they would not drink milk first.
Most participants indicated that they preferred soft drinks to milk and milk products.
However, dairy products available at home might not facilitate dairy consumption for
some participants as they indicated that milk was often past the expiration date in their
home because nobody wanted to drink milk.
Dairy products available at school might be another facilitator. A group of
participants indicated that their school café only sold milk and juices since 2005 and no
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vending machines selling soft drinks were available at school.
they had to buy milk when they were thirsty.

They indicated that

Additionally, school lunch program

might be an opportunity to promote dairy product consumption as many participants
indicated that they ate or drank whatever was available to them. However, participants
pointed out that dairy products were seldom provided in school lunch program except
fermented lactic-drinks

The moderator further specified two settings (convenience store and fast food
restaurant) and invited students to talk about whether convenience stores and fast food
restaurants had any impacts on their dairy product consumption.
expressed a negative position on this question.
Table 3-5.

Most participants

Examples of quotes are presented in

Most participants indicated that they seldom bought dairy products in a

convenience store because it was cheaper to buy them from a wholesale store.

Some

participants said that a convenience store sells many kinds of drinks that are more
attractive to them, so that they would not buy milk there unless they were required.

In

regard to fast food restaurants, most participants pointed out that they might drink a
milk shake or eat ice cream there but would never order milk there.
was very strange to order milk in a fast food restaurant.

They felt that it

A few exaggerated statements

were used to describe this idea, such as "People in the McDonald's would think that you
are from another world", "Matching fries or deep-fried chicken with milk is very gross",
and "Ordering McDonald's Filet-U-Fish and milk together is very strange and
absolutely not matches up".
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Societal influences
Adolescents were likely to have difficulties in thinking about factors from a broad
range of influences if it was not specified.

Thus, the researcher selected but not

limited to examples such as mass media, price, packaging, and season.
quotes are shown in Table 3-6.

Example

When asked whether they have seen any

advertisements about dairy products, most participants could easily recall a number of
advertisements and imitated their slogans and incidental music.

However, most

participants did not give a positive evaluation to most of the advertisements.

They

thought that advertisements were usually exaggerated and did not affect them at all.
Nevertheless, a few participants indicated that they were influenced by some
advertisements striking their hearts with things they cared such as maintaining a
beautiful appearance and producing quality milk

Moreover, a few participants

reflected that dairy products endorsed by their favorite stars might promote their
purchases or first try on new products but not necessary increase their actual intake.
Whether their actual intake would increase depends on whether they like the flavor of
the products.

When asked whether prices of dairy products might influence their dairy
consumption, most participants indicated that dairy products were usually brought home
by their parents and they thought that prices should not be an issue for their parents.
However, some participants pointed out that prices were certainly concerned if they had
to use their own pocket money.

Specifically, one of the participants pointed out that

yogurt is very expensive so that he seldom buys it.
Participants' perceptions of seasonal effect on dairy product consumption were
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inconsistent.

Two groups of participants thought that the season did not affect the

amount of their milk intake.

These groups of participants pointed out that they drank

cold milk in summer and warm milk in winter.

In winter, they might microwave the

fresh milk or simply drank milk made from milk powder.

Another two groups of

participants indicated that they drank less milk in summer.

The two groups gave

different reasons.

One group said that milk goes sour too easily in summer.

The

other group said that they would feel nauseous if they drank milk in a hot weather.

Nevertheless, a participant indicated that she would eat dairy products as long as she
likes regardless of the season.
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Discussion
The purpose of this study was to explore intrapersonal, interpersonal, community,
and societal influences on dairy product consumption of eighth graders.

Several

categories under the four levels of influences were identified to be related to dairy
product consumption and are discussed in the following paragraphs.

Participants'

responses to discussion topics were consistent across four focus groups except female
and male groups possessed some differences in taste preferences and perceived benefits
at the intrapersonal level.

In the present study, taste preference was expressed as the most important factor in
promoting or decreasing dairy product consumption, being in agreement with Read et al.
(2002).

Positive comments on the flavors of dairy products may promote intake and

negative comments on any kinds of dairy products may decrease consumption of those
forms of dairy products.

Our study found that participants generally had more

negative than positive comments about milk and milk products, similar to other Asian
groups studied (Auld et al., 2002 & Barr, 1994) which were compared to the whites.
Since taste enjoyment was so important and a lot of students expressed low taste
enjoyment to milk and some milk products, modifying flavors of these products at home
or in the industries or providing alternative calcium-rich choices (from dark green
vegetables or calcium-fortified products) may be beneficial for increasing dietary
calcium intake.

Additionally, both genders expressed that they were fond of fermented

lactic-drinks; unfortunately, its calcium content is relatively low as compared to milk or
yogurt.

It may be beneficial to fortify these fermented lactic-drinks with calcium and
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vitamin D.

Consistent to what was reported (Read et al., 2002 & Auld et al., 2002), our study
found that soda/soft drink was a barrier to dairy product consumption. Participants
frequently and extensively expressed that soda and soft drinks were preferred if they
were available in any eating occasions and locations including home, school, restaurant,
and convenience store.

Participants consistently expressed that they had to drink milk

when they were thirsty if no alterative drinks were found in the refrigerator or sold in
school café or vending machines.

This finding suggests that it may be necessary and

effective to restrict the availability of soda and soft drinks at home and school if dairy
products are to be promoted.

Perceived benefits of eating dairy products and some adverse physical reactions
were linked to dairy product consumption as well.

Being taller was the most import

benefit for both genders, while weight loss was a concern for female eighth graders.
Lactose intolerance was considered as one barrier to dairy product consumption and it
was reported that the highest prevalence of lactose maldigestion was observed in Asians
(Jackson and Savaiano, 2001).

However, only a few participants in both genders

expressed that they did not drink milk because of adverse physical reactions, mostly
diarrhea.

In the present study, dairy product consumption did not make as many

people physically ill as we would expected from the literature review, and lactose
intolerance seems only a mild barrier to dairy product consumption.
provide some implication for intervention.

These findings

It might be useful to emphasize that

low-fat milk, low-fat yogurt or skim milk contains the same amount of calcium as well
as other nutrients except fat as compared to regular dairy products.

For those who
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suffer from lactose intolerance, fermented dairy products such as yogurt and yogurt
drink may be suggested or inexpensive lactose-free dairy products should be made
available to them.

In regard to eating occasion, dairy products were frequently associated with
breakfast, but seldom consumed in lunch or dinner time.

This eating pattern may be

common in Asian culture as reported in a study that Asian girls reflected that "milk did
not go with Asian foods" (Auld et al., 2002).

In the Auld's study, most white girls

associated milk with the dinner beverage, while Asian girls were more likely to mention
tea or soup as the dinner drink.

Although the cultural food patterns may not easily be

changed, dairy products can be promoted at eating occasions such as breakfast time,
snack time and school lunch.

Although traditional Chinese breakfast foods may not go

with milk and its products, many participants indicated that they consumed a variety of
foods for breakfast, including bread, sandwiches and burgers, all of which are
considered to "go with" cheese, milk and yogurt drink.

Moreover, snacking was a

frequent eating behavior among adolescents (Cross et al., 1994).

In our study, only a

few participants expressed that they might have yogurt drinks as snack after school.
Promoting low-fat dairy products such as milk, yogurt, yogurt drink, and ice cream as
snack foods or drinks may be an appropriate strategy.

Furthermore, most participants indicated that dairy products except fermented
lactic-drinks were seldom provided in school lunch.

This condition might be due to

the budget issue as each lunch meal is offered at a very low price and dairy products are
relatively expensive than other food materials.

In the U.S., it has been estimated that

school lunch meals have the highest calcium density (689 mg/i ,000 calories) as
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compared to meals at home or restaurant foods (Lin et al., 1999).

Additionally,

school lunch participation was strongly associated with milk consumption (Read et al.,
2002).

According to the U.S. experiences, the school lunch program could provide a

great opportunity to increase dairy product consumption.

Nutrition and health

policy-makers in Taiwan should consider requiring an acceptable level of calcium
density in school lunch programs.

Influences of family members, particularly mothers, were also significant in our
findings.

Parents can influence their children's food preference development by

controlling availability and accessibility of foods, by being role models in eating
behavior, and by practicing food-related parenting styles (Golan and Crow, 2004).

In

this study, a lot of participants expressed that breakfast was prepared by mothers and
they ate whatever was provided.

Moreover, parents' encouragement and home

availability of dairy products were mentioned factors that favor dairy consumption.
However, two prerequisites were mentioned by many participants.

One of the

prerequisites was that the flavors of dairy products should be acceptable.

The other

was that alternative drinks should not be an option at home when they were hungry or
thirsty.

These findings also have great implications for intervention. As eating away

from home becomes more prevalent and associated with less milk and more soda
consumption, it is particularly important to promote factors favorable to dairy
consumption at home (Read et al., 2002 & Auld et al., 2002).

Several intervention

strategies may be appropriate: promoting the importance of availability of dairy
products at home, of encouragement or expectation of milk consumption from family
members, and of increased frequency of eating dairy products in breakfast time and
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snacking, modifying the flavors of dairy products if not acceptable by children, and
limiting availability of soda and soft drinks at home.
In addition to family members, possible interpersonal influences may be from
teachers and classmates.

Some participants expressed that they received inconsistent

information on whether dairy products are beneficial to health from teachers.
According to the content of health education textbooks, health education teachers
usually encourage students to drink milk.

On the contrary, scout teachers obtaining

information from sources other than health education curriculum may give students
unreliable messages.
and striking.

The possible negative influence from teachers was unexpected

If influences of teachers are possible, educational intervention may need

to consider involving teachers in the subjects of health education, scout and home
economics, the three subjects that are more likely to talk about health issues in class in

junior high schools.

Furthermore, participants consistently indicated that classmates

did not affect their dairy product consumption at all.

However, we suspect that a

possible negative influence from peers may exist as we observed slightly peer pressure
from focus group discussions - participants received negative comments from their
peers right after they spoke.

In other studies, similar findings were reported as well.

"Children acknowledged that certain foods (vegetables and low-fat foods) would
receive negative comments from friends" (Cullen et al., 2000). "Most people drink
soda" "Not cool to drink milk" (Auld et al., 2002).

Adolescence is the period that is

more likely influenced by peers than any period in the life cycle.

Thus, it may be

beneficial to establish a perception of dairy consumption is cool among adolescents in
an educational intervention.
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Two possible barriers or contributors to dairy product consumption were
identified in the community influences in our study.

the other is the fast food restaurant.

One is the convenience store and

On one hand, the density of convenience stores is

very high in Taiwan (on average, one store per 2,639 persons according to 2005

ACNielsen ShopperTrends), and thus convenience stores may have great impacts on
adolescents' food choices.

In some remote areas, the convenience store may be the

major provider of dairy products.

However, our participants living in urban and

suburban areas indicated that they usually buy soft drinks in a convenience store, not
dairy products, as a substantial choice of soft drinks is available there. Any efforts on
promoting dairy consumption may have to compete with this powerful barrier.

On the

other hand, fast foods have been associated with soda since their inception. Although
fast food restaurants have started providing milk as a drink option recently, participants
expressed strong negative comments about whether milk can go with fast foods. Since
the fast food restaurant is one of the popular locations in Taiwan where adolescents may
hang out with friends, it might be beneficial but challenging to alter the belief that milk
does not go with fast foods.

Mass media has been considered as posing negative influences in healthy eating of
children (Harrison and Marske, 2005).

Most participants in the present study

expressed that advertisements of dairy products did not significantly affect their choices
of dairy products.

While it was not mentioned in the focus group discussions, we

suspect that participants might not be aware of the possible negative influences by

advertisements ofjunk foods and soft drinks, competing with dairy products for
snacking choices.

Moreover, participants indicated that dairy products were mostly
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brought home by parents and they thought that prices should not be an issue for
parents' choices of dairy products.

However, whether this perception is consistent

with that of their parents is unknown, as parents were not interviewed in this study.
Additionally, participants' responses to seasonal effect on dairy product consumption
were inconsistent.

Further studies to probe for more information on these possible

factors in the societal influences are needed.
As with most qualitative studies, the findings in our study cannot be generalized to
the entire population from which our sample was drawn due to the small sample size.
However, the purpose of our study was to explore factors affecting dairy product
consumption for developing a valid measurement instrument.
reached.

This goal has been

Moreover, our data were self-reported and it is very difficult to validate the

responses.

As we promised that all responses would be kept confidential, we assumed

that participants' responses were honest.

However, limited verbal expression possibly

occurred in some individuals and potential peer pressure might have existed during
discussions.

These potential barriers may pose limitation on our exploration. Finally,

due to limited life experiences and developmental course, our participants may be
unaware of the broad range of influences in the society.

Therefore, our findings in the

societal influences may be limited.

In summary, our study identified important issues of intrapersonal, interpersonal,
community, and societal influences in dairy product consumption among eighth graders
in Taiwan.

We found that taste preference, restriction of drink choices, availability,

perceived benefits, eating occasions, and family influences are important areas to
include in an intervention designed for this target group.

We also suggest that calcium

Si

fortification and set criteria of calcium provision in school lunch program are areas
that should be considered in policy-making level in Taiwan.
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Implication for Practice and Research
Our findings reveal some implication for interventions
product consumption.

designed to promote dairy

Interventions may include adolescents and their parents.

Important areas targeting adolescents include: (1) choices

non-fat pure dairy products are the first

of dairy products: low-fat or

priority, flavored dairy products are the second

priority, and non-dairy calcium-rich foods

are the alternatives if dairy products are not

acceptable; (2) perceived benefits: being taller,

weight control, and other health benefits

(long-term health benefits may not be the major
concern among adolescents); (3)

increased frequency of dairy consumption in

a day; (4) promote dairy products as

snacking choices; (5) establishing the perception of "dairy consumption
adolescents.

Important areas targeting parents include: (1) availability

is cool" among
of various dairy

products at home for breakfast and snacking as well as alternative calcium-rich
foods if
dairy products are not accepted by their children;
(2) skills of modifying flavors of dairy
products; (3) encouragement or expectation of dairy
consumption; (4) role models of
dairy eaters; (5) restriction of soft drinks

available at home.

intervention, the importance of the overall quality
a better outcome.

As a general principle for

of diet must be emphasized to obtain

For example, promote dairy consumption along
with fruits and

vegetables can increase total dietary calcium intake
Interventions start with preadolescence may be

and calcium retention.

more beneficial in terms of food

preference or eating behavior development.
Our findings also reveal implication for public health nutrition
policy-making.

may be beneficial to consider issuing the policy of

calcium fortification on foods for

It

two reasons.

Firstly, it may not be easy to reach the recommended dietary
reference

intake of calcium from dairy product alone.
taste enjoyment of dairy products.

programs.

Secondly, some individuals expressed low

Furthermore, it may be beneficial to consider

setting the criteria of calcium density

or dairy products provision in school lunch

Additionally, the food industries can contribute to

public by providing inexpensive calcium-fortified

promote health of the

products on fermented lactic-drinks,

orange juice, and soy milk and by providing more inexpensive

low-fat or non-fat dairy

products with reduced sugar.
Future research aiming at understanding the ecological

influences in dairy

consumption among adolescents may consider including parents of
adolescents and
school teachers in focus group discussions for generating

community influences and societal influences.
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Table 3-1 Focus group topics
Focus group topics

Level of
influences

Think about what dairy products you ate yesterday? Whom did
you eat with? Where did you eat? Why did you eat those dairy
products? Please check the items you ate yesterday and write
down other items that are not listed on the sheet.

Warm-up

Please share with us why you ate those dairy products yesterday.

Integrated

Please share with us what are some of the factors that may
influence your decision of not eating dairy products if you really
do not eat dairy products.

Integrated

Please share with us what are some of the factors that may
encourage you to eat dairy products more often or eat more dairy
products.

Integrated

Please share with us what things of yourself may influence your
choice of eating or not eating dairy products.

Intrapersonal

Please share with us what things or people in your family may
influence your choice of eating or not eating dairy products.

Interpersonal

Please share with us whether your friends or other people may
influence your choice of eating or not eating dairy products. If
they do, how is it?

Interpersonal

Please share with us what things or people in your school may
influence your choice of eating or not eating dairy products.

Interpersonal!
Community

Please share with us what things or people nearby your house
may influence your choice of eating or not eating dairy products.

Community

Please share with us whether there are any things that are related
to your dairy consumption behaviors but not yet mentioned, such
as advertisement of TV programs.

Societal!
Others
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Table 3-2 Focus group data analysis procedure*
Steps

Action Taken

Familiarization

Listening to tapes, reading the transcripts in their
entirety several times, and reading the written notes
taken during discussions

Identifying a thematic
framework

Developing categories by grouping ideas or
concepts arising from complete transcripts based on
the purpose of the study

Indexing and charting

Managing the data for data reduction: comparing
and contrasting data and cutting and pasting similar
quotes together using the "long-table" method

Mapping and interpretation

Making sense of the individual quotes, reasoning
out the relationship between quotes as well as the
links between the data as a whole, interpreting in
context

*This procedure was an integration of suggestions from Krueger and Casey (2000), Litossejiti
(2003),
and Rabiee (2004)
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Table 3-3 Intrapersonal influences of dairy product consumption
Category

Examples of quotes

Speaker

Flavor
(like it or not)

"Milk tastes good!", "I like its flavor"
"I don't know. . .1 just think they taste good"
"I don't like the flavors of dairy products", "Hmm I
have been drinking milk recently, but I don't like the
kind made from milk powder I think it's yucky"
"It has a bad aftertaste"
"Milk is funky"
"Milk made from milk powder is gross", "It leaves the
powdery stuff in the bottom and is not good"
"I will get diarrhea. . . and our family isn't accustomed
to drinking milk", "I also feel sick to my stomach after
drinking it"
"I get diarrhea if I drink milk.. .It occurs when I drink
cold milk on an empty stomach in the morning"
"I get diarrhea sometimes"
"I haven't drunk milk in the last six years.. .1 am allergic
to it. . . I'll get irritated eyes and cramp"
"I also suffer from diarrhea but I still drink it. . . drink and

Group 3, M

Adverse
physical
reactions

Group 4, F

Group 2, F

Groupl,M
Group 4, F

Group 2, F

Group 1, M
Group 3, M
Group 4, F

poop..."
Perceived
benefits

Occasion

"Can make me taller"
"Can make me lose weight", "Can give me calcium", "I
think that milk is nutritious"
"It can make me smarter", "Yes, I have the yogurt drink.
My mom made it before because she thought that it's
good for our gastrointestinal function"
"I get milk for breakfast or when I feel hungry or thirsty"
"I have milk as a dinner drink. I sometimes buy milk at
school"
"Milk is not suitable after exercising"
"I have milk whenever I think of it", "when I find that
others are taller than me"
"Thirsty.. .open the fridge, if I find dairy products but no
other drinks, I will drink. Milk is my least favorite
choice."
"Cheese is for breakfast! And. . . fermented lactic-drinks
and yogurt drinks are.. .bought in a convenience store
after school", "I usually have a yogurt drink after
school"
"If I am very thirsty and can't find any other drinks, I
will drink milk. Or if milk couldn't be drunk with
something, I would try to avoid it."

Group I,M
Group 2, F

Group 3, M

Group 3, M

Group 1, M
Group 2, F

Group 4, F
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Table 3-4 Interpersonal influences of dairy product consumption
Category

Examples of quotes

Speaker

Encouragement "Both of my parents encourage me to drink milk"
Group 4, F
from family
"My brother.. .he said something like.. .why aren't you
members
getting taller? He often encourages me. And my mom
does too. However, if the milk is made from milk
powder, I won't drink it anyway."
"My mom forces me to drink"
Groupl,M
"I was forced to drink milk when I was little", "Milk
Group 2, F
would go sour if we don't drink it soon (parents said)"
"It's up to you. . . drink it if you like (parents said)"
"Recently, my mom often brings milk home because she Group3,M
thinks that it's good for health to drink milk before going
to bed"
Teachers

Classmates

"We don't want to drink milk if we see our teacher drink Group 2, F
it"
"Our scout teacher discouraged us from drinking
Group 4, F
milk.. .he said that one will get osteoporosis if one
drinks too much milk", "He said that cow milk is for
calf, many of us suffer from allergies because we
humans drink too much milk", "But. . . our health
education teacher suggests that we drink milk"
"But we still drink it if we want to", "We forget what
they tell us soon after we hear it",
"I decide because it's my body"
Group 3, M
"Nobody will talk about milk"
Groupl,M
"Classmates? No! (with an absurd expression)"
Group 2, F
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Table 3-5 Community influences of dairy product consumption

Category
Availability
at home

School
environment

Convenience
stores

Fast food
restaurants

Examples of quotes

"If someone brought it home, I would drink it. I eat
whatever my mom prepares. I would never buy it
myself."
"I would drink less if it wasn't always available at
home"
"I take and drink it when it is on the table"
"Milk is often past the expiration date in my home
because nobody wants to drink it."
"Milk is often available at home. . . if other drinks are
available, I would not drink milk as the first priority",
"Other drinks are sweeter"
"Our school café only sells milk and juices beginning
this semester.. . no other drinks", "When thirsty, I have
no choice but to buy milk"
"Vending machines now sells yogurt drinks, chocolate
flavored milk, and fresh milk"
"School lunches never provide dairy products except
fermented lactic-drink"
"I seldom buy milk at school because... when we're
finished playing ball, it's natural to buy cold bottled
water. . . who is going to buy milk?"
"A convenience store sells lots of drinks but I am not
buying milk there unless my parents ask me to"
"I don't buy milk there because it's very expensive"
"Milk is usually cheaper in wholesale stores"
"We usually buy drinks in a convenience store"
"I don't buy dairy products in a convenience store
because many other drinks are sold there"
"I usually buy snacks and drinks in a convenience store"

"I have a milk shake there"
"I don't order milk there but.. .ice cream.. .yes. . .in the
summer"
"When ordering a meal to go, my mom will choose milk
because she thinks that coke can be spilled too easily.
Milk is in a sealed carton."
"It's odd to order milk in a fast food restaurant"
"People in MacDonald's will think that you are from a
different world"
"Eating deep-fried foods with milk is gross"

Speaker
Group 4, F

Group 1, M
Group 3, M
Group 4, F

Group 2, F

Group 2, F

Group 4, F

Group 1, M

Group 2, F

Group 4, F
Group 3, M

Group 4, F
Group 2, F
Group 3, M

Group 2, F
Group 1, M
Group 4, F
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Table 3-6 Societal influences of dairy product consumption
Category

Examples of quotes

Advertisements "If the packing looks nice, I'll buy it.. .but if it doesn't
and packaging taste good, I'll empty it and keep the bottle"
"They always say it tastes good, but when I try it, it
doesn't", "That's baloney"
"Isn't there an ad saying that you will become skinny if
you have the yogurt drink. . .1 bought yogurt drinks
several times that day"
"No, ads and packaging do not affect me at all"
Price
"If I have to use my own pocket money to buy, price is
certainly a concern. . . need to see if! have enough
money"
"It depends on whether it tastes good. . . if it doesn't taste
good, I would not buy it even though it's cheaper"
"No, price does not matter.. . it's mainly bought by my
parents.. .phone bills are more expensive"
"Dad and mom bought and I ate.. .No, price isn't a
problem. . . it's not like going out to buy a car"
"Yogurt is expensive... I seldom buy it"
"I don't think dairy products are very expensive"
Seasonal
"I don't drink milk in summer", "I would begin to vomit
factors
if I drank in summer", "It's ok to have ice cream but not
for milk", "I drink more milk in the winter"
"I drink fresh milk in summer, powdered milk in winter"
"I drink hot milk in winter using a microwave", "Made
from milk powder is faster"
"I don't drink milk in summer because it's very easy for
it to go bad"
"No! I have ice cream in winter as well.. .as long as I like
it, it doesn't matter what season it is"

Speaker
Group 2, F

Group 3, M
Group 4, F

Group 1, M

Group3,M

Group 1, M

Group 4, F

Group 1, M

Group 2, F

Group 3, M
Group 4, F
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CHAPTER 4

Development and Validation of a Questionnaire for Investigating

Factors Affecting Dairy Calcium Intake among Eighth Graders in
Taiwan
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Abstract

Inadequate calcium intake has been implicated in the development of a number of
chronic health conditions such as osteoporosis, hypertension, and cancers.

Calcium

intake level among adolescents in Taiwan has been a concern in the field of public
health nutrition.

The purposes of this study were to develop an instrument to assess

usual intake of dairy products and to investigate factors affecting dairy product
consumption behavior among eighth graders and to validate this instrument. A total of
60 eighth graders were recruited for the validation study of the food frequency
questionnaire (FFQ).

The 14-item FFQ was validated against repeat 24-hour recalls.

The behavior questionnaire was pilot-tested on approximately 200 students and

reviewed by an expert panel for content validity.

After completion of the validation

study, 1,374 questionnaires were mailed out and 1,256 questionnaires were returned.

This sample was drawn using systematic sampling method.
The mean dairy calcium intakes measured by FFQ1, FFQ2, and the average of two

recalls were 403 mg, 296 mg, and 170 mg, respectively.

The corrected correlation

coefficients of 0.52 and 0.87 were obtained for FFQ1 and the average of two recalls and
for FFQ2 and the average of two recalls, respectively.

Measure of agreement between

the two methods was also assessed. A coefficient of 0.71 was reached for a test-retest
reliability of the FFQ.

Cronbach's a of 0.70.9 were reached for all sections of the

behavior questionnaire except nutrition knowledge section.

Using principle

components analysis and multiple linear regression, it was found that facilitating,
hindering, interpersonal, and community factors were the four constructs measured in
this instrument and significantly predicted dairy calcium intake.
that the instrument is valid for Taiwan's social context.

These results suggest
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Introduction

Three consecutive national nutrition surveys in Taiwan (Huang et al., 1983, Lee et
al., 1991, Pan et al., 1999) found that mean daily calcium intakes for Taiwanese were

about 440500 mg, dramatically lower than the Dietary Reference Intakes of calcium:
1,000 mg for adults and 1,200 mg for adolescents.

Inadequate calcium intake has been

implicated in the development of a number of chronic health conditions including but
not limited to osteoporosis (Heaney, 2002, Heaney, 2000 & Prentice, 2004),
hypertension (McCarron and Reusser, 1999, Witteman et al., 1989, Trevisan et al., 1988,
& Ackley et al., 1983), cardiovascular disease (McCarron and Reusser, 2001), obesity

and insulin resistance (Pereira et al., 2002), breast cancer (Lipkin and Newmark, 1999
& Moorman and Terry, 2004), and colon cancer (Holt, 1999).

Therefore, increasing

calcium intake level is a pressing issue for the Taiwanese population.

Dairy products are the preferred sources of calcium due to their high calcium
content and good fractional absorption rate of 32.1% (USDA and US DHHS, 2000,
Weaver et al., 1999 & Charles, 1992) as well as their nutritional merit of containing a

great deal of nutrients other than calcium. A number of observational studies and
randomized controlled trials have found a positive association between dairy intake and
bone mass or calcium balance (Heaney, 2000).

However, these findings are not

entirely consistent, with some studies reporting no association between dairy calcium
and bone health. These inconsistent findings may be partly due to the use of less

rigorous study designs or lack of a valid instrument for accurate estimate of long-term
dairy calcium intake (Heaney, 2000 & Lanou et al., 2005).

Dairy products are

95

somewhat controversial because of their complex nature.

It has been proposed that

daiiy products containing high concentrations of protein and sodium have a calciuric
effect, increasing the urinary excretion of calcium, and may not be an ideal choice of
calcium sources (Lanou, 2005).
calcium-to-protein ratio
& Heaney, 2000).

However, it was believed that dairy products with a

20:1 (mg:g) should offset the calciuric effect (Massey, 1998

Moreover, dairy product consumption should result in a positive

calcium balance even with the calcjurjc effect based on the calculation of Weaver et al.
(Weaver Ct al., 1999).

Consequently, it has been suggested that a diet devoid of dairy

products would often be a poor diet and would likely contain inadequate dietary calcium
(Heaney, 2000 & Weaver et aT., 1999).

A food frequency questiormaire (FFQ) is a practical tool with several advantages

such as being inexpensive, may be self-administered, and can be used to quickly obtain

data on usual intake patterns in a large group of people. A FFQ specifically focusing
on dairy products consumption will be a cost-effective method to identify individuals as
well as a group of people whose dairy calcium intake may be far below the
recommended level.

Understanding factors affecting dairy product consumption may

help promote dairy product consumption, which can effectively increase dietary calcium
intake level.

The current study was designed to develop an instrument that can be

utilized to assess usual intake of dairy products and to investigate factors affecting dairy
product consumption behavior among eighth graders.
this study was to validate this instrument.

Furthermore, a major part of
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Materials and Methods
Participants
Taiwan was divided into three areas (urban, rural, and mountain and island areas)
based on administrative districts and geographic region. A total of 60 eighth graders

were recruited as a convenience sample for the validation study of the food frequency
questionnaire (FFQ) from six public junior high schools with two schools representing
each of the three areas.
years old.

The age range of these eighth graders was between 13 and 15

Exactly five females and five males were recruited from each school.

All

data collected from the 60 participants were complete and were thuly used for analyses.

After completion of the validation study, the questionnaire was utilized as a

large-scale survey. A total of 1,374 questionnaires were mailed out to nine public
junior high schools in Taipei City and County, Taiwan.

These nine schools were

randomly selected from 120 public junior high schools in Taipei Area using systematic

sampling method. A total of 1,256 questionnaires were returned (response rate = 91%)
and ten were excluded from data analysis due to unreliable responses and missing
responses on entire pages.
The study protocol was approved by the Institutional Review Board at Oregon

State University prior to the initiation of the study to protect human rights of
participants.

A signed assent form was obtained from each participant and informed

consent lefters were distributed to parents of participants before the initiation of
interviews and questionnaire survey.
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Development of Questionnaire

The questionnaire used in the present study consists of two parts: a food frequency
questionnaire (FFQ) and a behavior questionnaire

A FFQ was developed to assess

daiiy product consumption of participants in the month prior to the day the survey was
conducted.

The FFQ consists of four elements: food item, frequency response, volume

size and portion size (Table 4-1 and Figure 4-1).

Selection of food items was based

on the most frequently consumed dairy products recognized in 24-hour recalls from the
Nutrition and Health Survey in Taiwan and dairy products listed in the Taiwan Nutrient
Databases (Department of Health, 1998).
sizes and portion sizes.

Quantity was assessed in two ways, volume

Volume sizes were measured based on the volume of dairy

products sold in markets (such as cup, box, slice etc.) or on commonly used unit (such
as glass) for the convenience and ease of response.

Pictures of boxes, glasses, and

cups in different sizes (small, medium and large) for precisely measuring the volume
sizes were provided to the respondents along with the FFQ.

Whether high calcium

dairy products were usually consumed was assessed in the FFQ as well.

The behavior questionnaire was designed based on an ecological model, consisting
of four levels of influences: intrapersonal, interpersonal, community, societal influences
(Story et al., 2002).

The components of each level of influence are shown in Table 4-2.

These components were generated from findings of the preceding focus groups as well
as from literature reviews.

Validation Study
The validity of the FFQ was evaluated using the 24-hour recall as the "reference"

method.

The study design of the validation study is shown in Figure 5-2 and was

carried out over a six week period oftime.
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The first administration of the FFQ (FFQ1)

was completed before the first 24-hour recall interview.

The second administration of

the FFQ (FFQ2) was completed after the second 24-hour recall interview.
24-hour recalls were administered three weeks apart.

The two

One of the two 24-hour recalls

was completed on a weekday and the other was completed on a weekend day.

The

USDA 5-Step Multiple-Pass Approach (USDA, 2004) with some modifications was
utilized in collection of 24-hour recalls.

One of the modified passes was the creation

of quick list along with time, occasion and the location from which the foods were
obtained.

The other modification occurred during the process of creating the quick list.

Participants were asked to think back chronologically to the previous day's events and
activities to help them remember where, when, and what they ate.

The same pictures

used to measure the volume size of dairy products in the FFQ were used for the 24-hour
recalls.

Food models and an illustrated handbook of foods commonly consumed in

Taiwan were also used to determine potion sizes of other foods.

The dietary recalls

were face-to-face interviews, done by trained dietitians, which assessed a participant's
food intake from the previous day.

During the interviews, neutral probes were used to

avoid influencing a participant's response.

For example, participants' were asked "Did

you eat or drink anything while doing homework or watching TV".
A draft of the behavior questiormaire was reviewed by eight experts in the field of

nutrition and health education for content validity.

the appropriateness of each item.

Reviewers were asked to evaluate

The rating included three levels: "can be adopted",

"can be adopted after revision", and "cannot be adopted".

Written comments were

provided by reviewers as well.
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The questionnaire was also pilot-tested on

approximately 200 eighth graders, a convenience sample, selected from the accessible

population but not those who participated in the large-scale survey.

The draft was

revised based on comments of the expert panel, feedback from pilot participants, and
results of pilot data analyses.
clarity.

Some wording changes were made to improve question

The draft FFQ was also revised after the completion of the validation study.

Two measures of the volume size in the FFQ were changed due to uncommon uses by
participants.

These two parts of the questionnaire were finally combined together and

named as "Dairy Consumption Questionnaire of Eighth Graders" for the subsequent use
in a large-scale survey.

Data Processing
Data from 24-hour recalls were analyzed using the food composition database
designed by Lee (2003 & 2005) based on the Taiwan Nutrient Databases in terms of
dairy products.

The intake amount of each dairy product was converted to units of

exchange portion size and dairy calcium intake from each food item as well as the total
for each participant were automatically calculated in the database. Dairy calcium
intake from each dairy group and the total of the FFQ were calculated in SAS (SAS/PC
V8.2 program, SAS Institute, Cary, North Carolina.) based on the Taiwan Nutrient
Databases and food labels on the dairy products.

Frequency responses were converted

to frequency per day (times per day), and portion size per time, including volume size
and portion, was converted to weight.

Daily calcium intake (mg/day) from each dairy

product was then calculated for each individual by multiplying the frequency by portion

size per time and by the calcium content based on the Taiwan Nutrient Databases and
food labels on the products.
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Whether high calcium products were consumed was taken

into account in the calculation process.

Total dairy calcium intake was obtained by

summing dairy calcium intake amount from the 14 items.

Statistical Analysis
Two methods were adopted to test the validity of the FFQ: the Pearson correlation
and cross-classification.

The Pearson correlation coefficient was calculated in SPSS

(SPS S/PC V 11.5 program, SPSS Inc., Chicago) to determine the extent of linear

relationship between the average dairy calcium intake from two 24-hour recalls and
from two FFQs.

The correlation coefficient was then corrected for removing the effect

of within-person variation using the following formula (Willett, 1998, pp.302-320):
rt = ro
where rt

the corrected correlation coefficient, r0

the observed correlation coefficient,

= the ratio of the within- and between-person variance, n = the number of replicates
per person.

Cross-classification was utilized to assess the measure of agreement, in

other words, how well the FFQ and the 24-hour recall can identically classify a group of
people in the same percentile (the group with the lowest or the highest intake level) or
in the adjacent percentile.

Additionally, item analyses were performed to analyze the pilot-tested data to
examine if each item effectively discriminated between participants who score highly in
the session (the top 25% by session score) as compared to those who score lowly (the

bottom 25% by session score).
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Moreover, internal consistency, presenting as

Cronbach's coefficient a, was applied to test the reliability of the behavior
questionnaire

For the behavior questionnaire, principle components analysis with varimax
rotation was performed for data reduction.

Four major components were extracted and

used to predict total dairy calcium intake by performing multiple linear regression.
Components loadings lower than .4 were excluded. A scree plot was used for

determining the number of components to be extracted.

Key variables in the principle

components analysis were nutrition knowledge, preference for dairy products, value of
flavor, perceived benefits, perceived barriers, adverse physical reactions, convenience,
self-efficacy, socioeconomic status of parents, number of sibling, attitudes toward dairy

products of family members, homeroom teacher, and the best friend, whether there were
convenience stores, fast food restaurants, supermarkets, and wholesale stores nearby
home or school, major sources of dairy products eaten, effect of
mass media, effect of
price, seasonal factor, and vegetarianism.
the third manuscript.

Measures of key variables were described in
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Results

The mean daily dairy calcium intakes for all participants measured by FFQ1, FFQ2,
and the average of two recalls were 403 mg, 296 mg, and 170 mg, respectively.

Mean

daily dairy calcium intakes stratified by gender and region are presented in Table 4-3.
No statistical differences were found between gender groups and region groups.

Validity of the Food Frequency Questionnaire
The correlations between dairy calcium intakes as estimated by each FFQ versus
the average of the two 24-hour recalls are presented in Table 4-4.

The Pearson

correlation coefficient of dairy calcium intake estimated from the FFQ 1 and the average
of two recalls was 0.45 and 0.75 for the FFQ2 and the average of two recalls.

After

correction for the effect of day-to-day variation, these two coefficients become 0.52 and
0.87, called the deattenuated coefficients.
cross-classification.

Table 4-4 also presents the results of

Participants were classified into four groups according to their

dairy calcium intakes as estimated by two FFQ and the average of two recalls.

Nearly

40% of participants were correctly classified, meaning that they were categorized in the
lowest quartile in both the measure of FFQ 1 and the average of two recalls and about

70% of participants were classified in the lowest quartile or the adjacent quartile.

If

the FFQ2 and the average of two recalls were compared, 50% of participants were
classified in the lowest quartile in both methods and nearly 90% of participants were
classified in the lowest quartile or the adjacent quartile.

Test-retest reliability was

evaluated by re-administering the FFQ three weeks apart and found a correlation
coefficient of 0.71.
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Internal Consistency and Item Analysis of the Behavior Questionnaire
The internal consistency of the behavior questionnaire was measured using
Cronbach's coefficient a.

Cronbach's coefficient a in all sections of the behavior

questionnaire fell into the range of 0.70.9, indicating adequate reliability, except for the
nutrition knowledge section that has a coefficient of 0.61.

Moreover, item analysis

was utilized to examine the discrimination of each question item. Participants were
categorized as the high scoring groups (the top 25%) and the low scoring groups (the
bottom 25%) based on the total scores of each subscale.

Independent sample t tests

were then performed to compare the mean differences between the high scoring groups
and the low scoring groups.

Only three question items did not reach the statistical

significance of .05 and were considered revising (1 item) or deleting (2 items)
afterwards.

Principle Components Analysis
By means of principle components analysis (PCA) with varimax rotation, four
components were identified and labeled:

the facilitating, the hindering, the

interpersonal, and the community factors (Table 4-5 & 4-6).
contained six subscales.

The first component

It was labeled "facilitating" because the subscales focused on

factors promoting dairy products consumption such as price reduction, advertisement,
perceived benefits of eating dairy products etc.

The "facilitating" factor accounted for

17% of the variance and had an item loading ranging from 0.50 to 0.73.
component contained three subscales.

The second

It was labeled "hindering" because the

subscales focused on factors that hinder dairy products consumption including

perceived barriers of eating dairy products, occurred uncomfortable syndromes, and
vegetarianism.

104

The "hindering" factor accounted for 14.5% of the variance and had an

item loading ranging from 0.71 to 0.79.
The third component contained three subscales.

It was labeled "interpersonal"

because the subscales focused on interpersonal encouragement of eating dairy products
from family members, homeroom teacher, and the best friend.

The "interpersonal"

factor accounted for 14% of the variance and had an item loading ranging from 0.72 to
0.84.

The fourth component also contained three subscales.

It was labeled

"community" because the subscales focused on indicators of whether dairy products
were easily available in the community.

The "community" factor accounted for 13%

of the variance and had an item loading ranging from 0.76 to 0.83.

These four

components collectively explained 58% of the total variation in factors affecting dairy
product consumption.

The four sets of factor scores derived from the PCA were significant predictors of
log-transformed dairy calcium intake, indicating that the four components extracted by
PCA can significantly predict dairy calcium intake (Table 4-7).
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Discussion
The corrected correlation coefficients of 0.52 and 0.87 were obtained for the first
administration of the FFQ (FFQ1) and the average of two recalls and for the second
administration of the FFQ (FFQ2) and the average of two recalls, respectively.
Moreover, a coefficient of 0.71 was reached for a test-retest reliability.

This indicates

that the FFQ is a valid instrument for assessing dairy product consumption as a
correlation coefficient of 0.5--0.7 is typical for validation studies and for the
reproducibility of nutrient intakes (Willett, 1998).

As compared to the "true" intake

estimated from two recalls, FFQ1 and FFQ2 over-estimated dairy calcium intakes by
233 mg/day and 126 mg/day, respectively. Moreover, Cronbach's coefficient a of

0.7-0.9 were reached for all sections in the behavior questionnaire except the nutrition
knowledge section, indicating adequate reliability (Nunnally, 1978).

In a validation study of a FFQ assessing calcium intake among American youths, a
correlation coefficient of 0.42 (the corrected r=0.50) was reported for FFQ2 and the
average of two recalls (Jensen et al., 2004).

Forty two percent of participants were

correctly classified and 76% were within plus or minus one quartile in the Jensen study.

Another validation of a youth/adolescent food frequency questionnaire (YAQ), a
coefficient of 0.45 (the corrected r=0.61) for calcium was reported for the 2nd YAQ and

the average of three recalls (Rockett et al., 1997).
were presented in the Rockett study.

No measures of agreement data

The third validation of a FFQ assessing calcium

intake in the general population reported a coefficient of 0.639 for a FFQ and a recall

(Magkos et al., 2006). No corrected coefficient was reported and 82.6% were
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classified into the same or adjacent quartiles in the Magkos study.

Our study

obtained about the same level of correlation and degree of classification agreement but
from a relatively smaller sample size as compared to those presented in the literature.
A common limitation in the field of nutritional epidemiology is lack of a gold
standard for validating a FFQ.

The best measure one can choose is to utilize a

"reference" method that has independent errors from the FFQ (Willett, 1998).

The

24-hour recall was used as the reference method in the present study and in many other
studies.

Unlike the FFQ, it does not rely on the long-term memory.

However,

24-hour recalls may involve recall bias and two recalls collected in this study could not
represent the true intake of dairy products in a participant's usual diet pattern.
Consequently, a statistical method was applied to adjust for the effect of the day-to-day
variation as a remedy of this limitation.
The intake amount of dairy calcium was estimated from the FFQ for assessing its

correlation with data derived from recalls; however, the estimation may not be very
accurate.

It is usually a trade-off between simplicity and accuracy in designing a FFQ.

For example, each kind of dairy product has several types of packaging in the market
and all of them must be listed in the FFQ in order to accurately estimate the portion size
eaten/drunk.

This is not practical in the development of a FFQ as it would make the

FFQ very complex and may increase non-response rate or increase the measurement
error.

Features such as simplicity and rapidity are usually preferred when applying a

FFQ in large groups of people.
FFQ is an unrealistic goal.

Thus, to accurately estimate absolute intake using a

Instead, a FFQ is good at ranking individual nutrient intake

or identifying individuals at extremes of intake (Willett, 1998).

Therefore, the current
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FFQ can be used to collect data of calcium intake from 14 dairy products or certain
dairy foods for differentiating individuals from different intake levels.
The behavior questionnaire was further tested in a random sample of more than
one thousand subjects after the pilot study.

Data were analyzed using principle

components analysis for reducing items required to understand factors affecting dairy
product consumption.

Four components were extracted: facilitating, hindering,

interpersonal, and community factors.

These four components include 63 items (65%

of the total items), explain 58% of the variance and have similar internal consistency
reliability as the original questionnaire.

In a multiple regression model, these four

components significantly predicted dairy calcium intake among eighth graders in Taipei,
Taiwan.

The shortened version requires less time in data collection and is expected to

simplify the implementation and to enhance data quality.

Results from the principle components analysis and multiple regression suggest
that the behavior questionnaire measured four constructs (facilitating, hindering,
interpersonal, and community factors) that were significantly associated with dairy
calcium intake.

The facilitating factor was a composite of price reduction, taste

preference, self-efficacy, convenience, perceived benefits, and instigation of mass media.
The hindering factor was a synthesis of perceived barriers, adverse physical reactions,
and vegetarianism.

The interpersonal factor consists of encouragement from the best

friend, homeroom teacher, and family members.

Finally, the community factor was a

combination of the appearance of fast food restaurants and supermarkets as well as
location of residence.

This instrument was established in Chinese based on Taiwanese

social cultural context.

Modification may be required in attempt to apply it in China.
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In conclusion, this study developed a valid instrument for assessing usual intake
of dairy calcium as well as for investigating factors affecting dairy product consumption
behavior among eighth graders in Taiwan.

Facilitating, hindering, interpersonal, and

community factors were the four constructs measured in this instrument.
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Figure 4-1 An Example of the Food Frequency Questionnaire
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Figure 4-2 Sequence of data collection for the validation study of the FFQ
Recall 2

Recall 1

3 weeks
FFQ 1

III

FFQ 2

Table 4-1 Elements of the food frequency questionnaire
Elements

Food item

Options

100% cow or goat milk or 100% milk made from milk powder,
flavored milk or flavored milk made from flavored milk powder,
cultured milk (yogurt), concentrated fermented milk (yogurt
drink), two kinds of diluted fermented milk (fermented
lactic-drink), cheese, four types of ice creams, milk pudding,
custard, goat milk tablet

Volume size

Box (small, medium, large), glass (small, medium, large), cup
(small, medium), slice, scoop, cone, bar, tablet

Portion size

0.5 or less, 1, 1.5, and2 or more (for the first 13 items)
0.5 or less, 1, 2, and 3 or more (for goat milk tablet)
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Table 4-2 Components of the behavior questionnaire

Level of
Influence

Components

Intrapersonal

Nutrition knowledge, preference for dairy products, attitudes
towards dairy products (value of flavor, perceived benefits,
perceived barriers, convenience, and adverse physical reactions),
self-efficacy, timing of eating dairy products, and stages of change

Interpersonal

Socioeconomic status of parents, number of sibling, attitudes
towards dairy products of family members, the homeroom teacher,
and the best classmate or friend (being a role model and encourage
respondents to consume dairy products)

Community

Whether there are convenience stores, fast food restaurants,
supermarkets, and wholesale stores nearby home or school, how
often school lunch program provides dairy products, and major
sources of dairy products eaten (home, school café, vending
machines at school, order through school system, school lunch, or
bought by oneself from convenience stores, fast food restaurants,
or breakfast stores)

Societal

Mass media, price, season, and vegetarianism due to religious
belief

Table 4-3 Mean daily dairy calcium intakes by gender and region in Taiwan as
measured by two FFQs and the average of two recalls

(mean ± SD)

FFQ2
(mean ± SD)

Average of
two recalls
(mean ± SD)

Sex
Male (n=30)

516±107

344±111

182±50

Female (n=3 0)

291±49

24 8±43

158±37

Urban (n20)

477±142

395±160

213±65

Rural (n20)

241±30

179±30

122±49

Mountain & Island (n=20)

492±102

3 15±69

175±46

Total (n=60)

403±60

296±59

170±3 1

FFQ 1

Region

Note: No statistical differences were found between gender groups and region groups.
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Table 4-4 Results of the validity test of the FFQ
n=60

Pearson
Deattenuated Pearson

FFQ1 vs.
Average of two recalls

FFQ2 vs.
Average of two recalls

0.45**

O.75**

0.52

0.87

Measure of agreement
Correctly classified
Same or adjacent quartile

37.5%
68.8%

50.0%
87.5%

** pO.O1

Table 4-5 Results of principle components analysis
Component

Eigenvalue

% of Variance

Cumulative %

1

2.555
2.177
2.104
1.929

17.032
14.511
14.027
12.857

17.032
31.543
45.571
58.428

2
3

4
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Table 4-6 Component loadings for a principle component analysis with varimax
rotation

Component

Subscale
1

Effect of price

.728

Preference for dairy products

.695

Self-efficacy

.675

Convenience for consuming dairy products

.655

Perceived benefits

.536

Effect of mass media

.504

2

Perceived barriers

.794

Adverse physical reactions

.776

Vegetarianism

.706

3

Encouragement from the best friend

.841

Encouragement from the homeroom teacher

.835

Encouragement from family members

.721

4

Appearance of fast food restaurants

.832

Appearance of Supermarkets

.779

Residency

.760
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Table 4-7 Multiple linear regression for the factor scores of the
facilitating, hindering, interpersonal, and conmiunity factors
Parameter
Estimate

Std. Error

P Value

Intercept

5.598

0.061

.000

Factor score 1

0.440

0.06 1

.000

Factor score 2

0.176

0.06 1

.004

Factor score 3

-0.191

0.061

.002

Factor score 4

0.161

0.061

.008

Dependent variable: log transformed total dairy calcium intake
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CHAPTER 5

Application of an Ecological Model to Dairy Product Consumption

Behavior among Eighth Graders in Taipei, Taiwan
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Abstract
Calcium is important to bone health as well as related to a number of health

problems such as osteoporosis, hypertension, cardiovascular disease, and some cancers.
Increased calcium intake among adolescents in Taiwan is a pressing issue in public
health nutrition.

The purpose of this study was to apply an ecological model to

identifi factors affecting dairy product consumption behavior among eighth graders in
Taipei, Taiwan.

Questionnaire survey was conducted and a random sample was drawn

using systematic sampling method.

A self-administered questionnaire was developed

based on findings from focus groups and the ecological model and previously validated
against repeat 24-hour recalls and pilot-tested on 200 subjects. A total of 1,374
questionnaires were mailed out and the response rate was 91%.

Dairy calcium intake

was calculated based on the Taiwan Nutrient Databases and food labels on the dairy
products.

Stepwise and hierarchical linear regressions were performed to predict dairy

calcium intake.

Mean dairy calcium intake for all participants measured by a 14-item FFQ was 520
mg/day.

More than 50% (278 mg/day) of total dairy calcium intake was solely from

100% cow or goat milk.

Statistically significant predictors of dairy calcium intake in

the hierarchical model were convenience, preference for dairy products, self-efficacy,
family encouragement, appearance of wholesale stores, and dairy sources from
community.

The societal influences were mediated by community and intrapersonal

factors in this study and were not statistically significant in the full model.

The full

model accounts for 17.8% of the systematic variance in total dairy calcium intake.
Findings suggest that interventions should include eighth graders and their parents and
calcium and vitamin D fortification can be considered by policy-makers.
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Introduction
Calcium is important to bone health as well as related to a number of health

problems such as osteoporosis, hypertension, cardiovascular disease, and some cancers
(Heaney, 2002, Heaney, 2000, Prentice, 2004, McCarron and Reusser, 1999, Witteman

et al., 1989, Trevisan etal., 1988, Ackley et al., 1983, McCarron and Reusser, 2001,
Lipkin and Newmark, 1999, Moorman and Terry, 2004 & Holt, 1999).

While

increasing calcium intake throughout life span is necessary for bone health and possibly

for the prevention of some diseases, the promotion of calcium intake during adolescence
for maximization of peak bone mass receives the priority.
In a recent nationwide survey, the average daily calcium intake was less than 50%
(about 450-50O mg/day) of the Dietary References Intakes in Taiwan (Pan et al., 1999).
Dairy products are the preferred sources of calcium because of their dense content and
bioavailability of calcium and abundance of other nutrients such as protein, phosphate,
potassium, magnesium, thiamine, and riboflavin (USDA and US DHHS, 2000 &
Weaver et al., 1999).

It was suggested that with a diet devoid of dairy products it

would be difficult to achieve adequate dietary calcium intake (Heaney, 2000 & Weaver
et al., 1999).

Unlike in the U.S. population where dairy products account for

three-fourth of dietary calcium sources, calcium intake from dairy products only
accounts for 21% of the total dietary calcium for Taiwanese (Gerrior, 2001 & Wu et al.,
2001).

It is unclear why dairy product consumption is so low in this population.

Whereas the currently low dietary calcium intake level and the relatively unimportant
source of dietary calcium from dairy products, the possible efficient way to increase
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dietary calcium intake level among Taiwanese is to promote dairy product
consumption.

An ecological model, considering people and their interactions with the
environment, has been proposed as a useful conceptual framework for understanding
factors that influence adolescent eating behaviors and food choices (Story et al., 2002).
Application of this model to adolescent eating behaviors suggests that eating behaviors
are influenced by intrapersonal, interpersonal, community, and societal factors.
Studies using this model to understand dairy consumption behaviors are limited.

The

purpose of this study was to apply an ecological model to identify factors affecting dairy
product consumption behavior among eighth graders in Taipei, Taiwan.
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Materials and Methods
Instruments
The instrument used in the present study was a questionnaire, consisting of two

parts: a food frequency questionnaire (FFQ) and a behavior questionnaire. A
quantitative FFQ was developed to assess dairy products intake of participants in the
month prior to the day the survey was conducted.

The FFQ consists of four elements:

food item, frequency response, volume size and portion size (Table 5-1).

Students

were asked to select how frequently they consumed each product and the quantity that
was consumed.

Quantity was described in two ways, volume sizes and portion sizes.

Volume sizes were measured based on the volume of dairy products sold in markets

(such as cup, box, slice etc.) or on commonly used unit (such as glass) for the
convenience and ease of response.

Pictures of boxes, glasses, and cups in different

sizes (small, medium and large) for precisely measuring the volume sizes were provided
to the respondents along with the FFQ.

Whether high calcium dairy products were

usually consumed was asked in the FFQ as well.
The behavior questionnaire was designed based on the ecological model,

consisting of four levels of influences: intrapersonal, interpersonal, community, societal
influences (Story et al., 2002).
in Table 5-2.

The components of each level of influence are shown

These components were generated from findings of the preceding focus

groups as well as from literature reviews.

Measures of key variables are described in

Table 5-3.

The FFQ was previously validated against repeat 24-hour recalls.

A deaftenuated
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correlation coefficient of 0.52 and 0.87 were attained for the first and second
administration of the FFQ versus the average of two recalls in terms of dairy calcium
intake.

The behavior questionnaire was previously pilot-tested on approximately 200

participants.

Content validity and internal consistency reliability (Cronbach's

coefficient alpha = 0.70.9) were achieved as well (details can be found in Chapter 4).

Participants
One hundred and twenty public junior high schools in Taipei City and County were
sorted by the number of classes.

Four schools in Taipei City and five schools in Taipei

County were selected using systematic sampling method.

Two of the five schools in

Taipei County were small-scaled in a relatively remote region.

this study was "class", consisting of 30 to 40 eighth graders.

The sampling unit of
Four to five classes from

each of the nine schools were selected for the questionnaire survey.

Once the class

was selected, all students in this class were included unless they refused to participate.
A total of 1,374 questionnaires were mailed out to the nine public junior high schools
and 1,256 questionnaires were returned (response rate = 91%).

The study protocol was prior approved by the Institutional Review Board at

Oregon State University to protect human rights of participants. A signed assent form
was obtained from each participant and informed consent letters were distributed to
parents of participants before the initiation of the questionnaire survey.

Statistical Analysis
Ten of the returned questionnaires were excluded from data analysis due to
unreliable responses and missing responses on entire pages.

In regard to data
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processing of the food frequency section, missing data in the volume and portion
were retained if it indicated "once per month or less than once per month or never" in
the frequency response.

Subjects with more than one missing responses in the volume

section (135 subjects) and with unreliable responses (have total dairy calcium intake

higher than 5,000 mg per day) (4 subjects) were excluded.

Finally, subjects with

missing data in the frequency section (17 subjects) were further excluded, yielding a
total of 1,090 subjects for further analyses. Missing values left in the volume size and
portion were substituted with the mean.
Dairy calcium intake from each dairy group and the total of the FFQ was
calculated in SAS (SAS/PC V8.2 program, SAS Institute, Cary, North Carolina.) based
on the Taiwan Nutrient Databases and food labels on the dairy products.

Frequency

responses were converted to frequency per day (times per day), and volume size was
converted to weight.

Daily calcium intake (mg/day) from each dairy product was then

calculated for each individual by multiplying the frequency by volume size, by portion
size per time and by the calcium content.

Whether high calcium products were

consumed was taken into account in the calculation process.

Total dairy calcium

intake was obtained by sunmling dairy calcium intake amount from 14 dairy items.
Stepwise regression and hierarchical regression were performed to predict dairy
calcium intake.

The dependent variable in the regression model was log-transformed

dairy calcium intake (mg/day).

Stepwise procedure was separately performed for each

level of influences in the ecological model to select important variables as the
independent variables (IVs) in the hierarchical regression model.

All variables

selected from the stepwise regression were entered to the hierarchical regression,

124

adjusting for gender and socioeconomic status of parents.

IVs were entered by the

order of societal factors, community factors, interpersonal factors, and intrapersonal
factors.

Statistical analyses were performed using the Statistical Package for the

Social Science (SPSS/PC V12.0 program, SPSS Inc., Chicago).
statistically significant at an alpha level of 0.05.

Tests were considered
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Results
The sample was 52% females and 48% males with a mean age of 13.4 years.
Characteristics of the sample are presented in Table 5-4.

Male students were

significantly taller and heavier as compared to female students (p<.0001).

Forty one

percent of participants lived in Taipei City, the capital city of Taiwan, and the rest lived
in Taipei County.

There were no significant differences in the mean age, height, and

weight of participants between the two residential areas.

Socioeconomic status of

parents of participants in Taipei City was significantly higher than that of parents of
participants in Taipei County (p<.0001, Cramer's V=0.334).

In regard to stages of

change in dairy consumption behavior, participants living in Taipei City had a

significantly higher percentage at the highest level of stage, maintenance (p<.0001,
Cramer's V=O.217).

The timing of eating or drinking dairy products reported by

participants is presented in Table 5-5. The most frequent occasions that participants
reported were breakfast time (45%), non-regular meal time (3 8%), and when no other
drinks provided (3 9%).

The least frequent occasions reported were lunch time (64%),

dinner time (54%), after exercise (55%), and during field trip (57%).

Mean dairy calcium intake from 14 items as well as total dairy calcium intake
stratified by gender and residency is presented in Table 5-6.
intake for all participants was 520 mg/day.

Mean total dairy calcium

More than 50% (278 mg/day) of total dairy

calcium intake was solely from 100% cow or goat milk.

The second and third

contributors to the total dairy calcium intake were flavored milk (54 mg/day, 10%) and
cheese (45 mg/day, 8.6%), respectively.

Gender differences were found in the dairy

calcium intake from 100% cow or goat milk (p=.014).
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Participants living in Taipei

City had higher dairy calcium intakes from a number of dairy foods as compared to
those living in Taipei County.

As a whole, the mean total dairy calcium intakes of

participants living in Taipei City and County were 630 and 443 mg/day, respectively
(p<.0001).

Table 5-7 presents factors that significantly predicted total dairy calcium intake

selected by stepwise procedure for each level of the ecological model.
hierarchical linear regression model are presented in Table 5-8.

Results of the

The full model (model

5) accounts for 17.8% of the systematic variance in total dairy calcium intake.

Three

predictors (convenience, preference for dairy products, and self-efficacy) at the level of
intrapersonal influences were positively associated with dairy calcium intake in the full
model.

Encouragement by family members was a strong predictor at the level of

interpersonal influences in the full model.

Moreover, two variables (appearance of

wholesale stores and dairy sources from community) at the level of community
influences significantly predicted dairy calcium intake in the full model.

Two

predictors (price reduction and seasonal factor) in the level of societal influences
originally significant in model 1 and model 3 became non-significant in model 2 and
model 4 after community factors and intrapersonal factors were entered into the model.
One variable (dairy sources from home) at the community level was also significant in
model 3 but became non-significant after intrapersonal factors were entered the model.
Percent changes in dairy calcium intake with respect to one unit change in each of the
significant predictors are shown in Table 5-8.
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Discussion

The mean total daily dairy calcium intake was 520 mg measured by a 14-item food
frequency questionnaire in this sample.

Statistically significant factors that can predict

dairy calcium intake were convenience (dairy products were available

at home),

preference for dairy products, self-efficacy (confident of being a dairy product eater in
any unfavorable situation), encouragement by family members, appearance of

wholesale stores, and dairy sources from community.

Although statistically significant

at initial entry, the fact that price reduction became a non-significant
calcium intake in the presence of community factors suggests

factor of dairy sources from community.

predictor of dairy

a mediating role for the

Evidence supporting this mediating role was

seen in a chi-square test (chi-square=23.467, p<0.00l).

This relation implies that

participants were sensitive to the reduced price promotion if the dairy products eaten
were bought by themselves from a convenience store, a breakfast store, or a fast food
restaurant in the community rather than brought home by family members.

Another

possible mediating relation was observed between location of residence and preference
for dairy products.

Evidence supporting this mediating role was seen in an

independent t test (t=2.319, p=O.021).

Participants residing in Taipei City had a higher

mean score of preference for dairy products as compared to participants living in Taipei
County.

The difference of participants' taste preferences in the two locations of

residence may partly explain the discrepancy of dairy calcium intake of participants
living in the two locations.

However, whether any latent factors have influenced

participants' preferences in the two regions was unclear.
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Several studies have found that self-reported food preference was a key
predictor of food choices (Baranowski et al., 1997, Glanz et al., 1998, Birch and Fisher,
1998, Drewnowski and Hann, 1999 & Woodward et al., 1996).

Some studies focusing

on calcium intake or dairy product consumption also reported that taste enjoyment of
dairy products was positively associated with calcium intake (Barr, 1994,
Neumark-Sztainer et al., 1997 & Lee and Reicks, 2003).

The present study

consistently found that self-reported preference for dairy products was a strong
predictor of dairy calcium intake.

An increase often scores in preference for dairy

products, namely indicated "like very much" for two of the dairy products, was
associated with an increase of 20% in dairy calcium intake. Therefore, an attempt to
modify the flavors of dairy products for those who expressed low taste enjoyment may
be beneficial.

Additionally, it was suggested that home availability of fruits and vegetables (F&V)
was related to children's consumption of F&V in a cross-sectional analysis (Heam et al.,
1998).

Similarly, our study also found that convenience (dairy products available at

home) was a significant predictor of dairy products consumption.

Although it can be

interpreted that the easier it is to obtain dairy products, the more likely children are to
eat them, it may simply reflect that parents who see their children eating more dairy
products are more likely to buy them.

Regardless, our data suggest that making dairy

products available for adolescents may be beneficial, as only those who are highly
motivated individuals will consume dairy products if they are not usually available at
home.

Self-efficacy is an important predictor of health behavior change (AbuSabha

and Achterberg, 1997) and has been found to be associated with eating behavior
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(Gracey et al., 1996).

This study also found that an increase often scores in

self-efficacy was associated with an increase of 7% in dairy calcium intake.

Although

the percent change for this variable is relatively lower than other statistically significant
variables, it is still important as it is modifiable through education intervention.

Our

data suggests that enhancing an adolescent's confidence in consuming dairy products in
various occasions (such as breakfast time and snacking) and in many unfavorable
situations (such as when soft drink is available as an option or dairy products are not
available at home) may increase the consumption of dairy products.
Greer et al. (2006) suggest that "inadequate calcium intake by the child or
adolescent is a family issue".

If parents failed to serve as role models for drinking

milk, it is unlikely that the child is achieving the recommended intake (Fisher et al.,
2001 & Auld et al., 2002).

In the present study, whether parents were role models of

dairy eaters was not statistically significant; however, encouragement by family
members to eat or drink dairy products was a strong predictor of dairy calcium intake.
Thus, intervention focusing on promoting dairy product consumption of adolescents
should include parents as well as other family members and set goals of helping them
achieve the adequate calcium intake themselves and understanding the importance of
encouraging other family members to do so.
Eighth graders living in an area with a higher level of urbanization had greater
amount of dairy calcium intake.

This may partly because parents of these eighth

graders have higher socioeconomic status (SES) (Table 5-4) as compared to parents of
eighth graders living in an area with a lower level of urbanization.

Parents with higher

SES imply greater purchasing power, and food products are usually obtained at a
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cheaper price with a better quality among the rich (Crockett and Sims, 1995).
Consequently, more dairy products may be available at home for eighth graders of
parents with higher SES.

Moreover, parents with a higher SES may have more health

consciousness and positive attitudes towards healthy lifestyle (Wardle and Steptoe,
2003), and may be more likely to encourage their children to consume dairy products
accordingly.
health.

However, there is non-simplicity of the relationship between SES and

Further studies are needed to understand this issue.

We found that if dairy products eaten were mainly bought by participants
themselves from a convenience store, a fast food restaurant, or a breakfast store in the
community, it was associated with a 32% higher intake of dairy calcium.

Moreover,

we found that participants living in a location where there is a wholesale store were
associated with a 20% higher intake of dairy calcium as compared to their counterparts.
This might be due to inexpensive dairy products were more available for those who
lived near a wholesale store as it was indicated that dairy products were usually bought
in a wholesale store because of lower prices in our focus group discussions.

While the

percent changes in these two variables were relatively high, the supply factors in
community environment were very difficult to change through education interventions.
The appearance of wholesale stores, convenience stores, fast food restaurants, and
breakfast stores in the community may increase the availability of dairy products.
However, many other nondairy products sold in these settings such as soda, milk tea,
and junk foods may be the barriers to increasing dairy consumption.
Lactose intolerance was considered as a barrier to dairy product consumption and
was found more prevalent among Asians (Jackson and Savaiano, 2001). However,
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adverse physical reaction such as diarrhea was not a significant predictor of dairy
calcium intake in the study. Furthermore, findings from focus groups conducted on the

same age group and population also indicated that adverse physical reactions resulting
from dairy consumption only affected a small portion of participants and not all of them
would stop consuming dairy products for this reason.

Moreover, not all forms of dairy

products would cause adverse physical reactions on these individuals.

Those who

indicated that they would suffer from diarrhea if they consumed milk or yogurt drinks
expressed that they were fine when consuming a milk shake or ice cream.
This study did not find evidence in the influences of schools. Eighth graders
reported that dairy products were seldom provided in school lunch programs.

This

may be due to the budget issue as dairy products are relatively more expensive than
other food materials.

Moreover, this study suggests that homeroom teachers did not

play a significant role in affecting dairy product consumption of eighth graders, neither
being a role model nor encouraging consumption.

In those focus groups conducted

prior to this questionnaire survey on the same population, it was found that information
about whether dairy products are beneficial from teachers were inconsistent.
Furthermore, eighth graders may not comply well with teachers' instruction as
expressed by participants of focus groups.

Major contributors of dairy foods to total dairy calcium intake in this sample were
100% fresh milk (53%), flavored milk (10%), and cheeses (8.6%) in terms of dairy
calcium intake amount.

If simply considering the frequency of intake, the most

frequently consumed items were 100% fresh milk, flavored milk, and fermented
lactic-drinks

One hundred percent fresh milk and flavored milk were the most
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frequently consumed dairy products with high calcium content, thus contributed
about two-third of the total dairy calcium intake.

Cheeses were not consumed as

frequently as were the fermented lactic-drinks but contain higher amount of calcium.
Adolescents were fond of fermented lactic-drinks; however, calcium content is
relatively low in these drinks unfortunately.

To increase calcium intake by fortifying

fermented lactic-drinks with calcium and vitamin D might be an effective means if that
will not change the original flavor that adolescents love.
Whether increased intake of dairy products is beneficial to bone health is
somewhat controversial.

At least three studies examined this topic and came up with

different conclusions (Heaney, 2000, Weinsier and Krumdieck, 2000 & Lanou et al.,
2005).

Results from epidemiologic studies regarding dairy intake and bone health

have been inconsistent.

Part of the reasons may be due to less rigorous study designs

and lack of a valid instrument for accurate estimate of long-term dairy calcium intake.
Another important reason is the complex nature of dairy products. Different dairy
products possess distinct potential renal acid load (PRAL) of diets and various
calcium-to-sodium ratio, which may result in different consequences in terms of
calcium balance (Massey, 1998 & Weinsier and Krumdieck, 2000).

Milk and its

non-cheese products have relatively low PRAL, whereas cheeses have relatively high
PRAL, equivalent to meat, fish, poultry, and some grain products with respect to the
ability of acid excretion after metabolism (Remer and Manz, 1995).

Cheeses have

seven-fold PRAL as compared to milk and its non-cheese products is because cheeses
have high amount of protein with amino acids containing sulfur which will generate
sulfate after metabolism and increase the acidity of the urine. Furthermore, processed
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cheeses such as American cheese and cottage cheese have calcium-to-sodium ratios
of 0.3 and 0.15, much lower than that of milk (2.4) and yogurt (2.6) (Weinsier and
Krumdieck, 2000).

Sodium and calcium share some of the same transport system in

the proximal tubule, thus high sodium intake will increase calcium excretion from the
urine.

In short, milk and its non-cheese products may be beneficial to bone health,

while processed cheeses may be not.

Low-fat dairy products except processed cheeses are recommended foods for bone
accretion and three to four servings of these products per day should be promoted for
achieving the recommended level of calcium intake among adolescents.

Fruits and

vegetables should be promoted simultaneously to increase intake of potassium and
bicarbonate for better calcium retention (Greer et al., 2006). For those who do not eat
or drink dairy products, nondairy calcium-rich foods such as dark green vegetables and
little dried fish are the next preferred sources.

Calcium supplements, having

comparable or greater bioavailability than dairy products, are another alternative source.
However, whether adequate intakes of nutrients other than calcium are achieved should
be considered simultaneously.

Finally, calcium and vitamin D-fortified foods such as

calcium-fortified soy milk, juices, and breakfast cereals could be good sources as well,
although fortification of foods is not as popular as it is in the United States.

It may be

one of the areas for the public health nutrition policy makers in Taiwan to consider if
increased calcium intake is to be promoted in this population.
Findings from the current study have some implications for interventions.

An

effective intervention designed for increasing the consumption of dairy products among
eighth graders may include parents of eighth graders.

Important areas targeting
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parents include: (1) skills of modifying the flavor of dairy products if it is not

acceptable to their childrennever give up easily; (2) making dairy product
consumption convenient for their childrenalways have dairy products available at
home for breakfast time and snacking; (3) understanding the importance of
encouragement and expectation to their children's dairy product consumption.
Important areas targeting eighth graders include: (1) to increase self-efficacy of
consuming dairy products in any unfavorable situations; (2) to improve their choices of

dairy products and other calcium-rich foods; (3) to increase fruits and vegetables intake
for a better calcium retention as well as overall health.

Additionally, respecting the

fact that some people dislike the flavor of dairy products or cannot eat or drink dairy
products for various reasons, it may be beneficial for national nutrition policy-makers in
Taiwan to consider promoting calcium and vitamin D fortification on foods for
increasing calcium intake in the whole population.
This study has demonstrated four levels of influences in predicting dairy product
consumption using an ecological perspective.

Convenience, preference for dairy

products and self-efficacy were statistically significant factors in the intrapersonal
influences.

At the interpersonal level, family factors play an important role in

determining dairy product consumption behavior of eighth graders. At the level of
community influences, appearance of wholesale stores and dairy sources from
community were significant factors.

The influences of societal factors were mediated

by community and intrapersonal factors in this study and were not significant in the full

model. No significant interactions between variables at different levels of the
ecological model were found.

Significant factors in the intrapersonal and interpersonal
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influences may be modifiable through interventions, whereas community and
societal influences may be changed through policy making or social change and need
further studies using different study designs.

Future studies attempting to apply the

ecological model to investigate factors affecting dairy product consumption may
consider including parents of adolescents in the questionnaire survey as parents may be
more aware of the community and societal influences.

Furthermore, the supply factors

in community may be included to better understand the societal influences. Finally, it
may be beneficial to take into account the seasonal effect on dairy product consumption,
assessing dairy consumption in both summertime and wintertime to acquire a better
estimate.

In conclusion, this study aimed at investigating factors affecting dairy product
consumption behavior among eighth graders.

Six factors (convenience, preference for

dairy products, self-efficacy, family encouragement, appearance of wholesale stores,
and dairy sources from community) at the intrapersonal, interpersonal, and community
level were significant predictors of dairy calcium intake. No factors at the level of
societal influences were significant in the predicting model in this study.
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Table 5-1 Elements of the food frequency questionnaire
Elements

Options

Food item

100% cow or goat milk or 100% milk made from milk powder,
flavored milk or flavored milk made from flavored milk powder,
cultured milk (yogurt), concentrated fermented milk (yogurt
drink), two kinds of diluted fermented milk (fermented
lactic-drink), cheese, four types of ice creams, milk pudding,
custard, goat milk tablet

Frequency
Response

Once per month or less than once per month or never, two to three
times per month, one to three times per week, four to six times per
week, once per day, twice per day or more than twice per day

Volume size

Box (small, medium, large), glass (small, medium, large), cup
(small, medium), slice, scoop, cone, bar, tablet

Portion size

0.5 or less, 1, 1.5, and 2 or more (for the first 13 items)
0.5 or less, 1, 2, and 3 or more (for goat milk tablet)

Table 5-2 Components of the behavior questionnaire

Level of
Influence

Components

Intrapersonal

Nutrition knowledge, preference for dairy products, attitudes
towards dairy products (value of flavor, perceived benefits,
perceived barriers, convenience, and adverse physical reactions),
self-efficacy, timing of eating dairy products, and stages of change

Interpersonal

Socioeconomic status of parents, number of sibling, attitudes
towards dairy products of family members, the homeroom teacher,
and the best classmate or friend (being a role model and encourage
respondents to consume dairy products)

Community

Whether there are convenience stores, fast food restaurants,
supermarkets, and wholesale stores nearby home or school, how
often school lunch program provides dairy products, and major
sources of dairy products eaten (home, school café, vending
machines at school, order through school system, school lunch, or
bought by oneself from convenience stores, fast food restaurants,
or breakfast stores)

Societal

Mass media, price, season, and social norms and vegetarianism
due to religious belief
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Table 5-3 Key variables used to predict dairy calcium intake
Variable

Description

Intrapersonal influences
Nutrition knowledge

Convenience

Adverse physical
reactions

Preference for dairy
products

Perceived benefits

Perceived barriers

Self-efficacy

Count points that respondent answered eight nutrition
questions correctly, each correct answer receives one
point
A five point scale assessing the degree of agreement on
the statement of dairy products always available at home
increase intake, 1 =strongly disagree and 5 strongly
agree
A five point scale assessing the degree of agreement on
the statement of physiological factors: diarrhea and
allergy, composed of two items, higher scores reflect
higher level of agreement
Composed of 16 items, each item was measured by a
five point scale assessing the extent to like a dairy
product, higher scores indicate higher level of liking
dairy products as a whole
Five point scale assessing the degree of agreement on the
statement of perceived benefits: lose weight, become
taller, strengthen GI functions, prevent osteoporosis, and
nutritional values, composed of five items, higher scores
reflect higher level of agreement
Five point scale assessing the degree of agreement on the
statement of perceived barriers: obstruct lose weight,
mood, cause uncomfortable GI symptom, and not
suitable for the constitutions of the study population,
composed of four items, higher scores reflect higher
level of agreement
Composed of 19 items, each item was measured by a
five point scale assessing the level of confidence in
consuming dairy products in various timing and
unfavorable situations, high scores indicate higher level
of confidence

Interpersonal influences
Family encouragement

Community influences
Appearance of

Five point scale assessing how often a respondent was
encouraged by father, mother, sibling, and other relatives
to consume dairy products, composed of four items,
higher scores indicate higher level of encouragement
from family members

A dichotomous measure (O=no and Iyes) assessing
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wholesale stores

Dairy sources from
home
Dairy sources from
community

Residency

whether there was a wholesale store nearby the home or
school of a respondent
A dichotomous measure (Ono and 1=yes) assessing
whether dairy products eaten was mainly from home
A dichotomous measure (O=no and 1 yes) assessing
whether dairy products eaten was mainly bought by
oneself from breakfast store, fast food restaurant,
convenience store
A nominal scale representing the location of residence:
OTaipei County, 1=Taipei City

Societal influences
Season

Price

A five point scale assessing the degree of agreement on
the statement of dairy products are not suitable for eating
in a cold weather, 1=strongly disagree and 5 strongly
agree
A five point scale assessing the degree of agreement on
the statements that reduced price promotion of dairy
products may facilitate my consumption, lstrongly
disagree and 5= strongly agree
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Table 5-4 Characteristics of the sample
Gender

Residency

(n451)

Taipei
County
(n=639)

Total
(n=1090)

13.4±0.02

13.4±0.02

13.4±0.02

13.4±0.02

163±0.4*

158±0.2*

161.6±0.3

160.0±0.3

160.7±0.2

56.3±0.6*

48.3±0.3*

52.2±0.6

52. 1±0.5

52.1±0.4

Low

8.2%

7.7%

2.7%*

11.9%*

8.1%

Middle

39.0%

40.1%

25.5%*

495%*

395%

High

52.8%

52.2%

71.8%*

38.7%*

52.4%

Precontemplation

27.4%

28.4%

25.5%

29.8%

28.0%

Contemplation

12.9%

15.5%

11.5%

16.1%

14.2%

Preparation

14.4%

18.4%

11.8%

19.7%

16.4%

Action

12.9%

11.8%

10.9%

13.3%

12.3%

Maintenance

32.3%

25.9%

40.4%

21.0%

29.0%

Male
(n=526)

Female
(n=561)

Taipei City

Age (years)

13.4±0.02

Height (cm)
Weight (kg)

SES of parent

Stages of change

* P < .000 1 in an independent sample t test or a chi-square test

Table 5-5 Timing of eating/drinking dairy products
Timing

Never & Seldom

Often & Always

Breakfast

27.5%

44.6%

Lunch

63.8%

9.6%

Dinner

54.3%

15.9%

Non-regular meal time

23.7%

3 8.4%

Thirsty

38.2%

26.7%

Hungry

39.4%

26.5%

Finish exercising

54.9%

17.1%

Field trip

56.6%

14.5%

No other drinks provided

32.2%

3 8.5%
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Table 5-6 Mean (±SD) dairy calcium intake (mg/day) from 14 items by gender and
residency among eighth graders in Taipei, Taiwan
Residency

Gender
Male

100% cow or goat
milk

Female

Taipei
City

Taipei
County

Total

311±20*

246±17*

351±24***

226±14***

277.6±13.1

Flavored milk

60±7

48±4

52±5

55+6

53.6±4.0

Yogurt

22±3

27±3

29±3*

21±2*

24.2±1.9

Yogurt drink

29±3

36±4

37±4

30+3

3 2.6±2.5

Diluted fermented
milk type I (such
as Yakult)

9.2±0.8

9.3±0.7

9.4±0.8

9.2±0.7

9.3 ±0.5

Diluted fermented
milk type II (such
as Yoplait
Yi-Jun-Do)

21±3

19±2

25±3*

17+2*

20.2±1.7

Cheese

43±4

46±5

59±6**

35±4**

44.7±3.3

Box package ice
cream

9.2±1

9.2±1

11±1

8.1±0.9

9.2±0.7

Packaged cone ice
cream

5.9±0.7

7.0±0.8

8.0±0.9

6,0±0.7

6.5±0.6

Cake cone soft ice
cream

6.4±0.8

7.3±0.9

8.0±1.0

6.2±0.8

6. 9±0 .6

Milk ice cream
bar

9.0±1.2

7.7±0.9

11±1**

6.5±0.8**

8.3±0.7

Milk pudding

7.4±1.1

7.4±0.9

9.2±1 4*

6.1±0.7*

7.3±0.7

18±2

20±2

21+3

18+2

19.2±1.5

Goat milk tablet

0.8±0.2

0.7±0.1

0. 8±0 .2

0.7±0.1

0.8±0.1

Total dairy
calcium intake

553±29

491±26

630±35***

443±21***

520. 1±19.4

Custard

* P< .05,

P< .01,

P< .0001 in an independent sample t test
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Table 5-7 Significant factors affecting dairy calcium intake at four levels of the
ecological model using stepwise linear regression
Level of Influence

a

(% change)b

P value

Intrapersonal I

0.065

Nutrition knowledge

0.054 (5.5)

.022

Convenience

0.276 (31.8)

<.0001

-0.054 (5.5)

.005

Adverse physical reactions

Intrapersonal II

0.104

Preference for dairy products

0.024 (2.4)

<.0001

Perceived benefits

0.025 (2.5)

.017

Perceived barriers
Self-efficacy

(5.2)

<.0001

0.014 (1.4)

<.0001

-0.05 1

Interpersonal
Family encouragement

0.074

0.090 (9.4)

<.0001

Community

0.055

Appearance of wholesale stores

0.3 14 (36.9)

.002

Dairy sources from home

0.408 (50.4)

.010

Dairy sources from community

0.504 (65.5)

<.0001

Residency

0.327 (38.7)

.002

Societal
Season
Price
a

b

0.036

-0.123 (13.1)

.006

0.117 (12.4)

<.013

3: Unstandardized regression coefficient, Dependent variable: log transfonned dairy calcium intake
% change: one unit change in the predictor is associated with X % change in dairy calcium intake
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CHAPTER 6
CONCLUSIONS
Inadequate calcium intake has been implicated in the development of a number of
chronic health conditions such as osteoporosis, hypertension, and some cancers.

Three

consecutive national nutrition surveys in Taiwan found that mean daily calcium intakes

for Taiwanese were about 440500 mg, dramatically lower than the recommended
reference dietary intake of calcium: 1,000 mg for adults and 1,200 mg for adolescents.
Increasing calcium intake level is a pressing issue for the Taiwanese population.

Dairy

products are the preferred sources of dietary calcium due to their high calcium content
and good bioavailability as well as their nutritional merit of containing a great deal of
nutrients other than calcium.

Adolescence is a critical period for maximizing peak

bone mass, an important determinant of bone health later in life.

An exploration and

investigation of factors affecting dairy product consumption targeting adolescents may
generate important areas for interventions designed to increase dietary calcium intake
for the target group.

Four focus group discussions found that taste preference, restriction of drink
choices, availability, perceived benefits, eating occasions, and family influences are
important areas to include in an intervention designed for this target group.
Questionnaire survey on a random sample of more than one thousand eighth
graders suggested that convenience, preference for dairy products, self-efficacy, family
encouragement, appearance of wholesale stores, and dairy sources from community
were significant predictors of dairy calcium intake.
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Contributions of the Study
This study has contributed to understanding factors that may increase dairy product
consumption among eighth graders in the following ways:

Contributing to generate qualitative information regarding dairy product
consumption from eighth graders' perspectives.
Contributing to develop a valid measurement instrument for investigating factors
affecting dairy product consumption behavior and for assessing usual intake of dairy
products.

Contributing to identify significant predictors of dairy calcium intake.

Contributing to provide an example of applying an ecological model in studying
nutritional behaviors.

Limitations of the Study
This dissertation was limited by several factors described as follows:
Due to limited resources, this study only targeted eighth graders in Taipei area.
Findings of this study caimot be generalized to all adolescents in Taiwan.

Data collected in this dissertation were self-reported and it is very difficult to
validate the responses. As confidentiality was promised, honest responses from
participants were assumed.

In focus group discussions, limited verbal expression was possibly occurred in some
individuals and potential peer pressure might be existed during discussions. These
potential barriers may pose limitation on our exploration.
Due to limited life experiences and developmental course, participants in this study
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may be unaware of the broad range of influences in the society. Therefore,
findings in the societal influences may be limited.
Limited ecological variables were included in the study.

Due to limited resources, the food frequency questionnaire was validated against
only two 24-hour recalls and only on 60 participants. This sample size is relatively
small.

Possible seasonal effect on dairy product consumption was not taken into account
when assessing dairy consumption. Dairy intake data were collected only in
wintertime.

Recommendations
Recommendations for interventions designed to promote dairy product consumption
Interventions may include adolescents and their parents. Important areas
targeting adolescents include: (1) choices of dairy products: low-fat or non-fat pure
dairy products are the first priority, flavored dairy products are the second priority, and

non-dairy calcium-rich foods are the alternatives if dairy products are not acceptable; (2)
perceived benefits: being taller, weight control, and other health benefits (long-term
health benefits may not be the major concern among adolescents, thus provide an
opportunity in communicating with adolescents for this benefit); (3) increased
frequency of dairy consumption in a day; (4) promote dairy products as snacking
choices; (5) to establish the perception of "dairy consumption is cool" among
adolescents; (6) to increase self-efficacy of consuming dairy products in any
unfavorable situations.

Important areas targeting parents include: (1) availability of
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various dairy products at home for breakfast and snacking as well as alternative
calcium-rich foods if dairy products are not accepted by their children; (2) skills of
modifying flavors of dairy products; (3) encouragement or expectation of dairy
consumption; (4) role models of dairy eaters; (5) restriction of soft drinks available at
home.

As a general principle for intervention, the importance of the overall quality of

diet must be emphasized to obtain a better outcome.

For example, promote dairy

consumption along with fruits and vegetables can increase total dietary calcium intake
and calcium retention.

Interventions start with preadolescence may be more beneficial

in terms of food preference or eating behavior development.

Recommendations for policy-making and the food industries
It may be beneficial to consider issuing the policy of calcium fortification on foods
for two reasons. Firstly, it may not be easy to reach the recommended dietary
reference intake of calcium from dairy product alone.
expressed low taste enjoyment of dairy products.

Secondly, some individuals

Furthermore, it may be beneficial to

consider setting the criteria of calcium density or dairy products provision in school
lunch programs. Additionally, the food industries can contribute to promote health of

the public by providing inexpensive calcium-fortified products on fermented
lactic-drinks, orange juice, and soy milk and by providing more inexpensive low-fat or
non-fat products with reduced sugar.

Recommendations for increasing calcium intake
Low-fat dairy products except processed cheeses are recommended foods for bone
accretion and three to four servings of these products per day should be promoted for
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achieving the recommended level of calcium intake among adolescents.

Fruits and

vegetables should be promoted simultaneously to increase intake of potassium and
bicarbonate for better calcium retention.

For those who do not eat or drink dairy

products, nondairy calcium-rich foods such as dark green vegetables and little dried fish
are the next preferred sources.

Calcium supplements, having comparable or greater

bioavailability than dairy products, are another alternative source. However, whether
adequate intakes of nutrients other than calcium are achieved should be considered
simultaneously.

Finally, calcium and vitamin D-fortified foods such as

calcium-fortified soy milk, juices, and breakfast cereals could be good sources as well,
although fortification of foods is not as popular as it is in the United States.
Recommendations for future studies
Future research aiming at understanding the ecological influences in dairy
consumption among adolescents may consider including parents of adolescents and
school teachers in focus group discussions for generating more aspects of the
community influences and societal influences.

Future studies attempting to apply the

ecological model to investigate factors affecting dairy product consumption may
consider including parents of adolescents in the questionnaire survey as parents may be
more aware of the community and societal influences.

Moreover, the supply factors in

the society, including dairy farms and imports, may be included to better understand the
societal influences.

Finally, it may be beneficial to take into account the seasonal

effect on dairy product consumption, assessing dairy consumption in both summertime
and wintertime to acquire a better estimate.
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TO: Chuithuel Chi,
Public Health
RE: An Ecological Model of Daity Product Consumption Behavior among Eighth Graders in Taiwan
Phase UI (Student Researcher: I-lu Lei)
IRB Application No.) 122
The referenced project was reviewed under the guidelines of Oregon State University's Institutional
Review Board (IRB). The IRB has approved the application. This approval will expire
12/26/2006. This new request was reviewed at the Expedited LeveL A copy of this information will be
provided to the full IRB committee.
Enclosed with this letter please find the approved informed consent information for this project, which
has received the iRE stamp. This information has been stamped to eiiethat only current, approved
infbnned consent statements arc used to enroll participants as tins study
liprticipants must receive

,j,Ji'

Any proposed change to the approved protocol, Informed consent form(s) or
instrument(s) must be submitted using the MODmICATION REQUEST form.
Adverse Events must be reported to the IRE Human Protections Administrator within three
days of the occurrence using the ADVERSE EVENT form.
If a complaint from a participant is received, you will be contacted for further information.
Please go to the IRB web site at
access the MODIFKAIION REQUEST form and the ADVERSE EVENT form as needed.

the expiration date noted above a Status Report will be sent to either close or renew this
It is imperative that the Status Report is completed and submitted by the due date indicated or
must be suspended to be compliant with federal policies.

u have any questions, please contact the IRB Human Protections Administrator at
IRB(ioregonstate,ocJu or by phone at (541) 737-8008.

Signature redacted for privacy.
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Institutional Review Board Co-Chairs
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Project Title: An Ecological Model of Dairy Product Consumption Behavior among

Eighth Graders in Taiwan
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We are doing a research study. A research study is a special way to find out about
something. We are trying to find out what factors may influence dairy intake of eighth
graders. This form is about the study, so you can learn about the study and decide if
you want to be in the study or not. You can ask any questions. After all of your
questions have been answered, you can decide if you want to be in this study or not.

If you decide that you want to be in this study, all we will ask you to do is just to fill
out a questionnaire.
If you decide to be in this study, no foreseeable risks will happen to you. We merely
want to understand factors that influence your dairy consumption behaviors. We will
not touch any personal issues.

If you decide to be in this study, you will receive a small gift but no money. There
may be no personal benefit for participating in this study, but we might find out things
that will help other children some day.
When we are done with the study, we will write a report about what we found out. We
won't use your name in the report.

You don't have to be in this study. It's up to you. If you say okay now, but you want to
stop later, that's okay too. All you have to do is tell us.
i you want to be in this study, please sign your name.
I,
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want to be in this research study.
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OREGON STATE UNIVERSITY

NATIONAL TAIWAN NORMAL UNIVERSITY

Department of Public Health

Department of Human Development
and Family Studies

Dear Parents of Prospective Participant,
Three national nutrition surveys in Taiwan have shown that calcium intake among Taiwanese
was obviously lower than the reference intake of calcium recommended by the Department of
Health. Inadequate calcium intake is associated with many chronic conditions such as
osteoporosis and hypertension. Adolescence is the critical period of increasing peak bone mass.
Also, dairy products are the richest food sources of dietary calcium. Thus it is important to
increase dairy intake in adolescents.
We are conducting an academic research project approved and sponsored by the Department of
Health, Executive Yuan. The purpose of this research study is to investigate factors that
influence dairy intake of eighth graders in Taiwan. We are inviting your child to participate

in this research study because your child is an eighth grader in a public junior high school.
If your child participates in this study, we will ask him/her to fill out a questionnaire. Your
child's participation in this study is voluntary. He/she may choose not to take part at all. If
your child agrees to participate in this study, he/she may stop participating at any time. If your
child decides not to take part, or if your child stops participating at any time, his/her decision
will not result in any penalty or loss of benefits to which he/she may otherwise be entitled.

Records of participation in this research project will be kept confidential to the extent
permitted by law. The researcher will use a coded number as an identity in data analysis. All
research materials will be stored in a locked shelf and only limited research personnel will have
access to these materials. In the event of any report or publication from this study, your child's
identity will not be disclosed. Results will be reported in a summarized manner in such a way
that your child cannot be identified. There are no foreseeable risks to your child as a

participant in this project; nor are there any direct benefits. However, your child's
participation is extremely valued. There is no cost for participating in this research project
and your child will be compensated for participation by receiving a gift but no monetary
compensation.
If you have any questions about this research project, please contact: Professor Wei Lin or 1-Ju
Lai at (02) 2362-2205 ext 13. Thank you for your assistance. We appreciate your cooperation.
Sincerely yours,

Wei Lin, professor of Department of Human Development and Family Studies, National
Taiwan Normal University
Chunhuei Chi, associate professor of Department of Public Health, Oregon State University
1-Ju Lai, research assistant & Ph.D. candidate
National Taiwan Normal University & Oregon State University
OSU I1RB Approval Date: 12-27-05
Approval Expiration Date: 12-26-06
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Dairy Consumption Questionnaire of Eighth Graders
Hi!
We are conducting a study sponsored by the Department of Health, to find out factors
affecting daiiy consumption behaviors and dairy intake level of eighth graders. The
information collected by this questionnaire includes your background. factors that influence
your decisions about eating dairy foods, and the amount of dairy foods you eat. Your
answers to our questions will not be scored. Also there is no right or wrong answers to these

questions. Please read these questions carefully and fill out the questionnaire based on your
understanding. Your answers as well as your background information will be kept
confidential. Please feel comfortable to answer the questions. Please contact 1-Ju Lai. the

research assistant, at (02) 2362-2205 ext 13 if you or your parents have any questions
regarding this study. Thanks for your cooperation.
Wei Lin. professor of Department of Human Development and Family Studies, National
Taiwan Normal University

Chunhuei Chi. associate professor of Depariment of Public Health. Oregon State University
1-Ju Lai, research assistant & Ph.D. candidate
National Taiwan Normal University & Oregon State University
December 2005

4 Directions
Daily products in this questionnaire mean all milk and milk products that can be found in the
market. including nine categories:
No.

Category

Examples

1

Fresh milk

Includes whole milk. low-fat milk, skim milk, fortified milk (such
as high calcium or high iron) (includes cow milk and goat milk).

2

Milk powder

Includes whole milk powder, low-fat milk powder, skim milk
powder, fortified milk powder (such as high calcium or high iron)
(includes cow milk powder and goat milk powder),

3

Sterilized

Includes whole sterilized milk, low-fat sterilized milk, skim

milk

sterilized milk, fortified sterilized milk (such as high calcium or
high iron).

4

Flavored
milk

Flavored fresh milk, flavored sterilized milk (such as fruit. apple.
chocolate, malt flavors, papaya milk, and banana milk).

5

Flavored
milk powder

Such as fruit flavor milk powder.

6

Fermented

Cultured milk (Yogurt)

182

milk

Such as Uni-President yogurt. Wei-Chuan yogurt. Yoplait
sylphlike yogurt. Kuang-Chuan yogurt.

Concentrated fermented milk (yogurt drink)
Such as Uni-Presjdent AB drinking yogurt. Kuang-Chuan Bio
yogurt.
Diluted fermented milk (lactic-drink)
Such as Yakult, Wei-ChuanYa-Dang, Shia-Wa, Uni-Presideut

Do-Do, Jian-Jian-Mei, Yoplait Yi-Jun-Do. Ho-Eat Bifido.
LTniPresident Hao-Jun-Do-Do.
7

Cheese

Such as Chesdaie cheese slice, cheese strip, cheese chunk.

8

Ice cream

All brands of ice cream packaged cone ice creallL milk ice cream
bar.

9

Others

Such as milk pudding. custard, goat milk tablet.

183

(A) Background information of respondents
Please fill in the blanks in the following descriptions or answer the questions.
I. I am grade

class

Date of birth

(year/month)

In the recent six months. my heniht is
4. My gender is (1) male

cm ' weight is

kg

(2) female

5. My father's educational level is (1) elementary school or no education (2) junior high

school (3) high school or ' ocational high school (4) college or tuu elsity (S) graduate
school

6. My mother's educational level is (1) elementary school or no education (2) junior high
school (3) high school or vocational high school (4) college or university (5) graduate
school
7

Hon many siblings do von ha e (do not include yourself) (1)0 (2)1 (3)2 (4)

01

above
8. Occupation of father: Please choose a proper code (from 1 to 5) from the following
table. If there is no proper code, select the code you feel is closest, or if you are not
sure what to choose, please write down your father's job position here:
9. Occupation of mother: Please choose a proper code (from 1 to 5) from the following

table. if there is no proper code, select the code you feel is closest. orif you are not
sure what to choose, please write down your father's job position here:
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Code of occupation
1

technician
elementary-rank
official
clerk
cashier treasurer
county councilor
representative of
township
head of a
subdivision of a
district
distributor
agent
elementary-rank
commissioned
officer
policeman
policewoman
fireman
sailor
secretary
moVie actor
TV actor
desianer
intenor designer
grade-A
personnel
nurse 'pharmacist
president of small
enterpnsc

2
principal of elenientasy
and middle school
teacher of elementary
and middle school
certified accountant
judge
lawyer
engineer
architect
junioi.rank official
supervisor of a
commercial company
metropolitan councilor
manager ' assistant
manager
junior-rank
commissioned officer
police officer

writer ' artist
musician
reporter
TV reporter
president of
middle-sized enterprise

3

president of
university
professor
medical doctor
chancellor
scientist
senior-rank
official
legislator
member of the
Control Yuan
member of the
Examination
Yuan

president of
large-sized
enterprise
general manager
senior-rank
commissioned
officer

4
mechanic
piper
salesclerk
shopkeeper
retailer
salesman
fanner
driver
tailor
cook
cosmetologist
hairdresser
postman
soldier
typist
master
workman
overseer

Please continue onto next page. Go!

5

factoiy worker
apprentice
vendor
tenant-peasant
fisherman
cleaner
temporary
worker
fflcc boy
janitor
employee
housekeeper
waiter
housewife
no job
retired
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(B] Degree of preference
The puipose of the following questions is to understand your preference for dairy
products. Please cinle the appropriate item based on your condition.
Example: If you dislike the flavor of ice juice and like the flavor of hot chocolate very much.
please circle:
Juice (ice)

123 5
23 45

Chocolate (hot

- t) A- -.J

46
6

I (like very much/like/have no preference
on/dislike/strongly dislike) the flavor of
1. Fresh milk (ice)

1

234

2. Freshmilk (hot)
3. Sterilized milk (ice)
4. Sterilized milk (hot)

1

2

5. Milk powder made milk (hotl)

1

234

5

6. Flavored milk (ice)

1

234

5

7. Milk powder made flavored milk (hot)
8. Yogurt (coagulated) (plain)
9. Yogurt (coagulated) (flavored) (such as strawberiy flavored yogurt)

1

2 3 4 5

1

234

5

4

5

4

5

1
1

1

1

10. Yogurt drInk (plain)

11. Yogurt drink (flavored)

12. Lactic-drink (such as Yakult. Yoplait Yi-Jun-Do)
13. Cheese

14. Ice cream
15. Milk pudding
16. Custard

Please continue onto next page. Go!

3

4

23 4
2 3 4

2 3
2 3

5
5
5
5

12345
12345
12345
12345
12345
12345
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[C] Attitudes and reasons
The purpose of the following questions are to understand the reasons why you eat daiiy
products and your general attitude towards dairy products.

Example: if you "agree" with the statement that "I will get a skin allergy if I eat seafood".
then circle "2".
1. I will get a skin allergy if I eat seafood

I do not eat daiiy products because I dislike the flavor of dairy
products.
2. I do not eat regular dairy products (such as whole milk and cheese)
because I want to lose weight.
3 I drink yogurt drink because I want to lose weight.
4. I eat dairy products because 1 want to become taller.
5. I drink yogurt drink because it can strengthen gastrointestinal
functions.
1

6. 1 eat dairy products because I want to prevent osteoporosis in later
life.
7. I eat dairy products because of its nutritional values.
8. I eat dairy products because they are always available at home.
9. I do not eat dairy products because I am a vetarian
10. I do not eat dairy products because I will get a diarrhea if I eat dairy

products.
11. 1 do not eat dairy products because I will get an allergy if I eat
products.
12. Whether I ear dairy products or not depends on my mood.
13. I think that whether tire flavor tastes good is the most important

consideration when choosing a drink.
14. Advertisements of dairy products may stimulate me to eat more dali
products.
15. 1am more likely to have dairy products if they are endorsed by my
favorite stars.
16. A special offer of lower prices of dairy products may stimulate me to
eat more dairy products.
17. I think that it is worthwhile to buy dairy products although their
prices are more expensive than other drinks.

12345
2345
2345
I 2345
2345
1

1

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
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18. Daiiy products are not good foods as it may cause uncomfortable
2astroim1testjia1 symptoms (such as abdominal pain
or diarrhea in
some people.
19. Dairy products are not suitable for eating in
a cold weather.
20. I think that dairy products are not suitable for the constitutions of
Taiwanese people.

Please continue onto next page. Go

12345
12345
12345
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[D] Timing of eating
The puipose of the following questions are to understand how often YOU usually ear dairy

products. Please circle the appropriate item that reflects your true situation.
Direction:

Never: none of the cases
Seldom: about 1/4 of the cases (about 2-3 tines out of 10 times)
Sometimes: about a half of the cases
Often: about 3/4 of the cases (about 78 times out of 10 times)
Always: nearly every time

Example: If you often drink a glass of juice after the completion of your homework (it means
that you drink a glass of juice after the completion of your homework about 7-8
times out of 10 times), then circle 4'.
1. after the completion of your homework
2

05

I (never/seldoinlsometimes/oftenlalways) eat dairy
products at/when
1. breakfast time

2. lunch time (not school lunch)
3. supper time
4. non-regular meal time
5. thirsty
6. hungry

7.1 finish exercising
8. I have a field trip
9. there are no other drinks provided

12345
12345
12345
12345
12345
12345
12345
12345
12345

10. The frequency that my school lunch program provides dairy products 12345
is

([icannot answer because we do not have school lunch program)
11. If dairy products are provided by school lunck your frequency of
eating dairy products is

Please continue onto
next page. Go!

12345
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El Interpersonal factors
The purpose of the following questions are to understand whether people around you eat
dairy products and encourage you to eat dairy products.
Directions: If the following persons do not live together with you or do not exist, or if you do
not know their conditions, please select "cannot answer".
I Please circle the appropriate item that indicates whether the person listed below often eats
or drinks dairy products based on your understanding.

--.--

-- tJ

-

eats

, ,

'

4.- -.--

or thinks dairy products

1. father

2. mother
3. sibling (if you have more than one, then just refer to the one that
has the greatest impact on you)
4. other relative that lives together with you and has the greatest
impact on you (such as grandfather, grandmother)
5. homeroom teacher
6. the best classmate or friend

123456
123456
1

2

3

4

5

6

1

2

34

5

6

123456
123456

II Please circle the appiupriate item that indicates whether the person listed below often
encourages you to eat or drink dairy products based on your understanding.

My

encourages me to eat or drink dairy

products

56
56
45 6
4 5 6

l.father

1

2.mother

1

2 3 4
2 3 4

1

2

3

1

2

3

3. sibling (if you have more than one, then just refer to the one that
has the greatest impact on you)
4. other relative that lives together with you and has the greatest
impact on you (such as grandfather. grandmother)
5. homeroom teacher

1

2

3

4

56

190

6. the best classmate or friend

Please contunie onto next page. Go

1

2

3

4 5

6
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[F] Community factors
I Please circle the appropriate item to indicate whether the types of stores listed below can be

found nearby your house and school.
Direction:

Nearby means that you think it is close or the location is convenient for you

- Li

There is a

nearby my house

1. convenience store (such as 7-11. Family Mart, Hi Life)
2. fast food restaurant (such as McDonald's, KFC)

1

2

1

3. supermarket (such as Welcome, SungChing. XingNong. East Street. Yii-Mao-Wu

1

2
2

4. wholesale store (such as Carrefour. RT-Mart. Ai-Mai, TECO. Costco)

1

2

5. convenience store (such as 7-11. Family Mart, Hi Life)

1

6. fast food restaurant (such as McDonald's, KFC)

1

2
2
2
2

There is a

nearby my school

7 supermarket (such as Welcome SungChmg XingNong East Stieet Yü-Mao-Wu
8. wholesale store (such as Carrefour. RT-Mart. Ai-Mai. TECO. Costco)

II

1
1

Please indicate the major sources of the dairy products you eat (you can select more than
one answer but the maximum is three)

L: 1. my family members bought them and I found them at home
E 2. bought from school cafes
3. bought from vending machines in school
I cannot answer because I do

[] 4. ordered collectively through school system
LII 5. provided in school lunches
6. bought from convenience stores
bought from fast food restaurants
bought from breakfast stores
LI 9. others. please indicate

not eat dairy products

fl

Please continue onto next page. Go!
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[G j Self-efficacy
Please appraise the extent of ease or difficulty of eating dairy products based on the
following situations.

Example: If it is veiy

for you to drink black coffee. then circle "1

(3

1. Drink black coffee

2 3 4 5 6

It is (ve difficult/difficult/ordinary/easy/very easy) for
me to eat dairy products in the following situations

345

1. at breakfast time

1

2. at lunch time

1

3. at dinner time

1

2
2 3 4
2 3 4

1

2

3

1

2

3

6. when thirsty

1

2

3

7. if I dislike the flavor of dairy products

1

1

2
2

1

23

4

5 6

1

2

3

4

5

6

1

3
3
3

4

5

6

1

2
2
2

4
4

56
56

1

2

1

2

4. when hungiy. not during regular meal time
5. before bed time

8. if daiiy products are usually not available at home
9. when other soft drinks (such as milk tea, soda) are one of the
options
10. when I dine out at a fast food restaurant (such as McDonald's)
11. if all of my family members do not eat daiiy products
12. if all of my good friends do not eat dairy products
13. if Imay get a mild diarthea because of daiiy products
consumption.
14. if I have to buy daimy products myself
15. when a new flavor of dairy products appears and advertises me to
fly
16. when the weather is cold
17. if I have limited pocket money and have to buy daity products
using my own pocket money
18. if the prices of daiiy products are increased
19. when there is no price reduction event

Please continue onto next page. Go

1

6
5 6
5 6

4 5 6
4 5 6

456
3 4 5 6
345 6

3456
3456

123456
123456
123456
123456
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I H] Stages of change
4The purpose of the following questions is to understand your opinions on the intake of
dairy products. Please check the box for an appropriate item that reflects your true situation.
j] no
For example.
yes

QI. Do you eat daiiy
products every day
presently?

Q2. Are you
considering to start
eating dairy products
every day in the
coming one month?

flYes

Q1A. How long have
you maintained the
habit of eating dairy
products every day?

leSs than the last six
months
longer than the last six
months

'No

Please continue
onto Q3

V

Q3. In the past six
months, have you ever
thought about eating
dairy products every
day?

Please coittinue onto next page. Go
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[I] Multiple choice
.. The following questions are related to nutrition. Please select ONE appropriate answer
based on your understanding and put it in the preceding blank.
1. Which of the following sets of breakfast foods contain the highest amount of
calcium?
(1) two slices of peanut butter toast + apple flavored milk (2) egg pastry + milk tea
(3) cheese sandwich + 100% fresh milk (4) sesame seed cake + soybean milk

2. Which of the following items is not one of the important food sources of calcium?
(I) fresh milk (2) dark green vegetables (3) little dried fish (4) brown rice
3. Which of the following foods is it not suggested to consume if one wants to have
strong bones'

(I) daiiy products (2) vegetables (3) fruits (4) soda (such as cola)
4. Which of the following daiiy products in equal amount (for example they are aIJ

240 iams contains the highest amount of calcium?
(1) apple flavored milk (2) yogurt (3) 100% fresh milk (4) same amount
5. How many glasses of milk does the Department of Health recommend for
adolescents to consume every day? (one glass equals to 240 c.c.)
(1) half glass (2) one glass (3) two glasses (4) not recommend
6. We should consume more of which nutrient in order to prevent osteoporosis? (1)

calcium (2) fat (3) protein (4) carbohyate
7. Which of the following stages is the critical period for increasing bone mass density?
(1) infancy (2) babyhood (3) adolescence (4) elderly period
8. Please compare the same amount of sterilized milk with 100% fresh milk in tenns of
calcium content: (1) same amount (2) sterih7ed milk contains more (3) fresh milk
contains more (4) don't know
Please compare the same amount of flavored milk with 100% fresh nullc in terms of the
following ingredients:
9-1. Calcium:

(1) same amount (2) flavored milk contains more (3) fresh milk
contains more (4) don't know
9-2. Sugar: (1) same amount (2) flavored milk contains more (3) fresh milk

contains more (4) don't know
Please judge whether the consumption of the following items can supply as much calcium
as drinking milk:

195

10-1. coffee mate powder or creamer (usually used in making coffee or milk tea)
(1) yes (2) no (3) don't know

10-2 margarine (usualh spread on biead)

(1) yes (2) no 3) don t know
10-3. mayoxuiaise (usually spread on sandwich or added to salad)
(1) yes (2) no (3) dont know
10-4. fresh cream (usually spread on cake) (1) yes (2) no (3) dont know

Please continue onto next page. Go!
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[J] Frequency of daiiy products intake
For the following daiiy items, please select ONE appropriate frequency. And then select ONE
volume according to the reference pictures. Finally, select the poition size that you ate such as
half of the volume or double of the volume.

Directions: "Once per month or less than once per month" includes "never eat". If you never eat an
item of j1-r products listed below you do not have to answer the section of "How much each
time" for that item.
Please think carefully of what dairy products and how often you usually ate in the past one month?
Once

How often do
von usually eat
dairy products
listed below?

T,

One

1our

Once
,

once

P
month

month

nns

per

in

week

week

Twtee

How much each time?

,
more

twice

Please select ONE

oNE portion

day

100% cow and
goat milk

How zmn bcxe' e1sise

Volume
refei topicnues on
page 1-2)

(includes whole,

low-fat skimfresh

Box

milk and sterilized
milk) Or 100%

Gla
medwni

-- -

Flavored milk
(includes fruit,

apple chocolate,
malt, and papaya

flavors) Or

large

1

E

E

1.5

2

fewer

mote

small
aIge

Volume

How many boxesg1aes

refer to pc1ure on

pare 1-2

Box

flavored milk
made from
flavored milk
powder

0)

small

madium

milk made from
milk powder

E

0

isniall

mednim

Glass
imedmm

-

I

1

iarge

2

more

small
large

Cultured milk
.'

yogurT, Wei-Chuan
yogurt, Yoplait

sylpiiiic
Kuang-Chuan
yogurt) (includes
original and
flavored)

Concentrated
fermented milk
(Yogurt drink)
(such asAB
dnnkingvogurt, Bin
yogurt) (includes
original and
flavored)

How meny cuis

Volume

(yogurt) (such as

trefei topsctures on

E

page

0)

Cup
small

medrean

1

L5

or
fewes

more

How many glasses

volume

,mediuin

- large

2

or

refet to pictures on
page 2

Glass i'si1

E

Li
0
0

fe'eer

1

1.5

2

or
more
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Please think carefully of w

How often do
you usually eat

dairy products

Once
per
month
less
than

products and how often you usually ate in the past one month?
Two

to
three

na

per

One to
three

to n

Times

thxs

per

per
week

week

Four

Once
per
day

twrCe

month

Diluted fermented
milk
Yakult.

We-C

nYa-Dang.
Shia-Wa.
Uni-Presiclent

How much each time9

per
daync
than

IXIO(gb

listed beLow?

IWice

iease seiect o',r

Pleme selecT ONE portion

-

day

1

Volume

2

How many cup&glarceo

refet to pactuies on

2

page2)

05

22
1

2

15

DDo.

Jian-Jian-Mei

-- -

YoplartYi-Jtui-Do.
Ho-Eat Bthdo
Urn-President
Hao-Jun-Do-Do

Glass
medium

Cheese (SUthaS

Usi1AtiChOT

2

cheeealace

--

\ohune
(refer or pictures on
page 2)
small

15

laree

Rcwmanv1ices

Portion unit:

2

SIte
Oi

Ice cream

1

more

How many

05

I I
2

1

or
fewer

Packaedconesce

Cone

0.5

I I I

I

2

Portionunit:
Cone

creambar

more

2

2

-

2

2

Portbowjt8at

1

I.

or
fewer

Cakeconesof'tice

or

Portionunit:

creaus

cream

2
CT

fewer

refer tu pictures or'
page 3)

.scoop Ljice cream

1.5

or

\ olume

Box package

or
niore

fewer

I

05
.

II
1

15

or
fewer

I
-

or
more

I
0.5

2

or
more

_.
1

1.5

I
2

or

or

fewer

more

198
Please think carefully of what dairy products and how often you usually ate in the past one month?
Once

How often do
you usually eat

dair' products
listed below?

Two

to
month

three

''°

P"

once

m

One to

Frau

th

tO 'OX

tuDee
p

time,

"

(with cnsp chocolate

orcomflakes)

Once
per
day

per

'

Tonee

How much each time?
day or

we

ONE

1

twice

0

0

0

0

page3)

unall

0

0

0

0

G.5

1.5

2

or

fewer

more

How uDY Clips

'.jlume

-

(rioplctoreson
page3)

LmaU

-

1

cc

nediwn

LUf)

Goat milk tablet

How imoy cups

Volume
(refer to pictures cii

Cup

Custard

Pteae eIect ONE portion

__day

month

Milk pudding

I

or
more

or
fewer

How many tabkts

Portion nun
Tablet

0.5

1

or
fewer

3

or
more

Are dairy products you usually eat labeled high calcitun on the package?

Eiyes Eno Iidon't know

1)
Congratulations! You made it! Your assistance is appreciated.
Please make sure that you did not miss any item before turning
it in to your teacher

2

(jD ooc) W

W '1'
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24-h Recall Script and Instructions
Interviewers: please complete this interview by following the order and instructions and
record orderly.
Note: words with gray background are the standard syntax used by interviewers.
1. Opening:
Hi!

The reason for inviting you here is that we want to know what you ate and drank
all day yesterday. This is neither a test nor an exam. Please relax and feel comfortable. I

am going to ask you to think back to the time you woke up and will ask you to tell me
everything that you ate and drank all day yesterday, until you went to bed. Also, if you

woke up during the night and ate something, it is included. Please tell me the food items
and the amount you actually ate or drank, including breakfast, lunch, dinner, snack, and
drink. When you are telling me what you ate, the more detailed the better.
Additionally, the food pictures are to help you identify what kinds of foods you ate.

They also help us to understand the amount of foods you actually ate. Their scales are
identical to actual food sizes. Please tell me the names and amount of foods you ate

according to the food pictures. For example, compared to the pictures, is the amount
you ate be two-fold, three-fold, a half, or a quarter of that size? I will first ask you to say
the names of all foods you ate. When you are telling, I will write them down and ask
you some questions. Please answer me seriously and honestly. We will keep everything

you say confidentially. We will not tell anybody other than our research team. Let's start
from the first thing you ate after you woke up yesterday.

Interviewer: Use irobin

anything else?

uestions to ask the sarticipant about alijoods and drinks

he/she ate/drank, and time and occasion of eating. Please follow instruction 2 to record
everything.

Foreword: What time did you get up yesterday? Did you eat or drink anything between
when you got up and went to school? Did you have breakfast at home? Or did you buy
breakfast on the way to school? Or did you buy breakfast at school?
What time did
you start eating xxx? Is this your breakfast or brunch?
(Continue asking probing
questions until it's done)
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Name of Food, Eating Time, and Occasion of Eating
(1) List one food item on one line. Every ingredient of a dish should be listed separately.
For example,
Stir-fry tomato with egg
Ham and egg sandwich
Tomato
Ham
Egg
Egg
Bread
Mayonnaise

Interviewer: Please draw a line under the last food item. Move onto the next section
"Forgotten Foods List".
Forgotten Foods List
Foreword: Your answer is important to us. So, we hope to list all food items you ate as
completely as we can. Here are some food items that are easily forgotten. If you think of
any foods or drinks you ate or drank yesterday and were not mentioned earlier, please
tell me.

Interviewer: Please read the following food items slowly. If the participant indicates
that he/she ate/drank any ojthem, please list them item by item after theJlrst line. When
it done, please draw a second line under the last food item. Move onto the next section
and ask about time and occasion of eating.
Coffee, green tea, Wu-Long tea, bubble black tea, pearl milk tea, coke, Sprite, milk,
juice, and other drinks
e)
Candy, cookie, cracker, ice cream, donut, cake, and other desserts (pause)
Potato chip, popcorn, and other snacks (pause)
Fruit, vegetable, cheese (pause)
Bread, green onion pastry, red bean cake, water-fried bun with cabbage, foods stewed
with soy bean sauce, salty deep-fried chicken, deep-fried chicken fillet (pause)
Description of Food Ingredients, Cooking Method, and Food Portion Actually Taken
Foreword: Thanks you! Now, I am going to ask you about food ingredients, cooking
method, and portion of foods you ate yesterday. When I ask you about each food item
you ate, please tell me what that is and how that was made based on your understanding.
When I ask you about the food portion you actually ate, please estimate the portion you
ate according to the food pictures. For example, compared to the pictures, is the amount
you ate be two-fold,
-fold, a half or a quarter of that size? During the process, if
you think of any foods or drinks you ate or drank yesterday that were not mentioned
earlier, please tell me anytime.

Interviewer: Please ask about thejood ingredients, cooking method, and food portion
actually taken by the order qf list offood items.
Interviewer: Please list the newly addedfood items after the second line and ask about
the food ingredients, cooking method, and food portion of the newly added items.
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For meats, you must ask about its fat content, skin included, skin excluded, or
whether the whole thing was eaten, and record it completely.
If it is processed foods or drinks, please ask about its brand name, price, size, with
sugar or not, and fat content. For example, you must ask whether it is whole milk,
low-fat milk, or skim milk for dairy products. You must ask whether it is original
flavor or other flavors and the fat content for yogurt and drinking yogurt. For soy
milk or milk tea, please ask whether sugar was added.
Footnotes:
1. Some probing questions that can help eighth graders recall their diets
What time did you get up yesterday? Did you eat or drink anything between when
you got up and went to school? Did you have breakfast at home? Did you buy
breakfast on the way to school? Did you buy breakfast at school?
How did you go to school (walked, took a bus, or sent by parents)? Did you eat or
drink anything on the way to school?
What classes did you have yesterday morning? Did you eat or drink anything during
breaks before lunch?
Did you join the school lunch program? What did you eat at school lunch (how
many dishes and soups)? What classes did you have in the afternoon? Did you eat or
drink anything during breaks between lunch and after school?
Did you go home directly? Did you buy anything for eating on the way home?
If not, where did you go (classmates' places, skill-training classes, after school
classes
)9 Did you buy anything for eating?
What time did you arrive home? Did you eat anything after being home? What
activities did you do before dinner? Did you eat or drink anything during activities?
What time did you have dinner? What did you eat for dinner (how many dishes and
soups)?
What activities did you do after dinner? For example, did you eat or drink anything
while you were doing homework or watching TV? If you did other activities such as
went shopping or visiting friends, did you eat or drink anything7
What time did you go to bed? Did you have any snacks before going to bed? Did
you woke up and eat anything during the night?
2. Matters needed attention by interviewers

Please remind the teacher not telling students about the schedule of interview in
advance, although this might help students recall.
Please keep yourself being open-minded. Don't give any comments on students'
answers. Your questions should not be suggestive or leading. Please allow the
atmosphere of interview being natural and relaxing. Please properly give students
eye contacts and nods while they were recalling. But don't give too much
encouragement.
Please make sure that students understand that we want them to recall what they ate
yesterday, not what they like to eat.
Please give students enough time for contemplation. Please be patient to wait while
students are describing. If students have any difficulties in recall, please use probing
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questions to help them.
Please write down every student's intake of foods right after you hear them (even if
their diets are similar).
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Appendix VIII

Expert Panel for Content Validity of Dairy Consumption
Questionnaire for Eighth Graders
Mei-Ding Kao, Professor
Department of Food and Nutrition, Providence University, Taiwan
Wei Lin, Professor
Department of Human Development and Family Studies, National Taiwan Normal
University, Taiwan

Jyh-Tsorng Jong, Associate Professor
Department of Human Development and Family Studies, National Taiwan Normal
University, Taiwan
Li-Tuan Chou, Associate Professor
Department of Human Development and Family Studies, National Taiwan Normal
University, Taiwan
Min-Su Tzeng, Associate Professor
Department of Food and Nutrition, Fu Jen Catholic University, Taiwan
Jia-Rong Lin, Associate Professor
Department of Infant and Child Care, Chia Nan University of Pharmacy and Science,
Taiwan
Yu-Yao Cheng, Ph.D., Postdoc
Institute of Biomedical Sciences, Academia Sinica, Taiwan

Ji-Min Hang, Chief (former)
Division of Food and Nutrition, Department of Health, Executive Yuan, Taiwan
Chen-Hui Lee, Head
Clinical Nutrition Section, Nutrition Department, Taipei City Hospital, Taiwan

