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Abstract

Calcium intake is low in the Australian population, particularly in adolescents as they
transition into adulthood. Dairy is considered to be the best source of calcium which is an
essential nutrient for reaching peak bone mass. Calcium has also been associated with
reducing the risk of osteoporosis, metabolic syndrome and other chronic diseases. However,
it is thought that young adults are typically not concerned about health problems that are
distal in nature. Electronic technology has become increasingly popular and has gained the
attention of a younger audience through elements of communication, such as social media.
The overall aim of this project was to investigate the use of a social media intervention via

Facebook to improve calcium intake of young adults.

Chapter One contextualises this thesis within the current evidence bases, defines key thesis
concepts and aims, and provides an outline of the thesis. Chapter Two presents a narrative
review on calcium intake and its health implications for the population, with a particular
focus on young adults. This review found that the current evidence base suggests that calcium
is an important nutrient for this age group and interventions should be implemented to
improve sub-optimal intakes. Chapter Three presents a secondary analysis of the most recent
National Nutrition and Physical Activity Survey (2011-12) to examine calcium intakes and
food groups consumption and dietary patterns in Australian adolescents and young adults.
The research indicated that calcium intake remains low in Australian adolescents and young
adults, particularly in females; and a higher intake of calcium was associated with better diet

quality.

Chapter Four presents a systematic literature review of existing interventions that aimed to
improve calcium or dairy intake of young adults. This review found some evidence
demonstrating that calcium and dairy interventions are effective but the effect size is small.

The body of evidence is limited by the both the number and size of the interventions. It was
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unclear from the information reported how the interventions were developed which makes it
difficult to decipher the ‘active elements’. Few studies incorporated behaviour change
theories or techniques. Thus, it was recommended that future studies include behaviour
change techniques such as goal-setting, self-monitoring and the use of social media to

provide social support.

Chapter Five presents results from focus groups which were conducted with young adults to
understand the psychosocial determinants and possible barriers to achieving adequate calcium
intake. Key themes were identified from participant responses which included general
calcium knowledge, enablers and barriers to intake, and the potential role of social media in
an intervention. The themes were then grouped using the COM-B framework into those

relating to Capability, Opportunity and Motivation.

Chapter Six describes the development of a cross-sectional web-based survey that was
conducted to determine what type of messaging is preferred by young adults to improve their
calcium intake. The findings of this research were analysed qualitatively using direct quotes
from participants and quantitatively which involved ranking of text messages and mock
Facebook posts.

Chapter Seven describes the theoretical framework and development process for a social
media intervention program to increase calcium intake among young adults. This was
performed using the COM-B model and Behaviour Change Wheel (BCW). Chapter Eight
presents the primary and secondary outcomes of the RCT after the six-week intervention
period. At six weeks, the participants in the Facebook and text message group had improved
knowledge but not intake of calcium. This thesis concludes with Chapter Nine which
discusses the overall findings within the context of existing research in this field and

describes future implications of this research for the population at large.
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Chapter One

Introduction

“Intervention for the prevention and control of osteoporosis should comprise a combination
of legislative action, educational measures, health service activities, media coverage, and

’

individual counselling to initiate changes in behaviour.’
- Gro Harlem Brundtland (Director-General of the World Health Organisation)

1.1 Introduction to the chapter

This thesis aims to study calcium intakes in Australian young adults as it is an important factor
for the prevention of osteoporosis. Having established suboptimal intakes, the thesis describes
the development and testing of a program that includes education and intervention to initiate
changes in personal behaviour. Chapter one describes the target population (section 1.2 to 1.4)
and provides key thesis concepts and aims (section 1.5) and an outline of the thesis describing

how each chapter meets the thesis objectives (section 1.6).!

! Five chapters of this thesis have been published. Thus, layout, terminology and English
language per chapter is in accordance with journal requirements and referencing in each
chapter is maintained in the journal referencing style. Unpublished chapters (Chapter One,
Chapter Two, Chapter Seven and Chapter Nine) use Australian English and Vancouver

referencing style. Reference lists appear after each chapter to match the published work.
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1.2 Background

Adequate calcium intakes during adolescence and young adulthood are important for attaining
peak bone mass as approximately half of our peak bone mass is accumulated during
adolescence and is reached by the mid-20’s (1). Despite the established benefits of calcium
consumption, many young Australians are not meeting the recommendations for calcium
intake. The most recent National Nutrition Survey conducted in 2011-12 shows calcium intake
to be inadequate in 44.2% males and 71.3% of females aged between 19 to 30 years (2). The
prevalence of inadequacy was much higher amongst females than males, with nine out of 10
females having inadequate intake in their adolescence. Bone accretion continues during
adolescence with peak bone mass reached in the third decade of life. Thus, calcium intakes
during adolescence and young adulthood are particularly important to prevent osteoporosis in
older age. The group to be studied in this thesis is young adults (18 to 25 years) rather than
adolescents as they are the somewhat forgotten age group in health promotion (3). They are a
difficult-to-reach population with relatively low healthcare utilisation which makes it difficult

to disseminate information in this age group (4-6).

This thesis will explore calcium intakes of young adults in detail which includes food sources,
supplements and intake patterns, as well as barriers and enablers to achieving adequate calcium
intake. Milk and milk-based foods are the richest sources of calcium in the Australian diet (2)
which is similar to other western countries (7-9). However, alternate sources are available for
those who may be dairy, lactose intolerant or choose to avoid it for other reasons. Some non-
dairy food sources include leafy green vegetables (e.g. spinach, kale) firm tofu, almonds,
canned salmon and sardines. When fortified with calcium, soy milk has been thought to be the

best alternative out of the other plant-based alternatives, followed by almond milk (10).
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1.3 Young adults as a target for interventions

Young adults are a vulnerable population as this period is characterised by transition and
change. Intake of meals prepared outside the home frequently increases and consumption of
foods from the recommended food groups (i.e. fruits, vegetables and dairy) may decline.
Previous research has shown that young adults have the worst diet amongst adults and have the
quickest rate of weight gain out of all age groups (11, 12). There are unique idiosyncrasies of
this life period which include being time poor, juggling work and study commitments, adjusting
to increased independence, changing employment and living conditions and an increased
requirement to self-manage their time whilst keeping up with potentially new social circles and
norms (13-16). Price of food is often a consideration for this demographic (17). This means
that time poor young adults are attracted to meals which are convenient and affordable.
Moreover, it is thought that the relative ease of access and availability of unhealthy foods
contributes to poorer quality diets as young adults perceive contemplation and execution of a

healthy diet as a burden (17).

Some barriers to healthy eating may include limited income, lack of time, as well as poor food
preparation and cooking skills (18). As a result, young adults nowadays have become a ‘grab
and go’ society and are the highest consumers of convenience foods (19). This is concerning
as these foods are usually energy dense and contain higher levels of sodium, saturated fat and

refined sugar and lower amounts of important nutrients (20).

Qualitative research has found that being seen to eat healthily and eating foods that have been
branded as ‘healthy’ is associated with being less popular, particularly in young people and
those from lower socioeconomic backgrounds (21, 22). The reasons for this are unknown and
further work is needed to understand the attitudes of consumers (20). A recent scoping review
has revealed that there are multifaceted contributors to food choice which encompasses

intrapersonal, interpersonal and wider cultural and socioeconomic factors (17).
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Previous research has found that having an incentive is integral to changing dietary behaviour
among young adults (17). The enablers to healthy eating for young adults included gender-
based (female) interest in and implementation of a healthy diet; healthy diets of friends and
family; support and encouragement of friends and family to eat healthy; desire for improved
health; desire for weight management; desire for improved self-esteem; desire for
attractiveness to potential partners and others; possessing autonomous motivation to eat
healthy; existence and use of self-regulator skills and increased planning, automaticity and
habit of healthy eating (17). In contrast, the key barriers for young adults included gender-
based (male) apathy towards health and diet; unhealthy diet of friends and family; expected
consumption of unhealthy foods in certain situations; relatively cheapness of unhealthy foods;
lack of time to plan, shop, prepare and cook healthy foods; lack of facilities to prepare, cook
and store healthy foods; widespread presence of unhealthy foods; lack of knowledge and skills
to plan for; shop, prepare and cook healthy foods; lack of motivation to eat healthily; lack of
self-regulation behaviours; preferred taste for unhealthy food; baseline hunger and lack of
satiation and emotional responses (e.g. stress) that increased appetite and preference for

unhealthy foods (17).

The personal relevance of messages can lead to an increase in motivation to perform a desirable
behaviour. Research has shown that tailoring interventions and providing personally relevant
feedback to participants may lead to improved outcomes (23, 24). Providing direct support to
young adults may assist with building self-efficacy for incorporating healthy foods into their
diet (25). In order to conduct effective nutrition interventions, it is important to consider the
unique idiosyncrasies of young adulthood and the impact these may have on eating habits.
Many young adults have irregular meal patterns (26) and perceive eating healthy as a
significant challenge (27). However, this life stage may present a unique opportunity to

positively influence their nutrition habits as they are malleable to change. Obviously because
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of the importance of bone growth during childhood and adolescence most interventions to
improve calcium intakes have been targeted to this life stage or the elderly who have osteopenia
and osteoporosis. This thesis addresses young adults as a neglected group and suggests as
young adults are likely to be procreators in the near future, influencing their eating habits may
have positive implications for future generations. A recent meta-analysis has revealed a strong
association between the food behaviours modelled by parents and the consumption patterns of

their offspring (28).

1.4 Determinants of low calcium intake

In order to support young adults to change their diets, it is necessary to understand the
determinants of eating behaviour. Australians continue to struggle with meeting calcium
intakes and the recommended servings of dairy foods and alternatives. Milk intakes in
particular are low. The health-related beliefs, socio-cultural norms and barriers to change of
younger generations differ from the general adult population. Some barriers that have been
identified previously in the adolescence population include personal knowledge about dairy
products and misconceptions regarding dairy foods and their associated health benefits; food
characteristics (including taste), personal behaviours such as habits or routines; social
environments (including parental and peer influence); physical environment (such as

availability); and the convenience of dairy products (29).

A systematic review conducted in European countries has shown that higher occupational level
was associated with consumption of cheese and skim milk (30). A cross-sectional study
conducted in Korea has reported low calcium intake in regions with lower socio-economic
status (31). A New Zealand study has also suggested a link between dairy and social equity
where milk consumption was directly related to socio-economic status (32). A cross-sectional

survey from Switzerland with adults (35-74 years) has found that ‘low-education’ men
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consumed more calcium than ‘high-education’ men while ‘low-occupation” women consumed
less calcium than ‘high-occupation’ women (33). While it is apparent that there may be
disparities present based on socio-economic factors, it is not known if a disparity in calcium
intake exists for young adults in Australia for factors such socioeconomic status (SES), income
and geographic location. A systematic review on global calcium intake has reported no clear
patterns across countries in relation to age, sex or socioeconomic status (34). Further research

1s warranted.

1.5 Thesis aims

From the available evidence, it is clear that calcium intake is sub-optimal in Australian young
adults. In order, to improve the dietary patterns of young adults including their calcium intake
a program specifically targeted to their unique needs is required. This thesis describes the
development and trial of a nutrition promotion program (using social media and text

messaging), with a particular focus on calcium intake.

The specific aims of this research are:

(1) To determine the calcium intake in the young Australian population by demographic
factors, examine food sources and intake patterns to gain insight into intervention points
(Chapter Three)

(2) To systematically investigate the effectiveness of previous interventions aimed at
improving calcium or dairy intake in young adults, and the generalizability and
applicability of these studies for current practice (Chapter Four)

(3) To conduct formative research with a sample of the target audience to explore the
enablers and barriers to adequate calcium intake (Chapter Five); and gather feedback

on the relevance and appropriateness of pilot intervention materials. This included
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developing cooking videos (Appendix 7) and conducting a survey to gather preferences
for messaging and acceptability of sample social media posts and text messages
(Chapter Six)

(4) To develop a social media intervention using the findings of aims 1, 2 and 3 to improve
calcium intake of young adults (Chapter Seven). The six-week CAlcium Nutrition-
Dietary Opportunities (CAN-DO) was a randomised controlled trial using the
Capability, Opportunity, Motivation and Behaviour framework of Michie et al (35)

(5) To test the CAN-DO program with young adults using a three-arm randomised
controlled trial (Chapter Eight)

(6) To establish the key findings, their implications for this area of research and provide

practical recommendations for future work in this area (Chapter Nine)

1.6 Thesis outline

This section provides a brief outline of the chapters in this thesis. Figure 1.1 presents a
diagrammatic summary of the framework of the research and provides an outline of the
components of each chapter. Chapter One is an introduction to the thesis and, defines key
thesis concepts and aims and an outline of the thesis. Chapter Two summarises the existing
literature on the importance of calcium and bone health and what is known about the
determinants of calcium intake. Chapter Three presents a secondary analysis of the most
recent National Nutrition Survey to examine the calcium intake of Australian adolescents and
young adults from food sources and supplements, as well as the relationship between calcium

intake and consumption of food groups.

Chapter Four presents a systematic review on the effectiveness of interventions promoting
calcium or dairy intake in young adults. This chapter reports on the efficacy of the interventions

and suggestions are made on improving design and reporting of interventions, as well as

Chapter One | 7



intervention strategies that future studies should consider. Chapter Five identifies the enablers
and barriers to adequate calcium intake. The findings from the focus groups and the practical
intervention recommendations formulated based on the analysis of results using the

behavioural ‘COM-B’ system (36) are presented in this chapter.

Chapter Six describes the findings of a survey to gather preferences of young adults
regarding intervention messaging, as well as acceptability of mock posts. Chapter Seven
outlines the development process of a social media intervention (CAN-DO program)
designed to improve calcium intakes of young adults. Appendix 7.4 includes a publication

resulting from the development of cooking videos alluded to in Chapter Seven.

Chapter Eight describes the implementation and effectiveness of the CAN-DO program in
a three-arm randomised controlled trial. The study measures change in calcium intake
(primary outcome), self-efficacy, knowledge, habit and motivation pre and post intervention.
The user satisfaction with the intervention and participant experience is also reported via
qualitative feedback. The thesis concludes with Chapter Nine which discusses the future of
the mHealth by the young generation and draws on implications and suggestions for future

directions for study that could improve through social media.
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1.8 Conclusion to chapter

Calcium is an essential nutrient in attaining optimum peak bone mass during young adulthood.
During this period, young adults experience unique challenges that impact their eating habits.
The barriers they face need to be addressed in tailored programs and other socioeconomic
factors must be taken into account. Modern communication platforms offer a promising
solution as they are innovative, relatively low cost and potentially have a greater reach.

However, the programs should be tested for their effectiveness prior to dissemination.
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Chapter Two

Rationale to the study

2.1 Introduction to the chapter
This chapter contextualises this thesis within the existing evidence base and provides a study

rationale (section 2.2 to 2.10).

2.2 Role of calcium in the development of bones and peak bone mass

Calcium is an essential nutrient for the normal development and maintenance of the skeleton,
proper functioning of cardiac and neuromuscular function, as well as providing structure and
strength to our teeth and bones. Calcium plays a key part in human physiology as it has a central
role in mediating a wide array of functions which include muscle contraction and metabolic
pathways (1). It is a basic constituent of hydroxyapatite which provides stiffness to the collagen
network of mature bone. Insufficient calcium accrual can lead to a sub-optimal peak bone mass
which can lead to osteoporosis and fracture (2). Calcium has a role in the prevention of chronic

diseases.

The importance of risk reduction of chronic diseases has grown to improve the quality of life
and reduce health care load as we have an aging population (3, 4). Osteoporosis is an incurable
but preventable chronic disease of the bone. The two crucial lifestyle measures aimed at
reducing the risk of osteoporosis include physical activity and nutrition (5). In particular, intake
of adequate calcium intake has been shown to be an effective approach for maintenance of a
healthy bone status at all life stages, starting from early infancy (6). The adequate intake of

calcium across different life stages has been emphasised in the literature (7-9), particularly
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during childhood and young adulthood for the development of peak bone mass and for
prevention of osteoporosis and osteopenia. Limited research is available on interventions that
improve calcium intake among young adults. Previous systematic reviews have focused on
children (10), adolescents (11) or the elderly (12). Qualitative research focusing on calcium
intake is also lacking (13). No systematic reviews have been conducted on calcium health and
bone health in premenopausal women (14) after Welten et al. in 1995 which suggested a
positive association between calcium intake and bone mass (15). A few intervention studies
reported a consistent positive effect of calcium supplementation of around 1000 mg per day on
bone mass (15). A recent review has found that calcium supplementation had the greatest effect

in young adults (under 35 years) and reduced their systolic blood pressure by 2.11 mmHg (16).

Osteoporosis is referred to as ‘the silent disease’ because people are unaware of their risk. It
has a high prevalence such that one third of women and 20% of men over age 50 years are
affected (17). Osteoporosis commonly results in bone fracture which can reduce quality of life.
Osteoporotic fractures result in frequent hospital submissions, a loss of independence and have

been associated with an augmented mortality risk (18, 19).

Osteopenia is another bone condition where the bone density is considered to be unhealthy but
not as depleted as in osteoporosis (20). The main causes include low calcium intake, low
vitamin D and physical inactivity. The term ‘osteopenia’ essentially describes reduced bone
mass and can lead to osteoporosis. It is estimated that 44 million Americans have low bone
density and 10 million are affected with osteoporosis (21). In Australia, it is thought to affect
around 6.3 million people. The most serious consequence of osteoporosis is a hip fracture
which can result in high morbidity and long expensive hospitalisation, mortality or reduced
quality of life for the individual. A systematic review of randomised controlled trials examined
the efficacy of pharmacological and non-pharmacological interventions and found that

treatment with calcium decreased fracture risk (22). There is an increasing need for
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osteoporosis management strategies to be actioned, particularly in those who are at high risk.
However, the ultimate goal of an effective treatment strategy should be to prevent the fracture
in the first place. Preventative measures should be implemented at a public health level. An
adequate calcium balance is an important factor in maintaining bone strength but it is not easy
to achieve this at a population level. A narrative review published recently has identified key
challenges which hinder efforts to improve bone health in populations (23). The challenges that
were identified by the authors were related to low levels of public awareness, insufficient

access to service and funding for diagnosis, as well as treatment (23)

In order for primary prevention of osteoporosis to occur, it is necessary to understand the
factors that influence peak bone mass. Attainment of peak bone mass during youth and young
adulthood is a crucial factor to consider (24). It is well known that a higher peak bone mass
affords protection against fracture risk later in life (25). Accumulative evidence has shown that
the role of nutritional factors in bone health is complex and goes beyond calcium and vitamin
D (26). However, 20 to 40% of the peak bone mass acquisition is influenced by modifiable
factors which can potentially have a positive or negative effect and in addition to dietary factors
include body composition and physical activity (27). Physical activity may influence peak bone
mass. A population-based study showed that moderate activity (e.g. walking, cycling or
exercising or participation in recreational spots) for at least four hours per week or participation
in hard training or sports competitions several times per week increased BMD by up to 11%
and 13% in girls and boys, respectively (28). Moreover, results from a retrospective cross-
sectional study in pre-pubertal girls showed that global physical activity (rather than activities
related to sports per se) was associated with a greater peak bone mass (29). While physical
activity has been shown to have a positive effect on BMD and peak bone mass, the optimal

dose and the duration of activity needed is unclear (30).The remaining 60-80% of peak bone
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mass is determined by genetic factors (31, 32) and sex such that males have a higher peak bone

mass and average lumbar vertebral bodies in girls are 11% smaller compared to boys (33, 34).

2.3 Life stages for peak bone mass

On average, bone mass increases by about sevenfold from birth to puberty and a further
threefold increase during adolescence (35). Peak bone mass continues to develop until the third
decade of life. The peak bone mass generally starts to decline after the age of 30 years and
declines further in women during menopause, with an accelerated period of bone loss after

menopause for six to 10 years and continues to decline until the end of life.

A Cochrane review in 2003 on postmenopausal women concluded that calcium
supplementation had a very small effect on bone density and a trend towards reducing vertebral
fractures; but it was not clear if calcium supplementation reduced the incidence of non-
vertebral fractures (36). Previous randomised controlled trials have shown that a greater
skeletal gain (3% versus 19%) was observed in young individuals after calcium
supplementation (24). Therefore, calcium supplementation may be useful for young individuals
with a low calcium intake. However, it is unclear what the optimum dose of supplemental

calcium should be for boys and girls or for different age or ethnic groups.

There has been an ongoing debate about whether calcium supplementation may lead to an
elevated myocardial infarction risk (37, 38), increased pancreatic cancer after vitamin D
supplementation (39) or increase the risk of gastrointestinal symptoms and renal disease after
supplementation of calcium plus vitamin D (40). However, the evidence is equivocal (30
32,33,34). Due to potential adverse outcomes from supplementation of calcium and vitamin D,
it is best to supplement the diet with calcium-rich foods (such as dairy, soy products, deep-

water fatty fish and fortified foods) (41).
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2.4 Health consequences of low calcium intake

Research in recent years has recognised the importance of adequate calcium intake besides its
favourable effects on bone health (16). In 2011, the National Health and Medical Research
Council in Australia conducted a review of the evidence to inform the revision of the Australian
Dietary Guidelines (42). Statements were made where sufficient evidence was found for dairy
foods. The main findings have been outlined in this section. A dose response per serve was
used in some instances where one serving of milk was 240 mL, one serving of yoghurt was 240

mL and one serving of cheese was 45 g (42).

The consumption of dairy products, particularly milk was associated with improved bone
mineral density (42-45). However, consumption of less than 1 serving of milk per day was not
associated with risk of osteoporotic or hip fracture in older adults (mean age 64.3 years) and
postmenopausal women (42, 46, 47). A large trial published included over 5000 elderly people
with a previous fracture showed no effect of calcium (at levels of 1000 mg) and/ or vitamin D
supplements (800 IU daily) on fracture occurrence (48). At present, there is insufficient
evidence to promote widespread use of supplementation in the community (49). It would be
ideal to conduct long term interventions in men and women stratified by a dietary intake of
above and below 500 to 750 mg per day in order to represent a mean daily intake of
approximately 300 mg (for the deficient group) and 1000 mg (for the replete group) (49).

However, some may question if this is ethical.

While the link between low calcium intake and bone health has been widely known, there is an
emerging body of evidence linking calcium intake with other chronic diseases. These studies
have largely focused on the effect of dairy foods and have shown improved health outcomes
through improved weight control (50) and reduction in risk of metabolic and cardiovascular
disorders (51, 52). Consumption of two or more servings of dairy per day have been associated

with a reduced risk of ischemic heart disease and myocardial infarction (42, 53, 54) and a
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reduced risk of stroke (42, 43, 55). Three servings of low-fat dairy products have been
associated with a reduced risk of hypertension (42, 56). Additionally, increased consumption
of dairy foods may also be inversely associated with insulin resistance syndrome which is also
known as metabolic syndrome or syndrome X (57, 58) and lowering the risk of type 2 diabetes

(53, 58, 59).

Calcium intake, particularly a higher consumption of milk has been linked with reducing
risk of some types of cancers. Consumption of more than one serve of dairy was associated
with a reduced risk of colorectal and rectal cancers (60, 61). Dehghan and colleagues have
recently reported their findings on the association of dairy food intake with cardiovascular
disease and mortality (62). The PURE study was one of the largest multinational studies to
date following over 135,000 participants spanning five continents in 21 countries and
showed that dairy consumption was associated with lower risk of mortality and major
cardiovascular disease events (62). The findings seem to suggest whole-fat dairy might be
beneficial for preventing deaths and major cardiovascular diseases and the authors suggest
that “consumption of dairy products should not be discouraged and perhaps even be
encouraged in low-income and middle-income countries” (62). The PURE study has a number
of limitations (62) and was criticised by others (63, 64). This mainly stems from an
assessment of the diet of the participants at baseline only which may not be sufficient given
that the dietary intake of individuals may change over the follow-up period (median 9.1

years; IQR 6.4-9.9) (62).

2.5 Foods and dietary patterns associated with calcium intake and bone health
There are several physiological determinants of peak bone mass. The bioavailability of dietary

calcium, so important in bone health, is affected by several nutrients and foods including
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protein, vitamin D, vitamin K, sodium, phosphate, oxalic acid and phytate. Foods that impact
on bone health include, fruit and vegetables that have a positive effect; and soft drinks, alcohol,
and caffeine that have a negative effect. The current evidence suggests that a dietary pattern
that emphasized the intake of fruit, vegetables, wholegrains, poultry, fish, nuts and legumes,
and low-fat dairy products as being beneficial for bone health (65). The Mediterranean Diet,
the DASH diet, low sodium diet and the Western diet are dietary patterns that may influence

bone health and are discussed below.

2.5.1 Calcium

A diet low in calcium is a risk factor for low peak bone mass. Two large epidemiological studies
inclusive of almost 97,000 participants have shown that the risk of fracture was increased in
populations with low mean calcium intakes (66, 67). Another cohort study that compares
fracture risk in meat eaters, fish eaters, vegetarians and vegans has found that the fracture risk
was highest among vegans (68). These studies suggest calcium intake adequacy plays a role in
bone health. Overall, those on vegetarian diets appear to be have a similar BMD to non-
vegetarians if the calcium intake is adequate and contains good sources of protein in the diet

(69).

In order to achieve maximal bone mass, dietary calcium and its absorption need to be sufficient
for skeletal growth, and account for obligatory losses in urine, faeces and sweat. While it is
known that an adequate calcium intake is needed due to its role in bone mineralisation and
skeletal accretion, there are still unresolved questions regarding the biochemical mechanisms
(70). More specifically, it remains to be elucidated how much of the dietary calcium the body
absorbs but in the estimation of calcium requirements the urinary losses indicate how much of

the ingested has been absorbed. The estimate was based on the intake at which the amount of
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calcium excreted equals the net amount of absorbed calcium, adding an allowance for

insensible losses (71).

Current literature suggests that the intestine absorbs a low percentage which generally does not
exceed 35% of the calcium present in food. This works in two ways; passive diffusion when
the luminal concentration of calcium is sufficiently high (non-saturable pathway); and active
absorption which involves a saturable transport pathway with vitamin D receptors that operates
when at low calcium concentrations (72). Parathyroid hormone plays a key role by acting as a
sensor, stimulating the production of calcitriol (active metabolite of vitamin D) in the event of

a decrease in calcium levels.

There are a number of factors that can affect the intake and absorption of calcium. As dairy
provides the largest dietary source of calcium intake in many countries, those with lactose
intolerance and following a vegan diet will require alternate options. According to the most
recent Australian Health Survey, Cow’s milk or dairy was the most reported food causing
intolerance (4.5%) (73). However, it is important to note that many people do not undergo a
formal diagnosis. An Australian study found that only 4% of their sample were formally
diagnosed as being lactose intolerant (74). The prevalence of lactose intolerance can vary
greatly between different ethnic backgrounds. A recent review estimated the global prevalence
of lactose malabsorption to be 68% (75). Lactose intolerance in adulthood is most prevalent in
people of East Asian descent and can affect 90% of adults in these communities (76). It is also
common in people with a West African, Middle Eastern, Greek and Italian descent, but most
will be able to tolerate small amounts of dairy products other than milk. Other alternatives

include lactose-reduced or lactose-free milks and cheeses, as well as lactase enzymes (77).
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2.5.2 Vitamin D

Vitamin D plays a critical role in homeostasis of calcium as it facilitates the movement of
calcium into duodenal mucosa cells and increases absorption. It has a positive effect on the
intestinal calcium absorption, calcium metabolism and bone strength. The importance of
vitamin D has been demonstrated in the literature; an American study (data from National
Health and Nutrition Examination Survey III) reported 25-hydroxyvitamin D as the dominant

predictor of bone mineral density (BMD) relative to calcium intake (78).

However, it is not known how to best screen for Vitamin D and what the appropriate cut offs
for diagnosing Vitamin D deficiency or Vitamin D insufficiency (79). Traditionally,
supplementation of calcium and vitamin D is most commonly recommended in the elderly (80,
81). Theoretically, supplementation of vitamin D will increase bone density as has been
demonstrated in four out of eight randomised controlled trials (82-85). Two other meta-
analyses of clinical trials concluded a favourable effect of calcium (1200 mg per day) alone or
combined with vitamin D supplementation on reduced bone loss (86) and fracture risk (40, 86,
87). These studies have been conducted in people over 50 (older men and post-menopausal
women) and are not relevant to the attainment of peak bone mass during youth. However,
studies conducted in the US have found that young adults have an equal to greater risk of
vitamin D deficiency than older adults, particularly in winter (88). A cross-sectional study from
Denmark reported vitamin D deficiency to be highly prevalent among young adults (89). Little
is known about the vitamin D status of Australian young adults; however, studies conducted
with broad age groups suggest that vitamin D deficiency affects nearly one third to a quarter

of the population (90, 91).
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2.5.3 Vitamin K

Vitamin K is necessary to modify a subset of proteins which attaches and transport calcium
for specific body functions which include maintenance of skeletal system and teeth. A
systematic review conducted with older adults found that supplementation with vitamin K
reduces bone loss (92). In recent years, new evidence has emerged that illustrates a role of
vitamin K in bone health. It is thought that vitamin K dependent proteins (VKDP) play an
important role in regulating mineralisation and vasculature. Clinical studies suggest that
increased intake of vitamin K may be a complementary nutrient in supporting bone
health and vascular calcification (93). Adequate vitamin K intake is required for optimum
bone health as it acts as a cofactor of several bone proteins, osteocalcin being the most
abundant. If a person is deficient in vitamin K, osteocalcin is under-carboxylated which is
thought to be a marker for bone fragility (94). A study conducted on healthy young adults
(18-30 years) and elderly (greater than 65 years) found that the usual dietary intake of

vitamin K was not adequate to allow for maximal carboxylation of osteocalcin (95).

2.5.4 Sodium

Sodium intake can also affect calcium requirements due to sodium and calcium being linked
in the kidney tubules (96-99). This means that a higher intake of sodium intake may increase
calcium excretion. Published literature on sodium and calcium metabolism indicates that
the average loss of calcium is about 40 mg per 100 mmol (2290 mg) of sodium (100, 101).
Studies conducted with postmenopausal women have shown that both dietary calcium and
sodium play a major role in the maintenance of bone health in postmenopausal women
(100) and sodium excretion is a significant predictor of calcium excretion (102). A
longitudinal study conducted with post-menopausal women reported an increase in bone

resorption after following a high sodium diet (103). Findings from a prospective observational
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cohort study including almost 70,000 women reported that sodium intake within
current guidelines is unlikely to affect osteoporosis in postmenopausal women
(104). However, most of the world’s population are exceeding the recommended
intakes for sodium (105) which places them at risk for development of

hypertension, as well as advancing osteopenia (106).

2.5.5 Oxalic acid and phytate

Another important factor for calcium absorption is bioavailability which can vary depending
on the individual food and combination of foods. For example, the calcium will be poorly
absorbed for foods rich in oxalic acid (such as spinach, rhubarb, swiss chard, beet greens)
or phytic acid (such as grains, legumes, seeds, nuts, soy isolates). The fractional absorption
of foods high in oxalic acid may be as low as 5%. In comparison, low-oxalate vegetables
(such as broccoli and bok choy) have a fractional absorption of greater than 50% (107).
Those who are vegetarians, vegan or consume greater amounts of vegetables will have a
higher intake of oxalic acid which may reduce calcium bioavailability (108). Additionally,
absorption from soy milk is often lower, compared to cow’s milk. Calcium absorption from

dried beans is about 50% and 10% from spinach, when compared with milk.

2.5.6 Protein

Protein has been identified as being both detrimental and beneficial to bone health, depending
on the type and amount of protein (109). The amount of protein in the diet can affect calcium
absorption in two ways. Some studies have shown that a high intake of protein can
increase urinary calcium excretion (110, 111) (each gram of protein takes out 1 mg of
calcium) while diets low in protein are concerning in terms of bone health. This may be due to
lowered calcium absorption (112-116); however, the effect of protein on calcium retention is
unclear (117, 118). It was previously thought that high protein diets, especially diets high in

animal protein resulted in bone resorption and increased urinary calcium excretion (119).
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However, higher protein diets have been associated with greater bone mass and fewer fractures
when the calcium intake is adequate (109). At present, there are no recommendations for
plant protein versus animal protein intake due to the limited evidence of plant protein in
relation to detriment of BMD or fractures (120). Overall, the role of protein for bone health

appears to be complex and likely to be dependent on the presence of other nutrients.

2.5.7 Fruit and vegetable intake

Fruit intake has been thought to play a role as studies have shown that a greater intake of fruit
was associated with higher BMD and lower rates of osteoporosis among middle age and the
elderly (121). A small study conducted on adolescents found that girls who consumed higher
amounts of fruit had significantly higher heel BMD compared to moderate fruit consumers
(122). Another cross-sectional study examined the association between bone mineral status
and fruit and vegetable intake in adolescents (16-18 years), young women (23-37 years) and
elderly (60-83 years), reported a positive effect on bone mineral status in both younger and
older age groups (123). These studies suggest that high intakes of fruit and vegetable may be
important for bone health. A recent systematic review examined the relationship between fruit
and vegetable intake and bones reporting an association between the increase of at least one

serving of fruit and vegetables per day and decrease in the risk of fractures (124).

While intake of fruit and vegetable intake seem to have a protective effect on bone metabolism,
the effect on BMD and bone fracture remains unclear (124). However, several mechanisms
have been proposed; the classic hypothesis refers to fruit and vegetables slightly altering the
basic acid balance in alkaline favour (125). The mild oxidation may increase calcium
reabsorption through the renal tubules which in turn would lead to a decrease in bone loss
(125). In recent years, the role of fruit and vegetables in oxidation stress has been raised (126)

as consumption of fruit and vegetables has been associated with a greater reduction-oxidation
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(REDOX) capacity (127). This would supposedly increase the capacity of bone modelling
(127) and in turn increase remodelling (128) leading to improved bone repair capacity and
reducing bone loss (128). Lastly, some studies have suggested an inverse association between
fruit and vegetable intake and chronic inflammatory conditions (129, 130). This is important
as chronic inflammatory states are associated with an increased risk of diseases (such as

osteoporosis and fracture) (131, 132).

2.5.8. Soft drinks and caffeine

Another factor which hinders calcium absorption is phosphorus which has received
considerable attention in recent years (133). Soft drinks (like soda) contain phosphoric acid
and can interfere with calcium absorption. Due to the limited number of studies, the effect on
long-term bone health is not clearly known as previous prospective studies have only focused
on bone mineral density (134, 135) rather than fracture (136). Nonetheless, researchers have
put forward plausible mechanisms to explain a potential association between soda and
consumption and bone health. It is thought that diets high in phosphorus and low in calcium
can reduce serum calcium, stimulate parathyroid hormone and cause bone resorption (137).
Moreover, caffeine is present in sodas and has been identified as a risk factor for osteoporosis
may cause further interference (138). Finally, sugars are a main ingredient in regular sodas and
have been linked with macro mineral homeostasis and bone density in children (139), men
(140) and middle aged women (135). Analysis of a cohort study has shown that a greater
consumption of soda was associated with modest increased risk of fracture in postmenopausal

women (141).

2.5.9. Alcohol and smoking

Alcohol and smoking have direct negative effects on the bone. Limiting alcohol is a crucial

step to reach an optimal peak bone mass in young adulthood (142, 143). Epidemiological
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studies related to alcohol use and human bone health suggests that chronic heavy alcohol
consumption, particularly during adolescence and young adulthood can dramatically affect
peak bone mass and may in turn increase the risk the osteoporosis in later life (144). There
appears to be a beneficial association between moderate drinking and bone health while heavy
drinking is thought to be detrimental for bone health in young adults (145) and older adults
(146, 147). It is thought that alcohol affects the bone forming cells (i.e. osteoblasts) and slows
down bone turnover (144). However, the specific mechanisms by which alcohol acts on bone

and skeleton are poorly understood (148).

Early smoking was associated with lower areal BMD in young men (149) and unfavourable
bone geometry and density in healthy males (aged 25-45 years) (150). A similar association
was reported for female twins (27-73 years) where a packet of cigarettes daily throughout

adulthood was thought to cause a reduction in bone density by 5 to 10 percent (151).

2.5.10 The Mediterranean diet

The Mediterranean diet was found to improve dietary calcium utilisation among male
adolescents (152) and was positively associated with better bone mass in pre-menopausal
women (153). It was also found to be associated with higher BMD and lower fracture risks
(154). While this may be due to the combined synergistic effects of is components, adherence
to the Mediterranean diet is thought to be a protective factor in the maintenance of bone mass
and preventing bone fracture (154). Further studies are needed as there is a paucity of evidence
to understand the relationship between the Mediterranean diet and musculoskeletal outcomes

across children, adolescents and adults (155).
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2.5.11 The DASH diet and low sodium diet

It thought that the DASH diet and reduced sodium intake may have beneficial effects on bone
health. The DASH diet was found to significantly reduce markers of bone turnover (156) and
calcium metabolism in adults (157). A low sodium diet was found to significantly decrease
sodium and calcium excretion which suggests that a low sodium diet may have benefits for

skeletal health in post-menopausal women (158).

2.5.12 The Western Diet

The Western Diet is characterised by intake of soft drinks, fried foods, meat and processed
foods, sweets and desserts, and refined grains. A high adherence to the Western diet has been
associated with a high intake of fat, protein, refined carbohydrates, sodium and phosphorus
(159). High intake of sodium is associated with calciuria which can increase bone remodelling
and bone loss (160). High intake of phosphorus is thought to be detrimental for bone health
due to the disruption of the calcium to phosphorus ratio (159). Overall, the Western dietary
pattern featuring some aspects of an unhealthy diet is likely to be associated inversely with

bone health (65).

2.6 Australian recommendations, rationale and revisions

The recommendations for calcium intake vary throughout the life cycle and are highest at the
time of bone formation and in older people and provided in a range to cover for factors
mentioned above. It is important to note that the recommendations for calcium intake vary

worldwide (see 2.7 for global recommendations).

For adolescents aged 14 to 18 years, the amount of calcium recommended is increased to 1050

mg/day (EAR) and 1300 mg/ day (RDI); while for adults aged 19 to 50 years, the EAR is 840
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mg/ day and the RDI is 1000 mg/ day (71). Most of the research into requirements comes from
studies with dairy products, rather than other calcium sources per se. This is because dairy
products tend to be the main source of calcium in many countries around the world including
Australia (161-163). In Australia and New Zealand, approximately 40% of the calcium comes
from non-dairy sources in adults (71). Dairy products such as milk, cheese and yoghurt are an
important source of obtaining essential micronutrients which include calcium, riboflavin,
phosphorus, potassium, magnesium and zinc. Consumption of dairy products has been
associated with reducing the risk of osteoporosis, metabolic syndrome and other chronic
disease such as hypertension, obesity, heart disease and colon cancer. However, dairy foods
have become rather controversial in recent years as to whether low-fat or full-fat options make
a difference to the risk of cardiovascular disease (164). There are a variety of components that
have been proposed in the literature which includes bioactive lipids (165), milk derived
bioactive peptides (166) and type of dairy (fermented vs. unfermented) (167). Beneficial effects
have been observed for fermented dairy products (such as sour milk products, cheese and
yoghurt) regardless of whether the fermented dairy is low-fat or full-fat (168). The mechanistic
pathways for the observed protective effect of full-fat dairy are yet to be elucidated.
Additionally, it is also important to consider the whole dairy food matrix as recent evidence
suggests that full-fat dairy foods do not cause weight gain and fermented dairy consumption
(including cheese) is linked to lowering cardiovascular risk (169). Thus far, studies suggest
that whole dairy products have a greater beneficial effect on health compared to single dairy
constituents (170). Future studies should consider the evidence on the effect of whole foods,

as well as the effects of the individual nutrients.

Overall, milk is thought to have a neutral effect on cardiovascular outcomes while fermented
dairy products (such as yoghurt, kefir and cheese) may have a positive or neutral effect (164).

Given the current evidence, the new advice from the Heart Foundation in 2019 has removed
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the restriction for healthy Australians on eating full-fat milk, cheese
and yoghurt (171). However, individuals with high cholesterol or heart disease

are recommended to have unflavoured reduced-fat milk, yoghurt and cheese (171).

2.7 Global recommendations and intake

As dairy products are a primary contributor to calcium intake, the adequacy
of dietary calcium correlates strongly with the geographic variations in
milk consumption (172). There are enormous variations in intake between regions,
cultures and individuals around the world. It is thought that populations with a low intake
of dairy have developed adaptive mechanism that enable them to develop and maintain
good bone health at calcium intakes that are far below the RNI in developed countries

(172). Thus, setting a global RNI may not be appropriate.

A systematic review reported that lactose malabsorption is widespread, varies greatly between
different regions and estimated to be present in around two-thirds of the world’s population
(75). It is particularly common in some Asian countries. For this reason, intakes in East
Asia are much lower than South Asia (172). The differences in intake can be linked
to the prevalence of lactase persistence genes (173). Lactase persistence is defined as a
genetic trait that allows milk to be consumed beyond the weaning period
without experiencing gastrointestinal discomfort. For this reason, there are significant
regional differences in dairy representation. It is strongly emphasised in North America,
the Near East and Europe and is portrayed as a separate food group in nearly all
countries (174). In contrast, fewer countries in Africa, Asia Pacific and Latin
America/ Caribbean region depict dairy as a separate food group. In much of Africa,

there are other limitations such as cost, absence of refrigeration and poor availability (172).
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There are slight variations in the dietary reference values for calcium, depending on the
reference guidelines. For adults aged 19 to 50 years, the Dietary Reference Intakes in America
and Canada is 800 mg/ day for EAR and 1000 mg/day for RDA (175). The dietary reference
in the UK is 525 mg/ day or EAR and 700 mg/ day for RNI (176). The FAO/WHO is 840 mg/
day for EAR and 1000 for RDA (177). For young adults aged 19 to 24 years, the European
(EFSA) for calcium is 860 mg/day for average requirement and 1000 mg/day for population

reference intake (178).

In recent years, the International Osteoporosis Foundation took the initiative to conduct a
systematic review of the dietary calcium intake around the world to find the most representative
data from each country (179). Data for calcium was available for 74 countries. It was found
that most surveyed countries in South, East and Southeast Asia including China India and
Indonesia have low dietary calcium intake (<400 mg/day) while countries in Africa and South
America have moderate calcium intake (400-700 mg/day) (179). Interestingly, the countries
with mean calcium intake greater than 1000 mg/ day were all in Northern Europe (179). In
comparison, the dietary intake of calcium for Australia was found to be 805 mg based on results
from the most recent National Nutrition Survey that included a nationally representative data
sample of 9938 people (179). However, it must be noted that these results show data for all
adults over the age of 19. The inadequacies present in Australian population are observed in
other parts of the world (179). Survey data from New Zealand has reported that a third of
respondents consumed less than a glass of milk per day and non-consumption was higher

among young women (180).
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2.8 Health promotion for osteoporosis prevention

2.8.1 Closing the gap between current intake and national recommendations

Results from the most recent National Nutrition and Physical Activity Survey (NNPAS) 2011-
12 survey has indicated that only 10% of the Australians are meeting the recommendations for
dairy foods and calcium-rich alternatives (181). In Australia, dairy is the second most under-
consumed food group (after vegetables). Adolescents, young adults and the elderly are most at
risk. Results from the Australian Health Survey 2011-12 reported that milk products and dishes
provided 42% of calcium (21% from milk, 9.6% from cheese and 4.8% from yoghurt) (73).
The results are similar to the National Nutrition Survey from 1995 where dairy products
accounted for more than half of the daily calcium intake, with 30-45% coming from milk and
10% from cheese (182). Additionally, the survey results indicated that dairy products had a

much larger contribution to children’s calcium intake compared to adults (182).

A study that disaggregated the food intake and compared the intakes between the two surveys
(1995 and 2011) reported an increase in intake of dairy products for adults (19 years and
over) while a decrease was observed for younger Australians (2 to 18 years) (183). The
findings are consistent with a longitudinal observational study on Australian adolescents
(14-17 years) as a decrease in dairy intake was reported for adolescents between the years
2003 and 2006 (184). Young adults are not faring any better in the States as a prospective
population-based study has found that two-thirds of females and more than half of males
had calcium intakes that were lower than recommended and a reduction in calcium intake
was reported for calcium intake during the transition from middle adolescence (high school)

to young adulthood (185).

There have been numerous population-based approaches to promote bone health, however
formal evaluation results are not available for all programs (186). Several notable campaigns
in America included The National Bone Health Campaign (tag line: Powerful Bones,

Powerful Girls™) for girls aged 9 to 12 years; Living Healthy: The Asian American
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Osteoporosis Education Initiative targeted to Asian-American women; Michigan Department
of Community Health Osteoporosis Program which included in-school education, community
screening and a falls prevention program; Project Healthy Bones New Jersey Department of
Health and Senior Services for older adults; Building Community Capacity and Group
Support in Bone Health in North Carolina and Milk Matters Campaign which used a
multimedia approach and was directed particularly towards young people (186). The US
Got Milk? campaign gained a lot of attention but failed to show a corresponding increase in
milk sales despite having a budget of $110 million (187). In recent years, there have not
been government initiatives to increase consumption in Australia. The industry body, Dairy
Australia has developed an online hub for primary school teachers offering a range of
resources (such as PDF’s, animations and videos) to highlight the farm to plate process and

the importance of including dairy foods, as part of a balanced diet (188).

The pressing issue at hand is finding a solution that is innovative and engaging that meets the
needs of the target populations. A ‘one size fits all’ approach should not be employed as
previous research indicates that generic messages do not resonate with the audience (189).
Therefore, targeted public health initiatives that are engaging for adolescents and young adults.

are needed in Australia to improve their intakes.

2.9 Emerging adulthood, dietary intakes and implication for calcium intakes and
nutrients associated with bone health

Improving dietary behaviours in young adulthood can have a major impact on health outcomes.
While the risk-taking behaviour of young adults are typically associated with illicit drugs or
sexual behaviour (190, 191), a scoping review has revealed that dietary behaviour can also be

an act of risk-taking (192). Young adults are unable to comprehend the effect current nutrition
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and diet can have on health later in life (192). They have been labelled as the “young invincible”
as they are a particularly challenging population to instil healthy behaviours as they tend to
undertake risky behaviours and do not see the longer implications of these behaviours, such as

consuming a poor diet (193).

However, the intriguing question is who must take responsibility for optimising a diet to enable
attainment of the peak bone mass in young adults. Although physicians and specialists play an
important role in diagnosing underlying osteoporosis and subsequent treatment, it is up to the
individuals and organisations to act on early prevention. Young adults themselves and their
parents, general practitioners and governments should be responsible for the lifestyle measures.
The first step is to create awareness on the health consequences of low calcium intake including
the burden of fracture risk in later life. The next step will be creating education programmes
for adolescents and young adults. However, implementation of primary prevention
programmes can be difficult, but certainly worthwhile as prevention is better than cure as the
old adage goes (194). Given the widespread prevalence of osteoporosis in later life a prevention
program during young adulthood requires wide reach. However, young adults are a difficult-
to-reach population with relatively low healthcare utilisation, which makes it difficult to

disseminate information in this age group (195-197).

2.10 Harnessing technology for solution generation

2.10.1 Using m-health based technology

The use of internet in Australian homes has risen from 3.4% to 86% from 1996 to 2015 (198,
199) and 95% of young adults own a smartphone. A recent study has reported that the main
users of health apps were individuals who were younger, more educated, reported excellent

health and a higher income (200). This is particularly relevant for young adults who are the
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highest users of smartphones and social media (201). Seventy-seven percent of young adults
consult their smartphone for health facts (202). The high penetration of smartphone ownership
and usage of digital media has the potential to be harnessed by health professionals in the
delivery of behaviour change interventions. The WHO refers to the term mHealth (mobile
health) as the use of smartphones in a public health setting (203). Electronic health or eHealth

describes the use of the internet to aid with public health practice (204).

Following the rise in these technologies has been the introduction of e- and m-health
interventions which employ the web, applications and texting to deliver health messages and
instil behaviour change through education, self-monitoring, tailored feedback and other means
(205, 206). Studies have shown that interventions that allow for self-management delivered
remotely may be as effective as those delivered in person (207, 208). It is believed that a
modern platform using smartphones and social media could be particularly useful for younger

generations as they use social media as their primary information sharing resources.

2.10.2 Use of mobile technology among young adults

Young adults spend a majority of their waking hours with technology. The current generation
of young adults (GEN Y/Z) are technologically savvy and heavy users of digital platforms (i.e.
social media and smartphones) for communication more than any other age group (209). In
2016, 95% Australian young adults aged 18 to 34 years owned a smartphone and 91% used
their device in social networking (209, 210). In 2015, it was reported that 75% of this age group
also used their smartphones to obtain information about a health condition (211). Moreover,
qualitative research has shown that the use of social media allowed young adults to expand
their food choices through creating access to a variety of recipes, provide a venue to showcase
how young adults eat or prepare food and distract young adults from making positive food

choices (212).
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Incorporating e/mhealth interventions could expand the delivery of health promotion beyond
the conventional boundaries and increase cost-effectiveness (213). The current literature
supports cost-effectiveness of mHealth interventions and has reported high rates of positive
costing outcomes using mHealth interventions compared with usual care and other comparators
(214). However, it must be noted that many studies included in the systematic review did not

report on all recommended economic outcomes and lacked a comprehensive analysis (214).

Modern communication technologies that use social platforms, Short Messaging Service
(SMS), graphics and videos are likely to be more appealing to young adults compared to
traditional modes such as face-to-face or group education (215, 216). Due to the
aforementioned reasons, social media is a ripe and informal venue for disseminating health
information to young adults (212). Social media may provide certain advantages for public
health interventions due to being a low-cost platform and its potential for a greater reach.
Nevertheless, a systematic review conducted on the use of social media (diet and exercise
interventions) has shown low levels of participation and adherence; and studies do not show a
significant difference between groups in key outcomes (217). While there is little evidence at
present to show that social media interventions are highly beneficial, it must be noted that there
were a very limited number of studies at the time of the review Social media is an ever-
changing technology so continuous research is needed. A more recent systematic review
conducted exclusively on young adults (18-35 years) has found that the majority of
interventions were not effective at improving outcomes (such as weight, BMI or dietary intake)
when compared to control groups (218). The review was conducted using a mixed-methods
approach and the aims included describing how young adults use social media; evaluating
engagement metrics; understanding whether engagement with social media can improve
nutrition outcomes; exploring the functions of social media and understanding how young

adults use social media (218). Since the majority of interventions included multiple
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components, it was difficult to attribute the effectiveness of social media which was a common
component (218). The engagement with social media varied greatly and ranged from 3 to 69%
(218). While young adults identified that social media was useful for delivery of information
and encouragement of learning, several studies included in the review reported social media to
be the least used and lowest ranked component of the intervention (218). Young adults reported
that posting information related to their weight was socially undesirable which may explain the
low levels of engagement in some of the included studies (218). Overall, the review revealed
that most young adults are conducive to receiving healthy eating and recipe tips on social
media; and identified social media as a platform for providing social support (218). Although
these results are somewhat promising, future research is needed to understand how to best
engage on different social media platforms and for different dietary behaviours. The
effectiveness of interventions for improving calcium intake of young adults has not yet been

documented and will be ascertained in this thesis.
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2.12 Conclusion to chapter

Young adulthood is an important developmental time period for establishing lasting healthy
behaviours. Calcium has a role in the prevention of chronic diseases and is an important nutrient
for bone health. It is important to optimise the peak bone mass of young adults to prevent
osteoporosis in later life. Due to the unique challenges faced by young adults, interventions
need to take these life stage dependent factors into account. Social media offers a promising

avenue for intervention delivery as it is relevant for this age group.
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3.3 Introduction to the chapter

It is important to understand the national data by sex, geography and SEIFA before designing
an intervention. In Australia, the most recent NNPAS was conducted 2011-12. This included
an assessment of dietary intake which included collection of detailed data on quantities
consumed as discrete foods and in mixed dishes by occasion. This chapter aims to use the data
from the 24-hour dietary recalls to examine calcium intakes in Australian adolescents and
young adults. The analyses examine the calcium intakes, identify the major food sources
contributing to calcium intake and examine demographic, anthropometric and dietary factors

associated with calcium intake.

3.4 Abstract

Objectives: Calcium is an essential nutrient required for peak bone mass growth during
adolescence and into young adulthood. The aim of this study was to examine the calcium intake
of Australian adolescents and young adults from both food sources and supplements; and the

relationship between calcium intake and intake of food groups.

Methods: Dietary data from 770 adolescents (14-18 years) and 774 young adults (19-25 years)
from the 2011-12 National Nutrition and Physical Activity Survey were used. Analysis of
covariances were conducted to identify associations between calcium intake and consumption

of food groups.

Results: For adolescents, 83% of males and 95% of females did not meet the Estimated
Average Requirement (EAR); whereas for young adults, 69% of males and 83% of females
failed to meet the EAR. Food sources contributing to calcium intake were similar across age
groups and sex. The largest contributors included regular milk (15-24%), cheese (10-12%),

refined low-fibre bread (10%), and low-fat milk (79%). For both age groups, the lowest
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consumers of calcium were the poorest consumers of dairy products and the highest consumers
of discretionary food choices and alcoholic beverages. A higher consumption of calcium was
associated with a higher intake of dairy products and lower intakes of meat and alternatives

and all discretionary choices.

Conclusions: Calcium intake among Australian adolescents and young adults remains below
recommendations, particularly in females. A higher intake of calcium was associated with a

better dietary pattern. Further investment in interventions is indicated.

3.5 Introduction

The period between adolescence and young adulthood is one of nutritional vulnerability,
including high requirements for calcium. Calcium assists in the growth of peak bone mass,
90% of which is achieved from late adolescence to the age of 20 years [1]. Adolescence is a
critical time to address food intake as children start gaining independence from their parents,
which can result in an increased intake of meals prepared outside the home and a lower
consumption of foods from the recommended food groups [2]. The latest Australian Health
Survey revealed that only 1 in 10 Australian adults are consuming the recommended amounts
from the dairy and alternatives food group, which includes milk, yogurt, cheese, and alternative
sources of calcium [3]. Although calcium-rich foods and beverages are commonly consumed
by children in Australia [4], statistics suggest that the intake of the milk food group decreases
during adolescence [5,6]. Dairy products provide the largest source of dietary calcium in
Australia as well as in many other countries such as the United States[7], the United
Kingdom([8], and most of northern Europe[9]; and are not easily replaced with other foods in
the diet to meet nutrient requirements, as shown by nutrient modelling[10] and nutrient

profiling [11]. Overall, the available evidence suggests that milk and other dairy products are
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important contributors to nutrient intake, diet quality, and bone health; and may provide
protection against prevalent chronic diseases [12,13] such as ischemic heart disease, stroke,
hypertension, type 2 diabetes, obesity, and metabolic syndrome [14-23], as well as reduced risk
for colorectal cancer [24-26]. Females are considered to be an at-risk group for insufficient
calcium intake [27]. This is concerning as low bone density is a problem, especially among
postmenopausal women [28]. Previous interventions in promoting dairy products and calcium
have not been very successful in adolescents and young adults [29,30]. To support this age
group, it is necessary to delve into the food habits of youth and young adults, and to identify
the main contributors to calcium intake and sociodemographic groups who may be at high risk.
Although the Australian Bureau of Statistics (ABS) has conducted analyses of the most recent
national survey, the analyses did not disaggregate the mixed dishes into their component
ingredients, nor study relationships with food group intakes. The aim of the present study was
to conduct secondary analyses of the National Nutrition and Physical Activity Survey
(NNPAS) and to examine the relationship between calcium intake and consumption of the

recommended and discretionary food groups.

3.6 Methods

3.6.1 Data collection

The data analyzed in the present study were collected as part of the 2011-2012 NNPAS
conducted by the ABS from May 2011 to June 2012 throughout Australia using nationally
representative subsamples. Ethics approval for the survey was obtained from the Australian
Department of Health and Ageing Departmental Ethics Committee in 2011. A detailed
description of the survey methods and data collection has been reported elsewhere [31]. In

brief, a total of 12,154 respondents were interviewed face-to-face to collect demographic,
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anthropometric, and dietary data. Food and beverage consumption data were obtained by
trained staff using a multiple-pass 24-h computer-assisted person interview. A second-day
recall was conducted by telephone in a subsample of 64% of respondents. Adult respondents
were interviewed in person, and children between the ages of 15 and 17 y were interviewed if
permission was granted by parent or parental proxy. For 14 year olds, the parents were proxies
as reported previously [32]. The estimation of food, beverage, and nutrients were obtained from
the AUSNUT 2011-2013 food composition database, which was developed specifically for the
NNPAS [33]. The present study focused on the calcium intake of adolescents ages 14 to 18 y

and young adults ages 19 to 25 years.

3.6.2 Assessment of calcium intake

All intake data from mixed dishes were disaggregated by estimating the individual food
components from a mixed dish using the AUSNUT 2011-2013 recipe file [33,34]. Previous
analyses had not conducted this analysis. Foods were classified according to the four-digit food
code from the Australian Dietary Guidelines database compiled by Food Standards Australia
New Zealand [35]. Calcium intake was obtained from all foods, beverages, and supplements
using AUSNUT 2011-2013. To establish the proportion of the population taking supplements,
respondents were coded as “consuming” and ‘“non-consuming” based on self-report.
Throughout this study, “calcium supplement” referred to any supplement containing calcium,
including multivitamins that contain small amounts of calcium. The usual intakes of
respondents' total energy and calcium intake were estimated from two 24-h recalls using the
Multiple Source Method (MSM) where a Box-Cox transformation was applied to normalize
the data before estimating the usual intake [36]. Women who were pregnant or breastfeeding

were excluded due to their different nutrient requirements.
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3.6.3 Comparison to national recommendations

The usual calcium intakes were compared with the Estimated Average Requirement (EAR) of
calcium for adolescents ages 14 to 18 y (1050 mg) and young adults ages 19 to 30 y (840 mg)

[37].

3.6.4 Food groups

The food categories used in this analysis were the recommended food groups that included
grain (cereal) foods; vegetables and legumes/beans; fruit; lean meats and poultry, fish, eggs,
tofu, nuts and seeds and legumes/ beans; and milk, yogurt, cheese and/or alternatives [38,39].
For simplicity purposes, the categories from the five food groups are referred to as grains,
vegetables, fruit, meat and alternatives, and dairy and alternatives throughout. Discretionary
foods were categorized as solid choices (cakes, biscuits, fast foods), liquid choices (soft drink,

sugar-sweetened beverages), and alcoholic beverages [31,40].

3.6.5 Demographic covariates

Demographic factors collected included weight status (underweight, normal range, overweight,
or obese), country of birth (born in Australia, English speaking countries, or other), geographic
location (major cities, inner regional, or other) and highest year of school completed (year 12
or equivalent, year 11 or equivalent, year 10 or equivalent, year 9 or equivalent, year 8 or
below). Socio-economic quintiles were derived from the Socio-Economic Index of
Disadvantage for Areas (SEIFA), where the most disadvantaged areas were classed as the first
SEIFA quintile [40]. Other self-reported variables included current smoking status(yes/no),
physical activity recommendations met (yes/no), and use of calcium supplements (yes/no). The

methodology used to collect this data has been described elsewhere [31].
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3.6.6 Timeline of calcium and food intake

The mean calcium intakes for each hour of the day were calculated and mean contribution from
each of the food groups was determined. These were used for a graphical representation of the

data.

3.6.7 Statistical analyses

Descriptive statistics were tabulated to display sample characteristics. Usual calcium intake
(food sources and supplements) using two dietary recalls were reported in this study to estimate
proportions meeting EAR. As dietary misreporting has been identified in the 2011/2012
NNPAS [41], a categorical variable was created to classify under-reporters, plausible, and over-
reporters. Energy reporting status was categorized based on the Goldberg cut-offs (energy
intake to basal metabolic rate of <0.87 for under-reporters, 0.88-2.66 for plausible reporters,
and >2.67 for over-reporters) [42]. The usual calcium intake of respondents was categorized
into quartiles to assess differences in food group intakes. Calcium intake was calculated as
calcium density in mg per 1000k]J to adjust for energy intake. For continuous variables, a one-
way analysis of covariance (ANCOVA) was used for determination of linear trends. A post-
hoc test (Bonferroni) was applied to locate the group differences. All statistical analyses were
performed using SPSS for Windows 22 software (IBM, Armonk, NY USA). P<0.01 was

considered statistically significant for all tests due to the large number of comparisons.
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3.7 Results

3.7.1 Comparison to national recommendations

The sample included 770 adolescents and 774 young adults distributed across sex and SEIFA.
Approximately 18% of the respondents were classed as under-reporters and 1% to 4% were
classed as over-reporters for both age groups. The demographic characteristics of the sample
stratified by age and sex are shown in Table 3.1. For adolescents, 83.1% of boys and 94.8% of
the girls had calcium intakes below the EAR. For young adults, 68.9% of males and 82.9% of

the females were consuming below the EAR.

3.7.2 Calcium intake and food sources

Table 3.2 shows nutrient and food group data stratified by age and sex for the five food groups
and discretionary choices. The mean (SD) usual calcium intakes for males were 738+303mg
and 737+342mg for adolescents and young adults, respectively. For females, the usual intakes
were 583+258mg and 621+176mg for adolescents and young adults, respectively. The
proportion of the population using calcium supplements was 7.1% and 11.8% for adolescents
and young adults, respectively; and accounted for <1% of the total calcium intake (Table 3.2).
The main food sources of calcium were ranked as shown in Figures 3.1 and 3.2. For both
population groups, the top contributors included regular milk, cheese, bread, and low-fat milk.
Fewer young adults drank milk (contributing 16-18% of total calcium) compared with
adolescents (contributing 20-24%). Calcium alternative beverages were consumed by a larger
proportion of young adult females compared with the other groups (Figure 3.2). A minor

contribution to calcium intake was made by fish and seafood, dairy snacks, legumes, and tofu.
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Table 3.1 Sample demographic characteristics from the National Nutrition and Physical
Activity Survey 2011-2012; proportions (%) by age and sex

Both age groups Adolescents Young adults

% Males % Females % Males % Females % Males % Females
(n=786) (n=758) (n=403) (n=367) (n=383) (n=391)

Weight status Underweight 4.7 5.5 5.2 5.7 4.2 54
Normal range 60.0 62.8 68.7 67.6 51.5 58.6
Overweight 253 18.3 20.1 17.6 30.3 18.9
Obese 10.1 13.4 6.0 9.1 14.0 16.9

Country of Australia 82.8 86.3 88.8 89.6 76.5 83.1

birth Main English 5.1 5.9 4.5 5.7 5.7 6.1
speaking
countriest
Other 12.1 7.8 6.7 4.6 17.8 10.7

Remoteness Major cities 65.9 64.2 59.3 60.5 72.8 67.8
Inner regional 18.6 20.7 21.3 20.2 15.7 21.2
Other 15.5 15.0 19.4 19.3 11.5 11.0

SEIFA] Lowest 20% 17.0 18.2 17.1 12.5 17.0 23.5
Second quintile 18.8 19.1 17.6 20.7 20.1 17.6
Third quintile 19.6 20.2 19.4 22.6 19.8 17.9
Fourth quintile 18.2 16.6 18.1 19.3 18.3 14.1
Fifth quintile 26.3 25.9 27.8 24.8 24.8 26.9

Currently Yes 13.7 13.6 6.90 4.1 20.9 22.5

smokes

Physical Met Not measured for Not measured 57.7 50.9

Activity recommendations adolescents

Misreporting’  Under-reporters 15.3 20.1 15.6 18.0 14.9 22.0
Plausible reporters 70.2 64.4 66.5 60.5 74.2 68.0
Over-reporters 3.7 1.3 3.2 1.6 4.2 1.0
Could not be 10.8 14.2 14.6 19.9 6.8 9.0
classified

Calcium intake  Inadequate intake 76.0 88.7 83.1 94.8 68.9 82.9

tMain English-speaking countries include Canada, Ireland, New Zealand, South Africa, United Kingdom and The USA;
T SEIFA. Socio-economic indexes for areas developed by ABS that ranks Australia based on socio-economic
disadvantage; 11 Misreporting. Under-reporters (energy intake vs. Basal Metabolic Rate <0.87), plausible reporter
(energy intake vs. Basal Metabolic Rate <0.87 to >2.67), over-reporters (energy intake vs. Basal Metabolic Rate >2.68)
and could not be classified if insufficient data was provided by respondents.
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Figure 3.1 Percent contribution of calcium intake among Australian adolescents aged 14-18

years from major food groups.
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Table 3.2 Usual dietary intakest of adolescents and young adults from the National Nutrition and Physical
Activity survey 2011-12: Mean + SD by age and gender.

All ages Adolescents Young adults
Mean £+ SD Males Females Male Females Males Females
(n=786) (n=758) (n=403) (n=367) (n=383) (n=391)

Energy intake (kJ) 8102 £2465 6103+1744 789242195 6104+1766 8322+2705 6103+£1725
Calcium intake 7384323 603+259 7394304 5834259 7384342 622+177
(mg)
Calcium 11.3+£69.3 11.6+62.8 7.94+63.3 5.9+33.6 14.8+£74.9 16.9+80.9
supplement (mg)
Grains (g) 214+96.3 164+73.1 205+88.6 168+71.5 224+103 160+74.5
Vegetables (g) 152470.2 142+62.9 143+65.2 136+62.4 162+73.9 1484+63.0
Fruit (g) 157+124 163+115 160+115 171+117 153+132 156+113
Dairy and 239+173 195+147 244+170 196+155 234+176 195+138
alternatives (g)
Meat and 139+64.6 100+44.7 1274+56.2 97.5+45 .4 151£70.3 103+44.0
alternatives (g)
Liquid 308+224 216+1734 3164227 213+170 301+221 218+177
discretionary (g)
Solid discretionary 196+115 152+75.6 195£100 160+81.0 197+128 145+69.6
(8)
Alcoholic 1514413 45.1+154 48.6+£242 6.4+67.5 258+516 81.5+198
beverages (g)

tUsual intake was determined using two 24-hour dietary recalls. The food groups are in accordance with the
recommended five food groups from the Australian Dietary Guidelines (full description included in methods).
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3.7.3 Dietary and demographic characteristics

Tables 3.3 and 3.4 present the dietary characteristics by quartiles of usual calcium intake
(energy adjusted) for adolescents and young adults, respectively. A higher calcium intake was
associated with a lower intake of meat and alternatives, solid and liquid discretionary choices,
and alcoholic beverages but a higher intake of dairy products and supplements. Fruits and
vegetable intake did not differ between quartiles. A higher intake of calcium was associated
with lower intake of energy and grains for young adults only. No differences in calcium intake
according to plausible or mis-reporting of dietary intake were found (Supplementary Table
3.1). Some differences in calcium intake were found for those who were born in Australia
(higher intake) compared with those born in other countries (P=0.016 for adolescents; P=0.052
for young adults). Attainment of education was significantly associated with calcium intake in
young adults (P=0.01) but not for adolescents. For young adults, smoking was significantly

associated with lower calcium intake.
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Table 3.3 Dietary characteristics of adolescents (n=770) by quartile of usual calcium intake from the
National Nutrition and Physical Activity survey 2011-12, based on two-day data and adjusted for energy.

Quartile Q1 (32.1-71.6) Q2 (71.6-91.5) Q3 (91.5-111.6) Q4 (111.6-241.8) P-Valuey
(Calcium
density mg/
1000 KJ)
Mean + SD Mean + SD Mean + SD Mean + SD

Energy (kJ) 7348+2494 6856+1976 702542212 6926+2025 0.127
Grains (g) 200+100 183+77.4 189+77.0 179+73.7 0.070
Vegetables (g) 140+64.5 138+61.4 143+63.3 137+£66.7 0.846
Fruits (g) 164+126 170+124 161£103 166112 0.896
Meat and 120+£54.5* 116+£51.1* 114+55.4% 102+50.9° 0.007
alternatives (g)
Dairy and 127+126% 178+108° 2394+135¢ 340+196¢ <0.0001
alternatives (g)
Supplemental 2.2+11.9* 2.3£16.3* 5.5431.2° 17.9+£95.1° 0.007
calcium (mg)
Liquid 300+236° 27942062 264+187% 224+196° 0.003
discretionary
(2
Solid 198+1102 180+95% 178+86.5% 156+72.0° <0.0001
discretionary
(2
Alcoholic 49.7+260? 52.0+£2442 2.2421.8° 10.0£62.3° 0.008
beverages (g)

TANCOVA adjusted for energy with post-hoc Bonferroni tests to locate significant differences. Significant
differences indicated by different superscript letter; P value <0.01.
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Table 3.4 Dietary characteristics of young adults (n=774) by quartile of usual calcium intake from the
National Nutrition and Physical Activity survey 2011-12, based on two-day data and adjusted for energy.

Quartile Q1 (30.0-71.3) Q2 (71.3-92.2) Q3 (92.2-116.9) Q4 (116.9-277.4) P-Valuey

(Calcium density

mg/ 1000 KJ)

Mean + SD Mean + SD Mean + SD Mean + SD

Energy (kJ) 7808 £2537% 75254£2664* 7028+£2257% 6437+£2405° <0.0001
Grains (g) 206+99.0 202+109° 185+85.6* 172+82.4% 0.001
Vegetables (g) 147+65.2 156+67.4 157+66.8 159+75.8 0.298
Fruits (g) 153142 143+114 168+117 155116 0.272
Meat and 139+64.1* 136+70.4° 123+£58.5% 111+55.4° <0.0001
alternatives (g)
Dairy (g) 136+1222 184+127° 227+136° 311+188¢ <0.0001
Supplement 0.7+6.1* 10.2+£39.5* 10.6£39.0* 41.9+£143° <0.0001
amount (mg)
Liquid 300+225% 2724197 2514211% 212+171% <0.0001
discretionary (g)
Solid 195+1032 177+108 % 162+86.7% 149+120° <0.0001
discretionary (g)
Alcoholic 315+581%® 2204440 105+226° 35.6£101° <0.0001
beverages (g)

TANCOVA adjusted for energy with post-hoc Bonferroni tests to locate significant differences. Significant
differences indicated by different superscript letter; P value <0.01;
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3.7.4 Timeline of calcium and food intake

Combined data of adolescents and young adults were used for these descriptive analyses, as

the results were similar (Figure 3.3). Stratified results have been included as Supplementary

Tables 3.2 and 3.3. It is evident that dairy and alternatives play a major role in providing

calcium at breakfast and contribute lesser quantities at lunch and dinner. Grains provide

calcium across the day; whereas vegetables supply calcium at lunch and dinner time. Intake of

calcium from discretionary choices and meat and alternatives remains low in the mornings,

with an increase at lunch and a more substantial contribution at dinner.
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Figure 3.3 Timeline of calcium obtained from core and discretionary food groups: combined
results of adolescents and young adults. Discretionary group includes solid discretionary, liquid

discretionary and alcoholic beverages.
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3.8 Discussion

The present analyses demonstrate that calcium intake among adolescents and young adults are
inadequate compared with national recommendations. It is concerning that at best only 30% of
the adolescents and young adults consumed enough calcium. Results from other national
nutrition surveys around the world depict similar results demonstrating the insufficient intake
in this age group [43-45]. Females are consistently at a greater risk, especially in adolescence

of consuming inadequate calcium [9,44,46-48].

Despite the rise in popularity of other calcium alternatives, dairy products remain the largest
source of calcium in the Australian diet. For the purpose of promoting calcium-rich foods to
the population, it appears essential to include milk, yogurt, and cheese as good sources of
calcium among the population. Nonetheless, alternative strategies are needed to target those
who are lactose intolerant or vegan and therefore avoid dairy. A recent cross-sectional survey
explored the prevalence of dairy avoidance in the Australian population, finding 11.8%
reported avoidance for physical symptoms [49]. Lactose intolerance is commonly reported as
a reason for low intake in African, His-panics, North East Asia, and certain indigenous
communities [50]. Alternative calcium beverages contributed to <1% of the calcium intake.
Many of the popular dairy alternatives (i.e., oat, almond, and coconut milk) are not fortified
with calcium in Australia [51,52]. Cow's milk and plant-based drinks are nutrition-ally different
and further studies are warranted to establish benefits of the latter [12]. The latter choices may
be particularly relevant for those who are vegan or lactose intolerant. Supplement use was
associated with a higher calcium intake but use of calcium supplements was relatively
uncommon. The proportion of people consuming supplements containing any amount of
calcium was <12% in our sample population of Australian adolescents and young adults. The
findings can be compared with a Japanese study where only 2% of the population consumed

supplements [48].
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A higher intake of calcium was associated with lower intakes of all discretionary choices and
consumption of calcium-rich foods could be a marker for healthier eating habits. This is in line
with studies on Dutch adolescents (14-18 years) and Australian children (8-10 years)
suggesting dairy foods are indicative of healthier diets [45,53]. Calcium intake declined with
higher intakes of discretionary foods, beverages, and alcohol. However, no differences in fruit
and vegetable intake were detected with higher calcium intakes in the present study. Others
have reported a lower intake of alcohol is associated with higher calcium intakes in adolescents
in the Netherlands and Brazil [44,45]. Discretionary foods are suggested to be major
contributors to excessive energy consumption and weight gain. Preliminary research in this
field has shown that dairy foods may assist with weight control or weight management [54-

56].

Although discretionary choices are discouraged, it was found that discretionary sources
contributed to higher amounts of calcium at dinner time. This may be opportunistic from fast
foods, such as pizza rich in cheese. To limit intake of discretionary choices, future interventions
may promote the substitution of a discretionary snack with dairy, nuts, or vegetables. The latter
choices may be particularly relevant for those who are vegan or lactose intolerant. Lactose
intolerance is commonly reported as a reason for low intake in African, Hispanics, North East
Asia, and certain indigenous communities [50]. A recent cross-sectional survey explored the
prevalence of dairy avoidance in the Australian population, finding 11.8% reported avoidance

for physical symptoms [49].

Australian women are at a greater risk for low calcium intake than to men. Qualitative studies
suggest this may be due to the differing attitudes women hold related to adverse health effects
[57]. Perhaps, the most common deterrent reported in the literature is the perceived high fat
content of dairy [58, 59] which is thought to start in adolescence among females [60]. Factors

linked to lower intake in women of all ages have included fear of weight gain or elevation of
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cholesterol, real or perceived intolerance, and gastrointestinal issues (i.e., gas, bloating, and

diarrhea) [61-67].

Other demographic characteristics of low calcium consumers were smoking and poor
education, as has previously been reported in Brazil [44] and the Netherlands [45]. Although
there were no differences in calcium intake due to SEIFA or geo-graphic location in the present
study, researchers in Korea and Brazil reported higher intakes in major cities compared with

other geographic areas [43, 44] that may be related to income [68].

The strengths of the present study were using a national sample to conduct the analyses and
using 2 d of 24-h recalls, applied with the MSM method, to estimate usual intake distributions
[69, 70]. Misreporting is a limitation but it was found that calcium intake was not significantly
associated with misreporting. Therefore, all data were included and allowed for observation of
patterns in the entire study population. Furthermore, the present analyses disaggregated dishes

that better captures all food sources.

Conclusions

Calcium intake remains below recommendations. From the present analyses, it is apparent that
most of the calcium intake was obtained from dairy foods. A higher intake of calcium was
associated with a healthier diet pattern. Conversely, lower calcium intakes were found in those
consuming larger quantities of discretionary foods. Targeted interventions are needed for

adolescents and young adults to increase their intake of calcium
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3.10 Conclusion to chapter

The findings revealed that females have a much lower intake and the contribution to calcium
intake was primarily limited to dairy foods consumed at breakfast. As this is a crucial period
for development of peak bone mass, interventions are needed to improve intakes. Future
interventions should aim to promote consumption of calcium intake throughout the day.
Encouraging intake at other main meals and snack times will be a key strategy for inclusion in
the intervention. The next chapter will assess the efficacy of past interventions aimed to

improve calcium or dairy intake in young adults.
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Appendix 3

Appendix 3.1

Calcium density (mg/ 1000 KJ) for subpopulations of adolescents and young adults from the
National Nutrition and Physical Activity survey 2011-12, based on two-day data and adjusted

for energy.

(See next page)
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Adolescents Young adults

Demographics n Mean SD n Mean SD
calciumt calciumt

Weight Underweight 35 621.9 153.8 34 660.0 162.5

category
Normal range 439 670.8 43.5 393 6822 479
Overweight 122 662.8 82.5 175 6855 71.6
Obese 48 712.9 131.4 110 689.9 91.0
P-Value 0.351 0.936

Country of Australia 687 671.4 34.0 618  689.2 38.6

birth
Main English-Speaking 39 648.6 142.8 46 666.1 141.6
countries}
Other 44 571.0 134.5 110 628.1 91.7
P-Value 0.016 0.052

Remoteness Major cities 461 656.3 41.7 544 679.1 413
Inner regional 160 674.7 70.9 143 668.9 80.6
Other 149 679.3 73.5 87 696.4 100.3
P-Value 0.463 0.712

SEIFA Quintile 1 - Lowest 20% 115 670.4 83.5 157 6413 76.8
Quintile 2 147 636.6 74.0 146 685.8 79.6
Quintile 3 161 685.4 70.7 146 6723 79.7
Quintile 4 144 674.4 74.8 125 709.4 86.1
Quintile 5 - Highest 20% 203 657.9 62.9 200  690.2 68.0
P-Value 0.398 0.180

Highest year of Not applicable 140 683.0 75.8

hool .

ifm‘l’;lete d Year 12 or equivalent 96 677.7 91.7 567 6889 402
Year 11 or equivalent 171 650.5 68.6 92 618.9 99.8
Year 10 or equivalent 194 666.6 64.5 95 692.5 98.3
Year 9 or equivalent 143 648.2 75.1 15 687.8 247.1
Year 8 or below 26 683.7 176.7 5 402.4 428.0
P-Value 0.729 0.010

Misreporting Under-reporters 129 683.3 90.8 143 690.6 89.9
Plausible reporters 490 669.0 41.9 550 681.0 41.5
Over-reporters 19 602.0 226.0 20 707.2 234.5
P-Value 0.465 0.833

Whether Yes 43 612.7 136.5 168 5993 73.2

currently

smokes
No 587 663.9 36.9 606  701.3 38.5
Not applicable 140 683.0 75.7
P-Value 0.208 0.000

tMean calcium density in mg/ 1000 kJ SEIFA. Socio-economic indexes for areas developed by ABS that ranks
Australia based on socio-economic disadvantage; 1 main English-speaking countries include Canada, Ireland,
New Zealand, South Africa, United Kingdom and the USA. P value <0.01
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Appendix 3.2 Timeline of calcium obtained from core and discretionary food sources for adolescents
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Appendix 3.3 Timeline of calcium obtained from core and discretionary food sources for young adults
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Appendix 3.4
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Objectives: Calcium is an essential nutrient required for peak bone mass growth during adolescence and
into young adulthood. The aim of this study was to examine the calcium intake of Australian adoles-
cents and young adults from both food sources and supplements; and the relationship between calcium
intake and intake of food groups.

Methods: Dietary data from 770 adolescents (14-18 y of age) and 774 young adults (19-25 y of age)
from the 2011 to 12 National Nutrition and Physical Activity Survey were used. Analysis of covariances
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Dairy products Results: For adolescents, 83% of males and 95% of females did not meet the Estimated Average Require-
Adolescents ment (EAR); whereas for young adults, 69% of males and 83% of females failed to meet the EAR. Food
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included regular milk (15-24%), cheese (10-12%), refined low-fiber bread (10%), and low-fat milk (7-
9%). For both age groups, the lowest consumers of calcium were the poorest consumers of dairy products
and the highest consumers of discretionary food choices and alcoholic beverages. A higher consump-
tion of calcium was associated with a higher intake of dairy products and lower intakes of meat and
alternatives and all discretionary choices.

Conclusions: Calcium intake among Australian adolescents and young adults remains below recommen-
dations, particularly in females. A higher intake of calcium was associated with a better dietary pattern.
Further investment in interventions is indicated.
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Introduction

The period between adolescence and young adulthood is one
of nutritional vulnerability, including high requirements for
calcium. Calcium assists in the growth of peak bone mass, 90%
of which is achieved from late adolescence to the age of 20y [1].
Adolescence is a critical time to address food intake as children
start gaining independence from their parents, which can result
in an increased intake of meals prepared outside the home and
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a lower consumption of foods from the recommended food groups
[2]. The latest Australian Health Survey revealed that only 1 in
10 Australian adults are consuming the recommended amounts
from the dairy and alternatives food group, which includes milk,
yogurt, cheese, and alternative sources of calcium [3]. Although
calcium-rich foods and beverages are commonly consumed by
children in Australia [4], statistics suggest that the intake of the
milk food group decreases during adolescence [5,6].

Dairy products provide the largest source of dietary calcium
in Australia as well as in many other countries such as the United
States [7], the United Kingdom [8], and most of northern Europe
[9]; and are not easily replaced with other foods in the diet to
meet nutrient requirements, as shown by nutrient modeling [10]
and nutrient profiling [11]. Overall, the available evidence sug-
gests that milk and other dairy products are important
contributors to nutrient intake, diet quality, and bone health; and
may provide protection against prevalent chronic diseases [12,13]
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such as ischemic heart disease, stroke, hypertension, type 2 di-
abetes, obesity, and metabolic syndrome [14-23], as well as
reduced risk for colorectal cancer [24-26].

Females are considered to be an at-risk group for insuffi-
cient calcium intake [27]. This is concerning as low bone density
is a problem, especially among postmenopausal women [28]. Pre-
vious interventions in promoting dairy products and calcium have
not been very successful in adolescents and young adults [29,30].
To support this age group, it is necessary to delve into the food
habits of youth and young adults, and to identify the main con-
tributors to calcium intake and sociodemographic groups who
may be at high risk. Although the Australian Bureau of Statis-
tics (ABS) has conducted analyses of the most recent national
survey, the analyses did not disaggregate the mixed dishes into
their component ingredients, nor study relationships with food
group intakes. The aim of the present study was to conduct sec-
ondary analyses of the National Nutrition and Physical Activity
Survey (NNPAS) and to examine the relationship between calcium
intake and consumption of the recommended and discretion-
ary food groups.

Methods
Data collection

The data analyzed in the present study were collected as part of the 2011-
2012 NNPAS conducted by the ABS from May 2011 to June 2012 throughout
Australia using nationally representative subsamples. Ethics approval for the survey
was obtained from the Australian Department of Health and Ageing Departmen-
tal Ethics Committee in 2011. A detailed description of the survey methods and
data collection has been reported elsewhere [31]. In brief, 12 154 respondents
were interviewed face-to-face to collect demographic, anthropometric, and dietary
data. Food and beverage consumption data were obtained by trained staff using
a multiple-pass 24-h computer-assisted person interview. A second-day recall
was conducted by telephone in a subsample of 64% of respondents. Adult re-
spondents were interviewed in person, and children between the ages of 15 and
17 y were interviewed if permission was granted by parent or parental proxy.
For 14 y olds, the parents were proxies as reported previously [32]. The estima-
tion of food, beverage, and nutrients were obtained from the AUSNUT 2011-
2013 food composition database, which was developed specifically for the NNPAS
[33]. The present study focused on the calcium intake of adolescents ages 14 to
18 y and young adults ages 19 to 25 y.

Assessment of calcium intake

All intake data from mixed dishes were disaggregated by estimating the in-
dividual food components from a mixed dish using the AUSNUT 2011-2013 recipe
file [33,34]. Previous analyses had not conducted this analysis. Foods were clas-
sified according to the four-digit food code from the Australian Dietary Guidelines
database compiled by Food Standards Australia New Zealand [35]. Calcium intake
was obtained from all foods, beverages, and supplements using AUSNUT 2011-
2013. To establish the proportion of the population taking supplements,
respondents were coded as “consuming” and “non-consuming” based on self-
report. Throughout this study, “calcium supplement” referred to any supplement
containing calcium, including multivitamins that contain small amounts of calcium.

The usual intakes of respondents’ total energy and calcium intake were es-
timated from two 24-h recalls using the Multiple Source Method (MSM) where
a Box-Cox transformation was applied to normalize the data before estimating
the usual intake [36]. Women who were pregnant or breastfeeding were ex-
cluded due to their different nutrient requirements.

Comparison to national recommendations

The usual calcium intakes were compared with the Estimated Average Re-
quirement (EAR) of calcium for adolescents ages 14 to 18 y (840 mg) and young
adults ages 19 to 30 y (1050 mg) [37].

Food groups

The food categories used in this analysis were the recommended food groups
that included grain (cereal) foods; vegetables and legumes/beans; fruit; lean meats

and poultry, fish, eggs, tofu, nuts and seeds and legumes/ beans; and milk, yogurt,
cheese and/or alternatives [38,39]. For simplicity purposes, the categories from
the five food groups are referred to as grains, vegetables, fruit, meat and alter-
natives, and dairy and alternatives throughout. Discretionary foods were
categorized as solid choices (cakes, biscuits, fast foods), liquid choices (soft drink,
sugar-sweetened beverages), and alcoholic beverages [31,40].

Demographic covariates

Demographic factors collected included weight status (underweight, normal
range, overweight, or obese), country of birth (born in Australia, English-
speaking countries, or other), geographic location (major cities, inner regional,
or other) and highest year of school completed (year 12 or equivalent, year 11
or equivalent, year 10 or equivalent, year 9 or equivalent, year 8 or below). So-
cioeconomic quintiles were derived from the Socio-Economic Index of
Disadvantage for Areas (SEIFA), where the most disadvantaged areas were classed
as the first SEIFA quintile [40]. Other self-reported variables included current
smoking status (yes/no), physical activity recommendations met (yes/no), and
use of calcium supplements (yes/no). The methodology used to collect this data
has been described elsewhere [31].

Timeline of calcium and food intake

The mean calcium intakes for each hour of the day were calculated and mean
contribution from each of the food groups was determined. These were used for
a graphical representation of the data.

Statistical analyses

Descriptive statistics were tabulated to display sample characteristics. Usual
calcium intake (food sources and supplements) using two dietary recalls were
reported in this study to estimate proportions meeting EAR. As dietary misreporting
has been identified in the 2011-2012 NNPAS [41], a categorical variable was
created to classify underreporters, plausible, and overreporters. Energy report-
ing status was categorized based on the Goldberg cutoffs (energy intake to basal
metabolic rate of <0.87 for underreporters, 0.88-2.66 for plausible reporters, and
>2.67 for overreporters) [42].

The usual calcium intake of respondents was categorized into quartiles to
assess differences in food group intakes. Calcium intake was calculated as calcium
density in mg per 1000 k] to adjust for energy intake. For continuous variables,
a one-way analysis of covariance (ANCOVA) was used for determination of linear
trends. A post-hoc test (Bonferroni) was applied to locate the group differences.
All statistical analyses were performed using SPSS for Windows 22 software (IBM,
Armonk, NY USA). P< 0.01 was considered statistically significant for all tests due
to the large number of comparisons.

Results
Comparison to national recommendations

The sample included 770 adolescents and 774 young adults
distributed across sex and SEIFA. Approximately 18% of the re-
spondents were classed as underreporters and 1% to 4% were
classed as overreporters for both age groups. The demographic
characteristics of the sample stratified by age and sex are shown
in Table 1. For adolescents, 83.1% of boys and 94.8% of the girls
had calcium intakes below the EAR. For young adults, 68.9% of
males and 82.9% of the females were consuming below the EAR.

Calcium intake and food sources

Table 2 shows nutrient and food group data stratified by age
and sex for the five food groups and discretionary choices. The
mean (SD) usual calcium intakes for males were 738 + 303 mg
and 737 + 342 mg for adolescents and young adults, respective-
ly. For females, the usual intakes were 583 + 258 mg and
621 + 176 mg for adolescents and young adults, respectively. The
proportion of the population using calcium supplements was 7.1%
and 11.8% for adolescents and young adults, respectively; and ac-
counted for <1% of the total calcium intake (Table 2). The main
food sources of calcium were ranked as shown in Figures 1 and
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Sample demographic characteristics from the National Nutrition and Physical Activity Survey 2011-2012; proportions (%) by age and sex

Both age groups Adolescents Young adults
% Males % Females % Males % Females % Males % Females
(n=786) (n=758) (n=403) (n=367) (n=383) (n=391)
Weight status Underweight 4.7 5.5 5.2 5.7 4.2 5.4
Normal range 60 62.8 68.7 67.6 51.5 58.6
Overweight 253 183 20.1 17.6 30.3 18.9
Obese 10.1 134 6 9.1 14 16.9
Country of birth Australia 82.8 86.3 88.8 89.6 76.5 83.1
Main English-speaking countries* 5.1 59 4.5 5.7 5.7 6.1
Other 12.1 7.8 6.7 4.6 17.8 10.7
Remoteness Major cities 65.9 64.2 59.3 60.5 72.8 67.8
Inner regional 18.6 20.7 213 20.2 15.7 21.2
Other 15.5 15 194 19.3 11.5 11
SEIFAT Lowest 20% 17 18.2 171 12,5 17 235
Second quintile 18.8 19.1 17.6 20.7 20.1 17.6
Third quintile 19.6 20.2 19.4 22.6 19.8 17.9
Fourth quintile 18.2 16.6 18.1 19.3 183 141
Fifth quintile 26.3 259 27.8 24.8 24.8 26.9
Currently smokes Yes 13.7 13.6 6.90 41 209 22.5
Physical Activity Met recommendations Not measured for adolescents Not measured 57.7 50.9
Misreporting* Underreporters 15.3 20.1 15.6 18 14.9 22
Plausible reporters 70.2 64.4 66.5 60.5 74.2 68
Overreporters 3.7 13 3.2 1.6 4.2 1
Could not be classified 10.8 14.2 14.6 19.9 6.8 90
Calcium intake Inadequate intake 76.0 88.7 83.1 94.8 68.9 829

BMR, basal metabolic rate; SEIFA, Socio-Economic Index of Disadvantage for Areas.

* Main English-speaking countries include Canada, Ireland, New Zealand, South Africa, the United Kingdom, and the United States.
T Socioeconomic indexes for areas developed by Australian Bureau of Statistics, which ranks Australia based on socioeconomic disadvantage.
¥ Misreporting. Underreporters (energy intake vs BMR <0.87), plausible reporter (energy intake vs BMR <0.87 to >2.67), overreporters (energy intake vs BMR >2.68)

and could not be classified if insufficient data was provided by respondents.

2. For both population groups, the top contributors included
regular milk, cheese, bread, and low-fat milk. Fewer young adults
drank milk (contributing 16-18% of total calcium) compared with
adolescents (contributing 20-24%). Calcium alternative bever-
ages were consumed by a larger proportion of young adult females
compared with the other groups (Fig. 2). A minor contribution
to calcium intake was made by fish and seafood, dairy snacks,
legumes, and tofu.

Dietary and demographic characteristics

Tables 3 and 4 present the dietary characteristics by quartiles
of usual calcium intake (energy adjusted) for adolescents and young
adults, respectively. A higher calcium intake was associated with
a lower intake of meat and alternatives, solid and liquid discre-
tionary choices, and alcoholic beverages but a higher intake of dairy
products and supplements. Fruits and vegetable intake did not differ

Table 2

between quartiles. A higher intake of calcium was associated with
lower intake of energy and grains for young adults only.

No differences in calcium intake according to plausible or
misreporting of dietary intake were found (Ssupplementary
Table 1). Some differences in calcium intake were found for those
who were born in Australia (higher intake) compared with those
born in other countries (P=0.016 for adolescents; P=0.052 for
young adults). Attainment of education was significantly asso-
ciated with calcium intake in young adults (P=0.01) but not for
adolescents. For young adults, smoking was significantly asso-
ciated with lower calcium intake.

Timeline of calcium and food intake
Combined data of adolescents and young adults were used

for these descriptive analyses, as the results were similar (Fig. 3).
Stratified results have been included as Supplementary Tables

Usual dietary intakes* of adolescents and young adults from the National Nutrition and Physical Activity survey 2011-2012

Mean + SD All ages Adolescents Young adults

Males (n=786) Females (n=758) Male (n=403) Females (n=367) Males (n=383) Females (n=391)
Energy intake (k]) 8102 + 2465 6103+ 1744 7892 +2195 6104 + 1766 8322+2705 6103 +1725
Calcium intake (mg) 738 +323 603 +259 739 +£304 583 +259 738 £342 622 +177
Calcium supplement (mg) 11.3+69.3 11.6+£62.8 7.9+63.3 5.9+33.6 14.8+74.9 16.9+80.9
Grains (g) 214+96.3 164 +73.1 205+88.6 168 +71.5 2241103 160+ 74.5
Vegetables (g) 152+70.2 142 £62.9 143 £65.2 136+62.4 162+73.9 148 £+ 63
Fruit (g) 157+124 163+115 160+ 115 171+117 153+32 156+113
Dairy and alternatives (g) 239+173 195 + 147 244 +170 196 +£ 155 2341176 195+ 138
Meat and alternatives (g) 139+ 64.6 100 +44.7 127 £56.2 97.5+454 151+70.3 103+44
Liquid discretionary (g) 308 +224 216+1734 316 +£227 213+170 301 +221 218 +177
Solid discretionary (g) 196+115 152+75.6 195+ 100 160+ 81 197 +128 145 £ 69.6
Alcoholic beverages (g) 151+413 451+ 154 48.6 242 6.4+67.5 258 £v516 81.5+198

* Usual intake was determined using two 24-h dietary recalls. The food groups are in accordance with the recommended five food groups from the Australian Dietary

Guidelines (full description included in Methods).
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20
_—
X 15 = Males
&
S
2 Females
3 10
Q0
=
—
5
o °
0 - ” - — N :
= Q X T n n (%) %) "
= 3 B = 9098 £ vwXx o . t 2 = -8-38-’32 3 2 @ o) x 3 4]
[ v 9] € Yo § Y& U ) 3 © o = O] 28X o o = ) >
9] o © © [} s (o)) ] @ “w © o © = . © =
- e a0 =~ 0O = =] e} cw g 8 w = £ © c = =
s = 8 £3 283 2 8 £ E £ 3% 38 % S8E S, g 2 2 8
= ] x> T wun 3 - ko) © 2o XY > - £ L @ c c
= S s 7 7 © S g > &
4 : 58 5§ 5 & @8 g g 9o cf£ ¢ S8 s¥ T 5§ & 2
o | » >0 O k] 0 7} 9a 9 ZF ’c o g ® fa) [ ©
> Z U ¢ [ ] ] cSc €5 ¢ =9 o o €
3 35 5 9 § 4 5553 % g2 55 % s E
W 3 c c 9 it 3
— 2 @ a £ Seg &2 8 £ 22 & g 35
5 3 © = n oV 4w | =
2 P4 So §3 ©
© © QT c o
e o £ o § ~x < &
=l 4 Q = 5
= s

Food categories

Fig. 2. Percent contribution of calcium intake among Australian young adults ages 19 to 25 y from major food groups.

2 and 3. It is evident that dairy and alternatives play a major
role in providing calcium at breakfast and contribute lesser
quantities at lunch and dinner. Grains provide calcium across
the day; whereas vegetables supply calcium at lunch and dinner
time. Intake of calcium from discretionary choices and meat
and alternatives remains low in the mornings, with an increase
at lunch and a more substantial contribution at dinner.

Discussion

The present analyses demonstrate that calcium intake among
adolescents and young adults are inadequate compared with na-
tional recommendations. It is concerning that at best only 30%
of the adolescents and young adults consumed enough calcium.

Results from other national nutrition surveys around the world
depict similar results demonstrating the insufficient intake in this
age group [43-45]. Females are consistently at a greater risk, es-
pecially in adolescence of consuming inadequate calcium
[9,44,46-48].

Despite the rise in popularity of other calcium alternatives,
dairy products remain the largest source of calcium in the Aus-
tralian diet. For the purpose of promoting calcium-rich foods to
the population, it appears essential to include milk, yogurt, and
cheese as good sources of calcium among the population. None-
theless, alternative strategies are needed to target those who
are lactose intolerant or vegan and therefore avoid dairy. A
recent cross-sectional survey explored the prevalence of dairy
avoidance in the Australian population, finding 11.8% reported
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Table 3
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Dietary characteristics of adolescents (n = 770) by quartile of usual calcium intake from the National Nutrition and Physical Activity survey 2011-2012, based on 2-d

data and adjusted for energy

Quartile (calcium density mg/ Q1 (32.1-71.6) Q2 (71.6-91.5) Q3(91.5-111.6) Q4(111.6-241.8) P-value*
1000k)) Mean + SD Mean + SD Mean + SD Mean + SD

Energy (k) 7348 £ 2494 6856 + 1976 7025 +2212 6926 + 2025 0.127
Grains (g) 200+ 100 183+774 189+77 179+73.7 0.070
Vegetables (g) 140 £ 64.5 138+61.4 143+63.3 137 +66.7 0.846
Fruits (g) 164+ 126 170+ 124 161+103 166+ 112 0.896
Meat and alternatives (g) 120+54.52 116+51.12 114+55.4 102+50.9° 0.007
Dairy and alternatives (g) 127+£1262 178 £ 108 P 239+135¢ 340+ 1964 <0.0001
Supplemental calcium (mg) 22+119°2 23+163° 55+31.22 179+95.1" 0.007
Liquid discretionary (g) 300+236° 279+206° 264+187 2 224+196" 0.003
Solid discretionary (g) 198+110? 180+ 9520 178 +86.5 156+72° <0.0001
Alcoholic beverages (g) 49.7+260? 52124432 22+218P 10+62.3P 0.008

Significant differences between quartiles are indicated by a different superscript letter.
* Analysis of covariance adjusted for energy with post hoc Bonferroni tests to locate significant differences. Significant differences indicated by different super-

script letter; P<0.01.

Table 4

Dietary characteristics of young adults (n=774) by quartile of usual calcium intake from the National Nutrition and Physical Activity survey 2011-2012, based on

2-d data and adjusted for energy

Quartile (calcium density mg/ Q1 (30-71.3) Q2 (71.3-92.2) Q3(92.2-116.9) Q4(116.9-277.4) P-value*
1000k)) Mean + SD Mean + SD Mean + SD Mean + SD

Energy (KkJ) 7808 + 2537 ¢ 7525 + 2664 ¢ 7028 +2257 be 6437 +£2405 P <0.0001
Grains (g) 206+992 202+ +109°2 185+ 85.6 3¢ 172 +82.4b¢ 0.001
Vegetables (g) 147 £65.2 156 +67.4 157 +66.8 159+ 75.8 0.298
Fruits (g) 153 +142 143+114 168 +117 155+ 116 0.272
Meat and alternatives (g) 139+64.1° 136+70.472 123 +58.5 % 111+£55.4"b <0.0001
Dairy and alternatives (g) 136 £122°2 184+127°0 227+136°¢ 311+1884 <0.0001
Supplemental calcium (mg) 0.7+6.12 10.2+39.52 10.6+392 41.9+143° <0.0001
Liquid discretionary (g) 300+2252 272+197 2> 251+2112¢ 212+171be <0.0001
Solid discretionary (g) 195+ 1032 177 £108 162 +86.7 ¢ 149 +120 ¢ <0.0001
Alcoholic beverages (g) 315+581 2P 220 + 440 3 105 +226° 35.6+101b¢ <0.0001

Significant differences between quartiles are indicated by a different superscript letter.
* Analysis of covariance adjusted for energy with post hoc Bonferroni tests to locate significant differences. Significant differences indicated by different super-

script letter; P<0.01.
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avoidance for physical symptoms [49]. Lactose intolerance is
commonly reported as a reason for low intake in African, His-
panics, North East Asia, and certain indigenous communities
[50]. Alternative calcium beverages contributed to <1% of the
calcium intake. Many of the popular dairy alternatives (i.e., oat,
almond, and coconut milk) are not fortified with calcium in
Australia [51,52]. Cow’s milk and plant-based drinks are nutri-
tionally different and further studies are warranted to establish
benefits of the latter [12]. The latter choices may be particular-
ly relevant for those who are vegan or lactose intolerant.

Supplement use was associated with a higher calcium intake
but use of calcium supplements was relatively uncommon. The
proportion of people consuming supplements containing any
amount of calcium was <12% in our sample population of Aus-
tralian adolescents and young adults. The findings can be
compared with a Japanese study where only 2% of the popula-
tion consumed supplements [48].

A higher intake of calcium was associated with lower intakes
of all discretionary choices and consumption of calcium-rich foods
could be a marker for healthier eating habits. This is in line with
studies on Dutch adolescents (14-18 y) and Australian children
(8-10y) suggesting dairy foods are indicative of healthier diets
[45,53]. Calcium intake declined with higher intakes of discre-
tionary foods, beverages, and alcohol. However, no differences in
fruit and vegetable intake were detected with higher calcium
intakes in the present study. Others have reported a lower intake
of alcohol is associated with higher calcium intakes in adoles-
cents in the Netherlands and Brazil [44,45]. Discretionary foods
are suggested to be major contributors to excessive energy con-
sumption and weight gain. Preliminary research in this field has
shown that dairy foods may assist with weight control or weight
management [54-56].

Although discretionary choices are discouraged, it was found
that discretionary sources contributed to higher amounts of
calcium at dinner time. This may be opportunistic from fast foods,
such as pizza rich in cheese. To limit intake of discretionary
choices, future interventions may promote the substitution of a
discretionary snack with dairy, nuts, or vegetables. The latter
choices may be particularly relevant for those who are vegan or
lactose intolerant. Lactose intolerance is commonly reported as
a reason for low intake in African, Hispanics, North East Asia, and
certain indigenous communities [50]. A recent cross-sectional
survey explored the prevalence of dairy avoidance in the Aus-
tralian population, finding 11.8% reported avoidance for physical
symptoms [49].

Australian women are at a greater risk for low calcium intake
than to men. Qualitative studies suggest this may be due to the
differing attitudes women hold related to adverse health effects
[57]. Perhaps, the most common deterrent reported in the liter-
ature is the perceived high fat content of dairy [58,59] which is
thought to start in adolescence among females [60]. Factors
linked to lower intake in women of all ages have included fear
of weight gain or elevation of cholesterol, real or perceived
intolerance, and gastrointestinal issues (i.e., gas, bloating, and
diarrhea) [61-67].

Other demographic characteristics of low calcium consum-
ers were smoking and poor education, as has previously been
reported in Brazil [44] and the Netherlands [45]. Although
there were no differences in calcium intake due to SEIFA or geo-
graphic location in the present study, researchers in Korea and
Brazil reported higher intakes in major cities compared with other
geographic areas [43,44] that may be related to income [68].

The strengths of the present study were using a national
sample to conduct the analyses and using 2 d of 24-h recalls,

applied with the MSM method, to estimate usual intake distri-
butions [69,70]. Misreporting is a limitation but it was found
that calcium intake was not significantly associated with
misreporting. Therefore, all data were included and allowed for
observation of patterns in the entire study population. Further-
more, the present analyses disaggregated dishes that better
captures all food sources.

Conclusions

Calcium intake remains below recommendations. From the
present analyses, it is apparent that most of the calcium intake
was obtained from dairy foods. A higher intake of calcium was
associated with a healthier diet pattern. Conversely, lower calcium
intakes were found in those consuming larger quantities of dis-
cretionary foods. Targeted interventions are needed for adolescents
and young adults to increase their intake of calcium.
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4.3 Introduction to the chapter

It is evident from Chapter Three that calcium intakes are low in Australian adolescents and
young adults. In order to develop an effective intervention, it is important to research the
success of previous interventions that have been conducted. This chapter reports a qualitative
and quantitative synthesis of published studies that focused on improving calcium or dairy
intake of young adults. The initial systematic review included adolescents (14-17 years) and
young adults (18-35 years). However, the editors of the journal (Critical Reviews in Food
Science and Nutrition) requested us to exclude adolescents as a similar review had been
completed for this group. A meta-analysis was performed to establish an effect size. The
evidence was graded using the Cochrane Collaborations Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) framework to determine the quality of

the body of work.

4.4 Abstract

Calcium and dairy products have a role in the prevention of chronic diseases and attainment
of peak bone mass, during adolescence to young adulthood. However, intakes are often
suboptimal and interventions to improve consumption of food sources are needed. This
systematic review aimed to investigate the efficacy and external validity of interventions
promoting calcium or dairy foods among young adults. Eight databases were searched from
inception to identify relevant studies. Inclusion criteria included those aged 18 to 35 years in
an intervention promoting calcium or dairy food intake. The mean age of the participants was
19.9 £ 1.4 years. Of the 16 studies that met the selection criteria, five studies were included in
the meta-analyses for calcium (pooled effect size 0.35, 95% CI 0.04 to 0.67) and three studies

for dairy (pooled effect size 0.31, 95% CI 0.11 to 0.50). The quality of the body of evidence
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was determined using the GRADE system, and was of overall low quality with high risk of
bias. Our review suggests young adults respond favourably to interventions but the effect size

1s small.

4.5 Introduction

Dairy foods provide the major source of calcium in the Australian diet along with other
essential micronutrients including protein, vitamins (A, B12, and riboflavin) and minerals (P,
Mg, K, and Zn) (Weaver,2009; Yantcheva et al.,2016). Calcium and dairy products have a
role in the maintenance of good health and prevention of chronic disease (Larson et al.,2009),
and are recommended in the dietary guidelines in many countries (Ebeling Peter et al., 2013;
National Health and Medical Research Council,2013; Food and Agriculture Organisation of
the United Nations,2016; U.S. Department of Health and Human Services and U.S.

Department of Agriculture,2015).

There is a growing body of evidence connecting dairy foods consumption with improved
health outcomes, through improved weight control (Doidge and Segal,2012; Dougkas et
al.,2011). Two or more servings of dairy foods consumption per day was associated with
reduced risk of ischemic heart dis-ease and myocardial infarction (Elwood et al.,2008;
Elwood et al.,2004; National Health and Medical Research Council,2011), and associated
with reduced risk of stroke (Alvarez-Leon et al.,2006; de Goede et al.,2016; National Health
and Medical Research Council,2011). Three servings of low-fat dairy products are associated
with reduced risk of hypertension (McGrane et al.,2011; National Health and Medical
Research Council,2011). Increased dairy foods consumption may also be inversely associated

with insulin resistance syndrome, also known as metabolic syndrome or syndrome X
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(Martins et al.,2015; Pereira et al.,2002), and reducing type two diabetes (Elwood et al.,2008;

National Health and Medical Research Council,2011; Pereira et al.,2002; Pittas et al.,2007).

Despite the established benefits of dairy products and alter-natives for chronic disease
prevention, it still remains a reluctant choice among adults. In the latest survey results in
Australia, 90% of the Australian population (aged two years and over) do not consume
enough dairy foods (Australian Bureau of Statistics,2016). They are commonly consumed by
children (Australian Bureau of Statistics,2012), but statistics suggest that the intake of dairy
products and alternatives decrease during adolescence (Baird et al.,2012; Parker et al.,2012).
From the latest Australian Nutrition and Physical Activity Survey (NNPAS) 2011-12, almost
45% of males and 70% off males aged 19 to 30 years have inadequate calcium intakes
(Australian Bureau of Statistics,2015). This raises some concern as sufficient intake of
calcium is necessary, particularly during adolescence and young adulthood, to maximize peak
bone mass (Matkovic,1992), and increasing dairy intake may displace the consumption of
energy-dense, high-fat foods and soft drinks (Rampersaud et al. 2003; Rangan et al.,2012;

Vartanian et al.,2007)

The transition to adulthood is a period often associated with developing more autonomy over
dietary choices (Allman-Farinelli et al.,2016). Young adulthood is a vulnerable time, as they
are entering new environments (i.e. moving out of home, starting col-lege or university) and
gaining independence from their parents (Deshpande et al.,2009). These changes may lead to
engagement in risky behaviors and reduced concern about their future well-being (Harhay
and King,2012). Consequently, they are vulnerable to developing lifelong unhealthy
behaviors (Ha et al.,2009). This is concerning, given that the habits formed can have a

substantial effect in later life but also for future generations (Gore et al.,2011). Therefore, it is
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important that this group be targeted separately to instil healthy behaviors (National Health

and Medical Research Council,2015; Nour et al.,2016).

Previous systematic reviews have focused on interventions on dairy foods and calcium
consumption in children and adolescents (Hendrie et al.,2013; Marquez et al.,2015), or in
elderly adults at risk of developing osteoporosis (Kastner and Straus,2008; Little and
Eccles,2010; Locketal.,2006).There has been little research on effective lifestyle programmes
in the young adult age group (Hebden et al.,2012; National Health and Medical Research
Council,2015). In the recent years, there has been a shift towards electronic interventions due
to rising use of technology to promote better health (Kohl et al.,2013). To date, there is no
published review investigating the effectiveness of calcium and dairy interventions in young
adults. In order to translate interventions into the broader young adult population, it is
essential to examine the external validity which is considered as important as efficacy
(Steckler and McLeroy,2008). There-fore, the aim of this review was to examine the efficacy
of dairy and calcium interventions targeting young adults and assess the quality of the studies

and external validity components reported.

4.6 Methods
The review has been registered with Prospero (Registration number: CRD42016035908). The

PRISMA guidelines were used in the synthesis of the review (Moher et al.,2009).

4.6.1 Eligibility criteria

Criteria for inclusion included young adults, defined as those aged 18 to 35 years, as this is
considered the acceptable range based on the National Institute of Health cut-offs (National

Institutes of Health,2010) in an intervention that promoted calcium or dairy intake, with or
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without a comparison group. The outcome of measure was change in calcium or dairy intake
at baseline and post-intervention. The outcome could be reported in servings or frequencies.
Randomized controlled trials (RCTs), quasi-experimental design, and before and after studies
with a primary or secondary aim to increase calcium or dairy intake were included.
Comparison was made between baseline and follow-up, as well as between intervention and

control group. Control group may be no intervention or minimal contact.
4.6.2 Information sources

A systematic search was conducted using the following academic databases: Cinahl, Embase,
Global Health, Medline, Pre-Medline, PsycINFO, Scopus and The Cochrane Library. These
databases were searched from inception to 22" May 2017 to select relevant articles. A search
strategy for Medline was developed first and revised appropriately for each database. A com-
bination of subject and keyword search was used to retrieve more relevant papers. For subject
searching, relevant terms were searched on all databases and subject headings were chosen
(where relevant). For example, ‘telemedicine’ was found on Medline thesaurus Medical
Subject Headings (MeSH) which encompasses the terms ‘mHealth’, ‘eHealth’, ‘telehealth’
and ‘mobile health’. The keyword search terms for interventions were broad, including
electronic (‘email’, ‘texting’, ‘mobile phones’, ‘smartphones’) and non-electronic
interventions (‘nutrition intervention’, ‘health education’, ‘nutrition education’, ‘dietary

records’).

No restriction limit was used on databases except for language (English) and studies
involving ‘humans’ (where applicable). The complete search strategy in the electronic
database Medline is presented in Table 4.1 (refer to supplementary tables for full search
strategy). Additional studies were retrieved by hand searching the reference list of relevant

studies.
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Table 4.1 Electronic database search: Medline

Search ID
number

28
29
30
31
32
33
34

Search terms

Young Adult/

Students/
Youth* .tw

(Young* adj2 (adult™ or person™® or people)).tw.

College student™.tw.
University student™®.tw.
or/1-6

exp Dairy Products/
Calcium, Dietary/
or/8-9

Telemedicine/
Electronic Mail/

exp Internet/

Mobile Applications/
exp Cell Phones/

Telephone/
Reminder Systems/
Social Networking/

Information Dissemination/
Computer Systems/
Ehealth*.tw.

Mhealth* .tw.

E-health*.tw.

M-health*.tw.

Mobile health.tw.
Telehealth.tw.

Text*.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading
word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier]
SMS.tw.

Health messag™®.tw.

Social media.tw.

Electronic health.tw.

Telecommunication.tw.

Computer based.tw.

Electronic Communication.tw.

Results

473361

40762
41829

89813
12779

7540
2009668
79847
12999
91783
13171
2075
57138
819
6658
9838

2550
1337

11843
11937
762
342
1132
108

592
1668
78307

3117
1392
1784
5165
1013
10083
561
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35 Smartphone*.tw. 1397

36 Diet/ 126793
37 Mobile app*.tw. 396
38 Diet Records/ 4359
39 Education, Distance/ 2903
40 Food Preferences/ 10770
41 Social Control, Informal/ 3542
42 Social Support/ 55800
43 Nutritional Sciences/ 10778
44 Food Habits/ 24013
45 Health Promotion/ 58486
46 Education/ 18872
47 Health Communication/ 918
48 Health Literacy/ 2445
49 Consumer Health Information/ 2322
50 Health knowledge, attitudes, practice/ 81149
51 Individual session*.tw. 540
52 Group session* .tw. 2242
53 Phone call*.tw. 1711
54 Dietary intervention®.tw. 4298
55 Dietary program™*.tw. 144
56 Nutrition intervention*.tw. 1341
57 Nutrition program™.tw. 1636
58 Nutrition education*.tw. 2920
59 Education program®.tw. 19706
60 or/11-59 577665
61 7 and 10 and 60 1469
62 limit 63 to English language 1378
4.6.3 Study selection

Titles and abstracts of all retrieved studies were downloaded onto EndNote X7 citation
management software (Thomson Reuters, Philadelphia, PA, USA). After removal of
duplicates, two authors (AR and AG) independently assessed all records for eligibility

criteria. If a decision could not be made based on abstract text, the full text was retrieved.
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Any disagreements were resolved by discussion and a third reviewer consulted if necessary

(MAF).

4.6.4 Data collection process and data items

A data collection form was developed to extract the following details: author, year and
country, target population, inclusion criteria, recruitment methods, study population, study
design, and baseline characteristics; description of intervention including focus, setting,
theoretical construct, study arms, delivery method and personnel, duration; and changes in
intake from baseline to post-intervention, attrition rate, comparison of drop-outs, follow-up
intervention and sustainability of program. In addition, the name of the tool used for
assessment of dairy or calcium was extracted and additional questions were included to
conduct a dietary tool quality assessment based on that used in a previous review with no
modifications necessary as it is appropriate for dietary assessment of all age groups (Burrows

et al.,2012).

Some additional data were extracted for quality assessment (i.e. method of randomization,
allocation concealment, blinding and reporting bias) (Higgins et al.,2011). A pilot data
extraction was carried out before entering data and changes were made appropriately. The
primary author extracted the full text of selected studies with 20% additionally extracted by a

second author.

4.6.5 Summary measures and synthesis of results

Standardized Mean Difference (SMD) was used as the summary measure which was deemed
to be a suitable measure as the same outcome measure was measured in different ways (i.e.
servings of food, mg or amount in grams and it standardizes the results before they are

combined in a meta-analysis (Cochrane Handbook for Systematic Reviews of
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Interventions,2011b). The outcome of interest was the change in dairy or calcium intake post-
intervention. Where possible, information pertaining to intake was recorded (frequency or as
servings, mg, cups etc.) pre and post-intervention. The changes in mean and standard
deviation, standard error and any associated P values overtime were documented. If standard
error was reported, it was converted to standard deviation (Cochrane Handbook for
Systematic Reviews of Interventions,2011a). For randomized controlled trials, the magnitude
of the intervention outcomes were converted to SMD, using Lipsey and Wilson’s web-based
calculator (Lipsey and Wilson,2001; Wilson,2001).The magnitude of effect was assessed
according to the categories, whereby an effect<0.2 is negligible, between 0.2 and 0.49 is

small, 0.5 and 0.8 is medium and >0.8 is large (Cohen,1992).

To pool the outcomes for the meta-analysis, dairy and calcium effect sizes were grouped
separately, when sufficient data were available i.e. mean, standard deviation and sample size
of treatment and control groups. The analyses were conducted based on a random effects
model using the metan command on STATA version 13.1 (StataCorp LP). Heterogeneity
between studies was assessed using the I? statistic, which examines the percentage of

variability between studies that cannot be attributed to sampling variations or chance alone.
4.6.6 Risk of bias assessment

For all randomized controlled trials, the risk of bias was assessed by two review authors using
the Cochrane risk of bias assessment tool (Higgins et al.,2011). Five domains were assessed
for each study: random sequence generation (selection bias), concealment of allocation
methods (selection bias), incomplete outcome data (attrition bias), blinding (performance bias
and detection bias) and risk of selective outcome reporting (reporting bias). This was
completed as described in the Cochrane Handbook for Systematic Reviews of Intervention

Version5.1.0 (Higgins J,2011).
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For non-randomized trials, the articles were assessed using the Evidence Analysis Manual
developed by the Academy of Nutrition and Dietetics (American Dietetics Association,2005).
The tool encompasses 10 validity questions which included the assessment of (i) the clarity of
the research question; (ii) whether selection bias was apparent; (iii) whether the study groups
were comparable and confounders controlled for; (iv) whether withdrawals were handled
adequately; (v) blinding of subjects and investigators; (vi) whether the study protocol was
described in sufficient detail; (vii) validity and reliability of measurements to measure
outcomes; (viii) whether appropriate statistical analysis was conducted; (ix) whether the
conclusion accounts for limitations and biases; and (x) declaration of conflict of interest and

funding sources.

The study was rated as low risk of bias if six or more of the validity questions were met
(including questions ii, iii, vi and vii). If the study did not meet one or two of the validity
questions (ii, iii, vi and vii) but met all others, it would be considered as moderate risk of
bias. The study was rated as poor quality if the answer was no to six or more questions (out of
10). Any disagreements of quality rating between the review authors were resolved by

discussion. A third researcher opinion was sought, where necessary.

4.6.7 GRADE assessment

The grading of recommendation, assessment, development and evaluation (GRADE) system
was applied to evaluate the overall quality of the body of evidence (Atkins et al.,2004). Five
domains were assessed for each study to ascribe a quality rating: limitations in study designs;
consistency of results; directness of the evidence comparing it to the study populations,

intervention design and outcomes; precision of outcomes; and publication bias.

Studies without a control group were not included for GRADE assessment as it was not

possible to calculate the effect sizes without a control group. Instead, we assessed whether the
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trial was successful in changing dietary behaviour of calcium or dairy and if it included any

external validity components.

4.6.8 Rating external validity

The external validity of included studies was conducted based on the criteria for rating
external validity designed by Green and colleagues (Green and Glasgow,2006). The
assessment encompasses: reach and representativeness of participants; intervention

implementation and adoption; and program maintenance and institutionalization.

4.6.9 Quality and validity of dietary assessment tools

The Australian Child and Adolescent Obesity Research Network (ACAORN) scoring method
was used to assess the quality and validity of the dietary assessment tool of the included
studies (Burrows et al.,2012). The ACAORN tool is applicable to all age groups as it is about

the quality of dietary assessment tools, not children specifically.

4.7 Results

4.7.1 Study selection

As shown in Figure 4.1, the searches identified 5217 records after duplicates were removed.
After the titles and abstracts were screened for relevance, 99 studies were identified for full
text examination. From these, 83 were excluded from this review because they did not meet
the inclusion criteria. Reasons for exclusion of these studies are provided in Appendix 4.2. A
total of 16 studies were included in this review and summarized in Table 4.2—4.4. The studies
were classified as RCT’s (n=8), non-randomized controlled trials (n=2) and before and after

study design (n=6).
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5660 of records identified
through database searching

Cinahl=409
Cochrane CENTRAL= 355
Embase= 1218 Hand searching of
Global Health= 708 references= 8
Medline= 1429

Pre-medline= 49
PsyclNFO= 1043

Scopus= 7E0
5217 of records after duplicates
removed

5217 of records screened 5118 of records excluded

83 of full-text articles excluded, with
99 of records full-text article reasons

assessed for eligibility *Not a relevant outcome= 33
*Not a relevant age group= 32
*Not an intervention= 8
*Conference abstract only= 8

16 studies included in qualitative *Unable to obtain full text=2

synthesis

l

6 studies included in guantitative
synthesis (meta-analysis)

Figure 4.1 Flow diagram showing selection of studies
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Table 4.2 Reach and representativeness of participants

Author, year, Target Inclusion criteria Recruitment methods Participation Study design and Baseline demographics
country, citation population study arms (n) (mean £ SD)
(Bohaty et al., Young Aged 19-30 years, not Information flyers posted at NR B&A Age: 22.3+3.1
2008), USA females currently pregnant or hairdressing school, a fitness I: 80 Sex: all females
breastfeeding and able to  centre and a day care centre. No control group Ethnicity: 98% Caucasian
speak, read and write Other: 74% freshmen
English
(Ehlert, 2010), College Part of the Education Email sent to EOF students NR RCT Age: 18 years: 81%
USA students Opportunities Fund (EOF) I: 40 Sex: 64% females
program at University C: 38 Ethnicity: I: 50% Black or
AA
C: 50% Hispanic or
Latino
(Gerend and College Undergraduate women From on campus laboratory NR Non-RCT Age: 18.45+0.86
Shepherd, 2013), women 141 (group numbers Sex: all females
USA not provided) Ethnicity: 82% White
(Ha et al., 2009), College Healthy, 18-24 years and ~ Sophomore level nutrition class ~ NR B&A Age: 20.15+1.38
USA students enrolled in basic nutrition I: 90 Sex: 88% females
class No control group Ethnicity: 90% White
BMI: 26.345.63
(Jung et al., College Female, less than 19 years Conducted during a campus club 290 women met RCT Age: I: 18.440.66
2011), Canada women of age, living in university fair at McMaster University criteria I. 67 C: 18.6%0.55
residence and consuming C: 66 Sex: all females
less than DRI for calcium
(as reported in a FFQ)
(Koszewski et College Female undergraduate Notice posted in school PP: 22,000 RCT Age: 2043
al., 1990), USA  women students newspapers and newsletters and  PR: 0.6% I. 68 Sex: all females
personal student contacts in 5000 contacted  C: 62 Other: 32% freshmen
sororities, dormitories and
classes.
(Kwon and College Students enrolled in a Participants of a basic nutrition =~ NR B&A Age: 20.0+2.3
Chang, 2000), students basic nutrition course course I: 187 Sex: 79% females
Korea No control group BMI: 20.2+2.3
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Author, year, Target Inclusion criteria Recruitment methods Participation Study design and Baseline demographics
country, citation population study arms (n) (mean £ SD)
(Martinelli, College University scholarship From a pool of recipients of a PP: 105 B&A Age: 21.6+2.4
2013), Italy sports athletes university scholarship PR: 6.7% 1.7 Sex: 57% females
students No control group BMI: 25.4+2.3
(Peterson et al., Young Aged 18-30 years with Television and newspaper 255 responded RCT Age:
2000), USA females low baseline calcium advertisements/flyers distributed to recruitment I. 62 I: 21.6£3.8
intake (<700 mg/day) at the local businesses and C: 60 C:21.1£2.9
Psychology Department Sex: all females
Ethnicity: 33% minority
(Peterson et al., College 18-23 years, have ameal  Surveys distributed in person PP: 19,878 B&A Age: 19.58+1.365
2010), USA students plan with residence hall during lunch and dinner and PR: 1.4% I: 288 Sex: 36% females
dining and eat at least 3 person entering the cafeteria No control group Ethnicity: 61% White/
meals at the dining hall were invited. Caucasian
weekly 27% AA
(Poddar et al., College No exclusion criteria Recruited from an PP: 997 RCT Age: 1: 20.2+1.3
2010), USA students undergraduate elective personal ~ PR: 29.5% I: 148 C:20.2+1.5
health course C: 146 Sex: 55% females
Ethnicity: 82% White
11% Asian/ Pacific Islander
(Poddar et al., College Enrolled in health-related  Recruitment announcement on PP: 980 RCT Age: 20.2+0.1
2012), USA students classes, 980 eligible to course website, descriptive flyer PR: 21.5% I: 107 Sex: 57% females
participate, no exclusion  emailed to students and direct C: 104 Ethnicity: 73% White
criteria recruitment during lectures
(Shahril et al., College 18-24 years, actively Students recruited from class NR RCT Age: 1: 19.2+1.1
2013), Malaysia  students using mobile phone, first  lists based on eligibility criteria 1. 205 C:19.0+1.2
or second year diploma or C: 212 Sex: 81% females

degree from management
studies, healthy and able
to read, write and
understand Malay or
English
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Author, year, Target Inclusion criteria Recruitment methods Participation Study design and Baseline demographics
country, citation population study arms (n) (mean £ SD)
(Sueta and College Students taking a dietitian ~ Students taking a dietitian NR Non-RCT Age: 18 or 19
Fukuda, 1995), women course course I: 54 Sex: all females
Japan C: 54
(Sueta, 2000), College Students taking a dietitian ~ Students taking a dietitian NR Non-RCT Age: 18-19
Japan women course course I. 54 Sex: all females
C: 54
(Talpade and College African American Enrolled in a research class NR B&A Age: 18-26
Caddell, 2015), students students I: 40 Sex: 80% females

USA

NR= not reported

B& A= before and after study design
I= intervention

BMI= body mass index;

PP= population pool

PR= participant rate

RCT= randomised controlled trial
C= Control

AA= African American

DRI= dietary reference intake

FFQ= food frequency questionnaire
Non-RCT= Non-randomised controlled trial
BMD= bone mineral density

No control group

Ethnicity: all AA
BMI: 25.71

Chapter Four | 107



Table 4.3 Intervention implementation and adoption

Author, Intervention
year, citation Mode of  Frequency of  Setting Dietary Description Theoretical Study arms Personnel Duration
contact contact focus construct (including
follow-
up)
(Bohaty et al., Face-to- 10 sessions Community  Calcium 45-min slide show SCT I: educational Nurses >8 wks
2008), USA face 1 f/ucall at 8 and dairy  presentation followed by intervention to (NR)
wks post- only group discussion, follow- increase calcium,
intervention up phone call and vitamin D and
handouts; dairy
No control group
(Ehlert, Face-to- 4 sessions held ~ University Calcium, Four sessions delivered in SCT I: SNAAKS Questionnaire reviewed 14 wks
2010), USA face every 3 wks dairy and 1.5 hour segments; face-to- curriculum by nutrition and
other face session followed by C: non-nutrition curriculum experts
discussion, questionnaire curriculum
(Gerend and  Face-to- One-off session  University Calcium Participants were given 6 Gain and I1: gain-framed NR ~1 mo
Shepherd, face, 1 fuat1 mo only mins to read a pamphlet loss framed  pamphlet (NR)
2013), USA handouts  post- and received handouts to messaging Lo: loss-framed
intervention take home pamphlet
(Haetal., Face-to- 3 times per University ~ Dairy and  Traditional lecture with NR I: class-based NR Spring
2009), USA face week calcium interactive activities. nutrition Semester,
only Participants met 3 times a intervention ~15-16
week for 50 mins and No control group weeks
completed a “Happy Body (NR)
Log” to encourage
behavior changes
(Jung et al., Face-to- One-off University Calcium 45 min seminar followed HBM I: 20 gain-framed  Registered dietitian 52 wks
2011), face session, f/u by only by second mail-delivered messages presented the seminar
Canada mail 7 and 24 intervention: OSC’s C: 11 loss-framed

wks post-
intervention

‘Speaking of Bones’
presentation and two
pamphlets

messages
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Author, Intervention
year, citation Mode of  Frequency of  Setting Dietary Description Theoretical Study arms Personnel Duration
contact contact focus construct (including
follow-
up)
(Koszewski et  Face-to- One-off University Calcium 15 min slide-tape NR I: slide- Data collection by 1 mo
al., 1990), face session, food and other  presentation with Q&A presentation trained graduate and
USA intake recorded session at the end C: no presentation  undergraduate students
4 wks post-
intervention
(Kwon and Face-to- NR University ~ Dairy and  Basic level nutrition course  NR I: nutrition course ~ NR Questionn
Chang, 2000), face other at the university No control group aire
Korea collection
for >2 wks
(NR)
(Martinelli, Face-to- 6 sessions over  University Calcium Six sessions with NR I: nutrition Qualified sports 5 mo
2013), Italy face, 5 mo and other  interactive workshops on education nutrition professional
email topics relevant to sports programme and performance
nutrition. Group emails No control group nutritionist
sent for meeting times and
other program details
(Peterson et Face-to- 3 sessions, f/u  University Calcium Three calcium intervention ~NR I: behavioral/ NR 6 mo
al., 2000), face lab visit at 3 only sessions in small groups, nutrition
USA and 6 mo + call explaining osteoporosis, intervention
reminder sources of calcium and C: no intervention
before an assessing change in intake
appointment
(Peterson et Paper 3 reminder University ~ Dairyand A logo “The Right Stuff!”  NR I: point-of- Content validity by 3 wks
al., 2010), emails sent out other was created at point-of- selection registered dietitians
USA to record food selection to promote intervention

intake

healthy foods. Card

showing healthy choices
and flyers/ signs distributed

in the area.

No control group
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Author, Intervention
year, citation Mode of  Frequency of  Setting Dietary Description Theoretical Study arms Personnel Duration
contact contact focus construct (including
follow-
up)
(Poddar et al., Electronic, Daily emails University Dairy only  Online course; posted SCT I: web-based Doctoral student in 5 wks
2010), USA online and  for the first 3 information, behavior nutrition education  nutrition and 3
email wks, then once checklists and tailored C: no intervention  registered dietitians
every wk for feedback.
the final 2 wks
(Poddar et al., Electronic =~ Weekly- one University ~ Dairy only Online course management HBM I: dairy A registered dietitian 8 wks
2012), USA /online +  module/ per system (specifically intervention based  attended social events
face-to- wk. Social developed for the study). on SCT session to provide
face event held Participants asked to C: stress education and practical
(optional)  fortnightly complete weekly behavior management tips on increasing dairy
(optional) checklists and social events intervention
providing nutrition
education.
(Shahril et al., Face-to- A total of 13 University Calcium,  Multimodal intervention: NR I: multimodal Nutrition and public 10 wks
2013), face, text messages dairy and  conventional lectures, intervention health s developed key
Malaysia electronic/  sent every 5 other brochures and text C: no intervention ~ messages, diet history
text days messaging used and data analysis
messaging performed by a
nutritionist
(Sueta and Face-to- One-off University Calcium National survey results NR I: calcium Basic Foods List 12 mo
Fukuda, face session, food only shown, participants learnt education developed by dietitians

1995), Japan

intake recorded
1 wkand 1 yr
post-
intervention

to self-evaluate their eating
pattern and set goals, 40
min videotape on why
calcium is necessary and
taught how to eat enough
in their diet (Basic Foods
List)

C: no intervention
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Author, Intervention
year, citation Mode of  Frequency of  Setting Dietary Description Theoretical Study arms Personnel Duration
contact contact focus construct (including
follow-
up)
(Sueta, 2000), Face-to- One-off University Calcium National survey 1991 NR I: calcium Video shown developed 12 mo
Japan face session, food only results shown, participants education by a group of dietitians
intake recorded learnt to self-evaluate their C: no intervention
1 wkand 1 yr eating pattern and set
post- goals. Education videotape
intervention on calcium intake screened
and taught how to eat
enough calcium in diet
(Basic Foods List)
(Talpade and  Face-to- Weekly University Dairyand  Two 50-min information Trans- I: HEALTH NR 4 mo
Caddell, face sessions held other sessions over two weeks; theoretical intervention
2015), USA over 2 wks, stages of No control group
food intake change
recorded 3 mo model +
post- theory of
intervention reasoned
action

F/u= follow-up

SCT= Social Cognitive Theory

I= intervention
Wks= weeks
NR= not reported

MI- motivational interviewing

C= Control
Yrs= years

SNAAKS= Student Nutrition Action, Attitude, Knowledge and Skills
OSC= Osteoporosis Society of Canada
HBM= Health Belief Model

Q&A= Question and answer

GBTL= game-based team learning
CDAS= cloud diet assessment system
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Table 4.4 Study results and maintenance

Author, year, Baseline to post-intervention Effect size Attrition Compared drop outs Follow-up
citation (Cohen’s d)
(Bohaty et al., Calcium: mg Dairy: cups NA, no control group NR NR Yes, at wk 2 (phone
2008), USA Pre: 961.3+477 Pre: 0.7278+0.82 call) wk 8 (dietary
Post: 905.0+£510 Post: 0.8608+0.88 intake).
P=0.38 (NS) P: 0.14 (NS)
(Ehlert, 2010), Calcium: Calcium-rich Dairy: frequency/day Calcium: -0.037 Nil NR NR
USA food servings Pre: Dairy: 0.265
Pre: I: 0.765 +1.84
I: 2.35£1.18 C: 1.54 £4.13
C:2.42+1.44 Post:
Post: I 1.51£2.77
1. 2.42+1.45 C:0.901 +1.66
C:247+1.24 P: 0.800 (NS)
P: 0.020
(Gerend and B=0.29 No control vs. 11% (n=15) Yes, non-completers Yes, participants

Shepherd, 2013),

No further information

intervention mean

were similar to

returned one month

USA provided and SE/SD for completers for all after intervention to
calculation demographics provide intake data.
(Ha et al., 2009), Calcium: mg Total milk: fl.oz No control vs. 11% (n=10) NR NR
USA Pre: 813.18+501.48 Pre: 5.40+£9.57 intervention mean No control group
Post: 858.21+£373.11 Post: 6.43+£11.27 and SE/SD for
P: 0.433 (NS) calculation
Milk: S, NR (females
only)
(Jung et al., Calcium intake (mg): Calcium: 0.787 I: 24% (n=16) NR Yes, at week 8 (mail-

2011), Canada

Pre:

I: 927+369
C: 891+286
Post:

I: 1144+514
C: 813+286
P: <0.01

C: 29% (n=19)

delivered intervention),
week 25 (mail-
delivered intervention)
and week 52 (diet
assessment).
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Author, year,

Baseline to post-intervention

Effect size

Attrition

Compared drop outs

Follow-up

citation (Cohen’s d)
(Koszewski et al., Calcium: mg Calcium: 0.047 NR NR NR
1990), USA Pre:
I: 93+62
C: 116+73
Post:
I. 99+71
C: 96+56
P> 0.05 (NS)
(Kwon and Milk and dairy foods: mg  No control vs. NR NR NR
Chang, 2000), Pre: intervention mean
Korea Males: 484.9+232.5 and SE/SD for
Females: 405.0+233.3 calculation
Post:
Increase in females,
amount, NR
Milk & dairy: S, NR
(females only)
(Martinelli, 2013), Calcium: mg No control vs. Nil NR NR

Italy

Pre: 924.9+365.1

intervention mean

Post: 1112.5+826.2 and SE/SD for

P: 0.510 (NS) calculation
(Peterson et al., Dietary calcium intake: Calcium: 0.253 34% (n=42) Yes, drop-outs had a Yes, at 3 and 6 mo for
2000), USA Pre: significantly lower diet assessment.

I: 418.17+£136.94
C:470.15+155.81
Post:

I: 725.82+334.28
C: 634.16+302.44
Follow-up

I: 755.284+305.25
C:676.96+315.00
P: <0.001

baseline calcium intake
compared to those who
completed the study
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Author, year,
citation

Baseline to post-intervention

Effect size
(Cohen’s d)

Attrition

Compared drop outs Follow-up

(Peterson et al.,
2010), USA

Cottage cheese:
P=0.001

(correlation significant at

the p<0.01 level)

Skim milk
P: NR, NS

Calcium:

I: 64% (n=184)
No control group

NR

NR

(Poddar et al.,
2010), USA

Dairy: total dairy
(servings/ day)
Pre:

I: 1.5+1.16

C: 1.4+1.17
Post: NR

P: NR, NS

No control vs.
intervention mean
and SE/SD for
calculation

I: 9% (n=13)
C: 7% (n=10)

NR

NR

(Poddar et al.,
2012), USA

Dairy:

Pre: servings/day
I: 1.37+0.95

C: 1.97+£0.94
Post: adjusted

I: 0.17+7.78
C:-0.13£7.45

P: 0.01

Dairy: 0.039

I: 16% (n=17)
C: 14% (n=15)

NR

NR
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Author, year, Baseline to post-intervention Effect size Attrition Compared drop outs Follow-up

citation (Cohen’s d)
(Shabhril et al Calcium: Dairy products: Calcium: 0.629 I: 13% (n=27) Higher dropout rate in ~~ NR
2013), Malaysia Pre: Pre: Dairy: 0.332 C: 5% (n=10) males (16%) vs
I: 312.6+100.1 I: 0.11£0.27 Milk: 0.498 females (8%)
C:331.4+103.8 C:0.05+0.14
Post: Post:
I: 376.5+125.4 I: 0.13+£0.27
C:300.6£116.5 C:0.06+0.14
P: <0.001 P: 0.005
Milk:
Pre:
1: 0.08+0.27
C: 0.09+0.28
Post:
I: 0.26+0.40
C: 0.09+0.28
P: <0.001
(Sueta and Calcium (mg): No SD or SE reported Nil NA Yes, at one year to
Fukuda, 1995), Pre: for calculation collect dietary intake.
Japan I: 474
C: 494
Post:
I: 516
C: 491
P: <0.05
(Sueta, 2000), Calcium (mg): No SD or SE reported  I: 1% (n=1) Only one person Yes, at one year to
Japan Pre: for calculation C:0 dropped out collect dietary intake
I:474.4
C: 4942
Post:
1: 418.8
C: 409.7
P>0.05 (NS)
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Author, year, Baseline to post-intervention Effect size Attrition Compared drop outs Follow-up

citation (Cohen’s d)
(Talpade and Inter-item correlation No SD or SE reported  33% (n=13) NR NR
Caddell, 2015), matrix for dairy: 1.000 for calculation
USA No further information
reported

Pre= prior to receiving intervention
Post= post-intervention

NS= not significant

NA= not applicable

NR= not reported

Wks= weeks

I= intervention

C= control

S= significant

Yrs= years

Table 4.5 Overall assessment of quality in 6 studies (1091 participants) of promotion of calcium or dairy intake using Grading of
Recommendations Assessment, Development and Evaluation (GRADE) system (Atkins et al., 2004)

Category Rating with reasoning

Limitations -2 quality level due to serious limitations

Consistency -1 quality level due to high heterogeneity score

Directness No subtraction of levels, as the population, outcomes and study
design are direct

Precision -1 quality level due to small sample size

Publication bias No subtraction of levels, not reported as it is not possible to
detect true symmetry when there are less than 10 studies

Overall quality Low; our confidence in the effect estimate is limited
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Table 4.6 Dietary quality of tools used to measure calcium and dairy intake

Study Method Validated tool Dietary score: calculated using ACAORN
criteria (Burrows et al., 2012)
(Bohaty et al., 2008) Dietary record No 1.5 Poor
(Ehlert, 2010) SNAAKS questionnaire No 3 Acceptable/ reasonable
(Gerend and Shepherd, 55-item FFQ Yes (Ilich et al., 1998) 4.5 Good
2013)
(Ha et al., 2009) 3-day food record No 2.75 Acceptable/ reasonable
(Jung et al., 2011) 3-day food record Yes (Thompson and 2 Poor
Byers, 1994)
(Koszewski et al., 1990) Previous 24-hour food intake No 1.5 Poor
(Kwon and Chang, 2000) 3-day recall No 2 Poor
(Martinelli, 2013) 7-day food record No 2.5 Acceptable/ reasonable
(Peterson et al., 2000) Hertzler and Frary’s rapid Yes (Hertzler and Frary, 4 Good
assessment questionnaire 1994)
(Peterson et al., 2010) FFQ intake No 2.25 Acceptable/ reasonable
(Poddar et al., 2010) 7-day food record No 3.25 Acceptable/ reasonable
(Poddar et al., 2012) 7-day food record No 2.75 Acceptable/ reasonable
(Shahril et al., 2013) Dietary recall No 3.25 Acceptable/ reasonable
(Sueta and Fukuda, 1995) 3-day weighted food record No 2.25 Acceptable/ reasonable
(Sueta, 2000) 3-day weighted food record No 2.25 Acceptable/ reasonable
(Talpade and Caddell, 2015) Capturing meal before and after No 1 Poor

photo

Chapter Four | 117



4.7.2 Study reach and representativeness of participants

As shown in Table 4.2, all studies were conducted between1990 and 2015. Over half of the
studies were conducted in the United States (n=10), two studies in Japan, and one study each
in Canada, Korea, Italy and Malaysia. The total number of participants included in this
review was 2434 with a mean of 152 participants per study (range: 7 to 417). The mean
participation rate was 11.9% (range: 0.6% to 29.5%). The study population tended to be of
higher education, female (81.1%) and Caucasian background which limited the
representativeness of the population; the mean age was 19.9 years (range: 18.4 to 22.3 years).
For studies that reported ethnicity (n=9), the populations with the highest representation
included White or Caucasian (n=6) and a minority included African American, Hispanic or
Latino (n=3). A majority of the studies described their target audience as ‘college or
university students’ (n=9), one of which specifically targeted university sports scholar

students, and only a few studies targeted the general population (n=3).

4.7.3 Intervention implementation and adaption

Eleven studies focused on improving dairy or calcium as their primary focus and the
remaining studies targeted multiple food groups or nutrients. Ten studies promoted calcium,
six targeted dairy and four measured both (Bohaty et al.,2008; Ehlert,2010; Ha et al.,2009;

Shahril and Lua,2013).

As shown in Table 4.3, the majority of the studies were conducted in a university setting
(n=15), with one study conducted in the community (Bohaty et al.,2008). The majority of the
studies provided face-to-face delivery of information (n=12). This included lecture style
delivery (n=5) (Bohaty et al.,2008; Ha et al.,2009; Jung et al.,2011; Shahril and Lua,2013),
tape or video presentation (Koszewski et al.,1990; Sueta, 2000; Sueta and Fukuda,1995).

Four studies reported including a discussion or interactive activity component (Ehlert,2010;
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Ha et al.,2009; Koszewski et al.,1990; Martinelli,2013). Three studies reported on providing
pamphlet, brochures or handouts (Gerend and Shepherd,2013; Jung et al.,2011; Shahril and
Lua,2013). One study provided a nutrition course in a class setting (Kwon and Chang,2000),
and one study provided education in small groups (Petersonetal.,2000). One study used phone
calls as part of their intervention (Bohaty et al.,2008), and one study used text messaging
(Shahril and Lua,2013). Two studies used group emails and one study used mail-delivery to

communicate information.

Six studies delivered a single one-off session with some follow-up contact through mail or
telephone, which may be considered as lower intensity intervention (Gerend and
Shepherd,2013; Jung et al.,2011; Koszewski et al.,1990; Peterson et al.,2010; Sueta,2000;
Sueta and Fukuda,1995). Six studies provided multiple sessions over the course of the
intervention. Four studies provided contact on a weekly or daily basis which was classed as
higher intensity (Ha et al.,2009; Poddar et al.,2012; Poddar et al.,2010; Shahril and
Lua,2013). Psychological theory-based constructs were used in 6 studies and included: Social
Cognitive Theory (SCT) (Ehlert,2010; Poddar et al.,2010), Health Belief Model (HBM)
(Jung et al.,2011; Poddar et al.,2012), or a combination of Transtheoretical or Stage of
Change and Theory of Reasoned Action (Talpade and Caddell,2015). Four studies
incorporated goal-setting as part of their intervention (Ehlert,2010; Poddar et al.,2012;

Sueta,2000; Sueta and Fukuda,1995), one of which provided feedback to participants.

The mean length of intervention was 18.25+18.0 weeks (range: 3 weeks to 1 year). Over half
of the studies had a duration of less than six months (n=12). Three studies had duration of
one month or less (Gerend and Shepherd,2013; Koszewski et al.,1990; Peterson et al.,2010).

Four studies had a duration of one year or more (Jung et al.,2011; Sueta,2000; Sueta and
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Fukuda,1995). Few studies did not clearly specify the duration; the length of intervention was

estimated from the details, where possible.

4.7.4 Study maintenance and institutionalization

Most studies reported on intake at baseline and post-intervention in sufficient detail (Table
4.4). Calcium intake was measured in mg or calcium-rich servings and dairy amount was
reported in servings and frequencies. Of 10 studies with a control group, six studies reported
a significant difference between intervention and control group (Ehlert,2010; Jung et
al.,2011; Peterson et al.,2000; Poddar et al.,2012; Shahril and Lua,2013; Sueta and
Fukuda,1995). For studies without a control group, two studies reported no significant
difference before and after intervention (Bohaty et al.,2008; Martinelli,2013). Three studies
reported a significant difference (Ha et al.,2009; Kwon andChang,2000; Peterson et al.,2010),

two of which were in females only (Ha et al.,2009; Kwon and Chang,2000).

Attrition was reported in 10 studies; the mean attrition rate was 21.3%, and ranged from 1%
to 64% (see Table 4.4). A majority of the studies did not provide any information comparing
drop-out characteristics to completers (n=13). Five studies included follow-up of dietary
intake after the intervention (Bohaty et al.,2008; Gerend and Shepherd,2013; Peterson et
al.,2000; Sueta,2000; Sueta and Fukuda,1995), while one included continued support via
meetings, phone calls or mail-delivered material during the follow-up period (Jung et
al.,2011). No studies reported any detail of program sustainability after the intervention

research.

4.7.5 Risk of bias

The Cochrane risk of bias assessment is presented in Appendix 4.4. A total of eight studies

were included for Cochrane assessment, all of which were RCT’s. For the overall judgment,
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four studies rated as unclear, three as high and one was low risk. The majority of the studies
rated as unclear for selection bias did not describe the method of randomization or
concealment of allocation. A majority of the studies rated as low risk had low or no attrition;
only two studies were found to have a high attrition rate (>20%) (Jung et al.,2011; Peterson et
al.,2000). For performance and detection bias, most studies were rated as low risk as they
provided description on blinding or reported an objective measure of outcome. All studies
reported pre-specified outcomes; however, one study was rated as unclear or high as there
were large baseline differences between intervention and control group for dairy intake

(Ehlert,2010).

Results for all non-randomized controlled trials and before and after studies assessed using
the American Dietetic Association or ADA tool (n=8) are presented in Appendix 4.5. Six
studies were deemed to have a moderate risk of bias and two as high risk. None of the studies
blinded the research team or data collectors for assessment of outcomes. Three studies did not
conduct appropriate statistical analysis (Kwon and Chang,2000; Martinelli,2013; Talpade and
Caddell,2015). One study did not use valid and reliable instruments to measure outcomes

(Talpade and Caddell,2015).

4.7.6 GRADE quality rating

Study limitations

Of six studies included in the meta-analysis, the majority of the studies rated were as high
risk of bias (n= 3). Two studies described the method for providing randomized sequence
generation (Poddar et al.,2012; Shahril and Lua,2013). One study adequately concealed
intervention and control groups (Poddar et al.,2012). One study could anticipate allocation as
it was explained to participants (Peterson et al.,2000). Three studies described the method of

blinding which involved blinding of the principal investigator or research assistants

Chapter Four | 121



(Ehlert,2010; Jung et al.,2011; Shahril and Lua,2013). Three studies performed a completer’s
analysis (Jung et al.,2011; Poddar et al.,2012; Shahril and Lua,2013) and one study
performed an intention to treat analysis (Peterson et al.,2000). All but one study reported pre-

specified outcomes.
Consistency

The effect size for change in calcium intake yielded an I? statistic of 75.1% (p value for
heterogeneity=0.003) and I? statistic of 53.4% (p value for heterogeneity =0.092) for change

in dairy intake. Both of these results indicate moderate heterogeneity (Figure 4.2 and 4.3).

Study %

D SMD (95% CI) Weight
T
1
1

Ehlert 2010 + : -0.04 (-048, 0.41) 17.85
1
1
1
i N

Jung etal. 2011 | v 0.79(0.38, 1.20) 18.78
1
1
1
1

Koszewski et al. 1990 —_—— 0.05(-0.30,0.39) 20.76
1
1
1
1

Peterson et al. 2000 0.25(-0.19, 0.69) 17.96
1
1
1
1

Shahril et al. 2013 | —— 0.63 (0.42,0.84) 24.65
1
I

Overall (I-squared = 75.1%, p = 0.003) 0.35(0.04, 0.67) 100,00
1
1
1
1
1

NOTE: Weights are from random effects analysis 1
1
L

! I

12 0 12

Figure 4.2 A forest plot of Cohen d effect size for interventions reporting calcium intake
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Study %

D SMID (35% CI) Weight

Ehiert 2010 {dairy) + 027 (0.18,0.71) 1362

Poddar et al. 2012 (dairy) + 0.04 (0.25,0.33) 2305

Shahril et al. 2013 (dairy) 0.33(0.13,0553) 3176

Shahril et al. 2013 (milk)

0.50(0.29, 0.70) 357

Overall (lsquared = 53.4%, p=0.092) 031(0.11,050) 100.00

NOTE: Weights are from random effects analysis

by

S 0 711

Figure 4.3 A forest plot of Cohen d effect size for interventions reporting dairy intake

Directness

There are variations between study design, population and outcome measures which made it
difficult to compare between studies. The majority of population included in our study were
college students, and only two interventions recruited beyond the university or college setting

(Jung et al.,2011; Koszewski et al.,1990).

Precision

Only three studies reported conducting sample power calculations; however, these were
mainly based on Bone Mineral Density (BMD) outcomes rather than calcium or dairy intake.
One study calculated power to examine bone density (Jung et al.,2011). The sample size of
the population included in the GRADE body of evidence yielded 1091 participants (range 78

to 380), which is considered insufficient.
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Publication bias

Whilst an extensive search strategy was conducted to minimize the risk of publication bias,
this cannot be ruled out as unpublished or negative finding studies may have been missed.
Funnel plot and statistical tests of publication bias were not reported as they are not
recommended for meta-analyses less than 10 studies due to the inability to detect true
symmetry with fewer studies (Higgins,2011). As shown in Table 4.5, overall body of
evidence was rated as low due to the study limitations, heterogeneity and small sample size in
the included studies. Out of six studies included in the meta-analysis, one scored low risk of

bias, three as unclear and two were high risk, which indicates serious limitations.

4.7.7 Efficacy of interventions

Of the 16 reviewed studies, 10 studies provided results for calcium and eight studies provided
results on dairy intake. Four studies included results for both calcium and dairy intake.
Studies targeting calcium intake appear to be slightly more successful than dairy intake. For
calcium, five studies were included in the meta-analysis; four of which reported positive
effects (SMD 0.05-0.79, four were statistically significant). The pooled effect size was 0.35
(95% CI 0.04 to 0.67); all studies contributed similar weighting (ranged from17.85% to

24.65%).

For dairy, three studies were included in the meta-analysis; all of which reported positive
effects (SMD 0.04-0.50, two were statistically significant). The pooled effect size was 0.31

(95% CI1 0.11 to 0.50). Contributing weighting of studies ranged from 13.62 to 31.76%).
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4.7.8 Quality and validity of dietary assessment tools

As shown in Table 4.6, over half of the studies scored as acceptable/reasonable (n=9). Five
studies were rated as poor and two studies rated good. The mean score was 2.5, and ranged

from 1 to 4.

Of the reviewed studies, the most common method of assessing intake was food record (n=8)
and three studies used a dietary recall. Five used tools that were specific to the study such as
questionnaires, FFQs (Food Frequency Questionnaire) and capturing photos of meals. Three
studies used a FFQ, one of which had been validated previously in a similar population
(Gerend and Shepherd,2013), and one conducted a test-retest of the instrument (Peterson et
al.,2010). A majority of the studies did not acknowledge appropriate validation studies in
relation to the use of their tool; (Hertzler and Frary,1994; Ilich et al.,1998; Thompson and
Byers,1994) and only three studies provided details of a validation study in sufficient detail

(Gerend and Shepherd,2013; Jungetal.,2011; Petersonetal.,2000).

4.8 Discussion

To our knowledge, this is the first systematic review of interventions of calcium or dairy
intake among young adults. Our findings suggest that calcium or dairy interventions may
have a small effect on increasing intake, as indicated by the meta-analyses. However,
findings must be interpreted with caution, due to the presence of heterogeneity and poor

quality of the intervention studies.

Education was reported as the most widely used technique to change behavior. It was
previously suggested in the literature that knowledge of calcium was related to intake of dairy

foods (Nicklas,2003). While knowledge is important, it is apparent that knowledge on its own
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is not sufficient for a behaviour change to take place (Brug et al.,2005; Jepson et al.,2010).
Participants must be taught the ‘how to’ aspect of behavior change (Worsley,2002). Research
has established the importance of incorporating a behavior change theory in the intervention
(Brug et al.,2005). Half of the studies included a theoretical construct or a behavior change
technique in their intervention, but of these only four of seven had positive outcomes. Self-
efficacy is often thought to be the best predictor of engagement in a particular behavior
(Hackman and Knowlden,2014), but it is reported that there are two phases of self-efficacy
motivational and volitional in healthy eating and both need to be high for behavior change
(Ochsner et al.,2013). This may be why only three of five studies addressing self-efficacy
were successful. A meta-regression examining successful behavior change techniques for
adopting healthy eating and physical activity in adults revealed that self-monitoring
combined with at least one other technique from control theory such as goal-setting and
feedback was more effective (Michie et al.,2009). Four studies used goal-setting and two of

these resulted in positive behaviour changes, one of which also used self-monitoring.

Among the studies that improved dairy or calcium intake, only small changes were observed.
Several studies reported the increase being significant but still inadequate compared to
dietary guidelines. The benefits resulting from behavioral modification to improve calcium
intake may only be evident over time, however the long-term effectiveness of the
interventions in the current review cannot be determined since only seven studies included a
follow-up. They will only reap the benefits if the behavior modifications are sustained and a
longer follow-up is required to determine this. It is necessary to address any barriers, as well
as beliefs and myths concerning dairy foods consumption. Future studies may benefit from
addressing barriers to dairy consumption in order to address long-term behavior change, as

stated in a recent review (Hendrie et al.,2013).
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From our assessment of dietary tools, it is evident that some uncertainty remains in the
quality of the tools used. In order to assess shortfalls in a population, an accurate
measurement is required. An earlier review by Magarey et al emphasized the need to develop
better quality tools to assess calcium and dairy foods intake (Magarey et al.,2014); our
findings from this review are in agreement. The studies included in this review are of
uncertain quality as a majority of the papers did not conduct blinding of investigators and
participants or ensure random allocations or concealment or blinding of assessors. However,

two studies rated scored as high quality, both of which were effective.

The degree to which the interventions can be translated to the broader young population is
poor, as a majority of our studies recruited from a university or college setting. Most of the
studies were conducted in western countries and used convenience sampling. Even though
the latest statistics show a greater proportion of young adults entering tertiary education
(OECD,2016), young people in lower socioeconomic status remain underrepresented (Centre
for the Study of Higher Education,2008). This gap could be addressed by recruiting outside

the tertiary sector in the community at large.

None of our studies provided information of sustainability or costs; therefore, the external
validity remains unclear. Numerous systematic studies have emphasized the lack of external
validity in the field of public health research (Blackman et al.,2013; Klesges et al.,2008;
Laws et al.,2012; Nour et al.,2016; Partridge et al.,2015). In order to upscale interventions
and translate into the wider community, studies need to report on external validity

components, particularly program sustainability and cost-effectiveness.

Interventions which were of higher intensity (i.e. provided weekly or daily contact) did not
perform any better compared to interventions that were of low intensity (only one point of

contact) or moderate intensity. This is consistent with a recent review (Racey et al.,2016),
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which included children from 9 to 18 years in a school setting. Face-to-face contact was the
most widely used method for delivery of the interventions, however, with increasing use of
technology; a small number of interventions incorporated an electronic component. Recent
reviews one-health or m-health interventions for other dietary behaviors have shown
promising results (Free et al.,2013; Nour et al.,2016). A recent review targeting dairy food
intake in adolescents found that interventions were successful without providing an
individual contact (Marquez et al.,2015). This is an important consideration as it means group
delivery of an intervention may be sufficient when targeting this age group, resulting in lower
costs. Earlier reviews have pointed out the lack of electronic interventions in this field of
research (Marquez et al.,2015; Ryan et al.,2013). There is the potential to explore the use of
electronic technologies in interventions to improve intake of dairy products, as they are a

convenient and possibly cost-effective alternative to traditional modes (Steinhubl et al.,2015).

Three studies in our review included a form of electronic technology, two of which were
successful and incorporated face-to-face contact, which indicated that some human contact
may be important. It may be worth focusing on a discrete nutritional behavior rather than
trying to change numerous behaviors (Hendrie et al.,2013; Jung et al.,2016; Sweet and
Fortier,2010). Targeting one nutrition behavior may be more manageable for the participants
as they are likely to view it as seemingly minor and manageable compared to a global change

in diet (Jung et al.,2016).

Future studies could consider online-technology based interventions because they can double
the number of users as opposed to an average public health campaign (10% vs. 5%
respectively) (Cugelman,2013). With the rise of the internet as a source of nutritional and
medical information and high ownership of smartphone in young adults, these may be

appropriate channels to deliver health promotion (Kite et al.,2016; Pollard et al.,2015).
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Furthermore, smartphones are becoming very popular, young adults having the highest
smartphone ownership and a recent US survey has revealed that 85% young adults are
smartphone user and almost three-quarters have used their smartphone to look up health
information (Pew Research Center, 2015). There have already been a number of successful
interventions addressing other nutritional behaviors using this media to promote nutritional

behavior (Allman-Farinelli et al.,2016; Coughlin et al.,2015; Nour et al.,2017; Olson,2016).

This review has several strengths which include a comprehensive search strategy, adherence
to PRISMA protocol for selection of studies (Moher et al.,2009), and a meta-analysis for
dairy foods and calcium intake. In addition, two reviewers conducted a risk of bias and
GRADE assessment to assess the overall body of evidence. The limitations of the included
studies are the dietary tools used to measure dietary intake and overall poor quality of studies.
The limitations of the search strategy include filtering studies that were only published in
English and those indexed in major databases. While attempts were made to search grey
literature, the possibility of publication bias cannot be ruled out. Finally, the considerable
differences in the intensity of the interventions made it difficult to make direct comparisons

between the studies.

In conclusion, our review revealed some evidence demonstrating that calcium and dairy
interventions are effective; however, poor quality of studies and moderate heterogeneity
remain a limitation. Future interventions could include a form of electronic technology, self-
monitoring, goal-setting and social support for increasing intake. Greater rigor is needed in
terms of reporting external validity components and improving quality of interventions in
order to confidently determine their effectiveness and cost-effectiveness for dissemination to

the population-at-large. The findings of this review may be used to inform the development
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of future interventions targeting young adults for increased calcium and dairy intake to

optimal levels.
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4.10 Conclusion to chapter

The available evidence base is comprised of studies that were not very effective at improving
calcium intake. The majority of interventions were delivered in a traditional manner, with
only three studies that included a form of technology. As mentioned in Chapter Two, young
adults are high users of technology so it may be beneficial to develop an intervention using an
electronic platform. Two behaviour change techniques were identified (goal-setting and self-
monitoring) in this chapter which resulted in positive behaviour change and should be
included in future interventions. Overall, a small effect size was found and the quality of the
body of evidence was low. The systematic review did not find any Australian studies so it
was necessary to delve into formative research prior to developing an intervention. The next
two chapters will synthesise qualitative and quantitative research conducted with the target

population.

Chapter Four | 142



Appendix 4

Appendix 4.1: Search strategy for all databases searches (in alphabetical order)

CINAHL via EBSCO search strategy

S1 MH Young adult

S2 MH Student health education
S3 MH Students, college

S4 "Young adult*"

S5 "Young person*"

S6 "Young people"

S7 "Young" W2 (adult* OR person* OR people)
S8 "University student*"

S9 "Youth*"

S10 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9
S11 MH Dairy products+

S12 MH Calcium

S13 "Dairy*"

S14 "Milk"

S15 "Yoghurt*"

S16 "Yogurt*"

S17 "Cheese*"

S18 S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17
S19 MH Telehealth

S20 MH Text messaging

S21 MH Social Media

S22 MH Mobile applications
S23 MH Internet+

S24 MH Computer systems

S25 MH Therapy, Computer Assisted
S26 MH Electronic mail

S27 MH Cellular Phone+

S29 MH Smartphone

S30 MH Telemedicine

S31 "e-health"

S32 "ehealth"

S33 "m-health"

S34 "mhealth"

S35 "Mobile health"

S36 "Text*"

S37 "SMS*"

S38 "Health messag*"

S39 "Electronic health"

S40 "Mobile app*"

S41 "Mobile phone*"

S42 "Computer based"

S43 "Email"

S44 "Telecommunication”

S45 "Electronic communication"
S46 "Smartphone*"

S47 MH Home visits

S48 MH Adolescent Nutrition
S49 MH Education
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S50 MH Health Education

S51 MH Education, Dietetics
S52 MH Nutrition Education
S53 MH Nutritional Counseling
S54 "Individual session*"

S55 "Group session*"

S56 "Phone call*"

S57 “Dietary intervention*”
S58 "Dietary program*"

S59 "Nutrition education™®"

S60 "Nutrition intervention*"
S61 "Nutrition program™*"

S62 "Education program*"

S63 "Intervention*"

S64 S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR
S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41
OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR
S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR S63

S66 S12 AND S20 AND S65
Limiters- Human

Narrow by Language- English

Cochrane Central Register of Controlled Trials (CENTRAL) via OvidSP

ID
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28
#29

Search

MeSH descriptor: [ Young Adult] explode all trees

Students

Young* near/2 (adult* or person* or people) .mp
College student* .mp

University student* .mp

Youth* .mp

#1 or #2 or #3 or #4 or #5 or #6

MeSH descriptor: [Dairy Products] explode all trees

Calcium, dietary

Dairy* .mp

Milk .mp

Yogurt* .mp

Yoghurt* .mp

Cheese* .mp

#8 or #9 or #10 or #11 or #12 or #13 or #14
Telemedicine

Smartphone

Text Messaging

Electronic Mail

MeSH descriptor: [Internet] explode all trees
Mobile Applications

MeSH descriptor: [Cell Phones] explode all trees
Telephone

Reminder Systems

Social Networking

(ehealth or e-health) .mp

(mhealth or m-health) .mp

Telehealth .mp

Text* .mp
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#30
#31
#32
#33
#34
#35
#36
#37
#38
#39
#40
#41
#42
#43
#44
#45
#46
#47
#48
#49
#50
#51
#52
#53
#54
#55
#56
#57
#58
#59
#60
#61
#62
#63
#64
#65

#58 or #59 or #60 or #61 or #62 or #63 or #64

#66
#67

SMS .mp

Health messag* .mp
Social media .mp
Electronic health .mp
Mobile app* .mp

Mobile phone* .mp
Mobile health .mp
Computer based .mp
Email .mp
Telecommunication .mp
Electronic communication .mp
Smartphone* .mp
Information Dissemination
Computer Systems

Diet

Diet Records

Education, Distance
Food Habits

Social Control, Informal
Social Support

Health education
Nutritional Sciences
Health Promotion
Education

Health Communication
Individual session* .mp
Group session* .mp
Phone call* .mp

Dietary intervention® .mp
Dietary program™* .mp
Nutrition intervention® .mp
Nutrition education* .mp
Nutrition program™® .mp
Education program* .mp
Intervention® .mp

#16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or
#29 or #30 or # or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43
or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 or

#7 and #15 and #65
Limit to Trials

Embase via OvidSP

WO b W=

exp Young adult/

(Young* adj2 (adult* or person* or people)).mp.

College student™.tw.
University student™.tw.
Youth*.tw.

or/1-5

exp Dairy product/
Calcium deficiency/
exp Calcium intake/
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

Dairy*.tw.

Milk.tw.
Yoghurt™®.tw.
Yogurt*.tw.
Cheese*.tw.

or/9-14

exp Telehealth/
Calcium deficiency/
Mobile phone/
Computer assisted therapy/
Computer program/
Internet/
Telecommunication/
Mass communication/
Text messaging/
Mobile application/
Health education/
Social media/

Mass medium/
Telephone/

Computer system/
E-mail/

(ehealth or e-health).tw.
(mhealth or m-health).tw
Mobile health.tw.
Telehealth.tw.
Telemedicine.tw.
Text*.tw.

SMS.tw.

Health messag*.tw.
Computer based.tw.
Email*.tw.

Electronic health.tw.

Electronic Communication.tw.

Smartphone*.tw.
Education program/
Learning/

Nutrition education/
Education/

Nutritional education/
School health education/
Health promotion/
Health Literacy/
Individual session*.tw.
Group session*.tw.
Phone call*.tw.

Dietary intervention™®.tw.
Dietary program*.tw.
Nutrition education*.tw.
Nutrition intervention*.tw.
Nutrition program®.tw.
Education program®.tw.
Intervention*.tw.
or/18-62
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64.
65.
66.

6 and 15 and 63
limit 64 to human
limit 65 to english language

Global Health via OvidSP

e ARG o e

young adults/

college students/

students/

youth/

(Young* adj2 *(adult* or person* or people)).mp
University student®.tw.

or/1-6

exp milk products/

milk consumption/

. calcium/

. Dairy*.tw.

. or/9-11

. mobile telephones/

. telecommunications/

. internet/

. computers/

. chealth.tw.

. mhealth.tw.

. e-health.tw.

. m-health.tw.

. mobile health.tw.

. telehealth.tw.

. telemedicine.tw.

. text*.tw.

. SMS.tw.

. health messag*.tw.

. social media.tw.

. electronic health.tw.

. mobile app*.tw.

. computer based.tw.

. email*.tw.

. electronic Communication.tw.
. smartphone*.tw.

. youth programmes/

. dietary history/

. nutrition education/

. nutrition knowledge/

. nutrition programmes/
. preventive nutrition/

. diet/

. diet counseling/

. diet studies/

. diet treatment/

. individual session*.tw.
. group session*.tw.

. phone call*.tw.

. dietary intervention®.tw.
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48.
49.
50.
S1.
52.
53.
54.
55.

dietary program™*.tw.
nutrition education®.tw.
nutrition intervention®.tw.
nutrition program*.tw.
education program*.tw.
or/14-52

7 and 12 and 53

limit 54 to english language

Pre-Medline via OvidSP

XA N R DD —

(Young* adj2 (adult* or person* or people)).mp.

College student*.mp.
University student®*.mp.
Youth*.mp.

or/1-4

Dairy*.mp.

Milk.mp.

Yogurt.mp.
Yoghurt.mp.

. Cheese*.mp.

. or/7-10

. ehealth.mp.

. mhealth.mp.

. mobile health.mp.

. e-health.mp.

. m-health.mp.

. Telehealth.mp.

. telemedicine.mp.

. Text*.mp.

. SMS.mp.

. Health messag®.mp.

. Social media.mp.

. electronic health.mp.

. Mobile app*.mp.

. Mobile phone*.mp.

. Internet.mp.

. Computer based.mp.

. Email.mp.

. telecommunication.mp.
. Electronic Communication.mp.
. Smartphone*.mp.

. Individual session*. mp.
. Group session*.mp.

. Phone call*.mp.

. Dietary intervention.mp.
. Dietary program™*.mp.

. Nutrition intervention®*.mp.
. Nutrition education*

. Nutrition program™*.mp.
. Education program*.mp.
. Intervention*.mp

. or/13-41

. 5and 11 and 42
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PsycINFO via OvidSP

NN R WD =

Predelinquent Youth/

(Young* adj2 (adult* or person* or people)).tw.

College student*.tw.
University student™.tw.
Youth*.tw

or/1-5

Food Intake/

Calcium/

Food Preferences/

. Diets/

. Nutrition /

. Dairy*.tw.

. Yogurt*.tw.

. Yoghurt*.tw

. Milk.tw.

. Cheese*.tw.

. or/7-16

. Telemedicine/

. Internet/

. exp Social media/

. Health Promotion/

. Technology/

. Electronic Communication/
. Health Literacy/

. Health Behavior/

. Messages/

. exp Mobile Devices/

. Computer Mediated Communication/
. Telephone Systems/

. (mhealth or m-health).tw.
. (chealth or e-health).tw.
. Electronic health.tw

. mobile health.tw.

. Mobile app*.tw.

. Mobile phone*.tw.

. Computer based.tw.

. email*.tw.

. Text*.tw.

. SMS.tw.

. Smartphone*.tw.

. Telecommunication.tw.
. Health messag*.tw.

. School Based Intervention/
. Health Education/

. Health Knowledge/

. Behavior Change/

. Intervention/

. Education/

. Educational Programs/
. Individual session*.tw.
. Group session*.tw.

. Phone call*.tw.
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53. Dietary intervention™.tw.
54. Dietary program®.tw.

55. Nutrition program®.tw.

56. Nutrition program™*.tw.

57. Nutrition education*.tw.
58. Nutrition intervention™®.tw.
59. Education program*.tw.
60. or/18-59

61. 6 and 17 and 60

62. limit 61 to english language

Scopus

( (TITLE-ABS-KEY ( dairy* ) ) OR ( TITLE-ABS-KEY (milk)) OR ( TITLE-ABS-

KEY (yogurt)) OR ( TITLE-ABS-KEY ( yoghurt)) OR ( TITLE-ABS-

KEY (cheese)) OR ( TITLE-ABS-KEY (calcium))) AND ( TITLE-ABS-

KEY ( young* W/2 (‘adult* OR person* OR people))) OR ( TITLE-ABS-KEY ( "College
student*" ) ) OR ( TITLE-ABS-KEY ( "University student*" ) ) OR ( TITLE-ABS-

KEY (youth*))) AND ((( TITLE-ABS-KEY ( mhealth ) OR TITLE-ABS-KEY ( {m-
health} ) OR TITLE-ABS-KEY ( ehealth ) OR TITLE-ABS-KEY ( {e-health} ) OR TITLE-ABS-
KEY ( {mobile health} ) OR TITLE-ABS-KEY ( telehealth ) OR TITLE-ABS-

KEY ( telemedicine ) OR TITLE-ABS-KEY ( "text messag*" ) OR TITLE-ABS-

KEY (sms) OR TITLE-ABS-KEY ( "health messag*" ) OR TITLE-ABS-KEY ( {social
media} ) OR TITLE-ABS-KEY ( {electronic health} ) OR TITLE-ABS-KEY ( "mobile
app*" ) OR TITLE-ABS-KEY ( "mobile phone*" ) OR TITLE-ABS-KEY ( {computer
based} ) OR TITLE-ABS-KEY (email ) OR TITLE-ABS-

KEY ( telecommunication ) OR TITLE-ABS-KEY ( {electronic communication} ) OR TITLE-
ABS-KEY ( smartphone* ) OR TITLE-ABS-KEY (internet))) OR ( ( TITLE-ABS-

KEY ( "individual session*") OR TITLE-ABS-KEY ( "group session*") OR TITLE-ABS-
KEY ( "phone call*"))) OR ( ( TITLE-ABS-

KEY (diet* W/2 ( program* OR intervention* ))) OR ( TITLE-ABS-

KEY ( nutrition* W/2 ( program* OR education®* OR intervention®*))))) AND ( LIMIT-
TO (LANGUAGE, "English")) AND ( LIMIT-TO (EXACTKEYWORD, "Human" )
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Appendix 4.2 Reasons for exclusion

Author, year Reason for exclusion
1. Alameda 2013 Not a relevant outcome (no dairy)
2. Alamri et al 2015 Conference abstract only
3. Allen et al 2007 Not a relevant outcome (no dairy)
4. Artsetal 2014 Conference abstract only
5. Banks 2011 Not a relevant age group (participants 12-14 years)
6. Bogart 2014 Not a relevant outcome (no dairy)
7. Bogartetal 2011 Not a relevant outcome (no dairy)
8. Brinberg et al 2000 Not a relevant outcome (no dairy)
9. Bronner et al 2006 Not an intervention

10. Brown 2014
11. Brown et al 2005
12. Buscher et al 2001

13. Caine et al 2006

14. Carson 2011
15. Casazza & Ciccazzo 2007
16. Cason et al 2002

17. Chan et al 2005
18. Chan & Ko 2006

19. Cox et al 2003

20. Cullen et al 2013

21. Davis et al 2013

22. DeBar et al 2004

23. DeBar et al 2006

24. DeBar et al 2009

25. Dewar et al 2013

26. Drieling et al 2011

27. Esterlydia & John 2011

28. Fernandes 2014
29. Franke 1989
30. Gates et al 2013

31. Gates et al 2013 (different to above)

32. Hekler et al 2010

33. Ikeda et al 2002

34. Kebaili et al 2014
35. Kemirembe 2010

36. Kershaw 2001

37. Kwon & Chang 2000
38. LaChausse 2012

39. Mackey et al 2015
40. Magee et al 2008

41. Matthews et al 2014

42. Matvienko et al 2001
43. McDonnell et al 1997
44. McKinley 2003

Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant outcome (not measuring intake, sales data
only)

Not a relevant age group (participants up to sixth
graders)

Not a relevant age group (participants 11-15 years)
Not a relevant age group (participants 13-18 years)
Not a relevant age group (includes population 19-50
years)

Not a relevant age group (includes women 18-46+
years)

Not a relevant age group (includes women 18-46+
years)

Not a relevant age group (includes 15-52 years)
Not a relevant age group (includes 12-17 years)
Not a relevant outcome (no dairy)

Not a relevant age group (includes 14-16 years)
Not a relevant age group (includes 14-16 years)
Not a relevant age group (includes 14-16 years)
Not a relevant outcome (no dairy)

Not a relevant age group (includes 45-85 years)
Not a relevant outcome (intervention only measures
nutrition knowledge and awareness)

Conference abstract only

Unable to obtain full text (abstract only)

Not a relevant age group (includes 10-15 years)
Not a relevant age group (includes 11-16 years)
Not a relevant outcome (targets decrease of high fat
dairy)

Not a relevant age group (includes women 15-46)
Not a relevant age group (includes 12-16 years)
Not a relevant age group (includes 10-14 years)
Not a relevant outcome (no dairy)

Not an intervention

Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant age group (includes adolescents)
Not an intervention

Not a relevant outcome (no dairy)
Not an intervention
Not an intervention
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45.
46.
47.
48.
49.
50.
S1.
52.
53.
54.
S5.
56.
57.
8.

59.
60.
61.

62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.

Melnyk et al 2007
Meyers et al 2012
Miller 1988

Miller et al 1995
Mobley et al 2012
Nabi & Thomas 2013
Nourse et al 2015
Olson et al 2008
Panek et al 2013
Peng 2009
Prochaska & Sallis 2004
Purcell et al 2013
Radvanyi 2015
Rafferty et al 2009

Randi Schoenfeld et al 2010
Reed et al 2002
Reger et al 1998

Rhodes et al 2010
Ritchie 2012
Robinson 2014

Rose et al 2014

Rose et al 2015
Roth-Yousey 2012
Rukstalis et al 2010
Sanaeinsasab et al 2013
Scripa 2013

Shilts et al 2004
Shilts et al 2009

Shin et al 2015
Skinner et al 2012
Sneha et al 2014
Snelling et al 2006
Stark et al 2005
Ulavannavar & Usha 2015
van Nassau et al 2014
Walsh et al 2003
Watson et al 2009
Weems 1987

Yang et al

Not a relevant outcome (no dairy)

Conference abstract only

Not a relevant outcome (no dairy)

Not an intervention

Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant age group (includes 10-19 years)
Not a relevant age group (includes <14)

Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Conference abstract only

Unable to obtain full text (abstract only)

Not a relevant age group (includes younger school
children) check with Amanda

Not a relevant outcome (only intention to change)
Not a relevant age group (includes 11-15 years)
Not a relevant outcome (targets decrease of high fat
dairy)

Not a relevant age group (includes 9-14 years)
Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Conference abstract only

Conference abstract only

Not a relevant age group (includes 9-13 years)
Conference abstract only

Not a relevant age group (includes 15-16 years)
Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant outcome (only intention to change)
Not a relevant outcome (no dairy)

Not a relevant age group (includes grade 6 to 10)
Not a relevant age group (includes girls 13-16 years)
Not an intervention

Not a relevant age group (includes 4-10 years)
Not a relevant outcome (no dairy)

Not a relevant outcome (no dairy)

Not a relevant age group (includes 16-109 years)
Not a relevant age group (includes 14-19 years)
Not an intervention

Not a relevant age group (includes 15-16 years)
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Appendix 4.3 full version of dietary quality scoring assessment measuring calcium and dairy intake of included studies

Study Document Is there a Document validation tool 3. Data 4. Scoring method Question 5 and 6 (specific to  Total score
study tool dietary collection method)
method 1. Validation study sample
validation and sample size
study? 2. Statistics to assess
validity
(Bohaty et al., “3-day dietary Generic - Done by Nutritionist Five 3 days: 0.5 1.5
2008) recall” citation participants: 0 Software: 1 Poor
Dietary
record
(Ehlert, 2010) SNAAKS Yes, basedon - ? Sub-scale Provided as an appendix + 3
questionnaire  other validated provided: 1 summary of items: 0.5 + 0.5 Acceptable/
questionnaires reasonable
for similar
audiences
(Gerend and 55-item FFQ  Yes, Ilichetal 1. same population + ~450 Researcher 0 Frequency scale + portion size: 4.5
Shepherd, 2013) 1998(Tlichet  girls: 0.5+ 0.5 administered: 0.5+0.5 Good
al., 1998) 2. mean + adjusted 0.5
correlation: 1 + 1
(Haetal., 2009)  3-day food N/A - Checked by NutriBase IV Multiple days, weekdays and 2.75
record researchers: 0.5  Clinical: 1 weekends, measuring utensils ~ Acceptable/
for portion size reasonable
0.5+0.5+0.25
(Jung et al., 3-day food Yes(Thompson Not relevant 0 Nutritionist Five: 1 ~ Multiple days, weekdays and 2
2011) record and Byers, weekends: 0.5+ 0.5 Poor
1994)
(Koszewski etal., “Previous 24- No - Researcher Nutrient adequate ~ No further details provided: 0 1.5
1990) hour food administered: ratios (NARS) Poor
intake” 0.5 (Guthrie &

Screener 1981): 1
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Study Document Is there a Document validation tool 3. Data 4. Scoring method Question 5 and 6 (specific to  Total score
study tool dietary collection method)
method 1. Validation study sample
validation and sample size
study? 2. Statistics to assess
validity
(Kwon and 3-day recall No - Researcher Computer-Aided Multiple days: 0.5 2
Chang, 2000) administered: nutritional Poor
0.5 program for
professionals: 1
(Martinelli, 2013)  7-day food No - Researcher NetWISP V.3.0 Multiple days + weekends: 0.5 2.5
record administered +  Dietary Analysis +0.5 Acceptable/
checked for Software: 1 reasonable
accuracy: 0.5
(Peterson et al., Hertzler and  Yes (Hertzler 1. same population + ~250: Researcher Questionnaire sub-  No further details provided: 0 4
2000) Frary’srapid  and Frary, 0.5+0.5 administered: scales: 1 Good
assessment 1994) 2. means + Pearson adjusted: 0.5
questionnaire 1+0.5
(Peterson et al., FFQ intake No - Researcher Valid: 1 FFQ frequency + portion size:  2.25
2010) Test-retest administered: 0.5+0.25 Acceptable/
0.5 reasonable
(Poddar et al., 7-day food - - Researcher Dietitian Multiple days + weekends and ~ 3.25
2010) record administered +  calculated dairy weekdays + amounts: 0.5+ 0.5  Acceptable/
reviewed: 0.5+  products by hand +0.25 reasonable
0.5 from food records
Score: 1
(Poddar et al., 7-day food - - Researcher Dairy servings Multiple days + weekends and ~ 2.75
2012) record administered: from food records ~ weekdays + amounts: 0.5 + 0.5  Acceptable/
0.5 were calculated +0.25 reasonable

based on
MyPyramid
Score: 1
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Study Document Is there a Document validation tool 3. Data 4. Scoring method Question 5 and 6 (specific to  Total score
study tool dietary collection method)
method 1. Validation study sample
validation and sample size
study? 2. Statistics to assess
validity
(Shahril et al., “7-day diet Yes, cited - Researcher Nutritionist Pro: 1~ Multiple days + weekends + 3.25
2013) history” Nutritional administered: portion size with Acceptable/
Assessment 0.5 measurements: 0.5+ 0.5+ 0.25 reasonable
Dietary recall  textbook
(Sueta and 3-day - - Researcher NNSJ using the 3 consecutive day + 2.25
Fukuda, 1995) weighted food checked for food composition  quantitative: 0.5 + 0.25 Acceptable/
record misreporting: table: 1 reasonable
0.5
(Sueta, 2000) 3-day - - Researcher NNSJ using the 3 consecutive day + 2.25
weighted food checked for food composition  quantitative: 0.5 + 0.25 Acceptable/
record misreporting: table: 1 reasonable
0.5
(Talpade and Capturing No - - ‘My gov’ template: - 1
Caddell, 2015) meal before 1 Poor
and after
photo
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Appendix 4.4 Cochrane Collaboration Risk of Bias summary for bias of randomized controlled trials (n=8)

First Selection bias Attrition bias Performance bias and Reporting bias Overall
author, year detection bias judgement
Random sequence generation  Allocation concealment Incomplete outcome data Blinding of outcomes Selective reporting
Cochrane Supporting Cochrane Supporting Cochrane  Supporting Cochrane Supporting Cochrane  Supporting
judgement evidence judgement evidence judgement evidence judgement evidence judgement evidence
(Ehlert, Unclear risk  Participants Unclear risk ~ Method not Unclear Not reported Low risk The principal ~ Unclear All pre- Unclear
2010) were randomly described risk investigator risk specified
assigned to was blinded to outcomes
intervention or the were reported.
control. randomisation Control and
process intervention
groups were
different at
baseline for
dairy.
(Gerend and  Unclear risk ~ Method of Unclear risk ~ Method not Low risk Intention to treat  High risk Staff were Low risk All pre- High
Shepherd, randomisation described analysis aware of specified
2013), not described (comparison of allocation outcomes

completer and
non-
completers).
Numbers
provided but
reasons not
reported.

were reported
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First Selection bias Attrition bias Performance bias and Reporting bias Overall
author, year detection bias judgement
Random sequence generation  Allocation concealment Incomplete outcome data Blinding of outcomes Selective reporting
Cochrane Supporting Cochrane Supporting Cochrane  Supporting Cochrane Supporting Cochrane  Supporting
judgement evidence judgement evidence judgement evidence judgement evidence judgement evidence
(Jungetal.,  Unclearrisk Method of Unclear risk ~ Method not High risk Completer’s Low risk Research Low risk All pre- High
2011) randomisation described analysis assistants were specified
not described (analyses blind to the outcomes
conducted on participant’s were reported
those present at assignment
follow-up).
High attrition,
numbers
provided but
reasons not
reported.
(Koszewski ~ Unclear risk ~ Method of Unclear risk  Different Low risk All participants  Low risk Objective Low risk All pre- Unclear
et al., 1990) randomisation rooms were remained in the outcome specified
not described. used for study measure outcomes
experimental were reported
and control
groups
(Peterson et  Unclear risk ~ Method of High risk Participants Unclear Intention to treat  High risk Participants Low risk All pre- High
al., 2000) randomisation could analysis were aware of specified
not described anticipate (comparison of study outcome outcomes
allocations completer and and self- were reported
prior to non- reported data
treatment completers).
High attrition,
numbers
provided and
reasons
reported.
(Poddar et Unclear risk ~ Method of Unclear risk ~ Method not Low risk Attrition Low risk Objective Low risk All pre- Unclear
al., 2010) randomisation described comparable outcome specified
not described between groups measure outcomes

were reported
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First Selection bias Attrition bias Performance bias and Reporting bias Overall
author, year detection bias judgement
Random sequence generation  Allocation concealment Incomplete outcome data Blinding of outcomes Selective reporting
Cochrane Supporting Cochrane Supporting Cochrane  Supporting Cochrane Supporting Cochrane  Supporting
judgement evidence judgement evidence judgement evidence judgement evidence judgement evidence
(Poddar et Low risk Randomised Low risk Participants Low risk Completer’s Low risk Objective Low risk All pre- Low
al., 2012) using a random could not analysis outcome specified
number anticipate as (analyses measure outcomes
generator intervention is conducted on were reported
web-based those present at
follow-up).
Numbers
provided and
reasons
reported.
Attrition
comparable
between groups
(Shabhril et Low risk Randomised by = Unclear risk ~ Safeguards for Unclear Completer’s Low risk Nutritionist Low risk All pre- Unclear
al., 2013) drawing sealed concealment risk analysis was blinded to specified
envelopes not described (analyses the group outcomes
containing conducted on history data were reported
group those present at for diet history
assignment follow-up). analysis. Diet
Numbers history was
provided but used to
reasons not measure
reported. outcomes.
Attrition not
comparable

between groups.
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Appendix 4.5 Risk of bias using the ADA tool used for non-randomised trials and before and after study designs (n=8)

Authors 1 2 3 4 5 6 7 8 9 10 Overall
Research Selection = Comparability Withdrawals Blinding Intervention QOutcomes Statistics Conclusions Funding Risk of bias
question of units of units and

intervening
factors

(Bohaty et al., Yes Yes NA NA No Yes Yes Yes Yes Unsure Moderate risk

2008)

(Ha et al., 2009) Yes Yes NA NA No Yes Yes Yes Yes Yes Moderate risk

(Kwon and Yes Yes NA Yes No Yes Yes No Yes Yes Moderate risk

Chang, 2000)

(Martinelli, 2013)  Yes No NA NA No Yes Yes No No Unsure High risk

(Peterson et al., Yes Yes NA NA NA Yes Yes Yes Yes Yes Moderate risk

2010)

(Sueta and Yes Unclear Yes NA No Yes No Yes Yes Unsure Moderate risk

Fukuda, 1995

(Sueta, 2000) Yes Unclear No NA No Yes No Yes Yes Unsure Moderate risk

(Talpade and Yes Yes NA Yes No Yes No No Yes Yes High risk

Caddell, 2015)
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Appendix 4.6

Publication resulting from Chapter Four, Critical Reviews in Food Science and Nutrition,
2018, 58 (15), 2600-2616
DOI: 10.1080/10408398.2017.1336508

(See next page)
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Assessing the efficacy and external validity of interventions promoting calcium
or dairy intake in young adults: A systematic review with meta-analysis

Anika S. Rouf, Amanda Grech, and Margaret Allman-Farinelli
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ABSTRACT

Calcium and dairy products have a role in the prevention of chronic diseases and attainment of peak bone
mass, during adolescence to young adulthood. However, intakes are often suboptimal and interventions
to improve consumption of food sources are needed. This systematic review aimed to investigate the
efficacy and external validity of interventions promoting calcium or dairy foods among young adults. Eight
databases were searched from inception to identify relevant studies. Inclusion criteria included those aged
18 to 35 years in an intervention promoting calcium or dairy food intake. The mean age of the participants
was 19.9 &+ 1.4 years. Of the 16 studies that met the selection criteria, five studies were included in the
meta-analyses for calcium (pooled effect size 0.35, 95% Cl 0.04 to 0.67) and three studies for dairy (pooled
effect size 0.31, 95% Cl 0.11 to 0.50). The quality of the body of evidence was determined using the GRADE
system, and was of overall low quality with high risk of bias. Our review suggests young adults respond

KEYWORDS

Calcium; dairy; young adults;
interventions; behavior
change

favorably to interventions but the effect size is small.

Introduction

Dairy foods provide the major source of calcium in the Austra-
lian diet along with other essential micronutrients including
protein, vitamins (A, B12, and riboflavin) and minerals (P,
Mg, K, and Zn) (Weaver, 2009; Yantcheva et al., 2016).
Calcium and dairy products have a role in the maintenance of
good health and prevention of chronic disease (Larson et al.,
2009), and are recommended in the dietary guidelines in
many countries (Ebeling Peter et al, 2013; National Health
and Medical Research Council, 2013; Nations, 2016; U.S.
Department of Health and Human Services and U.S. Depart-
ment of Agriculture, 2015).

There is a growing body of evidence connecting dairy foods
consumption with improved health outcomes, through
improved weight control (Doidge and Segal, 2012; Dougkas
et al,, 2011). Two or more servings of dairy foods consumption
per day was associated with reduced risk of ischemic heart dis-
ease and myocardial infarction (Elwood et al., 2008; Elwood
et al., 2004; National Health and Medical Research Council,
2011), and associated with reduced risk of stroke (Alvarez-
Leon et al., 2006; de Goede et al., 2016; National Health and
Medical Research Council, 2011). Three servings of low fat
dairy products are associated with reduced risk of hypertension
(McGrane et al., 2011; National Health and Medical Research
Council, 2011). Increased dairy foods consumption may also be
inversely associated with insulin resistance syndrome, also
known as metabolic syndrome or syndrome X (Martins et al,,
2015; Pereira et al, 2002), and reducing type two diabetes

(Elwood et al., 2008; National Health and Medical Research
Council, 2011; Pereira et al., 2002; Pittas et al., 2007).

Despite the established benefits of dairy products and alter-
natives for chronic disease prevention, it still remains a reluc-
tant choice among adults. In the latest survey results in
Australia, 90% of the Australian population (aged two years
and over) do not consume enough dairy foods (Australian
Bureau of Statistics, 2016). They are commonly consumed by
children (Australian Bureau of Statistics, 2012), but statistics
suggest that the intake of dairy products and alternatives
decrease during adolescence (Baird et al., 2012; Parker et al.,
2012). From the latest Australian Nutrition and Physical Activ-
ity Survey (NNPAS) 2011-12, almost 45% of males and 70% of
females aged 19 to 30 years have inadequate calcium intakes
(Australian Bureau of Statistics, 2015). This raises some con-
cern as sufficient intake of calcium is necessary, particularly
during adolescence and young adulthood, to maximize peak
bone mass (Matkovic, 1992), and increasing dairy intake may
displace the consumption of energy-dense, high-fat foods and
soft drinks (Rampersaud et al. 2003; Rangan et al, 2012;
Vartanian et al., 2007).

The transition to adulthood is a period often associated with
developing more autonomy over dietary choices (Allman-Farinelli
et al, 2016). Young adulthood is a vulnerable time, as they are
entering new environments (i.e. moving out of home, starting col-
lege or university) and gaining independence from their parents
(Deshpande et al., 2009). These changes may lead to engagement
in risky behaviors and reduced concern about their future
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Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/bfsn.
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well-being (Harhay and King, 2012). Consequently, they are vul-
nerable to developing lifelong unhealthy behaviors (Ha et al,
2009). This is concerning, given that the habits formed can have a
substantial effect in later life but also for future generations
(Gore et al,, 2011). Therefore, it is important that this group be
targeted separately to instill healthy behaviors (National Health
and Medical Research Council, 2015; Nour et al., 2016).

Previous systematic reviews have focused on interventions
on dairy foods and calcium consumption in children and
adolescents (Hendrie et al., 2013; Marquez et al.,, 2015), or
in elderly adults at risk of developing osteoporosis (Kastner
and Straus, 2008; Little and Eccles, 2010; Lock et al., 2006).
There has been little research on effective lifestyle pro-
grammes in the young adult age group (Hebden et al., 2012;
National Health and Medical Research Council, 2015). In
the recent years, there has been a shift towards electronic
interventions due to rising use of technology to promote bet-
ter health (Kohl et al., 2013). To date, there is no published
review investigating the effectiveness of calcium and dairy
interventions in young adults. In order to translate interven-
tions into the broader young adult population, it is essential
to examine the external validity which is considered as
important as efficacy (Steckler and McLeroy, 2008). There-
fore, the aim of this review was to examine the efficacy of
dairy and calcium interventions targeting young adults and
assess the quality of the studies and external validity compo-
nents reported.

Methods
Protocol and registration

The review has been registered with Prospero (Registration
number: CRD42016035908). The PRISMA guidelines were
used in the synthesis of the review (Moher et al., 2009).

Eligibility criteria

Criteria for inclusion included young adults, defined as those
aged 18 to 35 years, as this is considered the acceptable range
based on the National Institute of Health cut-offs (National
Institutes of Health, 2010) in an intervention that promoted
calcium or dairy intake, with or without a comparison group.
The outcome of measure was change in calcium or dairy intake
at baseline and post-intervention. The outcome could be
reported in servings or frequencies. Randomized controlled tri-
als (RCTs), quasi-experimental design, and before and after
studies with a primary or secondary aim to increase calcium or
dairy intake were included. Comparison was made between
baseline and follow-up, as well as between intervention and
control group. Control group may be no intervention or mini-
mal contact.

Information sources

A systematic search was conducted using the following aca-
demic databases: Cinahl, Embase, Global Health, Medline, Pre-
Medline, PsycINFO, Scopus and The Cochrane Library. These
databases were searched from inception to 22" May 2017 to

select relevant articles. A search strategy for Medline was devel-
oped first and revised appropriately for each database. A com-
bination of subject and keyword search was used to retrieve
more relevant papers. For subject searching, relevant terms
were searched on all databases and subject headings were cho-
sen (where relevant). For example, ‘telemedicine’ was found on
Medline thesaurus Medical Subject Headings (MESH) which
encompasses the terms ‘mHealth’, ‘eHealth’, ‘telehealth’ and
‘mobile Health’. The keyword search terms for interventions
were broad, including electronic (‘email’, ‘texting’, ‘mobile
phones’, ‘smartphones’) and non-electronic interventions
(‘nutrition intervention’, ‘health education’, ‘nutrition educa-
tion’, ‘dietary records’).

No restriction limit was used on databases except for lan-
guage (English) and studies involving ‘humans’ (where applica-
ble). The complete search strategy in the electronic database
Medline is presented in Table 1 (refer to supplementary tables
for full search strategy). Additional studies were retrieved by
hand searching the reference list of relevant studies.

Study selection

Titles and abstracts of all retrieved studies were downloaded
onto EndNote X7 citation management software (Thomson
Reuters, Philadelphia, PA, USA). After removal of duplicates,
two authors (AR and AG) independently assessed all records
for eligibility criteria. If a decision could not be made based on
abstract text, the full text was retrieved. Any disagreements
were resolved by discussion and a third reviewer consulted if
necessary (MAF).

Data collection process and data items

A data collection form was developed to extract the following
details: author, year and country, target population, inclusion
criteria, recruitment methods, study population, study design,
and baseline characteristics; description of intervention includ-
ing focus, setting, theoretical construct, study arms, delivery
method and personnel, duration; and changes in intake from
baseline to post-intervention, attrition rate, comparison of
drop-outs, follow-up intervention and sustainability of pro-
gram. In addition, the name of the tool used for assessment of
dairy or calcium was extracted and additional questions were
included to conduct a dietary tool quality assessment based on
that used in a previous review with no modifications necessary
as it is appropriate for dietary assessment of all age groups
(Burrows et al., 2012).

Some additional data were extracted for quality assessment
(i.e. method of randomization, allocation concealment, blind-
ing and reporting bias) (Higgins et al., 2011). A pilot data
extraction was carried out before entering data and changes
were made appropriately. The primary author extracted the full
text of selected studies with 20% additionally extracted by a
second author.

Summary measures and synthesis of results

Standardized Mean Difference (SMD) was used as the sum-
mary measure which was deemed to be a suitable measure as



Table 1. Electronic database search: Medline.

Search ID number Search terms Results
1 Young Adult/ 473361
2 Students/ 40762
3 Youth™ .tw 41829
4 (Young™ adj2 (adult™ or person™ or people)).tw. 89813
5 College student™.tw. 12779
6 University student™.tw. 7540
7 or/1-6 2009668
8 exp Dairy Products/ 79847
9 Calcium, Dietary/ 12999

10 or/8-9 91783

1 Telemedicine/ 13171

12 Electronic Mail/ 2075

13 exp Internet/ 57138

14 Mobile Applications/ 819

15 exp Cell Phones/ 6658

16 Telephone/ 9838

17 Reminder Systems/ 2550

18 Social Networking/ 1337

19 Information Dissemination/ 11843

20 Computer Systems/ 11937

21 Ehealth®.tw. 762

22 Mhealth*.tw. 342

23 E-health”.tw. 1132

24 M-health*.tw. 108

25 Mobile health.tw. 592

26 Telehealth.tw. 1668

27 Text".mp. [mp=title, abstract, original title, name of 78307

substance word, subject heading word, keyword
heading word, protocol supplementary concept
word, rare disease supplementary concept
word, unique identifier]

28 SMS.tw. 3117

29 Health messag™.tw. 1392

30 Social media.tw. 1784

31 Electronic health.tw. 5165

32 Telecommunication.tw. 1013

33 Computer based.tw. 10083

34 Electronic Communication.tw. 561

35 Smartphone®.tw. 1397

36 Diet/ 126793

37 Mobile app™.tw. 396

38 Diet Records/ 4359

39 Education, Distance/ 2903

40 Food Preferences/ 10770

41 Social Control, Informal/ 3542

42 Social Support/ 55800

43 Nutritional Sciences/ 10778

44 Food Habits/ 24013

45 Health Promotion/ 58486

46 Education/ 18872

47 Health Communication/ 918

48 Health Literacy/ 2445

49 Consumer Health Information/ 2322

50 Health knowledge, attitudes, practice/ 81149

51 Individual session™.tw. 540

52 Group session™.tw. 2242

53 Phone call”.tw. 171

54 Dietary intervention™.tw. 4298

55 Dietary program™.tw. 144

56 Nutrition intervention®.tw. 1341

57 Nutrition program™.tw. 1636

58 Nutrition education”.tw. 2920

59 Education program”.tw. 19706

60 or/11-59 577665

61 7 and 10 and 60 1469

62 limit 63 to English language 1378

the same outcome measure was measured in different ways (i.e.
servings of food, mg or amount in grams and it standardizes
the results before they are combined in a meta-analysis
(Cochrane Handbook for Systematic Reviews of Interventions,
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2011b). The outcome of interest was the change in dairy or cal-
cium intake post-intervention. Where possible, information
pertaining to intake was recorded (frequency or as servings,
mg, cups etc.) pre and post-intervention. The changes in mean
and standard deviation, standard error and any associated
P values overtime were documented. If standard error was
reported, it was converted to standard deviation (Cochrane
Handbook for Systematic Reviews of Interventions, 2011a). For
randomized controlled trials, the magnitude of the intervention
outcomes were converted to SMD, using Lipsey and Wilson’s
web-based calculator (Lipsey and Wilson, 2001; Wilson, 2001).
The magnitude of effect was assessed according to the catego-
ries, whereby an effect <0.2 is negligible, between 0.2 and 0.49
is small, 0.5 and 0.8 is medium and >0.8 is large (Cohen, 1992).

To pool the outcomes for the meta-analysis, dairy and cal-
cium effect sizes were grouped separately, when sufficient data
were available i.e. mean, standard deviation and sample size of
treatment and control groups. The analyses were conducted
based on a random effects model using the metan command
on STATA version 13.1 (StataCorp LP). Heterogeneity between
studies was assessed using the I” statistic, which examines the
percentage of variability between studies that cannot be attrib-
uted to sampling variations or chance alone.

Risk of bias assessment

For all randomized controlled trials, the risk of bias was
assessed by two review authors using the Cochrane risk of bias
assessment tool (Higgins J, 2011). Five domains were assessed
for each study: random sequence generation (selection bias),
concealment of allocation methods (selection bias), incomplete
outcome data (attrition bias), blinding (performance bias and
detection bias) and risk of selective outcome reporting (report-
ing bias). This was completed as described in the Cochrane
Handbook for Systematic Reviews of Intervention Version
5.1.0 (Higgins ], 2011).

For non-randomized trials, the articles were assessed using
the Evidence Analysis Manual developed by the Academy of
Nutrition and Dietetics (American Dietetics Association,
2005). The tool encompasses 10 validity questions which
included the assessment of (i) the clarity of the research ques-
tion; (ii) whether selection bias was apparent; (iii) whether the
study groups were comparable and confounders controlled for;
(iv) whether withdrawals were handled adequately; (v) blinding
of subjects and investigators; (vi) whether the study protocol
was described in sufficient detail; (vii) validity and reliability of
measurements to measure outcomes; (viii) whether appropriate
statistical analysis was conducted; (ix) whether the conclusion
accounts for limitations and biases; and (x) declaration of con-
flict of interest and funding sources.

The study was rated as low risk of bias if six or more of the
validity questions were met (including questions ii, iii, vi and
vii). If the study did not meet one or two of the validity ques-
tions (ii, iii, vi and vii) but met all others, it would be consid-
ered as moderate risk of bias. The study was rated as poor
quality if the answer was no to six or more questions (out of
10). Any disagreements of quality rating between the review
authors were resolved by discussion. A third researcher opinion
was sought, where necessary.
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5660 of records identified
through database searching
Cinahl=403
Cochrane CENTRAL= 355
Embase= 1218
Clobal Health=708
Medline= 1429
Pre-medline= 49
PsycINFO= 1041
Scopus= 7E€0

Hand searching of
references=8

5217 of records after duplicates
removed

l

5217 of records screened

5118 of records excluded

assessed for eligibility

94 of records full-text article

83 of full-text articles excluded, witn
reasons
*Not a relevant outcome= 33

*Not a relevant age group= 32
*Not an intervention= 8
*Conference abstractonly= 8

synthesis

16 studies included in qualitative

*Unable to obtain full text= 2

y

syntnesis {meta-analysis)

6 studies included in quantitative

Figure 1. Flow diagram showing selection of studies.

GRADE assessment

The grading of recommendation, assessment, development and
evaluation (GRADE) system was applied to evaluate the overall
quality of the body of evidence (Atkins et al., 2004). Five
domains were assessed for each study to ascribe a quality rating:
limitations in study designs; consistency of results; directness of
the evidence comparing it to the study populations, interven-
tion design and outcomes; precision of outcomes; and publica-
tion bias.

Studies without a control group were not included for
GRADE assessment as it was not possible to calculate the
effect sizes without a control group. Instead, we assessed
whether the trial was successful in changing dietary behavior
of calcium or dairy and if it included any external validity
components.

Rating external validity

The external validity of included studies was conducted based
on the criteria for rating external validity designed by Green
and colleagues (Green and Glasgow, 2006). The assessment
encompasses: reach and representativeness of participants;
intervention implementation and adoption; and program
maintenance and institutionalization.

Quality and validity of dietary assessment tools

The Australian Child and Adolescent Obesity Research Net-
work (ACAORN) scoring method was used to assess the quality
and validity of the dietary assessment tool of the included stud-
ies (Burrows et al., 2012). The ACAORN tool is applicable to

all age groups as it is about the quality of dietary assessment
tools, not children specifically.

Results
Study selection

As shown in Fig. 1, the searches identified 5217 records after
duplicates were removed. After the titles and abstracts were
screened for relevance, 99 studies were identified for full text
examination. From these, 83 were excluded from this review
because they did not meet the inclusion criteria. Reasons for
exclusion of these studies are provided in Supporting Informa-
tion 2. A total of 16 studies were included in this review and
summarized in Table 2-4. The studies were classified as RCT’s
(n = 8), non-randomized controlled trials (n = 2) and before
and after study design (n = 6).

Study reach and representativeness of participants

As shown in Table 2, all studies were conducted between
1990 and 2015. Over half of the studies were conducted in
the United States (n = 10), two studies in Japan, and one
study each in Canada, Korea, Italy and Malaysia. The total
number of participants included in this review was 2434 with
a mean of 152 participants per study (range: 7 to 417). The
mean participation rate was 11.9% (range: 0.6% to 29.5%).
The study population tended to be of higher education,
female (81.1%) and Caucasian background which limited the
representativeness of the population; the mean age was
19.9 years (range: 18.4 to 22.3 years). For studies that
reported ethnicity (n = 9), the populations with the highest
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representation included White or Caucasian (n = 6) and a
minority included African American, Hispanic or Latino
(n = 3). A majority of the studies described their target audi-
ence as ‘college or university students’ (n = 9), one of which
specifically targeted university sports scholar students, and
only a few studies targeted the general population (n = 3).

Intervention implementation and adaption

Eleven studies focused on improving dairy or calcium as their
primary focus and the remaining studies targeted multiple food
groups or nutrients. Ten studies promoted calcium, six targeted
dairy and four measured both (Bohaty et al., 2008; Ehlert, 2010;
Ha et al.,, 2009; Shahril and Lua, 2013).

As shown in Table 3, the majority of the studies were con-
ducted in a university setting (n = 15), with one study conducted
in the community (Bohaty et al., 2008). The majority of the stud-
ies provided face-to-face delivery of information (n = 12). This
included lecture style delivery (n = 5) (Bohaty et al,, 2008; Ha
et al., 2009; Jung et al., 2011; Shahril and Lua, 2013), tape or video
presentation (Koszewski et al., 1990; Sueta, 2000; Sueta and
Fukuda, 1995). Four studies reported including a discussion or
interactive activity component (Ehlert, 2010; Ha et al, 2009;
Koszewski et al., 1990; Martinelli, 2013). Three studies reported
on providing pamphlet, brochures or handouts (Gerend and
Shepherd, 2013; Jung et al., 2011; Shahril and Lua, 2013). One
study provided a nutrition course in a class setting (Kwon and
Chang, 2000), and one study provided education in small groups
(Peterson et al., 2000). One study used phone calls as part of their
intervention (Bohaty et al,, 2008), and one study used text mes-
saging (Shahril and Lua, 2013). Two studies used group emails
and one study used mail-delivery to communicate information.

Six studies delivered a single one-off session with some fol-
low-up contact through mail or telephone, which may be con-
sidered as lower intensity intervention (Gerend and Shepherd,
2013; Jung et al., 2011; Koszewski et al., 1990; Peterson et al.,
2010; Sueta, 2000; Sueta and Fukuda, 1995). Six studies pro-
vided multiple sessions over the course of the intervention.
Four studies provided contact on a weekly or daily basis which
was classed as higher intensity (Ha et al., 2009; Poddar et al,
2012; Poddar et al., 2010; Shahril and Lua, 2013). Psychological
theory-based constructs were used in 6 studies and included:
Social Cognitive Theory (SCT) (Ehlert, 2010; Poddar et al.,
2010), Health Belief Model (HBM) (Jung et al., 2011; Poddar
et al., 2012), or a combination of Transtheoretical or Stage of
Change and Theory of Reasoned Action (Talpade and Caddell,
2015). Four studies incorporated goal-setting as part of their
intervention (Ehlert, 2010; Poddar et al., 2012; Sueta, 2000;
Sueta and Fukuda, 1995), one of which provided feedback to
participants.

The mean length of intervention was 18.25 £ 18.0 weeks
(range: 3 weeks to 1 year). Over half of the studies had a dura-
tion of less than six months (n = 12). Three studies had dura-
tion of one month or less (Gerend and Shepherd, 2013;
Koszewski et al., 1990; Peterson et al., 2010). Four studies had a
duration of one year or more (Jung et al., 2011; Sueta, 2000;
Sueta and Fukuda, 1995). Few studies did not clearly specify
the duration; the length of intervention was estimated from the
details, where possible.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION "

Study maintenance and institutionalization

Most studies reported on intake at baseline and post-interven-
tion in sufficient detail (Table 4). Calcium intake was measured
in mg or calcium-rich servings and dairy amount was reported
in servings and frequencies. Of 10 studies with a control group,
six studies reported a significant difference between interven-
tion and control group (Ehlert, 2010; Jung et al., 2011; Peterson
et al,, 2000; Poddar et al., 2012; Shahril and Lua, 2013; Sueta
and Fukuda, 1995). For studies without a control group, two
studies reported no significant difference before and after inter-
vention (Bohaty et al., 2008; Martinelli, 2013). Three studies
reported a significant difference (Ha et al., 2009; Kwon and
Chang, 2000; Peterson et al., 2010), two of which were in
females only (Ha et al., 2009; Kwon and Chang, 2000).

Attrition was reported in 10 studies; the mean attrition rate was
21.3%, and ranged from 1% to 64%, see Table 4. A majority of the
studies did not provide any information comparing drop-out
characteristics to completers (n = 13). Five studies included fol-
low-up of dietary intake after the intervention (Bohaty et al., 2008;
Gerend and Shepherd, 2013; Peterson et al., 2000; Sueta, 2000;
Sueta and Fukuda, 1995), while one included continued support
via meetings, phone calls or mail-delivered material during the fol-
low-up period (Jung et al., 2011). No studies reported any detail of
program sustainability after the intervention research.

Risk of bias

The Cochrane risk of bias assessment is presented in Table S4.
A total of eight studies were included for Cochrane assessment,
all of which were RCT’s. For the overall judgment, four studies
rated as unclear, three as high and one was low risk. The major-
ity of the studies rated as unclear for selection bias did not
describe the method of randomization or concealment of allo-
cation. A majority of the studies rated as low risk had low or no
attrition; only two studies were found to have a high attrition
rate (>20%) (Jung et al., 2011; Peterson et al., 2000). For per-
formance and detection bias, most studies were rated as low
risk as they provided description on blinding or reported an
objective measure of outcome. All studies reported pre-speci-
fied outcomes; however, one study was rated as unclear or high
as there were large baseline differences between intervention
and control group for dairy intake (Ehlert, 2010).

Results for all non-randomized controlled trials and before
and after studies assessed using the American Dietetic Associa-
tion or ADA tool (n = 8) are presented in Table S5. Six studies
were deemed to have a moderate risk of bias and two as high
risk. None of the studies blinded the research team or data col-
lectors for assessment of outcomes. Three studies did not con-
duct appropriate statistical analysis (Kwon and Chang, 2000;
Martinelli, 2013; Talpade and Caddell, 2015). One study did
not use valid and reliable instruments to measure outcomes

(Talpade and Caddell, 2015).

GRADE quality rating

Study limitations
Of six studies included in the meta-analysis, the majority of the
studies rated were as high risk of bias (n = 3). Two studies
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described the method for providing randomized sequence gen-
eration (Poddar et al., 2012; Shahril and Lua, 2013). One study
adequately concealed intervention and control groups (Poddar
et al., 2012). One study could anticipate allocation as it was
explained to participants (Peterson et al., 2000). Three studies
described the method of blinding which involved blinding of
the principal investigator or research assistants (Ehlert, 2010;
Jung et al, 2011; Shahril and Lua, 2013). Three studies per-
formed a completer’s analysis (Jung et al., 2011; Poddar et al.,
2012; Shahril and Lua, 2013) and one study performed an
intention to treat analysis (Peterson et al.,, 2000). All but one
study reported pre-specified outcomes.

Consistency

The effect size for change in calcium intake yielded an I” statistic of
75.1% (p value for heterogeneity = 0.003) and I statistic of 53.4%
(p value for heterogeneity = 0.092) for change in dairy intake.
Both of these results indicate moderate heterogeneity (Fig. 2 and 3).

Directness

There are variations between study design, population and out-
come measures which made it difficult to compare between stud-
ies. The majority of population included in our study were college
students, and only two interventions recruited beyond the univer-
sity or college setting (Jung et al., 2011; Koszewski et al., 1990).

Study

Precision

Only three studies reported conducting sample power calcula-
tions; however, these were mainly based on Bone Mineral Den-
sity (BMD) outcomes rather than calcium or dairy intake. One
study calculated power to examine bone density (Jung et al.,
2011). The sample size of the population included in the
GRADE body of evidence yielded 1091 participants (range 78
to 380), which is considered insufficient.

Publication bias

Whilst an extensive search strategy was conducted to minimize the
risk of publication bias, this cannot be ruled out as unpublished or
negative finding studies may have been missed. Funnel plot and
statistical tests of publication bias were not reported as they are not
recommended for meta-analyses less than 10 studies due to the
inability to detect true symmetry with fewer studies (Higgins,
2011). As shown in Table 5, overall body of evidence was rated as
low due to the study limitations, heterogeneity and small sample
size in the included studies. Out of six studies included in the
meta-analysis, one scored low risk of bias, three as unclear and two
were high risk, which indicates serious limitations.

Efficacy of interventions

Of the 16 reviewed studies, 10 studies provided results for
calcium and eight studies provided results on dairy intake.

D SMD (95% CI) Weight
|
I
I

Ehlert 2010 - : -0.04 (-0.48,0.41) 17.85
I
I
|
I N

Jung etal. 2011 t 4= 4 0.79(0.38, 1.20) 18.78
|
|
|
|

Koszewski et al. 1990 —_—— 0.05 (-0.30, 0.39) 20.76
|
I
|
|

Peterson et al. 2000 0.25(-0.19, 0.69) 17.96
|
I
|
I

Shahril et al. 2013 | —— 0.63(0.42, 0.84) 24.65
|
|

Overall (I-squared = 75.1%, p = 0.003) <> 0.35(0.04, 0.67) 100.00
I
I
|
I
|

NOTE: Weights are from random effects analysis |
|
D

T

-1.2 o

Figure 2. A Forest plot of Cohen d effect size for interventions reporting calcium intake.
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Shahril et al. 2013 (dairy)

Shahril et al. 2013 (milk)

Overall (I-squared = 53.4%, p = 0.092)

NOTE: Weights are from random effects analysis

SMD (95% CI) Weight

1
1
1

: 0.27 (0.18, 0.71) 1362
1
I
I
i

+ L 0.04 (025, 0.33) 2305
1
|
1
I
[
1
1
1
I

J_*_I 0.50 (0.29, 0.70) 3157
|
1

< > 0.31(0.11, 0.50) 100.00

1
1
1
1
1
I
1
1
L

Figure 3. A forest plot of Cohen d effect size for interventions reporting dairy intake.

Four studies included results for both calcium and dairy
intake. Studies targeting calcium intake appear to be slightly
more successful than dairy intake. For calcium, five studies
were included in the meta-analysis; six of which reported
positive effects (SMD 0.05-0.79, four were statistically signif-
icant). The pooled effect size was 0.35 (95% CI 0.04 to 0.67);
all studies contributed similar weighting (ranged from
17.85% to 24.65%).

For dairy, three studies were included in the meta-analysis;
all of which reported positive effects (SMD 0.04-0.50, two were
statistically significant). The pooled effect size was 0.31 (95%
CI 0.11 to 0.50). Contributing weighting of studies ranged from
13.62 to 31.76%).

Table 5. Overall assessment of quality in 6 studies (1091 participants) of promo-
tion of calcium or dairy intake using Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system (Atkins et al., 2004).

Category Rating with reasoning

Limitations —2 quality level due to serious limitations

Consistency —1 quality level due to high heterogeneity score

Directness No subtraction of levels, as the population, outcomes and
study design are direct

Precision —1 quality level due to small sample size

Publication bias No subtraction of levels, not reported as it is not possible
to detect true symmetry when there are less than 10
studies

Overall quality Low; our confidence in the effect estimate is limited

m

Quality and validity of dietary assessment tools

As shown in Table 6, over half of the studies scored as accept-
able/ reasonable (n = 9). Five studies were rated as poor and
two studies rated good. The mean score was 2.5, and ranged
from 1 to 4.

Of the reviewed studies, the most common method of
assessing intake was food record (n = 8) and three studies
used a dietary recall. Five used tools that were specific to
the study such as questionnaires, FFQs (Food Frequency
Questionnaire) and capturing photos of meals. Three stud-
ies used a FFQ, one of which had been validated previously
in a similar population (Gerend and Shepherd, 2013), and
one conducted a test-retest of the instrument (Peterson
et al., 2010). A majority of the studies did not acknowledge
appropriate validation studies in relation to the use of their
tool; (Hertzler and Frary, 1994; Ilich et al., 1998; Thompson
and Byers, 1994) and only three studies provided details of
a validation study in sufficient detail (Gerend and Shepherd,
2013; Jung et al., 2011; Peterson et al., 2000).

Discussion

To our knowledge, this is the first systematic review of inter-
ventions of calcium or dairy intake among young adults.
Our findings suggest that calcium or dairy interventions may
have a small effect on increasing intake, as indicated by the
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Table 6. Dietary quality of tools used to measure calcium and dairy intake.

Study Method

Dietary score: calculated using ACAORN

Validated tool criteria (Burrows et al., 2012)

(Bohaty et al., 2008)

(Ehlert, 2010)

(Gerend and Shepherd, 2013)
(Ha et al., 2009)

(Jung et al., 2011)

(Koszewski et al., 1990)
(Kwon and Chang, 2000)
(Martinelli, 2013)

(Peterson et al., 2000)

Dietary record

SNAAKS questionnaire

55-item FFQ

3-day food record

3-day food record

Previous 24-hour food intake

3-day recall

7-day food record

Hertzler and Frary’s rapid
assessment questionnaire

FFQ intake

7-day food record

7-day food record

Dietary recall

3-day weighted food record

3-day weighted food record

Capturing meal before and after photo

Peterson et al., 2010)
Poddar et al., 2010)

Poddar et al., 2012)

Shahril and Lua, 2013)
Sueta and Fukuda, 1995)
(Sueta, 2000)

(Talpade and Caddell, 2015)

(
(
(
(
(

No 1.5 Poor
No 3 Acceptable/ reasonable
Yes (llich et al., 1998) 45 Good
No 2.75 Acceptable/ reasonable
Yes (Thompson and Byers, 1994) 2 Poor
No 15 Poor
No 2 Poor
No 25 Acceptable/ reasonable
Yes (Hertzler and Frary, 1994) 4 Good
No 2.25 Acceptable/ reasonable
No 3.25 Acceptable/ reasonable
No 2.75 Acceptable/ reasonable
No 3.25 Acceptable/ reasonable
No 2.25 Acceptable/ reasonable
No 225 Acceptable/ reasonable
No 1 Poor

meta-analyses. However, findings must be interpreted with
caution, due to the presence of heterogeneity and poor qual-
ity of the intervention studies.

Education was reported as the most widely used technique
to change behavior. It was previously suggested in the literature
that knowledge of calcium was related to intake of dairy foods
(Nicklas, 2003). While knowledge is important, it is apparent
that knowledge on its own is not sufficient for a behavior
change to take place (Brug et al., 2005; Jepson et al., 2010). Par-
ticipants must be taught the ‘how to” aspect of behavior change
(Worsley, 2002). Research has established the importance of
incorporating a behavior change theory in the intervention
(Brug et al., 2005). Half of the studies included a theoretical
construct or a behavior change technique in their intervention,
but of these only four of seven had positive outcomes. Self-effi-
cacy is often thought to be the best predictor of engagement in
a particular behavior (Hackman and Knowlden, 2014), but it is
reported that there are two phases of self-efficacy motivational
and volitional in healthy eating and both need to be high for
behavior change (Ochsner et al.,, 2013). This may be why only
three of five studies addressing self-efficacy were successful.
A meta-regression examining successful behavior change tech-
niques for adopting healthy eating and physical activity in
adults revealed that self-monitoring combined with at least one
other technique from control theory such as goal-setting and
feedback was more effective (Michie et al., 2009). Four studies
used goal-setting and two of these resulted in positive behavior
changes, one of which also used self-monitoring.

Among the studies that improved dairy or calcium intake,
only small changes were observed. Several studies reported
the increase being significant but still inadequate compared to
dietary guidelines. The benefits resulting from behavioral modi-
fication to improve calcium intake may only be evident over
time, however the long term effectiveness of the interventions
in the current review cannot be determined since only seven
studies included a follow-up. They will only reap the benefits if
the behavior modifications are sustained and a longer follow-
up is required to determine this. It is necessary to address any
barriers, as well as beliefs and myths concerning dairy foods
consumption. Future studies may benefit from addressing

barriers to dairy consumption in order to address long-term
behavior change, as stated in a recent review (Hendrie et al,,
2013).

From our assessment of dietary tools, it is evident that some
uncertainty remains in the quality of the tools used. In order to
assess shortfalls in a population, an accurate measurement is
required. An earlier review by Magarey et al emphasized the
need to develop better quality tools to assess calcium and dairy
foods intake (Magarey et al., 2014); our findings from this
review are in agreement. The studies included in this review are
of uncertain quality as a majority of the papers did not conduct
blinding of investigators and participants or ensure random
allocations or concealment or blinding of assessors. However,
two studies rated scored as high quality, both of which were
effective.

The degree to which the interventions can be translated to
the broader young population is poor, as a majority of our stud-
ies recruited from a university or college setting. Most of the
studies were conducted in western countries and used conve-
nience sampling. Even though the latest statistics show a
greater proportion of young adults entering tertiary education
(OECD, 2016), young people in lower socioeconomic status
remain underrepresented (Centre for the Study of Higher Edu-
cation, 2008). This gap could be addressed by recruiting outside
the tertiary sector in the community at large.

None of our studies provided information of sustainability
or costs; therefore, the external validity remains unclear.
Numerous systematic studies have emphasized the lack of
external validity in the field of public health research (Black-
man et al., 2013; Klesges et al., 2008; Laws et al., 2012; Nour
et al,, 2016; Partridge et al., 2015). In order to upscale interven-
tions and translate into the wider community, studies need to
report on external validity components, particularly program
sustainability and cost-effectiveness.

Interventions which were of higher intensity (i.e. provided
weekly or daily contact) did not perform any better compared
to interventions that were of low intensity (only one point of
contact) or moderate intensity. This is consistent with a recent
review (Racey et al., 2016), which included children from 9 to
18 years in a school setting. Face-to-face contact was the most



widely used method for delivery of the interventions, however,
with increasing use of technology; a small number of interven-
tions incorporated an electronic component. Recent reviews on
e-health or m-health interventions for other dietary behaviors
have shown promising results (Free et al., 2013; Nour et al,
2016). A recent review targeting dairy food intake in adoles-
cents found that interventions were successful without provid-
ing an individual contact (Marquez et al, 2015). This is an
important consideration as it means group delivery of an inter-
vention may be sufficient when targeting this age group, result-
ing in lower costs. Earlier reviews have pointed out the lack of
electronic interventions in this field of research (Marquez et al.,
2015; Ryan et al, 2013). There is the potential to explore the
use of electronic technologies in interventions to improve
intake of dairy products, as they are a convenient and possibly
cost-effective alternative to traditional modes (Steinhubl et al.,
2015).

Three studies in our review included a form of electronic tech-
nology, two of which were successful and incorporated face-to-
face contact, which indicated that some human contact may be
important. It may be worth focusing on a discrete nutritional
behavior rather than trying to change numerous behaviors (Hen-
drie et al., 2013; Jung et al., 2016; Sweet and Fortier, 2010).Target-
ing one nutrition behavior may be more manageable for the
participants as they are likely to view it as seemingly minor and
manageable compared to a global change in diet (Jung et al., 2016)

Future studies could consider online-technology based inter-
ventions because they can double the number of users as
opposed to an average public health campaign (10% vs. 5%
respectively) (Cugelman, 2013). With the rise of the internet as
a source of nutritional and medical information and high own-
ership of smartphone in young adults, these may be appropriate
channels to deliver health promotion (Kite et al., 2016; Pollard
et al, 2015). Furthermore, smartphones are becoming very
popular, young adults having the highest smartphone owner-
ship and a recent US survey has revealed that 85% young adults
are smartphone user and almost three-quarters have used their
smartphone to look up health information (Pew Research Cen-
ter, 2015). There have already been a number of successful
interventions addressing other nutritional behaviors using this
media to promote nutritional behavior (Allman-Farinelli et al.,
2016; Coughlin et al., 2015; Nour et al., 2017; Olson, 2016).

This review has several strengths which include a compre-
hensive search strategy, adherence to PRISMA protocol for
selection of studies (Moher et al., 2009), and a meta-analysis
for dairy foods and calcium intake. In addition, two reviewers
conducted a risk of bias and GRADE assessment to assess the
overall body of evidence. The limitations of the included studies
are the dietary tools used to measure dietary intake and overall
poor quality of studies. The limitations of the search strategy
include filtering studies that were only published in English
and those indexed in major databases. While attempts were
made to search grey literature, the possibility of publication
bias cannot be ruled out. Finally, the considerable differences
in the intensity of the interventions made it difficult to make
direct comparisons between the studies.

In conclusion, our review revealed some evidence demon-
strating that calcium and dairy interventions are effective; how-
ever, poor quality of studies and moderate heterogeneity
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remain a limitation. Future interventions could include a form
of electronic technology, self-monitoring, goal-setting and
social support for increasing intake. Greater rigor is needed in
terms of reporting external validity components and improving
quality of interventions in order to confidently determine their
effectiveness and cost-effectiveness for dissemination to the
population-at-large. The findings of this review may be used to
inform the development of future interventions targeting young
adults for increased calcium and dairy intake to optimal levels.
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5.3 Introduction to the chapter

As detailed in Chapter Four, previous interventions were mostly paper-based and were not
very effective in improving calcium or dairy intake. Therefore, it is important to explore the
contributory factors for our specific target population before developing an intervention.
Focus groups are a valuable instrument in providing valuable information in developing an
effective intervention. This chapter will explore the enablers and barriers of young adults in
relation to calcium intake. This chapter aims to understand the psychosocial determinants
(attitudes, knowledge and perceptions) of young adults in regards to calcium intake. Although
other countries have previously addressed motivators and barriers to calcium intake, no study

has been conducted on Australian young adults.

5.4 Abstract

Background: Despite the established benefits of calcium consumption, many young
Australians are not meeting the recommendations for calcium intake. This is concerning
because an adequate calcium consumption is important throughout young adulthood to reach
peak bone mass and for the prevention of osteoporosis. Therefore, the present study aimed to

explore the barriers and enablers to consuming calcium-rich foods with young adults.

Methods: Using a semi-structured question guide, five focus group discussions were
conducted with 39 participants [mean (SD) age 22.5 (1.8) years]. Participants were mostly
females (n = 29) and enrolled in tertiary education (n = 31). A deductive approach was used
to group common ideas into themes. The findings from the focus groups were analysed using
the COM-B framework, which examines the interactions between three key components (i.e.

capability, opportunity and motivation).
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Results: On examining the young adults’ capability to consume a diet adequate in calcium, it
was found that young adults had limited knowledge of sources, prevention of disease and
recommended amounts. Some participants voiced physical barriers to consumption (lactose
intolerance). Opportunity was reported as a physical (availability of calcium-rich foods),
financial and social opportunity. Some participants reported motivation to include dairy as a
result of the habit becoming engrained during their childhood under parental influence
(automatic motivation), whereas others reflected on a lack of awareness relating to
inadequacy and health consequences (reflective motivation).

Conclusions: Although social media was seen to be an acceptable mode of intervention,
concerns were raised about the source and credibility of the information. The findings may

inform the development of future interventions targeting eating habits of young adults.

5.5 Introduction

Calcium requirements during adolescence into young adulthood are of significant importance
(1). It has been demonstrated that the calcium intake during growth may influence peak bone
mass and that a deficiency in calcium intake can lead to low bone density or osteoporosis
later in life (2). Around 99% of the body’s calcium is found within the bones to provide
structure and strength (3). It is an important nutrient required during growth to ensure the
development and maintenance of the skeleton (4). Calcium is also important with respect to
blood pressure regulation (5), cancer protection (6—8), obesity prevention (9,10) and diabetes
prevention (11,12). Despite the many benefits of calcium consumption, most young
Australians are not meeting the recommendations for calcium intake (13). The latest National
Nutrition and Physical Activity Survey (NNPAS) 2011-2012 states that approximately 44%

of males and 71% of females fail to meet the estimated average requirement for calcium (13).
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These numbers are concerning and indicate the need to determine an effective way of

increasing calcium consumption in young adults.

A number of studies have looked at common barriers to eating calcium-containing foods,
although there has been limited research conducted exclusively in young adults. In the
general population, the reported barriers included a lack of knowledge regarding nondairy
calcium-rich foods (14); the belief that all dairy foods are high in calories, cholesterol (14—
16) and fat (17); the cost of milk compared to other beverages (17); and perceived versus real
lactose intolerance (18). Studies have also examined common enablers and motivators to
consume calcium-containing foods, which included association with positive outcomes such
as stronger hair and nails and more energy; awareness of peak bone mass; and prevention of
osteoporosis (19,20). However, many of these studies have focused exclusively on the views
and attitudes towards dairy products and have not extended this to all calcium-rich foods.
This concept is original and emphasises the need and importance of the present study. In
addition, only one Canadian study (20) has explored the perception of calcium in young men

and women and so the present study conducted in Australian 18-25-year old adults is novel.

To develop ways and strategies that help increase calcium consumption, it is important to
gain an insight into eating behaviours, beliefs, attitudes and knowledge so that an effective
intervention can be developed. The current research also examines opinions about the use of
social media for an intervention aiming to improve calcium consumption. Over the last
decade, the use of the Internet and digital media has increased significantly, allowing an extra
avenue for health education to be delivered. The World Health Organisation defines eHealth
as the use of the modern information and communication technologies for health (21) and

mHealth is a sub-category that refers to the use of mobile devices in a medical or public
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health setting (22). Internet and smartphone-delivered public health interventions have
recently emerged and gained momentum (23), leading to an opportunity to use social media
to address issues such as calcium inadequacy. The current research explores the barriers and
enablers to the calcium consumption in Australian young adults (18-25 years old) and
informs the development of a new social media intervention in young adults if this delivery
channel is acceptable to the target group. An age range of 18-25 years was used in the
present study because this represents the period in adulthood where calcium intake has the

greatest impact on peak bone mass development (24,25).

5.6 Methods
The materials and methods used for the focus groups were approved by the Human Research

Ethics Committee at the University (HREC). The ethics approval number is 2017/218.

5.6.1 Recruitment

Men and women aged between 18-25 years were eligible to participate. Participants were
recruited via Facebook, tab-flyers and active face-to-face recruitment. A recruitment flyer
was posted on Facebook and sent to existing friends, connections and public groups within
networks of the researchers conducting the study. The flyer was shared to enable a greater
reach of participants. Tab-flyers were posted on public notice boards that were widely
viewed, such as in food courts and kitchens, as well as in public places around university
campus, such as bathrooms. Participants were actively recruited via announcements at the

start of lectures and face-to-face active recruitment on campus.

People interested in the study e-mailed the researchers and a member of the research team

then screened individuals for eligibility. Participants were given an information sheet to
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provide them with more information about the study and what was required of them. If they
remained interested, they were booked into a focus group session. Participants were offered a
$10 store voucher as a reimbursement for their time. The amount was not specified in the
recruitment material. Participants were excluded if they had undertaken or were currently
undertaking a nutrition-related subject or degree. Participants were also excluded if they were
regularly consuming calcium supplements because of their demonstrated knowledge of
calcium and the effects it has on health (26).

5.6.2 Procedures

Participants were allocated to a focus group session at a time convenient to them. Five focus
groups were conducted over two consecutive weeks in rooms on a university campus. This
was to ensure a range of participant responses, as well as for satisfactory theoretical
saturation to be reached (27). Data saturation was defined as collection of data until there
were fewer surprises with the responses and no new themes emerged (28). The focus groups
were led by a female facilitator (AR, dietitian and PhD researcher). A moderator (SC, student
dietitian) was present to record group dynamics and nonverbal communication, as well as to
assist with time-keeping. Focus groups were audiotaped to enable systematic analysis of the
discussions. The size of the groups ranged from six to nine participants and each ran for

approximately 1 h in duration.

Upon arrival, participants provided their written informed consent to the audiotaping of the
focus group and completed a short questionnaire. Data collected included demographics (age,
gender, education level), whether they followed a specific diet (e.g. vegetarian, sugar-free,
calorie-restricted) or had lactose intolerance, and whether they considered it important to
include calcium, naming calcium-containing foods and rating the importance of eating

healthily. After completion of the focus group, an additional questionnaire was administered
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to determine whether their views had changed in regard to knowledge gain or motivation to
eat foods rich in calcium, as well as to gain an insight into their personal barriers and
determine their preference for a social media platform.

The focus group structure followed the methods suggested by Krueger and Casey (27) to
ensure good discussion and exploration of themes. The focus group discussion was semi-
structured to ensure consistency with respect to the information given to all the groups and
allowed for some level of flexibility in the discussion by participants (29). The discussion
focused on the participant’s general knowledge of calcium, how they viewed their personal
intake of calcium and calcium-containing foods in terms of adequacy and inadequacy and the
factors affecting calcium intake, as well as the personal enablers and barriers to consuming
particular foods containing calcium and whether obtaining sufficient calcium is actually a
concern of people their age (Table 5.1). Finally, participants were asked for suggestions
regarding effective ways to convey the importance of consuming calcium-containing foods in
the diet and whether they considered the use of social media for an intervention would be

acceptable and appropriate.
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Table 5.1 Line of questioning developed and used in focus groups to gather information on
the barriers and enablers of consuming calcium-containing foods.

Focus Group Questions

General What do you know about calcium?
Calcium Do you know how much you should be having every day?
Knowledge Why it is good for our health?
What comes to mind when you think of sources of calcium in the diet? Where
do you think these are found?
What do you think is the best source of calcium in the diet? What is your
understanding of calcium-rich foods?
How much is one serving?
Do you think getting enough calcium is a concern of people in your age group?
Is getting enough calcium a concern for you?
Information What are the main calcium containing products you consume?
about What do members in your family usually consume?
personal What are the beverages you drink throughout the day?
calcium Thinking about the calcium containing products that you do consume, why do
intake/ you consume these particular products?
factors What are some foods that you know contain calcium but that you do not
affecting consume?
calcium Why do you not consume them?
intake Is the fat content in dairy products a concern for you?
Does the cost of calcium-rich food influence your ability to meet your calcium
goal?
Do you think eating foods rich in calcium is time consuming/ too expensive/
not affordable?
Improving  Are there any strategies that you use to help make sure you are getting enough
calcium calcium in your diet?
intake What strategies would be helpful to motivate you to consume more calcium-

rich foods?

Do you think social media could be incorporated into reminding people your
age about the importance of consuming calcium or even used as a reminder?
What would you consider to be the most effective way to convey messages
about the importance of getting enough calcium in your diet to people in your
age group?

5.6.3 Data collection and analysis

By the end of the fifth focus group, the researchers came to the conclusion that saturation in
themes had been reached and no new ideas were being generated. Data were analysed
following the completion of all the focus groups and each audiotape recording was
transcribed. Transcripts were checked for quality control and then imported into NVIVO,

version 11.0.0317 (QSR International Pty Ltd, Melbourne, VIC, Australia), comprising
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software that is commonly used for the analysis of qualitative research. Analyses were guided
by Knodel (30) and Hsieh & Shannon (31), which involved determining patterns in ideas and
their frequency.

An initial set of codes were developed corresponding to the categories of questions (i.e.
general calcium knowledge, factors affecting intake and strategies to improve calcium
intake). All participant responses were then grouped and coded for frequency. Codes were
also identified from previous research conducted on this topic that addressed common themes
such as cost and knowledge (20,32). A deductive reasoning approach was used that involved
moving from general to specific information. The themes were then grouped using the COM-
B framework which examines the interactions between three key components (i.e. capability,
opportunity and motivation), and is a well-known method for analysing target behaviours and
developing behaviour change interventions (33). Michie et al. proposed that an individual
requires capability (C), opportunity (O) and motivation (M) to perform a certain behaviour
(B) (34,35). The COM-B model, which aims to guide the understanding of behaviour,
proposes that an individual must be physically and psychologically capable; have the social
and physical opportunity; and have the motivation as an automatic process or as a result of
reflective processes (intention or choice) to engage in behaviour change. Once the analyses
were completed, the research team met to discuss results and determine the final codes. The
coding was crosschecked by another researcher to ensure accuracy. Differences in responses
between females and males were also explored using NVIVO. The synthesis of the findings
presents the general themes and supportive quotes from the focus groups identified by P

(participant) and FG (focus group) number.
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5.7 Results

Participants included men and women from a large urban university, as well as those who
worked full-time. In total, 39 young adults (10 men) participated in five focus groups [mean
(SD) 22.5 (1.8) years]. The majority were female and completing tertiary education.
Demographic information is summarised in Table 5.2. The majority of participants did not
follow a specific health regime (n = 28). Some diets that were mentioned by 11 participants
included the 5: 2 diet, monitoring calorie intake, weight loss, limited dairy intake, gluten free,
limited sugar, vegetarian and pescetarian. The responses to the pre- and post-focus group
questionnaire are summarised in Table 5.3. A majority of young adults were aware of dairy
as a good source of calcium and related the importance of calcium to bones, health or
strength. The most reported knowledge learnt from the focus groups comprised new sources
of calcium or calcium content of foods. A lack of time was also stated as the main barrier to

eating foods rich in calcium.

Enablers and barriers to eating sufficient calcium-rich foods identified five themes from
participant responses. First, psychological capability was dependent on general calcium
knowledge; physical opportunity and automatic motivation determined the enablers, whereas
psychological capability, physical capability and reflective motivation described the barriers.
Finally, social opportunity and reflective motivation supported ways of improving calcium

intake, and social opportunity also highlighted the influence of social media.
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Table 5.2 Focus group participant demographic information (n=39)

Characteristics Group (n = 39)
Age, years, M = SD 225+ 1.8
Gender, n

Male 10

Female 29

Highest level of education, n

Year 10 0

Year 12 5

Tertiary 31

Other 3

Table 5.3 Summary of responses from pre and post questionnaire

Pre focus group questionnaire

Question Response

Do you currently follow any specific diet ~ Yes (n=11)
or health regime that influences your food  No (n=28)
choices? For example, weight loss

program, paleo, vegetarian, vegan, sugar-

free). If yes, please explain.

Do you have diagnosed lactose Yes (n=2)

intolerance? No (n=37)

Do you think calcium is an important Yes (n=39)

nutrient to include in your diet? No (n=0)

If yes, why do you think calcium is Mentioned in their response:
important? ‘bone strength’ (n=13)

‘bone density’ or ‘osteoporosis’ (n=3)
‘cellular process’ or a physiological function
(n=6)

‘bones’ or ‘maintenance’ (n=9)

‘bone health (n=6)

‘bone development’ (n=5)

‘teeth’ (n=5)

Other (n=4)
What types of food do you think are rich Mentioned in their response:
in calcium? ‘dairy’ (n=13)

‘milk and cheese’ (n=9)

‘milk, cheese and yoghurt’ (n=10)

‘leafy greens’ or ‘some vegetables’ (n=5)
‘almonds’ or ‘nuts’ (n=3)

‘fish’ or ‘seafood’ (n=15)

‘tofu’ (n=2)

a specific vegetable (i.e. spinach, kale) (n=2)

How important is eating healthy to you? Very important (n=14)
Important (n=19)
Somewhat important, but I have other priorities
(n=6)
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Post focus group questionnaire

Do you think you have gained any new Yes (n=38)
information from this focus group? No (n=1)

If yes, please tell us what you have learnt.  Mentioned in their response:
New sources of calcium or calcium content of
foods (n =27)
RDI or amount of calcium required (n = 13)
Statistics on inadequacy or deficiency (n= 5)
Importance of calcium (n = 5)
Realised not getting enough (n= 4)

Do you think today’s focus group has Yes (n=36)
increased your motivation to eat foods rich No (n=3)
in calcium?

From your personal experience, what I don’t have the time to plan what I eat (n=21)

makes it challenging for you to eat foods I don’t see calcium as being so important to

rich in calcium? Tick more than one include in my diet (n= 10)

option, if relevant. I don’t know where calcium-rich sources are
found (n=7)

I don’t think it’s worth the cost. I think calcium
rich foods are costly (n=7)

Other (n=15)

Nothing (n=3)

Based on your own opinion, what social Facebook (n=32)

media platform would you prefer to see Instagram (n=21)

this on? Twitter (n=1)
Other (n= 8)

5.7.1 Capability

Psychological

When considering psychological capability, the majority of the participants reported a lack of
knowledge about calcium. Four themes were identified, which included bone health,
physiological processes requiring calcium, recommended intakes and food sources of
calctum. A majority of participants associated calcium with bone health and strength.
However, only some respondents were able to identify the role of calcium in osteoporosis and
bone health.

‘Good for bone strength’ (female, P5 FG1)

‘Good for preventing osteoporosis’ (male, P21 FG3)
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‘I think consumption of calcium in adolescence determines your bone health later in life’
(female, P27 FG4)

Some respondents were aware of the role of calcium for their physiological processes with
comments.

‘Essential in many cellular processes’ (female, P7 FG1)

‘Important for physiological function, such as cell signalling’ (female, P10 FG2)

‘Essential for heart and blood supply system work’ (female, P17 FG3)

A few female participants demonstrated knowledge in relation to menopause.

‘Women stop absorbing calcium at a certain age, it slows down’ (female, P19 FG3)

‘During menopause, more leaches out of your bones’ (female, P18 FG3)

Some participants could indicate the recommended calcium intake in milligrams, yet they
were unable to translate this to food amounts. A few young adults openly admitted not
knowing the recommendations for their age group.

‘I don’t really know what the recommended is or what you are meant to have’ (female, P19

FG3)

With regard to sources of calcium, most participants identified milk and dairy products as the
main source of calcium. A smaller number identified leafy green vegetables and fish as a
source of calcium. Meat was incorrectly identified as being high in calcium. Females
provided a broader range of sources of calcium, which included soy, tofu and beans,
compared to males. When prompted further, the source of the knowledge was reported as
general learning, media such as television advertisements and the influence of their parents.

‘I instantly think of dairy products like cheese, yoghurt’ (female, P8 FG3)

‘I think some vegetables; I don’t know which ones specifically’ (female, P13 FG2)
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When asked about strategies that may improve intake, respondents suggested that an
intervention may be appropriate for raising awareness of other sources of calcium and how
much calcium they contained. Participants also raised the desire for calcium requirements to
be presented in a form that is relatable to common foods and portion sizes.

‘I don’t know what 1000 mg looks like, I would prefer saying like have a glass of week to get
your amount’ (female, P21 FG3)

Physical

The participants raised the issue of lactose intolerance and recognised friends placed
themselves on dairy-free diets without seeking any medical advice. Some female participants
said dairy products made them feel ‘really full’ or ‘not too great’.

‘More of a craze to go dairy-free than have dairy’ (female, P5 FG1)

5.7.2 Opportunity

Physical

Cost and convenience were seen to be important motivators to consume dairy products.
Participants indicated that cost was important to them and the price of milk was an important
factor. Participants reported the relatively cheap price of milk in Australia as their top reason
for purchase.

‘I think dairy which is the main thing we think of is pretty affordable, milk is very affordable’
(female, P13 FG2)

Respondents appreciated the convenience of some dairy products and reported enjoying this
aspect.

‘It’s not time consuming to put milk on your cereal’ (male, P3 FG1)

‘It’s convenient to grab a tub of yoghurt to leave the house or something’ (male, P8 FG1)
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Although participants were unconcerned about the cost of milk saying it was inexpensive,
they viewed the waste as a concern because containers were large and limited shelf life. The
main concern arose from size of the container for milk or yoghurt; however, it was only by
young adults who lived out of home or cooked for themselves.

‘That’s money wasted if I don’t finish it’ (female, P9 FG2)

Some other sources of calcium were viewed as too expensive, such as cheese, almonds and
fish. Participants also acknowledged the higher cost of lactose-free products and stated it
would be more difficult to reach calcium recommendations for those with intolerance.

‘If you look at the lactose-free alternatives, I would feel like they might be more expensive, if
you were lactose intolerance then it might be harder to meet calcium goals’ (female, P18

FG3).

Social

Participants in our focus groups did not report any current social opportunities in relation to
their calcium intake. However, respondents suggested the use of public figures or celebrities
and cross-platform campaigns to create awareness of the need for calcium consumption.
Although respondents considered the latter to be an appropriate medium to seek the attention
of young adults on social media, concerns were raised about the source and credibility of the
information and its appeal to young adults. Subjects raised the issue of trust when it came to
social media as a result of the amount of information on this platform. The participants
reiterated the need for a ‘trustworthy source’ if information of calcium were to be put onto
social media. Participants were concerned about the location and access of accurate
information on social media, as illustrated by the following quotes.

‘I think it’s difficult with social media, you are not going to follow calcium or dietitian unless

you are already conscious about or aware of that, in order to get a wide audience, something
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where people who aren’t really thinking about it is your target, people who aren’t exposed to
it or conscious of it” (female, P18, FG3)

‘I auto tune some of it out because it is hard to trust, I like The Conversation website,
scholarly articles which are done in a more understandable way, if this could be shared
through avenues like Facebook more often, something that I trust, sharing it through
trustworthy platforms’ (female, P4, FG1)

Furthermore, participants said that information would have to be appearing in a catchy
manner as they would otherwise ‘just scroll past it’, as stated by a participant (male, P13
FG2). Participants suggested memes, funny videos or fun quizzes about calcium consumption
as possible ways to obtain the attention of young adults on social media. Some participants
were able to recall past media campaigns that heavily relied on celebrities, such as the ‘Got
Milk’ advertising campaign from the USA. Respondents suggested ideas similar to ‘Milk
Moustache’ to gain appeal among young adults and investing on social media ads. Creating a
short summary of research articles was also raised as a method to create awareness.

‘There used to be the “Got Milk” in America with celebrities, maybe if you used Instagram or
other forms of social media with endorsements’ (female, P18, FG3); ‘maybe put an ad before
YouTube videos, compulsory ads’ (P21, FG3)

‘Maybe Facebook ad, they pop up and can lead to something else, maybe to calculate how

much you are eating’ (P19, FG3)

5.7.3 Motivation
Automatic
Taste was highlighted by participants as the top reason for consuming calcium-containing

products, particularly dairy foods. Another stated that it was a good source of energy. ‘I have
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Greek yoghurt for breakfast because it’s delicious and I know it’s good for me’ (female, P39
FGS)

‘I think, for me, the energy I get from it’ (female, P26, FG4)

Participants indicated the family environment as having an effect on their calcium intake and
knowledge as a result of their mothers positively influencing their dairy consumption in
childhood.

‘I think with calcium it was more my mum forcing me to have milk, I still have it now’
(male, P30 FG4)

‘When I was little, my mum told me it would make me grow’ (female, P25 FG4)

Cultural practices were referred as another reason for consumption of milk. A few
respondents stated that dairy products were popular and traditional in their culture.

‘In our culture, it is just engrained to have a glass of milk for strong healthy bones’ (male, P8
FG1)

‘I feel like it would be more habit or what you are used to, I have always grown up drinking
milk or milk in the tea, difficult if you are on your own if you aren’t thinking about for you to

put calcium-rich foods in your diet’ (female, P18, FG2)

Reflective

Although fat content was never raised by participants as a barrier to consuming calcium-
containing products, participants voiced their opinions, once probed. Some participants
expressed concern about the fat content of cheese, whereas many others had no concern about
the fat content of dairy products at all.

‘I am conscious of eating it, knowing that cheese has a higher amount of fat’ (male, P8 FG1)
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Comments made on fat content were compared between genders. Female participants were
aware of the fat content of dairy foods, compared to males. Although some females stated
their concerns, the majority of them mentioned switching to low fat or skim milk and did not
appear to alter their overall intake of milk.

‘I don’t look at the fine print of the label, but if the front says lite then I will buy that’
(female, P38 FGY)

‘When I am at home, I drink lite milk, when I am out, I drink skim’ (female, P18 FG3)
Participants who reported themselves as being lactose intolerant viewed their intolerance as a
motivator to monitor and be aware of their calcium intake. This view was shared by both
genders.

‘I make a conscious effort to eat more calcium, but I can imagine that if you are not you
wouldn’t care that much about it’ (male, P22 FG3)

‘I am lactose intolerant; it is a concern for me’ (female, P13 FG2)

When asked for the reasons for low calcium intake, most participants considered they were
consuming sufficient amounts already. A few females indicated having other priorities or
areas of concern (i.e. amount of vegetables, iron or protein).

‘As a woman, iron is a priority and everything else is put to the side’ (female, P39 FGS)

‘I think I’'m pretty healthy but I don’t think of how much calcium I eat, I think more about
how many vegetables have I eaten today not how much calcium have I consumed’ (female,
P6 FG1)

‘I don’t focus on it, but I would be interested in focusing on it, I concentrate more on protein’
(female, P26. FG4)

Participants highlighted not being able to see calcium deficiency as an immediate threat and

labelled it as a ‘future self-problem’.
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‘I have never gone out of my way to seek calcium; I have thought about vegetables but I have
never thought to increase calcium’ (female, P25 FG4)

Respondents did not consider calcium as something to worry about if they were trying to be
healthy. Calcium intake was more associated with children and older adults by participants.
‘The whole invincible age bracket where you are not thinking about the future, it is “future
me” problem’ (female, P18, FG3)

A participant suggested combining the message with an immediate goal, such as protein
intake.

‘Most dairy products are high in protein so for men, who are usually more concerned with
protein intake’ (female, P6, FG1) Participants were asked to voice their opinions on strategies
that would be helpful to motivate young adults to consume more calcium-rich foods.
Respondents suggested the use of Australian statistics to highlight the problem of
inadequacy.

‘Use 70% of females don’t get enough’ (female, P24, FG3)

Participants were surprised once informed about the levels of inadequacy in the young adult
population and suggested incorporating the statistics in an intervention.

‘Statistics give credibility, give the numbers and science’ (male, P22 FG3)

‘I wasn’t aware of the statistics, having that on Facebook would be quite effective’ (female,
P37 FGS)

Both male and female participants suggested that educating young adults about the health
benefits of calcium, and the risks of not consuming enough was important to acquire
attention.

‘Highlighting the risks of calcium deficiency in our age group, it is not very apparent’

(female, P10 FG2)
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‘Maybe linking deficiency to a certain issue, unless there is an evident issue then people
won’t pay attention’ (male, P16 FG2)

‘What could happen if we are not consuming calcium in the long term, we are not facing any
health problems now, but calcium deficiency can affect us in the long term’ (female, P24
FG3)

Participants suggested the importance of highlighting calcium-rich foods to younger groups
may help to improve consumption in young adulthood. Subjects recalled learning about
excess fat or salt, as well as health consequences such as heart disease, when children but
could not remember learning about calcium and its long term health benefits. Many
participants indicated that they would make more of an effort if they knew the consequences
of not consuming adequate calcium. This view was shared by both genders.

‘If I knew the negatives then it would influence my behaviour’ (female, P28 FG4)

‘We never really got taught about calcium, if you have kids learning about calcium then by
the time, they reach our age then they may think about it more and focus on it more’ (female,
P25 FG4)

‘Get the kids into the habit and they will continue it” (male, P29 FG4)

Participants suggested that cooking videos and recipe demonstrations could be used for meal
planning and role-modelling.

‘I think meal planning so you know what ingredients you need, and be organised rather than
being last minute and getting fast food . . . it’s just having that there as an example for people
to look to, so they don’t have to go out of their way to do more research on it. It is easy for
them, just scrolling through to see something may be healthy’ (female, P26, FG4)

‘Raise awareness about how much common foods calcium foods have, a lot of them don’t

have very much calcium, people think they are getting enough but they don’t eat enough of
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the foods that have higher amounts of calcium, they are always under but they don’t know

about it’ (male, P30, FG4)

5.8 Discussion

Young adults have an apparent lack of knowledge about the sources and amount of calcium-
rich foods needed to meet calcium requirements. They were largely unable to identify any
sources other than dairy, and were unsure about the relationship between calcium intake and
development of osteoporosis. The perceived lack of susceptibility for young people was

demotivating with respect to consumption.

Our findings are generally in agreement with a similar study reporting barriers and facilitators
from adolescents that included personal knowledge gap, misconceptions related to benefits,
taste, parental and peer influence, and the availability and convenience of dairy products (36).
Although previous studies report a gap in young adults’ knowledge of high calcium foods
(14,37), a majority of the participants were able to identify the importance of calcium for
bone health, which is consistent with a Canadian study (20) and an older study in young
women (38). Previous studies have identified that young adults perceive osteoporosis as an
older woman’s disease (39,40). Respondents were also less aware of the role of calcium in
preventing major chronic diseases, which has been known to be a common issue across all

age groups (41).

The written questionnaire responses participants completed after the focus group discussion
implied that the majority had learnt something new and some realised that their intake was
inadequate. Previous findings suggest that a majority of women considered they had
sufficient calcium intake because they were unable to correctly quantify the amount of

calcium in foods (14,37). Our study participants suggested that the calcium recommendations

Chapter Five | 181



be made more relatable by presenting requirements as food servings (i.e. cups of milk or
slices of cheese) as opposed to presenting requirements in milligrams. These attitudes can
give rise to the belief that calcium intake does not require concern and therefore they act as a
barrier to further intake of calcium-rich foods. Respondents were unaware at which life-stage
calcium consumption was most important for the prevention of osteoporosis, which is
consistent with the Canadian study (20).

With regard to enablers to calcium intake, many indicated a possible willingness to improve
their intakes if they had been made aware of the benefits of calcium with respect to certain
diseases in the short and long-term or national statistics concerning the proportion of young
adults not consuming adequate amounts. A knowledge of recommended intakes, health
benefits and critical times to consume calcium was also previously identified as an important
enabler to calcium consumption (41,42). Previous studies have reported lower intakes in
participants who were unaware of the health benefits of a calcium-rich diet (41), whereas
those who were knowledgeable consumed more calcium (42).

Most participants from our study indicated being time-poor and reliant on easy to grab
options. This is similar to other findings where young adults reported purchasing foods that
require little preparation or cooking effort so that they could spend their time on other
activities (43,44). Cost and convenience of foods were considered to be highly important for
this age group (45), particularly for those living away from the parental home. Research in
this field suggests that young adults have a tendency to purchase foods that provide them
with the most value for money (46) and they often choose the cheapest item (20). By contrast
to beliefs in Canada (20), dairy products such as milk were seen as inexpensive in Australia,

which enabled consumption.
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Although our participants did not report themselves to be influenced by their real-life peers,
they considered that a social media aspect could increase awareness and the intake of
calcium. However, concerns were raised regarding the credibility of information, the issue of
trust and the source of information, which is consistent with recent findings (20,47). Our
findings are similar to a recent focus group where participants suggested social media as a
primary intervention platform and considered it to be a beneficial way of providing dietary
advice (44). By contrast, the Canadian young adults perceived that social media would be
ineffective (20). The participants in our study suggested new ways to convey information (i.e.
memes, funny videos and quizzes). Although the suggestions made by participants are novel
and age-appropriate, there is little evidence of their effectiveness to date (48). Given the
newness of social media, further research is needed in this area, particularly because social
media is very prevalent in the lives of young adults (49).

Taste was a major reason for eating calcium-rich foods and is consistent with previous
literature about food choices (43,44,46). Some foods were unlikely to be consumed (i.e.
anchovies, sardines and tofu), even with education, unless the taste perception could be
improved with appealing recipes. Environment and culture was an important enabler in the
consumption of calcium-containing foods as has been reported for other dietary components
(19,50-53). Participants recalled the emphasis on calcium and bones put forward by their
parents in childhood. As a result, they were able to retain their consumption habits. Other
studies have reported on the positive role-modelling from family, especially during
adolescence (54,55). This idea is shared across literature as parental modelling where the
importance of habit formation is illustrated in early childhood and, as a result, this continues
throughout young adulthood (56). Focusing on young adults may have benefits to the next

generation of children.
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In our focus groups, participants reported the consumption of milk because of the perceived
energy it provided, which was also noted by Marcinow et al. (20). We did not find
gastrointestinal symptoms or other negative health impacts to be a problem in the present
study. However, earlier studies have reported such symptoms to be a barrier to consumption
(37), particularly for women who report more negative feelings after dairy consumption
compared to men, with gastrointestinal disagreement being one of the most common
concerns (14). Fat was not of concern and foods substituted with fat-free or low fat milk
varieties were seen as an alternate. However, this is in contrast to other findings where
women regarded the fat and calorie content of milk as high and therefore avoided
consumption (14, 57).

Despite participants indicating that knowledge would be motivating, previous research has
shown that knowledge alone may be insufficient to elicit behaviour change (58). It has been
suggested that young adults must be made aware of their calcium intake first to be able to
make a change with their intake (59). The participants in our study reported on early
influences received from their parents which resulted in them continuing their habits. It was
suggested that the consumption of other calcium-rich foods should become a habit from
childhood. This idea has also been raised in previous literature where subjects have proposed
that education concerning calcium-rich foods at school or by their parents could possibly
enable their consumption to become a habitual practice into adulthood (20, 43). A recent
study highlighted key gaps with respect to Nutrition and Food Sciences curriculum in
Australian schools, such that it is considered to be insufficient and untranslatable for
everyday practices (60). Future interventions should create an environment where both
children and adolescents receive education about calcium and its health-related outcomes. As
suggested by previous studies, culture and traditions play an important role in shaping dietary

practices, which cannot be overlooked (61). The combination of positive parental influence
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and development of habits from early childhood are likely to result in a positive impact and a

continuation of dietary habits in young adulthood.

5.8.1 Strengths and limitations

To our knowledge, this is the first study to report on enablers and barriers to calcium intake in
Australia. The use of qualitative research is both an important strength and a limitation of this
explorative study. Qualitative research allows us to understand not only the what, but also the
how and why, which is important when examining at the beliefs and attitudes of young
adults. Conversely, limitations of the use of focus groups may be that individuals felt insecure
about sharing their thoughts and opinions or may have been pressured to conform their
opinions to the rest of the group (27). As with most studies, using a convenience sample of
volunteers introduces self-selection bias, despite attempts to broaden the scope of participants
who were recruited. Young adults are more likely to volunteer if they are health or nutrition
conscious where females are over-represented. Another limitation is that most participants
were enrolled in tertiary education. However, 56% of the Australian population have tertiary

level qualifications: diploma, certificate or degree (62).

5.8.2 Conclusion and practical implications

The focus groups provided insight into perceived barriers and enablers to the consumption of
calcium-rich foods, highlighting how capability, opportunity and motivation can impact
behaviours with respect to the consumption of adequate dietary calcium in young adults.
Although young adults were aware of the main health benefits of calcium in relation to bone
health, a large gap in knowledge was identified regarding nondairy sources, health benefits in
preventing disease, and recommended amounts. With regard to opportunity, cost concerns

were raised for cheese, with milk being labelled as inexpensive and convenient. Young adults
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identified taste, family and cultural practices as motivators and also reflected on their reasons
for low intake (i.e. having other priorities or labelling it as a ‘future me’ problem). This
identifies the need for future nutrition interventions to emphasise the self-assessment of
current calcium intake as a primary step towards reaching the recommended intake. Our
findings highlight the need to develop an intervention providing information on social media
from a credible source. An age-specific intervention with a focus on education could
effectively provide young adults with knowledge to support their behaviour change. Given
the role of parental influence and habit formation in childhood, interventions could also focus
on promoting other forms of calcium from a younger age, allowing consumption to continue
through to adulthood. The findings from the present study will be used to inform the
development of a social media intervention for young adults. The intervention will focus on
emphasising the existing enablers to calcium-rich foods and overcoming the barriers

identified in our study.
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