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Abstract 
 
Background: Adolescence is a critical time to be consuming adequate amounts of 

calcium for bone health. The consequences of inadequate calcium intake include 

reduced bone mass and increased risk of osteoporosis, a disease which decreases quality 

of life in older adults. Internationally, calcium intake among adolescent females is low 

with a high prevalence of inadequacy. Currently, limited data is available on calcium 

intakes of adolescent females aged 15-18 years in New Zealand.  

 

Objective: To assess the intake of calcium and establish the prevalence of calcium 

inadequacy among New Zealand adolescent females aged 15-18 years old. Key food 

groups that contribute to calcium intake will also be examined. 

 

Design: Phase one of the SuNDiAL study was a cross-sectional cluster study involving 

145 participants aged 15-18 years old, from eight high schools across New Zealand. 

Online questionnaires collected self-reported data on demographic, and dietary food 

habits. Actual dietary intake was assessed using repeated 24-hour dietary recalls. The 

dietary assessment software FoodWorks was used to calculate calcium intake based on 

the New Zealand Food Composition Tables and was adjusted for usual intake using the 

multiple source method. The prevalence of calcium intake inadequacy was estimated 

using the estimated average requirement (EAR) cut-point method. Height and weight 

measurements were used to calculate body mass index Z-scores. 

 

Results: The mean dietary calcium intake of adolescent females aged 15-18 years in 

New Zealand was low at 723 (95 % CI 677, 769) mg/day. Additionally, 89 % of the 

study population had inadequate calcium intakes. The most common food sources that 

contributed to calcium intake of the study cohort were milk (16 %), cheese (11 %), 
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bread-based dishes (10 %), and bread (10 %). One fifth of participants reported 

consuming a plant-based milk while 18 % reported that they did not usually consume 

breakfast. Regular consumption of milk, fruit, vegetables, juice and breakfast had a 

significant positive relationship with calcium intake.  

 

Conclusion: This study suggests that majority of adolescent females (89 %) are not 

consuming adequate intakes of dietary calcium, placing them at risk of osteoporosis in 

later life. Dietitians should be conscious of this when working with this population. 

Further research is recommended to examine if certain socio-economic or ethnic groups 

are particularly at risk. Additionally, barriers and facilitators to increase calcium intake 

in this population should be revised.  
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Preface 
This study was undertaken as part of the first phase of the larger SuNDiAL project 

(Survey of Nutrition Dietary Assessment and Lifestyle). The aim of this nationwide 

project is to assess the dietary intakes and habits, nutritional status, health status, 

motivations, attitudes and lifestyles of New Zealand adolescent females aged 15-18 

years old. Ultimately, differences between vegetarians and non-vegetarians will be 

compared. Data collection was conducted by Master of Dietetic students (data 

collectors) completing their final year of study. They undertook six weeks of training 

prior to the data collection. The present study will look at the dietary intake of 

adolescent females with a focus on calcium. Additional data collected by the candidate 

but not present in this thesis is indicated in Figure 0-1.  

Data category SuNDiAL data collected 
Demographics Age sex and ethnicity 

Health related questionnaire 

Attitudes and beliefs around food choice Questionnaire* 

Anthropometry Height 

Body weight 

Ulna Length* 

Dietary assessment Two 24-hour dietary recalls 

Dietary habits questionnaire 

Nutritional supplement use 

Biochemical status Blood and urine samples* 

Activity patterns Sleep, sedentary behaviour and physical 
activity* 

*  Data collected by candidate but not used in this thesis 

Figure 0-1 All data collected for this thesis and the SuNDiAL project 

 

The candidate was responsible for:  

• Developing and presenting a PowerPoint presentation at the assigned high school 

for participant recruitment 
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• Recruiting 13 participants from the assigned high school 

• Organising appointment times for each participant 

• Conducting two 24-hour dietary recalls (second recall by video or phone calls) 

• Taking anthropometric measurements (height, weight and ulna length) 

• Assisting in the organisation and collection of blood and urine samples 

• Fitting participants with accelerometers and providing activity log books 

• Ensuring participants completed the online questionnaires 

• Collection of accelerometers and log books 

• Dietary data input into the nutrient analysis programme, FoodWorks 

• Interpretation of results 

• Write up of all thesis components  

 

Study Investigators:  

• Principal Investigators (PI): Dr Jill Hazzard (JH) (study biostatistician) and Dr 

Meredith Peddie (MP) 

• SuNDiAL Coordinators: Tessa Scott (TS), and Chaya Ranasinghe (CR) 

• Academic Supervision: Dr Sue MacDonell  

All study investigators were from the University of Otago Human Nutrition Department, 

Dunedin and were responsible for: study design and development, attaining ethical 

approval, selecting/recruitment of high schools, statistical analysis of data and 

supervision of data collection and thesis writing.   
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1 Introduction 
 
Appropriate nutrition during adolescence is particularly important due to the 

acceleration in growth and development that occurs during this period. Despite the 

importance of nutrition during this life stage, nutrition studies of this population in New 

Zealand are limited. Adolescents are defined by the World Health Organization (WHO) 

as persons aged 10-19 (1). Based on Census data from 2013, the population of 

adolescent females aged 15-19 years will increase from 152,700 in 2018 to 168,100 by 

2038 (2).  

Calcium requirements are particularly important during adolescence as the 

majority of skeletal growth occurs during this time (3). Consuming adequate calcium 

intake during this period is one essential factor for maximising peak bone mass which is 

protective against osteoporosis, a growing health and economic problem in New 

Zealand (4). In 2007 it was estimated that over 80,000 New Zealanders suffered a 

broken bone due to the disease and women were disproportionally affected (4). This is 

expected to rise to 120,000 by 2020 (4) putting further pressure on the healthcare 

system as the population ages. Maximising peak bone mass (PBM) during adolescence 

may provide the best protection against this disease (5-8).  

Unfortunately, adolescent females are often at risk of calcium inadequacy in 

many developed countries including New Zealand, where there is a high prevalence of 

inadequacy (9). The most recent data of calcium intake among New Zealand adolescent 

females, now ten years old, is outdated and in need of reviewing due to changes in the 

food environment.  

The current study aims to provide updated data regarding the dietary intake of 

calcium and the prevalence of calcium inadequacy among adolescent females aged 15-

18 years in New Zealand. This will determine if calcium intakes in this population have 

improved since they were last assessed ten years ago. Over this time, the availability 
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and consumption of plant-based milks has increased, while New Zealand continues to 

have no mandatory calcium fortification. Additionally, this study will assess the most 

common dietary sources of calcium in this population.   
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2 Literature Review 
This review examines the current literature regarding dietary sources and intakes of 

calcium for adolescent females, aged 15-18 years old. Furthermore, the role of calcium 

in adolescent growth and development is discussed, as well as the prevalence and 

consequence of inadequate calcium intakes. Possible factors that influence intake 

among adolescent females including personal and environmental factors are also 

reviewed.  

A search of the Scopus, Medline and Pubmed databases was conducted using 

the key words: ‘calcium’, ‘Ca’, ‘calcium intake’, ‘adolescent’, ‘teenager’, ‘teen’, 

‘female’ and ‘New Zealand’. Results were restricted to those written in English and 

published between the year 2000 and May 2019. Additional literature was sourced from 

supervisors’ Endnote library and from the reference lists of papers identified during the 

literature search. 

 

2.1 Calcium Metabolism and Homeostasis 

2.1.1 Functional Role of Calcium 

Ninety nine percent of calcium in the human body is in the form of hydroxyapatite 

([Ca10(PO4)6(OH)2]) found largely in bones and teeth (10). The remaining one percent 

of calcium is found in the blood, muscle and other tissues and is used in metabolic 

processes which include vascular contraction and vasodilation, hormone secretion, 

muscular contraction, intracellular signaling and nerve conduction (10, 11). Calcium 

provides rigidity to the skeleton and as such has a critical role in protecting the internal 

organs and in facilitating movement (12, 13). Furthermore, the skeleton provides a 

reservoir of calcium that can be drawn upon through bone remodeling to maintain 

circulating calcium concentrations (10, 12).  
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Term  Definition 

Bone mineral content 

(BMC) 

The mass of mineral contained in an entire bone (g) or as the mass 

of mineral per unit bone length (g/cm) (14) 

Bone mineral density 

(BMD) 

The mineral mass of a bone divided by its projection area in a 

given direction (g/cm2) (14) 

Bone mass (BM) The weight of bone and may be influenced by bone size (15) 

Peak bone mass (PBM) Maximal amount of bone mineral accrued within bone during 

childhood and adolescence plus the consolidation that continues 

beyond the attainment of final height (7) 

Osteopenia or “low 

bone mass” 

A T-score that lies between -1 and -2.5 SD (16) 

Osteoporosis When BMD lies 2.5 SD or more below the average value for 

young healthy women (T-score of <-2.5 SD) (16)  

Figure 2-1 Terms used to define bone health 

 
Bone health is defined by bone mineral content (BMC), bone mineral density 

(BMD) or bone mass (BM) as described in Figure 2-1. The amount of calcium stored in 

bones also contributes to overall bone strength (10). Peak bone mass (PBM) refers to 

the amount of bone acquired when accrual ceases or plateaus after the completion of 

growth and development (7). PBM occurs sometime between 20 and 30 years of age, at 

different skeletal sites (3, 17). Once PBM is reached, BM declines, thus, those who 

achieve a sub-optimal PBM are at an increased risk of poor bone health in older age, 

increasing the risk of bone fractures (Figure 2-2) (5-8, 18). The majority of BM accrual 

is achieved during adolescence (18), a period when bone accretion increases threefold 

(19). Adolescence, therefore, is an important time to ensure bone accretion is 

maximised. 
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Figure 2-2 Changes in bone mass across the lifespan (5) 

 

PBM is influenced by both genetic and lifestyle factors. Genetics may account 

for between 60 and 80 % of the variation in BM (5, 20-22). Modifiable lifestyle factors 

found to impact PBM include body weight and composition (23, 24), hormonal status 

(15, 24), physical activity levels (25), vitamin D status (26) and dietary calcium intake 

(27-31). Meanwhile, cigarette smoking (32), caffeine intake (33), excessive alcohol 

intake (11) and the oral contraceptive pill (34) are known to hinder BM accretion. For 

instance, caffeine increases urinary calcium excretion (33) whereas the combined oral 

contraceptive pill alters oestrogen concentration thus osteoclast number and activity 

(35).   

During adolescence, dietary calcium intake plays an important role in skeletal 

calcium accretion and thus the PBM which is achieved (5). Adequate dietary calcium 

has, therefore, been widely accepted to have a beneficial impact on bone health. Most 

intervention studies have investigated the effect of calcium supplementation 

(supplements, or milk/milk powder) administered for 12-18 months and measure either 

BMD or BMC at various skeletal regions. The beneficial impact of calcium 

supplementation for adolescent females (aged 12-18 years) has been demonstrated by 

studies which have shown an increased BMC and BMD most commonly in the lumbar 
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spine (27-29, 31) and trochanter (30, 31), although no reason is given for why these 

areas showed an increase.  

A meta-analysis of 19 studies, including one study discussed above (31), 

concluded that calcium supplementation had a small positive effect on BMD in the 

upper limb among children and adolescents aged 3-18 years (36). While this effect was 

minor, a more recent meta-analysis also concluded that calcium supplementation had a 

positive increase in total body and lumbar spine BMC (37). The authors note, however, 

that this positive impact was only significant among those who had habitually low 

dietary calcium intakes. This analysis mostly included studies of children, therefore, the 

impacts are not directly comparable to 15-18-year-old females.  

These findings are supported by a New Zealand study of adolescent females 

which found additional calcium showed little benefit on BM for those with adequate 

dietary calcium intakes (38). While the literature overwhelmingly suggests that 

adequate dietary calcium intakes are required to ensure healthy bone accretion during 

childhood and adolescence some studies have found that the effects of supplementation 

do not last. For example, Lambert et al found that 12 months after supplementation 

stopped, the gains in BMC and BMD were no longer significant suggesting that calcium 

supplementation needs to be maintained until PBM is reached for lasting benefits (29).   

 

2.1.2 Absorption and Excretion of Calcium 

During puberty, approximately one third of dietary calcium is absorbed (39) reducing to 

25 % absorption in adulthood (40). Active transport accounts for the majority of 

calcium absorption at low to moderate dietary calcium intakes and is dependent on the 

presence of calcitriol, the active form of vitamin D (41). Those with low vitamin D 

status, therefore, absorb less calcium and consequently are placed at greater risk for 

bone disease (42). Passive absorption of calcium occurs with high dietary intakes of 

calcium (41). 



	 	 	18	

Absorption can also be influenced both positively and negatively by food 

compounds that modify the bioavailability of calcium in the gut. Phytates, which are 

found in seeds, nuts, grains, certain legumes and soy isolates, and oxalic acid, which is 

found in spinach, beans and rhubarb, both reduce calcium absorption. This occurs 

because phytates and oxalic acid form an insoluble complex with calcium in the gut, 

decreasing its bioavailability and thus absorption (43). Some dietary factors which 

increase dietary calcium absorption include phosphopeptides, (44) lactose (45, 46), 

lactulose (47), inulin and oligofructose (48), although evidence for this is limited.  

Calcium is also excreted from the body in faeces and sweat, while the kidneys 

reabsorb almost 98 % of filtered calcium. This reabsorption is decreased by salt which 

is excreted together with calcium in the kidney tubules using a similar transport system. 

Studies suggest that for every 2,300 mg of sodium excreted, approximately 40 mg of 

calcium is also removed (49). Urinary excretion of calcium is also increased by caffeine 

and excess protein (33, 50, 51), whereas phosphorus and alkaline agents (bicarbonate, 

citrate) decrease urinary excretion due to changes in tubular reabsorption (11).  

	

2.1.3 Metabolism and Homeostasis 

Circulating serum calcium concentration is tightly regulated by the parathyroid 

hormone (PTH) -Vitamin D endocrine system via negative feedback loops. The rate of 

dietary calcium absorption and excretion as well as calcium bone resorption and storage 

in the bones is modified by the PTH, calcitriol and calcitonin so that circulating calcium 

concentrations remain between 8.5 and 10.5 mg/dL (10).  

The parathyroid gland releases PTH in response to low circulating calcium 

concentration. PTH does this by enhancing calcium reabsorption by the kidney and 

signalling osteoclasts (bone-resorbing cells) to increase bone breakdown, thus, 

mobilizing calcium from skeletal stores and increasing serum calcium concentrations. 

Furthermore, in the kidneys, PTH activates the enzyme 1α-hydroxylase which converts 
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vitamin D to its active hormonal form, calcitriol, causing increased dietary calcium 

absorption in the intestines. Once circulating calcium returns to the normal range the 

secretion of the PTH decreases due to the negative feedback mechanisms (10). In 

response to elevated calcium levels the thyroid gland releases calcitonin which 

suppresses calcium bone resorption (11).  

 

2.1.4 Calcium Toxicity and Deficiency 

Excess circulating calcium leads to adverse effects which includes hypercalcaemia, 

hypercalcuria, vascular and soft tissue calcification, kidney stones, and constipation (10). 

Toxicity is unlikely to be caused by dietary intake alone but has been identified in those 

taking antacids, alkaline calcium salts or calcium supplements consumed in large 

amounts (11). Long-term inadequate dietary calcium, however, can compromise bone 

health and lead to osteopenia and osteoporosis due to excessive calcium resorption.  

Osteoporosis is a bone disease that manifests in post-menopausal women. It is 

defined as “a systemic skeletal disease characterised by low BM and microarchitectural 

deterioration of bone tissue, with a consequent increase in bone fragility and 

susceptibility to fracture” (52). Osteoporosis significantly decreases an individual’s 

quality of life (53) and indirectly adds to mortality risk in post-menopausal women due 

to the greater risk of fractures (41). Achieving optimal PBM is protective against 

osteoporosis later in life (6-8, 18). Ensuring that adolescent females adopt healthy 

lifestyles, including consumption of adequate dietary calcium, is, therefore, important to 

optimise PBM. 

	

2.2 Assessment of Calcium Intake  

2.2.1 Nutrient Reference Values 

Nutrient reference values (NRVs) describe the amount of a nutrient which must be 

consumed to prevent the development of nutrient deficiency among healthy individuals. 
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The current Australian and New Zealand NRVs were jointly released in 2005 by the 

Australian National Health and Medical Research Council (NHMRC) and the New 

Zealand Ministry of Health (MOH) (54). They set out three levels of dietary intake for 

calcium that are relevant to adolescent females: the estimated average requirement 

(EAR), the recommended daily intake (RDI) and the upper limit (UL) (Appendix A).  

In setting the NRVs for Australia and New Zealand the NHMRC and MOH 

adopted the recommendations of the Food and Agricultural Organization of the United 

Nations:World Health Organisation (FAO:WHO), 2011 (55). The NRVs for calcium are 

set to balance losses from urine, faeces and sweat while, during periods of growth, 

provide sufficient calcium for optimal bone development. Thus, calcium requirements 

vary by gender and age (55).  

The recommendations for calcium intake were increased in the most recent 

revision of the NRVs by the FAO:WHO in 2001. These most recent NRVs were 

informed by a greater quantitative body of literature and allowed for calculation of 

adolescent needs to compensate for previously unaccounted for insensible losses of 40 

mg/day and the application of a ‘low absorption factor’ that occurs at calcium intakes of 

about 500 mg/day’ (54).   

Dietary calcium recommendations from New Zealand, Australia and the United 

States of America (USA)/Canada have similar values for adolescents, whereas, the 

United Kingdom (UK) has set lower requirements (Appendix A). This is due to 

differing interpretations of available research.  

 

2.2.2 Dietary Assessment of Calcium Intake 

Calcium intake can be assessed using 24-hour recall, dietary records, and food 

frequency questionnaires (FFQ). The benefits and limitations of these methods are 

shown in Figure 2-3. The 24-hour recall method is most appropriate to use for 
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population-based research as it is quick, inexpensive and participant burden is minimal, 

thus compliance is generally high (56, 57).  

24-hour recall 

 

Quantitative method where the participant recalls food/beverages 

consumed over previous 24 hours. 

 

 

 

 

 

Food frequency 

questionnaire 

 

 

 

 

 

Dietary record 

 

Benefits: Can be used for those who are illiterate, inexpensive and quick, 

therefore, low respondent burden and element of surprise prevents 

participant altering their usual eating patterns. 

Limitations: Omits foods infrequently consumed and relies on memory. 

 

Participant answers questionnaire regarding frequency of food groups 

consumed over a given period (week, six months, one year) and amounts 

of food consumed (semi-quantitative). 

Benefits: Quick for participants therefore low respondent burden and can 

identify low intakes of specific nutrients. 

Limitations: Low accuracy and questionnaire needs to be validated. 

 

Participants record all food/beverages consumed over a time period. 

Portion sizes estimated using household measures or weighed. 

Benefits: Accurate representation of actual and usual diet.  

Limitations: Subjects must be literate and portion sizes recorded depend on 

ability of participate to estimate. Time consuming for participant requiring 

motivated participants. 

Figure 2-3 Dietary assessment methods (56) 

	
Measurement error in 24-hour dietary recalls arise from inaccurate portion size 

estimates and participants having inadequate knowledge of food details, forgetting items 

or omission or addition of certain items in an effort to appear ‘healthier’ (56). 

Furthermore, under-reporting of food intake has been identified as a problem with 

assessing the dietary intake of adolescent females (58, 59). Possible explanations for 

under-reporting by this population group include consuming a greater proportion of 

food outside the home, and food patterns are less structured (60). Adolescents may 

consequently consume snacks and skip meals more often which can impair the ability to 
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recall information correctly (61). Concerns about body image may also contribute as 

under-reporting has been associated with increased body weight (62-64).  

A single 24-hour recall can be used to determine the mean nutrient intake of a 

population, providing the participants are representative of the population being studied 

and all seasons and days of the week have been included. Estimations of intake based 

on one 24-hour recall, however, cannot be used to estimate usual intake as recall of one 

day does not account for individual day-to-day variation. Calculation of the usual intake 

of a nutrient for a specific population requires a repeated 24-hour recall from a subset of 

at least 30 individuals. Repeat recalls should be taken on a nonconsecutive day to the 

original recall. Mathematical modelling is then used to remove the variability 

introduced by day-to-day variation (within subject variation) in nutrient intakes of an 

individual. Without this adjustment, estimates of inadequacy are inaccurate and are 

likely to overestimate the number of people with inadequate intakes (56).  

 

2.3 Dietary Calcium Intake and Food Sources  

2.3.1 Dietary Calcium Intakes of Adolescent Females 

2.3.1.1 Worldwide 

Appendix B displays 23 studies which report the dietary calcium intake of adolescent 

females in developed countries. Mean daily intakes of dietary calcium ranged from 583 

mg/day (standard deviation (SD) 258) in adolescent females in Australia (65) to 1183 

(standard error of the mean (SEM) 83) mg/day in adolescent females in Canada (66). 

The large range of dietary calcium intakes could result from use of different dietary 

assessment methods. Zhou et al reported the highest calcium intakes in Canadian 

adolescent girls, however, this study used a semi-quantitative FFQ with limited portion 

sizes which may have led to over-reporting of calcium rich foods (66).  
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Where Asian adolescents have been included in study samples, their intakes 

were lower compared to those of Caucasian adolescents (67). To the best of our 

knowledge, however, these differences have not been explored recently. 

Inconsistencies in NRVs between countries make direct comparisons of the 

prevalence of inadequate intakes problematic. Nevertheless, a high prevalence of 

inadequate calcium intakes among adolescent females has been reported in developed 

countries. For instance, prevalence of inadequacy ranged from 58.6 % (68) to 94.8 % in 

Australia (65) when compared to the EAR of 1050 mg/day and in the USA, Demmer et 

al found a 76 % prevalence of inadequate calcium intakes when compared to an EAR of 

1100mg/day (69). Additionally, in the UK the National Diet and Nutrition Survey based 

on four-day diet-records, found that 84 % of adolescent females had an intake below the 

recommended nutrient intake (RNI) of 800 mg/day (70). These show that 

internationally, attaining calcium adequacy is difficult for this population.  

 

2.3.1.2 New Zealand 

The dietary calcium intake of New Zealand adolescent females was most recently 

reported in the 2008/09 New Zealand Adult Nutrition Survey (08/09 NZ ANS) (9). This 

nationally representative survey showed that the median daily intake of calcium was 

682 (95 % confidence interval (CI) 630, 734) mg/day in this demographic group. 

Furthermore, there was a high prevalence of inadequate intakes (88 %) (9). This is in 

contrast to the previous national nutrition survey where the median daily intake of 

calcium was approximately ten percent higher (740 mg/day) and the prevalence of 

inadequacy was lower (37 %) (71). The more than two-fold increase in the prevalence 

of inadequate intakes could, in part, be attributed to the increase in EAR which occurred 

between the two surveys. The EAR was increased from 625mg/day to 1050mg/day by 

to account for ‘unspecified low absorption that occurs at intakes around 500 mg/day’ 

plus another 40 mg for calcium sweat losses (54).  
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Of particular concern was the very high proportion of both New Zealand Māori 

and Pacific female adolescents who had inadequate dietary calcium intakes in 2008/09 

(96 % and 99 % respectively) (9). To the best of our knowledge, the dietary calcium 

intakes of Asian adolescent populations in New Zealand have not been reported, 

however, intakes for Asian women have been found to be significantly lower than New 

Zealand Europeans (P < 0.001) (72). With the Asian population accounting for 12 % of 

the total New Zealand population and continuing to grow, investigation of their calcium 

intake is required (2). Socioeconomic status (SES), as assessed by the New Zealand 

Deprivation Index 2006 quintiles, in the 08/09 NZ ANS was not associated with dietary 

calcium intakes (9) Similarly, SES did not correspond to calcium intakes in Australia 

(65) or in the UK National Diet Nutrition Survey (70).   

 

2.3.2 Dietary Sources of Calcium 

2.3.2.1 Dairy Products 

Milk and other dairy products provide the richest source of dietary calcium (73). Milk 

alternatives such as soy, rice and nut milk are naturally low in calcium but contain 

varying calcium concentrations due to fortification (73, 74). Other calcium-fortified 

foods include soy yoghurt, juices and breakfast cereals, while other non-dairy sources of 

calcium include nuts and seeds, canned fish with bones, tofu, green leafy vegetables and 

dried fruit (73).  

The 08/09 NZ ANS identified milk as the most common source of dietary 

calcium, providing almost a fifth of the daily calcium intake (18.9 %) (9). This 

contribution had decreased compared to the previous national nutrition survey in 1997, 

where milk provided almost one third (31 %) of the calcium intake for adolescent 

females (71). Worldwide, milk and other dairy products are consistently cited as the 

most common sources of calcium for this age group (65, 75-77) and is, therefore, one of 

the main determinants for dietary calcium intake. For instance, in a study by Gao et al, 
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calcium intakes of adolescent females in the USA, who did not consume dairy products, 

had statistically lower calcium intakes compared to dairy consumers (498 ± 433 (SD) 

mg/day and 866 ± 11.8 (SD) mg/day P < 0.01) (78). Similarly, Asian participants have 

been noted to typically consume fewer dairy products, and they consequently have 

lower calcium intakes compared to Caucasians (67, 79). 

A greater consumption of calcium has been associated with healthier dietary 

habits among New Zealand adolescents (80). In the study by Rouf et al higher intakes 

of dairy products corresponded with lower intakes of discretionary foods such as cakes, 

fast food and soft drinks (65). A possible explanation for this is that a decrease in milk 

consumption could result from the replacement of milk with other beverages such as 

soft drinks. Furthermore, changes in calcium intake between early and late adolescence 

corresponded with a decrease in milk consumption (68). This is similar to decreases 

seen between mid-adolescence and young adulthood (81). Nevertheless, milk intakes 

appear to be the main determinant of calcium intake at all ages.  

	

2.3.2.2 Other Prominent Calcium Sources  

Bread-based dishes was the second largest contributor to calcium intake of female 

adolescents in the 08/09 NZ ANS. Cheese is a common ingredient on these dishes 

which could explain why this has a large contribution. The bread food group was 

another large contributor. This is similar to a recent Australian study (65) and the UK 

National Diet and Nutrition Survey (70). Bread contains a moderate amount of calcium, 

thus its large contribution could be due to its consumption in large amounts. Breads and 

cereals were identified as especially important dietary sources of calcium for those who 

did not consume dairy products in an American study of adolescents (82). Other 

prominent sources of calcium in the 08/09 NZ ANS included non-alcoholic beverages 

(tea/coffee), other dairy products (ice cream/yoghurt) and cheese. Dietary sources of 
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calcium intake have not been reported according to ethnicity or socioeconomic status in 

New Zealand. 

 

2.4 Barriers and Enablers to Calcium Intake 

Despite the importance of calcium, most adolescent females in both New Zealand and 

internationally are not consuming adequate amounts of calcium to meet dietary 

recommendations (9, 68-71, 75, 83). Adolescent females make food choices depending 

on a number of individual and environmental factors. Knowledge of calcium 

importance, misconceptions about calcium-rich foods, parental and peer influence, cost, 

convenience and taste preferences are factors that have been reported as facilitating or 

hindering adequate calcium intake amongst adolescent females (84, 85).  

 

2.4.1 Individual Factors 

Taste preferences for calcium-rich products is a strong facilitating factor which 

influences food choices of individuals (85-88). Concerns that dairy products cause 

weight gain was identified as the main factor for a low consumption of dairy products 

by young New Zealand women with low dietary calcium intakes (89) and by 

adolescents elsewhere (84, 90, 91). This perception, however, is in contrast to findings 

that adolescent females with low dairy consumption have a higher body mass index (92) 

and that dairy intake may be protective against obesity during adolescence (93). 

Regardless, this concern regarding weight gain is likely to influence the consumption of 

dairy products unless effective education is provided.  

Self-diagnosis of an intolerance to lactose may also limit consumption of dairy 

and lead to the unnecessary elimination of this food group and, consequently, reduced 

dietary calcium intake (88, 94). Adolescents who follow vegan diets also eliminate 

dairy products from their diet. While there are numerous plant-based milk alternatives, 

not all are fortified with calcium to the same level as cow’s milk (73, 74). Adequate 



	 	 	27	

calcium intake can be attained without dairy products, however, knowledge of calcium-

rich alternatives is limited (85, 95), indicating that education regarding calcium-rich 

food sources for vegans and others avoiding dairy is required.  

 

2.4.2 Environmental Factors 

The family environment is an important factor that influences dietary calcium 

intake amongst adolescents (86). Parental role-modelling (87), and family environment 

can impact calcium intake through meal patterns as higher intakes have been noted to 

correspond with the presence of consistent mealtimes (96). Breakfast appears to 

contribute the largest proportion of dietary calcium intake (65) and, therefore, this meal 

could determine calcium adequacy.  

The cost of calcium-rich foods, such as dairy, can also impact dietary choices. 

Milk has previously been identified as being too expensive amongst New Zealand 

adults with low calcium intakes (97). Consequently, socio-economic factors may 

contribute to the replacement of milk with cheaper drink alternatives such as soda. 

Furthermore, peer pressure also contributes to the selection of soda in place of milk (91).	

	

2.5 Conclusion 

Calcium is a vital mineral that serves many purposes in the body, most notably 

in bone health. The increasing prevalence of osteoporosis amongst older adults is of 

concern and women are disproportionally affected by bone diseases in later life. This is 

particularly important for young females as adolescence is the time when bone growth 

is at its highest and, therefore, influences the risk of developing osteoporosis in later life.  

The majority of females aged 15-18 years old worldwide are not achieving 

adequate dietary intakes of calcium. The last assessment of dietary calcium intakes of 

New Zealand adolescent females occurred more than ten years ago and showed a high 

prevalence of inadequacy (9). Current evidence is needed to determine if calcium intake 
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in this population has improved or decreased following changes in the food 

environment.  
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3 Objective Statement 
The calcium intake of adolescent females was last examined in New Zealand over a 

decade ago. The primary aim of this thesis, therefore, is to describe the current dietary 

calcium intake of New Zealand adolescent females aged 15-18 years. 

 

Specific objectives of the present study are to: 

I. Assess the dietary intake of calcium and determine the prevalence of inadequate 

dietary calcium intake of adolescent females aged 15-18 years in New Zealand.  

II. Assess the most common dietary sources contributing to calcium intake among 

adolescent females aged 15-18 years in New Zealand.  
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4 Subjects and Methods 
4.1 Study Design and Setting 

This study was carried out as part of the first phase of a larger, national cross-sectional 

cluster study called the SuNDiAL project (Survey of Nutrition Dietary Assessment and 

Lifestyle). Eight New Zealand high schools were used to recruit participants aged 15-

18-years from February 2019 to April 2019. Data was collected from seven cities across 

New Zealand in locations convenient for the data collectors. They included: Dunedin, 

Wellington, Christchurch, New Plymouth, Nelson, Whangarei, Tauranga. The full 

SuNDiAL study gathered information regarding dietary intake, anthropometry, activity 

patterns, attitudes and beliefs about food choice, as well as blood and urine samples 

(Figure 0-1). Methods described here focus on those relevant to data reported in this 

thesis. The SuNDiAL study was approved by the University of Otago Human Ethics 

Committee (Health): H19/004 and was registered with the Australian New Zealand 

Clinical Trials Registry: ACTRN12619000290190 (Appendix D).  

 

4.2 Recruitment of Participants 

4.2.1 Enrollment of Schools 

High schools (n=25) were initially contacted through email by the principal 

investigators (PIs) (JH and MP) and the SuNDiAL coordinator (TS) beginning in 

November 2018. High schools were selected according to location (convenient to data 

collectors), decile (to have wide socio-economic representation) and those with higher 

female student numbers. Follow up emails were sent, and phone calls made if there was 

no reply within two weeks. Of the 25 schools invited to participate, 3 schools declined, 

15 gave no response and 2 accepted but there was no further response. Three additional 

schools were invited in person. Schools that showed interest were sent details of the 

study including dates and suitable times for the data collection to take place as well as 

requests for data collection facilities. Schools that refused participation did so due to 



	 	 	31	

commitments with other studies or other priorities. Subsequent contact with the schools 

was made through phone calls/email primarily by the data collectors.  

 

4.2.2 Enrollment of Participants 

Recruitment of participants began with the data collectors visiting the schools early in 

the academic year. A short video outlining the study aim and what was involved for 

participants was presented. If schools were visited prior to the video being ready, a 

PowerPoint presentation which covered the same information was used instead. All 

PowerPoint content was approved by the PIs.  

Interested students were encouraged to visit the study website 

(www.otago.ac.nz/sundial) for more detailed information and to complete eligibility 

checking, enrollment and also to provide consent. Students were able to contact the PIs 

at any time via phone or email to ask any questions. Participants aged 15 years and all 

participants from one high school also required parent consent. This was obtained via 

direct email with the parents/guardians. Participation in the study was voluntary. 

Inclusion factors included all females aged 15-18 years at the time of data 

collection who could speak and understand English. Girls who knew they were pregnant, 

were excluded as nutrient requirements are altered during pregnancy. To encourage 

participation from other students, study notices were put in school newsletters.  

 

4.3 Data Collection 

Training for the data collectors took place over six weeks prior to the data collection. 

Training was standardised according to the study protocols (Appendix E-I). To ensure 

confidentiality, each participant was assigned an identification number once consent 

procedures were complete. Information linking the participant to their identification 

number was stored separately in a password protected file that only accessible to the PIs 

and the SuNDiAL coordinator (TS).  
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Participants completed the Enrolment Questionnaire, and the Dietary Habits 

questionnaires online (Appendix K and L). The questionnaires collected self-reported 

data regarding demographic details, nutritional supplement use, as well as information 

on dietary habits. The Dietary Habits Questionnaire (Appendix L), was based upon the 

qualitative food frequency questionnaire (FFQ) used in the 2008/09 New Zealand Adult 

Nutrition Survey (08/09 NZ ANS). Questions were sourced from the FFQ used in the 

1997 National Nutrition Survey and other questionnaires from overseas studies 

including the NHANES Diet Behaviour and Nutrition Questionnaire, the National Diet 

Nutrition Survey (UK) Survey Habits Questionnaire, the Australian 1995 National 

Nutrition Survey food related questions and the Australian Food and Nutrition 

Monitoring Unit short dietary questions (9). It gathered information regarding dietary 

habits such as the frequency and type of milk consumed.   

Socio-economic status (SES) was estimated using school deciles. The school 

deciles are ranked from one (low SES) to ten (high SES) and are based on household 

measures including income, parents on a benefit, occupation, household crowding, and 

educational qualifications (98). School decile does not describe the SES for each 

individual, rather it describes the recruited school population as a whole.  

Participants were asked to report their associated ethnicities from nine different 

ethnic groups. Participants were assigned to one ethnic group with Māori and then 

Pacific prioritised. Primary ethnicities were classified as: NZEO (New Zealand 

European, Ethiopian, Somali, Italian, American, Nicaraguan, Irish, Afrikaans, Dutch, 

German, South African); Māori; Pacific: (Tokelau, Fijian, Cook Island, Samoan); 

Asian: (Filipino, Japanese, Indian). 

Each participant attended an appointment at the school with data collectors. 

During this appointment the first 24-hour dietary recall and anthropometric 

measurements were completed. Participants were also fitted with an accelerometer and 
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given an activity logbook to complete. A second 24-hour recall was conducted via video 

call (Zoom) or phone call at least seven days later and on a weekend day to ensure 

dietary patterns for Friday and Saturday were captured. Repeat 24-hour recalls also 

allowed for the estimation of usual intake.  

 

4.4 Dietary Assessment  

The two 24-hour dietary recalls were conducted using three stages as shown in Figure 

4-1. In the first stage, a list of all food and beverages consumed from midnight to 

midnight the previous day was recorded. Stage two involved the data collectors 

gathering further details regarding timing of consumption, estimated portion size, 

cooking methods and brands about each food/beverage. Information regarding calcium 

fortification of products was not gathered. Portion sizes were determined using 

standardised plate and cup measures as well as photographs of different portion sizes 

(Appendix H). The Countdown Supermarket website (https://shop.countdown.co.nz/) 

was used to assist in determining specific food items. For foods that the participants did 

not help prepare (e.g. restaurant meals, meals prepared by other family members), 

descriptions of the final dish were gathered in as much detail as possible. Finally, in 

stage three the data collectors recited all the items that had been recorded and asked if 

there were any overlooked items or missing details. Supplements taken as part of a 

meal/snack, such as Complan, were included as part of the dietary assessment.  

	
Phase Information collected 

One List of all the foods and beverages consumed. 

Two Collection of detailed information including: time of consumption, estimated 

portion size, cooking methods, brands and additional food details (e.g. low-fat 

varieties, if skin on meat was consumed, vitamin or mineral fortification (Appendix 

C). 

Three Repeat the information provided back to the participant to ensure no food or 

beverages have been missed.  

Figure 4-1 Three-phase 24-hour dietary recall 
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Calcium supplement usage was assessed as part of the Dietary Habits 

Questionnaire (Appendix L). Participants were asked if they had consumed a nutritional 

supplement over the previous 12 months and how often they had used them during this 

time. Participants were also encouraged to upload images of the supplement.  

 

4.5 Nutrient Analysis  

The dietary information collected from the first and second 24-hour dietary recalls was 

entered into FoodWorks 9 (Xyris Software, Melbourne Australia). This nutrient analysis 

software program converts foods and drinks into nutritional information for dietary 

analysis. FoodWorks matches foods to nutrient lines of the New Zealand Composition 

Tables (73). Training was provided to the data collectors via multiple video sessions. A 

code book which contained default foods, substitution foods, and default weights was 

used to ensure dietary data was consistently managed (Code book SunDial 2019 S1- 

default foods and food substitutions). For instance, default foods were used when the 

exact food item could not be determined or when only a closely related food was 

available. Meanwhile, substitution foods were used when there was no exact match or 

close match available and default weights were used when a weight could not be 

determined (Code book SunDial 2019 S1- default foods and food substitutions). Any 

default or substitution foods used were monitored by the study coordinator (CR) and 

recorded in the code book accordingly.  

Homemade recipes were entered into FoodWorks as a new recipe. Recipes were 

also created for packaged food or drink using the ingredients listed on the packets when 

there was no suitable default or substitution option to choose in the code book. Once the 

ingredients had been entered, they were adjusted to ensure the energy and 

macronutrients matched to within ten percent. All of the 24-hour dietary recall entries 
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were confirmed by the study coordinator to ensure data entries were accurate and 

consistent between the data collectors. 

4.5.1 Food Group Analysis 

To estimate which foods provided the most dietary calcium, each food consumed was 

categrorised according to one of the 33 food groups previously used in the 08/09 NZ 

ANS (Appendix J) (9). Mixed dishes were categorised according to the main ingredient. 

For example, macaroni and cheese would be part of grains and pasta even though there 

is milk and cheese in the dish as well. Total amounts of calcium intake from each of the 

33 food groups was calculated for each participant.	

	

4.5.2 Dietary Habits 

The frequency of food and meal consumption was assessed in the Dietary Habits 

Questionnaire (Appendix L). Regular consumers were defined as those who reported 

consuming the food groups at least once per day (fruits, vegetables), once per week 

(milk, bread, dairy juices) or four times a week (breakfast).  

 

4.6 Anthropometry 

Height, body weight and ulna length measurements were taken from each participant in 

a private location to ensure confidentiality. Standard procedures for taking these 

measurements were followed as per the study protocol (Appendix I). Measurements 

were taken in duplicate and rounded to the nearest 0.1 cm or 0.1 kg. If the difference in 

the two measurements was greater than 0.5 units, a third measurement was taken. 

Height was measured on the portable SECA 213 stadiometer (Seca Corporation, 

Hamburg, Germany) and Wedderburn stadiometer while body weight was measured 

using four different scales (Medisana PS 420, Salter 9037 BK3R, Seca Alpha 770 and 

Soehnle Style Sense Comfort 400) placed on a hard surface. Height and weight were 
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used to calculate the WHO BMI Z-scores (99). The Z-score categories are as follows: 

<-2 SD underweight; ≥2-1 SD normal weight; >1-≤2 SD overweight and >2 SD obese. 

 

4.7 Statistical Methods 

All data management and statistical analysis was overseen by the study biostatistician, 

(JH). Descriptive statistics were calculated using Excel (Microsoft, version 16.26). 

Usual dietary intakes were calculated using the multiple source method (MSM) (100). 

This method estimates the day-to-day variation in nutrient intake using participants with 

at least two days of diet recall data. This information is then applied to the whole study 

population to give an adjusted estimate of usual intake for each participant. Estimates of 

usual intake are reported as a mean (95 % CI) and/or median interquartile range (IQR)). 

The prevalence of calcium intake inadequacy was assessed using the estimated average 

requirement (EAR) cut-point method based on the Australia and New Zealand Nutrient 

Reference Values (54).  

Median intakes of the top ten highest food groups for the whole group were then 

reported (the top 75th percentile was used if the medians were the same). The proportion 

of total calcium intake from each of the 33 food groups was also calculated for each 

participant. Mean and 95 % CI of these proportions were calculated for the whole group. 

Stata 15.1 (Stata Corp, Texas) was used for these calculations. Estimations of 

differences in calcium intake between regular and irregular consumers of foods and 

meals were estimated using self-reported responses from the Dietary Habits 

Questionnaire (Appendix L). Results are reported as both median (IQR) and mean 

(95 % CI). Significant differences between the two groups were calculated using the 

95 % CI for the difference of the means. Differences between the means of the two 

groups were considered statistically significant if the 95% CI did not include zero. 
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5 Results 
Interest in the first phase of the SuNDiAL study was expressed by 263 students and of 

these, 145 (55 %) completed the enrollment process (Figure 5.1). Initial 24-hour dietary 

recalls were provided by 132 participants and 113 provided a repeat 24-hour diet recall 

(Table 5.1). Data from one participant who completed two 24-hour recalls but did not 

complete the demographic questions was included in the dietary analysis. Socio-

demographic and anthropometric data of these participants is presented in Table 5.2. 

Anthropometric measurements were not available for 15 participants due to equipment 

problems, no measurement recorded or participants declining.  

 
Table 5-1 Distribution of 24-hour dietary recall days in Phase one of the SuNDiAL 
study. 

Day of the 
week 

First 24-hour recalls 
collected (%)  n=132 

Second 24-hour recalls 
collected (%) n=113 

Overall 
n=245 

Monday 9.9 22.1 13.1 

Tuesday 12.9 8.9 8.9 

Wednesday 34.9 6.2 16.8 

Thursday 29.6 5.3 14.2 

Friday 12.1 13.3 10.4 

Saturday 0 22.1 9.0 

Sunday 0.8 22.1 9.3 
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5.1 Demographics and Anthropometry  

The mean (SD) age of all participants was 16.7 (± 0.8) years and participants were 

predominantly New Zealand European or Other ethnicities (NZEO) (Table 5.2). Socio-

economic status was described by school decile. Participants attended schools with 

decile ratings of 3-10 with the largest representation being from schools in deciles 5-6 

(44 %). One third of participants were classified as overweight or obese (Table 5.2). 

 

 

9 (3 %) did 
not complete 

enrolment 

154 (59 %) 
consented to 
participate 

1882 eligible participants 
• ~806 present at recruitment drives 

132 (92 %) completed a 24-
hr recall 
• 13 (10 %) declined or 

could not be contacted  
• 113 (86 %) completed 

repeat 24-hr recalls 
• 19 (14 %) declined repeat 

or could not be contacted 

145 (55 %) 
completed enrolment 

263 interested 
participants sent 

link to participate 
 

130 (90 %) completed 
anthropometrics   
• 2 (2 %) missing due to 

technical issues  
• 13 (10 %) no recorded 

measure or participant 
declined 

144 (99 %) completed at 
least one questionnaire 
• 144 (99 %) completed the 

Enrolment Questionnaire 
• 124 (86 %) completed the 

Dietary Habits 
Questionnaire 

109 did not consent to 
participate (41 %) 
• 59/182 (32 %) 16-18 year olds 

did not respond  
• 9/18 (50 %) parents of 16-18 

year olds from one school that 
required parental consent did 
not respond  
• 13/81 (16 %) parents of 15 

year olds did not respond  
• 0 parents of 15 year olds 

declined 
• 38/68 (56 %) 15 year olds did 

not respond after parental 
consent   
• 3 responded to link but 

declined  
 

Figure 5-1 Participant recruitment 
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Table 5-2 Demographic and anthropometric characteristics of SuNDiAL participants 

Characteristics n (%) 

n 145 

Age (y) [Mean (SD)] 16.7 (0.8) 

15-16 82 (56.5) 

17-18 63 (43.5) 

Ethnicity1  144  

NZEO 104 (72.2) 

Māori 29 (20.1) 

Pacific  5 (3.5) 

Asian 6 (4.2) 

School decile2 145 

1-2 0 (0.0) 

3-4 14 (9.7) 

5-6 64 (44.1) 

7-8 49 (33.8) 

9-10 18 (12.4) 

BMI classification (BMI Z-scores(99)) 130 

<-2 Thin  1 (0.8) 

-1 and ≥-2 Normal  84 (64.6) 

>1 and ≤ 2 Overweight  33 (25.4) 

>2 Obese  12 (9.2) 

Supplement use3 42 (33.9) 
1 Primary ethnicities were classified as: NZEO (New Zealand European, Ethiopian, Somali, Italian, 
American, Nicaraguan, Irish, Afrikaans, Dutch, German, South African); Māori; Pacific: (Tokelau, Fijian, 
Cook Island, Samoan); Asian: (Filipino, Japanese, Indian). 
2 No participants attended decile 1, 2, 4 or 9 schools. 
3Any type of supplement.  
Abbreviations: BMI, body mass index; SD, standard deviation. 
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5.2 Calcium Intake 

Calcium intake for the study population is displayed in Table 5-3. The mean (95 % CI) 

usual intake of dietary calcium for the whole population was 723 (677, 769) mg/day and 

ranged from 289 mg/day to 1827 mg/day. There was a high prevalence of inadequacy 

with 118 individuals (89 %) participants consuming a dietary calcium intake below the 

EAR of 1050 mg/day for adolescent females.  

 

5.3 Calcium Intake According to Socio-demographic and Anthropometric 

Data 

Dietary calcium intake did not appear to differ by age group, nor between normal 

weight participants and those who were classified as overweight or obese. Asian 

participants appeared to have lower dietary calcium intakes compared to participants of 

NZEO, Māori and Pacific ethnicity although it should be noted that the sample size of 

participants who provided dietary data and self-identified as Asian was small (n=6). 

Similar trends in energy intake across ethnic subgroups were also observed with 

participants who identified as Pacific having higher energy intakes compared to Asian, 

Maori and NZEO. It should be noted that the sample size was small with only five 

participants identifying as Pacific.	Comparisons of calcium intake between school 

deciles show that those attending the lowest decile schools had lower calcium intakes 

compared to those attending the highest.  

The prevalence of inadequate calcium intakes did not appear to be different 

between age groups, or weight status. Pacific Islanders appeared to have a lower 

prevalence of inadequacy (60 %), compared to NZEO and Māori, however, the sample 

size of those who self-identified as Pacific Islander with dietary calcium intakes, was 

small (n=5). Participants from the school with the highest decile rating (decile 10) had 

lower prevalence of inadequacy (73 %) compared to participants from the lowest decile 

school (100 %). 
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Table 5-3 Usual daily calcium intake, and prevalence of calcium inadequacy in New Zealand adolescent females. 

  Dietary energy intake 
(kJ/day) 

Dietary calcium intake  
(mg/day) 

 Participants with calcium 
intakes <1050 mg/day 

Participant characteristics n Median  (IQR) Mean (95 % CI) Median (IQR)  n      (%) 

All participants 132 7833  (6860, 9044)  723 (677, 769) 685 (525, 888)  118  (89.4) 

Age          

    15-16 74 8023  (6948, 9278) 735 (666, 804) 701 (508, 901)  64  (86.5) 

    17-18 58 7638  (6787, 8857) 708 (651, 765) 674 (542, 838)  54 (93.1) 

Ethnicity           

NZEO 92 7943  (6860, 9094) 733 (680, 786) 701 (550, 841)  84  (91.3) 

Māori 28 8511  (6981, 8262) 691 (587, 795) 605 (494, 896)  25  (89.3) 

Pacific 5 9166  (9012, 12,153) 949 (659, 1239) 924 (707, 1131)  3  (60.0) 

Asian 6 6709  (6125, 8695) 581 (354, 808) 556 (362, 639)  5  (83.3) 

Decile1            

3-4 14 7527  (6731, 9009) 580 (485, 674) 573 (468, 676)  14  (100.0) 

5-6 59 7580  (6816, 8695) 694 (512, 675) 658 (511, 852)   54  (91.5) 

7-8 44 8056  (6860, 9177) 779 (663, 874) 764 (632, 943)  39  (88.6) 

10 15 8952  (7715, 9764) 806 (666, 875) 670 (587, 1067)  11  (73.3) 

BMI classification (BMI 

Z-scores (99)) 

          

Overweight 45 7703 (6831, 8754) 689   (609, 770) 644 (507, 860)  41 (91.1) 

Not overweight 85 7909 (6867, 9166) 735   (683, 787) 698 (550, 893)  76  (89.4) 
1 No participants attended decile 1, 2, 4 or 9 schools 
Abbreviations: BMI, body mass index; CI, confidence interval; IQR, interquartile range; SD, standard deviation. 
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10%
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5%
3%
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26%

Milk Cheese
Bread based dishes Bread
Non-alcoholic beverages Vegetables
Dairy products Grains and pasta
Breakfast cereals Dietary Supplements
Other

5.4 Food Sources of Calcium Intake 

Figure 5-2 and Table 5-4 display the top ten food major groups that contributed to 

dietary calcium intake. Milk provided the largest source of dietary calcium (16 %) and 

was consumed by two thirds of participants (89 of 132). Other major sources of calcium 

were cheese (11 %), bread-based dishes (pizza, nachos) (10 %), bread and non-alcoholic 

beverages (tea, coffee) (7 % each) and dairy products (ice cream and yoghurt) and 

vegetables (6 % each). The dietary supplements food group includes meal replacements 

and protein supplements and contributed three percent to overall calcium intake of the 

population. All other food groups combined in the ‘Other’ food group (Figure 5.2) 

individually contributed less than three percent of the mean total calcium intake. 

Figure 5-2 The contribution of top ten food groups to calcium intake of adolescent 
females in New Zealand 
1All other food groups listed in Appendix J, combined 

 

1	
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Table 5-4 The contribution of major food groups to the calcium intake of New Zealand 
adolescent females 

Food group 

 Contribution of calcium 
to the population sample 

 Top ten contributors to individual 
calcium intake 

Mean % (95 % CI) 
     n1 Median mg/day 

(IQR) 

Milk 15.7  (12.9, 18.5)   89 147.5  (0, 257.7) 

Bread 7.5  (6.1, 8.9)   108 48.9  (16.9, 86.9) 

Non-alcoholic 

beverages 

6.8  (5.7, 7.9)   130 36.4  (25.4, 60.6) 

Vegetables 6.3  (4.9, 7.8)   113 29.9  (10.1, 66.0) 

Grains and pasta 4.8  (3.4, 6.2)   100 14.4  (1.6, 47.3) 

Fruit 2.6  (2.0, 3.2)   104 13.6  (3.8, 32.0) 

Biscuits 2.0  (1.4, 2.6)   78 4.0  (0, 18.3) 

Poultry 1.8  (1.2, 2.4)   74 5.1  (0, 16.7) 

Potato, kumara and 

taro 

1.4  (1.0, 1.7)   90 6.6  (0, 14.8) 

Savouries, sauces 

and condiments 

1.0  (0.6, 1.4)   91 2.2  (0, 6.9) 

Abbreviations: CI, confidence interval; IQR, interquartile range.  
1 Number of participants who consumed each of the food groups  
	
	
5.5 Nutritional Supplements  

One third of participants reported taking a nutritional supplement in the previous year, 

nine of whom consumed a supplement likely containing calcium. Examples of calcium 

containing nutritional supplements included multivitamin/multimineral, single 

vitamins/mineral, or glucosamine and/or chondroitin. The frequency of nutritional 

supplement consumption was variable, ranging from once a day to not very often. 

Furthermore, only four participants identified the specific supplement (i.e. brand) they 

consumed. Consequently, the contribution of nutritional supplements to calcium intakes 

were unable to be quantified accurately. 
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5.6 Dietary Habits 

One quarter of participants reported consuming milk once a week or less including five 

participants (4 %) who reported not consuming milk at all. Nearly 40 % reported 

consuming milk daily and the majority (77 %) consumed cow’s milk compared to 22 % 

consuming a plant-based milk. In regard to sweetened beverages (diet, fizzy, juice or 

energy drinks), 16.6 % of participants reported consuming them once a week or more. 

Breakfast was reported to be consumed daily by 42 % of participants whereas 18 % 

reported not usually having breakfast. Almost half of all participants (46 %) reported 

trying to lose weight.  

The usual daily calcium intake of regular consumers of calcium-rich food group 

and meals compared to irregular consumers is shown in Table 5.5. Regular 

consumption of milk, vegetables, fruit, dairy, juices and breakfast showed a significant 

positive relationship with calcium intake. There was no significant difference in calcium 

intake with regular and irregular consumers of bread. 
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Table 5-5 Usual daily calcium intakes of regular versus irregular consumers of calcium containing foods and meals (n=118) 

Food group 

Regular consumers  Irregular consumers 

Mean (95 % CI) 
difference n 

Median (IQR) 
calcium intake 

mg/day 

Mean (95 % CI) 
calcium intake 

mg/day 
 n 

Median (IQR) 
calcium intake 

mg/day 

Mean (95 % CI) 
calcium intake 

mg/day 

Milk1 93 728 (567, 924) 766 (711, 821)  23 630 (479, 716) 628 (530, 726) 138 (25, 250)* 

Breads1 103 694 (536, 890) 729 (678, 780)  13 782 (620, 1034) 813 (640, 986) -84 (-97, 264) 

Dairy1 84 731 (594, 910) 770 (714, 826)  31 601 (496, 751) 656 (558, 755) 114 (0.3, 227)* 

Juices1 21 840 (740, 940) 886 (674, 977)  94 679 (531, 852) 717 (661, 773) 123 (9, 237)* 

Vegetables2 88 731 (566, 928) 777 (720, 834)  29 613 (453, 701) 616 (534, 698) 161 (61, 261)* 

Fruits2 84 720 (566, 943) 774 (715, 833)  34 626 (492, 779) 658 (576, 740) 116 (15, 217)* 

Breakfast3 81 731 (613, 942) 785 (725, 846)  34 573 (477, 781) 630 (555, 705) 155 (58, 252)* 

1 Participants defined as regular consumers, consumed food from the food group at least once per week (responses: more than once per day, once per day, five to six 
times per week, two to four times per week or once per week). Participants defined as irregular consumers consumed food from the food group less than once per week 
(responses: two to three times per month, monthly, rarely or never).  
2Participants defined as regular consumers, consumed food from food group more than once a day (responses: 2 servings a day, 3 servings a day or more than 3 
servings a day). Participants defined as irregular consumers, consumed food from the food group less than once a day (responses: less than once a day: 5-6 servings a 
week, 2-4 servings a week, 1 serving a week, less than one serving a week or never).  
3 Participants defined as regular consumers, consumed food from the food group at least four times per week (responses: 4 days a week, 5 days a week, 6 days a week, 
7 days a week). Participants defined as irregular consumers, consumed food from the food group less than 3 days a week (responses: 3 days a week, 2 days a week, 1 
day a week, I don’t usually have breakfast). 
*Significant difference in calcium intake between regular and irregular consumer of the food groups. Abbreviations: CI, confidence interval; IQR, interquartile range. 
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6 Discussion 
This study assessed the overall calcium intake of New Zealand adolescent females aged 

15-18 years. The median usual intake of dietary calcium for the whole population was 

685 (IQR 525, 888) mg/day. There was a high prevalence of inadequacy with 118 (89 %) 

participants consuming a dietary calcium intake below the estimated average 

requirement (EAR) of 1050 mg/day for adolescent females. Lower calcium intakes were 

seen among those of Asian ethnicity and participants from the lowest decile school had 

a higher prevalence of inadequacy compared to the highest decile. The major food 

groups contributing to calcium intake were milk (16 %), cheese (11 %), bread-based 

dishes (10 %), and bread (10 %). Higher calcium intakes were associated with regular 

consumption of milk, vegetables, fruit, juice and breakfast.  

The median usual intake of dietary calcium in phase one of the SuNDiAL study 

was virtually the same as that observed in the last national Adult Nutrition Survey 

(08/09 NZ ANS) undertaken over ten years ago (685 mg/day vs 682 mg/day). 

Internationally, mean intakes ranged from 583 (standard deviation (SD) 258) mg/day in 

adolescent females in Australia (65) to 1183 (standard error of the mean (SEM), 83) 

mg/day in adolescent females in Canada (66). Fortification of food products in Canada 

may contribute to the higher intakes seen among Canadian adolescent females. 

Meanwhile, the mean usual intake of calcium in this study fell towards the lower end of 

this range (723 (95 % CI 677, 770)). The prevalence of inadequacy in the present study 

was thus the same as that reported in the 08/09 NZ ANS (89 % and 88 % respectively) 

(9) and similar to a recent study in Australia where the prevalence of inadequate 

calcium intakes was 95 % (65).  

The low intake of calcium and high prevalence of inadequate intakes observed 

in this age group is of concern as it may compromise the level of peak bone mass 

(PBM) which is able to be attained (5). This, in turn, increases the risk of osteoporosis 
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in later life with significant reductions in an individual’s quality of life (53) and 

increased health costs (4). In 2007 it was estimated that by the year 2020 approximately 

120,000 New Zealanders will suffer a bone fracture due to osteoporosis. Additionally, 

three-quarters of those affected will be women. Maximising PBM is, therefore, one 

strategy to reduce this burden.  

As this population typically has low to moderate intakes of calcium, most 

calcium will be absorbed through active transport which is largely dependent upon 

vitamin D (41).  The 08/09 NZ ANS reported that vitamin D status of the New Zealand 

population was largely adequate, however, vitamin D deficiency was higher among 

Pacific Islanders (101). Vitamin D status was not assessed in the current study, however, 

as the majority of participants have low calcium intakes, further investigation of vitamin 

D status is advised in this population for the assessment of bone health.  

 

6.1 Associations with Socio-demographics and Anthropometry 

Calcium intakes and the prevalence of inadequacy among NZEO and Māori were 

similar to the results of the 08/09 NZ ANS (9), however, the sample size of Māori, 

Pacific and Asian participants in the current study was too small to draw firm 

conclusions regarding differences in calcium intakes of these ethnic groups. 

Nevertheless, Asian individuals appeared to have lower intakes which is consistent with 

other studies (79, 82). This has been attributed to a lower consumption of dairy products 

compared to those in Western countries (67, 79).  Furthermore, it has been suggested 

that Chinese-American adolescents have lower calcium requirements compared to 

Caucasians which could be similar for Chinese adolescents living in other Western 

countries (102). As the Asian population in New Zealand is increasing, research is 

required to understand their unique requirements. In contrast, Pacific participants 

appeared to have higher calcium intakes in contrast to those reported in the 08/09 NZ 

ANS. This may result from the higher consumption of food overall as evidenced by the 



	 	 	48	

higher energy intakes for this group. Results from this study, however, are not 

representative of this ethnic group due to the small sample size. Future recruitment for 

the SuNDiAL study should target those of Asian and Pacific Islander ethnicity to allow 

for comparisons of these ethnic groups with NZEO and Māori.  

Asian and Pacific adults were found to consume less milk and breakfast cereals 

compared to European women and less cheese and breakfast cereals compared to Māori 

women. (72). The lower calcium intakes seen among Asian and Pacific adults could, 

therefore, result from the lower consumption of breakfast cereals and dairy-based 

products. Additionally, awareness about calcium and bone health was previously 

identified as being the lowest amongst Asian and Pacific (97). Knowledge regarding the 

health benefits of calcium has been identified as an enabling factor to adequate calcium 

intake in both adolescents (84, 103) and young women (89, 95), however, knowledge of 

potential health benefits alone is not enough to prompt a dietary behaviour change (104).  

Socio-economic status (SES) may also account for differences in calcium intake. 

Participants who attended the highest decile school had a lower prevalence of 

inadequate calcium intake compared to those attending lower ranked schools. School 

deciles are not able to accurately measure SES of each individual participant, therefore, 

the differences seen may be a representation of the school itself (i.e. rural school having 

students who consume large amounts of milk). Nevertheless, the expensive cost of milk 

in comparison to fizzy drinks has previously been identified as a barrier to milk 

consumption among New Zealanders with low calcium intakes (97). The 08/09 NZ 

ANS, however, found no difference in calcium intake based on SES which is similar to 

studies from Australia and the United Kingdom (65, 70). While cost may be a barrier to 

consumption of calcium-rich dairy products, more research is needed to confirm 

whether SES impacts calcium status among adolescents.  
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Calcium intake did not differ between those classified by BMI Z-scores as 

normal weight and overweight or obese. This is in contrast to other studies which 

suggest that a healthy weight during adolescence corresponds with the consumption of 

more calcium-rich dairy products (92, 93). Adolescent females are particularly prone to 

concerns about body weight (105, 106) and in this sample nearly half stated they were 

trying to lose weight, despite only one third of participants being classified as 

overweight or obese. Females with low calcium intakes have been found to limit 

consumption of milk or other dairy products based on the belief that they will cause 

weight gain (84, 90, 91). The results of the current study suggest that this is not 

applicable to this population, however, other recent studies overseas continue to support 

this (68).  

 

6.2 Food Groups and Dietary Habits 

The top five contributors to the calcium intake of this cohort were milk (16 %), 

cheese (11 %), bread-based dishes (10 %), bread (7 %) and non-alcoholic beverages 

(7%). This is very similar to the results of the 08/09 NZ ANS, where the top five 

contributors to calcium intake were milk (19 %), bread-based dishes (10 %), bread 

(10 %), non-alcoholic beverages (10 %) and dairy products (7 %) (9). In the current 

study one quarter of participants reported consuming milk less than once a week. As 

milk is such an important source of calcium for adolescent females, more information is 

needed regarding the reasons why a large proportion of participants are not regularly 

consuming milk. The literature suggests that concerns regarding weight gain (84, 90, 

91) or issues with lactose intolerance (88, 94) cause adolescent females to reduce intake 

of this food group. Furthermore, the current popularity of plant-based milks is reflected 

in this sample with approximately one fifth of participants reporting they consume a 

plant-based milk. Comparisons of calcium intake between those who consume cow’s 

milk and a plant-based milk were not able to be conducted as information regarding the 
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calcium fortification of plant-based milks was not available. This food item could be 

particularly important in ensuring adequate calcium intakes for those following a vegan 

diet or who are lactose intolerant. It is, however, important that those selecting a plant-

based milk are encouraged to have one fortified with calcium to the same concentration 

as cow’s milk (73, 74).  

The results of the current study align with those reported in the international 

literature where dairy products provide the largest source of calcium for adolescent 

females (65, 75-77). The bread-based dishes food group includes foods that have 

calcium-rich toppings such as cheese on pizza or in sandwiches for example while non-

alcoholic beverages included milkshakes, milo, tea and coffee, which often contain milk. 

This food group also contains juices some of which may be fortified with calcium (73).  

Significant differences were observed between regular and irregular consumers 

of vegetables, fruits, dairy, juices and breakfast. Breakfast has previously been 

identified as an important contributor to calcium consumption (75, 107). This is due to 

many common breakfast foods being calcium-rich, for instance milk, yoghurt and 

fortified breakfast cereals. Those who skip breakfast, therefore, may have more 

difficulty adding calcium-rich foods to other meals or snacks. In the current study, 18 % 

of participants reported that they usually do not consume breakfast. This identifies a 

potential area that could be targeted to increase the intake of calcium in this population. 

Interestingly, those who consumed more juice had higher intakes of calcium suggesting 

that this could be another way to increase calcium intake among those who avoid milk 

as a beverage.  

Nutritional supplements (vitamins and minerals) were consumed by one third of 

participants, therefore, calcium supplements may be suggested to increase calcium 

intakes among those with low calcium intakes. While calcium supplementation has been 

found to increase bone mass, these results do not continue once supplementation stops 
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(29), therefore, they would need to be consumed for an extended period of time. 

Additionally, calcium supplementation may be associated with adverse effects including 

soft tissue calcification (10) and the expensive cost may be a barrier for those with a 

low SES. Public health strategies that target increasing accessibility to calcium-rich 

products such as removing tax from milk, may be more appropriate. 

A number of studies have identified the difficulty for adolescent females to 

achieve the calcium intake requirements (65, 68-70). Concern has thus been raised on 

the calcium NRVs being unnecessarily high (108). While it cannot be confirmed if the 

NRVs are appropriate, current rates of osteoporosis suggest that calcium intake in 

adolescent females should be maximised to prevent the risk of osteoporosis in later life.  

 

6.3 Strengths and Limitations 

This study has several strengths and limitations which should be acknowledged. High 

schools from all over New Zealand, and of varying deciles were recruited providing a 

good representation of the New Zealand population. Comparisons based on ethnicity 

were limited due to the small sample size of Māori, Pacific and Asian ethnic groups. 

Targeted recruitment of these groups in future phases of the SuNDiAL study would 

overcome this limitation and enable such comparisons to be made. Data was collected 

by trained Master of Dietetics students using standardised data collection protocols to 

ensure accuracy of both data collection and entry. All entries into FoodWorks were 

verified by the SuNDiAL coordinator (CR) and alternative foods options were selected 

using a standardised code book, thereby maintaining consistency between study staff 

who were responsible for dietary data entry. Another major strength of the study was 

that second 24-hour dietary recalls were collected for the majority of participants. This 

allowed adjustments for usual intake to be made. Limitations regarding the use of 24-

hour dietary recalls are acknowledged including inaccurate reporting of details due to 

inadequate knowledge, forgetting food details or the omission or addition of food items 
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to appear healthier (56). A validated three-phase 24-hour dietary recall method was used 

to minimise these inaccuracies while not over-burdening the participants. Furthermore, 

participants were not asked to specify if products such as plant-based milks were 

fortified with calcium. While all foods were best matched to options available in 

Foodworks, differences in fortification may have led to under or over estimations of 

calcium intake. Additionally, adolescent females in particular are known to underreport 

(58, 59) and this was not accounted for in the dietary analysis. Another limitation was 

the use of three types of scales and two types of stadiometers for anthropometric 

measurements which were not all validated. This, however, was unlikely to drastically 

alter the BMI Z-scores calculated.  

Although information regarding supplement intake was collected there was 

insufficient detail to determine the amount of calcium consumed daily for majority of 

the supplements reported. Reasons for this included imprecise frequency of 

consumption, missing brands details or the product not reporting calcium content. 

Consequently, calcium intakes from supplements were excluded from the results.  

 

6.4 Conclusion 

This study suggests that majority of 15-18-year-old female adolescents in New Zealand 

are not consuming adequate amounts of dietary calcium. The main food sources 

contributing to calcium intake are milk, bread-based dishes, bread and other dairy 

products. These results are very similar to those reported in the 08/09 NZ ANS, 

suggesting that intakes have remained the same over the previous ten years. Subsequent 

phases of the SuNDiAL study should investigate differences in dietary calcium intake 

between socio-economic and ethnic groups. Furthermore, research is needed to assess 

why this population continues to have a high prevalence of inadequate calcium intake. 

Possible intervention strategies to increase calcium intake in adolescent females should 
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be revised, including regular consumption of breakfast and calcium-fortified plant-

based milks as indicated by this study.  
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7 Application to Dietetic Practice 
One of the main concerns facing New Zealand is caring after the growing number of 

aging adults. Osteoporosis is a major problem among older adults that decreases quality 

of life and puts increasing pressure on the healthcare system (4). Consuming adequate 

calcium during adolescence is one preventative measure which could reduce this disease 

in the future. While there is recent international data on calcium intake among 

adolescent females, New Zealand differs from other countries. For example, New 

Zealand is a multi-cultural country and calcium intakes among New Zealand 

adolescents have not been assessed for ten years. This study has, therefore, provided 

current evidence of calcium intakes in this population which is an important area of 

interest for dietitians.  

Dietitians use research to provide nutrition advice to individuals and groups. 

Dietitians have an important role to play in both the management of those living with 

diseases and conditions but also for ensuring that the risk of disease development in the 

population is minimised. Research is, therefore, vital to ensure dietitians are delivering 

current, evidence-based advice.  

The results of this study show that calcium inadequacy is prevalent in adolescent 

females. Dietitians should be conscious of this and know practical ways dietary calcium 

intake can be increased in adolescent females. Potential strategies to increase calcium 

intake as indicated by this study include, encouraging regular breakfast consumption, 

and ensuring plant-based milks are fortified with calcium. Future SuNDiAL phases 

should focus on differences in calcium intake between socio-economic and ethnic 

groups of adolescent females. Furthermore, exploration of barriers and facilitators to 

consumption of calcium-rich foods could provide information to assist in designing 

public health programs to increase the calcium intake of this population. 
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Undertaking this research has been a valuable learning opportunity that allowed 

me to develop skills that will be beneficial in my dietetics career. In particular, I 

developed my understanding of the limitations of dietary assessments among adolescent 

females. When conducting the 24-hour dietary recalls I was surprised by the small 

amount of food some of the participant claimed to consume. I became increasingly 

aware that I was uncertain how to prompt for additional foods without making the 

participant feel uncomfortable. I recognise that seemingly low energy intakes may result 

from food insecurity or unhealthy dieting. Underreporting, however, may occur when 

an individual avoids disclosing certain details due to embarrassment or fear of being 

judged. In order to reduce this in the future, I believe establishing good rapport may be 

useful. Additionally, it may be worthwhile to explore other methods of dietary 

assessment that are not face-to-face interactions where the individual cannot be 

identified. The limitations of underreporting among adolescent females is, therefore, 

something that I will take into consideration and attempt to reduce when working with 

this population in the future.  
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9 Appendices 
Appendix A International nutrient reference values definitions and calcium values for adolescent females 

Nutrient 

Level 
Nutrient reference value definitions (54) 

New Zealand / 

Australia 2005 (54)  

14-18 years old  

USA / Canada 

2011 (10)  

14-18 years old 

United Kingdom 

1991 (109) 

15-18 years old 

LRNI 

(mg/day) 

The amount of a nutrient that is enough for only a small 

number of people in a group who have low requirements 

(2.5 %) i.e. the majority need more. 

- - 480 

EAR (mg/day) A daily nutrient level estimated to meet the requirements 

of half the healthy individuals in a particular life stage 

and gender group. 

1050 1100 625 

RDI/RDA 

(mg/day) 

The average daily dietary intake level that is sufficient to 

meet the nutrient requirements of nearly all (97–98 per 

cent) healthy individuals in a particular life stage and 

gender group. 

1300 1300 800 

UL (mg/day) The highest average daily nutrient intake level likely to 

pose no adverse health effects to almost all individuals 

in the general population. 

2500 3000 1500 (110)1 

1 Recommended limit 
Abbreviations: EAR, estimated average requirement; LRNI, lower reference nutrient intake; NZ, New Zealand; RDA, recommended dietary allowance; RDI, 
recommended dietary intake; UL, upper limit; USA, United States.  
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Appendix B Worldwide calcium intakes, prevalence of calcium inadequacy and dietary sources of calcium among adolescent females 
Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

Adult Nutrition 
Survey (9) 
08/09 
New Zealand 

Age: 15 – 18 y 
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
24-hour recall and FFQ 

Mean = 724 
Median = 682 (95 % CI; 630, 
734) 
87.8% inadequate intake (EAR 
of 1050mg/day) 

• Milk 18.9 % 
• Bread-based dishes 10.3 % 
• Bread 10 % 
• Non-alcoholic beverages 9.8 % 
• Dairy products 7.2 % 
• Cheese 7.2 % 
• Grains and cereals 5.7 % 
• Vegetables 4.2 % 
• Cakes and muffins 3.1 % 
• Fruit 2.5 % 

Self-reported data 
 
Included calcium from 
supplements 
 
 

Adult Nutrition 
Survey (71) 
1997 
New Zealand 

Age: 15 – 18 y 
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
24-hour recall and FFQ 

Mean (SEM)  
783 (56.6) 
37% inadequate intake (EAR 

of 625mg/day) 

• Milk 31 % 
• Cheese 11 % 
• Bread 6 % 
• Non-alcoholic beverages 7 % 
• Dairy products 7 % 
• Bread-based dishes 5 % 
• Vegetables 4 % 
• Grains and pasta 4 % 
• Puddings 4 % 
• Sugar/sweets 4 % 

Self-reported data 
 
Included calcium from 
supplements 

Merrilees et al (30)  
2000 
New Zealand 

Age at baseline: 15 – 16 y  
n=91 
Design: RCT (control 

Mean (SEM) 
Baseline: 765 (54.5) 
2 years: 684 (47.1) 

- Small sample size 
 
Sample not representative of 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

group)  
Dietary collection method: 
3-day food record and FFQ 

3 years: 652 (35.0) population 
 
Calcium intake from 
supplements not reported 

Baird et al (75) 
2012 
Australia 

Age: 14 – 16 y 
n=529 
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
24-hour dietary recall 

Mean servings per day (95 % 
CI). One serving of calcium  
= 330 mg. 
1.4 (1.3 – 1.5)  

 

79 % consumed dairy foods and 58 % 
consumed milk  
Intake (g/day) (Mean (95 % CI)) 
• Flavoured milks 389.8 (341.6-

441.1) 
• Milk products and dishes 277.2 

(250.7-305.0) 
• Milk 243.3 (217.5-270.7) 
• Custard 198.7 (99.1-332.6) 
• Yoghurt 151.4 (126.0-179.2) 
• Other dairy-based dishes 135.2 

(86.4-195.0) 
• Frozen milk products (108.5 (92.4-

125.9) 
• Cheese 36.5 (32.2-41.0) 

Data from spring and most of 
summer not collected 
 
Single 24-hour recall 
 
Excluded calcium intake 
from supplements 
 

Parker et al (68)  
2012 
Australia 
 

Age: 13 – 15 y 
n=461 
Age: 16 – 18 y  
n=461 
Design: Longitudinal study  
Dietary collection method: 

13 - 15 y 1030 (480)  
58.6% inadequacy (EAR 
1050) 
16 - 18 y 913 (465) 
69.4% inadequacy (EAR 
1050) 

Mean (SD) 
13 – 15y: 65 % from dairy products 

• Milk 343 g (254)  
• Total dairy 437 g (279)  

16 – 18y: 61 % from dairy products 

FFQ may have overestimated 
portion sizes  
 
Sample not representative of 
population 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

Semi-quantitative FFQ  • Milk 272 g (225)  
• Total dairy 350 g (246)  

Excluded participants with 
implausible energy intakes 
 
Calcium intake from 
supplements not reported 

Rouf et al (65) 
2018 
Australia 

Age: 14 – 18 y 
n=367 
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
24-hour dietary recall 

583 (258) 
94.8% inadequacy (EAR 840 
mg/day) 

• Regular milk 18 % 
• Bread 12 % 
• Cheese 11 % 
• Low-fat milk 10 % 
• Fruits and fruit juices 8 % 
• Milk-based beverages 8 % 
• Flours and grains 7 % 
• All vegetables (except starchy) 

7 % 

Misreporting but unlikely to 
have affected results 
 
Included calcium from 
supplements 

Bates et al (70)  
2014 
United Kingdom 

Age: 11 – 18 y 
n= not reported 
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
4-day diet record 

673 (253) mg/day  
84 % below RNI (800 
mg/day)  
19 % below LRNI (450 
mg/day) 

• Cereals and cereal products 36 % 
o White bread 12 %,  
o Pasta, rice, pizza, and other 

cereals 10 % 
o Other 15 % 

• Milk and milk products 34 % 
o Whole milk 4 % 
o Semi-skimmed milk 12 % 
o Skimmed milk 1 % 
o Other milk and cream 3 % 
o Cheese 9 % 

Includes younger age group 
 
Weekend days oversampled 
 
Portion sizes estimated using 
household measures and 
weights from labels 
 
Calcium from supplements 
reported separately 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

o Yoghurt, fromage frais and 
other dairy desserts 3 % 

o Ice cream 1 % 
• Meat and meat products 9 % 
• Vegetables and potatoes 6 % 
• Non-alcoholic beverages 4 % 

Green et al (77)  
2015 
United Kingdom 

Age: 15 – 18 y  
n=17 
Design: Cross-sectional 
study 
Dietary collection method: 
Combined weighed self-
reported food record and 
24-hour dietary recall  

- Intake (Mean (SD)) 
• Milk 389.3ml/day (384.5) 
• Cheese 26.4g/day (39.8) 
• Yoghurt 123.7g/day (225.1) 
• Butter 14.8g/day (14.7) 
• Ice cream 0.1 serves/day (0.2) 
• Cream 2.1g/day (6.4) 

Very small sample size 
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 

Pyrnne et al (111) 
2004 
United Kingdom 

Age: 16 – 18 y 
n=101 
Design: Cross-sectional 
study  
Dietary collection method: 
7-day food diaries 
 

974 (301)  
3% inadequacy (LRNI 480 
mg/day) 

Mean (SD) 
• Cheese and yoghurt 23 % (13) 
• Milk and cream 19 % (13) 
• Bread 12 % (5.3) 
• Beverages 9.3 % (6.8) with 6.7 

% (7) from water 
• Cakes, biscuits, puddings 9.3 

% (6.4) 

 

Small sample size 
 
Data collected only from 
Oct-Dec 
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

Stear et al (31)  
2003 
United Kingdom 

Age: 16 – 18 y  
n=131 
Design: RCT (baseline) 
Dietary collection method: 
FFQ 

938 (411)  - Small sample size 
 
FFQ may have overestimated 
portion sizes  
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 

Julien C et al (112)  
2017 
Europe  

Age: 12·5 – 17·5 y 
n=949 
Design: Cross-sectional 
study 
Dietary collection method: 
24-hour dietary recall 

734 (305.2) 
 

• White milk and buttermilk 
(23%)  

• Cheese (19%) 
• Water (6%) 
• Milk and yoghurt beverages 

(5%) 
• Yoghurt and quarck (5%)  

Sample included younger 
participants 
 
Daily intake calculated from 
mean of two days 
 
Diets vary from New Zealand 
diet 
 
Dietary sources of calcium 
reported results for males and 
females combined 
 
Sample not representative of 
population 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

No difference in calcium 
intakes between those taking 
supplements and non-
consumers 

Demmer et al (69) 
2017 
United States 

Age: 9 – 18 y  
n=1954 
Design: Cross-sectional 
nationally representative 
study  
Dietary collection method: 
Two 24-hour diet recalls 

Mean (SE) 904 (17.9)  
 

75.9 % inadequacy (EAR 
1100 mg/day)  

- Sample included younger 
participants 
 
Calcium intake from 
supplements not reported 

Gao et al (78) 
2006 
United States 

Age: 9 – 18 y 
n=1,165 with dairy 
n=65 without dairy  
Design: Cross-sectional 
nationally representative 
study 
Dietary collection method: 
24-hour dietary recall 

With dairy:  866 (11.8) 
Without dairy: 498 (50.5) 

 
 

- Sample included younger 
participants 
 
Small sample size for those 
not consuming dairy 
 
Single 24-hour recall 
 
Calcium intake from 
supplements not reported 
 

Kerver et al (113)  
2010 
United States 

Age (Mean (SD)): 16.6 
(0.9) y 
n=159 
Design: Cross-sectional 

852 (433)  - Small sample size 
 
Single 24-hour recall 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

study 
Dietary collection method: 
24-hour dietary recall 

Sample not representative of 
population 
 
Calcium intake from 
supplements not reported as 
results were not different 

Larson et al (81)  
2009 
United States 

Age (Mean): 15.9 y  
n=843 
Design: Longitudinal study 
Dietary collection method: 
FFQ 

1014 (17) - FFQ may have overestimated 
portion sizes 
 
Calcium intake from 
supplements not collected 

Matkovic et al 
(114)  
2004 
United States 

Age (Mean (SE)): 14.8 
(0.1) y  
n=100 
Design: RCT (control 
group) 
Dietary collection method: 
3-day food record 

Mean (SE) 785 (41)  - Small sample size 
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 

Matkovic et al 
(115)  
2005 
United States  

Age: 15 – 18 y 
n=79-114 
Design: RCT (control 
group) 
Dietary collection method: 
3-day food record 
 

15-15.5y - 792 (395) 
15.5-16 y - 763 (373) 
16-16.5 y - 805 (417) 
16.5-17 y - 768 (346) 
17-17.5 y - 805 (376) 
17.5-18 y - 866 (416) 
18-18.5 y - 830 (377) 

- Small sample size 
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 

Moore et al (92)  Age: 12 – 16 y Based on dairy servings per - Single 24-hour dietary recall 



	 	 	72	

Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

2008 
United States 

n=2,636  
Design: Nationally 
representative cross-
sectional study 
Dietary collection method: 
24-hour dietary recall 

day 
<1 serving/day - 389 (182.7) 
1-<3 servings/day - 833 
(241.4) 
>3 servings/day - 1,626 
(412.8)  

 
Calcium intake from 
supplements not reported 

Novotny et al (67)  
2003 
United States 

Age: 14 – 18 y 
Total n=56 (Caucasian=25, 
Asian=19, Hispanic=12) 
Design: Cross-sectional 
study 
Dietary collection method: 
Two 24-hour dietary recall 
 

Caucasian 953 
Asian 864 
Hispanic 849 
 
Total 902 

 
 

Milk = 308 (312) mg/day 
 

Small sample size 
 
No standard deviation 
reported with mean intakes  
 
Method of adjustment for 
usual intake not reported 
 
Milk per day includes 
participants aged 10 – 18 
years 
 
Sample not representative of 
population 
 
Calcium intake from 
supplements not reported 

Rafferty et al (116) 
2011 
United States 

Age: 9 – 16 y 
n=94 
Design: Secondary analysis 

765 (197) 69% from dairy products 
• Milk 39 % 
• Cheese 25 % 

Small sample size 
 
Sample not representative of 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

of two RCTs (control 
groups) 
Dietary collection method: 
3-day diet records  

• Non-dairy/non-fortified other 
foods 23 % 

population 
 
Sample included younger 
participants 
 
Excluded calcium from 
supplements 

Carter et al (117) 
2001 
Canada 

Age: 8 – 17 y 
n=119 
Design: Cross-sectional 
study 
Dietary collection method: 
Repeated 24-hour dietary 
recall 

902 (372)  - Small sample size  
 
Data collection not 
conducted for Friday or 
Saturday 
 
Underreporting data included 
 
Sample included younger 
participants 
 
Sample not representative of 
population 
 
Included calcium from 
supplements 

Vantaprast et al 
(118)  
2010 

Age: 15 - 18 y 
n=68  
Design: Mixed longitudinal 

15-16 = 910 (427)  
16-17 = 878 (418) 
17-18 y = 880 (464) 

  - Small sample size 
 
Data collection not 
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Author, Year, 
Country 

   Study design Calcium intake mg/day1 and 
prevalence of inadequacy 

(%) 

Dietary sources of calcium Limitations 

Canada study 
Dietary collection method: 
24-hour dietary recall 

18-19 y = 968 (456) conducted for Friday or 
Saturday 
 
Sample not representative of 
the population 
 
Not adjusted for usual intake  
 
Included calcium from 
supplements 

Zhou et al (66)  
2013 
Canada 

Age: 16 – 18 and 18 y 
n=206 and 49 
Design: Cross-sectional 
and longitudinal study  
Dietary collection method: 
Semi-quantitative FFQ  

Mean (SEM)  
16-18y 1183 (49)  
18 y = 909 (89)) 

- Participants likely to have 
interest in bone health 
therefore not representative 
of population 
 
Limited portion sizes options 
may have led to 
overreporting of calcium-rich 
foods 
 
Included calcium from 
supplements 

1 Intakes of calcium reported as mean (SD) unless otherwise specified 
Abbreviations: EAR, estimated average recommendation; FFQ, food frequency questionnaire; LRNI, lower reference nutrient intake; RCT, randomised control trial; RNI, 
recommended nutrient intake; SD, standard deviation; SE, standard error; SEM, standard error of the mean; y, years. 
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Monday, 17 December 2018 

Dr Meredith Peddie 
Department of Human Nutrition 
 

 
 

Tēnā Koe Dr Meredith Peddie 

The SuNDiAL Project 2019: Survey of Nutrition, Dietary Assessment and Lifestyle. 

The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 
December 2018 to discuss your research proposition. 

By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ 
for the research, rather it is a mandated response from a Ngāi Tahu appointed Committee. 
This process is part of a number of requirements for researchers to undertake and does not 
cover other issues relating to ethics, including methodology they are separate requirements 
with other Committees, for example the Human Ethics Committee, etc. 

Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan: 

″Consultation does not mean negotiation or agreement. It means: setting out a proposal not 
fully decided upon; adequately informing a party about relevant information upon which the 
proposal is based; listening to what the others have to say with an open mind (in that there is 
room to be persuaded against the proposal); undertaking that task in a genuine and not 
cosmetic manner. Reaching a decision that may or may not alter the original proposal.″ 

 
The Committee considers the research to be of importance to Māori health.  
 
As this study involves human participants, the Committee strongly encourages that ethnicity 
data be collected as part of the research project as a right to express their self-identity.  
 
The Committee suggests researchers consider the Southern District Health Board's Tikaka 
Best Practice document, in particular patient engagement. The document also covers the 
collection, storage and disposal of blood and tissue samples. This document is available on 
the Southern District Health Board website. The Committee also refers researchers to Te 
Mana Raraunga Māori Data Audit Tool, which gives an overview of key Māori Data 
Sovereignty terms and principles. 
 
 

Appendix C: Application with Ngāi Tahu Research Consultation Committee 
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4 February 2019

Academic Services
Manager, Academic Committees, Mr Gary Witte

H19/004

Dr J Haszard
Department of Human Nutrition
Division of Sciences

Dear Dr Haszard,

I am writing to let you know that, at its recent meeting, the Ethics Committee considered your
proposal entitled “SuNDiAL Project 2019: Survey of Nutrition Dietary Assessment and
Lifestyle Phase 1: Adolescent Females”.

As a result of that consideration, the current status of your proposal is:- Approved

For your future reference, the Ethics Committee’s reference code for this project is:- H19/004.

The comments and views expressed by the Ethics Committee concerning your proposal are
as follows:-

While approving the application, the Committee would be grateful if you would respond to the
following:

Information Sheet

A typing error was noted on the Information Sheet, under the heading “Is there any risk of
discomfort or harm from participation?”, line 3, “some” should read “someone”.

Consent Form

Please amend the Consent Form to include an option for participants to indicate whether they
would prefer for their blood samples to be disposed of using standard methods or with a
Karakia.

Please provide the Committee with copies of the updated documents, if changes have been
necessary.

The standard conditions of approval for all human research projects reviewed and approved
by the Committee are the following:

Conduct the research project strictly in accordance with the research proposal submitted and
granted ethics approval, including any amendments required to be made to the proposal by
the Human Research Ethics Committee.

Appendix D: Ethical approval  
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Appendix E: Daily data collection procedure 
	

Prepared	by:	Jill	
12/02/19	

	
	

1. Report	to	the	school	office.	If	accelerometers	are	due	to	be	collected,	then	set	up	
the	collection	box	at	the	office.	
	

2. Set	up	data	collection	space.	Put	up	SuNDiAL	project	signs	where	appropriate.	
Ensure	you	have	your	name	badge	on.	
	

3. Put	anthropometric	equipment	in	a	private	space.	
	

4. Set	up	clipboards	with	a	diet	recall	recording	sheet	and	an	anthropometric	
recording	sheet	(at	the	back).	
	

5. Greet	your	participant	and	take	their	name.	Take	time	to	develop	rapport.	
	

6. Check	on	the	Name	&	ID	spreadsheet	that	they	have	enrolled	in	the	study.	
	

7. If	they	have	not	then	ask	them	to	complete	online	enrolment	by	going	to	the	
SuNDiAL	website,	or	checking	their	email	for	a	link	to	enrol.	

	
8. If	they	are	not	on	your	latest	Name	&	ID	spreadsheet	but	claim	to	have	recently	

enrolled,	give	Tessa,	Jill,	or	Meredith	a	quick	call.	
	

9. You	cannot	collect	any	data	from	participants	who	haven’t	enrolled.	
	

10. Take	the	ID	number	next	to	their	name	and	write	it	on	the	diet	recall	recording	
sheet	and	the	anthropometric	recording	sheet.	

	
11. Carry	out	the	diet	recall	as	per	the	diet	recall	protocol.		

	
12. Undertake	the	anthropometric	measures	as	per	the	anthropometric	protocol	

	
13. If	the	participant	has	opted	to	wear	an	accelerometer	fit	the	accelerometer	

referring	to	the	accelerometer	protocol	and	give	the	participant	guidance	on	
how	to	complete	the	wear	time	log.	

	
14. If	they	have	opted	to	have	blood	and/or	urine	taken	then	book	them	in	for	a	time	

on	the	Blood	booking	sheet.	Give	them	an	appointment	card.	If	they	would	
rather	do	the	urine	sample	at	home	and	drop	it	in,	give	them	a	takeaway	pack.	
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15. Thank	them	very	much	for	their	participation	and	inform	them	that	their	

voucher	will	be	mailed	to	them	on	completion	of	data	collection	in	their	school.	
	

16. Safely	store	data	sheets	in	a	place	where	they	remain	confidential	(i.e.	not	just	
lying	around).		
	

17. At	the	end	of	the	day,	collect	any	accelerometers	and	logs	from	the	collection	box	
and	pack	up	equipment	(if	necessary).	
	

18. Store	data	sheets	in	a	safe	place.	
	

19. Send	text	and/or	email	reminders	about	appointments	the	following	day	or	
about	returning	accelerometers	and	logs	the	next	day.	
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Appendix F: ID number protocol 
	

Prepared	by:	Jill	
11/02/19	

	
	

Background	
	
The	ID	number	is	the	most	important	variable	in	this	study.	If	the	ID	number	is	
recorded	incorrectly	then	any	data	collected	cannot	be	matched	to	the	right	person	and	
the	data	may	have	to	be	thrown	away.	
	
	
Process	
	

1. ID	numbers	are	assigned	to	participants	when	they	register	for	the	study.	The	list	
of	ID	numbers	and	names	of	participants	who	have	consented	to	the	study	will	
be	emailed	to	you	regularly	(the	Name	&	ID	spreadsheet).	

2. Greet	your	participant	and	take	their	name.	
3. Check	on	the	Name	&	ID	spreadsheet	that	they	have	enrolled	in	the	study.	
4. If	they	have	not	then	ask	them	to	complete	online	enrolment	by	going	to	the	

SuNDiAL	website,	or	checking	their	email	for	a	link	to	enrol.	
5. If	they	are	not	on	your	latest	Name	&	ID	spreadsheet	but	claim	to	have	recently	

enrolled,	give	Tessa,	Jill,	or	Meredith	a	quick	call.	
6. You	cannot	collect	any	data	from	participants	who	haven’t	enrolled.	
7. Take	the	ID	number	next	to	their	name	and	write	it	on	all	pages	of	the	diet	recall	

recording	sheet	and	the	anthropometric	recording	sheet.	
8. Check	that	you	have	written	the	number	EXACTLY	as	it	is	on	the	Name	&	ID	

spreadsheet.	This	is	very	important.	
9. Carry	out	the	diet	recall	and	undertake	the	anthropometric	measures.		
10. If	the	participant	has	opted	to	wear	an	accelerometer,	fit	the	accelerometer	as	

per	the	accelerometer	protocol.	Entering	the	ID	number	exactly	and	DOB	next	
to	the	serial	number	of	the	accelerometer	onto	the	accelerometer	recording	
sheet.	

11. If	they	have	opted	to	have	blood	and/or	urine	taken	then	book	them	in	for	a	time	
(or	give	them	a	drop-in	options	for	urine).	Book	them	under	their	name.	
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Appendix G: 24-Hour Recall 
	

Introduce	yourself	to	the	participant,	thank	them	for	participating	in	the	sundial	project	
and	ask	them	to	take	a	seat.	
	
“I	am	going	to	ask	you	about	everything	that	you	ate	and	drank	yesterday.		Please	try	to	
recall,	and	tell	me	about	everything	that	you	had	to	eat	at	drink,	whether	it	be	at	home,	
or	away	from	home,	including	snacks,	drinks	and	water.”	
	
Stage	One	–	Quicklist	
“First,	we	will	make	a	quick	list	of	all	the	things	you	ate	and	drank,	and	then	we	will	go	
back	over	this	list	and	I	will	ask	you	more	details	about	the	specific	foods	and	drinks,	
and	the	amounts.”			
	
“It	might	help	you	remember	what	you	ate	by	thinking	about	where	you	were,	who	you	
were	with,	or	what	you	were	doing	yesterday;	like	going	to	school,	eating	out,	or	
watching	TV.		Feel	free	to	keep	these	activities	in	mind	and	say	them	aloud	if	that	helps.”	
	
“So	starting	from	midnight	the	day	before	yesterday,	what	was	the	first	thing	you	
remember	eating?”	
	
Start	recording	quick	list	–	keep	prompting	until	finished		
	
“That’s	great.		Sometime	people	forget	to	tell	us	about	drinks,	particularly	water	when	
we	do	this	list.”			
	
“How	much	water	do	you	remember	drinking	yesterday?”	(record)		
	
“Did	you	have	any	other	drinks	you	might	have	forgotten	about?”	(record)	
	
Stage	two	–	Collect	more	information	
“I	am	now	going	to	ask	you	some	more	specific	questions	about	each	food.		We	also	need	
to	work	out	how	much	of	each	food	that	you	ate	or	drank”	
	
“Lets	start	at	the	beginning	–	the	first	thing	you	remember	eating	was	xxxx”		(record)	
	
What	time	did	you	eat/drink	that?	(record)	
	
Go	on	to	collect	specific	information	that	is	relevant	to	each	food	based	on	the	tips	
provided	on	the	tip	sheet.		Record	as	much	specific	information	as	you	can.		Record	each	
food	item	in	a	different	row.	
	
Use	the	photos	and	measurement	aids	to	help	the	participant	estimate	the	portion	size.		
Remember	that	brand	and	package	size	will	always	give	you	the	most	accurate	
information.	
	
Before	you	go	onto	the	next	food	on	the	quick	list	be	sure	to	ask	if	they	added	anything	to	
the	food	they	have	just	described.	
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Stage	3	–	check	for	any	further	additions	
	
“Ok,	thanks	for	working	with	me	to	provide	all	of	that	detail.		We	are	now	going	to	do	
one	more	check	to	make	sure	there	isn’t	anything	else	that	should	be	on	this	list.		I	am	
going	to	read	this	list	back	to	you.		If	you	remember	anything	else	that	you	ate	while	I	
am	reading	it	back	to	you	please	interrupt	me	and	we	will	record	in”	
	
Read	through	with	the	participant	all	the	food	and	drink	they	have	listed	
	
“Is	there	anything	you	can	think	of	that	we	need	to	add	in?”	(record	as	necessary)	
	
“Last	Question:		Do	you	know	if	the	salt	you	use	at	home	contains	iodine?”	(tick	
appropriate	box)	
	
“Great	thank	you	again.		If	it	is	ok	with	you	one	day	in	the	next	week	I	would	like	to	ring	
you	and	go	through	this	process	again	on	a	different	day,	so	that	we	can	get	an	idea	of	
how	the	foods	you	eat	change	from	day	to	day.		What	time	of	the	day	(outside	of	school	
time)	would	suit	you	for	me	to	ring	you?”	
	
Record	preferred	times	-	remember,	ideally	this	second	24	h	recall	will	occur	on	a	
randomly	selected	day,	but	that	might	not	always	be	possible	(at	the	very	least	it	should	be	
a	different	day	of	the	week	than	today)		
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Tips	Sheet	
	
Remember	that	the	more	information	you	can	obtain	about	each	food	the	more	accurate	
the	data	is	going	to	be.		Please	keep	in	mind	that	some	of	your	fellow	MDiet	students	are	
writing	their	thesis	on	nutrients	(like	Folate)	that	will	vary	from	brand	to	brand	
depending	on	fortification	so	please	be	as	careful	and	accurate	as	possible.	
	
You	need	to	gather	more	information	about	each	food	identified	on	the	Quicklist.		Below	
are	some	prompts	that	might	help	you	do	this.	
	
Where	possible	for	packaged	foods	collect	the	brand	name	
	
Potential	questions	to	consider	asking	(depending	on	the	food	reported)	

• What	is	the	brand	name?	
• Was	it	fresh,	canned,	frozen	or	rehydrated?	
• Was	it	home	made?		Do	they	know	the	recipe?	If	they	do	record	on	the	recipe	

sheet)	–	this	is	more	important	for	savory	foods	than	baking	(as	the	basic	
composition	of	a	biscuit	or	a	cake	varies	much	less	than	the	composition	of,	for	
example,	a	stir	fry)	

• How	was	it	cooked?		Was	it	baked,	fried,	or	boiled	
• Was	the	item	coated	before	cooking,	if	so	what	it	with	flour,	batter,	eggs,	or	

breadcrumbs	etc?	
• Was	it	standard,	low	fat,	low	sugar	caffeine	free?	

	
Do	not	

x Collect	information	about	herbs	and	spices	that	are	used	in	very	small	quantities	
x Ask	leading	questions	
x Ask	for	recipes	for	traditional	home	baking,	but	do	note	if	it	is	gluten	free.		
x Make	assumptions		

	
Do	

ü Keep	your	prompts	neutral	
ü Ask	about	cooking	method	and	the	type	of	fat	used	in	cooking	e.g.	if	they	say	

baked,	ask	what	with?	
ü Collect	brand	names	for	margarine,	butter,	juices/fruit	drinks,	breakfast	cereals,	

energy	drinks,	breads,	dairy	alternatives	(e.g.	almond	milk)	as	the	micronutrient	
content	of	these	products	can	vary	considerably	from	brand	to	brand.	

ü Ask	for	the	recipe	for	less	traditional	home	baking	(e.g.	brownies	made	with	
black	beans,	raw	caramel	slice	etc)	
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Useful	Prompts	for	Specific	Food	Groups	
	
FRUIT	
• Peeled	or	unpeeled	
• Colour?	–	e.g.	red/green	apple	
• Tinned?	–	if	so	was	it	tinned	in	syrup	or	juice,	how	much	of	the	syrup/juice	did	they	
have		

• Use	photos	of	tinned	peaches,	wooden	balls,	cups	or	beans	to	help	estimate	portion	
sizes	

	
VEGETABLES	
• Fresh,	frozen	or	Tinned	(if	tinned	were	they	tinned	with	flavoured	
sauce/syrup/juice)	

• Cooking	method	–	boiled,	baked	(with	fat/oil	–	what	type	and	how	much?),	
microwaved,	steamed	etc	

• Colour	–	e.g.	red/green	capsicums	
• Potatoes	–	with	or	without	skin,	if	mashed	what	was	added	and	how	much?	
• Quantities	could	be	recorded	in	cups	(sliced/whole/mashed/diced)	or	how	much	of	a	
whole	vegetable	(e.g.	½	a	medium	capsicum)	

• Use	photos	to	help	estimate	portion	size	for	similar	vegetables	not	shown	in	pictures	
(e.g.	broccoli	can	be	used	to	estimate	cauliflower,	peas	can	be	used	for	corn	or	bean	
etc).		Use	thickness	guides	and	rulers	to	help	estimate	sliced	vegetables	(e.g.	
cucumber).	

	
DAIRY	
• Milk	–	brand	name	and	fat	content	(show	picture	of	bottle	tops)	
• Yoghurt	–	brand	and	with	fruit	or	plain/natural	or	vanilla,	reduced	fat,	low	fat	
• Ice	cream	–	brand,	any	additions?		If	in	a	bowl	use	pictures	to	help	estimate	amounts.		
• Cheese	-	-	type	(e.g.	Edam,	Colby,	Feta),	brand,	grated	(in	cups	or	use	pictures)	or	
sliced	(thickness	guides)	

	
NUTS	
• Roasted,	raw,	salted,	other	favouring,	blanched	
• Whole,	chopped,	slivered	
• Mixed	–	with	or	without	peanuts	
• How	many	cups	or	how	many	whole	nuts?	or	can	use	beans	to	estimate	handful	size	
	
BREAD	
• White,	wholemeal,	wholegrain,	light	or	dark	rye	(use	photos	to	help	with	
identification)	

• Brand	name	(important	for	fortification)	
• Toast	or	sandwich	slice	(thick	or	thin)	
• For	buns	–	any	toppings	(don’t	worry	about	small	amounts	of	seeds,	but	do	record	
cheese,	bacon	etc)	

	
MARGARINE/BUTTER/TABLE	SPREAD	
• People	often	use	the	term	butter	and	margarine	interchangeably	so	collect	the	brand	
name	(do	not	comment	on	the	fact	they	might	not	have	used	the	correct	description)	
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• Low	fat	or	standard	
• Phytosterols	(cholesterol	reducing)	
• Use	pictures	to	help	indication	of	thickness	of	spread	
DRINKS	
• Juices/Fruit	Drinks		

o Terms	used	interchangeably	so	always	collect	brand	information	if	possible	
o 100%	juice	or	fruit	drink	
o No	sugar	added	or	sweetened?	
o Added	vitamins	
o Commercial	or	freshly	squeezed	
o Did	they	dilute	with	water,	is	so	how	much	
o Use	cups	or	pictures	of	cans	and	bottles	to	help	estimate	portion	size	

	
• Fizzy	drinks	

o Brand	
o Flavour	
o Diet,	standard,	zero	sugar,	type	of	sweetener	
o Caffeinated	
o Use	cups	or	pictures	of	cans	and	bottles	to	help	estimate	portion	size	
o 	

	
• Made	from	liquid	(cordial)	or	powdered	concentrate	(raro)	

o Brand	and	flavour	details	of	concentrate	
o Standard	or	low	energy/	low	sugar	version	
o How	much	concentrate?	
o Did	they	make	it	with	water	or	something	else?	
o How	much	water	or	other	substance	was	added?	

	
PACKAGED	FOODS	
• Brand	and	package	size	most	important	
• Did	they	consume	everything	in	the	packet?	
	
MIXED	DISHES	
• Try	and	record	recipe	if	possible	
• If	recipe	unavailable	try	and	get	as	much	detail	as	possible	
• Check	any	protein	ingredients,	starchy	ingredients,	vegetables,	sauces	
• Use	photos,	cups,	plates	and	bowls	to	estimate	portion	size	
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Appendix H: Food models list and pictures 
	
Department	of	Human	Nutrition	
University	of	Otago	
PO	BOX	56	Dunedin	
New	Zealand	
	
	
Human	Nutrition	Department	(2019)	
	
The	following	photos	are	attributed	to	intake	24	and	are	copyright	(c)	2016.	They	are	
made	available	under	an	open	government	license.		
	
Baked	beans	
Broccoli	
Cabbage	
Carrots	
Chips	
Cornflakes	
Grated	cheese	
Gravy	

Ice	cream	
Mac	and	cheese	
Mashed	potato	
Mixed	vegetables	
	Noodles	
Peas	
Popcorn	
Porridge	

Rice	
Scrambled	eggs	
Shepard’s	pie	
Sliced	chicken	
Sliced	meat	
Spiral	pasta	
Tomato	sauce	

	
Food	list	with	quantities		
	
		
Coffee	cups	 	 	 	 	 	
Heaped	Spoons		 60ml	 30ml	 14ml	 	 	
Dessert	spoon	 20ml	 16ml	 7ml	 	 	
Teaspoon		 14ml	 6ml	 4ml	 	 	
Canned	drinks	 250ml	 225ml	 500ml	 330ml	 	
Glass	bottles	 328ml	 330ml	 500ml	 	 	
Bread		 	 	 	 	 	
Milk	tops	 silver	 yellow	 Dark	blue	 Light	blue	 green	
Muesli		 25g	 50g	 75g	 100g	 	
Peaches		 23g	 56g	 138g	 340g	 	
Cornflakes		 32g	 41g	 55g	 72g	 	
Porridge		 11g	 183g	 278g	 418g	 	
Porridge		 111g	 183g	 278g	 418g	 	
Margarine/butter		 4g	 5g	 9g	 12g	 	
Honey		 10g	 18g	 25g	 35g	 	
Jam		 10g	 18g	 25g	 35g	 	
Peanut	butter		 9g	 12g	 16g	 30g	 	
Marmite		 4g	 5g	 9g	 12g	 	
Chickpea	stew	 130g	 200g	 250g	 300g	 	
Tofu		 	 41g	 69g	 109g	 168g	 	
Stir	fry		 100g	 182g	 320g	 480g	 	
Broccoli		 17g	 33g	 66g	 137g	 	
Peas		 16g	 31g	 59g	 112g	 	
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Prepared	by:	Chaya	R.	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mixed	vegetables	 28g	 44g	 69g	 109g	 	
Carrots		 20g	 37g	 67g	 122g	 	
Cabbage		 14g	 30g	 67g	 150g	 	
Mashed	potato	 102g	 151g	 223g	 330g	 	
Sliced	meat		 30g	 51g	 87g	 150g	 	
Sliced	chicken	 	 25g	 50g	 101g	 204g	 	
Spaghetti		 60g	 100g	 145g	 224g	 	
Rice		 54g	 101g	 191g	 359g	 	
Noodles		 92g	 148g	 246g	 387g	 	
Spiral	pasta		 55g	 101g	 188g	 350g	 	
Shepard’s	pie		 43g	 85g	 168g	 332g	 	
Baked	beans		 40g	 81g	 166g	 337g	 	
Stew		 100g	 170g	 260g	 360g	 	
Mac	&	cheese		 24g	 52g	 113g	 243g	 	
Chips		 70g	 118g	 198g	 334g	 	
Ice	cream		 30g	 54g	 99g	 180g	 	
Gravy		 20g	 41g	 85g	 175g	 	
Whittaker’s	chocolate	 4g	 22g	 250g	 	 	
Cadbury		 5g	 25g	 200g	 	 	
Lindt	 10g	 20g	 100g	 	 	
Milky	bar	 5g	 25g	 200g	 	 	
Muffin		 50g	 130g	 146g	 	 	
Nut	bar	 19g	 22g	 50g	 35g	 40g	
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Appendix I: Anthropometric Measurements  
 

Gain verbal consent from the participant for each measurement and explain fully what you 
will do to obtain them. Before beginning, gain consent from the participant to use non-
permanent pen for marking anatomical land marks. 
 
NB: anthropometry tapes have a blank lead before measurement markings start - 
consider this when reading a measurement. 
 
 
HEIGHT 
1. Ask the participant to remove their shoes, 

as well as any hair ornaments or 
buns/braids on the top of the head. 

 
2. If the participant is taller than the 

investigator, use a step tool to take the 
measurements.  Errors can be minimised by 
the investigator being parallel to the 
participant and the headpiece.  

 
3. Tell the participant to stand with their heels 

together and toes apart pointing outward at 
approximately a 60-degree angle. 

 
4. Make sure the back of the head, shoulder 

blades, buttocks, and heels of the 
participant are touching the 
backboard/stadiometer. 

 
5. Make sure the participant’s head is aligned 

in the Frankfort horizontal plane, where a 
horizontal line connects from the ear canal 
to the lower border of the orbit of the eye. 

6. Lower the headpiece to rest firmly on the 
top of the participant’s head and ask the 
participant to stand as tall as possible and 
take a deep breath. 

 
7. Record the result to the nearest 0.1 cm in 

the HEIGHT 1 box on the recording sheet 
without informing the participants.   

 
 

 
 
 
 
 

Exhibit 3-4. Standing height position 
 

 

Legs straight 

Feet flat – heels 
together; feet 

pointed outward 
at 60o angle 

3-8 
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WEIGHT  

 
1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, boots etc). 

As the participant would have just had their height measurement done, they should not 
be wearing shoes. 

 
2. Turn on the scales, ensure they are switched on to metric (kg). 
 
3. Ask the participant to step on to the scales so that they are facing away from the display 

(prevent seeing the weight) cautioning them that they need to step up onto the scales. 
 
4. Wait for the scales to read or come to a stable number. 
 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box on the 

recording sheet without informing the participant  
 
Ulna length 

Ulna length is measured between the point of the elbow and the midpoint of the prominent 
bone of the wrist using an anthropometric tape. This value is then compared with a 
standardized height conversion chart. Participants should be dressed in light clothing with no 
wrist watch or other jewellery on the arm that is to be measured. 

1. Measure between the point of the elbow and the midpoint of the prominent bone of the 
wrist (non-dominant side). 
 

Read and accurately record the measurement to the nearest 0.1 cm in the UNLA LENGTH 1 
box on the recording sheet without informing the participant.  
 
 
 
 
 
 
 
 
 
 
REPEAT ALL MEAUREMENTS 
 
Repeat all three measurements again, in the same order, entering the measurements in the 
HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell participant 
measurements). 
 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart?  If so take a 
third measurement where required. 

 
Fig 2: ulna length measurement 
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Appendix J: Food groups (119) 
Food group Food item examples 
Grains and pasta Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran, 

cereal-based products and dishes (pasta and sauce, lasagne, pasta salad, 
noodle soup, chow mein)  
 

Bread All types of bread (rolls, pita, foccacia, garlic), bagels, crumpets, sweet 
buns  
 

Breakfast cereals All types (muesli, wheat biscuits, porridge, puffed/flaked/extruded 
cereals)  
 

Biscuits Sweet biscuits (plain, chocolate coated, fruit filled, cream filled), crackers  
 

Cakes and muffins All cakes and muffins, slices, scones, pancakes, doughnuts, pastry  
 

Bread-based dishes Sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, doner 
kebabs, wontons, spring rolls, stuffings  
 

Puddings and 
desserts 

Milk puddings, cheesecake, fruit crumbles, mousse, steamed sponges, 
sweet pies, pavlova, meringues  
 

Milk All milk (cow, soy, rice, goat and flavoured milk), milkshakes, milk 
powder  
 

Dairy products Cream, sour cream, yoghurt, dairy food, ice-cream, dairy-based dips  
 

Cheese Cheddar, edam, specialty (blue, brie, feta, etc), ricotta, cream cheese, 
cottage cheese, processed cheese  
 

Butter and 
margarine 

Butter, margarine, butter/margarine blends, reduced-fat spreads  
 

Fats and oils Canola, olive, sunflower and vegetable oils, dripping, lard  
 

Eggs and egg dishes Poached, boiled, scrambled and fried eggs, omelettes, self-crusting 
quiches, egg stir-fries  
 

Beef and veal All muscle meats (steak, mince, corned beef, roast, schnitzel, etc), stews, 
stir-fries  
 

Lamb and mutton All muscle meats (chops, roast, mince, etc), stews, stir-fries, curries  
 

Pork All muscle meats (roast, chop, steak, schnitzel, etc), bacon, ham, stews, 
stir-fries  
 

Poultry All chicken, duck, turkey and muttonbird muscle meats and processed 
meat, stews and stir-fries  
 

Other meat Venison, rabbit, goat, liver (lambs fry), pâté (liver), haggis  
 

Sausages and 
processed meat 

Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf and 
patties  
 

Pies and pasties All pies including potato top, pasties, savouries, sausage rolls, quiche 
with pastry  
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Fish and seafood All fish (fresh, frozen, smoked, canned, battered, fingers, etc), shellfish, 

squid, crab, fish/seafood dishes (pies, casseroles and fritters), fish/seafood 
products  
 

Vegetables All vegetables (fresh, frozen, canned) including mixes, coleslaw, 
tomatoes, green salads, legumes and pulses, legume products and dishes 
(baked beans, hummus, tofu), vegetable dishes  
 

Potatoes, kumara 
and taro 

Mashed, boiled, baked potatoes and kumara, hot chips, crisps, hash 
browns, wedges, potato dishes (stuffed, scalloped potatoes), taro roots 
and stalks  
 

Snack foods  Corn chips, popcorn, extruded snacks (burger rings etc), grain crisps  
 

Fruit All fruit, fresh, canned, cooked and dried  
 

Nuts and seeds  Peanuts, almonds, sesame seeds, peanut butter, chocolate/nut spreads, 
coconut (including milk and cream), nut-based dips (pestos)  
 

Sugar and sweets Sugars, syrups, confectionery, chocolate, jam, honey, jelly, sweet 
toppings and icing, ice-blocks, artificial sweeteners  
 

Soups and stocks All instant and homemade soups (excluding noodle soups), stocks and 
stock powder  
 

Savoury sauces and 
condiments  

Gravy, tomato and cream-based sauces, soy, tomato and other sauces, 
cheese sauces, mayonnaise, oil & vinegar dressings, chutney, marmite 

  
Non-alcoholic 
beverages 

All teas, coffee and substitutes, hot chocolate drinks, juices, cordial, soft 
drinks, water, powdered drinks, sports and energy drinks  
 

Alcoholic beverages  Wine, beer, spirits, liqueurs and cocktails, ready-to-drink alcoholic sodas 
(RTDs)  
 

Supplements 
providing energy  

Meal replacements, protein supplements (powders and bars)  

 
Snack bars  

 
Muesli bars, wholemeal fruit bars, puffed cereal bars, nut and seed bars 
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Appendix K: Enrolment Questionnaire 
SuNDiAL 2019 Enrolment Questionnaire 
	
Thank you for showing an interest in this project. Please read the information about SuNDiAL project 
carefully. This can be found on our website www.otago.ac.nz/sundial. Take time to think about it and 
talk with family or friends before you decide whether to take part or not. If you decide to take part we 
thank you. If you decide not to take part that won’t disadvantage you and we thank you for considering 
it. 

Who are we seeking to take part in the project? 
We are looking for female high school students who are 15 to 18 years old. To be eligible to take part, 
your high school must have agreed to take part in the study, you must speak and understand English, 
and be able to complete the questionnaires. 

If you take part, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 

1) Complete an online questionnaire with three parts to it: (i) health & demographics; (ii) why you 
choose the food you eat; and (iii) your dietary habits. 

2) Attend a session at your school with our research team. This visit will take about 60 minutes and you 
will be asked to recall the food and drink you've consumed over the last day. You will also have your 
height, weight, and length of your lower arm measured. These measurements will be done twice to 
make sure they are as accurate as possible. This will be done in a private space and you may ask for 
the measurements if you want them. 

3) In the next week or two we'll ring or video call you to do a second food and drink recall. 
 
 
 
 

 
 

 
Any questions? 
 
Contact Jill (ph 03 479 5683) or Meredith (ph 03 479 8157) or email us on: sundial@otago.ac.nz 

This study has been approved by the University of Otago Human Ethics Committee (Health). If you have 
any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any 
issues you raise will be treated in confidence and investigated and you will be informed of the outcome. 
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Electronic consent 
Click on the “agree” button below if: 

You have read the information about the study 
You have had all your questions answered about the study and understand that you can ask for more 
information at any stage 

You know that when the project is completed all personal information that could be linked to you will be 
removed from the paper records and electronic files for the project, and that these will be placed in 
secure storage and kept for at least ten years. 

You are a young woman who is 15 to 18 years old and isn’t pregnant 

You know you can pull out of the study any time before it finishes in October 2019. 

If you don’t want to take part in the SuNDiAL project, please click on the “disagree” button. 
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Thank you! You are eligible to take part in the SuNDiAL project! 

There are three other parts to the SuNDiAL project that are optional. Please read the 
following information carefully before you decide whether to take part in these optional 
bits of the study.  For each one of these that you do, you will receive a $5 gift voucher 
from New World or PaknSave. 

If you agree to do these, but change your mind later, that's OK - there is no disadvantage 
to not you if you decide not to do these. 
  
Once all of the analysis has been completed the samples will be disposed of using standard 
biohazard protocols.  On the consent form (below) you can tell us if you would like your 
blood sample disposed of with a Karakia (Māori Prayer).  
Electronic consent 

Click on the "AGREE" button below if: 
- You have read the information on the website 
- You want to take part in these parts of the study 
  
If you don't want to take part in these parts of the study, please click on the "DISAGREE" button. 

 

BLOOD SAMPLE: 

We would like you to provide a blood sample (which would be collected by someone with extensive 
training in how to collect blood), but we understand that not everyone feels comfortable about this 
so it is entirely up to you if you do this. If you do provide a blood sample, we can tell you whether 
you're iron deficient or not. You can still take part in the rest of the study even if you don't do this bit. 

Click on the agree button below if: 

You understand the risks of discomfort involved in providing a blood sample 

 

URINE SAMPLE: 

We would also like you to give a urine sample ("pee or wee") - which is easy for you collect yourself 
with the equipment we give you. You can still take part in the rest of the study even if you don't do 
this bit. 

Click on the 'AGREE' button below if: 

AGREE 
DISAGREE 
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ACCELEROMETER:	

We would also like you to wear a small red box called an accelerometer on an elastic belt 24 hours a 
day for seven days.  This will tell us how much time you spend sitting down, moving around, and 
sleeping.  If you choose to wear the accelerometer you will be asked to complete a little diary about 
the times your took the device off, and what time you went to bed each night on the days that you 
wear it.  

One of our research team will return to your school the week after this visit to collect the 
accelerometer. You can still take part in the rest of the study even if you don't do this bit. 
  

AGREE 
DISAGREE	 	
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Contact Information  

What is your name? 

__________________________________ 
(Preferred first name, Last name) 

What is your date of birth? 

__________________________________ 

Age 

__________________________________ 

Phone number (mobile would be best - 
so we can text you reminders) __________________________________ 

What is your home address? 
(This will be the address where we will 
send your voucher)   

__________________________________________ 
(number & street, suburb, city, postcode) 

	

__________________________________________	
(number & street, suburb, city, postcode)	

	
What is the address that you live 
at during school term?   

__________________________________________ 
                                                                                    (number & street, suburb, city, postcode) 
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Health Information 
If you know your height, please write it here: 
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The following questions are a bit sensitive, but it is necessary for us to ask them because they can help 
us understand what nutrients are important for the health of young women your age 
 
 
 
 
 
 
 
 

  
 

  
 

 

  
 

  
  

  

  
  

  
    

 
 

 

 
 

  
 

  
 

 
 

 
 

  
 

 

 
 

 
 

 
 



	 	 	110	

	
- Depo Provera injection 
- Implant (eg Jadelle) 
- Hormonal IUD (eg Mirena) 
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Other information 

	

	
Thank you for enrolling in the SuNDiAL project! 

What happens next? 
  
We are now going to ask you to complete a questionnaire about why you eat the food you do. If you 
want to complete it at a later time, please click the Save and Return button at the bottom of this page 
(don't forget to make a note of your code so that you can return to this survey). Or, click the "Submit" 
button to continue. 

You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your school to 
complete the other measurements. 
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Appendix L: Dietary Habits Questionnaire 
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