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Abstract 
 

Background: Magnesium is an essential mineral. Low intakes have been 

widely found among dietary surveys in many industrialised countries. 

Magnesium intakes were not reported in the most recent New Zealand Adult 

Nutrition Survey (ANS 2008/09), and in the 1997 National Nutrition Survey 

(NNS) low intakes were consistent with that of other countries. Thus, 

magnesium intakes and food sources in New Zealand are not well 

characterized.  

Objective: The overall aim is to investigate dietary magnesium intake and its 

main food sources within the female adolescent (15-18-year-old) population of 

New Zealand (NZ). 

Methods: The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) 

project is a nation-wide study investigating the intakes of vegetarian compared 

to non-vegetarian girls aged 15-18 years. The data presented in this thesis are 

from the preliminary round of collection. A convenience sample of 15-18-year-

old girls was recruited from 8 different high schools within NZ. A team of 17 

Master of Dietetics (MDiet) candidates recruited participants from each school 

with 2-3 MDiet candidates within each location. Anthropometric data (height, 

weight and ulna length) as well as two non-consecutive 24-hour recalls using a 

multiple pass system were collected, with BMI Z scores then calculated. 

Participants were required to complete a series of online questionnaires to 

collect demographic, health, dietary intake and supplement use information. 24-

hour recall data were entered into the nutrient analysis programme FoodWorks 

9 and the Multiple Score Method was used to generate estimated usual intakes. 
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Food group analysis was used to describe the main food sources of 

magnesium.  

Results: There were 145 participants who signed up from the 8 schools with an 

average age of 16.7 years. Of these 145 participants, 130 had both weight and 

height taken with 34.6% of these participants categorised as being overweight 

or obese. Dietary intake data were available for 132 participants with a mean 

energy intake of 8066kJ/day (95% CI 7754, 8379kJ/day). Magnesium intake 

data were slightly positively skewed and thus median intake of 280mg/day (10th 

percentile of 175mg/day and 90th percentile of 428mg/day) was used for this 

analysis. An inadequate intake level (percent below EAR) of 58.3% of 

participants was found. The main food sources of magnesium were bread, 

grains and pasta, vegetables and fruit with a mean percent contribution of 9.5, 

9.4, 7.5 and 7.5% respectively. Of the girls who completed the supplement 

questionnaire, 4% reported taking a magnesium containing supplement daily, 

with an average dose of 177mg/day.  

Conclusion: Data from this thesis appear to be congruent with other national 

surveys and convenience samples from around the world showing a mean 

dietary intake of magnesium below the EAR of 300mg/day, with most countries 

between 200-300mg/day. Most of the dietary magnesium in these other 

countries also came from plant-based products with some from milk, poultry and 

other animal-based products. Possible options to rectify a suboptimal intake 

include promotion of: magnesium containing supplements; magnesium rich 

foods; and fibre rich foods to indirectly promote magnesium intake. This 

research indicates further investigation is warranted to assess the magnesium 
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intakes of this population due to these preliminary data showing a low intake of 

magnesium in 15-18-year-old girls in NZ.   
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1 Introduction 
Adequate nutrition is essential during periods of growth within the human body. 

One of these significant periods is during the years of adolescence, a time at 

which the body undergoes the process of maturing into that of an adult (1). It is 

therefore relevant to assess the intakes of adolescent’s to ensure they are 

meeting their increased requirements to decrease the risk of growth and 

developmental issues (2, 3). 

To date the literature is outdated in terms of assessing the dietary intakes of 

adolescents within NZ. The last time this was assessed in great depth was the 

2008/09 Adult Nutrition Survey (ANS) (4) with some nutrients not assessed 

since the 1997 National Nutrition Survey (NNS) (5). One of the nutrients not 

assessed within this demographic since 1997 is magnesium.   

Magnesium acts as a cofactor in over 300 enzymatic reactions (6) , including 

glycolysis and ATP production and is particularly important during times of 

growth as it is needed for DNA replication and repair (7), as well as making up 

part of the bone mineral matrix (8).  

The 1997 NNS data showed a low intake within this group which is of concern 

(5). Also, not only are magnesium intake data in this population outdated, but 

there are no data reporting on the main food sources of magnesium within NZ 

girls 15-18 years old. Therefore, this study will be the first since 1997 to assess 

the estimated intakes of magnesium and the first ever to collect information on 

the main food sources of magnesium within this demographic in NZ. These data 

will be used to analyse how the intake of this sample compares with that of 

national guidelines, as well as intakes from around the world.   
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2 Literature Review 
 

2.1 Databases/search terms  

In preparing this literature review the search terms “magnesium”, “health”, 

“disease”, “intake”, “review”, “adolescent”, “adolescence”, “dietary magnesium”, 

“sources”, “sleep”, “supplement” and “supplementation” were used within the 

search engines “Scopus”, “Medline Ovid”, “Google Scholar” and “The Cochrane 

library”. Information from relevant research was collected to report on 

magnesium as a mineral, its role in human nutrition and what intakes of 

magnesium have been like over time and what the main food sources are, 

particularly in adolescent females. These search terms were supplemented with 

reviewing articles that had cited the selected papers as well as reviewing the 

references of selected articles.  

 

2.2 Background  
 

2.2.1 Overview of magnesium 

Magnesium is an essential mineral that is the second most prominent 

intracellular cation in the human body with approximately 24g found within a 

70kg adult (9). Of all the magnesium found in the body about 50-60% of this is 

found within bone, around 26% within the muscle and then the remainder in soft 

tissue and fluid (7, 9). Less than 1% of total body magnesium is found within the 

blood (7).   

 



[3] 
 

2.2.2 Magnesium homeostasis and absorption 

Magnesium homeostasis is tightly controlled by the kidneys, bone and 

intestines to keep the serum concentration within a normal healthy range of 

approximately 0.75-0.95 mmol/L (10). The kidneys regulate urinary magnesium 

excretion, filtering on average 2400mg of magnesium a day, with 90-95% of this 

reabsorbed mainly in the loop of Henle (7, 9). In times of high magnesium load 

the kidneys can rapidly respond by decreasing reabsorption and increasing 

excretion, with the opposite being true in times of low magnesium availability 

(11). The bone stores magnesium within its hydroxyapatite mineral structure 

with this being the body’s largest reserve of the mineral (9). Therefore, in times 

of low magnesium availability magnesium can be drawn from the bone as well 

as increased renal reabsorption to maintain homeostasis (12, 13).   

   

Intestinal absorption of magnesium does not have as tight control of serum 

concentrations as the other two homeostatic mechanisms. Magnesium is 

absorbed either via passive paracellular transport that is related to dietary 

intake and occurs mainly in the small intestine (specifically in the distal portions 

being the late jejunum and ileum), or by active transport in the large intestine 

that works under situations of low magnesium availability (7). These active 

transport mechanisms occur through the channels transient receptor potential 

melastatin 6 (TRPM6) which is specific to certain tissue and transient receptor 

potential melastatin 7 (TRPM7) (7) which is found throughout the body (7). 

Under normal conditions 30-50% of magnesium is absorbed in the small 

intestine (7) however this proportion is dependent on the amount of magnesium 

available for absorption and the status of the individual. It has been 
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demonstrated that with low magnesium diets absorption can increase to 80% 

(14, 15) and with high magnesium diets can decrease to 20% (14).  

 

Magnesium absorption is also affected by exogenous and endogenous factors. 

Low magnesium status has been previously discussed as a factor enhancing 

absorption. Endogenous factors that impair absorption are thought to be 

increased age (16, 17), balanced magnesium status and intestinal dysfunction 

such as short bowel syndrome or Crohn’s disease (18, 19). There are also a 

range of exogenous factors thought to decrease magnesium absorption (20). 

Phytic acid commonly found in cereal grains (21), and oxalate which is 

commonly found in the brassica and spinach vegetable family have been found 

to decrease magnesium absorption (22). Other divalent cations such as zinc, 

calcium, iron and copper have been investigated and found in high doses to 

impair magnesium absorption, for example high intakes of zinc (142mg/day) 

(23). However, at typical doses from food alone, no effect of mineral interaction 

affecting absorption has been seen. Partly or non-fermentable fibres such as 

wheat bran, cellulose and lignin are thought to decrease absorption whereas 

forms of insoluble carbohydrate such as lactulose, lecithin and other fibres have 

been found to increase absorption (20).  Protein is also thought to have an 

effect on absorption with data indicating there is a positive association between 

protein intake and absorption (24).  

 

2.2.3 Function 

Magnesium’s key role in the body is as an enzymatic cofactor for over 300 

cellular reactions (6, 7) and because of this has a role in virtually every process 
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within the cell. Some of the key reactions it is involved in are glycolysis, fat 

metabolism, protein metabolism and the formation of nucleic acids and 

adenosine triphosphate (ATP) (7, 9).  Some of the other key roles magnesium 

has in the body are anti-inflammatory and vaso/bronchodilator effects, and 

regulating the proliferation and development of lymphocytes (7). Binding of 

magnesium is also needed for insulin receptors to function properly and so 

without magnesium binding there may be less signalling contributing to insulin 

resistance (7). Magnesium also has a key role within DNA as part of the 

structure and function of DNA and RNA polymerase as well as being 

incorporated within the structure and repair of DNA itself (7, 25). Low levels of 

magnesium can make DNA more prone to oxidative stress, however it has also 

been shown that high levels can also lead to changes in DNA structure (7, 25). 

Magnesium is also involved with muscle contractions acting as a calcium 

antagonist (7, 26).  

 

2.2.4 Measuring magnesium status 

Due to the low proportion of total bodily magnesium in blood; and bone acting 

as a magnesium reserve; assessing magnesium status at an individual level is 

problematic (7, 9, 27). Nevertheless, blood is an accessible body pool, and 

magnesium is commonly measured in serum, plasma and red blood cells (27). 

Magnesium concentration in blood and urine have been used to describe 

magnesium status in several clinical trials with serum magnesium the most 

commonly used marker (27).  Magnesium has also been measured in saliva 

and muscle, however, it is unclear if these and other biomarkers that are under 

investigation are an accurate representation of magnesium status (27). 
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Measuring magnesium intake is commonly conducted through the use of 24 

hour recall, with many past surveys using this method (4, 5).  

2.2.5 Recommended intakes  

The RDI in New Zealand and Australia is 360 mg for adolescent females (14-18 

year olds) and the EAR is 300mg day (28). These levels are based off the 

calculated requirements for children aged 1-8 years (5mg per kg of body 

weight) and then a slight increase in the coefficient has been applied to account 

for the increased growth requirements during adolescence giving a coefficient of 

5.3mg/kg/day (28). The coefficient used for children aged 1-8 years has been 

taken from the Food and Nutrition Board: Institute of Medicine 

recommendations which are from balance study data in girls aged 15-18 years 

(10).  

 

The upper level of intake is based on supplementation of magnesium due to no 

data showing any negative effects of excess magnesium intake through food 

sources alone. The upper limit is 350 mg/day for both males and females aged 

9 years and above, with the endpoint for first signs of excessive intake being 

diarrhoea (10, 28).  

 

2.2.6 Sources of magnesium 

Magnesium is found in relatively high concentrations in nuts, legumes and 

cereal bran, hence less refined cereal products will contain more magnesium 

than bran depleted products (29). Other foods with relatively significant amounts 

of magnesium include green vegetables, some fruit, meat, seafood, poultry and 

meat alternatives (29).   
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Smaller amounts are also found in dairy products with no significant differences 

in the magnesium content of varying fat content dairy products. Processing of 

food generally tends to remove most of the magnesium inherently found in food 

and so there may be concern that those consuming a highly processed diet are 

at risk of magnesium deficiency (7).  

 

2.2.7 History of intake and current mode of use 

The first use of magnesium in human medicine was thought to be in 1697 

where it was the major ingredient found in epsom salts, used to treat abdominal 

pain, constipation, sprains, muscle strains, hyaline membrane disease, and 

cerebral edema (7). In 1810 magnesium was used to treat patients with uric 

acid stones. Magnesium however was not measured in the blood plasma until 

the 1920s (7) with magnesium deficiency not recognised until 1956. Research 

into the function of magnesium in health and disease continues to this day (30). 

Some areas where its efficacy as a therapeutic agent are being investigated 

include migraines (30), eclampsia (31-33), asthma (34), heart disease (35), 

diabetes (36),  depression (37-39), and autism in children (40).  

 

2.2.8 Health effects and causes of low and high intake  

Hypomagnesaemia is a condition where serum magnesium concentration falls 

below 0.7-0.75 mmol/L (7, 41) however it is possible for serum concentrations 

to appear normal when in-fact there is a magnesium deficiency (12). It is difficult 

to diagnose without testing serum concentrations as the symptoms of this 

condition are non-specific; such as tiredness, muscle spasms and muscle 



[8] 
 

weakness due to magnesium’s role as a calcium antagonist (41). With a 

prolonged low intake, magnesium may be drawn from the bone to maintain 

homeostasis. Bone may become brittle if serum concentrations drop 

significantly (below 0.4mmol/L) and tetany, seizures and arrythmias can ensue 

(41).  

 

Low intake of magnesium is one possible cause of hypomagnesaemia however 

this condition can be drug induced (42) or arise from vomiting, diarrhoea and 

alcoholism (7). Genetic hypomagnesaemia is a rare and complex condition that 

can also lead to serum magnesium concentrations below 0.7 mmol/L (43). 

Magnesium deficiency has been seen in up to 60% of critically ill patients (44). 

How magnesium deficiency relates to critical illness, whether causally or as a 

consequence is not well understood. Hypomagnesaemia in critically ill patients 

is normally a result of increased renal losses from renal disease, 

hypercalcemia, metabolic acidosis or gastrointestinal issues, examples include 

bowel resections, diarrhoea and protein-calorie malnutrition (45). 

 

Associations between low magnesium intake and chronic conditions have also 

been shown. An association with depressive symptoms for example has been 

found (39), particularly within the female population (38) or those with 

hypomagnesaemia (37). Low magnesium intake has consistently been found to 

be a risk factor for type two diabetes (36, 46, 47). Magnesium supplementation 

has been shown to improve plasma blood glucose control in those with 

hypomagnesaemia alongside type two diabetes (48) as well as those with 
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normomagnesemia and insulin resistance (49), however long term health 

benefits and effects on glycated haemoglobin remain unclear (50).  

 

Hypermagnesemia is the term used to describe serum concentrations above 

1.1mmol/L (7). This may present with nausea, vomiting, headaches, lethargy 

and/or flushing. Extremely high serum concentrations (above 3mmol/L) may 

lead to coma, asystole and cardiac arrest. Causes are generally due to 

excessive magnesium supplementation or drugs containing magnesium itself or 

as a consequence of undiagnosed renal failure (51).   

 

2.2.9 Review of what manufacturers are doing  

Currently the number of foods available in New Zealand that are specifically 

fortified with magnesium are scarce to none. However, magnesium is commonly 

found within the bran of grains and cereals. Therefore, while products may not 

be manufactured specifically to be high in magnesium, there are many products 

intentionally made of whole and less refined grains to preserve the nutrients 

found within the grain, one of these being magnesium. Such things include 

whole grain breads, cereals and crackers (29). Other products such as nuts and 

seeds may also contain information on the package claiming to be a “source of 

magnesium”.  

 

Another source of magnesium is through supplementation. Magnesium is 

commonly added to sleeping aids despite the questionable efficacy of its 

inclusion in the formulation. Evidence for an effect is limited to elderly patients 

(>60 years) with insomnia (52), with no evidence of efficacy in younger aged 
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groups (53). Research investigating otherwise healthy individuals without 

deficiency is lacking.   

 

Magnesium supplements are currently being marketed as a potential relief from 

muscle cramps, tension and helping to support the nervous system, due to 

magnesium acting as an important electrolyte for nerve transmission (54). Data 

on magnesium supplementation as a treatment for skeletal muscle cramps are 

lacking. A 2012 Cochrane review concluded that is unlikely to be effective in 

elderly and there were mixed results for pregnancy related cramps (55). Data 

were also lacking for sports related cramping (55).  

  

2.3 Adolescence 

Adolescence is defined by Krause as the “time where there is the appearance 

of secondary sex characteristics” and with that an increase in the rate of growth 

(1). In terms of nutrients this is an important time due to the increased 

requirements that are associated with increasing growth (28). Adolescence is 

also a stage in life where lifestyle and choices around physical activity, sports, 

alcohol and drug use become more prevalent as well as changes in food habits 

and the possibility of development of disordered eating (1, 56). 

 

2.3.1 Rationale for this study 

Due to magnesium’s extensive role in the body and its inclusion in energy 

generation as well as protein, DNA and bone formation it is a crucial nutrient 

required for growth and thus extremely relevant to the adolescent population 

(7). Despite the importance of magnesium within the growing body there is little 
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research investigating the intake of magnesium in the female adolescent 

population in NZ and so this study will add to a gap in the literature.    

 

2.4 Main review  
 

2.4.1 Magnesium intakes of adolescent females 

Magnesium intake data for the target population were not given in the 2008/09 

ANS (4). The most recent data arise from the 1997 NNS (5). The mean intake 

at that time for 15-18-year-old females was 265mg/day, with a 90th percentile of 

378mg/day. NZ Maori aged 15-24 had a mean intake of 270mg a day. Despite 

reporting a mean intake, food sources of magnesium were not given in the 

report restricting our understanding of what foods or food groups are preferred 

or avoided in this demographic that could lead onto dietary guidelines or 

recommendations.  

Magnesium intake data from several countries are given in Table 1. 

Magnesium intakes within the Australian population have more recently been 

published with the 2012 food and nutrition survey showing an average daily 

intake for 14-16 year old females of 296mg and 257mg for 16-18 year olds (57).  

2.4.1.1 European countries  

Intake from the United Kingdom (UK) has been assessed within the National 

Diet and Nutrition Survey, providing a representative sample of the intakes from 

the four countries involved (58). Looking at the combined results from 2014-

2016 there was a reported mean intake of 207mg/day for girls aged 11-18 

years, with 50% of the girls ingesting below the lower reference nutrient value of 
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190mg/day (58). The 2.5th percentile was 97mg/d and the 97.5th percentile 

306mg/day. 

In Spanish females aged 13-17 years a mean magnesium intake of 242mg/day 

has been found which is 81% of the EAR (59). This Spanish study 

encompassed those aged 0-75 years, the percentage of magnesium derived 

from cereals, grains, milk and milk products was higher in the younger age 

groups (13-17 years) compared to older. When looking at “plausible reporters” it 

was found 71% of 13-17 year old females were not meeting at least 80% 

(>264mg/day) of the Spanish RDI of magnesium (RDI of 330mg/day) (59, 60).  

Some of the lowest intakes reported have been in Turkey where females aged 

15-17 years were consuming an average magnesium intake of 198mg/day (61) 

well below the EAR of 300mg/day. 

2.4.1.2 The Americas  

Magnesium intake data from adolescent girls in the United States of America 

(US) were published in 2007 (62). In this report the authors separated the girls 

into year groups as well as African-American or White. There were four year 

groups containing girls relevant to this literature review, ranging from an 

average age of 14.1 to 17.9 years. The group with the best intake relative to 

requirements was the 484 white girls in the oldest age group. However, even in 

this group, 83.1% of the girls were not meeting the EAR (300mg/day). The 

worst performing groups were the African-American girls in the oldest and 

youngest year group (mean age of 14.1 and 17.9 years respectively) with 

94.5% of girls in both of those age groups not meeting the EAR. All other 

groups ranged between 83.1 and 94.5% of girls not meeting the EAR. Other 
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data from the US have been reported, such as a 2015 study using 2007-2010 

NHANES data which may indicate the intake of magnesium within female 

adolescents in the US may have improved. In this study non-Hispanic black 

participants had a mean intake of 208mg/day with 47.8% not meeting the EAR 

and non-Hispanic white having a mean intake of 224mg/day with 45.6% not 

meeting the EAR. However, the data combines females from 4 to 18 years and 

so the relevance to the population discussed in this literature review is 

questionable and also difficult to compare to older data to determine whether 

intakes have improved over time (63). Outside of the US, however still in the 

Americas there are findings from 2015 in Bolivia (64) indicating that the average 

intake there was above the EAR (Table 1) with 20.8% of the girls aged between 

13.1-16 years consuming less than 2/3 of the RDI (64). Measurement of intake 

was by way of validated SFFQ that had been adapted to local food availability 

and terminology (64).  

2.4.1.3 Asia (Iran and China) 

In Iran a mean magnesium intake of less than 300mg/day has been reported 

(2008), although the data are not available for what exactly the mean intake 

was for adolescent females (14-18 years) (65).  

From the Chinese Health and Nutrition Survey (2011) it has been estimated that 

54% of 13-17 year old females were not meeting the EAR for magnesium, with 

an average intake of 274mg/day (66). 

2.4.1.4 Intakes in Africa 

Data from a small sample in the Democratic Republic of Congo found within the 

14-18 year old females sampled they had an average intake of 282mg/day, with 
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approximately 58% of this coming from cassava, 32% from vegetables sauces 

and the remaining 10% from maize (67). Though limited to a small sample size 

estimation on dietary intake were based off weighed food records, as well as 

laboratory testing of staples within the diet. Samples were tested in the Nestle 

research centre in Switzerland for nutrient content. 

Despite an absence of national or continental nutrition surveys across Africa, 

information derived from Food Balance Sheets are indicative that most African 

countries are at a low risk of magnesium deficiency (68). The mean estimated 

risk of magnesium deficiency over the continent was 0.7%, with a per capita 

intake of 678mg/day. Cereals were estimated to provide 65% and root 

vegetables/tubers 11% of the total daily magnesium across the continent.  

2.4.2 Trends of intakes 

From the current body of evidence there is a global consistency, with Africa 

potentially being the only exception, of female adolescents with a low average 

magnesium intake. The major food sources of cereals and grains provide 20-

25%+ of all intake followed by milk and milk products, meats/poultry and fruits 

and vegetables making up around 8-18% of total magnesium intake each. 
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Table 1: Magnesium intake in adolescent girls from around the world 

Author 
and 
Year 

Title 
 
 

Sample 
(n) 

Country 
Year of 

data 
collectio

n 

Age(Y) Assessment Method Mean 
Intake 

(mg/day) 

Intake (mg/day) Main Sources 

Russell, D 
1999 (5) 

1997 
National 
Nutrition 
Survey 

137 New 
Zealand 
1996-97 

15-18 24-hour recall with 
subsample repeated 

recalls. 
Self-administered 

FFQ. 

265 
 

10th percentile: 167 
50th percentile: 254 
90th percentile: 378 

 

Seidler, T 
2013 (69) 

Convenienc
e sample of 
adolescent 
students 

45 Poland 
2010-11 

16-19 24-hour recall Median: 
221.4 

 

25% quartile: 156.4 
75% quartile: 305.3 
64.4% below EAR 

Bread (17.4%) 
Poultry (17.4%) 

Potatoes (12.4%) 
Milk and fermented 

drinks (9.8%) 
Australian 

Institute 
of Health 

and 
Welfare, 

2012 (57) 

Food and 
Nutrition 
Survey 

a304 Australia 
1995 

16-18 24-hour recall 257   

CSIRO 
and 

University 
of South 

Australia, 
2007 (70) 

Children’s 
Nutrition 

and 
Physical 
Activity 
Survey 

500-
1000 

Australia 
2007 

14-16 24-hour recall and 
interview 

296 56% not meeting 
EAR 

 

Sette, S 
2013 (71) 

National 
Food 

Consumptio
n Survey 

139 Italy 
2005-06 

10-18 3 consecutive day diet 
record 

251 
 
 
 
 

5th percentile: 147 
95th percentile: 363 

29.1mg/MJ 

*Cereals, cereal products 
and substitutes (26.7%) 
Vegetables fresh and 
processed (10.9%) 
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*Milk, milk products and 
substitutes (11.6%) 

*Water and other non-
alcoholic beverages 

(10.1%) 
Fruit fresh and processed 

(8.1%) 
 

Olza, J 
2017 (59) 

ANIBES 
Study 

28 Spain 
2013 

13-17 3-day diet record 242*** Lowest intake***: 
166 

Highest intake***: 
387 

 

**Cereals/grains (22.6%) 
**Milk/milk products 

(15.7%) 
**Meat and meat 
products (12.5%) 

**Vegetables (11.1%) 
Barclay, 

D.V  
2015 (64) 

Nutritional 
status of 
children 

from 
Cochabamb

a 

180 Bolivia 
2010 

5-16 Validated parent 
administered 

SFFQ 

390   
 
 

Klimis-
Zacas, DJ 
2007 (72) 

Dietary 
Intakes of 
Greek urb. 

Adolescents
… 

61 Greece 
2006 

Mean 
age of 
17.5 +- 

1.6 

3-day food record 224 +- 178 82% below the EAR  

Garipaga
oglu, M 

2008 (61) 

Dietary 
Intake of 

Adolescents 
Living in 
Edirine 
Turkey 

300 Turkey 
2004 

 

15-17 3-day diet record 198 +-78   

Affenito, 
S. G  

2007 (62) 

The 
National 
Heart, 

Lung, and 

5058 US 
1992 

Mean 
age 

14.1 – 
17.9 

3-day diet record  83.1%-94.5% below 
the EAR 
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Blood 
Institute 

Growth and 
Health 
Study 

Meng, L 
2018 (66) 

Health and 
Nutrition 
Survey 

527 China 
2011 

13-17 3 consecutive 24hr-
recalls 

272 Approx. 54% below 
the EAR 

 

Robert, C 
2018 (58)  

National 
Diet and 
Nutrition 
Survey 

 
 

b1306 UK 
2014-16 

11-18 4-day diet diary and 
food interview 

207 Percentage not 
meeting 

190mg/day: 50% 
2.5th percentile: 97 
97.5th percentile: 

306 

Cereal and cereal 
products (33%) 

Meat and meat products 
(16%) 

Vegetables (16%) 
Milk and milk products 

(11%) 
Barclay, 

D.V  
2003 

Micronut. 
Intake and 
status in 

rural 
Democratic 
Republic of 

Congo 

7 Democra
tic 

Republic 
of Congo 
1981-87 

14-18 5-10 weighed food 
records 

282   

*entire population (0-91 years), **entire population (0-75 years), ***plausible reporters,  
a: all 16-18-year-olds. Approximately 54% girls (73).  
b: entire population (1.5-18 years) 
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Democratic Republic of Congo

Average intake of magnesium (mg/day) from around the 
world

Figure 1: Average intakes of magnesium from around the world. All blue lines represent mean intake except *Poland which is median intake.   
Orange bar indicates Australian 16-18-year-old intakes. 
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2.5 Relevance of assessing the data 

The importance of assessing magnesium intake within the NZ adolescent 

female population is two-fold. Firstly, the data in NZ specifically are outdated, 

and so this study will contribute some important information that has otherwise 

been missing for the last two decades. The second reason for importance is 

there appears to be a commonality among many developed countries in the 

world of a significant proportion of females not meeting the EAR for magnesium. 

If this is the case also in NZ there may potentially be some flow on effects, 

particularly as this population is still growing and developing. Knowledge of 

foods rich in magnesium that this population are both consuming as well as not 

consuming in their diets would be beneficial as to assist with creating relevant 

recommendations.  

2.6 Aims and objective statement 

The overall aim of this study is to investigate dietary magnesium intake and its 

main food sources within the female adolescent (15-18-year-old) population of 

NZ.  

The objectives of this thesis are to: 

• Estimate the mean intake of magnesium of adolescent schoolgirls and 

compare the mean intake to the appropriate nutrient reference value.   

• To identify the foods that provide dietary magnesium to female 

adolescents. 

• To assess the correlation between Mg intake and fibre intake within 

female adolescents.  
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3 Methods 
 

3.1 Overview 

The data presented in this thesis are the first set to be collected as part of a 

larger study, the SuNDiAL Project (Survey of Nutrition Dietary Assessment and 

Lifestyle).  The overall aim of the SuNDiAL project is to compare the nutritional 

status, dietary habits, health status, attitudes and motivations for food choices 

of vegetarian and non-vegetarian schoolgirls. The project spans from November 

2018 to November 2019 and will comprise a convenience sample of at least 

300 girls aged 15 to 18 years. The overall study design and all methods used in 

the collection and analysis of data were determined mostly by project 

coordinators who were faculty of the University of Otago, the author of this 

thesis did not determine the research methods used in the collection of these 

data. The design is cross-sectional and overall will involve clustered sampling of 

schools throughout NZ however at the time of this thesis the schools have been 

selected as a convenience sample.  

The work contained in this thesis describes the first batch of data collected 

between February and April 2019 with a sample size goal of approximately 150 

students. The data presented are magnesium intake from food and 

supplemental sources. Data were collected from different regions of NZ to 

generate the convenience sample. This study was conducted by a research 

team from the University of Otago, made up of MDiet candidates, PhD students 

and other post graduate students and researchers with support from faculty of 

the University. The MDiet candidates had completed a six-week research 

methods paper prior to the study. This paper was led by the project coordinators 
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and covered the procedures that would be used in the collection of data as 

outlined below and in the protocol manual attached (Appendix A).   

 

3.2 Ethical approval 

This study has been approved by the University of Otago Human Ethics 

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

Clinical Trials Registry: ANZCTR. ACTRN12619000290190. 

 

3.3 School recruitment 

Groups of two to three MDiet candidates from the University of Otago collected 

data from a NZ high school that contained female students between February 

and April 2019. The process of school recruitment is given in Figure 2. 

The selection process for schools was as follows. Firstly, the high school had to 

be accessible to the data collectors. Schools with larger school rolls were 

preferred to those schools with less than 400 students if co-ed, or 200 if girls 

only. School decile was also considered in the selection process, with lower 

decile schools preferentially selected over higher decile schools.  

Schools were contacted first via email with the first round of emails going out in 

November 2018. Schools that did not reply within two weeks of the initial email 

were sent a follow up email and were contacted by phone. In those instances of 

failed email recruitment either with the schools not replying or not wanting to 

participate, researchers visited schools within their region to try to recruit.  
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The school’s that agreed to participate were: Tauraroa Area School 

(Whangarei), Mt Maunganui College, Spotswood College (New Plymouth), St 

Catherine's College (Wellington), Waimea College (Nelson), Hornby High 

School (Christchurch), Columba College (Dunedin), Kaikorai Valley College 

(Dunedin). 

 

25 schools selected for invitation 
Selection criteria: 
• Female roll (larger preferred) 
• School decile (range from all deciles) 

3 schools invited in person 
• 0 schools declined 
• 0 schools no response 
• 0 schools accepted but no further 

response  

97 eligible schools 

8 schools consented 

25 selected schools invited by 
email 
• 3 schools declined 
• 15 schools no response 
• 2 schools accepted but no further 

Figure 2: School recruitment flow chart 
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3.4 Data collection 

3.4.1 Participant recruitment and eligibility 

The MDiet candidates organised a time to present to prospective participants in 

a group, either as the whole school, or smaller groups of participants of the 

desired age or those taking health related classes such as physical education. 

In these presentations’ schoolgirls were given the background to the study, the 

aims, the practical requirements and the incentives. Incentives were $5 gift 

vouchers for each component of the study the participant took part in, with a 

maximum available reward of $30. The six components of the study were 

completing the online questionnaire on dietary habits and motivations; 

completing two 24-hour recalls (two components); providing a blood sample; 

providing a urine sample; and wearing an accelerometer. The other incentive for 

participation outside of the gift vouchers was receiving a free blood test to 

assess their iron status if they took part in the blood sample portion of the study. 

The full process can be seen in Figure 3.  

The inclusion criteria were: schoolgirls aged 15 to 18 years fluent in English; 

attending one of the schools recruited as explained in Figure 2. Pregnancy 

excluded participation. 

Participants could sign up for the study either through the SuNDiAL website by 

providing their name, email address and high school or by providing their name 

and email address on a physical sign-up sheet after the recruitment 

presentations.  
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3.4.2 Enrolment and questionnaires 

Upon signing up for the study participants were assigned a unique ID code and 

completed online questionnaires all conducted via the computer programme 

REDCap (74). Those over 16 years were sent a link to an online questionnaire 

for them to provide consent to take part in the study. Participants under the age 

of 16 were required to provide a parental email address which was contacted to 

provide consent for the schoolgirl to take part in the study, before continuing to 

fill out the initial questionnaire. One high school required all participants to 

provide a parental email address to gain consent before taking part in the study. 

Once eligibility had been confirmed and consent obtained, participants could 

move on to filling out the questionnaires.  

The first set of questionnaires assessed demographic information, 

vegetarianism and health status, asking questions such as whether they were 

diabetic and about their menstruation patterns (Appendix B). The next 

questionnaire was on food choices which assessed dietary habits, attitudes and 

motivations for food choice and supplement use (Appendix C). These were 

based off previously validated questionnaires (75-78) with adjustments made 

where necessary to make them suitable for NZ adolescents by changing the 

wording to that which is more common in NZ. The only data from these 

questionnaires used in this thesis were the supplement data from the food 

choices questionnaire.  

Following enrolment participants were contacted to organise a time to meet with 

an MDiet candidate for a one-hour meeting for the purpose of conducting a 

face-to-face 24-hour dietary recall and taking anthropometric measurements.  
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3.4.3 Anthropometrics 

The equipment used for measuring weight, height and ulna length of the 

participants (electronic scales, stadiometer and anthropometric tape measure) 

was supplied by the University of Otago. 

Height, weight and ulna length were measured in duplicate. Height was 

measured to the nearest 0.1cm using a portable stadiometer (either Seca 213 

or Wedderburn). Height was recorded with the participant standing without 

shoes or headwear and with her back against the pole of the stadiometer 

looking straight ahead. Weight was recorded to the nearest 0.1kg using 

electronic scales (the makes and models were: MEDISANA PS 420, Salter 

9037 BK3R, Seca Alpha 770 and Soehnle Style Sense Comfort 400). Shoes 

and heavy clothing were removed, and pockets were emptied. Ulna length was 

measured to the nearest 0.1cm using an anthropometric tape from the point of 

the elbow to the midpoint of the prominent bone of the wrist. All anthropometrics 

were taken at the first 24-hour recall and the average of two readings 

calculated. If duplicate readings for weight differed by more than 0.5kg, or 

height and ulna length by more than 0.5cm, then a third measurement was 

taken. The two closest measurements were averaged to generate the final 

reading for each measure. The protocol for all anthropometric measurements 

can be seen in Appendix D. Participants also had the option of giving blood 

and urine samples and wearing an accelerometer. These data are not 

presented in this thesis.    
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3.4.4 Dietary intake  

Dietary intake data were collected using two non-consecutive 24-hour recalls. 

One was conducted face to face during the initial meeting with the MDiet 

candidate. These were done on a weekday that suited the participant and the 

school. The second 24-hour recall was conducted either by phone call or video 

call, preferentially conducted on the weekend. All 24-hour recalls were 

administered by one of the MDiet candidates who had undergone 24-hour recall 

training both within undergraduate and post graduate study at the Department 

of Human Nutrition. The 24-hour recalls were conducted using a multiple pass 

system, whereby a quick list was generated first, outlining everything the 

individual recalled eating and drinking from midnight to midnight the previous 

day. This was followed by going through each food item again, this time 

collecting brands, cooking methods, quantities and any additions to the foods 

already outlined. There was a third and final review of all the data collected in 

the 24-hour recall. Quantities were estimated using total number of servings for 

single item foods such as fruit or bread slices. Common household measures 

such as cups and spoons were also used for foods that could not be described 

as number of single items. A booklet containing photographs of different portion 

sizes of common foods and their respective weights was also used to estimate 

quantities (Appendix E) 
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Figure 3: Participant recruitment flow chart 

263 eligible participants sent link to enrolment 
• 84/182 16-18 year olds did not respond 
• 13/81 parents of 15 year olds did not respond 
• 0 parents of 15 year olds declined 
• 10/32 15 year olds did not respond after parental 

consent 
• 2 responded to link but declined 
• (9/18 parents of 16-18 year olds from one school 

that required parental consent did not respond or 
were uncontactable) 

154 consented to participate 

1882 eligible participants 
• ~806 present at recruitment drives 

132 attended school visit 
• 130 had complete anthropometric 

measures 
- 2 missing due to technical 

issues 
• 132 completed first 24 hr recall 
• 113 completed repeat 24 hr recall 
• 19 refused repeat 24 hr recall 

145 completed enrolment  
• 144 completed the health & demographics questionnaire 
• 129 completed the attitudes and motivations questionnaire 
• 124 completed the dietary habits questionnaire 

127 consented to blood sample 
 

121 consented to urine sample 
 
 

129 consented to accelerometer 
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3.5 Data processing 
 

Dietary intake data from the two non-consecutive 24-hour recalls were 

inputted into a nutrient analysis program FoodWorks9 (Xyris) (79) using the 

most up to date NZ food composition database (29). To ensure accuracy of 

data entry, the electronic data were checked against the original hard copies 

by a PhD candidate involved in the study. In addition, approximately 10% of 

the diet recalls were checked by a highly trained and experienced dietary 

assessment researcher. Foodworks9 was then used to generate a mean 

intake of magnesium along with the computer program Stata 15.1 

(StataCorp, Texas). 

BMI z-scores were calculated by taking the average height and weight 

measures of each participant which were then adjusted for age using the 

WHO growth chart (80).  

Food group data were coded by assigning each food entered into FoodWorks 

9 into one of the 33 food groups used for analysis (Appendix F).   

 

3.6 Study outcomes 

The main outcome of this study was magnesium intake as well as its main 

contributors in the diet of adolescent girls. 

 

3.7 Statistical analysis 

The overall project has a power calculation based on differences between 

vegetarians and non-vegetarians. For this part of the study covering the first 
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set of data collected, the analysis is restricted to descriptive statistics. There 

were insufficient vegetarians in this first set of data to make meaningful 

comparisons.  

Dietary intake data were adjusted for usual intake to generate an estimated 

magnesium intake using the Multiple Source Method (MSM) (81). This 

estimates the day-to-day variation in nutrient intake using those participants 

with two days of diet recall data and applies this information to the whole 

dataset to give an adjusted estimate of usual intake for each participant. This 

adjustment was undertaken by Dr Jill Haszard, the study biostatistician.  

All descriptive statistics, the correlation coefficient (Pearsons) and graphs 

were made using Microsoft Excel 2016 (82). The correlation coefficient 

between magnesium intake and fibre intake was calculated using the 

correlation coefficient function “CORREL” on Microsoft Excel. For each 

participant, the proportion of their total magnesium intake from each of the 33 

food groups used in the 2008/09 ANS (4) (Appendix F) was calculated. 

Mean and 95% confidence intervals of these proportions were calculated for 

the whole group. Stata 15.1 (StataCorp, Texas) was used for these 

calculations.  

The distribution of magnesium was checked and found to be positively 

skewed, therefore both median and mean intakes of magnesium were 

calculated.  
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4 Results 
 

4.1 Study participants  

From the eight schools recruited there were 145 participants who consented 

to take part in the study, with 144 of them reporting their ethnicity and 130 

who had both their weight and height taken. The eight different schools 

represented six different decile bands as shown in Table 2. 

 The self-identified ethnicities of the participants were:  

NZEO: New Zealand European, Ethiopian, Somali, Italian, American, 

Nicaraguan, Irish, Afrikaans, Dutch, German and South African. Pacific: 

Tokelau, Fijian, Cook Island and Samoan. Asian: Filipino, Japanese and 

Indian. Māori.  

All demographic data can be seen in Table 2.  

4.2 Supplement use 

There were 124 participants who completed the supplement questionnaire 

with 42 reporting that they had taken a supplement within the last year (34%). 

Of this group six reported taking a magnesium supplement in the last year 

and 16 reported taken a multivitamin/mineral in the last year. 

Four of the 42 girls taking supplements reported taking a magnesium 

containing supplement daily as shown in Table 3 (one participant was also 

taking a magnesium containing multivitamin/mineral).  

The average dose of magnesium supplementation of those taking at least 

one magnesium containing supplement daily was 177mg/day. There was 
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also one participant taking a multivitamin containing 100mg of magnesium 

monthly.    

Table 2: Participant characteristics 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

145 participants consented to enrol; however, one participant did not complete the demographic 
questionnaire but completed both dietary recalls.  
** percentage of those who had both height and weight taken. 84 normal weight, 45 overweight/obese 
and 1 categorised as thinness. 131 had their height taken, 130 had their weight taken.  
 

 

 

 

 

 

 

 

  
Total Number, n 145 

Mean Energy Intake, kJ (95% 

CI) 

8066 (7754, 

8379) 

Age, years (SD) 16.7 (0.8) 

Age  

15 26 

16 53 

17 62 

18 3 

Ethnicities (% of cohort)  

NZEO 104 (71.7) 

Pacific 5 (3.5) 

Māori 29 (20) 

Asian 6 (4.1) 

Unknown 1 (0.7) 

Height, cm (SD) 165.8 (6.7) 

Weight, kg (SD) 65.3 (12.8) 

Not overweight/obese %** 65.4 

Overweight/obese %** 34.6 

Average BMI Z-score (SD) 0.65 (1.04) 

Deciles (% of cohort)  

3 14 (9.7) 

5 29 (20) 

6 35 (24.1) 

7 21 (14.5) 

8 28 (19.3) 

10 18 (12.4) 
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Table 3: Daily magnesium supplementation 

 

 

 

 

 

4.3 Magnesium intake  

Dietary intake data were available for 132 participants with a mean 

magnesium intake of 291mg/day (95% CI 272, 311mg/day) and mean energy 

intake of 8066kJ/day (95% CI 7754, 8379kJ/day). A median intake of 

280mg/day, 10th percentile of 175mg/day and 90th percentile of 428mg/day 

was also found. The highest estimated intake of magnesium by an individual 

was 892mg/day and lowest estimated intake of 100mg/day. The magnesium 

density was 36.11mg of magnesium per MJ. There were 77 (58.3%) 

participants consuming under the EAR of 300mg/day. 

Source Daily Dosage 
(mg) 

Magnesium  150 

Magnesium 100 

Magnesium  500 

Magnesium + Multi* 123 (75 + 48) 

Multi*  12.5 

*Multi is multivitamin/mineral 
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Magnesium intake according to group characteristics are given in Table 4. 

Table 4: Median, 25th and 75th percentile of magnesium intake by group (mg) 

Group (n) Median 25th percentile 75th 
percentile 

All (132) 280 211 349 

Age    

15 (27) 299 205 363 

16 (46) 254 187 321 

17 (56) 290 235 364 

18 (3) 324 283 326 

Ethnicities    

NZEO (92) 279 223 344 

Pacific (5) 343 325 494 

Maori (28) 291 180 376 

Asian (6) 178 170 193 

Not overweight/obese* 

(85) 

283 227 344 

Overweight/obese (45) 269 192 363 

Decile    

3 191 173 229 

5 227 178 261 

6 310 249 382 

7 280 221 307 

8 291 237 362 

10 346 326 382 
*There was one individual with a BMI-Z score of less than 2 indicating “thinness” 
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4.4 Sources of magnesium 

Magnesium came from all food groups excluding the small amounts 

contributed from fats, oils and alcohol. The main food sources of magnesium 

are given in Table 5.   

 Table 5: Mean percent contribution of magnesium from different food groups 

 

 

 

 

 

Food Group Contribution 
(95% CI) 

Food Group Contribution  
(95% CI) 

Bread 9.4 (7.9, 11) Biscuits 2.6 (1.9, 3.3) 

Grains and Pasta 9.3 (7.6-11) Cakes and 
Muffins 

2.3 (1.6-3) 

Vegetables 7.5 (6.2-8.9) Sausages 
and 

Processed 
Meat 

1.9 (1-2.7) 

Fruit 7.5 (6.3-8.8) Beef and Veal 1.8 (1.1-2.5) 

Potatoes/Kumara 
and Taro 

6.9 (5.6-8.2) Dairy 
Products 

1.8 (1.1-2.4) 

Bread Based 
Dishes 

6.3 (4.3-8.4) Pies and 
Pasties 

1.7 (0.9-2.5) 

Non-alcoholic 
Beverages 

4.9 (4.1-5.8) Sugar/Sweets 1.7 (1.2-2.3) 

Poultry 4.6 (3.6-5.7) Pork 1.6 (1.1-2.1) 

Nuts and Seeds 4.6 (3.1-6.1) Savoury 
Sauces and 
Condiments 

1.5 (1-2) 

Sweet Snacks 4.4 (3.1-5.7) Fish and 
Seafood 

1.4 (0.75-2) 

Breakfast 
Cereals 

4.3 (3.1-5.5) Other 4.9 

Milk 3.8 (2.9-4.6)   

Snack Foods 3.3 (2-4.5) Total 100 
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The food groups given in Figure 5 are based off those used by the Ministry 

of Health (grain foods; vegetables and fruit; milk and milk products; legumes, 

nuts, seeds, fish and other seafood, eggs or poultry, or red meat) (83) as well 

as additional groups. The food group “Grain Foods” comprises bread, grains, 

pasta and breakfast cereal. Vegetables include starchy and non-starchy 

varieties. “Meat/Eggs/Seafood/Fish” category comprised beef, veal, poultry, 

pork, lamb, mutton, seafood, eggs, egg dishes and other meats excluding 

processed meat and sausage. “Milk and Milk Products” included milk, dairy 

and cheese. “Snacks, Muffins and Cakes” included sweet and savoury 

snacks, biscuits, cakes and muffins; “Non-alcoholic Beverages” included 

water, tea, coffee and other beverages as shown in Appendix F. The main 

contributors to the “Other” section in Figure 5 were sausages and processed 

meat (1.9%), pies and pasties (1.7%), sugar/sweets (1.7%) and savoury 

sauces and condiments (1.5%). The mean number of serves of fruit and 

vegetables were 3.6/day (3.1, 4.0) with 25% meeting five plus servings a day.  

23%

6%

22%10%
5%

7%

13%

5%
9%

Contributions from major food groups
Grain Foods

Bread Based Dishes

Vegetables and Fruit

Meat/Eggs/Seafood/Fish

Nuts and Seeds

Milk and Milk Products

Snacks, Muffins and Cakes

Non-alcoholic Beverages

Other

Figure 5: Pie chart of percent contribution from major food groups 
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Magnesium intake has been plotted against dietary fibre intake in Figure 6. 

There is a positive correlation between fibre and magnesium intakes with an 

R value of 0.831 found between the two variables.  
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Figure 6: Estimated magnesium intake vs estimated fibre intake 
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5 Discussion 
The average intake of magnesium within this sample was 291mg/day (95% 

CI 272, 311mg/day) with a median intake of 280mg/day. There were 77 of 

the 132 participants consuming less than the EAR of 300mgday indicating a 

prevalence of inadequate intake of 58.3%. The main food sources of 

magnesium were plant-based foods comprising bread and other grain-based 

products as well as fruits and vegetables.   

Our magnesium intake data are consistent with other national surveys and 

convenience samples in which females of this age group have been found to 

ingest between 200-300mg/day mainly from plant based sources (57-59, 69-

71).  

The most recent data for NZ female adolescents were given in the 1997 NNS 

(5). Our data may not be directly comparable due to the difference in 

methodology and survey design, but from these preliminary data arising from 

the SuNDiAL project it would appear that magnesium intakes have remained 

relatively stable with a median intake of 265mg/day in 1997. This is in line 

with findings from the adult male population assessed in the NHANES data 

showing mean intakes of magnesium are low and relatively constant over 

time (84).  

With the large losses of magnesium that occur during food processing (29), 

consumption of highly refined foods may offer one reason as to why 

magnesium intakes are low across much of the world (57, 61, 63, 66, 69, 71, 

72). It has also been proposed that magnesium levels in the soil and food 

supply have decreased over time, for example it has been seen in the UK 
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that the magnesium content of vegetables and fruits had fallen by 24% and 

16% respectively, from 1940 to 1991 and by 15% and 26% in meat and 

cheeses respectively, from 1940 to 2002 (85).  

Due to the low magnesium intakes by the US population, Ford et al proposed 

supplementation as one means of increasing the average intake to an 

adequate level (84). Findings from our data indicate 4% of girls were taking a 

magnesium containing supplement daily with an average intake from 

supplemental sources of 177mg/day. One girl was consuming 150mg/day in 

excess of the UL for magnesium supplementation of 350mg/day, an amount 

of excess that is not thought to lead to severe consequences but may cause 

diarrhoea (10). The amount of magnesium contained in some 

multivitamin/minerals may be adequate to meet the shortfall between dietary 

food sources and requirements and thus girls may not need to take a 

magnesium specific supplement (Table 3). Promoting supplementation to 

achieve an adequate intake within the population would however see a large 

proportion of girls having to start taking magnesium supplements with two 

potential barriers to this, being cost and compliance.  

Ford et al did not suggest dietary changes as a means of raising magnesium 

intakes however, this does offer another potential means of doing so. The 

promotion of high magnesium containing foods or foods already contributing 

high amounts of magnesium in this population’s diet may increase 

magnesium status in this population. The major contributors being grain 

foods, vegetables and fruit. The girls were eating less than the recommended 

5+ servings of fruit and vegetables each day (83), so advising girls to eat 

more of these foods might lead to an increase in their magnesium intake. An 
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increase in 1-2 serves of fruit or vegetables per day could see an increase in 

magnesium intake enough to increase the median/mean intake above the 

EAR. Replacing refined with whole grain products would raise magnesium 

intakes as, for example, whole grain breads contain twice the amount of 

magnesium compared with white bread (29). However, not all of the extra 

magnesium may be bioavailable as organic acids in the whole grain (eg 

phytates and oxalates) bind magnesium (21, 22). Nevertheless, in an animal 

model, rats consuming diets higher in whole grains were found to have an 

increase in magnesium status despite the increase in inhibitors of absorption 

(86). The absorption of magnesium from food containing wholemeal/grain 

bread may be proportionally decreased compared to that with white bread 

(21), but the increase in total magnesium in the wholegrain food outweighs 

the reduced absorption as wholemeal/grain bread has around double the 

magnesium content of white (29).  

There also appears to be a positive relationship between fibre and 

magnesium intake in this convenience sample. The potential for an 

association is expected due to high fibre foods also generally being high in 

magnesium (29) and those food groups that were major contributors also 

being high fibre foods. The promotion of high fibre foods is already an 

established recommendation in NZ (83) and around the world and thus 

further promotion of this could indirectly promote the consumption of 

magnesium and thus offer a means of increasing intake to that above the 

EAR. An increase in intake from whole grains and other high fibre foods 

would likely lead to an increase in magnesium intake and possibly status 

despite the presence of inhibitors of absorption. This is particularly relevant 
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as consumers may be more familiar with higher fibre foods as opposed to 

higher magnesium containing foods.  

With a prevalence of inadequate intake of 58.3% in this cohort, there is 

reason to be concerned about potential consequences to the female 

adolescent population. A low intake of the mineral could have a range of 

health effects. Adolescence is a period of growth and development with peak 

bone mass greatly determined during these years of life (87). Magnesium is a 

key mineral within the bone matrix being involved with both calcium and 

vitamin D metabolism (7, 88). It has been found that magnesium intake and 

absorption are directly related to total body bone mineral content and bone 

mineral density in children (89). Thus, a deficiency at these stages of life may 

lead to a lower peak bone mass.  

Magnesium intake may be involved with T2DM risk, as indicated by an 

inverse relationship between magnesium intake and T2DM (36). In a 

placebo-controlled trial, a beneficial effect of magnesium supplementation on 

HbA1C and plasma blood glucose has been found in people with T2DM who 

initially had low magnesium status (48). Low magnesium intake may also be 

associated with mental health problems such as depression (39) with a link 

thought to be particularly prevalent in females (38). This highlights the 

importance of further research not only into the magnesium status of NZ 

adolescents but also the health effects magnesium may have on chronic 

conditions.  
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5.1 Strengths and limitations  
 

5.1.1 Strengths 

The food recall data were collected by MDiet candidates who had undergone 

6 weeks of training to ensure accuracy and consistency in methodology 

among the data collectors. Dietary information was entered by the MDiet 

candidates into a commercial nutrient analysis program and all entries were 

double checked against the original collection sheets by an independent 

member of the project.  

The use of 24-hour recalls to assess dietary intake is a common measure 

used in national surveys and convenience data (5, 57, 69). The recalls being 

repeated on non-consecutive days and capturing the intake on weekdays 

and weekends for most participants is also a strength of these data.  

Though this was not a representative sample of NZ schoolgirls there was a 

strong representation from Māori in this cohort with 20% of the participants 

self identifying as Māori, as compared to national statistics indicating around 

15% are Māori (90). Having a small overrepresentation in these preliminary 

data should increase the likelihood of matching national representativeness 

in the whole cohort.   

This research also provides a breakdown of the food groups providing 

magnesium. This detail of information has not previously been reported in NZ 

for this demographic.  
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5.1.2 Limitations 

Data collected for this thesis are not representative of ethnicity, socio-

economic status and age groups within NZ and thus provide a limitation in 

how they can be interpreted. These data are from a convenience sample with 

no schools involved from decile 1,2,4, or 9. Data were also minimal for 18 

year-olds with 3 participants in this age group, therefore an 

overrepresentation of younger ages was present. According to the latest 

available NZ Census data 74% of New Zealanders identify as NZ European, 

15% as Māori, 12% as Asian, 7% as pacific and 1% Middle Easters/Latin 

American/African (90). As previously mentioned, there was a strong 

representation of Māori; however, there is an underrepresentation of other 

minority ethnic groups in this data set.  

There were limitations with the supplement data with some participants 

indicating that they took a supplement but were unable to provide further 

details. Therefore, some of this information was missed, with potentially more 

participants taking magnesium containing supplements than recorded.  

To extend the present work, it may be informative to consider magnesium 

intake by school decile. The preliminary data on eight schools presented here 

are suggestive of an association.   

6 Conclusion 
Magnesium is an essential mineral within the human body, acting as a co 

factor in over 300 enzymatic reactions. Data from around the world indicates 

a consistency of average intakes by female adolescents below the EAR 

(300mg/day). Data in NZ assessing this demographic had not been collected 
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since the 1997 NNS and in that survey food sources were not identified. 

Given that these are the first data to be collected from the larger SuNDiAL 

project, the findings from this part of the study are not representative across 

the age range of the target population or of the national school decile 

distribution. Nevertheless, these data imply that the magnesium intake of 

female schoolgirls 15-18 years old in NZ may not be adequate due to a 

prevalence below the EAR of 58.3%. As such, extending the sampling base 

of the SuNDiAL project may help to confirm these preliminary data. 

Confirmation of nationally representative low intakes would be an important 

finding in this demographic as adolescence is a period of rapid growth during 

which magnesium contributes to attaining good bone mineral content and 

density (91). Magnesium intake has also been associated with other 

conditions such as depression (37-39) and T2DM (36, 46-50), adding further 

to the need for more research into intakes of the mineral, as well as the 

effects of suboptimal status in the body.  

Proposed means to rectify suboptimal intake include supplementation, 

promotion of magnesium rich foods or foods providing the majority of 

magnesium in adolescent’s diets (global consistency of grains, fruits and 

vegetables with some from animal sources) (59, 69, 71).  Promotion of fibre 

rich foods may offer an indirect avenue to promote magnesium consumption 

due to a positive association seen between magnesium and dietary fibre. 

Further research is needed however from a representative sample of the NZ 

female adolescent population before action is taken to promote an increase 

in intakes or before we definitively say schoolgirls in NZ are generally under 

consuming magnesium.  
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7 Application of Research to Dietetic Practice  
 

7.1 Part (A) - Applicability and relevance of this research to 
Dietetic practice 
 

This research has highlighted the importance of considering the intakes of 

micronutrients that are not commonly thought or talked about. In dietetic practice 

iron and calcium are commonly talked about with there being a strong emphasis 

on ensuring people are consuming adequate amounts. This research has 

highlighted as a dietitian it is important to keep in mind other, not so commonly 

talked about minerals such as magnesium as low intakes, as evidenced by this 

research, are still prominent despite symptoms of deficiency not being as 

noticeable.  

This research has also shown me that dietary sources alone can be sufficient to 

meet the magnesium needs of individuals, at least in this demographic. It is 

important however to promote the consumption of higher fibre foods, or foods 

that are minimally refined like fruits, vegetables and wholegrains so that future 

clients can meet their magnesium needs. This also adds to my reasoning for 

promoting these foods which are already part of the NZ healthy eating guidelines.   

7.2 Part (B) – What this research experience has meant to 
me 

 

This research process has provided me with a lot of insight into not only how 

research is conducted but some of the limitations and struggles with conducting 

research. This gives me some context for when I am explaining to people why we 

may have gaps in the literature and why some nutrition questions are not answered 

yet. This is particularly relevant to magnesium which has a large amount of 
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questions still unanswered. It is currently being tested as a therapeutic agent for a 

range of conditions such as diabetes and depression. Associations between 

magnesium and sleep, cramp and exercise performance have been identified which 

are popular things talked about in the media.  While writing this thesis I received a lot 

of questions around the efficacy of magnesium within these conditions because 

individuals had heard magnesium was beneficial, despite the evidence not being 

clear. This highlighted the dichotomy between what we know through nutrition 

research and what the public believe to be true or known fact. This serves as a 

reminder for me to make known what the scientific literature truly says around 

nutrition beliefs that get shared in the media.  
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Appendix D – Anthropometric Measurements Protocol 

 

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). 
 

2. 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 participants  
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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 F – Food Groups Used for Analysis  
 

1. Grains and pasta 

2. Bread 

3. Breakfast cereals 

4. Biscuits 

5. Cakes and muffins 

6. Bread based dishes 

7. Puddings/desserts 

8. Milk 

9. Dairy products 

10. Cheese 

11. Butter and margarine 

12. Fats and oils 

13. Egg and egg dishes 

14. Beef and veal 

15. Lamb/mutton 

16. Pork 

17. Poultry 

18. Other meat 

19. Sausages and processed meat 

20. Pies and pasties 

21. Fish/seafood 

22. Vegetables 

23. Potatoes, kumara and taro 

24. Snack foods 

25. Fruit 

26. Nuts and seeds 

27. Sugar/sweets 

28. Soups and stocks 

29. Savoury sauces and condiments 

30. Non-alcoholic beverages: 

o Tea 

o Coffee 

o Hot drinks 

o Fruit drinks 

o Vegetables juices 

o Cordials and fruit drinks 

o Soft drinks 

o Water 

o Sports drinks 

o Energy drinks 

o Powdered drinks 

o Other non-alcoholic beverages 

31. Alcoholic beverages 
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32. Supplements providing (only meal replacements, protein supplements 

and carbohydrate supplements) 

33. Snacks sweet 

 


