ORIGINAL RESEARCH

Correlations suggest low magnesium may lead
to higher rates of type 2 diabetes in Indigenous
Australians?
DA Longstreet1, DL Heath1, KS Panaretto1, R Vink2
1Townsville

Aboriginal & Islander Health Service Ltd, Townsville, Queensland,
Australia

2School

of Medical Sciences, University of Adelaide, North Terrace, South Australia,
Australia

Submitted: 18 October 2006; Resubmitted: 15 August 2007; Published: 12 October 2007
Longstreet DA, Heath DL, Panaretto KS, Vink R
Correlations suggest low magnesium may lead to higher rates of type 2 diabetes in Indigenous Australians
Rural and Remote Health 7: 843. (Online), 2007
Available from: http://www.rrh.org.au

ABSTRACT

Introduction: Diabetes accounts for a significant part of the morbidity and mortality experienced by Australian Aboriginal and
Torres Strait Islander populations. Research over the past two decades has provided evidence of a clinical correlation between
diabetes and low magnesium intake. Hypomagnesaemia is the most common electrolyte abnormality in diabetic outpatients and
may be linked to the development of both macrovascular and microvascular diabetic complications. A diabetes risk reduction of
33%-34% has been found among those with diets highest in magnesium. Objective: This study examines the case for magnesium as
a potential contributor to diabetes in Australia, especially among Aboriginal and Torres Strait Islander peoples. Specifically explored
are associations between diabetes and the magnesium content of drinking water and diet, as well as climatic and socioeconomic
factors that may impact on magnesium status including temperature, rainfall, education, employment and income.
Methods: Queensland age-standardized death rates due to diabetes were correlated with the magnesium content of drinking water,
maximum average temperature, rainfall, unemployment rate, proportion of population with post-school qualification, weekly
income, and the percentage population identified as Indigenous. Multiple-pass 24-hour recalls from a convenience sample of
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100 Indigenous patients at a regional centre were also analyzed to estimate dietary magnesium intake. The Indigenous nutrient
intake was then compared with the Australian National Nutrition Survey estimates.
Results: Diabetes related mortality was significantly correlated to the percentage of the population identified as Indigenous
(r = 0.675), to water magnesium levels (r = -.414), and to average maximum daily temperature (r = 0.579). The average daily
magnesium intake in an Indigenous cohort from a regional centre was 248 mg (men: 267 mg ± 17; women: 245 mg ± 6 mg),
significantly less than intakes observed in the 1995 National Nutrition Survey (p<.001).
Conclusions: Although not representative of all Indigenous people, this study identified low dietary magnesium intake among an
Indigenous cohort from a regional centre. We also found a significant correlation between the magnesium content of municipal
water supplies and age-standardized deaths due to diabetes. We hypothesise that low magnesium dietary intake, compounded by
inadequate magnesium replenishment in drinking water, may increase the risk of hypomagnesaemia in the Indigenous population of
Queensland. The associations identified in this study support the hypothesis that magnesium may be a potential contributor to
diabetes in Australia, especially among Indigenous people, and confirm the need for further research.
Key words: Aboriginal, Australia, diabetes, diet, drinking water, Indigenous, magnesium.

Introduction

serum

magnesium.

In

a

separate

study,

the

same

investigators found that up to 60% of diabetic subjects had
Diabetes among Aboriginal and Torres Strait Islander peoples

low serum magnesium12. Indeed, hypomagnesaemia is the

occurs at a younger age and almost four times the rate of non-

most common electrolyte abnormality in diabetic outpatients,

Indigenous Australians1. In a cross-country comparison of

and may be linked to the development of both macrovascular

four countries whose Indigenous populations were adversely

and microvascular diabetic complications11.

affected by British colonization, Australia stands out as
having the highest age standardized mortality rates for deaths

While the causes of low serum magnesium are unknown, a

due to diabetes among Indigenous people2. While the cause

number of factors have been proposed, including dietary

for this disparity in diabetes incidence is multi-factorial,

intake,

recent

particularly

magnesium loss through sweat7,13. For Australia as well as the

magnesium intake, may play a role. A significant relationship

USA, the recommended dietary intakes (RDI) for magnesium

between magnesium and whole-body glucose homeostasis

is 400-420 mg/day for adult men and 310-320 mg/day for

and insulin sensitivity has been demonstrated3, with

adult women14,15. Population studies now use the estimated

magnesium deficiency having been shown to induce insulin

average requirement (EAR), defined as the level needed to

resistance even in normal subjects4. Dietary magnesium has

meet the daily requirements of half the healthy individuals in

also been found to be protective against the development of

a particular life stage and gender group. The EAR for

diabetes5,6. Low serum magnesium has been identified in

magnesium is set at 330-350 mg for adult men and 255-

both type 1 and type 2 diabetes7-9. The prevalence of low

265 mg for adult women. The Australian National Nutrition

serum magnesium among outpatients with diabetes has been

Survey of 199516 found that the mean daily intake of

reported to be 38% in Switzerland and 25%-39% in the

magnesium was 381 mg for adult males and 283 mg for adult

USA7,10. Other populations with diabetes might, however, be

females, both below the RDI but still meeting the needs of

more prone to low magnesium levels. For instance,

half the population. Similar dietary surveys in the USA also

Rodriguez-Moran and Guererro-Romero11 reported 73.1% of

indicated magnesium intake was frequently below the RDI14.

out-patient diabetics in Mexico had low serum magnesium,

Moreover, the Australian 1995 survey showed that dietary

evidence

suggests

that

nutrition,

magnesium

content

in

drinking

water,

and

while 93.9% of diabetic subjects with foot ulcers had low
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intake of magnesium was lower in those at greater socio-

drinking

water

and

diet,

as

well

as

climatic

and

economic disadvantage, and lowest among obese persons.

socioeconomic factors that may impact on magnesium intake,
including temperature, rainfall, education, employment, and

Drinking water contributes to total magnesium intake and

income. For an indication of dietary magnesium intake,

RDI17.

24 hour recalls from a convenience sample of Indigenous

may provide 6% to 31% of the daily magnesium

Evidence associating water hardness (from magnesium and

patients were assessed for magnesium content.

calcium salts) with cardiovascular and other chronic diseases
has gathered momentum in the last three decades18,19. Not all

Methods

research has supported this association20, but the balance of
evidence supports a relationship between decreased chronic

In total, 157 local government areas (LGA) and Aboriginal

disease and increased water hardness21. Yet most urban water

Councils in Queensland were identified and contacted

supplies remove magnesium as part of the water softening

regarding magnesium content of municipal water supplies

process.

(delivered product). Contact by telephone, email and/or
facsimile was repeated a minimum of three times in an effort

Finally,

blood

magnesium

levels

are

influenced

by

to obtain data from all areas. Due to difficulties many LGA

magnesium loss that can occur through sweat. Australia is

had in locating water test records, data collection was limited

called ‘the sunburnt country’, with vast areas of blistering

to only magnesium levels in the drinking water for 2002. All

desert, and the northern third of the country within the

test results were derived from chemical analysis performed as

tropics. Accordingly, high temperatures and humidity are

part of routine water safety monitoring and met Queensland

commonplace throughout much of the continent, with both of

Health laboratory standards. Australian drinking-water

these factors expected to increase sweat loss. A review by

guidelines specify both health-related and aesthetic guideline

Sawka and Montain22 indicated that heat adaptation

values24. Although operational monitoring guidelines include

increases sweat loss. Residents of desert climates often

a recommended assessment of water hardness as CaCO3,

experience sweat rates of 0.3-1.2 L/hour while performing

specific testing for magnesium is not required. Therefore, not

occupational activities. Magnesium losses in sweat are

all LGA were able to provide data on the magnesium content

approximately 0.8 mmol/L (range: 0.2-1.5 mmol/L Mg or

of drinking water (Table 1).

19-365 mg/day)22. The only known studies on mineral sweat
loss among Aboriginal people concluded that differences in

Age-standardized

sweat concentrations were not attributable to genetic

(International Classification of Diseases ICD-10 E10-E14),

differences but due to diet and lifestyle23; thus, other studies

inclusive of diabetes as either underlying or associated cause

on human sweat loss may be considered applicable to

of death in 2002, were obtained from the Australian Bureau

Aboriginal

With

of Statistics (ABS). All mortality data were derived from the

consideration of the Australian climate, there may be

Queensland Registrar of Births, Deaths and Marriages, where

potential for significant magnesium loss through sweat.

cause of death and usual residential address is recorded on

Indeed, Franz and Baily identified a climatic relationship to

death certificates. Due to small populations in some LGA,

diabetes as well as heart disease, which they attributed to

available data were limited to ABS statistical divisions (SD).

sweat loss of magnesium13.

Because of concerns regarding confidentiality, data were not

and

Torres

Strait

Islander

peoples.

death

rates

for

diabetes

mellitus

available by Indigenous status. For additional points of
In the present article, we examine the relationship between

comparison, the age-adjusted mortality data for the largest

magnesium and diabetes in Australia, especially in relation to

city in each SD and the balance of SD were obtained.

Indigenous

Australians.

Specifically,

we

explore

the

associations between diabetes and the magnesium content of
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Table 1: Missing magnesium data by coastal or inland region
Statistical
division

Brisbane
Moreton
Wide Bay Burnett
Fitzroy
Mackay
Northern
Far north
Total coastal
Darling Downs
South west
Central west
North west
Total inland
Queensland total

LGA &
AC

No
data

8
9
22
13
8
6
42
108
19
10
11
9
49
157

1
1
11
3
2
0
34
52
5
4
5
3
17
69

Missing magnesium data descriptors
SD with
Population
Indigenous
data %
represented represented %
%
87.5
77.4
83.9
88.9
69.0
74.9
50.0
47.5
42.2
76.9
45.3
47.3
75.0
91.5
90.8
100
100
100
19.0
80.2
61.2
51.9
71.3
72.7
73.7
43.2
39.5
60.0
82.5
92.0
54.5
81.8
79.2
66.7
78.5
60.0
65.3
53.7
59.0
56.1
73.0
70.6

Region
Coastal
Coastal
Coastal
Coastal
Coastal
Coastal
Coastal
–
Inland
Inland
Inland
Inland
–
–

LGA & AC, Local Government Areas inclusive of Aboriginal Councils.

The Office of Economic and Statistical Research (OESR)

Board of Directors. The TAIHS Board also served as the

provided data on the proportion of each local government

source of community consultation. Details on the WAT

area population with post-school education qualifications

program health outcomes have been published elsewhere25.

(diploma, certificate, advanced diploma, graduate diploma,

Nutrient analysis, completed as part of WAT program

post-graduate

weekly

evaluation, served as a convenience sample for the

household income, and percent unemployment for each LGA.

and

magnesium investigation. Multiple-pass 24-hour dietary

The original source was the ABS 2001 Census. Annual rainfall

recalls were collected at baseline and at 12 month program

and average maximum daily temperature were also obtained

completion. All dietary recalls were completed by two of the

from OESR SD profiles, with original data from the

researchers (DL and DH) using a standardized interview

Australian

geographically

process. Only Indigenous participants were included in the

dispersed selection of sample sites was obtained for each LGA

diet analysis. All dietary recalls were analysed using the

to provide a representative sample of climate. The percentage

software program ‘FoodWorks Professional 2005’ (Xyris

of the population identified as Indigenous was also included

Software (Australia) Pty Ltd) Brisbane, Qld, Australia;) that

in the analysis.

uses the Australian nutrient database. Dietary recalls with

Bureau

bachelor

of

degree),

Meteorology.

median

A

estimated intakes below 5000 kJ (1200 kcal) were eliminated
Analysis of magnesium dietary intake was conducted on a

from the analysis as implausible, because this was the lowest

subset of Indigenous participants in the Walkabout Together

energy intake advised during dietary counselling. Goldberg’s

(WAT) Program, a prospective lifestyle intervention study of

cut-offs were not used because this was not a weight-stable

the Townsville Aboriginal and Islanders Health Service Ltd

population.

(TAIHS), targeting overweight (BMI >25) patients in a
regional centre. Both the WAT Program and the magnesium
investigation received ethics approval from the Townsville
Health Service District Ethics Committee and the TAIHS
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Data analysis

the total population, 73% was represented by councils who
had data on water levels of magnesium; 70.6% of the total

Available water data were evaluated at the local level with

Indigenous population was represented, although this was

regard to mean, median and range of magnesium content.

skewed toward coastal regions.

Since age-adjusted mortality data was only available for the
largest city in each SD and the balance of SD, mean

The amount of magnesium in the drinking water ranged from

magnesium was aggregated to the same areas. All data were

barely detectable at 0.01 mg/L to as high as 150 mg/L (Fig2).

tested for normal distribution using the Kolmogorov-Smirnov

Outliers were validated by repeat inquiries to the original

test with Lilliefors correction. Where log-transformation

data sources and were retained in the analysis. The mean

successfully normalized distributions, Pearson’s correlation

magnesium level was 13.0 mg/L and the median was

was used. For non-normal distributions, non-parametric

9.5 mg/L.

correlation of Spearman’s rho was used to verify the bivariate
unadjusted linear associations. An independent sample t-test

The areas with the lowest reported levels of magnesium in the

was used to examine differences between the cities and

water were those with the highest reported Indigenous

townships and the balance of the SDs. Additionally,

population (Table 2).

replicating the statistical approach of Franz and Bailey11, we
determined z-scores for rainfall and mean maximum daily

Log transformation for water magnesium did not result in a

temperature, and summed the z-scores to create a climate

normal distribution, so non-parametric methods were used

variable. A sum of z-scores for post-school qualifications,

for subsequent data analysis. The correlation between

percent of population employed (inverse of unemployment),

diabetes mortality rate and water magnesium levels was

and mean weekly household income were used as a variable

significant (r = -.422, p = 0.028). No significant correlation

for socioeconomic environment. A non-parametric Mann-

was found between rainfall and the magnesium content of

Whitney test was used to compare nutrient intakes per

drinking water.

1000 kJ against age- and sex-matched 1995 National
Nutrition Survey nutrient intakes per 1000 kJ. All statistical

The diabetes mortality rate was positively correlated to the

analysis was done using SPSS v13.0 (SPSS Inc; Chicago, IL,

average maximum daily temperature (r = 0.579, p = 0.002),

USA;). For spatial analysis, ‘Map Info Professional’ v 7, a map

and to the percent of the population identified as Indigenous

software program used by the Australian Bureau of Statistics,

(r = 0.673, p < 0.001; Table 3). The percent of the population

was used to geo-code diabetes mortality and water

identified as Indigenous was also positively correlated to the

magnesium levels (MapInfo; New York, USA).

average maximum temperature (r = 0.733, p < 0.001), and
negatively correlated to unemployment (r = -.451, p = .027).
A higher proportion of the population with post-school

Results

qualifications correlated with higher incomes (r = 424,
p <.039). Comparing cities and townships to rural areas

Age standardized death rates for diabetes in 2002 for the SD

revealed

of Queensland ranged between 52 and 191 per 100 000

qualifications were more common in the urban areas (t = 3.9,

only

one

significant

difference;

post-school

population (Fig1). Highest incidence occurred in the northern

95% confidence interval 3.03-9.89, p = .001). Using sum

tropical SD while the lowest incidence occurred in the coastal

z-score variables for climate and socioeconomic factors did

divisions in the southern half of the state.

not reveal any additional correlations.

Magnesium data from 2002 were available from 88 of the
157 municipal councils and Aboriginal councils contacted. Of
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Figure 1: Age-standardized diabetes death rates per 100 000 population by statistical division, Queensland, Australia
2002.
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Figure 2: Magnesium in drinking water by statistical division, Queensland, Australia 2002.

Table 2: Population percentage identified as Indigenous in areas of low, medium, and high water magnesium (Mg)
Mg mg/L

Indigenous %

0 to 6

4.9

6 to 10

1.7

10 to 30

3.2
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Table 3: Data summary by area

Area

Brisbane
city
Balance
Brisbane
SD
Gold Coast
city
Sunshine
Coast
Balance
Moreton SD
Bundaberg
Hervey Bay
city
Balance
Wide BayBurnett SD
Toowoomba
Balance
Darling
Downs SD
Roma
Balance
South West
SD
Gladstone
Balance
Fitzroy SD
Longreach
Balance
central west
SD
Mackay city
Balance
Mackay SD
Townsville Thuringowa
Balance
northern SD
Cairns city

Data summary
Max
Pop >15 yrs
average
with posttemp (°C)
school
qualification
%
26.6
49.3

DM
death
rate†

Mean
water Mg
(mg/L)

Indigenous
pop %

Average
annual
rainfall

61.00

10 ± 2.9

1.6

846

76.00

9.5 ± 4.2

1.3

1103 ± 26

26 ± 1

1.1

1181

46.30

Unemployment
%

Employment
participation
%

Average
household
weekly
income

7.0

66.2

872

40.0 ± 2.7

8.0 ± 2.0

65.7 ± 6.2

791 ± 138

24.8

45.5

9.8

62.7

688

50.30

5 ± 0.7

1.5

1597 ± 98

25 ± 1

45.1 ± 3.1

11.3 ± 0.3

57.6 ± 3.0

602 ± 23

69.10

36.3 ±
57.6
5.0

1.3

747 ± 62

25 ± 2

36.9 ± 1.9

9.7 ± 2.4

57.5 ± 2.9

622 ± 36

3.2
2.3

986
967

26.5
26.1

36.3
39.5

12.6
15.2

54.5
45.7

540
482

32.8 ±
29.7

3.1

883 ± 270

27± 1

35.9 ± 4.0

10.6 ± 4.6

55.6 ± 7.1

540 ± 73

91.40
99.50
78.80

85.90
84.50

11.3 ± 9.7

3
2.5

754
658 ± 44

22.9
26± 2

40.2
34.7 ± 4.4

7.8
5.9 ± 2.2

60.5
64.6 ± 5.7

668
662 ± 116

93.50
108.70

0.01
0.4 ± .3

7.3
10.3

600
477 ± 115

27.7
28± 1

35.9
32.4 ± 2.5

5.3
4.3 ± 2.1

72.3
73.0 ± 6.8

778
659 ± 71

103.50
84.60

6.9
8.9 ± 9.7

3.5
4.4

888
666 ± 134

27.6
29 ± 1

41.0
38.0 ± 4.8

9.5
7.7 ± 5.7

69
64.5 ± 10.9

877
809 ± 203

222.00
51.20

0.03
6.9 ± 14.9

2
6.7

415
380 ± 114

31.4
30.9 ± 1

41.3
32.0 ± 3.0

3.7
4.1 ± 2.8

73.7
74.3 ± 5.9

809
750 ± 102

107.00
65.70

3.7
2.7

1566
963 ± 298

26.4
29 ± 1

39.7
41.0 ± 6.2

8.4
6.0 ± 2.2

65.5
68.3 ± 7.2

729
900 ± 313

94.90

8.0
24.4 ±
28.0
1.5 ± 0.7

4.8

1121

28.8

42.9 ± 4.0

8.4 ± 0.6

68.4 ± 3.0

850 ± 88

107.30

13.1 ± 7.7

7.3

972 ± 757

30 ± 1

33.0 ± 2.1

6.2 ± 1.8

61 ± 5.9

668 ± 46

97.70

1.1

8.3

2002

28.9

47.3

7.9

71.6

774

Balance
Far north
SD
Mount Isa

125.20

2.3 ± 2.4

16

1551 ±
824

31 ± 2

40.5 ± 7.9

7.5 ± 3.6

63.7 ± 6.7

633 ± 89

130.20

11.4

15.1

452

31.8

44.5

6.5

75.2

1112

Balance
North west
SD

268.60

4.3 ± 5.6

30

624 ± 286

33 ± 1

35.5 ± 10.6

4.1 ± 1.4

71.1 ± 8.3

771 ± 112

DM, Diabetes mellitus; Mg, magnesium; pop, population; SD, statistical division; yrs, years.
†Age standardized death rates using the indirect method and the 2001 Australian population; provided by Australian Bureau of Statistics and expressed
per 100 000 population, inclusive of diabetes as either underlying or associated case.
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A total of 100 Indigenous participants completed the twelve-

Indigenous diet, the total daily magnesium intake may be low

month WAT follow-up assessment. There were a total of

in the Australian Indigenous population.

210 dietary recalls on file as 10 participants also completed a
dietary recall at 6 months. A total of 167 records (79.5%) were

Extensive epidemiological evidence exists, suggesting that a

included in analysis after culling for implausible intake. The

high magnesium diet may protect against the development of

participant ages ranged from 18 to 69 years old, with a mean

diabetes. The Women’s Heart Study, with a cohort of 39 345

age of 44.4 ± 1.3 standard error of the mean. There were

women and a 6 year follow up, demonstrated a significant

88 female and 12 male participants, with a mean body mass

inverse relationship between dietary magnesium intake and the

index (BMI) of 36.6 ± 0.65 SEM. Over 41.3% had hypertension,

risk of developing diabetes26. The risk reduction was 22% for

34.7% had type 2 diabetes, and 68.7% had additional co-

those women with a BMI of 25 or higher. An analysis that

morbidities such as osteoarthritis or hyperlipidaemia. The

combined

distribution of months in which the recalls were collected was

Professionals’ Follow-up Study, including 85 060 women

skewed towards February, the month the program began. The

(18 years follow up) and 42 872 men (12 years follow up),

other 11 months of the year were evenly represented, allowing

demonstrated that after adjusting for confounding variables, a

for adequate seasonal representation. The majority of recalls

magnesium-rich diet reduced the relative risk of developing

were performed on Tuesdays through to Fridays; weekend

diabetes by 34% in women and 33% in men5. Similarly, an

dietary intakes were not adequately addressed. Distribution

analysis of the Iowa Women’s Health Study and the Honolulu

throughout the month allowed for adequate representation

Heart Program also showed inverse correlations between

between weeks with and without pension payments. The

magnesium intake and diabetes risk27,28. In contrast, the

average

(men:

Atherosclerosis Risk in Communities (ARIC) Study reported

267 mg ± 17; women: 245 mg ± 6 mg), significantly less than

that while low serum magnesium levels were associated with an

the intakes observed in the 1995 National Nutrition Survey

increased risk of diabetes, there was no correlation between

(p< .001). These figures are 36% and 23% below the RDI for

dietary magnesium and diabetes risk. Researchers attributed

magnesium for males and females, respectively. Noting that the

this contradiction to the difference in the population studied

EAR is set to meet the needs of half the population, the

compared with the other studies29. Clearly, most studies

reported intake was 24% and 8% below the EAR for males and

confirm that a high magnesium diet has a beneficial effect on

females, respectively.

reducing the risk of developing diabetes. Both Australian and

daily

magnesium

intake

was

248 mg

the

Nurses

Health

Study

and

the

Health

US dietary surveys identified dietary intake as low in

Discussion

magnesium14,16, and this study identified an Australian
Indigenous cohort with intakes significantly lower than the

In the present study, we found the 2002 incidence of diabetes-

average Australian diet. Magnesium deficiency has been shown

related mortality in Queensland, Australia, was positively

to induce insulin resistance, even in normal subjects4, and may

correlated to the percentage of the population that was of

be the underlying common mechanism by which insulin

Aboriginal and Torres Strait Islander descent. These results are

resistance links hypertension, lipid disorders, impaired glucose

consistent with ABS reports that Indigenous deaths in Australia

tolerance, type 2 diabetes, and metabolic syndrome3,12, all of

due to diabetes (2001-2002) accounted for 7.6% of the total

which are prevalent among Australian Indigenous people.

deaths, compared with 2.4% of total non-Indigenous deaths1.
We also report a correlation between the incidence of diabetes-

The dietary component of this study is limited by the that fact

related mortality and the concentration of magnesium in

we used a convenience sample which over-represented people

drinking water. When considered in the context of lower

with

magnesium intake that was observed in the regional

predominantly female, and is therefore not representative of all

diabetes

(35%)

and

hypertension

(41%),

was
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Indigenous people. Nonetheless, the sample was taken from

individuals might be less likely to have access to heat relief such

subjects who were actively attempting to improve their dietary

as air-conditioning, either at home or in the workplace, and

intake. The fact that the magnesium intake in the diet was

that their dietary choices may be limited by income.

inadequate in this cohort is highly suggestive that there is an
even more profound nutrient deficiency in the broader

The evidence presented here are like pieces of a puzzle that

population. Although a standardized technique was used for the

build a case for magnesium as a potential contributor to

triple-pass dietary recall, under-reporting is typical of all diet

diabetes in Australia, especially among Aboriginal and Torres

assessment methods outside a highly-controlled research

Strait Islander peoples. It is plausible that a combination of

setting.

lower magnesium intake in diet, increased loss of magnesium
through sweat, and an inability to adequately replace lost

This study confirmed prior studies that have correlated the

magnesium through drinking water, may create a unique

level of magnesium in drinking water to diabetes mortality30,31.

situation predisposing an individual to hypomagnesaemia and

This does not imply causality, because ecological bias cannot be

diabetes. Indeed, Australia has the unenviable reputation of

ruled out, and the association observed at area level may be

having the highest diabetes-related mortality in the world

different from that at the individual level. For example, the

among its Indigenous population (Fig. 3).

location of an individual’s water consumption may not be
reflected in the usual residence indicated on the death
certificate. Furthermore, the water provided to one municipal
area may be a blend from several sources with varying amounts
of magnesium, and with seasonal variations (especially during
times of drought). Finally, not all people living in an area
receive their water from a municipal water system. While most
Indigenous people live in cities and towns, and thus have access
to

municipal

water,

approximately

one-quarter

of

the

Indigenous population (108 085 of 458 520 in 2001) live in
discrete Indigenous communities. Of these, 89 861 (20%) live
in communities not connected to a municipal water supply32.

Whether such hypomagnesaemia exists in this Indigenous
population has not been determined. However, an association
between hypomagnesaemia and diabetes has been well
described in other populations7-10,33. Despite the growing body
of evidence supporting the involvement of magnesium in
diabetes, the need to consider magnesium status has not been
integrated into primary health care for diabetes. This article
presents the case that there is an urgent need to further
investigate the potential relationship between magnesium and
diabetes in the Australian Indigenous population, given that a
deficiency might be readily addressed.

However, the fact that this study found a correlation between
the

incidence

of

diabetes-related

mortality

and

the

concentration of magnesium in drinking water suggests that
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