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Mg depletion has a negative impact on glucose
homeostasis and insulin sensitivity in patients with
type 2 diabetes [1, 2], as well as on the evolution of
complications such as retinopathy, thrombosis and
hypertension [3–5]. Moreover, low serum Mg is a
strong independent predictor of the development
of type 2 diabetes [6]. In the USA, 25 to 39% of
outpatient diabetics have low concentrations of
serum Mg [7], and several studies have shown
lower serum Mg concentrations in type 2 diabet-

ics compared to healthy controls [5, 8]. Although
low serum Mg concentrations in diabetics have
also been found in several European countries in-
cluding Austria, Germany, Italy, France and Swe-
den [9–13], there are no reported data for Switzer-
land. Therefore, the aim of this study was to com-
pare the plasma Mg concentrations of patients
with type 2 diabetes and healthy controls in
Switzerland.

Questions under study/principles: Magnesium de-
pletion has a negative impact on glucose home-
ostasis and insulin sensitivity in type 2 diabetic pa-
tients. Low plasma magnesium concentration is a
highly specific indicator of poor magnesium sta-
tus. In the USA and some European countries,
plasma magnesium concentrations have been
found to be decreased in diabetics. The aim of this
study was to compare plasma magnesium concen-
trations of type 2 diabetics and healthy controls in
Switzerland.

Methods: Plasma magnesium concentrations
were determined in 109 type 2 diabetics and 156
age- and sex-matched healthy controls.

Results: Mean (± SD) plasma magnesium
concentrations of the diabetics and controls were
0.77 ± 0.08 and 0.83 ± 0.07 mmol/L, respectively
(p <0.001). Plasma magnesium concentrations were
below the normal reference range in 37.6% of the
diabetic patients and 10.9% of the control subjects
(p <0.001). Plasma magnesium was not correlated
with glycemic control as measured by HbA1c.

Conclusions: Lower plasma magnesium con-
centrations and poor magnesium status are com-
mon in type 2 diabetics in Zurich, Switzerland. 
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Introduction

Subjects, methods and materials
Subjects

One-hundred-and-nine type 2 diabetic patients and
156 non-diabetic controls matched for age and sex partic-
ipated in the study (Table 1). The mean age (range) of the
diabetics and controls was 61.3 (33–87) and 58.3 (46–74),
respectively. The type 2 diabetics were recruited from the
outpatient diabetes clinic at the University Hospital,
Zurich (44.0%) and from a private endocrinologic prac-
tice in Winterthur (56.0%). Median (range) duration of
diabetes was 10.7 years (0–37 years). Of the diabetics,
61.5% reported a history of hypertension and/or cardio-
vascular disease and 25.7% a history of dyslipidemia.
Fifty-eight were using insulin, 29 were taking oral hypo-

glycemics, 14 were using both, and 8 were not prescribed
any antidiabetic drugs (Table 2). Because loop diuretics are
associated with higher urinary Mg excretion, patients tak-
ing loop diuretics were excluded. None were taking Mg
supplements. Anonymous blood samples for control sub-
jects were obtained from the local blood donation centre
(Swiss Red Cross, Zurich) with specification of sex and
year of birth for each subject. Exclusion criteria for blood
donations included diabetes treated by insulin, infection,
sexually transmittable diseases, cardiovascular diseases,
cerebral incident, bleeding disorders, vascular diseases,
chronic kidney diseases, autoimmunity diseases, epilepsy,
cancer, hepatitis, and pregnancy. Written informed con-



sent was obtained from each diabetic subject, and the study
protocol was approved by the Ethical Committee of the
University Hospital, Zurich.

Methods and materials

Venous blood samples from the subjects were drawn
in heparinised 10 ml tubes (Vacutainer, Becton Dickinson,
Meylan, France). Whether the subjects were in the fed or
fasting state was not specified. Plasma was separated from
blood cells by centrifugation at 3000 rpm for 15 minutes
(Omnifuge 2.0 RS, Heraeus GmbH, Hanau, Switzerland)
and stored in plastic vials at –25 °C until analysis. 

Quantitative analysis of Mg in plasma was done by
flame atomic absorption spectrometry (SpectrAA 400,
Varian, Mulgrave, Australia) at 285.2 nm, using parame-
ters recommended by the manufacturer [14]. Plasma sam-
ples were diluted 200-fold so that the Mg concentrations
of the final diluted solutions were around 0.1 µ g/mL. A
commercial Mg standard (CertiPUR, Merck, Darmstadt,
Germany) was used for internal calibration by standard ad-
dition to minimize matrix effects. Lanthanum nitrate
(Fluka Chemie GmbH, Buchs, Switzerland) was added as
a matrix modifier (5 mg La/mL in the final solutions), and
0.1% Triton X-100 solution (Fluka Chemie GmbH) to re-

duce the surface tension. Accuracy of the method was ver-
ified by analysing a serum control sample for Mg
(Seronorm Trace Elements Serum, Nycomed, Oslo, Nor-
way). All samples were analysed in duplicate and repeated
if the difference between individual values relative to the
mean was >10%. All chemicals used were analytic grade.
Water used for analytical procedures was purified by ion
exchange and reverse osmosis (18 MΩ ) (RD2000, Reng-
gli AG, Rotkreuz, Switzerland; Nanopure Cartridge Sys-
tem, Skan AG, Basel, Switzerland). 

For all diabetic subjects, the most recent HbA1c con-
centration was collected. For the patients from the uni-
versity clinic, the HbA1c was determined from the same
blood sample as the plasma Mg concentration. For the re-
maining subjects, the most recent HbA1c was recorded
from the medical record. For all subjects but one, HbA1c

was obtained within 2 months of the plasma Mg determi-
nation.

Data processing and statistical analysis were done
using Excel 2002 (Microsoft, Seattle WA, USA) and SPSS
for Windows 11.0 (SPSS Inc., Chicago IL, USA). Normal
distribution of data was verified by calculating the quo-
tient of the skewness divided by its standard error; normal
distribution was assumed if the quotient was between –2.5
and +2.5. Normally distributed data were expressed as
arithmetic means ± SD. Variables not normally distributed
were expressed as medians and ranges. Differences be-
tween groups were evaluated using unpaired Student’s 
t-test and considered statistically significant at p <0.05.
ANOVA was done to test for associations with plasma Mg
concentration as the dependent variable.
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Similar to findings from other countries in Eu-
rope and North America [5, 8], the mean plasma
Mg concentration of the type 2 diabetics was sig-
nificantly lower than in controls. The striking

finding in this population was the high prevalence
of low plasma Mg concentrations among the dia-
betic subjects. Plasma Mg concentrations of 37.6%
of the diabetics were below the reference range, a

Characteristics diabetics controls

No of subjects 109 156

Sex 76 men / 33 women 112 men / 44 women

Age (y) ± SD 61.3 ± 10.3 58.3 ± 7.2

Table 1

Characteristics 
of the test subjects.

Characteristics

Duration of diabetes [years]1 10.7 (0–37)

Medication Insulin- 53.2%

Oral hypoglycaemics 26.6%

Insulin and oral hypoglycaemics 12.8%

Diet only 7.3%

Comorbidities Hypertension 61.5%

Dyslipidemia 25.7%
1 median and range

Table 2

Characteristics of 
the diabetic patients.

Results

Mean (± SD) plasma Mg concentrations of the
diabetics and the controls were 0.77 ± 0.08 and
0.83 ± 0.07 mmol/L, respectively (p <0.001) (Fig-
ure 1). In 37.6% of the diabetic patients and 10.9%
of the control subjects plasma Mg concentrations
were below the normal reference range of 0.75 to
0.95 mmol/L (15). By ANOVA, sex and age were

not significant predictors of plasma Mg in this
sample. Median HbA1c concentration (range) in
the diabetic group was 7.1% (5.1–11.5%). By
ANOVA, HbA1c (Figure 2), duration of diabetes
and diabetes treatment (medication) did not sig-
nificantly predict plasma Mg concentration. 

Discussion
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Figure 1
Plasma Mg concen-
trations of type 2 dia-
betics and controls.
Box-whiskers plot
showing medians,
first and third quar-
tiles, and minima 
and maxima.

Figure 2
Relationship between
plasma Mg concen-
tration and glycaemic
control measured as
HbA1c in 109 diabetic
patients.

prevalence of low magnesium status that is similar
to that reported in type 2 diabetics in outpatient
clinics in the US [7]. Mg depletion has a negative
impact on glucose homeostasis and insulin sensi-
tivity in diabetic patients [1, 2] as well as on the
evolution of complications such as retinopathy,
thrombosis and hypertension [3–5]. Preventing
low Mg status in diabetics may therefore be bene-
ficial in the management of the disease.

The reasons for the high prevalence of Mg de-
ficiency in diabetes are not clear, but may include
increased urinary loss, lower dietary intake, or im-
paired absorption of Mg compared to healthy in-
dividuals. Several studies have reported increased
urinary Mg excretion in type 1 and 2 diabetes [13,
16–18]. However, we have shown that low dietary
intake does not appear to contribute to impaired
Mg status in diabetics in Switzerland. A dietary as-
sessment conducted in 97 type 2 diabetics and 100
healthy controls showed that only 5.4% of the di-
abetic group and 9.1% of the control group were
predicted to have intakes of Mg below their indi-
vidual requirements [19]. In addition, we have re-
cently shown that type 2 diabetics in reasonable
metabolic control and without nephropathy ab-
sorb dietary Mg to a similar extent as healthy con-
trols, and have similar rates of urinary excretion
[20]. Increased urinary Mg excretion due to hy-
perglycaemia and osmotic diuresis may contribute
to hypomagnesaemia in diabetes [16–18]. Several
authors have described a correlation between
HbA1c and plasma Mg in type 1 diabetics [11, 21].
However, no such correlation was found in type 2
diabetes [11, 22, 23], similar to our results.

Mg is mainly an intracellular cation, with less
than 1% of total body content present in the ex-
tracellular fluids. The Mg concentration in serum
represents not more than 0.3% of total body Mg
[24]. Nevertheless, serum or plasma Mg measure-
ment is the most readily available and widely used
test of Mg status. In human studies, instituting a
diet low in Mg produces a predictable decline in
serum Mg [25–27]. However, there are a number
of reports of low Mg values in various blood cells
and tissues associated with normal serum/plasma
Mg concentrations [24]. It appears therefore that
plasma Mg concentration is an insensitive, but
highly specific indicator of low Mg status. Of the
total Mg in serum, around 55% is present as free
ionised Mg2+, 15% is complexed to anions (e.g. bi-
carbonate, citrate, sulfate) and 30% is bound to
proteins, mainly albumin [28]. It could therefore
be argued that in diabetics with microalbuminuria,
serum Mg might be reduced because of lower
serum albumin concentration. However, Pickup et
al. [29] found no difference in serum Mg concen-
tration between type 1 diabetics with microalbu-
minuria or clinical proteinuria compared to dia-
betics with normal albumin excretion. In contrast,
Corsonello et al. [30] demonstrated significantly
lower ionised serum Mg in type 2 diabetic patients
with microalbuminuria or clinical proteinuria
compared to a normoalbuminemic group. Free
ionised serum Mg, however, is not associated with
serum albumin levels. Moreover, microalbumin-
uria should not lower plasma albumin, because
plasma contains macro-amounts (35–52 g/L) of
albumin. Therefore, we did not exclude subjects
with microalbuminuria.

In summary, we have demonstrated that low
Mg status is common in type 2 diabetics in the
Zurich region. Because Mg depletion reduces in-
sulin sensitivity and may increase risk of secondary
complications, it may be prudent in clinical prac-
tice to periodically monitor plasma Mg concentra-
tions in diabetic patients. If plasma Mg is low, an
intervention to increase dietary intakes of Mg may
be beneficial. 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

12.0 

0.50 0.60 0.70 0.80 0.90 1.00 1.10 

plasma Mg conc. [mmol/L] 

H
b

A
1C

[%
]



We would like to thank the subjects for their participation
in the study. Also, we thank Dr H. Kappeler (Winterthur)
and B. Schwarz (University Hospital, Zurich) for taking
blood samples of diabetic outpatients, and the local blood
donation center (Swiss Red Cross of Zurich) for provid-
ing blood samples from control subjects.

Correspondence: 
Monika Wälti
Laboratory for Human Nutrition 
Institute of Food Science and Nutrition
Swiss Federal Institute of Technology, Zurich
PO Box 474, Seestrasse 72
CH-8803 Rüschlikon
E-Mail: monika.waelti@ilw.agrl.ethz.ch

Plasma magnesium concentration in diabetes 292

References
1 Durlach J, Rayssiguier Y. Données nouvelles sur les relations

entre magnésium et hydrates de carbone. Magnesium 1983;2:
192–224.

2 Nadler JL, Buchanan T, Natarajan R, Antonipillai I, Bergman
R, Rude R. Magnesium deficiency produces insulin resistance
and increased thromboxane synthesis. Hypertension 1993;21:
1024–9.

3 Mather HM, Levin GE, Nisbet JA. Hypomagnesemia and is-
chemic-heart-disease in diabetes. Diabetes Care 1982;5:452–3.

4 McNair P, Christiansen C, Madsbad S, Lauritzen E, Faber O,
Binder C, et al. Hypomagnesemia, a risk factor in diabetic
retinopathy. Diabetes 1978;27:1075–7.

5 Nadler JL, Malayan S, Luong H, Shaw S, Natarajan RD, Rude
RK. Intracellular free magnesium deficiency plays a key role in
increased platelet reactivity in type II diabetes mellitus. Dia-
betes Care 1992;15:835–41.

6 Kao WH, Folsom AR, Nieto FJ, Mo JP, Watson RL, Brancati
FL. Serum and dietary magnesium and the risk for type 2 dia-
betes mellitus: the Atherosclerosis Risk in Communities Study.
Arch Intern Med 1999;159:2151–9.

7 Nadler JL, Rude RK. Disorders of magnesium metabolism. En-
docrinol Metab Clin North Am 1995;24:623–41.

8 Ma J, Folsom AR, Melnick SL, Eckfeldt JH, Sharrett AR,
Nabulsi AA, et al. Associations of serum and dietary magnesium
with cardiovascular disease, hypertension, diabetes, insulin, and
carotid arterial wall thickness: the ARIC study. Atherosclerosis
Risk in Communities Study. J Clin Epidemiol 1995;48:927–40.

9 de Lenardis M. Elektrolytstatus bei hypertonen Altersdiabeti-
kern und therapeutische Konsequenzen. Thesis: University
Hohenheim, Germany, 1999.

10 Paolisso G, Sgambato S, Giugliano D, Torella R, Varricchio M,
Scheen AJ, et al. Impaired insulin-induced erythrocyte magne-
sium accumulation is correlated to impaired insulin-mediated
glucose disposal in type 2 (non-insulin-dependent) diabetic pa-
tients. Diabetologia 1988;31:910–5.

11 Schlienger JL, Grunenberger F, Maier EA, Simon C, Chabrier
G, Leroy MJF. Disturbances of plasma trace-elements in dia-
betes – relations with glycemic control. Presse Med 1988;17:
1076–9.

12 Schnack C, Bauer I, Pregant P, Hopmeier P, Schernthaner G.
Hypomagnesaemia in type 2 (non-insulin-dependent) diabetes
mellitus is not corrected by improvement of long-term meta-
bolic control. Diabetologia 1992;35:77–9.

13 Sjogren A, Floren CH, Nilsson A. Magnesium, potassium and
zinc deficiency in subjects with type II diabetes mellitus. Acta
Med Scand 1988;224:461–6.

14 Analytical methods for flame atomic absorption spectrometry.
Mulgrave: Varian Techtron Pty. Limited, 1989.

15 Lowenstein FW, Stanton MF. Serum magnesium levels in the
United States, 1971–1974. J Am Coll Nutr 1986;5:399–414.

16 Fujii S, Takemura T, Wada M, Akai T, Okuda K. Magnesium
levels in plasma, erythrocyte and urine in patients with diabetes
mellitus. Horm Metab Res 1982;14:161–2.

17 Johannson G, Danielson BG, Ljunghall S, Wibell L. Evidence
for a disturbed magnesium-metabolism in diabetes-mellitus.
Magnes Bull 1981;2:178–80.

18 McNair P, Christensen MS, Christiansen C, Madsbad S, Trans-
bol I. Renal hypomagnesaemia in human diabetes mellitus: its
relation to glucose homeostasis. Eur J Clin Invest 1982;12:81–5.

19 Wälti MK, Zimmermann MB, Spinas GA, Jacob S, Hurrell RF.
Dietary magnesium intake in type 2 diabetes. Eur J Clin Nutr
2002;56:409–14.

20 Wälti MK, Zimmermann MB, Walczyk T, Spinas GA, Hurrell
RF. Measurement of magnesium absorption and retention in
type 2 diabetic patients using stable isotopes. Am J Clin Nutr
2003;(in press).

21 Sjogren A, Floren CH, Nilsson A. Magnesium deficiency in
IDDM related to level of glycosylated hemoglobin. Diabetes
1986;35:459–63.

22 de Valk HW. Hypomagnesaemia and type 2 (non-insulin-de-
pendent) diabetes mellitus. Diabetologia 1992;35:904–5.

23 Vanroelen WF, Van Gaal LF, Van Rooy PE, De Leeuw IH.
Serum and erythrocyte magnesium levels in type I and type II
diabetics. Acta Diabetol Lat 1985;22:185–90.

24 Shils ME. Magnesium. In: Shils ME, Olson JE, Shike M, Ross
AC, eds. Modern nutrition in health & disease. 9th ed. Balti-
more: Williams & Wilkins, 1998:169–92.

25 Lukaski HC, Nielsen FH. Dietary magnesium depletion affects
metabolic responses during submaximal exercise in postmeno-
pausal women. J Nutr 2002;132:930–5.

26 Rude RK, Stephen A, Nadler J. Determination of red blood cell
intracellular free magnesium by nuclear magnetic resonance as
an assessment of magnesium depletion. Magnes Trace Elem
1991;10:117–21.

27 Shils ME. Experimental human magnesium depletion. Medi-
cine (Baltimore) 1969;48:61–85.

28 Rude RK. Magnesium deficiency: a cause of heterogeneous
disease in humans. J Bone Miner Res 1998;13:749–58.

29 Pickup JC, Chusney GD, Crook MA, Viberti GC. Hypomag-
nesaemia in IDDM patients with microalbuminuria and clini-
cal proteinuria. Diabetologia 1994;37:639.

30 Corsonello A, Ientile R, Buemi M, Cucinotta D, Mauro VN,
Macaione S, et al. Serum ionized magnesium levels in type 2
diabetic patients with microalbuminuria or clinical proteinuria.
Am J Nephrol 2000;20:187–92.



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising, to the current 1.537

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

Swiss Medical Weekly: Call for papers
Swiss 
Medical Weekly

The many reasons why you should 
choose SMW to publish your research 

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

Impact factor Swiss Medical Weekly 

0 . 7 7 0

1 . 5 3 7

1 . 1 6 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
2

2
0

0
3

2
0

0
4

Schweiz Med Wochenschr (1871–2000)

Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001) 

Editores Medicorum Helveticorum


