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Abbreviation
PREVEND Prevention of Renal and Vascular End-stage

Disease

To the Editor: Mg2+ affects beta cell function and insulin sig-
nalling and the relevance of abnormalities in Mg2+ regulation
for the development of type 2 diabetes mellitus is being in-
creasingly appreciated [1–3]. Kurstjens et al recently reported
that an increase in serum non-esterified fatty acids and triac-
ylglycerols in response to an oral fat challenge is paralleled by
reduced Mg2+ concentrations, thereby linking triacylglycerol
metabolism to Mg2+ homeostasis [4]. In 285 individuals with
a BMI >27 kg/m2, they also observed that circulating Mg2+

levels, measured with a routinely available colourimetric as-
say (Roche/Hitachi, Tokyo, Japan), were inversely correlated
with triacylglycerols and with large very-low-density lipopro-
teins, but not significantly so with plasma glucose [4]. In a
cohort of 395 participants with type 2 diabetes, the same group
showed inverse correlations of plasma Mg2+ with both triac-
ylglycerols and glucose [5].

Uncertainties regarding the associations of Mg2+ with glu-
cose and triacylglycerols prompted us to determine the rela-
tionships of Mg2+ with glucose and triacylglycerols in a large
population-based cohort. We used the Roche Modular system
(Roche Diagnostics, Mannheim, Germany) to measure Mg2+

in lithium heparin plasma and we used a recently developed
nuclear magnetic resonance (NMR) spectroscopy-based tech-
nique, which uses an excess of ethylenediaminetetraacetic ac-
id (EDTA) to chelate plasma Mg2+ and is believed to measure
EDTA-bound Mg2+ in EDTA-anticoagulated plasma.
Measurements were performed in the Prevention of Renal
and Vascular End-stage Disease (PREVEND) population,
which comprises a large and well-characterised cohort of pre-
dominantly white individuals from the north of the
Netherlands. The design of the PREVEND cohort has been
reported in detail elsewhere [3, 6]. Pregnant women, individ-
uals with type 1 diabetes and those with type 2 diabetes using
insulin were excluded. The initial study population of the
PREVEND study consisted of 8592 participants who com-
pleted the total study screening programme.

For the current post hoc analysis, data from participants
who completed the second screening round of PREVEND
were collected on demographics, lifestyle factors, anthropo-
metric measurements, medical history and medication use
(n = 6892). Participants with missing measurements of
Mg2+, with non-fasting samples or using statins (which have
triacylglycerol-lowering effects) were excluded, leaving 5568
individuals for the present analysis. Information on medica-
tion use was combined with information from a pharmacy-
dispensing registry, which has complete information on drug
usage for >95% of individuals in the PREVEND study. Type 2
diabetes was defined as a fasting serum glucose >7.0 mmol/l,
a self-report of a physician diagnosis or the use of glucose-
lowering medication. The revised National Cholesterol
Education Program Adult Treatment Panel (NCEP-ATP) III
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criteria were applied to categorise individuals with the meta-
bolic syndrome; participants were categorised with the meta-
bolic syndrome when at least three out of the five criteria were
present. Glucose, lipids and lipoproteins, as well as estimated
glomerular filtration rate, were measured, as previously de-
scribed [3, 6]. Plasma samples were prepared by centrifuga-
tion at 4°C and kept frozen at −80°C until analysis. EDTA-
anticoagulated plasma samples were sent frozen to LabCorp
(Morrisville, NC, USA) for testing on a Vantera Clinical
Analyser (Burlington, NC, USA). As described in more detail
elsewhere, the assay system for NMR spectroscopy [7] en-
sures complete chelation of ionised Mg2+ [3]. The within-
laboratory imprecision is between 4.6% and 7.1%. The
Roche Modular colourimetric assay measures plasma Mg2+

levels via xylidyl blue absorbance, which is inversely related
to Mg2+ concentration [1, 3]. Recently, we found a strong
correlation between NMR spectroscopy-measured Mg2+ and
Mg2+ measured by the Roche Modular colourimetric assay
(r = 0.90) [3]. Colourimetric-based measurements of Mg2+

are higher than NMR-based Mg2+ measurements, with a sys-
tematic bias of 0.07 mmol/l between the assay systems [3].
Between group comparisons were performed using unpaired t

tests. Univariate correlations were sought by Pearson’s corre-
lation coefficients. Multivariable linear regression analyses
were carried out to determine the independent relationships
between variables. Two-sided p values <0.05 were considered
significant. The PREVEND study was approved by the
Medical Ethics Committee of the UMC Groningen and per-
formed in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all participants.

In the whole population (2714 men and 2854 women),
aged 53 ± 12 years, plasma NMR-based Mg2+ was 0.75 ±
0.05 mmol/l, whereas colourimetric-based Mg2+ was 0.82 ±
0.06mmol/l. NMR- and colourimetric-basedMg2+ concentra-
tions were lower in 272 individuals with type 2 diabetes (0.72
± 0.06 mmol/l and 0.79 ± 0.06 mmol/l, respectively) than in
5296 individuals without diabetes (0.75 ± 0.06 mmol/l and
0.83 ± 0.06 mmol/l, respectively; p < 0.001 for both). In the
whole population, NMR- and colourimetric-based Mg2+

levels were inversely correlated with glucose (r = −0.155
and r = −0.134, respectively; p < 0.001 for both). NMR-
based Mg2+ concentration was correlated inversely with triac-
ylglycerol levels (r = −0.073, p < 0.001) but such a relation-
ship was not found for colourimetric-based Mg2+ (r ≤ 0.001,

Table 1 Multivariable linear re-
gression analysis showing the re-
lationship of NMR-measured
Mg2+ concentration and Roche
Modular colourimetric-based
Mg2+ concentration with compo-
nents of the metabolic syndrome

Variable Model 1a Model 2b

β p value β p value

NMR-based Mg2+

Age 0.106 <0.001 0.069 <0.001

Sex (men/women) −0.020 0.15 −0.011 0.47

Enlarged waist circumference (yes/no) −0.065 <0.001 −0.066 <0.001

High blood pressure (yes/no) −0.035 0.02 −0.010 0.57

High plasma glucose (yes/no) −0.102 <0.001 −0.052 0.001

High triacylglycerol (yes/no) −0.014 0.32 −0.011 0.45

Low HDL-cholesterol (yes/no) −0.070 0.001 −0.062 <0.001

Colourimetric-based Mg2+

Age 0.080 <0.001 0.068 0.001

Sex (men/ women) 0.060 <0.001 0.066 <0.001

Enlarged waist circumference (yes/no) −0.055 <0.001 −0.053 <0.001

High blood pressure (yes/no) −0.027 0.08 0.015 0.40

High plasma glucose (yes/no) −0.102 <0.001 −0.058 <0.001

High triacylglycerol (yes/no) 0.014 0.33 0.016 0.28

Low HDL-cholesterol (yes/no) −0.017 0.23 −0.008 0.59

n = 5568 PREVEND participants were included in the analysis. Data are standardised regression coefficients (β)

Components of the metabolic syndrome were categorised according to National Cholesterol Education Program
Adult Treatment Panel (NCEP-ATP) III criteria: waist circumference >102 cm for men and >88 cm for women;
plasma triacylglycerols ≥1.7 mmol/l; HDL-cholesterol <1.0 mmol/l for men and <1.3 mmol/l for women; hyper-
tension (blood pressure ≥130/85 mmHg or the use of antihypertensive medication); hyperglycaemia (fasting
glucose ≥5.6 mmol/l or the use of glucose-lowering drugs)
aModel 1 includes age, sex and the five components of the metabolic syndrome
bModel 2 includes age, sex and the five components of the metabolic syndrome, with additional adjustment for
current cigarette smoking, alcohol consumption, previous history of cardiovascular disease, eGFR, urinary albu-
min excretion, use of antihypertensive medication and use of glucose lowering drugs

Diabetologia



p = 0.99). In individuals with type 2 diabetes, NMR- and
colourimetric-based magnesium concentrations were inverse-
ly correlated with glucose levels (r = −0.181, p = 0.003 and
r = −0.204, p = 0.001, respectively), as well as with triacyl-
glycerols (r = −0.184, p = 0.002 and r = −0.194, p = 0.001, re-
spectively). In people without diabetes with a BMI >27 kg/m2

(n = 2000), NMR- and colourimetric-based Mg2+ levels were
weakly correlated with glucose levels (r = −0.040, p = 0.074
and r = −0.047, p = 0.037, respectively) and not with triacyl-
glycerols (r = 0.002, p = 0.94 and r = 0.038, p = 0.092, respec-
tively). In the whole population, multivariable linear regres-
sion analysis, including the five individual components of the
metabolic syndrome as covariates, demonstrated an indepen-
dent inverse association of NMR- and colourimetric-based
Mg2+ level with an elevated glucose level but not with
hypertriacylglycerolaemia (Table 1). In alternative analyses
with glucose, triacylglycerols and the other components of
the metabolic syndrome as continuous variables (cf. Table 1,
Model 1 and Model 2) there was also an independent asso-
ciation of both NMR- and colourimetric-based Mg2+ level
with glucose (β = −0.091 and β = −0.098; p < 0.001 for both;
data not shown). There was a borderline significantly positive
association of colourimetric-based Mg2+ concentration with
triacylglycerol levels (β = 0.030, p = 0.049), whereas there
was no association with NMR-based Mg2+ levels (β =
−0.002, p = 0.90).

From the current findings in a large population-based cohort,
we conclude thatMg2+ level is inversely associated with fasting
glucose, a finding that persisted when taking account of other
components of the metabolic syndrome and relevant covariates.
Notably, in the whole population, we observed no independent
inverse associations of Mg2+ with hypertriacylglycerolaemia.
The inverse correlation of plasma Mg2+ with triacylglycerols
appears particularly relevant in individuals with type 2 diabetes.
Our current findings would, however, question the overall clin-
ical relevance of the effect of triacylglycerols on circulating
Mg2+ levels.
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