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Hypomagnesaemia in Type 2 (non-insulin-dependent)
diabetes mellitus is not corrected by improvement

of long-term metabolic control
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Summary. Low levels of magnesium have frequently been re-
ported in diabetes mellitus especially in poorly controlled
Type 1 (insulin-dependent) diabetic patients. Furthermore
hypomagnesaemia might contribute to insulin resistance in
Type 2 (non-insulin-dependent) diabetes. As the influence of
improved metabolic control on plasma magnesium levels is
unknown in Type 2 diabetic patients we studied magnesium
plasma levels in 50 patients 1) before, 2) one and 3) three
months after the initiation of insulin therapy or intensified
treatment with oral hypoglycaemic agents. Magnesium plas-
ma levels were measured by a colorimetric method and were
significantly reduced in diabetic patients compared to
healthy control subjects (0.79 £ 0.01 mmol/l vs 0.88+0.01
mmol/l; p <0.0001). Metabolic control was significantly im-
proved as documented by reduced HbA ¢ levels in both in-

sulin-treated patients or the patients on oral hypoglycaemic
agents (p <0.003). However, plasma magnesium levels re-
mained unchanged during the follow-up in the insulin-
treated group (1:0.79 £ 0.02 mmol/l; 2:0.81 +0.02 mmol/l;
3:0.79 £0.01 mmol/l) as well as in the patients on oral hypo-
glycaemic agents (1: 0.79 £ 0.03 mmol/l; 2: 0.78 + 0.02 mmol/
1; 3: 0.84 + 0.04 mmol/1). This study shows that even marked
improvement of glycaemic control does not correct hypo-
magnesaemia in Type 2 diabetes. We conclude that hypo-
magnesaemia might be related to the insulin-resistant state
and that possible beneficial effect of chronic magnesium ad-
ministration should be evaluated in these patients.
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Reduced magnesium plasma levels have frequently been
reported in both Type 1 (insulin-dependent) and Type 2
(non-insulin-dependent) diabetic patients [1-5]. An in-
verse relationship between metabolic control and plasma
magnesium levels was found in Type 1 diabetic patients
and has been attributed to increased urinary magnesium
losses (2, 3]. In Type 2 diabetic patients however, hypo-
magnesaemia can be both a consequence or a cause of in-
creased insulin resistance [5]. The fact, that chronic mag-
nesium supplements in Type 2 diabetic patients improves
both islet Beta-cell response and insulin action [6, 7] fa-
vours the hypothesis that hypomagnesaemia is closely re-
lated to insulin resistance in these patients. It has been
suggested that Type 2 diabetic patients may benefit from
chronic therapeutic administration of magnesium salt
[6,7]. On the other hand it is not known whether im-
provement of metabolic control per se and/or insulin
therapy corrects hypomagnesaemia in these patients. We
therefore studied the influence of improved diabetes
control with either (a) initiation of insulin substitution
or (b) intensified treatment with strict diet and oral
hypoglycaemic agents on plasma magnesium levels in

50 Type 2 diabetic patients with insufficient glycaemic
control.

Subjects and methods

The study was performed in 50 Type 2 diabetic patients (21 males
and 29 females; age 61 £ 11 years, diabetes duration 11 +8 years,
HbA;:10.5 £ 1.8 relative %; mean t SD) with insufficient metabolic
control on oral hypoglycaemic agents (OHA). Patients were hospi-
talized and took part in the diabetes education programme of our
unit. In 35 patients insulin treatment was started, whereas in 15 pa-
tients good metabolic control was achieved by continuation of OHA
treatment due to maximal dietary efforts. None of the patients had
marked renal damage or had taken magnesium drugs or hypotensive
diuretics. The diet was kept constant throughout the whole study
period (treatment of hypoglycaemic attacks excluded), noncom-
pliant subjects were excluded. The control group consisted of 50
healthy subjects matched for age and sex.

Blood samples were taken the morning after overnight fasting
and were repeated one month and three months after the start of
medical treatment in the clinic outpatient department. Magnesium
was measured by a colorimetric method (Xylidyl blue reaction)
using an automated analysis system (13 M Hitachi 717 Naka works
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Table 1. The influence of insulin therapy or intensified treatment with oral hypoglycacmic agents (OHA) on fasting blood glucose and serum
lipid levels in Type 2 (non-insulin-dependent) diabetic patients. Data before treatment (1) compared to one (2) and three months (3) after start

of therapy

Insulin treatment OHA treatment

1 2 1 2 3
Fasting blood
glucose (mmol/l) 15+£0.83¢ 10.5+£0.55¢ 10.3 £0.55¢ 13 +1.228 102 £0.6* 9.8+0.7%
Triglycerides
(mmol/1) 3.0+04° 1.8+0.17° 1.6+0.18° 27+05 24+04 2.4+04
Cholesterol
(mmol/l) 6.7 £0.39 6.5+0.28 6.3+0.23 641044 62105 6.6+0.44
HDL cholesterol
(mmol/) 1.17 £0.08° 1.48 +0.08° 1.53 £0.08° 1.24 +0.08 1.24 +0.08 1.4+0.08
LDL cholesterol
(mmol/) 3.9+£049 394013 4002 3.7£028 35+0.26 4.0+0.28

Values are means + SEM

ap <0.025(1vs2,1vs3,2vs3); ®p <0.0005(1vs2,1vs3); °p <0.005(1vs2,1vs3); ?p <0.0001 (1vs2,1vs3)

limited, Tokyo, Japan). The correlation coefficient between the co-
lorimetric method of our laboratory and the Atomic Absorption
Spectrophotometry was r = 0.97 (p <0.0001). Blood glucose, lipids
and routine clinical parameters were determined by a parallel ana-
lyser. HbA,c was measured by HPLC.

Statistical analysis

Statistical analysis was performed using the analysis of variance pro-
cedure with correction for multiple measurements using the SAS
program. Data are expressed as means +SEM unless otherwise
stated.
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Fig.1. The effects of improvement of metabolic control by either
insulin (®) or intensified treatment with strict diet and oral hypo-
glycaemic agents (O0) on HbA,c and plasma magnesiom (Mg)
levels. Ordinate: upper curve: HbA - concentration (relative %,
means £ SEM), lower curve: plasma magnesium levels (mmol/l,
means = SEM). Abscissa: Time before (1), and one (2) and three (3)
months after start of treatment. %, p <0.0003 vs 1 (before treat-
ment)

Results

Plasma magnesium levels were significantly reduced in
the Type 2 diabetic patients compared to healthy con-
trol subjects (0.79 £ 0.01 mmol/l vs 0.88 £0.01 mmol/l;
p <0.0001).

The effects of improvement of metabolic control on
blood glucose and serum lipids in the Type 2 diabetic pa-
tients are shown in Table 1. In both the insulin-treated
group and the group treated with OHA a marked reduc-
tion of fasting blood glucose concentration was found;
changes in serum lipid levels, namely the reduction of
serum triglycerides and the increase in HDL cholesterol
levels were only significant in the insulin-treated patients.

As demonstrated in Figure 1 we observed a marked re-
duction of HbA,c values by medical intervention in both
the insulin-treated group and the patients on OHA. Plas-
ma magnesium levels, however, remained unchanged dur-
ing the follow-up in the insulin-treated group as well as in
the patients on OHA (Fig.1).

Furthermore, no significant correlations between de-
gree of metabolic control (HbAc, blood glucose) and
plasma magnesium levels were found.

Discussion

The main finding of the present study is, that plasma mag-
nesium levels are significantly reduced in Type 2 diabetic
patients and are not influenced by improvement of meta-
bolic control.

As reported previously [8] we found no correlation be-
tween the HbA,c and fasting blood glucose concentra-
tions and plasma magnesium levels in Type 2 diabetic pa-
tients, whereas in Type 1 diabetic patients a correlation
between the fasting blood glucose and serum magnesium
was observed [8]. These results indicate that in contrast to
Type 1 diabetic patients [2, 4, 10] hypomagnesaemia in
Type 2 diabetic patients is not directly correlated to meta-
bolic control.
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We have further shown that even marked improve-
ment of metabolic control as documented by a significant
reduction of HbA ¢ and fasting blood glucose levels has
no effect on the reduced plasma magnesium levels in
Type 2 diabetes, in spite of whether patients receive in-
sulin therapy or intensified treatment with strict diet and
OHA.

In fact, it was recently shown, that hypomagnesaemia
not only occurs in Type 2 diabetic patients [1, 4, 5, 8] but
also in patients with essential hypertension [9, 11]. Fur-
thermore, Type 2 diabetes, aging and essential hyperten-
tion [3, 10-12], classic conditions associated with insulin
resistance are associated with an impaired insulin medi-
ated accumulation of magnesium into erythrocytes[9, 13].
In vitro it was shown, that even high levels of insulin can-
not correct the reduced magnesium shift into erythrocytes
from insulin-resistant Type 2 diabetic patients with hypo-
magnesaemia, which might be explained by a post-recep-
tor defect [5].

In diabetic patients hypomagnesaemia might represent
an independent risk factor for cardiovascular complica-
tions [14, 15]. Recently it was shown, that chronic magne-
sium administration might improve the insulin response
and insulin action in insulin-resistant Type 2 diabetic pa-
tients [6, 7].

Recently [16] chronic magnesium supplementation has
been discussed as a possible beneficial therapeutic ap-
proach increasing both insulin secretion and insulin sensi-
tivity in Type 2 diabetic patients. Since hypomagnesaemia
persists even after marked improvement of glycaemic
control the effects of magnesium administration should be
evaluated in Type 2 diabetic patients in long-term studies.
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