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Summary. In order to study the relation between plas-
ma magnesium and blood glucose concentrations in
diabetes, diurnal profiles were obtained in nine dia-
betic patients and five healthy subjects. A significant
inverse relationship between the two variables was
found in seven of the nine diabetic patients and in one
healthy subject. This could not be attributed solely to
changes in plasma albumin, and its mechanism is un-
clear. Plasma magnesium levels in diabetes are closely
dependent on blood glucose concentration.
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Hypomagnesaemia is a relatively common finding in
diabetes [1, 2] occurring in about 25% of diabetic out-
patients [3]. Its significance is unknown but it may
predispose to diabetic retinopathy [4]. It is associated

Table 1. Clinical details of diabetic patients and healthy subjects

with poor diabetic control and a negative correlation
has been found between plasma magnesium and
blood glucose values in morning samples from 582
diabetic patients [3]. However, little is known of the
relationship between these two variables in individual
diabetic patients. To investigate this, diurnal profiles
of plasma magnesium and blood glucose have been
obtained in diabetic patients and healthy subjects.

Subjects and Methods

Patients

Diurnal profiles of plasma Mg+ and blood glucose concentrations
were obtained from nine diabetic patients and five healthy subjects.
Clinical details are given in Table 1.

Insulin treated patients were taking twice daily injections of in-
termediate and short-acting insulin preparations. Patient 3 had Ad-
dison’s disease, treated with hydrocortisone (10 mg twice daily) and

Patient Age Sex Duration of % Ideal Treatment Insulin dosage
number (years) diabetes body weight?
(years) a.m. . p-m.

(units) (units)®

1 59 F 13 97 Insulin 18/ 0 4/ 8

2 13 E 1 123 Insulin 16/ 8 12/ 8

3 34 F 15 98 Insulin 36/24 0/12

4 77 F 27 120 Insulin 36/12 4/ 0

5 29 M 5 93 Insulin 16/ 8 16/ 8

6 23 F 4 112 Insulin 28/12 12/ 8

7 60 F 15 111 Insulin 16/ 8 8/ 8

g 82 F 14 129 Chlorpropamide 100 mg

9 83 F 4 110 Chlorpropamide 250 mg

10 18 M - 86

{1 22 M - 113

12 25 M - 94

13 23 M - 109

14 25 F - 108

2 Ideal body weight = from Tables of Metropolitan Life Insurance Company (Scientific Tables, 6th ed. Documenta Geigy, p 624)

b Insulin dosage expressed as units of soluble and NPH insulin
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Fig. 1. The relationship between plasma magnesium
and blood glucose concentrations within the diurnal
profile of an insulin treated patient (patient 7).
(r=-0.83, p<0.001)
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Table 2. The mean values of plasma magnesium and blood glucose
during the diurnal profiles and the correlation between the two var-
iables

Patient Plasma magnesium Blood glucose Correlation
number concentration congcentration
(mmol/1) (mmol/T) r p
1 0.745 + 0.029 87143 —0.69  <0.001
2 0.748 = 0.020 74 +19 -0.05 NS
3 0.632 + 0.040 11.0 £ 5.0 -0.43 NS
4 0.759 + 0.028 72+27 -0.54 <005
5 0.784 + 0.025 7.6 + 43 -0.73 <0.001
6 0.788 + 0.025 93 +44 -0.78  <0.001
7 0.756 + 0.028 11.1 + 5.1 -0.83 <0.001
8 0.585 + 0.011 50+ 13 -0.73  <0.001
9 0.652 + 0.013 123 + 2.1 048 <0.05
10 0.754 + 0.018 48 + 09 -0.20 NS
11 0.829 + 0.025 48 + 0.7 -0.10 NS
12 0.865 £ 0.034 45+ 0.8 -0.51 <0.05
13 0.756 + 0.024 50+ 1.2 -0.41 NS
14 0.747 = 0.020 48 £ 04 0.00 NS

Results are expressed as mean + SD; NS = not significant

fludrocortisone (0.1 mg once daily). No other diabetic patients had
complicating medical disorders, nor were receiving additional drug
therapy. None had renal impairment as assessed by plasma creati-
nine concentration and none had significant diabetic complica-
tions, except for patient 4 who had peripheral neuropathy.
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20 22

Methods

On the study day, all subjects attended the ward after breakfast and
insulin or oral hypoglycaemic therapy as appropriate. An IV can-
nula was inserted into the median basilic vein and at least 20 blood
samples were obtained over a 22 — h period at intervals ranging
from 30 min to 2 h. On each occasion 0.5 ml blood was collected in-
to fluoride-oxalate and 10 ml into lithium heparin, from which
plasma was separated and stored at —20 °C. Care was taken to
avoid venestasis. Subjects remained either sitting or lying down for
at least 10 min before blood sampling but were otherwise ambulant
within the confines of the hospital. Meals were given at 1200, 1800
and 0800 h and snacks at 1000, 1500 and 2200 h. Insulin was admin-
istered to the insulin treated diabetic patients at 1730 and 0730 h.
All subjects gave their informed consent to the study.

Plasma Mg?* concentration was estimated by an automated
atomic absorption procedure using a Pye-Unicam SP2900 double
beam spectrophotometer, on line to a Honeywell 316 computer
with a correction applied for drift [5]. Samples from individual pa-
tients were estimated in duplicate within the same batch and in ran-
dom order. The component of variation in plasma Mg?* due to an-
alytical error was assessed by analysis of the duplicates. The stand-
ard deviation of the within batch variation ranged, in different
batches, from 0.008-0.015 mmol/1 in the diabetic patients, and
from 0.013-0.018 mmol/1 in the healthy subjects. The laboratory
normal range for plasma Mg?™ is 0.70-0.92 mmol/1 [3].

Serial plasma albumin and potassinm concentrations were
measured in duplicate in three diabetic patients (Nos.5, 6 and 7).
Glucose, albumin and potassium assays followed standard Techni-
con autoanalyser methods.
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Fig. 2. The mean diurnal profiles of plasma magnesium (O - - - - O)and blood glucose (@———@) concentrations in seven insulin treated

diabetic patients

Results

The data from the diurnal profiles of plasma Mg ™"
and blood glucose concentrations in the diabetic pa-
tients and healthy subjects are summarised in Table 2.
A significant negative correlation was found between
plasma Mg?* and blood glucose in five of the seven
insulin treated diabetic patients and in the two pa-
tients receiving oral hypoglycaemic therapy. The
correlation within one of the insulin treated patients
(No.7) is shown in Figure 1. No significant correla-
tion was found either in patient 2, who showed smalil-
er fluctuations of plasma Mg?* and blood glucose
than the other insulin treated patients, or in patient 3,
who had Addison’s disease. In the healthy subjects
blood glucose did not vary by more than 4.5 mmol/1,
although a significant negative correlation between
plasma Mg?* and blood glucose was found in one
subject. The mean diurnal profiles of plasma Mg?*
and blood glucose in the seven insulin treated patients
(Fig.2) were obtained by calculating mean values of
both variables at each time point. A highly significant
negative correlation (r = —0.82, p = 0.001) was
found between the means of the two variables.

In patients 5,6 and 7, correlation coefficients relat-
ing to magnesium, glucose, albumin and potassium
were obtained (Table 3). Significant correlations were
found between plasma Mg?* and both albumin and
glucose. Multiple regression analyses showed that
when the relationship between Mg?™ and albumin
had been taken into account, the inverse relationship
between Mg?* and glucose remained highly signifi-
cant in all three patients. Positive correlations be-
tween blood glucose and plasma potassium and a
single weak negative correlation between blood glu-
cose and plasma albumin were also found.

The component of individual variability due to
analytical error was calculated from the duplicate as-

Table 3. Correlation coefficients within the diurnal profiles of three
insulin treated patients

Patient Mg**/ Mgt/ Mgt/ Glucose/ Glucose/
number glucose albumin potassium albumin potassium
5 -0.73* 0.61° -0.26 -0.33 0.66*

6 -0.78* 0.58° -0.37 -0.20 0.46°

7 -0.832 0.45¢ -0.53¢ -0.43¢ 0.66°
4=p<0001; *=p<00l; °=p<0.05

says. Observed fluctuations in plasma Mg>* could be
attributed either to analytical factors, or to an addi-
tional ‘biological’ component by deriving the ratio of
overall to analytical variance. The variance ratio was
considerably larger in the diabetic patients than in the
control subjects. This was consistent with a significant
biological component of variation in seven of the
eight diabetic patients, in which data were available,
and in three of the five healthy subjects. In the remain-
ing two controls, no significant biological component
of variation could be demonstrated.

Discussion

The principal finding in this study was the strong in-
verse relationship between plasma magnesium and
blood glucose observed in most of the diabetic pa-
tients. This has not been described previously in dia-
betes. In non-diabetic obese children and adoles-
cents, a significant fall in mean serum magnesium
concentration has been reported following an oral
glucose load, but a smaller decline was found in pa-
tients who had impaired glucose tolerance [6]. In con-
trast with the present study, the mean serum magne-
sium concentration was unchanged following oral
glucose in Japanese non-insulin-dependent (Type 2)
diabetic patients [7].
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The mechanism of the inverse relationship be-
tween plasma magnesium and blood glucose in dia-
betes is unclear. The administration of insulin and
glucose to non-diabetic subjects may lower plasma
magnesium concentration [§] and insulin may en-
hance tissue uptake of magnesium|[9, 10]. However, in
the present study, plasma magnesium concentrations
tended to rise slightly following insulin therapy.

Plasma magnesium may be influenced by altera-
tions in plasma albumin, since it is about 30% protein-
bound, mainly to the albumin fraction [11]. However,
multiple regression analyses showed that the relation-
ship between blood glucose and plasma magnesium
could not be entirely attributed to concurrent changes
in plasma albumin. Further work is required to deter-
mine whether plasma ionised or ultrafilterable mag-
nesium also varies inversely with blood glucose in
diabetes.

Fluctuations in the net renal excretion of magne-
sium may also influence the variability of plasma
magnesium. We have evidence that 24 h urinary mag-
nesium is somewhat greater in insulin treated diabetic
patients than in healthy subjects, despite significantly
lower plasma magnesium concentrations in the for-
mer group [12]. This indicates that the usual interrela-
tionship between plasma magnesium concentration
and urinary magnesium content [13] is altered in dia-
betes, but additional short-term studies are required
to evaluate this further.

The variability of plasma magnesium in the
healthy subjects was no smaller than in the diabetic
patients. This was unexpected, because of the relation
with blood glucose in the latter group, but may be ac-
counted for by the larger analytical component of var-
iation in the healthy subjects than in the diabetic pa-
tients.

We have shown previously [3], that there is a signi-
ficant negative correlation between plasma magne-
sium and blood glucose values in samples from a
large diabetic clinic population. This study shows that
the relationship also pertains within individual dia-
betic patients. The relevance of these findings to the
mechanism and the prevalence of hypomagnesaemia
in diabetes is not entirely clear, partly because only
one of the insulin treated patients in this study was un-
equivocally hypomagnesaemic. The implication of
these results is that improvement in diabetic control
might be associated with an increase in plasma mag-
nesium concentration and possibly decrease the pre-
valence of hypomagnesaemia. Whether or not this
confers any benefit, as has been suggested [14], is cur-
rently unknown.
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