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Background: Magnesium, the second most

abundant intracellular cation, plays a key role

in cellular metabolism. Even though hypomag-

nesemia has been demonstrated in patients with

both type 1 and type 2 diabetes elsewhere,

limited information exists from African patients

with diabetes mellitus.

Methods: This was a cross-sectional study to

assess the prevalence of hypomagnesemia in

Ethiopian patients with type 1 and type 2

diabetes. A total of 159 subjects were included

in the study (44 patients had type 1 diabetes,

69 patients had type 2, and 46 were nondia-

betic controls).

Results: The mean age (6standard error of the

mean) of the subjects with type 1 diabetes, type

2 diabetes, and controls was 30.661.6,

51.361.3, and 29.061.7 years, respectively

(P,.001). Patients with type 2 diabetes were

significantly older than those with type 1

diabetes and controls. Basal C-peptide level

and body mass index were also significantly

higher in patients with type 2 diabetes (P,.001).

The mean magnesium level was significantly

lower in patients with diabetes than in

controls (.846.12 mmol/L vs 1.026.17 mmol/

L, P,.001). Hypomagnesemia was seen in 65%

of the patients with diabetes.

Conclusion: The study showed that patients

with diabetes mellitus have lower levels of

magnesium and are therefore at increased risk

of complications related to magnesium. In light

of these potential complications, we recom-

mend periodic determination of magnesium

levels and appropriate magnesium replace-

ments. (Ethn Dis. 2008;18:147–151)
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INTRODUCTION

Magnesium, the second most abun-
dant intracellular cation, plays a key role
in cellular metabolism. Approximately
50% of total body magnesium is found
in bone. The other half is found
predominantly inside cells of tissues
and organs. Only 1% of magnesium is
found in blood.1 Hypomagnesemia has
been demonstrated in patients with both
type 1 and type 2 diabetes mellitus,2,3

with an incidence of 25%–39%.4,5

Magnesium deficiency in diabetes is
caused primarily by renal magnesium
wasting secondary to glucosuria-induced
osmotic diuresis. The degree of magne-
sium depletion correlates positively with
serum glucose concentration and the
degree of glucosuria.6 Hypomagnesemia
may increase the risk of cardiovascular
abnormalities, such as cardiac arrhyth-
mia, ischemic heart disease, and myocar-
dial infarction.7,8 Although magnesium
is used in the treatment of some
cardiovascular disorders,9–11 the benefi-
cial effect of magnesium replacement in
preventing cardiovascular complications
in patients with diabetes mellitus has not
been proven in long-term studies. More-
over, hypomagnesemia might indicate
the development of diabetes in groups
known to be at high risk, although
correction of low magnesium levels has
not been shown to reduce this risk.12

No studies of magnesium levels have

been conducted in patients with diabetes

in Africa; therefore, we conducted a cross-

sectional study in Ethiopian patients with

type 1 and type 2 diabetes to determine

the prevalence of hypomagnesemia.

METHODS

The study was performed at the

diabetes clinic of the Tikur Anbessa

Hospital, Addis Ababa University,

Ethiopia. Forty-four subjects with type

1 diabetes, 69 subjects with type 2

diabetes, and 46 nondiabetic controls

were included in the study. The classi-

fication and diagnosis of diabetes melli-

tus were made according to World

Health Organization criteria.13 Tikur

Anbessa Hospital is the main national

referral and teaching hospital in the

capital of Ethiopia, Addis Ababa. The

diabetes clinic has more than 2000

registered patients with diabetes. All

subjects with either type 1 or type 2

diabetes who volunteered to participate

in the study and were available for

laboratory examination were included.

None of the subjects took their morning

dose of insulin or oral agents on the day

of examination. Apart from hyperten-

sion, no other significant co-morbidities

were observed in those patients, and

none were smokers.

Information regarding age, type of

diabetes, duration of diabetes, and type

of treatment was collected. Weight and

height were measured for all patients

and were recorded to the nearest

kilogram and centimeter. Blood pres-

sure was measured on the right arm in

the sitting position with a standard

mercury sphygmomanometer. Informed

consent was obtained from each partic-

ipant according to the guidelines of the

Helsinki convention.
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…the beneficial effect of

magnesium replacement in

preventing cardiovascular

complications in patients with

diabetes mellitus has not been

proven in long-term studies.
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We collected 5–10 mL of venous
blood from each subject in the fasting
state. After centrifugation of the blood
samples, the sera were isolated and then
frozen at 220uC. The samples were
then transported to Germany on dry ice
at temperatures reaching 0uC. Within
24 hours, the specimens reached their
destination and were stored at 220uC
until analyzed.

Lipid values (total cholesterol, low-
density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) choles-
terol, and triglycerides) were measured
with a Beckman DU-640 Spectropho-
tometer (Beckman Coulter Company,
Fullerton, Calif, USA). The method
used for the lipid panel was an
enzymatic method from Boehringer-
Mannheim company (Monotest Cho-
lesterol Boehringer-Mannheim Compa-
ny, Ingelheim, Germany). Magnesium
levels were measured with a Flame
Atomic Absorption Spectrophotometer
(Perkin-Elmer Company, Waltham,
Mass, USA). After measurement of
magnesium levels, 50 mL serum was
diluted with 1.25 mL of .1 molar HCl.
Acetylene was used as fuel gas. The
determination was done with reference
curve software. The normal range for
plasma magnesium level is .70–
1.00 mmol/L.

SAS software (SAS Institute, Inc.,
Cary, NC) was used for all statistical
analyses. Data were analyzed as means

plus or minus standard errors of mean

(SEM) for continuous variables and as

frequency and percentage of study

sample for categorical variables. In

evaluating univariate differences, analy-

sis of variance was used to compare

continuous variables such as age and

duration of diabetes; x2 tests were used

Table 1. Characteristics of patients with diabetes and controls

Variable Type 1 (n=44) Type 2 (n=69) Controls (n=46) P value

Age (years) 30.661.63 51.361.33,4 29.061.74 ,.001
Duration of diabetes (years) 7.36.9 8.96.8 - NS
Systolic BP (mm Hg) 116.363.03 133.262.33,4 119.662.84 ,.001
Diastolic BP (mm Hg) 78.163.0 81.461.3 78.261.6 NS
Basal C-peptide .146.053,4 .696.053 .566.054 ,.001
BMI (kg/m2) 20.26.53 23.96.43,4 20.26.54 ,.001
Waist-to-hip ratio .886.013 .946.013 .836.013 ,.001
Cholesterol (mmol/L) 5.76.3 5.26.2 4.864.2 NS
HDL (mmol/L) .976.09 .886.073 1.256.193 .006
Triglycerides (mmol/L) 1.66.2 2.16.13 1.36.23 .006
LDL (mmol/L) 3.46.3 3.26.2 2.86.2 NS
Magnesium (mmol/L) .826.023 .866.024 1.026.023,4 ,.001

* Matching superscripts (34) across the row indicates Tukey HSD planned comparisons were significant at the P,.05 level. All values are mean6SE. Differences regarding age,
systolic blood pressure, basal C-peptide, BMI, waist/hip ratio, HDL cholesterol, triglycerides, and magnesium were significant, as well as their planned comparisons.

Fig 1. Magnesium levels in patients with diabetes mellitus and controls. Note:
Controls have significantly higher magnesium than both type 1 and type 2 patients
with diabetes, F=28.77 (2, 156), P,.001
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to explore the univariate relationships
among categorical variables.

RESULTS

Type 2 diabetes patients were sig-
nificantly older than were patients with

type 1 diabetes and controls (Table 1).
Systolic blood pressure was significantly
higher in patients with type 2 diabetes,

but diastolic blood pressure was similar
in all groups. Basal C-peptide levels,

body mass index, and the waist-to-hip
ratio were significantly higher in pa-

tients with type 2 diabetes. Similarly,
serum triglyceride and HDL cholesterol
levels were significantly higher in type 2

patients, but LDL cholesterol and total
cholesterol were not.

The mean magnesium level was
significantly lower in patients with

diabetes than in controls (.846.12
mmol /L vs 1 .026 . 17 mmol/L ,

P,.001). The levels in type 1 and type
2 patients were similar (.826.13 mmol/

L and .866.02 mmol/L, respectively)
(Figure 1). The overall prevalence of

hypomagnesemia was 65% in patients
with diabetes.

When the different characteristics
were compared among patients with

diabetes, magnesium levels, age, systolic
blood pressure, diastolic blood pressure,

and waist-to-hip ratio were significantly
lower in patients with type 1 diabetes

with the lowest magnesium level
(P,.005). All other variables were

similar among the different magnesium
level categories. The duration of diabe-
tes, sex, and lipid profile of the patients

with diabetes were similar in the
different categories of magnesium levels

(Table 2).

DISCUSSION

We found a high rate of hypomag-
nesemia among patients with diabetes;

these findings concur with those of
other studies,3,14,15 but the magnitude

of hypomagnesemia in our patients is

roughly twice what was observed in

these studies (65% vs 25%–39%).

Diabetes mellitus is one of the most

common causes of magnesium deficien-

cy,16 although the mechanism is not

Table 2. Characteristics of 113 patients with diabetes with different levels of magnesium

Magnesium levels (mmol/L)

Type 1 Diabetes Type 2 Diabetes

P value
,0.7 0.7–0.9 .0.9 ,0.7 0.7–0.9 .0.9
n=7 n=26 n=11 n=5 n=39 n=25

Age (years) 6SE 23.14 31.81 32.1 50.80 52.59 49.32 ,0.001
1.06 2.27 3.60 3.38 2.08 1.68

Gender (% female) 57.14 38.46 40.40 80.00 58.97 64.00 NS
Duration of diabetes (years) 6SE 6.57 7.69 6.70 11.60 8.23 9.28 NS

1.04 1.38 2.06 3.70 0.94 1.35
Systolic BP (mmHG) 6SE 108.33 118.00 123.75 124.00 133.55 134.40 .006

3.07 2.65 14.01 5.10 3.43 4.00
Diastolic BP (mmHG) 6SE 71.67 79.40 81.25 73.60 80.26 84.60 .024

1.67 1.64 4.41 2.23 1.61 1.87
BMI (kg/m2) 6SE 20.93 20.44 19.27 24.70 24.48 23.13 ,0.001

1.15 0.58 1.03 2.74 0.68 0.72
Waist/hip ratio 6SE 0.85 0.89 0.89 0.92 0.94 0.93 0.002

0.02 0.01 0.02 0.02 0.01 0.01
Cholesterol (mmol/L) 6SE 5.89 5.69 5.38 5.22 5.27 5.20 NS

0.62 0.51 0.55 0.82 0.26 0.25
HDL (mmol/L) 6SE 1.02 1.02 0.80 1.10 0.83 0.90 NS

0.08 0.08 0.08 0.13 0.05 0.10
Triglyceride (mmol/L) 6SE 1.03 1.51 2.38 1.74 1.90 2.36 NS

0.23 0.14 0.86 0.40 0.19 0.26
LDL (mmol/L) 6SE 3.52 3.37 3.32 3.13 3.25 3.20 NS

0.64 0.42 0.52 0.67 0.19 0.24

Notes: All values are expressed as mean6SE.
For significant main effect ANOVAs, the highest and lowest values are denoted in italics. Considering the low sample sizes in some cells, the data are more descriptive in

nature, and significance levels should be interpreted with caution.

We found a high rate of

hypomagnesemia among

patients with diabetes; these

findings concur with those of

other studies,3,14,15 but the

magnitude of

hypomagnesemia in our

patients was roughly twice

what was observed in these

studies …
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completely known. Hypomagnesemia is

related to poor metabolic control, which

is attributed to increase in urinary

magnesium loses,6 and although we

did not determine glycosylated hemo-

globin levels in our patients, poor

diabetic control might be an additional

factor for their hypomagnesemia. Other

factors, however, including vomiting,

diarrhea, low sodium intake, and di-

uretic use may play a role in magnesium

deficiency in diabetes.

Recent evidence suggests that insu-

lin, enhances the transport of magne-

sium into cells; thus, lack of insulin may

result in an intracellular magnesium

deficit.17,18 However, in states of insulin

resistance, insulin-induced cellular entry

of magnesium is impaired.19–21 A recent

study showed that pioglitazone, an

insulin sensitizer, increases free magne-

sium concentration in insulin-respon-

sive tissues such as adipocytes.22 How-

ever, whether hypomagnesemia precedes

or follows insulin resistance is not

clear.23,24 Additionally, reduced magne-

sium intake may contribute to magne-

sium deficiency in patients with diabe-

tes. A large portion of the US pop-

ulation consumes less magnesium than

is recommended.25 Similarly, 80% of

patients with diabetes in Denmark

consume less magnesium than is rec-

ommended.26 In Ethiopia, a country

with a widespread famine and drought,

a large portion of the population is

malnourished. Therefore, a magnesium-

deficient diet might have contributed to

the high prevalence of hypomagnesemia

observed in our patients.

Magnesium levels have been shown

to be inversely related to both systolic

and diastolic blood pressure.27 Contrary

to this finding, diastolic blood pressure

in our patients was significantly lower in

those with diabetes and low magnesium

levels, and systolic blood pressure

showed a similar trend.

Low magnesium is linked to a

higher incidence of ischemic heart

disease and cardiac death,5,6,28 and

magnesium deficiency in skeletal muscle

has been observed in patients who had a
myocardial infarction.29 Intravenous
magnesium therapy during acute myo-
cardial infarction has been shown to
significantly reduce cardiac arrhyth-
mias.30 Diabetes patients with magne-
sium deficiency are at an increased risk
of cardiovascular death, but none of
these cardiac complications were seen in
our patients, and although hypomagne-
semia is associated with low HDL
cholesterol, high total cholesterol, and
triglyceride levels,31,32 hypomagnesemia
was not associated with dyslipidemia in
our study. We were unable to determine
calcium, phosphate, and vitamin D
levels in our patients.

In conclusion, our patients with
diabetes have significant magnesium
deficiency and thus might be at in-
creased risk of related complications.
We recommend periodic determination
of magnesium levels and appropriate
magnesium replacement. To examine
the effect of magnesium replacement on
outcomes, a long-term prospective study
is needed.
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