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ABSTRACT INTRODUCTION

Background: Magnesium imbalance, implicated in diabetes Magnesium is known to play an important role in carbohydrate
mellitus both as a cause and a consequence, has not yet besatabolism, and its imbalance has been implicated in diabetes
investigated in subgroups of subjects with malnutrition-relatedmellitus both as a cause and a consequence (1-3). Hypomagne-
diabetes mellitus, which is prevalent in young patients insemia has been observed in both animal (4) and human subjecé,s
tropical developing countries such as Bangladesh. with type 1 and type 2 diabetes mellitus (5-9). Low erythrocyte2
Objective: The present study evaluated the serum and urinarynagnesium has also been reported in type 1 and type 2 dlabe%
magnesium concentrations in groups of young diabetic subjecsubjects (5).

in Bangladesh. A substantial number of diabetic subjects in tropical, develop-
Design: Forty patients newly diagnosed with diabetes [13 withing countries are young, nonketotic, and suffer from a type 0f°
fibrocalculus pancreatic diabetes (FCPD), 13 with protein-defidiabetes termed “malnutrition-related diabetes mellitus”o
cient diabetes (PDDM), and 14 with type 2 diabetes mellitusfMRDM) by the WHO Study Group on Diabetes Mellitus (10). 8
were studied along with 13 healthy control andri&Inour- MRDM is further subclassified into fibrocalculus pancreatic dia-
ished control subjects [body mass index (in k§/m19]. betes (FCPD) and protein-deficient diabetes mellitus (PDDM).Z
Magnesium was measured by atomic absorption SpecAbout 55% (42% for PDDM and 13% for FCPD) of the d|abet|cg
trophotometry. patients in Bangladesh <30y of age have MRDM (11). Althougha
Results: Malnutrition itself was not related to the serum glu- SOMe clinical and biochemical peculiarities of these subject§
cose (fasting: 3.6& 0.74 and 4.1% 0.29 mmol/L; postpran- have been recognized (12-15), the etiopathology of MRDM ISC
dial: 6.30+ 0.41 and 6.0G& 0.24 mmol/L for healthy and mal- still unclear. Even the role of malnutrition in this disease is dIS-
nourished control subjects, respectively) or serum or urlnar)pUted (16). ) ) ) o S
magnesium (serum: 0.780.03 and 0.7% 0.05 mmol/L; uri- In Ilght_of_th(_e evidence of magnesium |m_balance in d_|abet_e§
nary: 232+ 124 and 243t 88 mmol Mg/mol creatinine for mellitus, it is important to study magnesium metabolism |n,\,
healthy and malnourished control subjects, respectively) conMRD'VI which may be associated with malnutrition and conse-
centration. Subjects with FCPD and PDDM had S|gn|f|cantlyquem hypomagpesem|a. No rePO” has yet b_een P“'?“Shed on t%
lower serum magnesium concentrations (PDDM: 0:66.06 serum magnesium concentrations of subjects Wlth. MRDM.
mmol/L, FCPD: 0.66+ 0.07 mmol/L) than those in both con- Mor_eover, no study_ has yet _reported the serum a’.‘d urinary mag-
trol groups. In contrast with 0% of healthy and 7.7% of mal-nesium concentrations of either the normal or diabetic popula-
nourished control subjects, 42.85% of type 2 diabetic subjects tion of Bangladesh. The objective of the present study was to

Ihvestigate th rum and urinary magnesium stat f early-

61.54% of those with PDDM, and 69.23% of those with FCPD estigate the serum and urinary magnesium status of early
. . . nset diabetic subjects in Bangladesh with particular reference to

were hypomagnesemic. Subjects with FCPD and PDDM ha RDM patients

significantly higher urinary excretion of magnesium than the ’

healthy and malnourished control subjects and the type 2 dic

betic subjects. Hypermagnesuria paralleled hypomagnesemia !From the Bangladesh Institute of Research and Rehabilitation in Dia-
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SUBJECTS AND METHODS madzu, Tokyo) using an air-acetylene flame with a single hollow
cathode lamp. Appropriate dilutions of both serum and urine
samples were prepared by adding deionized water. Standard ref-
A total of 40 subjects newly diagnosed with uncomplicated dia-erence materials (Seronorm, trace elements, serum; Nycomed
betes, aged 15-30 y, were selected from the Under 30 Diabetietharma AS, Oslo) were analyzed for each batch to check the
Clinic of the Bangladesh Institute of Research and Rehabilitatiomccuracy of the method. The reproducibility of the method was
in Diabetes, Endocrine and Metabolic Disorders (BIRDEM) Hos-verified by analyzing 10 identical samples; the CV was 2.21%
pital, Dhaka. Subjects’ conditions were diagnosed and classifietbr magnesium.
according to the WHO Study Group guidelines, taking body mass = .
index (BMI; in kg/n¥) <19 as the cutoff point for MRDM (10). In Statistical methods
the FCPD, PDDM, and type 2 diabetic groups there were 13 (4 The differences between groups were analyzed by using
female, 9 male), 13 (4 female, 9 male), and 14 (10 female, 4 malgnalysis of variance (Duncan’s new multiple-range test, signifi-
subjects, respectively. No insulin or other treatments were given toance set aP < 0.05) and the proportion test when applicable.
the subjects until after postprandial blood samples were collectednalysis of variance was calculated by using the SPSS package
Twenty-six age- and sex-matched subjects of similar socioecder Windows (SPSS Inc, Chicago).
nomic backgrounds with no family history of diabetes up to the
second generation served as controls. Of the 26 control subjects
selected, 13 (4 female, 9 male) with BM449 served as healthy RESULTS
control subjects and 13 (5 female, 8 male) with BMIs <19 served .
as malnourished control subjects (10). Glycemic status
Diabetic persons with ketosis, microvascular complications, The mean BMI of the type 2 diabetic group was not signifi- 5
hypertension, or any other chronic diseases revealed by routireantly different from that of the healthy control subjects but was2
clinical and biochemical examinations were excluded from thesignificantly higher than that of the malnourished control sub-z
study. Pregnant women were also excluded. None of the studgcts. Although the degree of undernutrition in the malnourisheo%.
subjects had taken any vitamin or mineral supplements in theontrol subjects was not different from that of the MRDM 2
recent past. patients (groups with FCPD and PDDM), as reflected in their 3
BMils, their blood glucose concentrations, both fasting and 2-
postprandial, were in the normal range and were not significantly
Serum from overnight (12 h) fasting and a postprandialdifferent from those of the healthy control grodplfle 1).
venous blood sample (2 h after a 75-g oral glucose load) were
separated by centrifugation (1300 g for 10 min) within 30  S€rum and urinary magnesium concentrations
min after collection into capped, airtight polyethylene test Serum magnesium concentrations were not significantly dif«<
tubes and were preserved -ad0°C for estimation of serum ferent between the 2 control group&@le 2). Because no dif-
magnesium and other biochemical measures. After overnighference was observed between the healthy and malnourish%l
urine was discarded, fasting urine samples were collected antbntrol groups, values for all the control subjects were pooled®
preserved at 40°C for estimation of urinary magnesium. All and a reference range for the population was calculated by tal&
laboratory wares were washed properly beforehand by following the meart 3 SEMs as the limits. The range was found to beg,
ing a standardized procedure (17). All laboratory reagents use@l70-0.76 mmol Mg/L. ,\,
for determination of magnesium were prepared with distilled, The 2 control groups also did not differ in urinary magnesium-M
deionized water. concentration, and a calculation, similar to that for serum mag
nesium, gave a reference range of 128.04-334.98 mmol Mg/moT
creatinine. Among the 3 diabetic groups, the subjects with FCPD
Serum glucose was measured by using the glucose-oxidased PDDM had significantly lower serum magnesium values
method (Boehringer-Mannheim, Mannheim, Germany) methodthan the control subjects. Subjects with FCPD had the lowest
Serum and urinary magnesium concentrations were estimated lwalues but they did not differ significantly from those of the
atomic absorption spectrophotometry (model AA-680; Shi-other 2 diabetic groups. In contrast with 0% of the healthy con-

Subjects

Collection of samples

ouomnnu‘golgw

Aq

Biochemical methods

TABLE 1
Age, BMI, and fasting and 2-hr postprandial serum glucose concentrations of the study’subjects

Serum glucose

Study groups Age BMI Fasting 2-h Postprandial
y kg/nt mmol/L
Control
Healthy 6 = 13) 24.67+ 3.17 21.56+ 1.50* 3.68+0.74 6.30+ 0.41
Malnourished if = 13) 24,17+ 3,51 17.46+ 0.84 411+ 0.29 6.00+ 0.24
Diabetic
Type 2 diabetesn(= 14) 24,53+ 1.64 23.65¢+ 3.4% 9.92+ 4.6 20.75+ 7.48
FCPD (n=13) 24.23+2.05 15.42+ 2.0 19.13+5.8% 30.01+ 4.01
PDDM (n=13) 24.64+ 3.29 16.33: 1.13 17.24+ 6.2F 30.86+ 7.32"

X + SD. Values with different superscript letters in each column are significantly differer,05 (Duncan multiple-range test). FCPD, fibrocalculus
pancreatic diabetes; PDDM, protein-deficient diabetes mellitus.
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TABLE 2
Serum magnesium concentrations and urinary magnesium excretion
of the study subjects

Study group Serum magnesium Urinary magnesium

assumption that malnutrition plays an important role in the
etiopathology of the disease. In the present study, malnourished
control subjects had blood glucose values that did not differ from
those of the healthy control subjects. The data suggest that
malnutrition, characterized by low BMI, may not give rise to

mmol/L mmol Mg/mol creatinine . . .
glucose intolerance in a straightforward way. However, the pos-

Control ) sibility of undernutrition in utero and in the early stages of life,

I\H/IZ?rI]t:grig;ei?:ﬁ)- 13) %773; g'gg:’ gf’éf égf as suggested by some authors as a cause of diabetes (18), is not
Diabetic e - excluded by this finding. _

Type 2 diabetesn(= 14) 0.70% 0.08b< 264+ 163 The curren_t data also suggest_ that serum magnesium concen-

FCPD (n= 13) 0.66+ 0.07° 625+ 217 trations remain unchanged even in the face of weight loss in non-

PDDM (n = 13) 0.68+ 0.06° 421+ 133 diabetic subjects. The finding of a highly significant reduction of

1X + SD. Values with different superscript letters in each column are_serum magnesium in diabetic patients with similar BMIs (sub-

significantly different,P < 0.05 (Duncan’s multiple-range test). FCPD, Jects W't_h FCPD_ "?md PI?DM) leads to the conclusion that serum
fibrocalculus pancreatic diabetes; PDDM, protein-deficient diabetes mellimagnesium deficiency is a consequence rather than a cause of
tus. diabetes in these patients. The conclusion is further substantiated
by the fact that a significantly larger proportion of diabetic
trol subjects and 7.7% of the malnourished control subjectspatients with much higher BMIs (type 2 diabetic group) showed
42.85% of type 2 diabetic subjects, 61.54% of those withsignificant hypomagnesemia.
PDDM, and 69.23% of those with FCPD had hypomagnesemia The pathophysiologic mechanism of hypomagnesemia in dia-
(Table 3). The percentages in the 3 diabetic groups differecdbetes mellitus has remained controversial, particularly the relag
significantly from those in the healthy and malnourished controtive roles of hyperglycemia and insulin resistance (1, 2, 19-21)2
groups. It may be difficult to show the relation between hyperglycemiaz
Subjects with FCPD and PDDM had significantly higher uri-and serum magnesium at a limited range of hyperglycemia. Th§.
nary excretion of magnesium than did the healthy and malnoupresent study had 2 groups of patients (those with FCPD ang&
ished control subjects or the type 2 diabetic subjects. Among tHeDDM) with considerable hyperglycemia without ketosis and,g
2 MRDM subgroups, the subjects with FCPD excreted signifithus, provided us with a unique opportunity to explore the relaw
cantly more magnesium than those with PDDM. The percentagéon between serum glucose and magnesium and also betweéh
distribution of hypermagnesuria closely paralleled the percentserum glucose and urinary magnesium. Although serum magne:f{
age distribution of hypomagnesemia (control subjects: 7.7%sium and glucose concentrations (fasting and postprandial) digﬁ
type 2 diabetic subjects: 35.7%; subjects with PDDM: 84.62%not show any significant correlation, the close parallelismg
subjects with FCPD: 92.30%). The percentage of subjects withetween percentage of hypomagnesemic and hypermagnesudc
PDDM and FCPD who were hypermagnesuric was significantlycases in the various groups suggests a major role of hyperglyg
higher than that of the healthy and malnourished control subjectemia in the development of hypomagnesemia as a result (‘g
or the type 2 diabetic group; however, the 2 MRDM groups weréncreased magnesium excretion. Detailed study with more reli&
not different from each other (Table 3). In all diabetic subjectsable markers of glycemic status, such as glycated hemoglobirg
serum magnesium did not show any significant correlation withmay help to reveal the relation of serum magnesium to glucos§
either fasting serum glucose £ —0.068,P = 0.676) or post- concentrations in these subjects. ] N
prandial glucoser(= —0.1975,P = 0.222) concentrations. 3
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When MRDM was considered as a third major type of dia-

betes by the WHO Study Group (9), there was an inherent
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