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Magnesium levels in serum and
erythrocytes of children from Kerala
R. RENUKA NAIR, JOHN T. EAPEN,
C. RADHAKUMARY, S. RAJASREE

ABSTRACT
Background. Magnesium is required in higher quantities,

during the phase of rapid growth, in children. Its level in
the ground water in Kerala is low. This can cause mag-
nesium deficiency especially in children from the lower
socio-economic groups who also suffer from nutritional
insufficiency.

Methods. We compared the serum and erythrocyte
magnesium levels of school children from high and low
(agricultural labourers and fisherfolk) socio-economic
groups. These levels were determined using atomic
absorption spectrophotometry. Body mass indices and
haemoglobin levels were used as indirect measures of
nutritional status.

Results. Serum and erythrocyte magnesium levels were
significantly lower in both boys and girls from low socio-
economic groups who also had tower body mass indices.

Conclusion. Nutritional insufficiency is prevalent in children
from the low socio-economic groups and is associated
with low serum and erythrocyte magnesium levels.
Natl Med J India 1995;8:118-20

INTRODUCTION
Magnesium (Mg) plays an important role in most enzymatic
reactions, especially those involving phosphate transfer and
a suboptimal concentration of Mg can, therefore, lead to
functional disturbances. Despite the importance of Mg in
the biological systems, information on its role in human
disorders is limited. Severe Mg deficiency in man is charac-
terized by a number of clinical features including hyper-
excitability and occasional behavioural disturbances, tetany,
convulsive seizures and other nervous abnormalities.'
Symptomatic hypomagnesaemia is rarely due to an inadequate
intake of the element but usually follows pathological states
associated with malabsorption such as gastrointestinal disor-
ders and impaired renal reabsorption. However, chronic,
low grade Mg deficiency may be more common since Mg
levels are not estimated regularly unlike sodium, potassium
or chloride levels.' The role of Mg in disease' is now being
increasingly recognized and Mg deficiency seems to be an
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important cardiovascular risk factor. 2 Cardiac tissue from
patients with endomyocardial fibrosis (EMF), a disease
prevalent in Kerala, contains significantly lower Mg levels
than tissue from unaffected controls.? Also, EMF is especially
predominant in adolescents of the lower socio-economic
classes. Since nutritional deficiencies are more prevalent
among the poor, Mg insufficiency is also more likely to occur
in this group especially because the water in Kerala has a
low Mg content. We conducted a survey to examine whether
the blood Mg levels in children were associated with their
socio-economic status.

SUBJECTS AND METHODS
We estimated blood Mg levels of school children in the age
group of 12-15 years (the period of maximal growth, when
the requirement for Mg is greatest) choosing schools in which
more than 90% of the children belonged to one particular
socio-economic class. Children of professionals or
businessmen who had annual per capita incomes of more
than Rs 15 000 were included in the high income group
(HI G) and children of unskilled workers from the rural areas
who had annual per capita incomes of less than Rs 2000
were included in the low income group (LIG). They were
further sub-divided into:

1. Children of agricultural labourers (LIG-A)
2. Children of fisherfolk living along the coast (LIG-B)

A total of 452 children were studied-296 from the HIG
and 156 from the LIG. Children with any chronic illness or
those who had had medical treatment during one month
prior to the collection of blood samples were excluded.

Information on food habits of the children were recorded
with their height, weight and date of birth. Blood samples
were collected after obtaining parental consent. Two ml of
the sample was used to determine serum Mg levels and
3 ml of heparinized blood for haemoglobin (Hb; spec-
trophotometrically by the cyanmethaemoglobin method)
and erythrocyte Mg levels. Serum and erythrocyte Mg levels
were determined using a standard procedure+ Sera were
separated on the day of collection and stored at -10 "C.
The samples were diluted (1:50) and the levels assayed at
one sitting. Isolated red cells were washed in buffered
saline glucose (pH 7.4) and the dried pellet dissolved in
0.05 N HN03. Mg levels were determined using an atomic
absorption spectrophotometer (Instrumentation Laboratory
Inc., MA, USA) and expressed as lIg/g dry wt.

The data was analysed using the SPSSIPC+ version 4.0
advanced statistics module. Mean values of the variables
studied were compared for the 2 groups and statistical signi-
ficance was determined using Student's t-test. Two-way
analysis of variance was carried out for the variables that
were likely to affect the blood Mg levels in the children.
Income and sex were considered to be the only independent
variables.

RESULTS
The mean age of the children was 13.5 years. The height,
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TABLEI. Comparison of mean (SD) height, weight, body mass
index and haemoglobin levels among children of different
socio-economic groups

Group Body mass index Haemoglobin
(weight/height-) (gldl)

Height
(em)

Weight
(kg)

n

Boys
L1G-A'
L1G-B'
HIG

Girls
L1G-A
L1G-B
HIG

45 142(10.2) 29(5.8)
35 \50(8.8)t 35 (6.9)t

172 156(10.1) 42(10.5)

14(1.2)
16(1.6)t
17(3.0)

12(2.8)
12(3.2)
15(1.6)§

16 (2. 7)t
16(2.3)
17(3.6)

12(2.9)
11(3.1)t
12(1.8)

38 143(6.8)' 31 (6.0)*
38 149(6.0)t 36(6.2>*

124 154(7.0) 40(9.2)

UG low income group UG-A agricultural workers UG-B fisherfolk
HIG high income group • compared to HIG p<O.OI t UG-A v. UG-B p<O.OI
t compared to HIG p<O.05 § sample size 156

TABLEII. Comparison of mean (SD) magnesium levels among
children of different socio-economic groups
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TABLE III. Variables affecting serum magnesium levels-
analysis of variance

Source of
variation

F Significance
level ofF

Degree of Mean square
freedom

Covariates
Body mass index
Haemoglobin

Main effects
Sex
Income

Interaction
Sex x Income
Explained
Residual

Total

2
1
1

2
1
1

1
1
5

430

435

<0.001
<0.001
<0.002

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

6.4
7.0
5.3

73.3
115.5
24.9

20.2
20.2
35.92
0.54

0.95

11.9
12.8
9.8

134.7
212.3
43.9

37.1
37.1
66.0

F Fisher's 'F' statistic

TABLEIV. Variables affecting erythrocyte magnesium levels-
analysis of variance

Group n Serum magnesium Erythrocyte magnesium Source of Degree of Mean square F Significance
(mgldl) (",gigdry wt) variation freedom level ofF

Boys Covariates 2 50094 3.89 0.02
L1G-A 45 1.78 (0.21)' 227 (62) Body mass index 1 97999 7.61 0.006
L1G-B 35 2.78(0.39>* 233 (82) Haemoglobin 1 282 0.02 0.882
HIG 172 3.54 (0.47) 272 (126) Main effects 2 142479 11.06 <0.001

Girls Sex 1 201405 15.64 <0.001
L1G-A 38 2.27 (0.30)' 233 (59)' Income 1 83616 6.49 0.011
L1G-B 38 2.52 (0.25)§ 264 (I02)t Interaction 1 25772 2.00 0.158
HIG 124 3.10 (0.76) 316 (122) Sex x Income 1 25772 2.00 0.158

UG low income group UG-A agricultural workers
Explained 5 82184 6.38 <0.001

UG-B fisherfolk Residual 430 12879HIG high income group • UG-A or UG-B v. HIG p<O.OI
t UG-A v. UG-B p<O.OI t UG-A v. UG-B p<O.05 Total 435 14008
§ UG-A or UG-B v. HIG p<O.05

F Fisher's 'F' statistics

weight, body mass index (BMI) and Hb levels were lower
in children from the LIG than those from the HIG (Table I).
Girls had lower Hb than boys perhaps because 80% of them
had attained menarche.

Serum and erythrocyte Mg levels as well as the BMI were
lower in children of agricultural labourers than those of
fisherfolk (Table II). Analysis of variance (Tables III and
IV) with income and sex as the main effects showed that
serum and erythrocyte Mg levels were associated with BMI
and there was a difference between children of HIG and
LIG for all the variables studied.

DISCUSSION
Mg is a major intracellular cation and has attracted attention
in recent years after it was observed that there was an inverse
relationship between the incidence of heart diseases and
hardness of drinking water. Mg ingested through water is
more readily assimilated by the intestinal tract than if the
same quantity is present in food. Mg intake through drinking
water can, therefore, influence the body Mg levels when
the intake is marginal. 2 The Mg content of water is up to
10 mglL in most places." but in Kerala the Mg content in

shallow groundwater obtained from 345 network observation
wells of the Central Ground Water Board in Thiruvanan-
thapuram was less than 5 mg/L in 76% of samples (personal
communication). Unlike in hard water areas, where 20% to
40% of a person's daily Mg requirement may be provided
by the Mg contained in drinking water,' in soft water areas
the chances of deficiency are higher especially when the
intake of Mg through food is inadequate. Foods rich in Mg
such as cereals, wheat and vegetables were constituents of
the diet in the HIG but not in the LIG, where dietary Mg
may compensate for the low water Mg levels."

A significant difference in Mg levels has been observed
between children from high and low income groups. Serum
and erythrocyte Mg levels are found to be associated with
BMI with economic status and sex as the main effects. BMI
being an indirect measure of nutritional status, nutritional
insufficiency is inferred to be prevalent in children from the
low socio-economic group as the values are significantly
lower than those from the HI G. The data, therefore, suggest
that nutritional insufficiency may be one of the causes for
the low Mg levels seen in poor children. Studies on healthy
Indian populations are not available for comparison but the
serum Mg levels in healthy blood donors of this region



[3.4 (0.7) mgldl in males and 2.9 (0.6) mgldl in females
(unpublished observation)] is comparable to values in
children from the HIG. In a study from Indore, serum and
erythrocyte Mg levels in children with protein-calorie
malnutrition were found to be lower (14-43.uglml) than in
those who were healthy (22-63 ug/ml)."

The Mg levels observed in children from the LIG were
not low enough to produce clinical symptoms! but the
difference between the two groups is interesting in view of
the paucity of information regarding the optimal levels and
the wide range of values in the asymptomatic group.
Whether the lower Mg levels as seen in children from low
socio-economic group, in association with other unfavourable
factors such as infections and metal toxicity enhances their
vulnerability to cardiovascular disorders needs further
investigation.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying cir-
cumstances and resist the attractions of better prospects in western countries
and in the Middle East. They die without their contributions to our country
being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors in a new section 'Obituaries'. We invite short accounts of the
life and work of a recently deceased colleague by a friend, student or relative.
The account in about 500 to 1000 words should describe his education and
training and highlight the achievements as well as the disappointments. A
photograph should accompany this article.

-Editor


