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The Effect of Serum Magnesium Levels and Serum Endothelin-1 Levels
on Bone Mineral Density in Protein Energy Malnutrition
CF Ozturk1, C Karakelleoglu1, Z Orbak1,2, L Yildiz3
ABSTRACT

An inadequate and imbalanced intake of protein and energy results in protein-energy malnutrition
(PEM). It is known that bone mineral density and serum magnesium levels are low in malnourished
children. However, the roles of serum magnesium and endothelin-1 (ET-1) levels in the pathophysiology of bone mineralization are obscure. Thus, the relationships between serum magnesium and ET1 levels and the changes in bone mineral density were investigated in this study.
There was a total of 32 subjects, 25 of them had PEM and seven were controls. While mean serum
ET-1 levels of the children with kwashiorkor and marasmus showed no statistically significant
difference, mean serum ET-1 levels of both groups were significantly higher than that of the control
group. Serum magnesium levels were lower than normal value in 9 (36%) of 25 malnourished children.
Malnourished children included in this study were divided into two subgroups according to their serum
magnesium levels. While mean serum ET-1 levels in the group with low magnesium levels were significantly higher than that of the group with normal magnesium levels (p < 0.05), mean bone mineral
density and bone mineral content levels were significantly lower (p < 0.05).
In conclusion, many factors play a role in the pathophysiology of changes in bone mineral density
in malnutrition. Our study suggested that lower magnesium levels and higher ET-1 levels might be
important factors in changes of bone mineral density in malnutrition. We recommend that the malnourished patients, especially with hypomagnesaemia, should be treated with magnesium early.
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Efecto de los Niveles Séricos de Magnesio y los Niveles Séricos de Endotelina-1 sobre
la Densidad Mineral Ósea en la Malnutrición Calórico-proteica
CF Ozturk1, C Karakelleoglu1, Z Orbak1,2, L Yildiz3
RESUMEN

El consumo inadecuado y desbalanceado de proteínas y calorías energía conduce a la malnutrición
calórico-proteica (MCP). Se sabe que la densidad mineral ósea y los niveles séricos de magnesio son
bajos en los niños malnutridos. Sin embargo, no está claro el papel que desempeñan los niveles séricos
de magnesio y los niveles séricos de endotelina-1 (ET-1) en la patofisiología de la mineralización del
hueso. Por consiguiente, las relaciones entre los niveles séricos de magnesio y los niveles séricos de
ET-1, y los cambios en la densidad mineral ósea, constituyen el objeto de investigación de este estudio.
Hubo un total de 32 sujetos; 25 de ellos tenían DCP y 7 eran considerados. Si bien los niveles séricos
promedios de ET-1 de los niños con kwashiorkor y marasmo no mostraron diferencia estadística
significativa, los niveles séricos promedio de ET-1 de ambos grupos fueron significativamente más
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altos que los del grupo de control. Los niveles séricos de magnesio estuvieron por debajo del valor
normal en 9 (36%) de 25 niños malnutridos. Los niños malnutridos incluidos en este estudio fueron
divididos en dos sub-grupos según sus niveles de magnesio en suero.
Mientras que los niveles séricos promedio de ET-1 en el grupo con niveles bajos de magnesio fueron
significativamente más altos que los del grupo con niveles normales de magnesio (p < 0.05), la
densidad mineral ósea promedio y los niveles promedio del contenido mineral óseo fueron
significativamente más bajos (p < 0.05).
En conclusión, muchos factores juegan un papel en la patofisiología de los cambios en la densidad
mineral ósea por la malnutrición. Nuestro estudio sugirió niveles más bajos de magnesio y niveles más
altos de ET-1 podrían ser factores importantes en los cambios de densidad mineral ósea en la malnutrición. Se recomienda que los pacientes malnutridos, especialmente a causa de hipomagnesemia, sean
tratados con magnesio lo más pronto posible.
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INTRODUCTION
Inadequate and imbalanced intake of protein and energy
results in protein-energy malnutrition (PEM). Although
PEM occurs more frequently in low-income countries,
numerous children from higher-income countries are also
affected, including children from large urban areas and of
low socio-economic status, children with chronic diseases,
and children who are institutionalized.
Malnutrition is “the syndrome that results from the
interaction between poor diets and disease and leads to most
of the anthropometric deficits observed among children in
the world’s less developed countries” (1). Kwashiorkor,
marasmus and marasmic-kwashiorkor represent three clinical
forms of serious protein-energy malnutrition. Marasmus results mainly from an inadequate intake of calories. Kwashiorkor is very limited protein intake (2).
Protein-energy malnutrition results in not only high
mortality but also morbidity and suboptimal neurological
development. It is known that hypomagnesaemia is a frequent complication in PEM. In malnutrition, insufficient
magnesium (Mg) is related to less intake in diet, diarrhoea,
vomiting, long-lasting liquid therapy and insufficient protein.
On the other hand, osteopaenia and osteoporosis are the
other complications of PEM. In our previous study, it was
found that bone mineral density (BMD) was lower in
children with malnutrition than in controls and mineralization was significantly affected by the severity of malnutrition
(3). But the pathophysiology of insufficient mineralization
in malnutrition is still not fully understood. The role of
serum magnesium and endothelin-1 (ET-1) levels in the
patho-physiology of bone mineralization are obscure. Thus,
the relationships between serum magnesium and ET-1 levels
and the changes in bone mineral density were investigated in
malnutrition.

SUBJECTS AND METHODS
There was a total of 32 subjects: 25 children with malnutrition and seven healthy controls. Twenty of the children
with malnutrition had marasmus (80%), the others had
kwashiorkor (20%). In study groups, malnutrition was not
related to malabsorption. By medical history, there were data
with regards to the insufficient diet and nutrition in children
with marasmus and kwashiorkor. All children were white.
The healthy subjects were normally growing children free of
chronic disease and who had not received any prior therapy
with a known effect on bone metabolism. The mean age in
children with malnutrition (4.6 ± 2.7 months for marasmus,
6.1 ± 3.6 months for kwashiorkor) and healthy controls (6.2
± 3.3 months) was similar. In groups, the female:male ratio
was similar.
Using the Wellcome Classification (4), marasmus was
diagnosed in 20 children and kwashiorkor in five. Weights
were measured using the same equipment, by the same
observer. Weight was measured to the nearest 10 g using a
digital electronic instrument (Seca 727 Digital Baby Scale,
serial interface RS 232, Seca Corporation, Vogel&Holke,
Germany). Subjects were naked when weighed. Data were
evaluated using standard weight and length measurements
for Turkish children developed by Neyzi et al (5). Intraobserver differences were of the order of ± 5% and were not
statistically significant.
Venous blood samples of children were collected from
the antecubital vein for serum Mg and ET-1 measurements.
Samples were immediately centrifuged, separated and stored
at -80°C until assay. Bone mineral densitometry for each
case was measured by dual-energy X-ray absorptiometry
(DXA) method.
Serum magnesium levels of patients and controls were
studied by spectrophotometrical xylidyl blue method (Olympus AU2700 autoanalyzer, commercially available Boehrin-
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ger Mannheim System kit). The reference range was accepted as 1.71–2.5 mg/dL. Endothelin-1 levels were studied by
the ELISA method (BioTEK Power-WXS, commercially
avail-able kit; catalog No. 900–022).
Bone mineral density can be evaluated by DXA which
is a noninvasive method and has lower radiation dose (under
3 mRem), higher accuracy and precision, and shorter scanning time. This method is the most appropriate method for
evaluating the BMD in children (6, 7). Bone mineral density
was measured by a Hologic QDR 4500 Elite densitometer
(Hologic, Inc, Waltham, MA, USA) which uses an X-ray
tube as the radiation source. During the measurements, the
child was supine, and the physiological lumbar scoliosis was
flattened by elevation of the knees. The system scans the
lumbar spine in a rectilinear way. The scanning time for the
region of interest (L1-L4) ranges from 3–7 minutes. Results
for vertebrae L-1 to L-4 were averaged to obtain the patient’s
total vertebral bone mass. All images were processed by the
same investigator. The results were expressed as BMD in
grams per cm2 and bone mineral content (BMC) in grams.
Table 1:

Informed consent was obtained from parents. This
study was approved by the Ethics Committee of the Faculty
of Medicine, Atatürk University.
Statistical analyses were perfomed with the help of
SPSS/PC (version 11) programme. Mann-Whitney U and
Kruskal-Wallis tests for comparison of means of each group;
Spearman’s correlation analysis for evaluation of the relations among parameters were used. A p-value of < 0.05 was
considered significant.

RESULTS
Serum mean ET-1, Mg levels of groups and statistical differences are shown in Table 1. While mean serum ET-1
levels of the children with kwashiorkor and marasmus
showed no statistically significant difference, mean serum
ET-1 levels of both groups were significantly higher than that
of the control group. When serum Mg levels were evaluated,
they were similar for the three groups.
The mean BMD, BMC measurements of lumbar spine
and statistical differences for the groups are presented in
Table 2.

Mean ± SD and significance values for serum endothelin-1 and magnesium
levels for each group

Endothelin-1
(pg/mL)

Mean ± SD
p

Magnesium
(mg/dL)

Mean ± SD
p

Table 2:
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Marasmus
n = 20

Kwashiorkor Malnutrition
n=5
n = 25

44.9 ± 14.9 38.6 ± 8.91
Marasmus – Kwashiorkor
Marasmus – Control
Kwashiorkor – Control
Malnutrition – Control

2.05 ± 0.32 1.86 ± 0.46
Marasmus – Kwashiorkor
Marasmus – Control
Kwashiorkor – Control
Malnutrition – Control

43.7 ± 14.0
p > 0.05
p < 0.001
p < 0.05
p < 0.01

2.02 ± 0.35
p > 0.05
p > 0.05
p > 0.05
p > 0.05

Control
n=7

24.4 ± 9.9

2.2 ± 0.41

Mean ± SD and significance values for BMD and BMC measurements for each
group

BMD
(g/cm2)

Mean ± SD
p

BMC
(g)

Mean ± SD
p

Marasmus
n = 20

Kwashiorkor Malnutrition
n=5
n = 25

0.18 ± 0.71 0.22 ± 0.72
Marasmus – Kwashiorkor
Marasmus – Control
Kwashiorkor – Control
Malnutrition – Control

1.76 ± 0.42 2.31 ± 1.05
Marasmus – Kwashiorkor
Marasmus – Control
Kwashiorkor – Control
Malnutrition – Control

BMD – bone mineral density, BMC – bone mineral content

0.19 ± 0.07
p > 0.05
p < 0.01
p > 0.05
p < 0.01

1.87 ± 0.61
p > 0.05
p < 0.001
p > 0.05
p < 0.001

Control
n=7

0.25 ± 0.57

3.09 ± 0.48
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Serum magnesium levels were lower than normal value
in 9 (36%) of 25 malnourished children. Malnourished children included in this study were divided into two subgroups
according to their serum magnesium levels. While mean
serum ET-1 levels in the group with low magnesium levels
were significantly higher than that of the group with normal
magnesium levels (p < 0.05), mean BMD and BMC levels
were significantly lower [p < 0.05] (Table 3).
Table 3:

Mean ± SD and significance values for serum ET-1, Mg, BMD
and BMC measurements according to serum magnesium levels

Mg (mg/dL)
ET-1 (pg/mL)
BMD (g/cm2)
BMC (g)

Mg level: low
n=9
1.66 ± 0.31
53.81 ± 15.54
0.16 ± 0.03
1.54 ± 0.29

Mg level: normal
n = 16
2.21 ± 0.18
38.04 ± 9.43
0.21 ± 0.08
2.06 ± 0.68

p

< 0.001
< 0.05
< 0.05
< 0.05

DISCUSSION
In a previous study, we found elevated plasma ET-1 levels in
eclamptic – pre-eclamptic mothers and their newborns (8).
In the present study, high ET-1 levels were detected in
malnutrition. No data are available on the possible changes
in ET-1 levels during severe malnutrition – chronic starvation. Messaoudi et al (9) investigated ET-1 concentrations in
obese patients during an eight-day period of very low calorie
diet and they found that there was no significant variation in
ET-1 concentrations, which remained within the normal
range (9). However, this study was different from ours
because the starvation period was shorter.
Nutrition, and specifically adequacy of protein and
energy intake, is important in several ways. Firstly, malnutrition predisposes to falls. Secondly, a soft-tissue mass over
bony prominences distributes the energy sustained in falls
and thereby reduces point loads on bone (10). We evaluated
malnourished patients together, both BMD and BMC
measurements were lower than those of controls. This result
was expected (3). When the BMD measurements of both
malnourished groups were compared with that of controls,
the marasmic cases were lower than the control group, but
not the kwashiorkor group. The causes of low BMD and
BMC measurements in kwashiorkor may be related to the
low number of cases, hypoproteinaemia induced generalized
oedema, and the changes of body composition during
kwashiorkor.
In the present study, serum Mg levels were lower in
malnutrition than in controls, but was not significant. Serum
magnesium levels were also lower than normal value in 9
(36%) of 25 malnourished children. Singla et al (11) reported that serum magnesium levels were significantly low in
children with moderate and severe malnutrition in 46 malnourished and 12 healthy children aged three months to five
years and nearly half of the marasmic children had serum
magnesium levels in the hypomagnesaemic range.

Dietary Mg deficiency has also been implicated as a
risk factor for osteoporosis (12). In premenopausal women,
one study found a significant correlation between the BMD
of the lumbar spine and Mg intake (13). Another study of
premenopausal women found a positive correlation between
the BMD of the forearm, but not of the femur or spine and
Mg intake (14). In pre-adolescent girls, Mg intake was positively related to quantitative ultrasound properties of the
bone; this finding suggested that Mg was important in
skeletal growth and development (15). On the other hand, in
a small uncontrolled trial, a significant increase in the bone
density of the proximal femur and lumbar spine was found in
a patient with gluten-sensitive enteropathy who received Mg
for two years (16). Several potential mechanisms may contribute to Mg-deficiency-induced bone loss (17, 18): i. low
Mg enhances the release of substance P which then
stimulates tumour necrosis factor-alpha (TNFα) and interleukin-1 beta (IL-1β) production by monocytes that in turn
activate osteoclast; іі. the development of oxidative stress
during low Mg levels may increase oxyradicals that may also
induce osteoclastic bone resorption; iii. decreased PTH secretion and/or decreased 1,25(OH)2-vitamin D production secondary to hypomagnesaemia may decrease osteoblast bone
formation (17). Magnesium also affects crystal formation. It
is not directly incorporated into the hydroxyapatite crystal
but binds to the crystal surface, leading to smaller crystals
and denser bone. A lack of Mg results in a larger
hydroxyapatite crystal which may affect bone stiffness and/or
hardness (19). We suggested that hypomagnesaemia is an
important complication of PEM, resulting in osteoporosis
and increased skeletal fragility.
In one study, Weglicki et al (20) developed a rodent
model of diet-induced magnesium-deficiency. During the
development of histologically defined cardiac lesions, the
magnesium-deficient rodents exhibited dramatic elevations
of the macrophage-derived inflammatory cytokines together
with significantly elevated circulating levels of the endothelial cell-derived cytokine, endothelin. Endothelin-1 may
play a role in the promotion of cardiovascular pathology
associated with Mg deficiency.
Magnesium-deficiency results in two predominant
vascular complications: development of cardiomyopathic
lesions and altered vascular tone with accompanying
vascular spasm (20). In another study by the same authors, it
was reported that free radicals participated in cardiomyopathic lesion formation (21). However, significantly elevated
levels of inflammatory cytokines in the circulation suggest
that the inflammatory state is not restricted to localized tissue
reactions (22). On the other hand, patients with hypomagnesaemia are at high risk for potentially life-threatening
vascular spasm (20). A release of TNFα and IL-1 was seen
at approximately one week after initiation of a low Mg diet
in mice (23). It was speculated that IL-1 can stimulate
endothelial cells to produce and release endothelin (20).
While the mechanism is poorly understood, endothelin is
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known to have effects on vascular tone. What is the clinical
importance of high serum endothelin-1 level? Laurant et al
(24) reported that magnesium deficiency increases vasoconstrictor activity without affecting blood pressure of aged
spontaneously hypertensive rats. Epidemiological studies of
populations living in areas of low Mg intake have consistently shown a higher cardiovascular morbidity. An experimental study showed that magnesium deficiency was
associated with increased ET-1 levels and with significant
proaggregatory and coagulation alterations (25). Magnesium
deficiency contributes to not only increased cardiovascular
disease but also impaired haemostatic profile. Hypomagnesaemia and elevated serum ET-1 levels in malnutrition may
be related to cardiovascular disease in older ages. While the
present data do not confirm a primary or secondary role of
ET-1 in the pathophysiology of Mg deficiency, the detection
of elevated ET-1 levels in the circulation of Mg deficient
patients indicates a generalized pro-inflammatory state.
Magnesium-deficiency associated ET-1 may be a common
initiator of pathological events associated with both formation of cardiomyopathic lesions and altered vascular tone.
Thus, we think that additional studies are needed to define
the pathophysiology and clinical importance of hypomagnesaemia and elevated endothelin-1 levels.
Several factors produced by endothelial cells may
affect osteoblast function or differentiation and that osteoblasts not only express receptors for endothelial-derived factors but also produce paracrine factors that influence endothelial cell function (26, 27). One of the important factors
involved in this communication is ET-1. It is a 21-aminoacid peptide. Endothelin, which is synthesized by vascular
endothelium, is one of the most powerful vasoconstrictor
substances known (28). Osteoblasts also produce ET-1 (29).
Several studies showed that ET-1 stimulates osteoprogenitor
proliferation and differentiation and recommended that ET-1
affects vascular endothelial growth factor-A production, an
important mediator of the angiogenic process required for
bone formation and repair (30–31). However, little information is available about the effects of ET on the differentiation and mineralization of osteoblastic cells. Hiruma et
al (33) proposed that ET-1 might act as a local factor to
inhibit the maturation and mineralization of osteoblastic cells
via an interaction with the ETA receptor (A-type receptor for
ET), with generation of IP3 (inositol 1, 4, 5-triphosphate) as
the intracellular signal (33).
In conclusion, many factors play a role in the pathophysiology of changes in bone mineral density in malnutrition. Our study suggested that lower magnesium levels
and higher ET-1 levels might be important factors contributing to the changes of bone mineral density in malnutrition.
So, we suggest that hypomagnesaemia in malnutrition causes
the elevated ET-1 levels and then elevated ET-1 level also
causes impaired bone mineralization. We recommend that
malnourished patients, especially with hypomagnesaemia,
should be treated with Mg early.
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