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Abstract: The primary objective of this study was to determine the clinical improvement after oral magnesium (Mg
2+

) 

supplementation in severely malnourished children. The specific objectives were to observe the changes in clinical sign-

symptoms between Mg
2+

 supplemented and un-supplemented group and to see serum Mg
2+

 level before and after oral Mg
2+

 

supplementation. This observational study was conducted in three tertiary level hospitals in Dhaka city involving 60 severely 

malnourished children of 6-59 months of age by non-probability purposive sampling from July’2016 to June’2018. Children 

were divided into two groups; Group I was given standard management for severe acute malnutrition according to the national 

guideline, Group II received similar treatment plus oral Mg
2+

 supplementation. Improvement of the clinical profile and the 

serum Mg
2+

 level was observed in children treated with Mg
2+

 supplementation. The mean age of Group I children was 

21.13±13.02 months and Group II was 22.52±12.13 months. Male female ratio was 1.2:1. Statistically significant improvement 

was observed in case of nausea/vomiting, appetite, generalized weakness and weight gain (p<0.01). Appearance, diarrhea, skin 

changes and edema also improved in Mg
2+

 supplemented group but the results were not significant. Post-treatment serum Mg
2+

 

levels were significantly different in Group I and Group II i.e., 1.52±0.27mg/dL Vs 2.03±0.31mg/dL respectively (p<0.001). It 

was observed that oral Mg
2+

 supplementation improved clinical outcome in severely malnourished children. Further large scale 

randomized control trial is needed to more precisely delineate the beneficial role of oral Mg
2+

 supplementation in severely 

malnourished children. 
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1. Introduction 

Malnutrition continues to be a major public health 

problem throughout the developing world. Diets in 

populations are frequently deficient in macronutrients, 

micronutrients or both [1]. Malnutrition, with its two 

constituents of protein–energy malnutrition and 

micronutrient deficiencies, continues to be a major health 

burden in developing countries [1]. The national child 

nutrition survey conducted in 2014 demonstrated that 36% 

of children under 5 are stunted, 14% are wasted and 33% 

are underweight [2]. Among the South Asian countries 

prevalence of ‘wasting’ in Bangladesh is 11.6%, India 18%, 

Pakistan 11%, Nepal 11%, Srilanka 14%, Bhutan 4%, and 

Maldives 17%
3
. Protein-energy malnutrition usually 

manifests early in childhood between 6 months to 2 years of 

age and is associated with early weaning, delayed 

introduction of complementary foods, a low-protein diet 

and severe or frequent infections [1]. 

Micronutrient deficiencies affect at least 2 billion people 

worldwide [4]. Out of important micronutrients, magnesium 

(Mg
2+

) is gaining recognition as a clinically important 

electrolyte. Magnesium is the fourth most abundant cation in 

the body, behind sodium, potassium, and calcium and the 

third most common intracellular cation [5]. Magnesium plays 

an essential role in numerous cellular reaction [6, 7] 

including oxidative phosphorylation, enzymatic reaction, 

nucleic acid metabolism, protein synthesis and others [8], 

important for the generation of energy from ATP [9]. It has 

an important role in membrane stabilization, nerve 

conduction, ion transport and calcium channel activity [10]. 

Magnesium deficiency may thus result in a variety of 

metabolic abnormalities and clinical consequences [10]. The 

normal serum Mg
2+

 concentration ranges between 0.75 to 

0.95mmol/L (1.7-2.2mg/dl) [10]. Magnesium depletion in 

malnourished children may remain asymptomatic or may 

produce symptoms such as anorexia, nausea, muscular 

weakness, lethargy, weight loss, tremor, athetoid movement, 

seizure and psychomotor changes [4, 7]. The catch up growth 

associated with recovery from protein-energy malnutrition 

(PEM) is achieved only if Mg
2+

 supply is increased 

substantially [7, 11]. This observation assumes considerable 

significance in malnourished children whose Mg
2+

 is 

frequently poor [7, 11].  

The measurement of serum Mg
2+

 is a useful test to detect 

Mg
2+

 deficiency in routine clinical practice. Although Mg
2+

 

status can reliably be assessed by balance studies, load tests, 

and muscle biopsy, these tests are difficult to perform and 

time consuming [11]. Trials of Mg
2+

 supplementation have 

been small and the results were inconclusive [12]. With this 

view, the aim and objective of this study was to observe the 

clinical improvement after oral Mg
2+

 supplementation in 

severely malnourished children. 

2. Materials & Methods 

This hospital-based observational study was conducted in 

the department of pediatrics of three tertiary level hospitals in 

Dhaka city- Bangabandhu Sheikh Mujib Medical University, 

Dhaka Medical College Hospital, and Ad-din Hospital 

involving 60 severely acute malnourished children of 6-59 

month from July’2016 to June’2018. Children fulfilled the 

WHO criteria for severe acute malnutrition i.e., symmetrical 

edema (edematous malnutrition) or weight-for-height z score 

<-3 (<70% of NCHS median) were included by non-

probability purposive sampling. Children were divided into 

two groups: Group I consisted of 30 children and was treated 

according to the national guideline for severe acute 

malnutrition (SAM) without magnesium supplementation. 

Group II consisted of 30 children and was treated with the 

same protocol along with oral Mg
2+

 supplementation as 

combined mineral vitamin mix (CMV). Detailed history 

related to malnutrition was taken in a pre-structured 

questionnaire. Special emphasis was given on the history of 

protein & calorie intake, vitamin & mineral consumption 

including magnesium before enrollment in this study. Pre-

treatment serum Mg
2+

 level was estimated in both groups. 

One scoop of CMV contains 146mg of Mg
2+

 along with other 

minerals and vitamins. One scoop of CMV was dissolved in 

40ml of water and then 20ml of the prepared solution was 

added to each liter of F-75/F-100 formula. So, each 100ml 

and 130ml of F-75/F-100 formula contained 7.3mg and 

9.49mg of Mg
2+

 respectively. Thus an average intake of Mg
2+

 

was 7.3mg/kg/day–14.6mg/kg/day (0.3mmol/kg/day-

0.6mmol/kg/day) throughout the initial 2 weeks of treatment. 

Both the groups were treated with routine antibiotics in 

adequate doses. On day-14 of admission, each patient of both 

the groups was followed-up to observe the clinical 

improvement and the findings were recorded. Post-treatment 

serum Mg
2+

 level was also estimated on day-14. Informed 

written consent was taken prior to the study and ethical 

clearance was taken from appropriate authority. Statistical 

analysis was done by SPSS 10. 

3. Results 

The age and sex distribution of the studied children [T-1] 

were comparable. The mean age of Group I children was 

21.13±13.02 month and Group II was 22.52±12.13 month. In 

Group I, male & female were equal in number and in Group 

II male were 18 (60.0%) and female were 12 (40.0%). 

Table 1. Distribution of age and sex of the study population (n=60). 

Variables Group-I n=30 Group-II n=30 p value 

Age (Months) 

Range 7-48 6-59 
>0.50€ 

Mean ± SD 21.13±13.02 22.52±12.13 

Sex (Number/percent) 

Male 15/(50.0) 18/(60.0) 
>0.10¥ 

Female 15/(50.0) 12 (40.0) 

Statistical comparison between groups: €Unpaired Student's 't' test, 
¥Chisquare test. p values were not significant. 

Clinical profile of the studied children was shown in Table 

2. Before treatment diarrhea was present in 17 (56.7%) 
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children in Group I and 23 (76.7%) children in Group II. The 

difference was not significant. After treatment, diarrhea was 

improved in both the groups but much improvement was 

noted in Group II. Nausea/vomiting was seen in 22 (73.3%) 

and 16 (53.3%) children respectively in Group I and Group II 

before treatment. After treatment, this was improved 

completely (100%) in Group II and (76.7%) in Group I 

(p<0.01). Poor appetite was noted in 25 (83.3%) in Group I 

and 22 (73.3%) in Group II patients before treatment which 

was comparable. After treatment appetite was improved 

significantly in Mg
2+

 supplemented group (p<0.01). 

Table 2. Clinical profile before and after Mg2+ supplementation (n=60). 

Variables Group-I (n=30) Number/percent Group-II (n=30) Number/percent p value 

Diarrhea 

Present in Day 1 17/(56.7) 23/(76.7) >0.100¥ 

Present in Day 14 1/(3.3) 1/(3.3) >1.000¥ 

Nausea/vomiting 

Present in Day 1 22/(73.3) 16/(53.3) >0.108¥ 

Present in Day 14 7/(23.3) 0 <0.005¥** 

Appetite (Day 1)   >0.10¥ 

Hungry 3/(10.0) 6/(20.0)  

Normal 2/(6.7) 2/(6.7)  

Poor 25/(83.3) 22/(73.3)  

Appetite (Day 14)   <0.003¥** 

Hungry 9/(30.0) 21/(70.0)  

Normal 13/(43.3) 8/(26.70)  

Poor 8/(26.7) 1/(3.3)  

Appearance (Day 1)   >0.50¥ 

Normal 1/(3.3) 0  

Apathetic 5/(16.7) 4/(13.3)  

Irritable 24/(80.0) 26/(86.7)  

Appearance (Day 1)   >0.05¥ 

Normal 27/(90.0) 30/(100.0)  

Apathetic 0 0  

Irritable 3/(10.0) 0  

Generalized weakness 

Present in Day 1 30/(100.0) 30/(100.0)  

Present in Day 14 15/(50.0) 2/(6.7) <0.001¥*** 

Skin changes 

Present in Day 1 5/(16.7) 5/(16.7) >0.50¥ 

Present in Day 14 2/(6.7) 0 >0.10¥ 

Symmetrical edema 

Present in Day 1 15/(50.0) 16/(53.3) >0.50¥ 

Present in Day 14 0 0  

Weight gain (gm/kg/day)®   0.006€*** 

Range 3.0-7.0 0.0-28.0  

Mean ± SD 9.27±3.15 13.16±6.78  

Statistical comparison between groups: €Unpaired Student's 't' test, ¥Chi-square test, **/*** = significant. ®Rate of weight gain was calculated measuring the 

weight after edema completely subsidized. 

In both the groups, majority of the studied children showed 

irritability which was improved after treatment and Mg
2+

 

supplemented group showed better improvement. Generalized 

weakness was found in all patients of both the groups before 

treatment. After Mg
2+

 supplementation, generalized weakness 

was improved in most of the cases 28 (93.3%) and in un-

supplemented group only 15 (50%) which was statistically 

significant (p<0.001). Symmetrical edema was seen in about 

(50%) patients of both the groups which disappeared completely 

after treatment and Mg
2+

 supplementation showed no significant 

differences in subsiding edema. Skin changes were found in a 

small number of studied children with malnutrition. After 

treatment, it was improved in (100%) cases in Group II and 

(93.3%) cases in Group I but this difference was not significant. 

The rate of weight gain (gm/kg/day) was significantly different 

in Group I and Group II, 9.27±3.15 and 13.16±6.78 respectively 

(p<0.01). 

Pre and post-treatment serum Mg
2+

 levels of the 

malnourished children were depicted in Table 3. Pre-

treatment Mg
2+

 levels were comparable in both the groups, 

1.47±0.30mg/dL Vs 1.37±0.30mg/dL (p>0.10). Post-

treatment Mg
2+

 values were significantly different in Group I 

and Group II i.e., 1.52±0.27mg/dL Vs 2.03±0.31mg/dL 

respectively (p<0.001). 

Table 3. Pre and post-treatment serum Mg2+ level. 

Variables Group-I (n=30) Group-II (n=30) p value 

Day 1 (mg/dl)   >0.10€ 

Range 1.0-2.1 1.0-2.0  

Mean ± SD 1.47±0.30 1.37±0.30  

Day 14 (mg/dl)   <0.001€*** 

Range 0.9-2.1 1.5-2.6  

Mean ± SD 1.52±0.27 2.03±0.31  

Statistical comparison between groups: €Unpaired Student's 't' test, *** = 

significant. 
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4. Discussion 

Malnutrition continues to be a major public health problem 

throughout the developing world. Two-third of the under 5 

children are malnourished in Bangladesh [13]. In this study 

malnourished children of 6-59 months of age were included 

where the mean age was 21.13±13.02 months in Group-I and 

22.52±12.13 months in Group-II. Similar findings were 

described by Roy [14]. Girls suffer more from malnutrition 

than boys [14]. But in this survey male preponderance was 

noted with a male female ratio of 1.2:1 which was consistent 

with study by Karla et al [15]. 

Diarrhoea is a common accompaniment of PEM. In this 

study we found it in 40 (60%) children which was 

consistent with the findings of Trowbridge [16] and Black 

[17]. Nausea/vomiting is associated with 

hypomagnesaemia [4]. In this study it was observed that 

nausea/vomiting was improved significantly earlier in 

Mg
2+

 supplemented group but not such in Mg
2+

 un-

supplemented group, (100%) Vs (76.7%) respectively 

(p<0.01), which was similar to the findings by Caddell 

[18]. In General, Mg
2+

 supplemented children rapidly 

acquire good appetite. Mg
2+

 supplemented group in this 

study showed significant improvement of appetite which 

was consistent with the study by Caddell [l8] and Shills 

[19]. Hyperirritability was found in most of the children in 

both the groups (80%) in Group I and (86.7%) in Group II. 

There was no significant difference between the groups 

before and after Mg
2+

 therapy. Generalized weakness was 

observed in all study subjects which may be due to 

hypomagnesaemia [4]. Significant improvement was noted 

in Mg
2+

 supplemented group which was consistent with 

the study by Carddell [18] and Shills [19]. 

Symmetrical edema was present in half of the studied 

children in both the groups which subsided on day 14. 

Nicholset al [11] stated that low Mg
2+

 did not appear to 

limit recovery of malnutrition. Skin changes were present in 

a small number of studied children. On day 14 it was 

improved in all the cases of Group II and (93.3%) cases of 

Group I. Caddell JI [18] showed early recovery of skin 

lesion in Mg
2+

 supplemented group. This difference may be 

due to inclusion of small number of children with skin 

changes in this study. Rate of weight gain was accelerated 

after Mg
2+

 supplementation [11]. In this survey rate of 

weight gain was 9.27±3.15gm/kg/day in Group I and 

13.16±6.78gm/kg/day in group II which was statistically 

significant. Similar finding was observed in study by 

Montgomery [20]. 

5. Conclusion and Recommendation 

It was observed that Mg
2+

 supplementation 

significantly improved the symptoms of SAM like 

nausea/vomiting, loss of appetite, generalized weakness 

and weight gain. Magnesium also augmented the clinical 

improvement in case of diarrhea, irritability, skin 

changes and edema. Post-treatment serum Mg
2+

 level 

was increased after treatment with Mg
2+

. Further large 

scale randomized control trial is needed to delineate the 

fact in greater depth. 
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