DOI: 10.21765/pprjournal.1384517

Pediatr Pract Res 2024; 12(1): 9-13

ORIGINAL ARTICLE
ORIJINAL ARASTIRMA

Effects Of Magnesium Oxide Treatment On Serum Electrolyte

Levels In Constipated Children

Konstipasyonlu Cocuklarda Magnezyum Oksit Tedavisinin Serum Elektrolit Diizeyleri

Uzerine Etkileri

Sevgi Ulusoy Tangiil', ®Hiilya ipek?, ®Atilla Senayli?

Department of Pediatric Surgery, Faculty of Medicine, Yozgat Bozok Univercity, Yozgat, Turkey
2Department of Pediatric Surgery, Faculty of Medicine, Hitit University Corum Erol Olcok Training and Research Hospital, Corum, Turkey
3Department of Pediatric Surgery, Faculty of Medicine, Yozgat Bozok Univercity, Yozgat, Turkey

| ABSTRACT |

Oz

Aim: Magnesium oxide (MgO) is a standard treatment for
functional constipation. However, this medication has
not been evaluated extensively for possible alterations of
plasma magnesium (Mg) levels and other electrolytes. This
retrospective study aimed to appraise the effects of serum
magnesium with some other electrolyte levels after oral MgO
treatment in children with functional constipation.

Material and Method: After the approval of the local ethical
committee, archives of the patients who had been admitted to
two different Pediatric Surgery outpatient clinics in different
cities between 2014-2018 were evaluated. The demographic
findings of the patients were recorded. For the diagnosis of
chronic constipation, Rome-lll classification criteria were used.
After complete physical examinations, if there were no possible
organic reasons other than chronic dietary problems, serum
electrolyte levels were obtained and evaluated. Findings were
evaluated statistically and discussed with the literature.

Result: The magnesium value was significantly higher in the
constipation group (p<0.05) compared to the control group. In
generalized linear models (GLM) results, the effects of calcium,
potassium, and sodium levels on serum magnesium levels
were significant (p<0.05). The effect of calcium and potassium
levels on serum magnesium was statistically significant in the
constipation group (p<0.05). In the control group, only the
effect of chlorine level on serum magnesium was statistically
significant (p<0.05).

Conclusion: MgO is a valuable treatment for constipation.
However, especially by taking into account the dose adjustment,
close follow-up of the patients for side effects is necessary to
prevent patients from electrolyte imbalance.

Keywords: Constipation, magnesium, magnesium oxide,
electrolyte

Amag: Magnezyum oksit (MgO) fonksiyonel kabizlik i¢in standart
bir tedavidir. Ancak bu ilag, plazma magnezyum (Mg) diizeyleri
ve diger elektrolitlerdeki olasi degisiklikler acisindan kapsamli
bir sekilde degerlendirilmemistir. Bu retrospektif calisma,
fonksiyonel kabizligi olan ¢ocuklarda oral MgO tedavisi sonrasi
serum magnezyumunun diger bazi elektrolit dizeyleriyle birlikte

etkilerini degerlendirmeyi amacladik.

Gereg ve Yontem: Yerel etik kurul onayr alindiktan sonra 2014-
2018 yillar arasinda farkli sehirlerdeki iki farkli Cocuk Cerrahisi
poliklinigine basvuran hastalarin arsivleri degerlendirildi. Hastalarin
demografik bulgulari kaydedildi. Kronik kabizligin tanisi icin Roma-
Il siniflandirma kriterleri kullanildi. Tam fizik muayene sonrasinda
kronik beslenme sorunlari disinda olasi organik nedenler yoksa
serum elektrolit duzeyleri elde edilerek degerlendirildi. Bulgular
istatistiksel olarak degerlendirildi ve literatdrle tartisildi.

Bulgular: Konstipasyon grubunda magnezyum degeri kontrol
grubuna gore anlamli derecede yuksekti (p<0,05). Genellestirilmis
dogrusal model (GLM) sonuclarinda kalsiyum, potasyum ve
sodyum dlzeylerinin  serum magnezyum duzeylerine etkisi
anlamliydr (p<0,05). Kabizlik grubunda kalsiyum ve potasyum
dlzeylerinin serum magnezyumu Uzerindeki etkisi istatistiksel
olarak anlamliydi (p<0,05). Kontrol grubunda ise sadece klor
dizeyinin serum magnezyumu Uzerindeki etkisi istatistiksel olarak
anlamliydi (p<0,05).

Sonug¢: MgO kabizlik icin dederli bir tedavi yontemidir. Ancak
ozellikle doz ayarlamasi dikkate alinarak hastalarin elektrolit
dengesizliginin 6nlenmesi icin yan etkiler acisindan yakin takip
edilmesi gerekmektedir.

Anahtar Kelimeler: Kabizlik, magnezyum, magnezyum oksit,
elektrolit
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INTRODUCTION

Constipation is a condition that can occur at any age,
generally thought to be due to habitual dietary reasons.
Ninety-five percent of constipations seen in childhood
are functional (1-7). Functional constipation, occasionally,
does not have distinctive signs and/or symptoms (8,9).
Nevertheless, as defined in the literature, constipation was
assumed to be an essential reason for magnesium deficiency
in the body. As a result, magnesium-replaced treatments
were installed in constipation treatments (10-12).

Magnesium Oxide (MgO) is one of the most used
medications to treat constipation (8,13-17). The
recommended dose for this purpose is 0.03 g MgO per
kilogram daily (15).

In the stomach's acidic environment, MgO is converted
to magnesium chloride (MgCl2). After several
subsequent reactions, it undergoes pancreatic secretion
in the duodenum as magnesium carbonate (MgCO3)
(13). MgCO3 increases the osmotic pressure of the
intestinal lumen fluid, which provides water diffusion to
the intestinal lumen, increasing both the water content
and volume of the stool. Increased volume stimulates
the intestinal wall activating intestinal motility (18).
When duodenal secretion in the duodenum interacts
with MgO, side effects may be seen, especially in
patients with intestinal disorders. In addition, since the
use of MgO has consequences, such as effects on smooth
muscle cells, it will be necessary to remember the effects
of hypermagnesemia reflected in the clinic. Therefore,
monitoring changes in serum Mg levels may be clinically
necessary.

MgO studies encountered in the literature are mainly
in the direction of the clinical effects of magnesium,
especially its effects on kidney functions (14, 19).
Although there are studies examining the severe side
effects of magnesium, the effect of MgO treatment on
serum magnesium correlation among magnesium and
other electrolytes for constipation has been investigated
insufficiently. This study aimed to evaluate the in vivo
effects of magnesium oxide (MgO) treatment on serum
magnesium and electrolyte levels in children with
functional constipation.

MATERIAL AND METHOD

Ethics committee approval (2017-KAEK-
189_2018.07.11_09) was obtained from Yozgat Bozok
University Clinical Research Ethics Committee in
accordance with the Declaration of Helsinki. The files
of constipation patients who applied to Yozgat Bozok
University Research and Practice Hospital Pediatric
Surgery Clinic and Hitit University Pediatric Surgery
Clinic between 2014-2018 were retrospectively analyzed.
Patients with chronic constipation who received 1-2 g

of MgO per dose 3 times daily for one week or longer
according to the Rome Il classification were included in
the study. Phosphorus (P), sodium (Na), potassium (K),
chlorine (Cl) and magnesium (Mg), and calcium (Ca) were
evaluated in all (n=128) patients.

The control group (n=74), aged between 0 and 18 years,
was randomly selected among the patients who applied
to the Pediatric Surgery outpatient clinics between July
2016 and January 2018 for inguinal hernia and hydrocele
and had no history of constipation. The patients' files
were reviewed retrospectively, and the data were
transferred to SPSS 17.0. Those with chronic kidney
diseases, congenital heart diseases, endocrine disease-
related electrolyte balance, bowel resection, short bowel
syndrome, and Hirschsprung's disease were excluded
from the study.

Nominal and ordinal parameters of the research were
described with frequency analysis, whereas scale
parameters were described with means and standard
deviations. Kolmogorov Smirnov Test was used for the
normality of scale parameters. Mann Whitney U test was
used for non-normally distributed parameters, whereas
the Independent Samples T-Test was used for normally
distributed parameters. Fischer's Exact Test was used for
differences between categorical parameters. Spearman's
rho correlation was used for relational analysis at the
univariate level, and Generalized Linear Model (GLM)
was used for the multivariate level. All analyses were
performed at SPSS 17.0 for windows at a 95% Confidence
Interval with a 0,05 alpha significance level.

RESULTS

Age, gender, phosphorus, calcium, chlorine, potassium,
and sodium levels between constipation and control
groups were not statistically significant (p>0.05).
The magnesium value was significantly higher in the
constipation group (p<0.05). These distributions are
shown in Table 1.

Table 1. Age, gender and electrolyte levels of patient groups

Control (n=74) Constipation (n=128) p

Age 8.80+4.53 9.11+4.59 0.653a
Gender, n (%)

Male 36 (48.6) 61 (47.7) 0.504b
Female 38(51.4) 67 (52.3)

Phosphorus 4.41£0.60 4.52+0.76 0.267c¢
Glucose 96.64+10.80 94.28+14.30 0.149a
Calcium 9.35+0.47 9.37+0.54 0.798c
Chlorine 105.93+2.87 105.98+3.11 0.906¢
Creatinin 0.57+0.11 0.57+0.11 0.775¢
Magnesium 1.92+0.17 2.00+0.22 0.010a
Potassium 4.19+0.37 4.20+£0.42 0.972c
Sodium 137.86+1.34 137.52+2.02 0.291a

a. Mann Whitney U test, b. Fischer’s Exact Test, c. Independent Samples T-Test.
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The mean value and the range of change of serum
magnesium were higher in the constipation group
(p<0.05). The serum magnesium level distribution in the
constipation group was more scattered (Figure 1).
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Figure 1. Serum magnesium level differences and ranges for patient
groups

There was a statistical significance and positive
correlation between serum magnesium and calcium
(r=0.351; p<0.01) and potassium (r=0.224; p<0.05) in
the constipation group. In the whole sample, serum
magnesium (r=0.162; p<0.05), calcium (r=0.296;
p<0.01), potassium (r=0.151; p<0.05), sodium (r=0.161;
p<0.05), and There was a statistically significant and

positive correlation between constipation (r=0.182;
p<0.05) (Table 2).

Table 2. Spearman’s rho correlation between serum
magnesium levels and research parameters

Control Constipation Total
(n=74) (n=128) (n=202)
(r) (r) (r)

Age 0.156 -0.098 -0.005
Gender -0.091 -0.028 -0.049
Phosphorus 0.039 0.163 0.130
Glucose -0.101 0.009 -0.049
Calcium 0.191 0.351** 0.296**
Chlorine -0.282* 0.146 -0.001
Creatinin -0.018 -0.009 -0.030
Potassium 0.052 0.224* 0.151*
Sodium 0.243* 0.162 0.161*
Constipation = = 0.182**
#p<0.05 **p<0.01

According to the GLM results, the positive effects of
constipation, calcium, potassium, and sodium levels on
serum magnesium levels were statistically significant
(p<0.05). This means that increased constipation,
calcium, potassium, and sodium levels cause an increase
in serum magnesium levels. In the constipation group, the
contribution of calcium and potassium levels to serum
magnesium was statistically significant (p<0.05). Only
the contribution of chlorine level on serum magnesium
was statistically significant in the control group (p<0.05)
(Table 3).

Table 3. Generalized Linear Model for effects of significant factors on magnesium level

95% Wald Confidence Interval Hypothesis Test

Parameter B Std. Error " p
Lower Upper Wald Chi-Square

All samples (n=202)
(Intercept) -1.487 1.0676 -3.579 0.606 1.940 0.164
[Constipation=No] -0.087 0.0281 -0.142 -0.032 9.719 0.002
[Constipation=Yes] 0° . . . . .
Calcium 0.085 0.0269 0.032 0.138 9.960 0.002
Potassium 0.073 0.0345 0.005 0.140 4476 0.034
Sodium 0.017 0.0078 0.001 0.032 4.571 0.033
(Scale) 0.037° 0.0036 0.030 0.044
Likelihood Ratio Chi-Square: 36.258; p<0.001
Constipation (n=128)
(Intercept) 0.603 0.3417 -0.067 1.272 3.112 0.078
Calcium 0.094 0.0348 0.026 0.162 7.331 0.007
Potassium 0.123 0.0446 0.036 0.211 7.668 0.006
(Scale) 0.0432 0.0054 0.034 0.055
Likelihood Ratio Chi-Square: 17.559; p<0.001
Control (n=74)
(Intercept) 0.572 2.2526 -3.843 4.987 .065 0.799
Sodium 0.020 0.0145 -0.008 0.049 1.980 0.159
Chlorine -0.014 0.0068 -0.027 0.000 4.191 0.041
(Scale) 0.026° 0.0043 0.019 0.036

Likelihood Ratio Chi-Square: 7.279; p<0.05

a. Reference category, b. Maximum likelihood ratio.
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DISCUSSION

Magnesium is the fourth most abundant mineral in the
body, and it is a cofactor of over 300 enzymatic reactions
(12). Clinically, approximately 0.3% of body magnesium
level is found in plasma. Therefore, measuring the
plasma magnesium level is insufficient to show the
whole magnesium level in the body (20).

There are some clinical situations that magnesium-
consisting treatments are performed, such as
constipation. It is known that the therapeutic effect of
MgO in constipation is to increase the osmotic pressure
in the intestinal lumen and to ensure water transfer to
the intestinal lumen. Consequently, the liquid content
and the increased stool volume stimulate the intestinal
wall and run the impulsive motor activity (13).

Although some studies have shown the side effects and
negative aspects of magnesium treatment, MgO is still
widely preferred in the treatment of constipation today.
In addition, as Dupont and Hebert reported, compounds
such as magnesium-rich mineral water are also used to
treat constipation (21).

Mori et al. evaluated the use of traditionally-used
magnesium oxide compounds for laxative purposes
in Central Asia had severe side effects, especially in
patients with kidney failure, in addition to its advantages
in constipation (13). Therefore, there is a possibility of
aggravation of renal or intestinal disorders with MgO as
a side effect after constipation treatment.

Laxatives containing magnesium are widely used to
treat constipation (16, 17). Although rare, iatrogenic
hypermagnesemia with these laxatives has also been
reported in the literature (22, 23). In addition, although
MgO is generally used as a laxative, its effects on serum
magnesium levels have yet to be adequately studied.

Tatsuki et al. reported the serum magnesium level as
2.4 mg/dL in MgO-treated constipation patients aged
1 to 14 years (19). In our study, the mean magnesium
of the control group was 1.92 mg/dL, and the mean of
the constipation group was 2.00 mg/dL. The difference
between the groups was statistically significant. This
result reveals the increase in magnesium levels after
MgO usage for constipation. Secondly, our study shows
that other electrolyte levels were not affected after MgO
usage, even in various gender and age factors.

On the other hand, Generalized Linear Model (GLM)
results showed that the effects of sodium, potassium, and
calcium levels on serum magnesium levels significantly
differ in all constipated patients. Calcium was the
most influential factor in constipation among these
electrolytes. These findings show that the relationship
between serum magnesium level and calcium and
potassium in the constipation group is significant
compared to normal individuals.

Calcium (Ca), magnesium (Mg), phosphorus (P), and
magnesium (Mg) are necessary nutrients for cellular
energy metabolism and human bone growth. Ca, Mg, and
P are essential for bone health and enhancing cardiac,
pulmonary, and neurological function (24, 25). It has
long been reported that in humans, hypomagnesemia
frequently coexists with hypocalcemia and that calcium
intake influences the retention of magnesium and vice
versa. All living cells depend on complex interactions
between magnesium and calcium, some of which are
relatively primitive on the evolutionary scale (26).

In several experimental, clinical, and observational
investigations, micronutrients like calcium, magnesium,
and potassium have been studied for their individual
effects on high blood pressure (27). There is minimal
research on how dietary sodium in combination with
calcium and magnesium consumption affects (28-30).
However, there has yet to be research the relationship
between calcium, magnesium, and potassium in
constipation patients with a direct comparison nature
research design. This increases the originality of our
results.

This study retrospectively examined the relationship
between the use of MgO and other electrolytesin treating
functional constipation in children. Although using MgO
as a laxative is common, it can disrupt the electrolyte
balance in the body at both univariate and multivariate
levels and cause unwanted complications. We thought
that the research makes an essential contribution to
the literature, and we firmly believe that expanded or
repeated studies will support the findings in this study.

Study Limitations

One of the most critical limitations of the study is that
it is not prospective. Results from the study can be
generalized with multicenter and prospective studies on
functional constipation.

CONCLUSION

Using MgO in treating constipation is beneficial,
especially considering dose adjustment and other
electrolyte balances. In addition, it would be appropriate
to follow up with the patients closely regarding side
effects.

ETHICAL DECLARATIONS

Ethics Committee Approval: The study was carried out
with the permission of Yozgat Bozok University Clinical
Researches Ethics Committee (Decision No: 2017-KAEK-
189_2018.07.11_09).

Informed Consent: All patients signed the free and
informed consent form.

12



Pediatr Pract Res 2024; 12(1): 9-13

Sevgi et al.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

Author Contributions: All of the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the
final version.

Acknowledgement: We would like to thank all the
parents who agreed to participate in the study.

REFERENCES

1.

2.

10.

12.

13.

14.

15.

16.

17.

18.

19.

Leung AK, Hon KL. Paediatrics: how to manage functional
constipation. Drugs in context. 2021;10.

Bharucha AE, Lacy BE. Mechanisms, evaluation, and management
of chronic constipation. Gastroenterology. 2020;158(5):1232-49.
e3.

Joinson C, Grzeda MT, von Gontard A, Heron J. Psychosocial risks
for constipation and soiling in primary school children. Eur Child
Adolesc Psychiatry. 2019;28(2):203-10.

Bharucha AE, Wald A, editors. Chronic constipation. Mayo Clin
Proc; 2019: Elsevier.

van Summeren JJ, Klunder JW, Holtman GA, Kollen BJ, Berger
MY, Dekker JH. Parent-child agreement on health-related quality
of life in children with functional constipation in primary care. J
Pediatr Gastroenterol Nutr. 2018;67(6):726.

Rajindrajith S, Devanarayana NM, Perera BJC, Benninga MA.
Childhood constipation as an emerging public health problem.
World J Gastroenterol. 2016;22(30):6864.

Shin JE, Jung H-K, Lee TH, et al. Guidelines for the diagnosis
and treatment of chronic functional constipation in Korea. J
Neurogastroenterol Motil. 2016;22(3):383.

Koppen lJ, Lammers LA, Benninga MA, Tabbers MM. Management
of functional constipation in children: therapy in practice. Pediatr
Drugs. 2015;17(5):349-60.

Bharucha AE, Pemberton JH, Locke GR. American Gastroenterological
Association technical review on constipation. Gastroenterology.
2013;144(1):218-38.

Paknejad MS, Motaharifard MS, Barimani S, Kabiri P, Karimi M.
Traditional, complementary and alternative medicine in children
constipation: a systematic review. DARU. 2019;27(2):811-26.

. Gordon M, MacDonald JK, Parker CE, Akobeng AK, Thomas

AG. Osmotic and stimulant laxatives for the management of
childhood constipation. Cochrane Database Syst Rev. 2016(8).

Grober U. Micronutrients: Metabolic tuning-prevention-therapy.
Drug Metabolism and Drug Interactions. 2009;24(2-4):331.

Mori H, Tack J, Suzuki H. Magnesium Oxide in Constipation.
Nutrients 2021, 13, 421; 2021.

MoriH, SuzukiH, HiraiY,etal.Clinical features of hypermagnesemia
in patients with functional constipation taking daily magnesium
oxide. J Clin Biochem Nutr. 2019;65(1):76-81.

Chang SH, Park KY, Kang SK, et al. Prevalence, clinical
characteristics, and management of functional constipation
at pediatric gastroenterology clinics. J Korean Med Sci.
2013;28(9):1356.

Benninga MA, Voskuijl WP, Taminiau J. Childhood constipation:
is there new light in the tunnel? J Pediatr Gastroenterol Nutr.
2004;39(5):448-64.

Felt B, Wise CG, Olson A, Kochhar P, Marcus S, Coran A. Guideline

for the management of pediatric idiopathic constipation and
soiling. Arch Pediatr Adolesc Med. 1999;153(4):380-5.

Guerrera MP, Volpe SL, Mao JJ. Therapeutic uses of magnesium.
Am Fam Physician. 2009;80(2):157-62.

Tatsuki M, Miyazawa R, Tomomasa T, Ishige T, Nakazawa T,
Arakawa H. Serum magnesium concentration in children with
functional constipation treated with magnesium oxide. World J
Gastroenterol: WJG. 2011;17(6):779.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Fiorentini D, Cappadone C, Farruggia G, Prata C. Magnesium:

biochemistry, nutrition, detection, and social impact of diseases
linked to its deficiency. Nutrients. 2021;13(4):1136.

Dupont C, Hébert G. Magnesium sulfate-rich natural mineral
waters in the treatment of functional constipation-a review.
Nutrients. 2020;12(7):2052.

YamaguchiH, Shimada H, Yoshita K, et al. Severe hypermagnesemia
induced by magnesium oxide ingestion: a case series. CEN case
rep.2019;8(1):31-7.

Pouteau E, Kabir-Ahmadi M, Noah L, et al. Superiority of
magnesium and vitamin B6 over magnesium alone on severe
stress in healthy adults with low magnesemia: A randomized,
single-blind clinical trial. PloS one. 2018;13(12):e0208454.

Escobedo-Monge MF, Barrado E, Parodi-Roman J, Escobedo-
Monge MA, Marcos-Temprano M, Marugan-Miguelsanz JM.
Magnesium Status and Calcium/Magnesium Ratios in a Series of
Cystic Fibrosis Patients. Nutrients. 2022;14(9):1793.

Taylor SN. Calcium, Magnesium, Phosphorus, and Vitamin D.
World Rev Nutr Diet. 2021;122:122-39.

Rosanoff A, Dai Q, Shapses SA. Essential nutrient interactions:
does low or suboptimal magnesium status interact with vitamin
D and/or calcium status? Adv Nutr. 2016;7(1):25-43.

Wabo TMC, Wu X, Sun C, et al. Association of dietary calcium,
magnesium, sodium, and potassium intake and hypertension: a
study on an 8-year dietary intake data from the National Health
and Nutrition Examination Survey. Nutr Res Pract. 2022;16(1):74-
93.

Pickering RT, Bradlee ML, Singer MR, Moore LL. Higher intakes
of potassium and magnesium, but not lower sodium, reduce
cardiovascular risk in the Framingham Offspring Study. Nutrients.
2021;13(1):269.

Pun PH, Middleton JP. Dialysate potassium, dialysate magnesium,
and hemodialysis risk. J Am Soc Nephrol. 2017;28(12):3441-51.
Wones RG, Deck CC, Stadler B, Roark S, Hogg E, Frohman LA.
Lack of effect of drinking water chlorine on lipid and thyroid
metabolism in healthy humans. Environ health perspect.
1993;99:375-81.

13



