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Irreductiors Until pow, cardiovascular complications are siill the hi_ghest cause of death and
disability m DM patienisHypoma_gmesemia n DM accelerate atherosclerosis and can cause
instability and plague rupture which lead to acute coronary syndrome.

Methods: Design of this study was observational analytic using a “case control'study iavolved 76
patients of DM patients, consising of 38 patientswith ACS(+) and 38 patientswith ACS{-. Subjects
of this study were all DM patients in the period of July © December 2018 m the Emergency
Room{ER) an' Curpatient Installation of E: aocrinewhich fulfill the criteia for inclusion and
e:xclusionDemographic data and clinical characteristics am presented descriptivelylf data is
normally distributed then an unpaired T test & carried owr and if the data & not normally distributed
with 2Mann Whitney test is perfiormed The statistical 1est was stated o be si_nificant if p <(.05. The
association between hypomagnesemia and the incidence of ACS a multivariate logistic regression
test was performed, the risk number was m the form of odds ratios {OR).

Results:.his sudy involved 7 patientswith diabetes mellitus with SKA and non SKA of 38patients.
The mean serum magnesium level in the ACS _gmp was lower than non ACS (1.9 mg/dL vs. 2.1
mg dL), hypoma_gnesemia cut-off of <2.08 mg dL. In this g dy hypoma eneser iia as a rk factor
for the incidence of ACS in DM patients with OR 2.8 (CIL1-7.6; p = 0.039).

Conclusion: Magnesium levels n the ACS group were lower than the non ACS group.
Aypomagnesemia increasesthe incidence of acute coronary syndrome o diabetes mellitus patients.

Introduction
Cardiovascular

complications
cauge of deat. and disability in diabetes mellitus (DM)
patients.An estimated 7.9 million people died tram

of 37 (27%) smudy samples of Sugunakar e al., 12014)
experienced death from myocardial infarction.This proves
that hypomagnesaemia is a chronic effzct of DM and is
associated with increased risk of ACS.

Hypomagnesenia and DM are a circulus vitiosus

are still the highest

cardiovascular disease in 2016, representing 31% of all
global death! Diabetes mellitus can trigger a variety of
pathological processes that can accelerate the occumence
of atherosclerosis and heart failure” Decrease serum
magnesium levelsthypomagnesemia & one of the ¢hronic
effects of DM patients who can increase cardiovascular
complications.

Evaluation of serum magnesiuni levels in the blood
in patents with DM will reduce the risk of complications
of ACS Hypomagnesemia, as seen in the study by Mhaskar
e al., {2013} and Sugunakar et al.. (2014), related to ACS
and the incidence of arrhythrnias™® As many a 10 our
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which can increase the risk of complications and
mworalityPoorly regulaied diabetes mellitus can cause
byponiagnesemia through a variety of methods including
decreased magnesium (Mg intake due o pausea, food
restriction, and gastroparesis, gastrointestinal Mg loss due
o autonemic dysfunction, and kidney loss. both due w
the hyperfiltration process in DM patients. as well & d e
to impaired Mg reabsorption due to insulin resistance.’*
Hypomagneseinia can ftrigger insulin resistance because
Mg is needed in the activity of 1yrosine kinase in the
insulin receptor.”

@_0 (8| 1.3 work s licensed under a Cre ative Commons Aftribution-ShareAlike 1.) International Lrense




BIOMOLECULAR AND HEAITH SOE'CE JCUR™AL 2019 OCTOBER. VOL @ (02) o7

Low magnesium levels in DM patients will increase
the risk of thrombus and ACS. The researchers wy t
examine the association berween serum magnesium levels
and the incidence of ACS in DM patients thar given the
mumber of cases that occur in RSUD Dr Soelomo General
Heospital Surabaya. The sndy can be used for adminisiration
of magnesinm therapy in DM patienis and can reduce the
incidence of ACS in DM patients. This sudy will look for
the role ofhypomagnesemia as a risk factor inihe incidence
of ACS in DM patients.

Methods

This research was observational analytic with case conirol
study conducted ar Dr. Soetomo General Hospital Surabaya
from July 1o December 20 18. The population of this studywas
DM patients treated a ER and Outpatients Installation of
Endocrine aiDr. Soetomo General Hospital Surabaya. This
smudy was conducted by consecutive sampling, accordance
with the inclusion and exclusion criteria.

The sample size in this study was 76 patients divided
by 38 sample group cases and 38 comrol groups. Inclusion
criteria DM with ACS (case) was DM patients who caine o
the ER a Dr. Soetomo General Hospital Surabaya. with a
diagnosis of ACS based on rypical angina complaints. ECG
shows a picrure of ST elevaian, ST depression. T inversion.
acconpanied by an increase n markers. aged between li-
60 years, and willing © rake pan in the sudy.The inclusion
criteria for DM without SKA (control) was DM patients
who came to the Quipatients Installation Endocrine a Dr.
Soetomo General Hospital Surabaya. without complaints
o angina with a normal ECG. aged 18 60 years, and
willing to take part i the study. E:cclusion criteria for case
and control gronps was patients who had gastromtestinal
disease, membolic syndome, nephratic  syndrome.
preguant and lactaling women, impaired renal function
eGFR <60, munchbilization. amcimmune, malignancy.
history of alcohol, loop diuretics, cyclosporinetacrolinius,
aminoglycasides, and medicine containing magnesium
consuniplion.

All subjects were subjected W venous blood sampling
accerding © the procedure to deterniine serumi magnesiium
levels and then record and analyze data.

Sample Collecifon

Taking blood serun a mwch as 3ce with Li-Heparin
anticoagulant, rurning back slowly unul homogeneous and
then let stand for 30-45 minutes unil the blood is frozen
and then in the cenurifuge 1000g (around 3000 rpm) for 15
miinutes then the serum 5 immediately separated.Blood
samples were then processed with a Roche/Hitachi Cobas
C 311/591 system with TRIS*6-aminocaproic acil buzer
and xylidyl blue reagens through the calorimetric method.

Serum Magnesium Level
Examination of serumn magnesiom levels with a Roche
machine/Hitachi Cobas C 311/50]1 system was dope in
Prodia Clinical Laboratory. Normal serum inagnesium
levels were 1.8-2.4 mg/dL?

Statistical Analysis

The data before analysis were tested for nommality
Keolmogorov Smimov. If daa s nommally distributed
then an unpaired T test is carried ow and i the daia is not

normally distributed with Mann Whitney test is perfisnmed.
The relationship benveen inagnesium levels and the
incidence of ACSwith mulivariate logistic regression 1est
was performed, the risk numbers were odds railios (OR).
statistical tests were significant if p <0.05.SPSS 22 software
was used for data collection, recording and calculation.

Results

Most groups with ACS were mosily male as much as 55.3%

while in the group of non ACSpatients the majority were
fernale as many as 57.9%.These results indicate that there
were no significant differences berween Jroups of patients
with gender {p = 0.359). Patients with ACS and non ACS
have relatively the same age average of 53.1 years and
52.2 years. This & confirmedby siatistical tests that p-value
equals © 0.555.

Most of the patients with ACS and non ACS had
dyslipidemnia in the pegaive category, ACS (52.6%) and
non ACS (60.5%). The condition shows that there &
o difference b dyslipidemia benween the ACS and non
ACS groups. Most of the ACS group had hypertension
{55.3%) while in the non ACS group mostly had no hisiory
of hypertension {57.9%), Based on this description the
resulis of the sratistical tests also showed no significant
differences. Patients with smoking habits in the non ACS
group (13.2%) and (36.8%) in the ACS group. this showed
a significant difference Based on the BMI data of this study
sample. the mean BMI in the ACSgroup 253 £ 2.7 and
the non ACS group was 23.7 £2.3.Patients with ACS have
greater laboratory results than non ACS on average in the
HbAlc, RPG. BUN. creatinine senun parameters,data
of demographic and clinical characteristic was shown in
Table 1.

The resulis of the medical record magnesium levels
are known that patients with ACS have a smaller average
value compared with patients with non ACS with a ratio
of 1.9mg/dL and 2.1mg/dL.The resuls of the comparative
tes! also showed that there were significam differences in
serumy niagnesiwm levels in the ACS and non ACS groups
{p = 0.005) (Table 2). The researchers determiine the cut
off value for magnesium levels on the basis of normal
maguesivmn values in this study with the receiver operating
characteristic (ROC) method (Figure 1). The cur of of
serum magnesium levels m this study was 2.08 (Table 3)

Association betyveen Serum Magnoesinm Levels and
Incidence of ACS in DM Patients

Sample size was calculatedfor all independent variables
before being included m the modelFollowing & a
summary of the sample size calculation using z siatistics
on dichotonious variables suwch & hypomagnesemia.
obesiry. smoking. and RPG coutrols, namely 66; 64 150;
84.Smoking variables and RPG controls were nol included
in the model because they requires a larger sample size.
The variables obesity and hypomagneseinia deserves were
included i the model which analyzed bivariate The resuls
of bivariate analysis of factors that cawse the incidence
of ACS m DM patients using logistic regression analysis
concluded thal hypomagnesemia and obesity variables with
p-value <0.25; 0.023 and 0.004 appropriate multivariate
analysis {Table 4)

The hypomagnesemia logistic  regression
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coefficient 1.040 with OR wvalue of 28.These results
indicate a positive influence berween hypoma_gnesemia
Table 1. Demographic and clinical data of research subjects

and the incidence of ACS in DM patientsIn this study,
hypomagnesetnia and the incidence of ACS in DM patients

Characteristic ACS Non ACS p-value
1] % Mean + D n % Mean = SD
Sex
Male 21 555 16 421 0.359
Female 17 44.7 2 57.9
Age 531 £70 523+ 0.355
Dyslipidemia
Positive 18 474 15 395 0644
Negative 20 526 23 60.5
Hypertension
Positive 21 553 16 421 0.359
*legative 17 44.7 0 57.9
Smoking
Positive 14 36.8 5 13.2 0.032
Wegative 24 632 3 8.8
BMI 25009 23,7423 0.006
HbAlc 8.2zl.1 7.7£13 0.106
RPG 282+82.8 24012892 0.034
BUN 13.1+4.9 12.5x4.5 0.612
Plasia creatinine 093 +0.2 0.91x0.2 0.701
Potassium 4.1+£0.5 4.3+0.5 0.100
Table 2. Mean Serum Magnesium Levels
Senun Magnesium Levels Mean + 5D p-value
ACS Non ACS
Magnesium Serum 19+02 2102 0.005
Table 3. Cross Tab Serum Magnesium Levels
Category ACS Non ACS Total
Hypomagnesenmia (< 2.08)  24(63.2%,) 14(36.8%) 38 (100%)
Normal ( 2.08) 14(36.8%¢) 24(63.2%) 38 (100%)
Total 38 (100%) 38 (100%)
Table 4. Bivariate Logistic Regression Anal'/sis
Varable Incependent/ p-value OR 95%CI
Predictor
Lower Upper
Hypomagnesemia 0038 29 1.1 76
Obesity 0.023 48 1.6 14.1
Table 5. Multivariate Logistic Regression Analysis
Vari ab]lfr::;i(ini g l|‘3|1d|3m.f p p-value OR cl
Constanta -0.980 0.013
Hy pomagnesemia 1.040 0.039 Significam 28 1.0 7.6
Obesity 1.537 0.007 Significant 46 15 141
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Area Under the Curve

Test Result Varable(s): Mg

Area

| | 658

The test result variable(s): Mg has a1 least one tie berween the positive actual state group and the negarive acrual siate group
and the negative acmal state group. Statistics may be biased

Coordinate of the Curve

Test Results Viarable(s): Mg

Positive if Greater Than or Equal To# Sensiviry 1-Specificity

5200 1.000 1.000
1.6100 1.000 974
1.7300 1.000 921
1.7650 1.000 895
1.7750 1000 868
17900 1000 BL6
1.8100 895 789
1.9300 895 763
1.8500 895 711
18700 895 689
18900 895 658
19050 789 632
1.9150 789 605
1.9300 789 579
1.9500 789 553
19700 789 526
19900 789 500
2.0050 632 474
2,0250 632 447
2.0450 632 421
2.0550 632 305
20800 .632 368
2.1100 395 316
2.1250 395 289
2.1600 395 263
21950 .395 237
2.2050 263 211
22200 263 158
23350 263 132
2.2500 263 105
2.2800 263 053
23050 21 053
2.3250 211 026
2.3550 211 000
2.3850 184 000
2.4500 158 000
3.5000 000 000

The st results variable(sy Mg has a least one tie between the positive actual state group and the negative actual stake group
a The smalkst cutoff value is the mininnur observed test value mitws 1. and the largest cutoff value is the makinun observed st value
plus 1. All the other cutoff values are the averages of two consecutive ordered observed test values.

Figure 1. A Receiver Operaling Characteristic Metbod (ROC)
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concluded 1o be significant with a p-value of 0.039 (Table 5).

Discassio

In this study most of the subjects in the ACS group were
male of 21 patients (55.3%). and female of 17 patients
{44.7%): while the inale and female subjects in the non
ACS group were male of 16 partients (42.1%) and f=male
of 22 patients (57.9%). The smdy conducted byHartopo
e al.(2016) also showed that there were more men than
women (307:68) and the research conducted by Moreno e
al., (2013) also showed a comparisen of men and wommen
{97:22) 0 These results are in accordance with the theory
and epidemiclogical data thar mwen are more likely 1w
develop ACS than women! In this study. the mean age
of subjects with ACS was 53.1 + 7.0 while n pon ACS
subjects it was 522 + 6.5 with no significant difference
{p=0.555). The study conducied by Al Saif et al. (2011)
showed that the average age of subjects with ACS was
58.01 £ 12.92 while the study conducted by Moreno a
al., (2013) showed that the average age of subjects with
ACS was 6062 +9.2. According © this smdy. the average
age of subjects with ACS s more than 50-60 years old."%"
These results are in accordance with epidemiological data
that the incidence of ACS increases above the age of 40
years old" Traditional risk factors such as dyslipidemia.
hypertension, smoking. and HbA Ic data were also analyzed
in tlis study. In this study the category of dyslipidemia and
smoking were higher in the ACS group than non ACS
Dyslipidemia i1 ACS (47.4%) and non ACS (39.5%). no
significant differences between the number of people with
dyslipidemia and hypertension m the ACS and non ACS
groups. The wo comparative studies are in accordance
with this study and prove the theory that dyslipidemia
and hyperension are risk factors for ACS.Y The mean
BMI i the group of subjects with ACS was 253 + 2.7,
significanily higher (p=0006) than the mean BMI of the
non ACS subject group {23.7 + 2.3). The study conducted
by Hartopo & al, (2016) with ACS subjects had mean
BMI of 239 + 32, it 5 alniost the same as this study’
This study and the comparative research prove the theory
that high BMI reflects the metabalic syndrome which is
a risk factor for ACSY HbAlc levels in the ACS group
were higher (8.2) than i1 the non ACS group (7.7). but
not significant (p=0.106).The study conducted by Chen
e al., (2017) showed that the mean HbAlc levels in the
CHD group were significantly higher than nat CHD (5.91
+ 034 and 5.77 = 036 with p = 0.012)."* In this smdy i
was found that the incidence of STEMI was higher. where
the inferior STEMI (47.4%: 18 patients) was more than
the anterior STEMI (28994 11 patients). anteroseplal
(13.2%: 5 patiems) and NSTEMI (105%: 5 patients). The
study conducted by Merza et al. (2016) stated that from
the sample of 68 people, there were 40 STEMI samples.
In this study. mean magnesivm io the ACSgroup is
lower than o the non ACS group. cut off hypomagnesemia
<208 Several other smdies examined magnesium and
its role as a risk factor for SKA and monality m CHD.
The swdy conducied by Kieboom et al. (2013) of
magpesium levels and association w© the risk of CHD
mortality showed that the average magnesium conlent of
all subjects was 0.84 and patients with hypomagnesemia
had a higher risk of CHD montality (HR 1.36: p <0.05)."

The comparative research & in accordance with this srudy
and emphasizestheoretical basis of the association between
ACS and hypoinagnesetnia

The results of bivariate analysis of factors that cause
the incidence of ACS i DM patients using logistic
regression analysis concluded that the hypomagnesemia
and obesity factors with p-value <025 that 5 0.023 and
0.004 had appropriate lest results © be carried owt n the
effect multivariate test. In this smdy. hypomagnesemia
could be a prognostic factor for the incidence of ACS
after interacting with other variables through multivariate
analysis (OR 2.8: CI1.1-7.6: p=0.039).Furthermore. from
the posituve influence t can be imterpreted if the patient
hashypoinagnesemia then the paossibility of the patient
will have the oppornmity to experience the incidence of
Acue Coronary Syndrome (ACS) of 2.8 times compared
with patients with normnal magnesium.In this smudy, obesity
was significant (p=0.007) with (OR 4.7. (I 1.5.14.1)
after interacting with other variables.Furthermore, from
the positive influences it can inerpreted thar the cbese
patients are likely 1o have the opporminity o experience an
incidence of Acute Coronary Syndrome (ACS) of 4.7 times
compared © patients who are not obese.

Conclusion

The mean serun magnesium level is lower n ACS patients
compared © mon ACS.The result of this study revealedthe
association between serum magnesium levels and the
incidence of acute coronary syndrome m DM patients.
Hypomagneseniia has a risk of having ACS of 28 umes
compared 1o patients withow hypomagneseniia.
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