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ABSTRACT

Background: Patients with type 2 diabetes have been shown to have an
elevated prevalence of hypomagnesemia. Few studies were performed on it.
To our knowledge, this work has not been done in the Faculty of Medicine,
Zagazig University.

Aim: To evaluate the association of serum magnesium with controlled and
uncontrolled type 2 diabetes mellitus.

Subjects and methods: This case-control study was conducted on 716
patients presented at the Internal Medicine Department and outpatient clinic
in Al-Ahrar Teaching Hospital, and Zagazig University Hospital on adult
patients diabetic type 2, males and females, and normal people not diabetic
not have other comorbidities. Magnesium was measured in all subjects.

Results: Hypomagnesemia at higher frequency in the DM uncontrolled group
was 92.2%, followed by the DM control group at 24.4%, and there is no
hypomagnesemia in the normal group and normal magnesium level in the
normal control group

Conclusion: Hypomagnesemia had a higher frequency in the DM
uncontrolled group than in the DM control group. It is linked to poor
glycemic control and diabetic consequences include retinopathy,
neuropathy, and nephropathy.

Keywords: Magnesium, Type 2 Diabetes Mellitus, Electrolytes.

INTRODUCTION

mong the most prevalent non-communicable

ilinesses because of dietary changes and
lifestyle changes, diabetes mellitus (DM) affects
8.3% of adult humans worldwide and is increasing
at an alarming rate. The hallmarks of DM include
chronic hyperglycemia and impaired protein,
lipid, and carbohydrate metabolism, which are
brought on by a complete or partial insufficiency
of insulin synthesis and/or action. Uncontrolled
blood sugar levels can result in several
debilitating disorders, including nephropathy,
neuropathy, retinopathy, cardiovascular disease,
stroke, and amputations of the limbs [1].

For a cell to operate normally, electrolytes like
sodium, potassium, calcium, and magnesium are
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important fundamental constituents. The primary
cation in human cells is magnesium, which is
primarily found in the mitochondria. After
sodium, potassium, and calcium, it is the body's
fourth-most prevalent substance [2].

Magnesium (Mg), an element essential for
basic biochemical activities, participates in several
physiological and metabolic processes that are
part of normal physiology. These processes
include the transfer of potassium ions or calcium
ions, the metabolism of energy, and the creation
of proteins, and nucleic acids. Magnesium also
has anti-inflammation, anti-oxidation, anti-spasm,
vasodilation, and neuroprotection [3].

Mg losses in people with diabetes type 2 cause
hypomagnesemia. The more typical finding is a
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latent chronic magnesium deficit without change
in serum total magnesium. This usually
undiagnosed Mg deficiency has clinical
significance since Mg is a crucial co-factor in
many enzymatic reactions (more than 300
enzymatic reactions, including all the enzymes of
glycolysis). Furthermore, the regulation of insulin
signaling, phosphorylation of the insulin receptor
kinase, insulin's post-receptor activity, and
insulin's function in cellular glucose uptake are all
significantly influenced by magnesium [4].

In comparison to diabetic individuals with
normal magnesium (Mg2+) levels,
hypomagnesemia in diabetes may greatly increase
the risk of retinopathy, nephropathy, and foot
ulcers as well as considerably contribute to a
dysregulation of glycemic control. Magnesium
shortage or the displacement of magnesium can
increase inflammatory  disorders, insulin
resistance, hypertension, diabetes mellitus, and
cardiovascular diseases of Mg2+ by other
hazardous compounds. Additionally, these
conditions also hinder DNA repair [5].

Due to its ability to increase insulin sensitivity,
prevent diabetes, and its cardiovascular
consequences, magnesium has drawn a lot of
attention. It is alleged that Mg2+ intake is
negatively correlated with the development of
DM. It was shown that serum Mg2+ levels were
adversely associated with levels of glycosylated
hemoglobin (HbAlc) [6].

Clinical research demonstrates that
hypomagnesemia in T2DM patients has decreased
pancreatic-cell function and exhibits higher
insulin resistance. Additionally, adding Mg2+ to
the diet enhances insulin sensitivity and glucose
metabolism in T2DM patients. DM is the most
typical of the metabolic and endocrine disorders
associated with magnesium deficiency [7].

PATIENTS AND METHODS

On 716 patients, this case-control research
was carried out at the Internal Medicine
Department, Zagazig University Hospital, and
outpatient clinic in Al-Ahrar Teaching Hospital
during the period from December 2022 to July
2023.

Adult patients with type 2 diabetes, males and
females normal people not diabetic and not have
other comorbidities (healthy people not diabetic
no other chronic disease), and age >18 years old
were included in the study.

Subjects with pregnancy and lactation, patients
with metabolic acidosis, chronic renal failure, a
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history of myocardial infarction within the
preceding six months, severe sickness needing
mechanical ventilation, signs of malignancy, type
1 diabetes mellitus, sepsis, and other conditions,
malabsorption, or chronic diarrhea (diarrhea
lasting longer than 4 weeks), causes of
hypomagnesemia (diarrhea, Loop diuretics. etc),
patients on anti-hypertensive medications or
history of Mg supplement, patients on dialysis,
critically ill patients, and recent use of dietary
supplements were excluded from the study

Patients were grouped into three groups: healthy
individuals ~ without  diabetes and  other
comorbidities (200 cases), and diabetic patients
with type 2 DM (n=516) divided into sub-groups:
diabetic controlled (258 cases) and diabetic
uncontrolled (258 cases).

All studied persons were subjected to full
history taking, presence of other comorbidities
such as hypertension, smoking and hyperlipidemia
and detection of complications: retinopathy,
peripheral neuropathy, nephropathy, full general
and local examinations, standard laboratory tests
like complete blood count, serum creatinine level,
lipid profile, fasting blood sugar (FBS), 2-hour
postprandial blood sugar, glycated hemoglobin
(HbAlc), liver function tests (SGPT, SGOT),
albumin/creatinine ratio, and serum Mg (using a
spectrophotometer) were done.

Diabetic nephropathy (DN) was diagnosed based
on the presence of macroalbuminuria or
microalbuminuria. Microalbuminuria was defined
as an Albumin creatinine ratio (ACR) between 30
and 300 mg/g. Macroalbuminuria was defined as
an ACR >300 mg/g. Diabetic retinopathy (DR)
was diagnosed based on fundus examination.
Diabetic neuropathy was diagnosed based on the
presence of clinical features such as tingling, and
numbness. Peripheral nerve  assessment,
monofilament test, vibration test, touch, pain, and
deep reflexes [6].

Magnesium has been measured using the
colorimetric end-point method by Cobas 6000
(Roche, Mannheim, Germany).
Hypomagnesaemia is considered if its level is
below 1.48 (Hypomagnesaemia is an electrolyte
disturbance caused by a low serum magnesium
level (less than 1.46 mg/dL) in the blood (8). The
HbAlc level was calculated using the remaining
2.5 mL, which was placed in an EDTA test tube.
ELISpot is an enzyme-linked immunosorbent test.
(ELISA) test was used to determine HbAlc. The
biological reference range for serum MG is 1.7—
2.7 mg/Dl. Serum magnesium levels <1.8 mg/dL
are considered hypomagnesemic [8].
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Ethical considerations

Written informed consent was obtained
from all participants. The study was approved by
the Ethics Committee (IRB# 9496-19-4-2022)
Faculty of Medicine, Al-Ahrar Teaching Hospital,
Zagazig and Zagazig University Hospital. There
are sufficient safeguards to protect participants'
confidentiality and privacy. The study protocol
conformed to the Helsinki Declaration, the ethical
norm of the World Medical Association for
human testing.

Statistical analysis

Recorded data were analyzed using the statistical
package for social sciences, version 23.0 (SPSS
Inc., Chicago, Illinois, USA). The following tests
were used: independent-samples t-test, Mann
Whitney U test, one-way analysis of variance
(ANOVA), multivariate logistic regression
analysis, chi-square test, Fisher's exact test,
Tukey's test, and Pearson's correlation coefficient
(r) test.

RESULTS

There was a statistically significant difference
between the three groups according to demographic
data about gender, BMI, SBP and DBP, HTN,
smoking, neuropathy, nephropathy, and retinopathy,
(Table 1).

There was a statistically significant difference
between three groups according to PLT, SGOT
(u/L), SGPT (u/L), Creatinine (mg/dl), INR, FBG*,
2hr PP (mg/dL), HbA1C, Albumin/creatinine ratio,
Total cholesterol mg /dl, LDL (mg/dl), HDL (mg/dl)
& Triglyceride (mg/dl) (Table 2).
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Serum Mg level has a higher mean value in the
normal Group was 1.97+0.07, followed by the DM
control group at 1.94+0.19, and the lowest value in
the DM uncontrolled Group was 1.48+0.22, (Table
3).

Hypomagnesemia's higher frequency in the DM
uncontrolled group was 92.2%, followed by the DM
control group at 24.4%, and they don’t have
hypomagnesemia in the Normal Group (Table 4).

There was a statistically significant positive
correlation between serum Mg with age (yrs),
duration of DM (years), neuropathy, SBP (mmHg),
creatinine (mg/dl), INR and triglyceride (mg/dl),
with p-value (p<0.05); while, a statistically
significant negative correlation between serum Mg
with  Hb (gm), FBG*, 2hr PP (mg/dL),
albumin/creatinine ratio & HDL (mg/dl) (Table 5).

There was a statistically significant positive
correlation between serum Mg with HDL (mg/dl),
with p-value (p<0.05); While, a statistically
significant negative correlation between serum Mg
with Creatinine (mg/dl), HbAL1C, Neuropathy, 2hr
PP (mg/dL), FBG*, LDL (mg/dl), SBP (mmHg),
Albumin/creatinine ratio, Total cholesterol mg /dl,
DBP (mmHg), HTN, Age (yrs), Nephropathy,
Retinopathy, Hb (gm), Smoking, Triglyceride
(mg/dl), PLT(s/UL), SGPT (u/L) & BMI [wt/(ht)"2]
(Table 6).

Age (yrs), BMI [wt/(ht)*2], SBP, DBP
(mmHg), Creatinine (mg/dl), 2hr PP (mg/dL),
HbA1C,  Albumin/creatinine  ratio,  Total
cholesterol mg /dl, LDL (mg/dl), HDL (mg/dl),
Triglyceride (mg/dl) & Serum Mg, have a
significant of most important influencing factors
in the Type 2 Diabetes Mellitus (Table 7).

Table (1): Comparison between groups according to baseline data.
Multiple Comparison
. Normal
Demographic Group DM Control |Uncontrolle| Test p-value
data (n=200) Group (n=258)| d Group | value P1 P2 P3
(n=258)
Age (yrs)
Mean+SD 50.8+12.2 51.90+11.9 |52.51+10.11| 1.285 | 0.277 | 0.381 | 0.217 0.362
Range 19-76 21-77 21-70
Gender
Female 118 (59.0%) | 137 (53.1%) |184 (71.3%)| 18.674 |<0.001**| 0.2438 |<0.001**|<0.001**
Male 82 (41.0%) | 121 (46.9%) |74 (28.7%)
BMI
[wt/(ht)~2]
Mean+SD 29.80+1.59 29.66+2.22 | 32.08+3.02 <0.001** w5 [<0.001%*
Range 96-33 2536 2539 79.773 0.569 [<0.001
HTN
No 200 (100.0%) | 215 (83.3%) |130 (50.4%)| 164.098 |<0.001**|<0.001*|<0.001**|<0.001**
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Yes 0 (0.0%) 43 (16.7%) |128 (49.6%) *

Smoking

No 200 (100.0%) | 239 (92.6%) (225 (87.2%) x| <0.001* o *
Ves 0 (0.0%) 19 (7.4%) | 33 (12.8%) 27.373 |<0.001 % |<0.001**| 0.041
Neuropathy

No 200 (100.0%) | 247 (95.7%) |54 (20.9%) o * o o
Ves 0 (0.0%) 11 (4.3%) 204 (79.1%) 462.665 {<0.001**| 0.008* |<0.001**|<0.001
Nephropathy

No 200 (100.0%) | 252 (97.7%) |151 (58.5%) o o o
Ves 0 (0.0%) 6 (2.3%) 107 (41.5%) 200.745 {<0.001 0.079 |<0.001**|<0.001
Retinopathy

No 200 (100.0%) | 252 (97.7%) |144 (55.8%) o o o
Ves 0 (0.0%) 6 (2.3%) 114 (44.2%) 217.907 |<0.001 0.079 |<0.001**|<0.001
SBP (mmHg)

Mean+SD 114.70£11.9 | 118.36+14.5 |131.22+19.0 o * o o
Range 90-130 90-160 90-160 72.780 |{<0.001**| 0.004* |<0.001**|<0.001
DBP (mmHg)

Mean+SD | 75.25#8.30 | 77.21+7.14 [81.34+8.11| 36.987 [<0.001**| 0.007* [<0.001**|<0.001**

P1: Significant level between Normal Group versus DM control. P2: Significant level between Normal DM
versus DM Uncontrolled group, P3: Significant level between DM control group versus DM Uncontrolled

group

Table (2): Comparison between groups according to laboratory data.

Normal |DM Control DM Multiple Comparison
CBC Grou Grou Uncontrolled | Test -value
(n=208) (n=25§) Group value |P P1 P2 P3
(n=258)
Hb (gm)
Mean+SD 12.22+0.99 | 12.38+1.19 | 12.53+1.25 | F:4.031 | 0.058 | 0.126 | 0.163 0.300
Range 10.5-14 9-15 9-15
TLC (s/UL)
Mean+SD 6.83+1.69 | 7.56+4.21 7.21+4.18 | H:2.232 | 0.108 | 0.243 | 0.344 0.552
Range 4.3-9.4 4-42 4.2-42
PLT(s/UL)
Mean+SD 230.5+68.9 | 262.6+£72.3 | 268.90+71.3 |H:18.234[<0.001**<0.001**|<0.001**|  0.584
Range 157-376 128-435 114-435
SGOT (u/L)
Mean+SD 23.02+10.5 | 27.09+13.6 | 29.12+12.93 H:8.122 |<0.001%* 0.020* |<0.001*% 0175
Range 12-43 12-85 10-82
SGPT (u/L)
Mean+SD 24.69+10.8 | 28.33+10.5 | 28.85+12.89 H-4830 | 0.008* | 0.022% | 0.007* 0.870
Range 12-45 12-54 11-64
Creatinine
(mg/dl)
Mean+SD 0.64+0.16 | 0.73+0.18 0.97+0.28 H:105.201<0.001** 0.002* |<0.001%% <0.001**
Range 0.3-al 0.3-al.2 0.3-a1.7
INR
Mean+SD 1.04+0.05 | 1.04+0.05 1.03+0.04 .
F:3.7 .023* 97 .018* .026*
Range 1-1.12 1-1.2 1-1.12 3.7193 | 0.023 0973 1 0.018 0.026
FBG*
Mean+SD 93.87+7.97 |106.09+21.44| 179.50+48.73 |H:373.74|<0.001**| 0.008* |<0.001** <0.001**
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Range 82-109 79-210 79-270
2hr PP (mg/dL)
MeantSD 119.93+10.49(139.43+40.64|304.91+119.64 H:328.42 |<0.001**| 0.108 |<0.001** <0.001**
Range 100-136 99-345 99-497
HbA1C
MeantSD 5.29+0.40 6.02+0.63 9.23+2.36 F:841.735/<0.001**|<0.001**|<0.001** <0.001**
Range 4.8-6.1 48-7.9 4.8-14.2
Albumin /
creatinine ratio
MeantSD 15.32+4.46 | 18.79+7.60 | 42.22+31.23 H:103.34 <0.001**| 0.336 |<0.001** <0.001**
Range 10-26 8-39 8-119 R ' ' ' '
Total cholesterol
mg /dl
MeanxSD 185.63+8.78 | 184.84+10.7 | 239.82+35.38
F:487.712|<0.001**| 0.398 |<0.001**| <0.001**
Range 170.2-199.4 | 158-208 169-302
LDL (mg/dl)
Mean£SD 90.34+7.89 | 91.38+9.17 | 148.03+33.1 F:606.128/<0.001** 0983 |<0.001** <0.001**
Range 77-105 70-105 77-200
HDL (mg/dl)
Mean+SD 65.38+6.16 | 59.21+6.88 | 52.25+6.51 |_.
Range 5577 4571 44-70 F:229.116|<0.001**|<0.001**|<0.001**| <0.001**
Triglyceride
(mg/dl)
Mean+SD 149.54+31 | 171.70+37 | 198.32+47.8 | -, o o o o
Range 100-200 111-280 116-310 F:84.826 |<0.001**|<0.001**<0.001 <0.001

P1: Significant level between Normal Group versus DM control, P2: Significant level between Normal DM
versus DM Uncontrolled group , P3: Significant level between DM control group versus DM Uncontrolled

group
Table (3): Comparison between groups according to serum Mg.

Normal DM DM Multiple Comparison
Serum Mg | Group Control | Uncontrolled | Test p-value

(n=200) Group Group value P1 P2 P3

(n=258) (n=258)
MeanzSD | 1.97+0.07 | 1.94+0.19 | 1.48+0.22
581.921 | <0.001** | 0.034* | <0.001** | <0.001**

Range 1.9-2.1 1.3-24 1-1.9

P1: Significant level between Normal Group versus DM control , P2: Significant level between Normal DM
versus DM Uncontrolled group, P3: Significant level between DM control group versus DM Uncontrolled

group
Table (4): Comparison between groups according to level of serum Mg.
Normal DM Multiple Comparison
Level of Serum | Groyp DM Control Uncontrolled| Test
M Group Gr val p-value
9 (n=200)| (n=258) oup alue P1 P2 P3
(n=258)
Normomagnesem 200 0 0
ia (200.0%)| **° (7156%) | 20(7-8%) | 444,863 <0.001** |<0.001**<0.001** <0.001**
Hypomagnesemia |0 (0.0%)| 63 (24.4%) | 238 (92.2%)
El-Messallamy, F., et al 1209 |Page
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P1: Significant level between Normal Group versus DM control, P2: Significant level between Normal DM
versus DM Uncontrolled group, P3: Significant level between DM control group versus DM Uncontrolled

group

Table (5): Correlation between serum Mg with different parameters among DM control group, using

Spearman's rank correlation coefficient (rs).

DM Control Group Serum Mg

r-value p-value
Age (yrs) 0.329 <0.001**
BMI [wt/(ht)"2] -0.094 0.131
Duration of DM (years) 0.372 <0.001**
HTN 0.102 0.103
Smoking 0.055 0.382
Neuropathy 0.212 <0.001**
Nephropathy 0.046 0.463
Retinopathy 0.046 0.463
SBP (mmHg) 0.143 0.022*
DBP (mmHg) 0.040 0.523
Hb (gm) -0.162 0.009*
TLC (s/UL) 0.008 0.899
PLT(s/UL) -0.018 0.769
SGOT (u/L) 0.021 0.737
SGPT (u/L) -0.010 0.868
Creatinine (mg/dl) 0.294 <0.001**
INR 0.298 <0.001**
FBG* -0.518 <0.001**
2hr PP (mg/dL) -0.555 <0.001**
HbAL1C -0.094 0.131
Albumin / creatinine ratio -0.172 0.006*
Total cholesterol mg /dI -0.015 0.811
LDL (mg/dl) 0.034 0.592
HDL (mg/dl) -0.265 <0.001**
Triglyceride (mg/dl) 0.195 0.002*

Table (61): Correlation between serum Mg with different parameters among DM uncontrolled group, using

Spearman's rank correlation coefficient (rs).

DM Uncontrolled Group Serum Mg

r-value p-value
Age (yrs) -0.379 <0.001**
BMI [wt/(ht)"2] -0.152 0.014*
Duration of DM (years) 0.061 0.328
HTN -0.451 <0.001**
Smoking -0.242 <0.001**
SBP (mmHQ) -0.511 <0.001**
DBP (mmHg) -0.455 <0.001**
Hb (gm) -0.348 <0.001**
TLC (s/UL) 0.032 0.605
PLT(s/UL) -0.200 <0.001**
SGOT (u/L) -0.105 0.091
SGPT (u/L) -0.174 0.005*
Creatinine (mg/dl) -0.737 <0.001**
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INR 0.075 0.229

FBG* -0.574 <0.001**
2hr PP (mg/dL) -0.597 <0.001**
HbA1C -0.684 <0.001**
Albumin / creatinine ratio -0.504 <0.001**
Total cholesterol mg /dl -0.500 <0.001**
LDL (mg/dl) -0.567 <0.001**
HDL (mg/dl) 0.493 <0.001**
Triglyceride (mg/dl) -0.226 <0.001**

Table (7): Multivariate binary logistic regression analysis of most important influencing factors in the Type 2

Diabetes Mellitus.

Factors O Odds Ratio p-value
OR Lower Upper
Gender 0.175 1.879 1.682 2.096 0.305
Age (yrs) 0.534 2.046 1.585 2.636 <0.001**
BMI [wt/(ht)"2] 0.170 1.574 1.499 1.652 <0.001**
HTN 0.156 0.572 0.231 1.419 0.856
Smoking 0.193 5.467 2.491 14.839 0.867
Neuropathy 1.030 1.611 1.491 1.740 0.863
Nephropathy 1.030 0.768 0.151 1.769 0.867
Retinopathy 0.597 3.059 1.793 5.217 0.867
SBP (mmHg) 1.329 7.792 2.897 15.041 0.044*
DBP (mmHg) 0.222 2.343 1.752 3.134 0.003*
Hb (gm) 0.678 7.251 3.834 20.365 0.241
TLC (s/UL) 0.216 1.747 1.565 1.949 0.112
PLT(s/UL) 0.198 1.902 1.474 2.451 0.296
SGOT (u/L) 0.244 1.464 1.395 1.537 0.171
SGPT (u/L) 1.308 0.531 0.214 1.320 0.159
Creatinine (mg/dl) 1.308 5.084 2.316 13.800 <0.001**
INR 0.759 1.499 1.387 1.618 0.227
FBG* 1.687 0.715 0.141 1.645 0.124
2hr PP (mg/dL) 0.282 2.845 1.668 4.851 0.032*
HbA1C 0.860 7.246 2.694 13.988 <0.001**
Albumin / creatinine ratio 0.274 2.179 1.629 2.915 0.007*
Total cholesterol mg /dl 0.251 6.743 3.565 18.940 0.006*
LDL (mg/dl) 0.311 1.624 1.454 1.813 0.006*
HDL (mg/dl) 1.661 1.769 1.371 2.280 0.008*
Triglyceride (mg/dl) 1.661 1.362 1.297 1.430 0.005*
Serum Mg 0.963 0.494 0.200 1.228 <0.001**
DISCUSSION women) and the control group of 50 healthy

According to our results, there was a
substantial difference in demographic data about
gender, and BMI, with a p-value between the
three groups (p<0.05).

In  harmony  with our findings,
Manonmani et al. [9] enrolled age differences
between the study group of 50 clinically
diagnosed type 2 DM patients (25 men and 25

El-Messallamy, F., et al

people (25 men and 25 women) were not
statistically significant. However, there was a
BMI difference that was statistically different
between the study group and the control group.

In the same context as our results, Radha
et al. [10] enrolled 106 uncontrolled diabetic
patients and 100 controlled diabetes patients with
100 non-diabetic subjects as controls and
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observed that age was significantly higher in the
uncontrolled diabetic group.

Obesity is currently recognized as the
most important modifiable risk factor for
prediabetes and type 2 diabetes. Depending on the
guantity, distribution, timing, and duration of
excess weight gain, obesity may eventually lead to
a variety of symptoms associated with metabolic
syndrome and cardiovascular disease [11].
Notably, in addition to how a growing body mass
index (BMI) affects the chance of developing type
2 diabetes, a separate positive correlation between
central/visceral obesity and T2DM has also been
well demonstrated [12].

The current study revealed that there was
a statistically significant difference between the
DM control group and the DM uncontrolled group
according to the duration of DM “years”.
Statistics show that there was a statistically
significant difference between the three groups
with regard to smoking and HTN risk variables.

In agreement with our study, Paladiya et
al. [13] enlisted 300 individuals with a confirmed
diagnosis of type 2 DM and were divided into
diabetic patients and non-diabetic patients in their
study, and they discovered a substantial difference
between the two groups as regards HTN while
smoking was non -significant. HTN incidence was
higher in the DM group.

Raoufi et al. [14] studied 117 patients
who already had type 2 diabetes, of which 93
(79.5%) had it poorly controlled and 24 (20.5%)
had it under control. They discovered that people
with well-controlled diabetes and those with
poorly controlled diabetes did not have
significantly different diabetes durations DM
(p =0.77). This variation may result from various
populations and sample sizes.

According to statistics, there was a
statistically significant difference between the
groups in the current study regarding neuropathy,
nephropathy, and retinopathy, with a p-value
(p<0.001).

In agreement with our study, Odegaard
et al. [15] found that neuropathy, nephropathy,
and retinopathy differences between the three
groups were statistically significant. Diabetes that
is not well controlled is related to several
disorders, such as metabolic, cellular, and blood
disturbances that can cause oxidative stress and
vascular ~ complications  like  nephropathy,
retinopathy, and neuropathy. Increased blood
glucose levels caused oxidative stress to be
generated, which in turn damaged different
organs, vascular endothelium, and hematological
and immunological factors.

El-Messallamy, F., et al
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According to our findings, there was a
statistically significant difference between the
three groups regarding SBP (mmHg) and DBP
(mmHg).

Similarly to our results, Yossef et al. [16]
conducted a cross-sectional case-control study on
90 patients over the age of 35 and they were split
into two groups as follows: 70 participants with
type 2 diabetes for at least five years (24 men and
46 women) and 20 participants (seven men and 13
women) and found that SBP and DBP were
considerably higher in the diabetic in comparison
to the control group.

Wongrith et al. [17] reported that both
groups (controlled and uncontrolled DM patients)
were able to control blood pressure under criteria
that SBP<140 mmHg, and DBP <90 mmHg
during one year of monitoring. The average SBP
showed the majority in well-controlled (138+ 7.53
mmHg), while DBP showed completely
controlled in both groups (77.22+5.08 mmHg).
Most of all in controlled pressure group can
control target blood pressure, while about half of
the uncontrolled pressure group can control blood
pressure.

There was statistically  significant
difference between the three groups according to
PLT, SGOT (u/L), SGPT (u/L), Creatinine
(mg/dl), INR, FBG, 2hr PP (mg/dL), HbA1C,
Albumin/creatinine ratio, Total cholesterol mg /dl,
LDL (mg/dl), HDL (mg/dl) & Triglyceride
(mg/dl), with p-value (p<0.05).

This came in line with Yossef et al. [16]
who found that FBS, PPBS, HbAlc, creatinine
level, Alb/Cr ratio, cholesterol, and TG were all
noticeably increased in the diabetic group
compared to the control group.

Additionally, Manonmani et al. [9]
found that fasting blood sugar (FBS), PPBS, and
lipid profile were noticeably higher in the diabetic
group when compared to the control group.

We found that serum Mg level had a
higher mean value in Normal Group was
1.97+£0.07, followed by DM control group
1.94+40.19, and the lowest value in the DM
Uncontrolled Group was 1.48+0.22, with a p-
value (p<0.001). Hypomagnesemia's higher
frequency in the DM uncontrolled group was 92.2%,
followed by the DM control group 24.4%, and no
hypomagnesemia in the normal Group, with a p-
value (p<0.001).

This came in consistency with Khanna et
al. [18] who found that serum magnesium levels
in diabetics and controls were found to be
considerably different. The average serum
magnesium  levels were 1.87mg/dL  and
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2.13mg/dL  for both cases and controls,
respectively. Hypomagnesemia was 35 times
more likely to occur in cases (< 1.80 mg/dL) than
controls with p<0.001.

Our present study correlated with other
studies that also found low magnesium when
levels of type 2 diabetic patients are compared to
those of healthy controls [19, 20, 21].

Also, in a study done by Wahid et al.
[22] 34% of patients of type 2 diabetes mellitus
had hypomagnesemia. Walti et al. [23] a study
carried out in Zurich, Switzerland, found that the
prevalence of hypomagnesemia among type 2
diabetics was 37.6% compared to 10.9% in non-
diabetic controls.

The study conducted by Winzer et al.
[24] emphasized that in patients Hypomagnesemia
was more frequent in people with type 2 diabetes,
Mg absorption is inhibited and its excretion
through the kidneys is increased by insulin
resistance and insufficiency. Low Mg levels
further reduce insulin sensitivity, which affects
how its receptors work. The study conducted by
Liotta et al. [25] discovered that the worst
functional results, were intracerebral hemorrhage,
hematoma expansion, and low Mg levels.
Additionally, Mg plays a substantial part in the
clotting processes leading to the idea that
hypomagnesemia may contribute to the rupture of
cerebral aneurysms.

The current study showed a statistically
significant positive correlation between serum Mg
with age (yrs), duration of DM (years),
neuropathy, SBP (mmHg), Creatinine (mg/dl),
INR and Triglyceride (mg/dl), While serum Mg
had a statistically significant negative association
with Hb (gm), FBG*, 2hr PP (mg/dL),
Albumin/creatinine ratio & HDL (mg/dl), with p-
value (p<0.05). among the DM control group.

A prior study that supported our findings
found that hypomagnesemia is linked to low
levels of high-density lipoprotein, as well as
increased  triglyceride,  very  low-density
lipoprotein, and  low-density  lipoprotein
concentrations. While insulin-induced magnesium
entry is restricted in cases of insulin resistance,
free magnesium can enter the cell more readily
[26]. Diabetes complications may also be
attributed to magnesium's effects on the
functioning of cell membrane ATPase and
consequently on the metabolism of intracellular
sodium, calcium, and potassium. Chronic
hypomagnesemia raises the likelihood of macro
and microvascular consequences of diabetes (such
as neuropathy) [27].

Low magnesium levels increase platelet
aggregation and vascular complications, which in
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turn promote endothelial cell failure and
thrombogenesis. The inhibition of it has been
demonstrated that thromboxane A2 and
magnesium inhibit the formation of the Ilb-lla
receptor complex, which prevents platelet
activation. Magnesium's impact on intracellular
ATPase activity and, in turn, cell membrane Ca >,
Na’, and K* Diabetes problems may also be
influenced by metabolism. Chronic
hypomagnesemia raises the risk of DM macro-
and microvascular complications [28].

Studies by Lecubeet al. [29] and
Dasguptaet al. [30] on diabetes and
hypomagnesemia found significant negative
correlations between Mg and fasting plasma
glucose. In another study by Rao et al. [31] the
mean value of FBS, PPBS, and HbA1C was
higher among the group with serum Mg <1.7
mg/dL. In controlling insulin action, insulin-
mediated glucose absorption, and vascular tone,
intracellular magnesium is essential [32]. Diabetes
patients' insulin resistance worsens as a result of
impaired lowered intracellular Mg concentrations,
tyrosine-kinase activity, and insulin action with
post-receptor dysfunction [33].

In the present study, there was a
statistically  significant  positive  correlation
between serum Mg and HDL (mg/dl), with a p-
value (p<0.05). While a statistically significant
negative correlation between serum Mg with
creatinine (mg/dl), HbA1C, Neuropathy, 2hr PP
(mg/dL), FBG*, LDL (mg/dl), SBP (mmHg),
Albumin/creatinine ratio, Total cholesterol mg /dl,
DBP (mmHg), HTN, Age (yrs), Nephropathy,
Retinopathy, Hb (gm), Smoking, Triglyceride
(mg/dl), PLT(s/UL), SGPT (u/L) & BMI
[wt/(ht)*2], among DM uncontrolled group.

In the same line with our findings, Yossef
et al. [16] showed that serum Mg levels were
statistically significant in the negative direction
with FBS, 2-h PPBS, and HbAlc (P=0.0001),
which agrees with the conclusions of two
investigations showing hypomagnesemia was
linked to inadequate glycemic control [6, 30].

Siddique et al. [34] discovered that
hypomagnesemia is linked to higher HbAlc
levels. Also, The serum magnesium level and
HbAlc level have a strong inverse relationship.
Meanwhile, Navarrete-Cortes et al. [35] showed
that in diabetic patients with normomagnesemia,
using magnesium supplements does not improve
insulin sensitivity or HbAlc.

Regarding Mg and lipid profile, Yossef et
al. [16] demonstrated a serum Mg has a
statistically significant negative correlation with
serum cholesterol and triglycerides [36, 37], but
disagreed with others [38, 39]. Patients with

1213 |Page



https://doi.org/10.21608/zum].2023.221283.2842

microvascular diabetes complications have a high
prevalence of hypomagnesemia Yossef et al. [16]
study, as 51 (98%) of 52 patients with
nephropathy, 20 (95.2%) of 21 patients with
retinopathy, 16 (76.1%) of 21 patients with
neuropathy, and 20 (95.2%) of 21
Hypomagnesemia was present in retinopathy
patients.

This is supported by Dasgupta et al. [30]
who discovered that hypomagnesemia was
connected to retinopathy, nephropathy, and foot
ulcers, and Xu et al. [40] who came to the
conclusion that the decline in blood Mg level or
the increase in urine Mg level was not influenced
by diabetic nephropathy, retinopathy, or
peripheral neuropathy sequelae. Additionally,
decreased intestinal absorption brought on by
diabetic autonomic neuropathy may contribute to
low Mg levels.

According to studies, People with diabetic
peripheral neuropathy have reduced intracellular
Mg levels. and supplementation improves nerve
conduction [41, 42].

Yossef et al. (16) found no significant
difference in serum Mg levels between patients
with and without nephropathy, but find a
statistically significant negative link between
serum Mg level and serum creatinine level and
albumin/creatinine ratio). Other studies that
demonstrated a significant reduction in serum
ionized Mg in diabetes patients  with
microalbuminuria or clinical proteinuria compared
to the normoalbuminuria group support this [6,
43, 44].

Also, Pham et al. found that lower serum
Mg levels in type 2 diabetes patients have been
found to have more rapid decreases in renal
function, and a subsequent investigation
established a strong negative association between
serum Mg and estimated glomerular filtration rate
[45, 16]. Other researchers came to the same
conclusion and discovered there was a negative
relationship between microalbuminuria and serum
magnesium, indicating that hypomagnesemia may
be a new indicator of end-stage renal disease in
people with type 2 diabetic nephropathy. [40].

Baihuiet al. found that low serum
magnesium levels and microalbuminuria are
related in their study of Chinese diabetic patients
[40]. The association between HbA1C and
albuminuria and the severity of retinopathy can be
accounted for by the similar process of tissue
damage brought on by DM. Due to HbALC's
unique affinity for oxygen, tissue becomes anoxic,
which aids in the emergence of both micro- and
macroangiopathy. In Kumar et al. [47] they also
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discovered a negative connection between serum
magnesium levels and urine ACR.

Finally we found that Age (yrs), BMI
[wt/(ht)*2], SBP, DBP (mmHg), Creatinine
(mg/dl), 2hr PP (mg/dL), HbALC, Albumin /
creatinine ratio, Total cholesterol mg /dl, LDL
(mg/dl), HDL (mg/dl), Triglyceride (mg/dl) &
Serum Mg, have a significant of most important
influencing factors in the Type 2 Diabetes
Mellitus. Ghattaura et al. [48] reported strongest
association between BMI with T2DM.

CONCLUSION

Patients with diabetes frequently have
hypomagnesemia in comparison to the DM
control group, the DM uncontrolled group
exhibited a greater frequency of hypomagnesemia.
It is linked to poor glycemic control and diabetic
consequences include retinopathy, neuropathy,
and nephropathy.
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funding source.

Conflicts of interest: The authors claim there are
no conflicts of interest.

REFERENCES

1. Sanjeevi N, Freeland-Graves J, Beretvas
SN, Sachdev PK. Trace element status in
type 2 diabetes: A meta-analysis. J Clin
Diagn Res. JCDR, 2018;12(5), OEO1.

2. Palmer BF, Clegg DJ. Physiology and
pathophysiology of potassium homeostasis.
Adv Physiol Educ. 2016; 40: 480 -90

3. Jameson RA, Bernstein HB. Magnesium
sulfate and novel therapies to promote
neuroprotection. Clin Perinatol. 2019;46(2),
187-201.

4. Gunther T. Magnesium in bone and the
magnesium load test. Magnes Res. 2012;
24(4), 223-4.

5. Arigony AL, de Oliveira IM, Machado M,
Bordin DL, Bergter L, Pra D et al. The
influence of micronutrients in cell culture: a
reflection on viability and genomic stability.
Biomed Res. Int., 2013. 597282; 22.

6. Arpaci D, Tocoglu AG, Ergenc H,
Korkmaz S, Ucar A, Tamer A. Associations
of serum Magnesium levels with diabetes
mellitus and  diabetic  complications.
Hippokratia. 2015; 19(2); 153.

7. Shahbah D, Hassan T, Morsy S, El
Saadany H, Fathy M, Al-Ghobashy A et al.
Oral magnesium supplementation improves
glycemic control and lipid profile in children
with type 1 diabetes and hypomagnesaemia.
Medicine. 2017; 96(11).

1214 |Page



https://doi.org/10.21608/zum].2023.221283.2842

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Saeed H, Haj S, Qasim B. Estimation of
magnesium level in type 2 diabetes mellitus
and its correlation with HbAlc level.
Endocrinol Diab Metab. 2019; 2, 8-12.
Manonmani M, Manimekalai K. A study of
serum magnesium level in Type 2 Diabetes
mellitus patients. J Diabetes Mellit, 2018; 8,
20-6.

Radha RK, Selvam, D. MPV in
Uncontrolled & Controlled Diabetics- Its
Role as an Indicator of Vascular
Complication. J Clin Diagn Res. 2016; 10,
22-6.

Kyrou I, Tsigos C, Mavrogianni C, Cardon
G, Van Stappen V, Latomme J et al. ().
Sociodemographic and lifestyle-related risk
factors for identifying vulnerable groups for
type 2 diabetes: a narrative review with
emphasis on data from Europe. BMC Endocr
Disord, 2020; 20, 134-9.

Hulkoti V, Acharya S, Shukla S, Kumar S,
Kabra R, Dubey A et al. Visceral Adiposity
Index in Type 2 Diabetes Mellitus (DM) and
Its  Correlation  With  Microvascular
Complications. Cureus, 2022; 14, 312-9.
Paladiya R, Pitliya A, Choudhry AA,
Kumar D, Ismail S, Abbas M et al. ().
Association of Low Magnesium Level With
Duration and Severity of Type 2 Diabetes.
Cureus. 2021;13, 152-79.

Raoufi M, Khalili S, Mansouri M,
Mahdavi A, Khalili N. Well-controlled vs
poorly-controlled diabetes in patients with
COVID-19: Are there any differences in
outcomes and imaging findings? Diabetes
Res Clin Pract. 2020;166, 108-13.

Odegaard AO, Jacobs DR, Jr Sanchez OA,
Goff DC, Reiner AP, Gross MD. Oxidative
stress, inflammation, endothelial dysfunction
and incidence of type 2 diabetes. Cardiovasc
Diabetol. 2016;15(1), 1-12.

Yossef HM, Ghanem NS, Al-Jarhi UM,
Shaker OG. Relation of serum magnesium
level to microvascular complications and the
components of metabolic syndrome in
patients with type 2 diabetes mellitus. Egypt
J Intern Med 2017;29: 100-4.

Wongrith P, Thiraratanasunthon P,
Kaewsawat S, Le CN. Comparison of Self-
Management between Glycemic Controlled
and Uncontrolled Type-2 Diabetic Elderly in
Thailand: A Qualitative Study. Caxapubiit
nuadet, 2022; 25, 174-85.

Khanna D, Bhatnagar M, Tayal S. Study of
serum magnesium levels in type 2 diabetes
mellitus. J Evol Med Dent Sci. 2020; 9, 70-9.

El-Messallamy, F., et al

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Volume 30, Issue 4, July 2024

Kareem I, Jaweed SA, Bardapurkar JS,
Patil V P. Study of magnesium, glycosylated
hemoglobin and lipid profile in diabetic
retinopathy. Indian J Clin Biochem. 2004; 19,
124-7.

Diwan A, Pradhan A, Lingojwar D,
Krishna KK, Singh P, Almelkar SI. Serum
zinc, chromium and magnesium levels in
Type 2 diabetes. Int J Diab Dev Ctries. 2006;
26, 122-23.

k Bhoi B, mukeSh G. Serum Magnesium
Level in Type 2 Diabetes Mellitus Patients
with and without Complication and its
Correlation with Poor Glycaemic Control.
NJLM. 2020; 35-45.

Wahid A, Verma GC, Meena CP, Pathan
AR. Study of serum magnesium level in
patients with type 2 diabetes mellitus and it’s
correlation with glycosylated hemoglobin
and diabetic complications. Int J Advanc
Med. 2017; 4(1), 311-9.

Walti MK, Spinas GA, Hurrell RF. Low
plasma magnesium in type 2 diabetes. Swiss
Med. WKkly, 2003;133, 289.

Winzer E, Grabovac |, Ludvik B,
Kruschitz R, Schindler K, Prager G et al.
Differences in Serum Magnesium Levels in
Diabetic and  Non-Diabetic  Patients
Following One-Anastomosis Gastric Bypass.
Nutrients. 2019; 11(9), 1984.

Liotta EM, Prabhakaran S, Sangha RS,
Bush RA, Long AE, Trevick SA et al.
Magnesium, hemostasis, and outcomes in
patients with intracerebral hemorrhage.
Neurology. 2017; 89, 813-9.

Li W, Jiao Y, Wang L, Wang S, Hao L,
Wang Z et al. Association of Serum
Magnesium with Insulin Resistance and Type
2 Diabetes among Adults in China. Nutrients.
2022; 14, 18-26.

van Dijk PR, Waanders F, Qiu J, de Boer
HH, Van Goor H, Bilo HJ.
Hypomagnesemia in persons with type 1
diabetes:  associations  with  clinical
parameters and oxidative stress. Ther Adv
Endocrinol Metab. 2020;11, 204-15.

Hansen BA, Bruserud @. Hypomagnesemia
in critically ill patients. J Intensive Care.
2018; 6, 21-8.

Lecube A, Baena-Fustegueras JA, Fort
JM, Pelegri D, Hernandez C, Simo R et al.
(2012). Diabetes is the main factor
accounting for hypomagnesemia in obese
subjects. PLoS One, 7, 305-9.

Dasgupta A, Sarma D, Saikia UK.
Hypomagnesemia in type 2 diabetes mellitus.

1215 | Page



https://doi.org/10.21608/zum].2023.221283.2842

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Indian J Endocrinol Metab. 2012; 16, 1000-
3.

Rao PP. Serum magnesium levels in type 2
diabetic patients with microalbuminuria and
normoalbuminuria. RGUHS. 2015; 3(4);
DOI: 10.17354/ijss/2015/296.

Al Alawi AM, Majoni SW, Falhammar H.
Magnesium and Human Health: Perspectives
and Research Directions. Int J Endocrinol.
2018, 904-9.

Xu L, Li X, Wang X, Xu M. Effects of
magnesium supplementation on improving
hyperglycemia, hypercholesterolemia, and
hypertension in type 2 diabetes: A pooled
analysis of 24 randomized controlled trials.
Front Nutr. 2022; 9, 102-7.

Siddiqui MU, Ali 1, Zakariya M, Asghar
SP, Ahmed MR, Ibrahim GH. Frequency of
hypomagnesemia in patients with
uncontrolled type ii diabetes mellitus. Pak
Armed Forces Med J. 2016; 66, 845-50.
Navarrete-Cortes A, Ble-Castillo JL,
Guerrero-Romero F, Cordova-Uscanga R,
Juarez-Rojop IE, Aguilar-Mariscal H et al.
No effect of magnesium supplementation on
metabolic control and insulin sensitivity in
type 2 diabetic patients with
normomagnesemia. Magnes Res.2014; 27,
48-56.

Nasri H, Baradaran HR. Lipids in
association with serum magnesium in
diabetes mellitus patients. Bratisl Lek Listy.
2008;109, 302-6.

Kocot D, Sztanke M, WisSniewska M.
Plasma magnesium and calcium
concentrations and selected biochemical
parameters in patients with type 2 diabetes
mellitus. Curr Issues Pharm Med Sci. 2012.
25, 126-31.

Mishra S, Padmanaban P, Deepti GN,
Sarkar G, Sumathi S, Toora BD. Serum
magnesium and dyslipidemia in type-2
diabetes mellitus. Biomed Res. 2012. 23,
295-300.

Rasheed H, Elahi S, Ajaz H. Serum
magnesium and atherogenic lipid fractions in
type 1l diabetic patients of Lahore, Pakistan.
Biol Trace Elem Res, 2012;148, 165-9.

Xu B, Sun J, Deng X, Huang X, Sun W, Xu
Y et al. Low serum magnesium level is

To Cite:
El-Messallamy, F., Gad, S., Mahmoud, A., Kamel, L., Saad, A., Zaghlol, A. Evaluation of Serum
Magnesium Level in People with Type 2 Diabetes Mellitus in Sharkia Governorate. Zagazig University
Medical Journal, 2024; (1205-1216): -. doi: 10.21608/zumj.2023.221283.2842

El-Messallamy, F., et al

41.

42,

43.

44,

45.

46.

47.

48.

Volume 30, Issue 4, July 2024

associated with microalbuminuria in chinese
diabetic patients. Int J Endocrinol. 2013; 580-
0.

Chu C, Zzhao W, Zhang Y, Li L, Lu J,
Jiang L, et al. Low serum magnesium levels
are associated with impaired peripheral nerve
function in type 2 diabetic patients. Sci Rep,
2016; 6, 326-33.

Shivakumar K, Rajalakshmi AR, Jha KN,
Nagarajan S, Srinivasan AR, Lokesh
Maran A. Serum magnesium in diabetic
retinopathy: the association needs
investigation. Ther Adv Ophthalmol. 2021,
13, 251-9.

Corsonello A, lentile R, Buemi M,
Cucinotta D, Mauro VN, Macaione S et al.
Serum ionized magnesium levels in type 2
diabetic patients with microalbuminuria or

clinical  proteinuria.  Am J  Nephrol.
2000;20(3), 187-92.
Corica F, Corsonello A, lentile R,

Cucinotta D, Di Benedetto A, Perticone F
et al. (2006). Serum ionized magnesium
levels in relation to metabolic syndrome in
type 2 diabetic patients. J Am Coll Nutr. 25,
210-5.

Pham PC, Pham PM, Pham PA, Pham SV,
Pham HV, Miller JM et al. Lower serum
magnesium levels are associated with more
rapid decline of renal function in patients
with diabetes mellitus type 2. Clin Nephrol.
2005; 63, 429-36.

Pham PC, Pham PM, Pham PT. Patients
with  diabetes mellitus type 2 and
hypomagnesemia may have enhanced

glomerular filtration via hypocalcemia. Clin
Nephrol. 2012; 78, 442-8.

Kumar P, Bhargava S, Agarwal PK, Garg
A, Khosla A. Association of serum
magnesium with type 2 diabetes mellitus and
diabetic retinopathy. J Family Med Prim
Care. 2019; 8, 1671-7.

Ghattaura N, Murphy C, Valen P. High
prevalence of hypomagnesemia and its
relation to BMI, type 2 diabetes, and clinical
disease measures in a VA outpatient
rheumatology clinic population. A&R. 2015.
Wiley-Blackwell 111 River St, Hoboken
07030-5774, NJ USA.

1216 |Page



