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Abstract

Background: Diabetic retinopathy is a common microvascular complication of type 2 diabetics. Magnesium (Mg), a key
intracellular electrolyte, which plays a pivotal role in glucose metabolism, insulin function, and vascular health. Its deficiency
might be linked with metabolic disorders and microvascular complications including DR.

Aim of the Study: To assess serum Mg level in type 2 diabetes mellitus with and without diabetic retinopathy and to
investigate its correlation with diabetic retinopathy.

Patients and Methods: This is a cross-sectional comparative study conducted at the Ophthalmology Center, Ghazi Al-Hariri
Hospital for Surgical Specialties, Baghdad, Iraq, from March to August 2024. A total of 193 patients aged > 40 years with type
2 diabetes mellitus were included, comprising 93 with diabetic retinopathy and 100 without. Serum magnesium and HbAlc
levels were measured.

Results: Low serum magnesium was significantly more common in patients with diabetic retinopathy (29%) compared to
those low Mg levels and both non-proliferative diabetic retinopathy (p = 0.012) and proliferative diabetic retinopathy (p =
0.029). However, no significant association was found between HbA1c or diabetes duration with Mg levels.

Conclusion: Serum magnesium deficiency is significantly associated with diabetic retinopathy in type 2 diabetics. However,
magnesium levels were not significantly different between non-proliferative and proliferative cases.
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Introduction In type 2 diabetes (T2DM) mellitus, Mg absorbing and
Diabetes mellitus implies major burden for healthcare retaining appears intact, while reduced intake and/or
systems throughout the world, with relentless increasing increased excretion via the kidneys are among the most
prevalence, especially in working-age adults [, In type 2 important causes of its deficits [/l Both increased glucose
diabetes mellitus (T2DM), the prevalence of diabetic and insulin levels may increase urinary Mg excretion. In
retinopathy after 10 years of its diagnosis is 67% and around T2DM, Mg deficiency is usually seen as a chronic latent
10% develops proliferative diabetic retinopathy (PDR) anda  deficit without alterations in serum total Mg . Mg is
substantial percentage of patients are often unaware that essentially important for normally secreting insulin, in

addition for its role in maintaining numerous enzymatic
functions related to glucose and energy metabolism, and its
deficiency is associated with beta-cell dysfunction, insulin
resistance, lower glucose tolerance, and ultimately, clinical
manifestations of T2DM [l Supplementing Mg together

they suffer from diabetic retinopathy [,

Magnesium (Mg) is an electrolyte of pivotal physiological
significance to humans, as it is second only potassium as a
main intracellular electrolyte. Mg regulates cellular

o 0 _
processes and is without DR (16%) (p = 0.030). Subgroup with appropriate dietary patterns might decrease insulin

analysis showed a significant association between - - . - .
- . : . . Bl 1 resistance and enhance metabolic control in patients with
associated in a wide range of metabolic reactions ! It’s T2DM [10]

distributed in high concentrations in a wide variety of nuts,

. . Aim of the study: To assess serum Mg level in type 2 DM
leafy green vegetables, and whole grains . Previous works

with and without diabetic retinopathy and to investigate its

linked Mg deficiency to a number of health conditions like relation with diabetic retinopathy.

chronic diseases such as obesity, probably because of

increased inflammation 1. Supplementing Mg in type 2 Patients and methods

diabetics decreased blood pressure and ||p|d levels while Study design and Setting: This was an observational cross-
improving  endothelial ~ function, however, long-term sectional ~comparative study conducted at The
magnesium  supplementation  studies are needed to  Ophthalmology center in Ghazi AL-Hariri Hospital for
determine whether increasing serum/plasma magnesium Surgical Specialties/ Baghdad/ Iraqg, the data were collected
levels can improve cardiovascular outcomes (61, from the 15™ of March 2024 to the 30" of August 2024.
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Inclusion criteria

Type |l diabetic patients with or without diabetic
retinopathy.

Age > 40 years.

Exclusion criteria

Patients on any supplements containing Mg.

Other ocular conditions that might intervene with the results
like glaucoma and previous ocular surgeries.

Patients on medications known to affect Mg levels, like
diuretics, long term use of proton pump inhibitors, anti-
epileptics, .... etc.

Patients who had a history of recent metabolic acidosis,
renal complications of T2DM, other microvascular
complications, severe inflammatory disease or infections.

Pregnant or lactating mothers

Type | diabetes mellitus

Sampling method: Convenient sampling of patients with
93 cases suffering from any sort of diabetic retinopathy
(non-proliferative diabetic retinopathy, or proliferative
diabetic retinopathy) and 100 cases who are diabetic without
any retinal disease.

Examination and investigations: Patients diagnosed with
T2DM were sent for a specialized ophthalmologist who
examined the fundus of those patients to determine the
presence of any signs for

diabetic retinopathy. Patients with diabetic retinopathy were
classified according to the type and severity of their disease
by the same ophthalmologist and were sent for Optical
Coherence Topography (OCT) to record their central retinal
thickness. Blood samples were collected from all
participants for measurements of Hemoglobin Alc (HbAlc)
and serum magnesium. Normal HbAlc ranges from 4.0%—
5.6%, prediabetes from 5.7%—-6.4%, while levels > 6.4%
levels have diabetes . Serum Mg normal levels range

www.medicalsciencejournal.com

from 1.7-2.4mg/dL [, The demographic data were
collected and included age, sex, residence, education, and
occupation. Diabetes mellitus related data included: duration
of the disease in years, type of medication whether oral
antidiabetic medications or subcutaneous insulin.

Statistical analysis: Data analysis was done using
Statistical Package for Social Sciences (SPSS) version 26.
Descriptive statistics included frequency and percentage.
Chi-square test was used to investigate the association
between categorical variables. Independent samples T test
was used to investigate the difference between two normally
distributed variables, while Kruskal Wallis test was used to
investigate the difference between more than two numerical
variables that did not follow the normal distribution. A P-
value less than 0.05 was considered significant.

Results

The current study enrolled 93 cases with diabetic
retinopathy, their mean age was 55.6+ 5.87 years and 100
cases without diabetic retinopathy, their mean age of 54.33+
6.82 years. There were 49(52.7%) males with diabetic
retinopathy and 38(38%) males without diabetic
retinopathy, patients with urban residence were 88(94.6%)
with diabetic retinopathy and 91(91%) without diabetic
retinopathy, primary education was the most prevalent in
both groups with 52(55.9%) with diabetic retinopathy and
30(30%) without diabetic retinopathy. Patients with diabetic
retinopathy included 40(43%) housewives and 22(23.7%)
non-governmental employees, and patients without diabetic
retinopathy included 59(59%) housewives and 27(27%)
non-governmental employees. The mean diabetes duration
was 13.68+6.53 years for with diabetic retinopathy group
and 15.745.52 years in without diabetic retinopathy group.
There were 15(16.1%) cases with diabetic retinopathy on
insulin in comparison to 20(20%) cases without diabetic
retinopathy. As shown in Table-1.

Table 1: Distribution studied participants according to socio-demographic and disease characteristics

Variables With diabetic retinopathy No. (%) | Without diabetic retinopathy No. (%)

Age (meanz SD) 55.6+5.87 54.33+6.82
Sex Male 49(52.7) 38(38)
Female 44(47.3) 62(62)
. Rural 5(5.4) 9(9)
Residence Urban 88(94.6) 91(91)
Iliterate 18(19.4) 29(29)
. Primary 52(55.9) 30(30)
Education Secondary 13(14) 27(27)
University 10(10.8) 14(14)
Government employee 18(19.4) 12(12)
. Non-government employee 22(23.7) 27(27)
Occupation Retired 13(14) 20)
Housewife 40(43) 59(59)

Duration of disease (meanz SD) 13.68+6.53 15.745.52
L Insulin 15(16.1) 20(20)
Medication Oral 78(83.9) 80(30)

There were 64(68.8%) cases with NPDR and 29(31.2%) with PDR, as shown in Figure-1.
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Diabetic Retinopathy Type
Non-proliferative diabetic
-rel:irlupaﬂly (NPDR)
Proliferative diabetic

.retinopathy (PDR)

Figl: Distribution of patients according to type of diabetic retinopathy

S There were 27(29%) patients with diabetic retinopathy who had low S.Mg in comparison to 16(16%) patients without
diabetic retinopathy also with low S.Mg, which showed statistically significant association (p=0.030), as shown in Table-2.

Table 2: Distribution of studied group according to carboxylated hemoglobin and serum magnesium levels

. With diabetic retinopathy | Without diabetic retinopathy Total i
Variables No. (%) No. (%) No. (%) P-value
Controlled 10(10.8) 20(20) 30(15.5)
HbAlc Uncontrolled 83(89.2) 80(30) 163(34.5) 0.076
Low 27(29) 16(16) 43(22.3)
S-Mg Normal 66(71) 84(34) 150(77.7) 0.030

There was no statistically significant association between
HbAlc and NPDR, as there were 7 (10.9%) patients with
NPDR with adequate control in comparison to 20(20%)
patients without diabetic retinopathy. There was a

statistically significant association between NPDR and low
S.Mg, as there were 21(32.8%) patients with NPDR and low
S.Mg in comparison to 16(16%) in those without diabetic
retinopathy. As shown in Table-3.

Table 3: Distribution of NPDR cases according to carboxylated hemoglobin and serum magnesium levels

Variables NPDR Without diabetic retinopathy Total p-value
No. (%0) No. (%) No. (%)
Controlled 7(10.9) 20(20) 27(16.5)
HbALc Uncontrolled 57(89.1) 80(80) 137(83.5) 0.127
Low 21(32.8) 16(16) 37(22.6)
S-Mg Normal 43(67.2) 84(84) 127(77.4) 0.012

There was no statistically significant association between
HbAlc and PDR, as there were 3 (10.3%) patients with
PDR and adequate control in comparison to 20(20%)
patients without diabetic retinopathy. There was a
statistically significant association between PDR and low

S.Mg, as there were 10(34%) patients with PDR and low
S.Mg in comparison to 16(16%) in those without diabetic
retinopathy. As shown in Table-4. S.Mg was decreased in
both NPDR and PDR patients, with no significant difference
between the two of them (P-value 0.05).

Table 4: Distribution of PDR cases according to carboxylated hemoglobin and serum magnesium levels

PDR

. Without diabetic retinopathy Total
Variables No. (%) No. (%) No. (%) P-value
Controlled 3(10.3) 20(20) 23(17.8)
HbALC Uncontrolled 26(89.7) 80(30) 106(82.2) 0.127
Low 10(34.5) 16(16) 26(20.2)
S Mg Normal 19(65.5) 84(84) 103(79.8) 0.029

There was no statistically significant difference between
S.Mg and durations of diabetes among patients with diabetic

22

retinopathy and without diabetic retinopathy, as shown i
Table-5.
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Table 5: Distribution of duration of diabetes according to S.Mg levels and diabetic retinopathy

. . With diabetic retinopathy Without diabetic retinopathy
Duration of diabetes Mean+ SD Mean+ SD
S M Low 1477+ 5.8 16.10£ 5.4
- M9 Normal 13.13+ 6.9 13.63+£ 5.6
P-value 0.254 0.101
Discussion impact magnesium levels in diabetic patients. Western diet

Magnesium has a pivotal role in several physiological
processes, like vascular tone and calcification, oxidative
stress, and regulation of the immune response, all of which
are significant factors in the development and progression of
diabetic retinopathy [*31,

In the current study, patients with diabetic retinopathy
showed lower S.Mg in comparison to diabetic patients
without diabetic retinopathy, with no significant association
between NPDR and PDR patients. These results were in
comparison to the results of Shivakumar et al. (2021), who
reported that S.Mg levels were lower in patients with
diabetic retinopathy, however they also reported that S.Mg
was lower in patients with more severe diabetic retinopathy
(141 In another study done by Moradiya and Muley (2021),
hypomagnesemia was significantly associated with diabetic
retinopathy (odds ratio= 4.871) [*%1. In another study done by
Xing et al. (2021), they studied more than two thousand
patients with T2DM and reported that lower serum
magnesium levels were associated with an increased risk of
developing diabetic retinopathy 71, In addition, Hussain et
al. (2020) reported that diabetic patients with retinopathy
had lower S.Mg levels in comparison to patients without
retinopathy (8. Anveetha and Chittimoju (2021) reported,
unlike the current study, that HoA1C along with S.Mg were
impaired in patients with diabetic retinopathy in comparison
to diabetics without retinopathy €1, This might be explained
by several potential mechanisms; Mg deficiency lowers the
activity of antioxidant enzymes like glutathione, thus the
oxidative damage to retinal cells would increase, lower Mg
levels promote the production of pro-inflammatory
cytokines aggravating retinal damage, Mg is crucial for
endothelial cell tight junctions function and vascular smooth
muscle tone, lower Mg levels contribute to microaneurysms,
hemorrhages and impair vasodilation increasing risk for
microvascular damage in the retina in diabetic retinopathy
71

In the current study, low S.Mg was not associated with
disease duration. This in agreement with a study by Arpaci
et al. (2015), who reported that S.Mg showed no statistically
significant difference among diabetic patients with and
without diabetic retinopathy, disease duration did not affect
the S.Mg levels 11, While in another study by Paladiya et
al. (2021), both severity and duration of diabetes more than
10 years were significantly  associated  with
hypomagnesemia . The contradictory results might be
explained by the complex and multifactorial relationship
between S.Mg and diabetes mellitus, as diabetic
nephropathy significantly associated with hypomagnesemia
and those with nephropathy suffer from progressive urinary
loss of magnesium 23, In addition, personal variances in
dietary magnesium intake and supplementation could
mitigate magnesium depletion in diabetic patients even with
longer duration of the disease.

Dietary patterns play a significant role in regulating
magnesium levels, and different dietary factors and patterns

23

constitutes low Mg as it is characterized by high quantity of
processed foods, refined grains, saturated fats, and sugars,
while maintaining low quantities of whole grains, fruits, and
vegetables 22, however, mediterranean diet has more Mg
than the western one, as it is rich in whole grains, olive oil,
nuts, seeds, legumes, fish, and vegetables; low in processed
foods %, and in Iraq, the experts consensus held in 2020
recommended this type of diet in patients with type 2 DM
for its better profile in glucose metabolism 24, in addition,
high sodium diet increases urinary magnesium excretion 2],

Conclusion

Lower serum magnesium levels are more common in
patients with diabetic retinopathy compared to those
without, regardless of the severity of the condition. This
study didn’t observe a strong link between magnesium
levels and factors like HbAlc or diabetes duration.
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