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Abstract: 
Hypomagnesemia is increasingly recognized as a significant yet underappreciated comorbidity in type 2 diabetes mellitus (T2DM), 
with emerging evidence suggesting its role in impaired insulin signaling and worsening glycemic outcomes. Therefore, it is of 
interest to investigate the correlation between serum magnesium levels and markers of glycemic control including glycated 
hemoglobin (HbA1c), fasting blood glucose (FBG) and postprandial blood glucose (PPBG) in 120 T2DM patients. Serum magnesium 
levels were significantly lower in patients with poor glycemic control and a strong inverse correlation was observed between serum 
magnesium and HbA1c (r = −0.68, p<0.001). The overall prevalence of hypomagnesemia was 45%, with rates rising progressively 
across worsening glycemic categories. Thus, data shows the clinical importance of monitoring serum magnesium as part of routine 
diabetic management to potentially improve long-term glycemic outcomes. 
 

Keywords: Serum magnesium, type 2 diabetes mellitus (T2DM), glycemic control, glycated hemoglobin (HbA1c), hypomagnesemia, 
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Background: 
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder 
characterized by persistent hyperglycemia resulting from insulin 
resistance and progressive β-cell dysfunction [1]. It is a major 
global health concern and a leading cause of cardiovascular, 
renal, neurological and ophthalmic complications, contributing 
substantially to morbidity and mortality worldwide [2]. Effective 
glycemic control is essential for reducing the risk of these 
complications and glycated hemoglobin (HbA1c) remains the 
most reliable indicator of long-term glycemic status [3]. 
Magnesium is the fourth most abundant cation in the human 
body and the second most abundant intracellular cation, playing 
a crucial role in numerous physiological and metabolic processes 
[4]. It acts as a cofactor for more than 300 enzymatic reactions, 
including those involved in glucose metabolism, insulin 
secretion, insulin receptor activity and carbohydrate oxidation. 
Magnesium is also required for insulin receptor 
autophosphorylation and intracellular signaling pathways that 
regulate glucose uptake and utilization [5]. Consequently, 
inadequate magnesium levels may impair insulin action and 
contribute to metabolic dysregulation. Hypomagnesemia, 
commonly defined as a serum magnesium concentration below 
1.7 mg/dL, is frequently observed in individuals with T2DM, 
with reported prevalence rates ranging from 25% to 75% [6]. 
Several mechanisms have been proposed to explain magnesium 
depletion in diabetes, including increased urinary magnesium 
loss due to osmotic diuresis, reduced intestinal absorption and 
impaired renal tubular reabsorption. These alterations may lead 
to intracellular magnesium deficiency, which can further worsen 
insulin resistance and glycemic control, creating a self-
perpetuating cycle [7]. In addition, magnesium deficiency has 

been associated with increased oxidative stress, chronic 
inflammation and β-cell dysfunction, all of which contribute to 
the progression of diabetes and its complications. Numerous 
clinical and epidemiological studies have demonstrated an 
inverse relationship between serum magnesium levels and 
markers of glycemic control, including fasting blood glucose and 
HbA1c [8]. Therefore, it is of interest to report the relationship 
between serum magnesium levels and glycemic control among 
patients with type 2 diabetes mellitus.  
 
Methodology: 
This cross-sectional observational study was conducted at a 
tertiary care center over a period of 12 months and included 120 
adult patients with confirmed type 2 diabetes mellitus. 
Participants were recruited from the outpatient endocrinology 
and medicine clinics following written informed consent. Ethical 
approval was obtained from the Institutional Ethics Committee 
in accordance with the Declaration of Helsinki. Inclusion criteria 
comprised patients aged 30 to 70 years with a confirmed 
diagnosis of T2DM for at least one year, managed with oral 
hypoglycemic agents or insulin or a combination thereof. 
Patients were required to be clinically stable and ambulatory. 
Exclusion criteria included patients with chronic kidney disease 
(eGFR <60 mL/min/1.73 m²), chronic diarrheal conditions, 
active malabsorptive disorders, chronic alcoholism, current use 
of magnesium supplements or medications known to alter 
magnesium homeostasis (such as proton pump inhibitors, 
thiazide or loop diuretics and aminoglycosides), pregnancy and 
type 1 diabetes mellitus. All patients underwent a detailed 
clinical assessment including anthropometric measurements 
(height, weight, body mass index), blood pressure measurement 
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and documentation of diabetes duration, current medications 
and comorbidities. Blood samples were collected after an 
overnight fast of at least 8 hours. Biochemical investigations 
included serum magnesium (measured by colorimetric method 
using xylidyl blue reagent), HbA1c (by high-performance liquid 
chromatography), fasting blood glucose (FBG), postprandial 
blood glucose at 2 hours (PPBG) and fasting serum insulin. 
Hypomagnesemia was defined as serum magnesium less than 
1.7 mg/dL. Patients were categorized into two groups based on 
serum magnesium levels: Group 1 (Low Mg, <1.7 mg/dL, n=60) 
and Group 2 (Normal Mg, ≥1.7 mg/dL, n=60). Glycemic control 
was additionally classified as well-controlled (HbA1c <7%), 
moderately controlled (HbA1c 7–9%) and poorly controlled 
(HbA1c >9%). Statistical analysis was performed using SPSS 
version 26.0. Continuous variables were expressed as mean ± 
standard deviation (SD). Independent samples t-test was used 
for comparison between groups. Pearson's correlation coefficient 
was used to evaluate the relationship between serum 
magnesium and glycemic parameters. Chi-square test was used 
for categorical variables. A p-value <0.05 was considered 
statistically significant. 
 
Results: 
A total of 120 patients with type 2 diabetes mellitus were 
included in the study and categorized into a low magnesium 
group (n=60) and a normal magnesium group (n=60). The mean 
age was 54.2 ± 8.7 years in the low magnesium group and 52.8 ± 
9.1 years in the normal magnesium group. The low magnesium 
group comprised 32 males and 28 females, while the normal 
magnesium group included 30 males and 30 females. Mean 
duration of diabetes was 9.4 ± 4.2 years in the low magnesium 
group compared with 8.1 ± 3.9 years in the normal magnesium 
group. Mean BMI was 28.6 ± 3.8 kg/m² and 27.9 ± 4.1 kg/m² in 
the low and normal magnesium groups, respectively. Mean 
systolic blood pressure was higher in the low magnesium group 
(138.4 ± 12.3 mmHg) than in the normal magnesium group 
(132.1 ± 11.7 mmHg). Baseline demographic and clinical 
characteristics are presented in Table 1. Patients in the low 
magnesium group exhibited significantly higher mean HbA1c 
(9.2 ± 1.4% vs. 7.1 ± 0.9%, p<0.001), fasting blood glucose (198.4 ± 
34.6 vs. 142.7 ± 28.3 mg/dL, p<0.001), postprandial blood 
glucose (268.2 ± 42.1 vs. 196.4 ± 35.8 mg/dL, p<0.001) and fasting 
insulin levels (18.6 ± 4.3 vs. 13.2 ± 3.1 µIU/mL, p<0.001) 
compared to the normal magnesium group. Mean serum 
magnesium was 1.58 ± 0.21 mg/dL in the low Mg group versus 
2.14 ± 0.18 mg/dL in the normal Mg group. These findings are 
detailed in Table 2. The prevalence of hypomagnesemia 
increased progressively with worsening glycemic control: 23.7% 
in well-controlled patients (HbA1c <7%), 46.2% in moderately 
controlled patients (HbA1c 7–9%) and 70.0% in poorly controlled 
patients (HbA1c >9%), with a statistically significant trend 
(p<0.001). Table 3 summarizes these findings. Pearson's 
correlation analysis revealed a strong and statistically significant 
inverse correlation between serum magnesium and HbA1c (r = 
−0.68, p<0.001), fasting blood glucose (r = −0.61, p<0.001), 
postprandial blood glucose (r = −0.57, p<0.001), fasting insulin (r 

= −0.44, p<0.001) and duration of diabetes (r = −0.39, p=0.003). 
These correlations are presented in Table 4, confirming that 
lower serum magnesium is independently associated with 
poorer glycemic outcomes across multiple parameters. 

 
Table 1: Baseline demographic and clinical characteristics of study participants 

Characteristic Low Mg  
Group (n=60) 

Normal Mg  
Group (n=60) 

Age (years, mean ± SD) 54.2 ± 8.7 52.8 ± 9.1 
Male / Female 32 / 28 30 / 30 
Duration of DM (years) 9.4 ± 4.2 8.1 ± 3.9 
BMI (kg/m²) 28.6 ± 3.8 27.9 ± 4.1 
Systolic BP (mmHg) 138.4 ± 12.3 132.1 ± 11.7 

  
Table 2: Comparison of serum magnesium and glycemic parameters between 
groups 

Parameter Low Mg  
(n=60) 

Normal Mg  
(n=60) 

p- 
value 

Serum Mg (mg/dL) 1.58 ± 0.21 2.14 ± 0.18 <0.001 
HbA1c (%) 9.2 ± 1.4 7.1 ± 0.9 <0.001 
Fasting Blood Glucose (mg/dL) 198.4 ± 34.6 142.7 ± 28.3 <0.001 
Postprandial Glucose (mg/dL) 268.2 ± 42.1 196.4 ± 35.8 <0.001 
Fasting Insulin (µIU/mL) 18.6 ± 4.3 13.2 ± 3.1 <0.001 

  
Table 3: Prevalence of hypomagnesemia stratified by glycemic control category 

HbA1c  
Category 

Total  
Patients 

Hypomagnesemia 
N (%) 

p- 
value 

Well-controlled (<7%) 38 9 (23.7%) Reference 
Moderately controlled (7–9%) 52 24 (46.2%) 0.024 
Poorly controlled (>9%) 30 21 (70.0%) <0.001 
Overall 120 54 (45.0%) — 

  
Table 4: Pearson correlation between serum magnesium and glycemic/metabolic 
variables 

Variable Pearson r p-value 

Serum Mg vs HbA1c −0.68 <0.001 
Serum Mg vs FBG −0.61 <0.001 
Serum Mg vs PPBG −0.57 <0.001 
Serum Mg vs Fasting Insulin −0.44 <0.001 
Serum Mg vs Duration of DM −0.39 0.003 

  

Discussion: 
The findings of this study demonstrate a significant inverse 
correlation between serum magnesium levels and markers of 
glycemic control in patients with type 2 diabetes mellitus, 
corroborating and extending the evidence from several prior 
investigations. The high prevalence of hypomagnesemia (45%) 
and its strong association with elevated HbA1c, FBG and PPBG 
underscore the clinical relevance of routinely assessing 
magnesium status in diabetic patients. Barbagallo and 
Dominguez (2015) [8] demonstrated that hypomagnesemia is 
closely linked to impaired insulin receptor signaling and 
worsened glycemic indices in T2DM patients and proposed that 
magnesium deficiency may amplify oxidative stress pathways 
relevant to diabetes progression. Their findings align closely 
with our observation of significantly higher HbA1c in the 
hypomagnesemic group. Similarly, Veronese et al. (2021) [9] 
conducted a systematic review and meta-analysis confirming 
that low dietary magnesium intake is independently associated 
with higher odds of poor glycemic control, lending population-
level support to our clinical findings. They also documented 
significant inverse relationships between magnesium and fasting 
glucose consistent with our results. In contrast, Abdullah et al. 
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(2023) [10] reported a slightly lower prevalence (38%) in an 
Indian cohort but similarly confirmed that duration of diabetes 
and HbA1c were the strongest predictors of hypomagnesemia, a 
trend reflected in our correlation analysis where duration of 
T2DM showed a significant inverse relationship with serum 
magnesium (r = −0.39, p=0.003). Gommers et al. (2016) [11] 
explored the mechanistic basis of magnesium depletion in 
T2DM, attributing it to chronic glucosuria-induced renal 
magnesium wasting and reduced tubular reabsorption. This 
mechanistic framework explains why patients with higher 
HbA1c in our cohort had progressively lower serum magnesium 
values, supporting the concept of a bidirectional pathological 
relationship. Furthermore, Sri et al. (2026) [12] evaluated 
magnesium supplementation in poorly controlled T2DM 
patients and reported significant improvements in HbA1c and 
fasting glucose over 12 weeks, suggesting that the inverse 
correlation identified in observational studies such as ours may 
have therapeutic implications. Taken together, these findings 
reinforce the argument that hypomagnesemia is not merely an 
epiphenomenon of poor glycemic control but may it-self be a 
modifiable driver of worsening diabetes outcomes. The 
convergence of our data with prior published evidence from 
multiple geographical and ethnic settings strengthens the 
external validity of these findings and supports the 
incorporation of serum magnesium monitoring into standard 
diabetic care protocols. 
 
Conclusion: 
We show a significant inverse correlation between serum 
magnesium and glycemic control parameters, with 

hypomagnesemia present in nearly half of all T2DM patients. 
The risk of hypomagnesemia increases progressively with 
worsening glycemic control, highlighting a clinically actionable 
relationship. Routine assessment of serum magnesium in T2DM 
patients is recommended, as correction of deficiency may 
represent an adjunctive strategy to improve long-term glycemic 
outcomes.  
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