
Observational Study

1

Medicine®

Hypomagnesemia in adults with type 2 diabetes 
mellitus in Riyadh, Saudi Arabia
A cross-sectional study
Nasser M. Al-Daghri, PhDa,* , Sobhy M. Yakout, PhDa, Syed Danish Hussain, MSca, Abdullah M. Alnaami, BSca, 
Nicola Veronese, MDb, Mario Barbagallo, MDb, Shaun Sabico, MD, PhDa

Abstract 
This study investigates the prevalence of hypomagnesemia in adults with type 2 diabetes mellitus (T2DM) in Riyadh, Saudi Arabia, 
and examines its association with various metabolic parameters. Conducted as a cross-sectional study at King Saud University, 
Riyadh, it included 294 Saudi adults aged 25 to 65 years, comprising 119 T2DM patients, 80 prediabetics, and 95 nondiabetic 
controls. Participants underwent physical examinations, and fasting blood samples were analyzed for glucose, glycated hemoglobin 
(HbA1c), lipid profile, and serum magnesium levels. Statistical analysis revealed that lower magnesium levels were significantly 
more prevalent in T2DM patients (1.65 ± 4.9 mg/L) compared to prediabetes (2.48 ± 5.2 mg/L) and controls (2.9 ± 5.4 mg/L; 
P < .001). T2DM patients with magnesium deficiency exhibited higher levels of fasting glucose (11.2 ± 3.9 mmol/L), HbA1c 
(8.6 ± 2.1 mmol/L), and triglycerides (2.1 ± 0.9 mmol/L), along with increased insulin resistance (Homeostatic Model Assessment 
of Insulin Resistance = 6.6) and decreased insulin sensitivity (Quantitative Insulin Sensitivity Check Index = 0.29). Magnesium 
levels correlated negatively with glucose (R = −0.58) and HbA1c (R = −0.61). The area under the curve for serum magnesium in 
predicting HbA1c > 5.7 was 0.88, and for HbA1c ≥ 6.5, it was 0.91, indicating high diagnostic accuracy. These findings suggest 
that magnesium deficiency significantly impacts the metabolic profile of T2DM patients in Riyadh. Therefore, routine monitoring 
of magnesium levels is crucial in diabetes management, and further research is needed to explore the benefits of magnesium 
supplementation in T2DM care.

Abbreviations: AUC = area under the curve, BMI = body mass index, HbA1c = glycated hemoglobin, HDL = high-density 
lipoprotein, HOMA-IR = Homeostatic Model Assessment of Insulin Resistance, Mg = magnesium, QUICKI = Quantitative Insulin 
Sensitivity Check Index, T2DM = type 2 diabetes mellitus, WHR = waist-hip ratio.
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1. Introduction
Magnesium (Mg), the second most abundant intracellular cation 
after potassium, is crucial for human health. It is a key cofactor 
in over 300 enzymatic reactions, influencing a broad spectrum 
of biochemical functions in the body.[1] The role of Mg is par-
ticularly significant in glucose metabolism and the modulation 
of smooth muscle function, rendering it an essential micronutri-
ent.[2] The deficiency of Mg, notably in conditions such as Type 
2 diabetes mellitus (T2DM), has been linked to various clinical 
challenges.[3]

Recent studies have highlighted the influence of Mg on 
insulin receptor activity, insulin-mediated glucose uptake, and 
its potential to improve insulin sensitivity, all of which under-
score the importance of maintaining adequate Mg levels.[4,5] 
Moreover, the anti-inflammatory and antioxidative properties 

of Mg have been shown to play a role in mitigating metabolic 
complications, further emphasizing its therapeutic relevance in 
the context of T2DM.[6]

With diabetes mellitus on the rise globally, it has become a 
major health concern, especially in low- and middle-income 
countries. According to the World Health Organization, more 
than 150 million people aged over 20 years were living with dia-
betes in 2000, a figure projected to increase significantly.[7] By 
2035, the International Diabetes Federation estimates that nearly 
592 million people will be affected by diabetes, emphasizing its 
prevalence as a major noncommunicable disease and a leading 
cause of death in the developed world.[8,9] Factors like obesity, 
lack of physical activity, and aging populations are driving this 
increase. This rising trend is particularly pronounced in low- and 
middle-income countries, where rapid urbanization, sedentary 
lifestyles, and dietary changes have contributed to increasing rates 
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of obesity and diabetes. Recent data indicates that the prevalence 
of T2DM has been accelerating faster in these regions compared 
to high-income countries, highlighting an urgent need for effec-
tive management and prevention strategies.[9]

In the Kingdom of Saudi Arabia, the prevalence of diabetes 
is among the highest worldwide, with estimates ranging from 
20% to 35%.[10,11] This situation not only presents significant 
public health challenges but also imposes a heavy economic 
burden on healthcare systems due to the costs associated with 
diabetes care. The increasing trend of diabetes in Saudi Arabia 
mirrors the global pattern, underlining the urgency for proactive 
measures to combat this escalating health crisis.

Dietary habits, lifestyle factors, and genetic predispositions in 
the Saudi population may contribute to the higher prevalence 
of T2DM and related conditions such as hypomagnesemia.[12] 
Studies have suggested that traditional diets low in Mg, along 
with a shift towards more processed and Westernized food con-
sumption, could exacerbate micronutrient deficiencies, making 
Mg a key area of focus for diabetes management in this region.[13]

The importance of micronutrients and trace elements, such as 
Mg, in the management and development of diabetes is increas-
ingly acknowledged.[14,15] Mg plays a fundamental role in glucose 
metabolism and insulin sensitivity, with studies linking low Mg 
levels to impaired insulin secretion and action, thereby increasing 
the risk of T2DM.[15,16] Mg supplementation has been proposed 
to improve insulin sensitivity and metabolic control in diabetic 
patients, highlighting its potential therapeutic benefits.[17] This 
accentuates the need to consider nutritional factors, including 
Mg levels, in comprehensive diabetes management strategies.

Several interventional studies have demonstrated that Mg 
supplementation can lead to improvements in glycemic con-
trol, insulin resistance, and lipid profiles in individuals with 
T2DM.[14,18] These findings suggest a possible therapeutic role 
for Mg, not just in preventing the onset of diabetes but also in 
managing its progression and complications.[14,19]

Epidemiological evidence consistently shows a relationship 
between hypomagnesemia and a higher prevalence of T2DM, 
with a significant inverse correlation between Mg intake and 
T2DM risk.[15,20,21] This relationship exhibits a linear dose- 
response pattern, suggesting that increased Mg intake may reduce 
T2DM risk. Mg deficiency is implicated in glucose intolerance and 
insulin resistance, potentially leading to poor glycemic control 
and an increased risk of long-term diabetes complications.[22,23]

Despite this evidence, there is a lack of localized research 
addressing the prevalence of hypomagnesemia in specific 
populations such as those in Saudi Arabia. Previous studies 
conducted in other Middle Eastern countries have reported 
similar patterns, indicating that regional lifestyle and dietary 
factors could be significant determinants of micronutrient 
deficiencies.[24,25]

The mechanism linking diabetes and Mg deficiency, while not 
fully understood, indicates a bidirectional relationship where 
diabetes can lead to hypomagnesemia, which in turn may exac-
erbate the condition.[26,27] This study aims to investigate the 
prevalence of hypomagnesemia in adults with T2DM in Riyadh, 
Saudi Arabia, and its implications for diabetes management. By 
exploring the role of Mg, the study seeks to enhance the under-
standing and development of more effective treatment and pre-
vention strategies for this widespread condition. Furthermore, 
this research intends to fill existing gaps in literature by pro-
viding data specific to the Saudi population, thereby contribut-
ing to global efforts in understanding the complex interactions 
between micronutrient status and diabetes.

2. Methodology

2.1. Subjects selection

In this cross-sectional study, 294 Saudi adults aged 25 to 
65 years were examined, including individuals with T2DM 

(119 participants), prediabetes (Pre-DM, 80 participants), 
and nondiabetic controls (95 participants). Participant data 
were sourced from a comprehensive database at the Chair 
for Biomarkers of Chronic Diseases at King Saud University, 
Riyadh. This database compiles clinical information from 
individuals involved in various diabetes prevention initia-
tives across primary healthcare centers. The classification of 
diabetes and prediabetes was in line with the World Health 
Organization guidelines, categorizing individuals with fasting 
blood glucose levels above 7.0 mmol/L as diabetic and those 
with levels between 6.1 and 7.0 mmol/L as prediabetic.[28] 
The study was conducted under the approval of the Ethics 
Committee of the College of Science Research Center, King 
Saud University (approval No. 8/25/454239), ensuring ethical 
compliance and participant consent. All subjects provided writ-
ten informed consent and completed a comprehensive ques-
tionnaire that included demographic information and medical 
history. Physical examinations were conducted to exclude any 
participants with critical health conditions such as cardiac, 
kidney, or liver diseases; mental health issues; or those on spe-
cific medications. Key health metrics measured included body 
mass index (BMI, kg/m2), waist-hip ratio (WHR), and blood 
pressure (systolic and diastolic, mm Hg), ensuring a thorough 
assessment of each participant’s health status. It is important 
to note that T2DM patients who were on glucose-lowering 
medications were included in the T2DM group regardless 
of their fasting blood glucose levels at the time of measure-
ment. This was done to ensure that all patients diagnosed 
with T2DM were correctly categorized, even if their medica-
tion effectively lowered their fasting glucose levels below 7.0 
mmol/L. Healthy controls were individuals without a history 
of diabetes or prediabetes, confirmed by fasting glucose levels 
consistently below 6.1 mmol/L. Prediabetic individuals were 
classified based on fasting glucose levels between 6.1 and 7.0 
mmol/L, following the World Health Organization guidelines.

2.2. Biochemical analysis

Fasting blood samples were collected from each participant. 
These were then processed, aliquoted, and transported to the 
Chair for Biomarkers of Chronic Diseases laboratory for detailed 
biochemical analysis. The fasting glucose levels and lipid profile, 
including total cholesterol, high-density lipoprotein (HDL)-
cholesterol, and triglycerides, were measured using the Konelab 
20XT chemical analyzer (Thermo Scientific, Vantaa, Finland) 
and standard bioassay kits. The levels of glycated hemoglobin 
(HbA1c) were determined using the D-10 Hemoglobin Analyzer 
(Bio-Rad Laboratories, Hercules), a system that employs an 
ion-exchange high-performance liquid chromatography method 
for accurate measurement. Serum insulin was determined using 
the LIAISON XL automated quantitative analyzer (DiaSorin, 
Saluggia, Italy). It uses an advanced chemiluminescence tech-
nique with magnetic microparticle separation to achieve the best 
sensitivity and accuracy of the assay.

For the assessment of insulin resistance, the Homeostatic 
Model Assessment (HOMA) and the Quantitative Insulin 
Sensitivity Check Index (QUICKI) were calculated using the 
formulas:

HOMA = (fasting insulin [µIU/mL] × fasting glucose [mg/
dL])/405, and QUICKI = 1/(log[fasting insulin µIU/mL] + log[-
fasting glucose mg/dL]).

Insulin resistance was defined as a HOMA value of ≥ 2.6 and 
a QUICKI value of ≤ 0.337, aligning with established clinical 
thresholds.[29–31]

2.3. Mg determination

In this procedure, 150 µL of nitric acid was combined with 150 
µL of the sample and 100 µL of hydrogen peroxide in Eppendorf 



3

Al-Daghri et al.  •  Medicine (2025) 104:3� www.md-journal.com

tubes. These tubes were then centrifuged at a speed of 4400 rpm 
for 10 minutes at a temperature of 4°C. Following centrifuga-
tion, the tubes were placed in a block digester and heated at 
95°C for 90 minutes. After digestion, the volume in each tube 
was brought up to 1 mL with distilled water and the tubes were 
stored at 4°C. For the analysis, 250 µL of each prepared sample 
was diluted to 3 mL using deionized water. The quantification 
of Mg was conducted using an Inductively Coupled Plasma-
Mass Spectrometer, specifically the NexION 300 D model from 
Perkin Elmer.

Considering the ongoing debate and varying international 
standards regarding the optimal cutoff serum concentration 
for Mg deficiency, our study acknowledges the complexity of 
establishing a universally accepted threshold. Notably, different 
countries and research groups have proposed varying cutoff 
points. In Russia and some other countries, a commonly used 
lower reference limit is 0.66 mmol/L.[4] However, extensive his-
torical data in the United States identified 0.75 mmol/L as the 
reference limit, with recent publications suggesting that the cut-
off should be higher, at 0.8 mmol/L.[32–34] Moreover, 2 groups of 
researchers, 1 in the United States[33] and 1 in Germany,[35] have 
independently suggested a serum Mg value of 0.85 mmol/L as 
the low cutoff point to define hypomagnesemia. They argue that 
serum Mg values below 0.85 mmol/L (2.07 mg/dL) are associ-
ated with an increased risk of various diseases, including cardio-
vascular disease, metabolic conditions, obesity, and implications 
related to aging.

Given these diverse perspectives and the evidence presented, 
our study opts to adopt an evidence-based reference interval, con-
sidering serum Mg values < 0.8 mmol/L as indicative of Mg defi-
ciency. This decision aligns with the more recent and conservative 
approaches in the literature, aiming to more accurately identify 
individuals at risk of cardiovascular disease, T2DM, and other 
related diseases.[33,36,37] We believe this cutoff provides a prag-
matic balance between the various international standards and 
the emerging consensus on the implications of lower Mg levels.

2.4. Statistical analysis

In this study, data analysis was conducted using Statistical 
Package for the Social Sciences, version 21.0. Continuous 

variables were described using mean and standard deviations 
if normally distributed and median values (spanning from the 
first to the third quartile) for those not normally distributed. 
Categorical data were presented in terms of frequencies and 
percentages. For assessing significant differences in mean values 
of normally distributed variables among groups, ANOVA was 
employed, while the Kruskal-Wallis test was utilized for eval-
uating significant median differences in non-normal variables. 
Bonferroni correction was used to adjust for multiple compar-
isons. The Chi-square test was applied to analyze differences 
in proportions among categorical variables. Linear correlations 
between select variables were determined using the Pearson 
correlation coefficient for variables having a normal distribu-
tion. All non-normal variables underwent a log transformation 
before any parametric tests were conducted. Statistical signifi-
cance was set at a P < .05.

3. Results
The study included 294 participants (mean age 50.9 years, 
59% female, 41% male), categorized into 3 groups: control 
(n = 95), prediabetes (n = 80), and diabetes (n = 119). Table 1 
summarizes the descriptive statistics of the groups, focusing on 
various health parameters. The results revealed a statistically 
significant progression in mean age across the groups, with the 
control group at 40.9 ± 13.7 years, prediabetes at 46.7 ± 10.9 
years, and diabetes at 52.2 ± 11.2 years (P < .001). BMI was 
also higher in the prediabetes (32.6 ± 7.6 kg/m²) and diabe-
tes groups (31.8 ± 6.0 kg/m²) compared to the control group 
(29.9 ± 6.0 kg/m², P = .017). WHR showed an upward trend 
from the control and prediabetes groups (0.9 ± 0.1) to the dia-
betes group (1.0 ± 0.1, P = .003). Systolic blood pressure signifi-
cantly increased in the diabetes group (128.5 ± 15.1 mm Hg) 
compared to the control group (112.3 ± 10.3 mm Hg, P < .001), 
and a similar pattern was observed for diastolic blood pres-
sure (diabetes: 79.6 ± 9.0 mm Hg, control: 74.1 ± 7.0 mm Hg, 
P = .004). Both glucose and HbA1c levels showed a notable 
rise across the groups, peaking in the diabetes group (glucose: 
11.8 ± 3.3 mmol/L, HbA1c: 8.9 ± 1.9, P < .001 for both). Total 
cholesterol levels were higher in the prediabetes (5.1 ± 1.1 
mmol/L) and diabetes groups (5.0 ± 1.2 mmol/L) compared to 

Table 1

Descriptive statistics according to diabetes status of patients.

Parameters Control Prediabetes Diabetes P value P value*

N 95 80 119 -- --
Age (yr) 40.9 ± 13.7 46.7 ± 10.9 52.2 ± 11.2†‡ 0.000 --
Female/male 68/27 49/31 57/62 0.002 --
BMI (kg/m2) 29.9 ± 6.0 32.6 ± 7.6 31.8 ± 6.0 0.017 --
WHR 0.9 ± 0.1 0.9 ± 0.1 1.0 ± 0.1 0.003 0.132
Systolic BP (mm Hg) 112.3 ± 10.3 124.3 ± 14.1† 128.5 ± 15.1† <0.001 <0.001
Diastolic BP (mm Hg) 74.1 ± 7.0 78.5 ± 8.0 79.6 ± 9.0 0.004 0.060
Glucose (mmol/L) 5.4 ± 0.6 6.1 ± 0.4 11.8 ± 3.3†‡ <0.001 <0.001
HbA1c 4.8 ± 0.8 6.0 ± 0.2† 8.9 ± 1.9†‡ <0.001 <0.001
Insulin (uU/mL) 12.8 (8.0–18.9) 15.2 (10.1–22.3) 14.8 (10.2–22.5) 0.079 0.348
Total cholesterol (mmol/L) 4.6 ± 1.1 5.1 ± 1.1† 5.0 ± 1.2† 0.008 0.026
HDL-cholesterol (mmol/L) 1.0 ± 0.4 0.9 ± 0.3 0.9 ± 0.3 0.734 0.912
LDL-cholesterol (mmol/L) 3.0 ± 1.0 3.2 ± 1.0 2.9 ± 1.0 0.111 0.197
Triglycerides (mmol/L) 1.5 ± 0.7 2.0 ± 0.9† 2.1 ± 0.9† <0.001 0.001
Albumin (g/L) 39.6 ± 5.1 40.4 ± 5.3 41.5 ± 4.8 0.029 0.483
Calcium (mmol/L) 2.3 ± 0.2 2.4 ± 0.2 2.5 ± 0.2†‡ <0.001 <0.001
Magnesium (mg/dL) 2.9 ± 5.4 2.48 ± 5.2† 1.65 ± 4.9†‡ <0.001 <0.001

Data presented as mean ± SD for normal variables while median (1st quartile–3rd quartile) is presented for non-normal variables; P values are obtained from 1-way analysis of variance (ANOVA); all 
non-normal variables were log-transformed prior to parametric testing. BMI = body mass index, BP = blood pressure, HbA1c = glycated hemoglobin, HDL = high-density lipoprotein, LDL = low-density 
lipoprotein, WHR = waist-hip ratio.
*P-value adjusted age, BMI and gender; P < .05 considered significant. Boneforonni correction was applied to adjust for multiple comparisons.
†Statistically significant difference (P < .05) between the respective group and the control group.
‡Statistically significant difference (P < .05) between the respective group and the prediabetes group.
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the control group (4.6 ± 1.1 mmol/L, P = .008), with triglycer-
ide levels significantly elevated in the diabetes group (2.1 ± 0.9 
mmol/L, P < .001).

Additionally, the study observed that patients with T2DM 
had significantly lower mean serum Mg levels than both predi-
abetes patients and healthy controls, suggesting a possible link 
between Mg levels and the progression from prediabetes to type 
2 diabetes. Figure 1 visually compares serum Mg levels across 
these groups, clearly highlighting the significant differences. 
When adjusting the data for age using the general linear model, 
no significant changes were observed across the control, predia-
betes, and diabetes groups.

Table 2 presents a more detailed comparison of health 
parameters between individuals categorized as Mg nondefi-
cient (>1.944 mg/dL) and deficient (<1.944 mg/dL). The study 
included 142 nondeficient and 101 Mg-deficient individuals. 
The Mg-deficient group exhibited markedly higher glucose 
(11.2 ± 3.9 mmol/L) and HbA1c levels (8.6 ± 2.1, P < .001 for 
both), indicating a strong association between Mg deficiency 
and impaired glucose metabolism. Furthermore, this group 
had higher insulin resistance (Homeostatic Model Assessment 
of Insulin Resistance [HOMA-IR], P < .001) and lower insu-
lin sensitivity (QUICKI, P < .001). Triglycerides were signifi-
cantly higher (P = .015), and calcium levels were also elevated 
(P = .002) in the deficient group. Other parameters, including 
blood pressure, total cholesterol, HDL, low-density lipoprotein- 
cholesterol, and albumin levels, did not show significant dif-
ferences. These findings underscore the critical impact of Mg 
deficiency on key health indicators, particularly those related 
to glucose metabolism and insulin sensitivity. The correlation 
between serum Mg levels and HbA1c, as depicted in Figure 2, 
further illustrates this link, emphasizing the strong negative cor-
relation between these parameters.

Table 3 compares Mg deficiency prevalence among individ-
uals with prediabetes and type 2 diabetes. It shows a markedly 
higher prevalence of Mg deficiency in the diabetes group, with 
76% (88 out of 116) being deficient, compared to only 15% 
(12 out of 79) in the prediabetes group. This suggests that Mg 
may play a significant role in the progression or management 
of diabetes. Although most health parameters, including age, 
BMI, gender ratio, WHR, blood pressure, HbA1c, insulin lev-
els, HOMA-IR, vitamin D, albumin, and calcium, showed no 
significant differences in relation to Mg levels, 2 exceptions 
were noted. First, Mg-deficient individuals in the diabetes 
group had a near-significant higher glucose level (P = .077), 

suggesting a potential link between Mg deficiency and glucose 
control. Second, there was a significant difference in HDL-
cholesterol levels, where Mg-deficient individuals had nota-
bly higher levels (P = .04), indicating a possible relationship 
between Mg deficiency and altered lipid profiles in diabetic 
patients.

Table 4 provides an analysis of linear correlations between 
Mg levels and various health parameters. Across the overall 
group, lower Mg levels were strongly correlated with higher 
glucose (R = −0.58) and HbA1c levels (R = −0.61; Fig. 2), as 
well as increased insulin resistance (HOMA-IR: R = −0.28) and 
decreased insulin sensitivity (QUICKI: R = 0.30). In the Mg 
nondeficient group, a notable negative correlation was observed 
with systolic blood pressure (R = −0.26). Conversely, in the 
Mg-deficient group, positive correlations with age (R = 0.23) 
and albumin (R = 0.20) were noted. Linear regression anal-
ysis showed that an increase of 1 unit in Mg levels is linked 
to a 0.15-unit decrease in HbA1c (adjusted R-square = 29.4%, 
P < .001). These findings emphasize the importance of Mg in 
maintaining metabolic health, particularly in regulating blood 
glucose and insulin function. Figure 2 effectively visualizes this 
correlation, clearly demonstrating the association between Mg 
levels and HbA1c.

In the context of this study on Mg deficiency and its poten-
tial role in predicting T2DM, the ROC analysis presented in 
Figure 3 and Table 5 yields substantial findings. With an area 
under the curve (AUC) of 0.88 for HbA1c > 5.7 and 0.91 for 
HbA1c ≥ 6.5, both with P values < 0.001 (Fig. 3), the data indi-
cate strong link between Mg deficiency and abnormal glycemic 
levels associated with T2DM. These results suggest that serum 
Mg levels could serve as a predictive biomarker for diabetes, 
reinforcing the necessity for routine monitoring and manage-
ment of Mg status in individuals at risk for, or already diagnosed 
with, T2DM. The high accuracy of the AUC values underscores 
the potential for integrating Mg level assessments into standard 
diabetes screening and management protocols.

4. Discussions
This study, conducted in Riyadh, Saudi Arabia, provides 
crucial insights into the prevalence of hypomagnesemia 
among adults with T2DM and its implications on various 
health parameters. Our findings reveal a significant associa-
tion between Mg deficiency and the exacerbation of T2DM, 
which is consistent with the growing body of evidence 

Figure 1.  Magnesium levels according to diabetic status. (A) Significant compared to control (B) Prediabetes. T2DM = type 2 diabetes mellitus.
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linking hypomagnesemia to poor metabolic control in diabetic 
patients.[2,3,38,39] Specifically, our results showed that T2DM 
patients with hypomagnesemia had significantly higher fast-
ing glucose and HbA1c levels compared to those with normal 
Mg levels. This finding underscores the role of Mg in glucose 
metabolism, where Mg deficiency can impair insulin-mediated 
glucose uptake, exacerbating hyperglycemia and increasing 
the risk of complications.[15,23,40,41]

The physiological mechanism behind these observations 
may involve Mg’s role as a cofactor in several enzymatic 
reactions critical for insulin action. Mg is essential for the 
activation of tyrosine kinase in the insulin receptor, which is 
necessary for glucose uptake.[3] Consequently, a deficiency in 
Mg can reduce the phosphorylation of the insulin receptor, 
impair insulin signaling, and contribute to hyperglycemia. 
This mechanism explains the strong negative correlation 
observed in our study between Mg levels and both glucose 
and HbA1c levels.[16,41]

Interestingly, despite the strong association between hypo-
magnesemia and poor glycemic control, our study did not 
find significant differences in fasting glucose levels between 
the Mg-deficient and nondeficient groups among T2DM sub-
jects. This could be attributed to the use of glucose-lowering 
medications by many T2DM patients, which may have masked 
the potential impact of Mg deficiency on fasting glucose levels. 
However, the significant differences observed in HbA1c lev-
els suggest that long-term glycemic control is more adversely 
affected by Mg deficiency, reflecting its cumulative impact over 
time.[1,11,42]

In addition to glycemic control, our study also found that 
hypomagnesemia was associated with increased insulin resis-
tance, as evidenced by higher HOMA-IR values and lower 
QUICKI scores in Mg-deficient individuals. This supports the 
hypothesis that Mg deficiency contributes to insulin resistance, 
a key factor in the pathogenesis of T2DM. Mg is known to influ-
ence insulin receptor tyrosine kinase activity and postreceptor 

Table 2

Descriptive statistics according to magnesium deficiency.

Nondeficient (>1.944 mg/dL) Deficient (<1.944 mg/dL) P value

N 142 101
Age (yr) 46.8 ± 12.6 51.7 ± 10.9 0.002
BMI (kg/m2) 31.7 ± 6.6 32.2 ± 6.4 0.610
Male/female 51/91 48/53 0.070
WHR 0.9 ± 0.1 1.0 ± 0.1 0.087
Systolic BP (mm Hg) 125.1 ± 15.6 127.4 ± 14.3 0.330
Diastolic BP (mm Hg) 79.2 ± 8.4 78.8 ± 8.6 0.736
Glucose (mmol/L) 6.9 ± 2.5 11.2 ± 3.9 <0.001
HbA1c 6.1 ± 1.7 8.6 ± 2.1 <0.001
Insulin (uU/mL)* 14.7 (8.9–19.8) 13.9 (10.3–21.1) 0.556
HOMA-IR 4.3 (2.6–7.5) 6.6 (4.8–10.9) <0.001
QUICKI 0.31 (0.29–0.33) 0.29 (0.27–0.30) <0.001
Total cholesterol (mmol/L) 4.9 ± 1.1 5.0 ± 1.2 0.474
HDL-cholesterol (mmol/L) 0.9 ± 0.3 1.0 ± 0.3 0.230
LDL-cholesterol (mmol/L) 3.1 ± 0.9 2.9 ± 1.0 0.295
Triglycerides (mmol/L) 1.8 ± 0.9 2.1 ± 0.9 0.015
Albumin (g/L) 40.3 ± 5.0 41.1 ± 4.8 0.244
Calcium (mmol/L) 2.4 ± 0.2 2.5 ± 0.2 0.002
Magnesium (mg/dL) 2.7 ± 0.5 1.5 ± 0.4 <0.001

Data presented as mean ± SD for normal variables while median (1st quartile–3rd quartile) is presented for non-normal variables; P values are obtained from independent sample t test; all non-normal 
variables were log-transformed prior to parametric testing; P < .05 considered significant. BMI = body mass index, BP = blood pressure, HbA1c = glycated hemoglobin, HDL = high-density lipoprotein, 
HOMA-IR = Homeostatic Model Assessment of Insulin Resistance, LDL = low-density lipoprotein, QUICKI = Quantitative Insulin Sensitivity Check Index, WHR = waist-hip ratio.
*Indicates non-normal variables.

Figure 2.  Correlation between glycated hemoglobin (Hba1c) and magnesium (mg/dL) in all patients.
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signaling pathways, which are crucial for insulin sensitivity.[42–44] 
Our findings align with previous studies that have demonstrated 
the role of Mg in improving insulin sensitivity and reducing 
insulin resistance.[39,45]

Furthermore, our study found no significant differences 
in blood pressure and lipid profiles between Mg-deficient 
and nondeficient groups. However, a noteworthy observa-
tion was the negative correlation between Mg levels and 
systolic blood pressure in nondeficient individuals. This 

finding is consistent with existing literature that suggests 
adequate Mg levels contribute to vascular smooth muscle 
relaxation and lower blood pressure, potentially acting as a 
natural calcium channel blocker.[30,46] The absence of signif-
icant changes in lipid profiles could be due to the complex 
interplay between Mg and lipid metabolism, which requires 
further investigation.[32,47]

Another important aspect of our study is the relationship 
between Mg deficiency and age. We found a positive correlation 

Table 3

Descriptive statistics according to prediabetes and diabetes status.

Prediabetes Diabetes

Mg nondeficient Mg deficient P value Mg nondeficient Mg deficient P value

N 67 (84.8) 12 (15.2) 28 (24.1) 88 (75.9)
Age (yr) 46.9 ± 11.1 46.7 ± 10.0 0.717 50.6 ± 13.9 52.7 ± 10.7 0.815
BMI (kg/m2) 33.1 ± 8.0 31.0 ± 6.1 0.42 30.1 ± 4.5 32.2 ± 6.3 0.132
Male/female 27/40 3/9 0.315 15/13 45/43 0.822
WHR 0.9 ± 0.1 1.0 ± 0.1 0.276 1.0 ± 0.1 1.0 ± 0.1 0.383
Systolic BP (mm Hg) 123.9 ± 14.6 130.7 ± 1.6 0.288 130.5 ± 15.0 127.6 ± 14.7 0.213
Diastolic BP (mm Hg) 78.6 ± 7.1 81.0 ± 10.5 0.519 83.5 ± 9.3 78.5 ± 8.4 0.082
Glucose (mmol/L) 6.1 ± 0.4 6.0 ± 0.4 0.796 11.1 ± 2.7 12.0 ± 3.4 0.077
HbA1c 6.0 ± 0.2 6.0 ± 0.2 0.869 8.5 ± 1.6 9.0 ± 2.0 0.204
Insulin (uU/mL)* 15.7 (10.4–20.9) 13.8 (6.6–26.8) 0.735 17.7 (11.3–27.6) 13.9 (10.1–20.8) 0.728
HOMA-IR 4.4 (2.7–6.0) 3.6 (1.7–7.0) 0.764 9.9 (5.1–12.8) 6.6 (4.8–11.8) 0.684
QUICKI 0.3 (0.3–0.3) 0.3 (0.3–0.4) 0.577 0.3 (0.3–0.3) 0.3 (0.3–0.3) 0.921
Total cholesterol (mmol/L) 5.2 ± 1.1 4.8 ± 1.2 0.18 5.3 ± 1.1 5.0 ± 1.2 0.952
HDL-cholesterol (mmol/L) 1.0 ± 0.3 0.8 ± 0.2 0.179 0.8 ± 0.3 1.0 ± 0.3 0.04
LDL-cholesterol (mmol/L) 3.3 ± 1.0 3.0 ± 1.0 0.218 3.3 ± 1.1 2.9 ± 0.9 0.694
Triglycerides (mmol/L) 1.9 ± 0.8 2.1 ± 1.1 0.434 2.1 ± 1.1 2.1 ± 0.9 0.951
Vitamin D (nmol/L)* 39.7 (27.8–68.5) 56.4 (35.6–87.8) 0.569 54.3 (50.3–58.4) 50.9 (38.4–62.0) 0.136
Albumin (g/L) 40.9 ± 5.7 38.6 ± 3.1 0.124 42.0 ± 4.6 41.4 ± 4.8 0.772
Calcium (mmol/L) 2.4 ± 0.2 2.3 ± 0.2 0.112 2.5 ± 0.2 2.5 ± 0.2 0.575
Magnesium (mg/L) 2.7 ± 0.4 1.8 ± 0.2 <0.001 2.4 ± 0.3 1.5 ± 0.4 <0.001

Data presented as mean ± SD for normal variables while median (1st quartile–3rd quartile) is presented for non-normal variables; P values are obtained from independent sample t test; all non-normal 
variables were log-transformed prior to parametric testing; P < .05 considered significant. In this table, “A” indicates a statistically significant difference (P < .05) between the respective group and the 
control group, while “B” indicates a statistically significant difference (P < .05) between the respective group and the prediabetes group. BMI = body mass index, BP = blood pressure, HbA1c = glycated 
hemoglobin, HDL = high-density lipoprotein, HOMA-IR = Homeostatic Model Assessment of Insulin Resistance, LDL = low-density lipoprotein, QUICKI = Quantitative Insulin Sensitivity Check Index, WHR = 
waist-hip ratio.
*Indicates non-normal variables.

Table 4

Correlation between magnesium and select parameters.

Overall Mg nondeficient Mg deficient

R P R P R P

Age (yr) −0.14 0.026 −0.06 0.458 0.23 0.020
BMI (kg/m2) −0.01 0.870 0.13 0.126 −0.17 0.096
WHR −0.05 0.664 0.21 0.157 0.19 0.235
Systolic BP (mm Hg) −0.14 0.073 −0.26 0.028 −0.01 0.905
Diastolic BP (mm Hg) −0.01 0.899 −0.20 0.098 0.07 0.534
Glucose (mmol/L) −0.58 0.000 −0.41 0.000 −0.07 0.475
HbA1c −0.61 0.000 −0.49 0.000 −0.12 0.224
Insulin (uU/mL)* −0.02 0.792 −0.07 0.530 0.18 0.104
HOMA-IR −0.28 0.000 −0.25 0.022 0.12 0.273
QUICKI 0.30 0.000 0.25 0.018 −0.12 0.286
Total cholesterol (mmol/L) −0.09 0.182 −0.15 0.072 0.03 0.783
HDL-cholesterol (mmol/L) −0.06 0.379 0.07 0.431 −0.12 0.287
LDL-cholesterol (mmol/L) 0.04 0.545 −0.09 0.323 0.02 0.833
Triglycerides (mmol/L) −0.18 0.006 −0.19 0.028 0.08 0.440
Vitamin D (nmol/L)* 0.07 0.295 0.03 0.749 0.02 0.851
Albumin (g/L) −0.02 0.769 0.00 0.964 0.20 0.045
Calcium (mmol/L) −0.21 0.001 −0.03 0.759 −0.18 0.076

Data presented as Pearson correlation coefficient (R); P < .05 considered significant In this table, “A” indicates a statistically significant difference (P < .05) between the respective group and the 
control group, while “B” indicates a statistically significant difference (P < .05) between the respective group and the prediabetes group. BMI = body mass index, BP = blood pressure, HbA1c = glycated 
hemoglobin, HDL = high-density lipoprotein, HOMA-IR = Homeostatic Model Assessment of Insulin Resistance, LDL = low-density lipoprotein, QUICKI = Quantitative Insulin Sensitivity Check Index, WHR = 
waist-hip ratio.
*Indicates non-normal variables.
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between age and the prevalence of hypomagnesemia among 
T2DM patients, indicating that older adults are at a higher risk 
of Mg deficiency. This could be due to age-related changes in 
Mg metabolism, such as reduced dietary intake, altered intes-
tinal absorption, and increased renal loss of Mg.[15,33] These 
findings suggest that elderly diabetic patients may particularly 
benefit from regular monitoring of Mg levels and appropriate 
dietary supplementation.

Moreover, the elevated calcium levels observed in 
Mg-deficient individuals in our study suggest a disruption in 
calcium-Mg homeostasis. Mg acts as a natural antagonist to 
calcium, and its deficiency can lead to intracellular calcium 
overload, which has been implicated in insulin resistance 
and hypertension.[42,48] This supports the theory that Mg defi-
ciency might alter calcium metabolism and disrupt the deli-
cate balance between these 2 essential minerals, potentially 
contributing to metabolic and cardiovascular complications 
in T2DM patients.

Our study also highlighted the potential clinical utility of 
serum Mg levels as a biomarker for poor glycemic control in 
T2DM patients. The AUC values for predicting abnormal 
HbA1c levels were notably high, indicating that Mg deficiency 
is strongly associated with poor glycemic outcomes. These find-
ings suggest that routine assessment of Mg levels could enhance 
diabetes management strategies by identifying patients at risk 
of poor glycemic control and guiding interventions such as Mg 
supplementation.[22,26,49]

The strengths of our study include its focus on a specific 
population in Riyadh, Saudi Arabia, where the prevalence 
of T2DM is among the highest globally. The comprehensive 

biochemical analysis of glucose metabolism markers, insulin 
resistance indices, and Mg levels provides a robust dataset 
for examining the complex interactions between these vari-
ables. Additionally, our study adheres to strict WHO guide-
lines for diabetes classification, enhancing the reliability of 
our findings.

While this study provides valuable insights, there are some 
limitations to consider. The cross-sectional design restricts 
our ability to establish causality between Mg deficiency and 
T2DM outcomes, necessitating longitudinal studies to clarify 
this relationship. Additionally, focusing on a single geographic 
region may limit the generalizability of the findings to popu-
lations with different dietary habits and genetic backgrounds. 
The study also lacked detailed data on the use of glucose- 
lowering medications and did not account for other confound-
ing factors, such as dietary intake of Mg, physical activity, 
and coexisting micronutrient deficiencies. Furthermore, a sin-
gle time-point measurement of serum Mg may not accurately 
reflect long-term status. Future research should aim to address 
these aspects to provide a more comprehensive understanding 
of the role of Mg in diabetes.

5. Conclusion
This study highlights a significant association between Mg 
deficiency and poor glycemic control in adults with T2DM in 
Riyadh, Saudi Arabia. Lower serum Mg levels were strongly 
correlated with higher glucose and HbA1c levels, suggest-
ing that Mg deficiency may exacerbate insulin resistance and 
impaired glucose metabolism. The findings indicate that routine 

Figure 3.  Receiver operating characteristic (ROC) curve of diagnosing abnormal glycated hemoglobin (Hba1c) (A) > 5.6 and (B) ≥ 6.5.

Table 5

Area under the curve for diagnosing abnormal Hba1c.

AUC ± SE Cutoff (mg/dL) Sensitivity Specificity P value

Abnormal Hba1c > 5.7 0.88 ± 0.03 2.56 80.00% 83.30% <0.001
T2DM (Hba1c ≥ 6.5) 0.91 ± 0.02 2.00 80.20% 88.90% <0.001

Data presented as area under the curve (AUC) obtained from receiver operating characteristic analysis. P < .05 considered significant. In this table, “A” indicates a statistically significant difference 
(P < .05) between the respective group and the control group, while “B” indicates a statistically significant difference (P < .05) between the respective group and the prediabetes group. HbA1c = glycated 
hemoglobin, SE = standard error, T2DM = type 2 diabetes mellitus.
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monitoring of Mg levels could be a valuable addition to dia-
betes management strategies, potentially improving glycemic 
outcomes. Further research is warranted to explore the bene-
fits of Mg supplementation as part of comprehensive diabetes 
care. These results suggest that addressing Mg deficiency could 
enhance glycemic control and overall metabolic health in dia-
betic patients.
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