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Key Message:
The relationship between magnesium intake and risk is currently understudied in the field of diabetes prevention. The study 
found that magnesium deficiency is associated with diabetes risk, especially in people with low magnesium intake. Dietary 
magnesium supplementation may reduce risk and provide a new strategy for diabetes prevention. This study fills this knowl-
edge gap and is important for scientific understanding of diabetes pathogenesis and epidemiological prevention and control.
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INTRODUCTION

Diabetes ranks among the most serious global health challeng-
es of the 21st century [1]. Prior studies have generally indicated 
that diabetes arises from a complex interplay between genetic and 
environmental factors [2]. Nevertheless, mounting evidence points 
to dietary and lifestyle changes as the predominant drivers of the 
global diabetes pandemic [3,4]. Recent research has suggested 
that magnesium supplementation not only improves blood glu-
cose levels in individuals with diabetes, but also enhances insulin 
sensitivity in populations at high risk for the disease [5].

Magnesium is an essential cofactor in numerous enzymatic re-
actions [6], playing a key role in maintaining glucose homeostasis 
and regulating insulin processes within the human body [7]. It is 
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directly involved in insulin sensitivity and signaling in peripheral 
tissues and is vital for the activity of intracellular proteins that par-
ticipate in insulin secretion in pancreatic beta cells [8]. Further-
more, insulin is an important regulator of magnesium ion (Mg2+) 
homeostasis, and insulin resistance can lead to decreased serum 
Mg2+ concentrations, thereby perpetuating a vicious cycle of type 
2 diabetes and hypomagnesaemia [9]. Despite its importance, more 
than half of American adults do not consume adequate amounts 
of magnesium [10]. Persistent insufficient magnesium intake may 
lead to chronic or latent magnesium deficiency [11]. Such a defi-
ciency can induce post-receptor insulin resistance and impaired 
cellular glucose utilization, further exacerbating insulin sensitivity 
impairment in individuals with diabetes [12]. Moreover, magne-
sium deficiency is widespread among patients with diabetes, with 
prevalence rates ranging from 13.5% to 47.7% [13], and lower se-
rum magnesium levels appear to be associated with an increased 
risk of diabetes [14]. However, magnesium deficiency often does 
not present with specific clinical symptoms or signs, and standard-
ized testing to accurately assess magnesium status is lacking [15].

Magnesium status in the human body depends on magnesium 
intake, absorption efficiency, and intestinal and renal excretion 
[16]. As previous studies have focused primarily on the impact of 
magnesium intake on diabetes, they have often overlooked mag-
nesium status. The magnesium tolerance test is likely the most ac-
curate method for evaluating magnesium status; however, its com-
plexity has restricted its use in clinical settings [17,18]. Fan et al. [19] 
developed the concept of the magnesium depletion score (MDS) 
to predict magnesium deficiency by considering various factors 
that commonly influence the kidney’s capacity to reabsorb mag-
nesium in the American population. Their findings indicated that 
the area-under-the-curve estimates for a model incorporating MDS 
alone, as well as for models of MDS adjusted for sex and age, were 
superior to those based on serum and urinary magnesium levels 
[19]. In comparison to other clinical indicators of magnesium de-
ficiency, MDS has been shown to be more accurate and reliable.

To our knowledge, no prior research has examined the associa-
tion between MDS and diabetes. Consequently, the objective of 
the present study was to explore this relationship, as well as the 
association between magnesium intake and diabetes. Further-
more, to prevent the excessive use of dietary supplements and to 
establish a foundation for the targeted prevention and treatment 
of diabetes, we sought to investigate the nature of this association 
in various subgroups.

MATERIALS AND METHODS 

Data sources and study population
The National Health and Nutrition Examination Survey (NHANES) 

is a multistage, cross-sectional series of studies designed to evalu-
ate the health and nutritional status of adults and children in the 
United States [20]. 

The present study included 22,617 adult participants (aged  
20 years or older) from the NHANES 2011-2018 dataset. We ex-

cluded individuals with missing data related to MDS (n= 1,412), 
those with no recorded dietary magnesium intake (n = 1,941), 
and pregnant or lactating females (n= 302). Additionally, we ex-
cluded females with a total energy intake below 500 kcal/day or 
above 5,000 kcal/day (n= 68), as well as males with an intake be-
low 500 kcal/day or above 8,000 kcal/day (n= 41). After these ex-
clusions, the study included a final sample of 18,853 participants 
(Figure 1).

Exposure and outcome measures
MDS was constructed using 4 criteria: (1) current use of diuret-

ics (assigned 1 point); (2) current use of proton pump inhibitors 
(1 point); (3) renal function as assessed using the Chronic Kidney 
Disease Epidemiology Collaboration equation [21,22], with 1 point 
allocated for an estimated glomerular filtration rate between 60 mL/
(min· 1.73 m2) and less than 90 mL/(min· 1.73 m2), and 2 points 
for a rate below 60 mL/(min· 1.73 m2); and (4) heavy alcohol con-
sumption, defined as more than 1 drink/day for females and more 
than 2 drink/day for males (1 point).

Subsequently, participants were categorized into 2 groups ac-
cording to the calculated MDS: those with an MDS of less than 2 
and those with an MDS of 2 or greater. Individuals presenting 
with an MDS of 2 or greater were deemed to be at elevated risk of 
magnesium deficiency [19].

Data regarding dietary magnesium intake were obtained from 

Participants 20 yr old and older enrolled  
in NHANES 2011-2018 (n=22,617)

n=21,205

n=19,264

n=18,962

n=18,853

Excluded participants due to 
missing MDS data (n=1,412)

Excluded participants due to 
missing magnesium intake 

information (n=1,941)

Excluded participants who 
were pregnant or 

breastfeeding (n=302)

Excluded participants with 
extreme energy intake 

(n=109)

Figure 1. Flowchart illustrating the screening process used to select 
eligible National Health and Nutrition Examination Survey (NHANES) 
participants. MDS, magnesium depletion score.
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two 24-hour recall interviews conducted as part of the NHANES. 
The initial dietary recall interview took place at a mobile examina-
tion center, while the follow-up interview was conducted via tele-
phone 3 days to 10 days later [23]. The dietary magnesium intake 
value used in this study was determined by averaging the 2 sets of 
24-hour recall data. Energy-adjusted magnesium intake was then 
calculated using the residual method [24]. Regression analysis, sub-
group analysis, and restricted cubic spline analysis were conduct-
ed using the energy-adjusted dietary magnesium intake values.

The U.S. Office of Dietary Supplements of the National Insti-
tutes of Health (http://ods.od.nih.gov/index.aspx), in conjunction 
with the Institute of Medicine, has established recommended dai-
ly allowances for magnesium intake that vary by sex and age. These 
recommendations are provided in Supplementary Material 1 to 
facilitate comparison with the magnesium intake levels reported 
in this study.

In our analysis, diabetes was defined by any of the following 
criteria: a self-reported diagnosis of diabetes, a fasting glucose 
level of 126 mg/dL or higher, an HbA1c value of 6.5% or greater, a 
glucose level of 200 mg/dL or above measured 2 hours after a 75-g 
oral glucose tolerance test, or any self-reported use of insulin or 
other diabetes medications.

Covariates
This study incorporated various additional factors with the po-

tential to influence the results, including age (categorized as under 
50 or at least 50 years old), sex (male or female), race (non-His-
panic White or other), education level (up to high school/General 
Equivalency Diploma or beyond), marital status (married or oth-
er), poverty income ratio (PIR; 2.5 or lower, or higher than 2.5), 
and dietary intake levels of calcium, energy, fiber, and protein (av-
eraged from two 24-hour recall interviews). Additionally, body 
mass index (BMI) (less than 30 or 30 kg/m2 and above), physical 
activity level (light or below, or moderate to vigorous), and smok-
ing status (whether the individual had smoked at least 100 ciga-
rettes in their lifetime [yes or no]) were considered.

Statistical analysis
Participant characteristics were described using sampling weights 

that were based on the NHANES weight selection criteria. Cate-
gorical variables were compared between the groups with and 
without diabetes using chi-square tests, while continuous varia-
bles were examined using Student t-tests. To estimate prevalence 
ratios (PRs) and 95% confidence intervals (CIs) for the associa-
tions of both MDS and magnesium intake with diabetes, log-bi-
nomial regression was utilized [25]. When convergence issues 
arose, a modified Poisson regression approach was adopted to 
compute the PR [26]. The subgroup analyses involved stratifica-
tion based on energy-adjusted magnesium intake (categorized 
into tertiles), MDS (less than 2, or 2 or greater), BMI (less than 30 
or 30 kg/m2 and above), sex (male or female), age (under 50 or at 
least 50 years old), and smoking status (whether the individual 
had smoked at least 100 cigarettes in their lifetime [yes or no]). 

Additionally, p-values for interaction were calculated. To examine 
the non-linear association between magnesium intake and diabe-
tes, a restricted cubic spline model was applied after adjusting for 
all covariates. A total of 4 knots were placed at the 5th, 35th, 65th, 
and 95th percentiles of the magnesium intake distribution [27]. 
All statistical analyses were conducted using R version 4.2.2 (R 
Foundation for Statistical Computing, Vienna, Austria) and SPSS 
version 24.0 (IBM Corp., Armonk, NY, USA).

Ethics statement
National Center for Health Statistics Ethics Review Board ap-

proved the protocols for the NHANES. These protocols included 
the requirement to obtain informed consent from all participants.

RESULTS

Table 1 presents the basic characteristics of all study participants. 
The overall weighted prevalence of diabetes was found to be 14.5%. 
When compared with the non-diabetic group, participants with 
diabetes consumed less dietary magnesium (284.16 ± 4.00 vs. 
306.99± 2.44 mg/day; p< 0.001); however, the difference in ener-
gy-adjusted magnesium intake was not statistically significant. 
The distribution of MDS among the participants with diabetes 
differed significantly from that of the participants without diabe-
tes (p< 0.001). Furthermore, significant differences were found 
between the diabetic and non-diabetic groups in several demo-
graphic and health-related factors, including age, sex, race, smok-
ing status, marital status, level of physical activity, education level, 
PIR, BMI, and dietary intake of calcium, energy, and protein.

The relationship between MDS and diabetes, as well as the as-
sociation between per-standard deviation (SD) increase in dietary 
magnesium intake and diabetes, was examined using log-binomi-
al regression or modified Poisson regression modeling. Model 1 
was adjusted for age, while model 2 was adjusted for sex, age, and 
race. Model 3 was adjusted for sex, age, race, smoking status, physi-
cal activity, BMI, education level, marital status, PIR, total energy 
intake, calcium intake, fiber intake, and protein intake. Table 2 
presents the associations between MDS and diabetes. In all 3 mod-
els, MDS of 2 or higher was significantly associated with diabetes 
relative to MDS of less than 2 (p< 0.001 for all). In model 3, we 
observed that relative to a score of below 2, the PR for diabetes 
among those with an MDS of 2 or higher was 1.26 (95% CI, 1.19 
to 1.34) (Table 2). Table 3 illustrates that in both model 1 and 
model 2, dietary magnesium intake (measured by per-SD in-
crease) was significantly associated with the prevalence of diabe-
tes (p < 0.05 for all). This association remained significant in 
model 3 (PR, 0.91; 95% CI, 0.87 to 0.96).

In the subgroup analysis, we adjusted for all covariates except 
the stratification factors. Our findings indicated a negative associ-
ation between per-SD increase in dietary magnesium intake and 
the prevalence of diabetes in the group with MDS of 2 or higher 
(PR, 0.91; 95% CI, 0.84 to 0.98), as well as in those with MDS of 
less than 2 (PR, 0.92; 95% CI, 0.87 to 0.98; pinteraction = 0.030). We 

http://ods.od.nih.gov/index.aspx
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observed significant interactions between per-SD increase in die-
tary magnesium intake and both BMI (pinteraction < 0.001) and smok-

ing status (pinteraction = 0.049) (Figure 2). In addition, MDS of at least 
2 was positively correlated with diabetes prevalence across the spec-
trum of energy-adjusted magnesium intake, including the first (PR, 
1.35; 95% CI, 1.18 to 1.55), second (PR, 1.23; 95% CI, 1.12 to 1.35), 
and third tertiles (PR, 1.25; 95% CI, 1.13 to 1.37, pinteraction < 0.001). 
Age, BMI, and smoking status showed significant interactions 
with MDS (pinteraction < 0.001 for all) (Figure 3). 

In the stratified analyses, per-SD increase in magnesium intake 
was found to be negatively associated with diabetes, except among 
participants younger than 50 years and non-smokers. Further-
more, the analyses revealed that MDS was positively associated 
with diabetes across all subgroups.

After adjusting for all covariates, we did not observe a signifi-
cant non-linear dose-response relationship between magnesium 
intake and diabetes prevalence (Figure 4). The threshold for mag-
nesium intake to confer a protective effect against diabetes was 
determined to be 288.01 mg/day.

DISCUSSION

In this study, we noted a significant positive correlation between 
MDS and diabetes prevalence; however, this relationship was in-
fluenced by magnesium intake. Furthermore, we found that in-
creased magnesium intake (measured per-SD) was negatively as-
sociated with diabetes, an association that was similarly impacted 
by MDS. 

A systematic review previously demonstrated that magnesium 

Table 2. Associations between magnesium depletion score (MDS) 
and diabetes

Model1
MDS

p-value
<2 ≥2

Model 1 1.00 (reference) 1.35 (1.27, 1.42) <0.001
Model 2 1.00 (reference) 1.42 (1.34, 1.50) <0.001
Model 3 1.00 (reference) 1.26 (1.19, 1.34) <0.001

Values are presented as prevalence ratio (95% confidence interval).
1Model 1: Adjusted for age; Model 2: Adjusted for sex, age, and race; 
Model 3: Adjusted for sex, age, smoking status, race, physical activity, 
body mass index, education level, marital status, poverty income ratio, 
total energy intake, calcium intake, fiber intake, and protein intake.

Table 3. Associations between per-standard deviation increase in 
magnesium intake and diabetes

Model1 PR (95% CI) p-value

Model 1 0.97 (0.94, 0.997) 0.029
Model 2 0.97 (0.94, 0.996) 0.025
Model 3 0.91 (0.87, 0.96) <0.001

PR, prevalence ratio; CI, confidence interval.
1Model 1: Adjusted for age; Model 2: Adjusted for sex, age, and race; 
Model 3: Adjusted for sex, age, smoking status, race, physical activity, 
body mass index, education level, marital status, poverty income ratio, 
total energy intake, calcium intake, fiber intake, and protein intake.

Table 1. Summary of participant characteristics by diabetes status

Characteristics Non-diabetes Diabetes p-value1

Total 15,143 (85.5) 3,710 (14.5)
Magnesium intake (mg/day) 306.99±2.44 284.16±4.00 <0.001
Energy-adjusted magnesium 

intake (mg/day)
303.93±2.11 302.16±2.37 0.459

Calcium (mg/day) 971.79±7.91 903.31±15.93 <0.001
Energy (kcal/day) 2,129.74±9.95 1,934.68±25.67 <0.001
Dietary fiber (g/day) 17.32±0.17 16.72±0.29 0.040
Protein (g/day) 83.00±0.48 78.53±1.10 <0.001
Sex 0.090

Male 7,403 (49.4) 1,941 (52.2)
Female 7,740 (50.6) 1,769 (47.8)

Age (yr) <0.001
<50 8,550 (58.9) 731 (21.7)
≥50 6,593 (41.1) 2,979 (78.2)

Smoking <0.001
Yes 6,403 (42.5) 1,804 (49.4)
No 8,731 (57.5) 1,903 (50.6)

Race <0.001
Non-Hispanic White 6,043 (65.4) 1,229 (59.3)
Other race 9,100 (34.6) 2,481 (40.7)

Physical activity <0.001
Light or below 8,558 (51.6) 2,438 (59.8)
Moderate to vigorous 6,578 (48.4) 1,266 (40.2)

Marital status <0.001
Married 7,393 (52.2) 2,043 (58.5)
Other 7,750 (47.8) 1,667 (41.5)

Education level <0.001
High school/GED or below 6,263 (34.8) 1,961 (45.6)
More than high school 8,870 (65.2) 1,744 (54.4)

Ratio of family income to poverty threshold <0.001
<2.5 7,571 (43.0) 2,120 (50.0)
≥2.5 6,230 (57.0) 1,246 (50.0)

BMI (kg/m2) <0.001
<30 9,727 (65.3) 1,532 (36.1)
≥30 5,291 (34.7) 2,121 (63.9)

MDS <0.001
<2 12,109 (79.5) 2,283 (61.7)
≥2 3,034 (20.5) 1,427 (38.3)

Tertile (T) of energy-adjusted magnesium intake 0.058
T1 5,177 (31.7) 1,106 (29.1)
T2 4,926 (33.6) 1,359 (36.9)
T3 5,040 (34.7) 1,245 (34.0)

Values are presented as mean±standard deviation or number (%), re-
flecting the complex sampling design employed by NHANES. 
GED, General Equivalency Diploma; NHANES, National Health and Nu-
trition Examination Survey; BMI, body mass index; MDS, magnesium 
depletion score.
1Using the Student t-test or the Pearson chi-square test.
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Figure 2. Subgroup analysis examining the associations between per-standard deviation increase in magnesium intake and diabetes. MDS, 
magnesium depletion score; PR, prevalence ratio; CI, confidence interval; BMI, body mass index.

0.80 0.90 1.00 1.10

MDS  0.030

   <2 0.92 (0.87, 0.98)

   ≥2 0.91 (0.84, 0.98)

Age (yr)  0.101

   <50 0.94 (0.84, 1.06)

   ≥50 0.90 (0.86, 0.95)

Sex  0.290

   Male 0.91 (0.85, 0.97)

   Female 0.91 (0.84, 0.99)

BMI (kg/m2)  <0.001

   <30 0.89 (0.82, 0.96)

   ≥30 0.93 (0.87, 0.99)

Smoking  0.049

   Yes 0.88 (0.83, 0.94)

   No 0.94 (0.88, 1.01)

Subgroup PR (95% CI) p for interaction

PR

Figure 3. Subgroup analysis examining the associations between MDS and diabetes. The results of the subgroup analysis were adjusted for 
all covariates, except the effect modifier. MDS, magnesium depletion score; PR, prevalence ratio; CI, confidence interval; BMI, body mass 
index.

  Subgroup   p for interaction

Magnesium intake   <0.001

   T1 1.00 (reference) 1.35 (1.18, 1.55)

   T2 1.00 (reference) 1.23 (1.12, 1.35)

   T3 1.00  (reference)  1.25 (1.13, 1.37)

Age (yr)   <0.001

   <50 1.00 (reference) 1.37 (1.11, 1.68) 

   ≥50 1.00 (reference) 1.26 (1.19, 1.34)

Sex   0.560

   Male 1.00 (reference) 1.27 (1.18, 1.38)

   Female  1.00 (reference) 1.26 (1.15, 1.37)

BMI  (kg/m2)   <0.001

   <30 1.00 (reference) 1.35 (1.23, 1.49)

   ≥30  1.00  (reference) 1.25 (1.16, 1.34)

Smoking   <0.001

   Yes 1.00 (reference) 1.22 (1.12, 1.32)

   No 1.00 (reference) 1.31 (1.21, 1.42)

1.00 1.50 2.00
PR

PR (95% CI)
MDS <2 MDS≥2
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intake exhibits an inverse dose-response association with the inci-
dence of type 2 diabetes, suggesting that supplementation may be 
beneficial for glucose regulation in individuals with type 2 diabe-
tes or those at high risk [28]. Despite this, more than half of Amer-
ican adults do not consume sufficient magnesium [10]. Persistent 
inadequate intake of this mineral can lead to chronic or latent 
magnesium deficiency [11]. Previous research indicates that mag-
nesium deficiency is likely the most overlooked electrolyte imbal-
ance in Western countries [29]. The most common method for 
assessing magnesium status is to measure the serum concentra-
tion [30]; however, only 0.3% of the body’s magnesium is detecta-
ble in serum [7]. As a result, individuals with chronic magnesium 
deficiency may not exhibit hypomagnesemia and can exhibit se-
rum magnesium levels within the normal range [31]. In the ab-
sence of a commercially available and unequivocal biomarker for 
magnesium deficiency, it is important to pursue alternative meth-
ods for diagnosing this deficiency [15]. To date, no studies have 
thoroughly examined the effects of magnesium deficiency and 
magnesium intake on diabetes. Consequently, even in cross-sec-
tional studies, it is essential to continue investigating the link be-
tween magnesium deficiency and diabetes, incorporating magne-
sium status to elucidate the role of magnesium intake in diabetes 
prevention.

The magnesium tolerance test is considered the most accurate 
method for evaluating magnesium status. However, its broad ap-
plication is limited by its complex methodology and the potential 
for renal function to impact the results [18,32]. Consequently, we 
utilized MDS for the analysis in the present study. MDS considers 
4 factors that influence the body’s magnesium stores: diuretic use, 
proton pump inhibitor use, renal function, and alcohol consump-
tion. Moreover, MDS has demonstrated greater sensitivity and re-
liability than traditional methods in detecting actual magnesium 
deficiency in humans [19]. The findings of this study indicate that 
magnesium deficiency is linked to an elevated prevalence of dia-

betes, particularly when dietary magnesium intake is low. Addi-
tionally, the results suggest that the strength of the positive corre-
lation between magnesium deficiency and diabetes may decrease 
as dietary magnesium intake rises. Furthermore, this correlation 
persists across populations of varying age, BMI, and smoking sta-
tus.

Although considerable research has established a link between 
magnesium and diabetes, the molecular mechanisms by which a 
deficiency in magnesium leads to diabetes remain a topic of de-
bate [33]. Studies have indicated that low magnesium levels can 
influence tyrosine kinase activity, disrupt post-receptor insulin 
signaling, and affect cellular glucose transport and utilization, cul-
minating in insulin resistance and, eventually, diabetes [33]. Low 
magnesium levels have also been suggested to indirectly trigger 
the release of pro-inflammatory cytokines, thereby contributing 
to chronic inflammation and oxidative stress, which can lead to 
insulin resistance [8,34].

The Dietary Guidelines for Americans recommend a daily in-
take of 320 mg of magnesium for female and 420 mg for male 
[35]. However, over half of American adults consume less than 
the recommended amount of magnesium [10]. Oral magnesium 
supplementation has been shown to markedly reduce the preva-
lence of magnesium deficiency, decreasing it from 26.0% to 2.1% 
when serum magnesium levels below 0.70 mmol/L are used to 
define deficiency. However, to achieve steady-state serum magne-
sium concentrations, a minimum of 20 weeks of supplementation 
with at least 300 mg/day of magnesium is necessary [36]. The op-
timal daily dose of magnesium for diabetes prevention remains 
unclear. A meta-analysis by Xu et al. [37] suggested a non-linear 
relationship between magnesium intake and type 2 diabetes risk, 
proposing that a daily intake of 300 mg of magnesium may repre-
sent an effective level for combating type 2 diabetes. However, a 
separate meta-regression analysis of a cohort study revealed no 
evidence of a non-linear relationship between magnesium intake 
and diabetes risk [38]. We similarly did not observe a non-linear 
relationship between magnesium intake and diabetes (Figure 4). 
The discrepancy between our findings and those of Xu et al. [37] 
may be due to the use of energy-adjusted dietary magnesium in-
take in the present study.

When examining magnesium intake, it is also important to 
consider the body’s magnesium status and capacity for renal reab-
sorption. In a study of the bioavailability of magnesium supple-
ments, Kappeler et al. [39] found that once the body’s storage ca-
pacity is saturated, any additional absorbed magnesium is not re-
tained, but is rather excreted via the kidneys. As Figure 2 shows, 
MDS of less than 2 was associated with a smaller protective effect 
against diabetes with each SD increase in magnesium intake. This 
may be explained by the findings of Kappeler et al. [39]. In the 
present study, participants with MDS values of less than 2 were 
not considered to be at high risk for magnesium deficiency. There-
fore, these individuals may not be deficient in magnesium, and 
increasing their magnesium intake may not result in additional 
storage within the body. To avoid the excessive use of supplements, 

Figure 4. Examination of the non-linear association between di-
etary magnesium intake and diabetes, employing a random-effects 
model with the application of restricted cubic splines. OR, odds ra-
tio; CI, confidence interval.
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we advise screening for magnesium deficiency in those at high 
risk before considering oral magnesium supplementation as a 
therapeutic option. As shown in Figure 3, the association between 
MDS and diabetes remained consistent across subgroup analyses 
for magnesium intake, age, sex, BMI, and smoking. However, the 
PR for the association between MDS and diabetes was compara-
tively low in the T2 group (PR, 1.23; 95% CI, 1.12 to 1.35) and the 
T3 group (PR, 1.25; 95% CI, 1.13 to 1.37; pinteraction < 0.001) regard-
ing magnesium intake. This finding may be partially due to ade-
quate magnesium intake influencing magnesium status. Addi-
tionally, the small number of diabetes cases in the T3 group may 
have impacted the results and conclusions. Therefore, we strongly 
recommend that future research focusing on the link between 
magnesium deficiency and diabetes emphasize the importance of 
dietary magnesium intake.

Despite the insights provided by the present study, it had cer-
tain limitations. First, its cross-sectional design precluded the es-
tablishment of a causal link between magnesium intake or MDS 
and diabetes. Furthermore, we relied on two 24-hour dietary re-
call interviews to estimate dietary intake, a method that is suscep-
tible to recall bias. 

In summary, a positive association was observed between MDS 
and diabetes prevalence, while magnesium intake displayed a 
negative association with diabetes. In both MDS subgroups (MDS 
≥ 2 and < 2), per-SD increase in magnesium intake was associat-
ed with a reduced likelihood of diabetes. Furthermore, MDS 
maintained a positive association with diabetes across varying 
levels of magnesium intake.
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