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Abstract

Certain metals play a role in the pathogenesis of diabetes. This study aimed to investigate the potential association of plasma
magnesium (Mg) and dietary intake of Mg with glycaemic markers. A cross-sectional study was conducted on 2373 subjects
in Guangxi, China. Dietary Mg was obtained through a food frequency questionnaire containing 109 common foods. Plasma
Mg concentration was determined by inductively coupled plasma mass spectrometry. Multiple linear regression combined
with multivariable restricted cubic spline (RCS) functions was applied to evaluate the association of plasma Mg and dietary
Mg with haemoglobin Alc (HbAlc) and fasting plasma glucose (FPG). In linear regression, dietary Mg was significantly
associated with FPG in the overall population (f= —0.087, P <0.05) and in women (= —0.098, P <0.05). Plasma Mg was
significantly associated with FPG in the overall population (f= —0.096, P <0.05) and in men (= —0.110, P <0.05) and
women (= —0.088, P <0.05). In the RCS model, no non-linear association was found between dietary and plasma Mg and

HbA1c levels. Dietary and plasma Mg are significantly negatively associated with fasting glucose.
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Introduction

The prevalence of diabetes and pre-diabetes is increasing
extensively with the ageing population and the obesity epi-
demic [1]. Type 2 diabetes mellitus (T2DM) has become a
global health crisis, and methods to prevent it are urgently
needed. The central aspects of T2DM are believed to be
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insulin resistance and b-cell dysfunction, and an imbalance
of metal ions in the body may be associated with insulin
resistance [2, 3].

Mg is an essential mineral that acts as a cofactor in any
ATP-driven reaction and thus has a significant effect on
metabolism [4]. Mg regulates insulin sensitivity and influ-
ences insulin-mediated glucose uptake [5]. Epidemiological
investigations have identified low Mg levels as an independ-
ent risk factor for prediabetes and T2DM [1, 6]. Mg defi-
ciency may lead to impaired tyrosine kinase and glucose
transport across cell membranes, and it is associated with
reduced insulin secretion from pancreatic B cells, post-
receptor insulin resistance, and reduced cellular glucose
utilisation [5, 7].

This process may be altered by dietary Mg intake, which
reduces the risk of impaired glucose and insulin metabolism
and the progression from prediabetes to diabetes [8—10].
Mg is obtained from diet, and it is mainly found in various
unprocessed foods, including nuts, legumes, and vegetables;
by contrast, meat, fish, and dairy products are relatively low
in Mg [11]. The US Food and Nutrition Board recommends
a daily Mg intake of 320 mg for women and 420 mg for men
[12]. Despite the clear recommendations, low Mg intake
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is common worldwide [13], and Mg deficiency remains a
global public health problem. Dietary Mg in the normal
Western diet is generally insufficient to meet the body’s
needs, and even in developed countries, such as the USA,
many adults do not meet the recommended values [14].

Results regarding the relationship between serum or die-
tary Mg and the risk of diabetes in Asian populations are
currently inconsistent [15—-19]. In addition, racial differences
in Mg intake exist, which could lead to certain health differ-
ences [14]. Therefore, the present study aimed to understand
the relationship between dietary Mg and serum Mg and that
between fasting blood glucose and glycated haemoglobin in
rural Southern China. This study contributes to clear dietary
guidelines and guides public awareness, thereby reducing
the risk of Mg deficiency-related diseases.

Materials and Methods
Study Population
A cross-sectional survey was conducted from 2018 to 2019

on the general population in the rural areas of Gongcheng
Yao Autonomous County, which is located in Guangxi

in the southwest region of China. Study subjects who
met the following criteria were selected: (a) resided in
the study area and (b) 30 years old and older. A total of
2373 participants were included in this study after exclud-
ing the following: (a) participants who did not complete
the questionnaire or the questionnaire contained missing
data on covariates; (b) participants who had missing data
on height, weight, systolic or diastolic blood pressure,
plasma triglycerides or total cholesterol, fasting plasma
glucose (FPG), and haemoglobin Alc (HbAlc); (c) par-
ticipants who were treated with antidiabetic medication;
(d) participants who had abnormal metal values (defined
as three times of the 99th percentile); (e) participants with
FPG and HbAIc greater or less than three standard devia-
tions; and (f) participants who had invalid FFQs, defined
as those with estimate daily caloric intake of 600 kcal/
day or 4,000 kcal/day for women or 4,200 kcal/day for
men [8]. Finally, 2373 participants were included for
analysis (Fig. 1). This study was approved by the Medi-
cal Ethics Committee of Guilin Medical University (No.
20180702-3). Sample collection and questionnaire survey
were conducted on participants who provided a written
informed consent.

Fig. 1 Flowchart of population

included in the final analysis A total of 4356 participants in rural areas of Gongcheng County, Guangxi,
China, were recruited (2018-2019).

(N=2373)

Missing information in the questionnaire (n = 1687).
Missing data on ethnicity (n = 4) and educational level (n = 6).

2659 participants with complete questionnaire information.

FPG (n = 3).

- | Missing data on height (n = 10), weight (n = 6), HbAlc (n = 31) and

2609 participants with complete questionnaires and clinical parameters.

Taking antidiabetic drugs (n = 68), abnormal total energy daily intake (n
= 103), abnormal fasting blood glucose (n = 30), abnormal HbAlc (n =
21) and abnormal Mg intake (n = 14).

Alz

Study sample (n =2373).
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Determination of HbA1c Levels

Fasting blood samples were collected from the elbow vein in
the morning after at least 12 h of fasting. HbAlc was meas-
ured using an MQ2000PT high-performance liquid chroma-
tography analyser (Nanning Jinyu Medical Technology Co.,
Ltd). The laboratory reference range for HbAlc is 4.0-6.0%.

Determination of FPG Levels

Blood samples were sent to Gongcheng County People’s
Hospital through cold-chain transportation on the same
day for the determination of blood biochemical indicators,
including FPG, plasma triglyceride (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) levels. All
blood biochemical indices were detected with a Chemistry
Automatic Analyzer (Hitachi 7600-020, Kyoto, Japan) in
accordance with the manufacturer’s instructions. The above
indicators were set as parallel samples during testing to
reduce errors. The laboratory reference range for FPG is
3.90-6.10 mmol/L.

Plasma Mg assessment

Professional nurses collected 16 mL of fasting venous blood
samples from all subjects in the morning after fasting for
at least 12 h and dispensed them into four blood collection
tubes. After refrigeration, the samples were sent to the labo-
ratory department of Gongcheng County People’s Hospital
in time. After centrifugation at 4 °C for 10 min, the plasma
samples were stored in a 1.5-mL centrifuge tube (Eppendorf,
Germany) in an ultralow temperature refrigerator at — 80 °C
until testing. Before the test, the sample was transferred from
a—80 °C refrigerator gradient to room temperature. Then,
100 pL of the plasma samples was diluted to 1:20 with
1.9 mL 1% HNO;. The glass instruments for inductively
coupled plasma sampling system (atomisation chamber and
atomiser) were immersed in 10% HNO; for more than 24 h,
and the sampling and intercepting cones were cleaned with
1% HNOj;. They were rinsed with ultrapure water and dried
for later use. Inductively coupled plasma mass spectrometry
(Thermo Fisher Scientific iCAPRQ01408, USA) was used
to determine Mg. The experiment was performed in accord-
ance with the instruction manual. The standard solution con-
sisted of a mixed standard solution of 43 and six elements;
a single standard solution of Cu, Zn, Fe, Mg, and Ca; and
1% HNO;. Based on the results of the pre-experiment, we
developed a standard magnesium curve ranging from 5.05
to 1010 ppb, requiring a correlation coefficient >0.999, and
then the plasma samples were determined; we ensured that
80% of the samples were within the standard curve con-
centration range. ClinChek (level 1, No. 8883; level 2, No.

8884; Recipe Chemicals, Germany) was used for quality
control. The quality control solution was measured every 25
samples; we also checked whether the magnesium content of
the standard reference material was within the recommended
range. The recovery rate of the standard addition of plasma
Mg was in the range of 80.16—114.65%. If the Mg concen-
tration was lower than the limit of detection (LOD), it was
replaced for (LOD)/ \/ 2. The LOD of Mg is 0.006 pg/L, and
the concentration of Mg in the samples was above the LOD.

Dietary Mg Assessment

Diet was assessed using a food frequency questionnaire
(FFQ) in reference to the questionnaire designed by Liu
et al. [20]. Several previous studies have shown that FFQ is
a reasonable, valid, and reliable method for assessing long-
term average dietary intake [21, 22]. The FFQ included 15
groups and 109 items as follows: cereals (six items) and
tuber crops (three items), processed vegetables (one item),
fresh vegetables (33 items), fruits (26 items), processed meat
(two items), fresh meat (13 items), fresh eggs (three items),
processed eggs (two items), bean and products (eight items),
nuts and seeds (five items), milk and dairy products (two
items), alcohol (three items), and oil and tea intake. The
subjects were asked whether they ever consumed a certain
food. If the response was positive, a question was asked to
indicate how often the consumption was and how much was
consumed each time. A food album was attached to the FFQ,
including dietary items, measurement tools, and weight
of each portion size. The weight of each portion size was
weighed by a standardised portable electronic kitchen scale,
which can measure food in g and drinks in mL. The fre-
quency of consumption of food/drink item was categorised
into eight subgroups, ranging from never to three times per
day. The intake amount of each food was obtained by mul-
tiplying the portion size by the weight of portion size. The
contents of energy and nutrients in food were referred to the
Chinese Food Composition Table (2009) [23]. Daily energy
intake, dietary fibre intake, and dietary Mg were calculated.

Covariate Definition

A standardised and structured questionnaire was used
to obtain information, particularly age, ethnicity (Han,
Yao or other ethnic groups), educational level (<6 years
or> 6 years), smoking history (yes or no), and alcohol con-
sumption (yes or no). Smoking was defined as currently
smoking at least one cigarette per day. Alcohol consump-
tion was defined as drinking at least 50 g of alcohol or more
than once a month. Body mass index (BMI) was calculated
by dividing the weight by height squared (kg/m?). Being
overweight was defined as 23.0 kg/m? <BMI <27.5 kg/
m?, whereas obesity was defined as BMI>27.5 kg/m?
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[24]. Hypertension was defined as systolic blood pres-
sure > 140 mmHg or diastolic blood pressure >90 mmHg.
Hyperlipidaemia was defined as total cholesterol
of >5.72 mmol/L, triglycerides of > 1.70 mmol/L [25], or
intake of lipid-lowering medication.

Statistical Analysis

Descriptive statistics was calculated for all demographic
and clinical characteristics of the study subjects. Contin-
uous variables were expressed as mean (SD) or median
(IQR). Categorical variables were presented as numbers
and percentages. The levels of metals were subjected
to logl0 (lg) transformation to reduce their skewness.
Spearman correlation was used to explore the correlation
between dietary Mg, plasma Mg, blood glucose level,
and glycosylated haemoglobin. Multiple linear regression
combined with multivariable RCS functions was used to
investigate the dose-response relationship amongst die-
tary Mg, plasma Mg, FPG, and HbAlc, with adjustment
for sex, age, ethnicity, education, smoking, alcohol con-
sumption, BMI, hypertension, hyperlipidaemia, energy,
and fibre. Dietary fibre was adjusted because it represents
foods high in Mg, such as whole grain, which is associated

Table 1 Descriptive characteristics of the subjects

with a reduced risk of T2DM. Five sections of RCS were
located at 5%, 27.5%, 50%, 72.5%, and 95% of the element
concentration range.

Patients with diabetes may have reduced blood Mg con-
centration due to increased renal Mg excretion [26]. Subjects
with HbAlc level of > 7.0 and FPG > 7.0 were excluded for
sensitivity analysis to rule out the potential effect of diabetes
on plasma Mg [27, 28]. All statistical analyses were per-
formed in SPSS 17.0 and R 4.0.3, and P values < 0.05 were
considered as significant statistical difference.

Results
Characteristics of Participants

Table 1 shows the clinical and demographic characteris-
tics of the 2373 study participants, comprising 890 men
and 1483 women. Yao people were the most numerous,
accounting for 75.4% of the total number of people, and
65.4% did not attend junior high school. The mean concen-
trations of HbAlc and FPG in the total study population
were 5.72% +0.57% and 4.77 +£0.67 mmol/L, respectively.

Variable Overall (n=2373) Men (n=2890) ‘Women (n=1483)
Age, years, n (%)
30-59 1213 (51.1) 397 (44.6) 816 (55.0)
>60 1160 (48.9) 493(55.4) 667 (45.0)
Ethnicity, n (%)
Han 464 (19.5) 156 (17.5) 308 (20.8)
Yao 1789 (75.4) 695 (78.1) 1094 (73.8)
Others 120 (5.1) 39 (4.4) 81(5.4)
Education, years, n (%)
<6 1553 (65.4) 474 (53.3) 1079 (72.8)
>6 820 (34.6) 416 (46.7) 404 (27.2)
BMI, m/kg?, n (%)
<23 1408 (59.3) 521 (58.6) 887 (59.8)
23-27.49 775 (32.7) 301 (33.8) 474 (32.0)
>27.5 190 (8.0) 68 (7.6) 122 (8.2)
Smoking, yes, n (%) 439 (18.5) 434 (48.8) 5(0.3)
Alcohol drinking, yes, n (%) 784 (33.0) 492 (55.3) 292 (19.7)
Hypertension, yes, n (%) 1065 (44.9) 368 (41.3) 697 (47.0)
Hyperlipidaemia, yes, n (%) 1152 (48.5) 412 (46.3) 740 (49.9)
FPG (mmol/L) 4.77+0.67 4.80+0.69 4.75+0.66
HbAlc (%) 5.72+0.57 5.77+0.62 5.69+0.54
Energy (kcal/day) 1485.06 (1135.50, 1999.09) 1627.99 (1234.87, 2181.36) 1405.13 (1082.16, 1887.50)
Fibre (g/day) 14.15 (10.70,18.34) 14.36 (10.83, 18.19) 14.01 (10.54, 18.50)
Dietary Mg (mg/day) 205.94 (144.00, 294.97) 220.66 (156.41, 319.55) 196.72 (139.13, 283.37)

Plasma Mg (mg/L)

18.59 (17.00, 20.30)

18.25 (16.64, 20.05)

18.77 (17.16, 20.48)
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Spearman Correlation Analysis

Spearman correlation analysis showed that plasma Mg
was significantly negatively correlated with HbAlc
(r=—0.05, P<0.05), whilst dietary Mg (r= —0.059,
P <0.01) and plasma Mg (r= —0.19, P<0.01) were sig-
nificantly negatively correlated with FPG in the total popu-
lation. In men, plasma Mg was negatively associated with
FPG (r= —-0.20, P <0.01). In women, dietary Mg was sig-
nificantly negatively associated with HbAlc (r= —0.082,
P <0.01), and dietary Mg (r=—0.12, P<0.01) and
plasma Mg (r= —0.18, P <0.01) were significantly nega-
tively associated with FPG, as shown in Fig. 2.

Linear Regression Analysis

The results of linear regression analysis are shown in
Table 2. In the overall participants and in men, dietary Mg
and plasma Mg were not associated with HbAlc. Dietary
Mg was significantly associated with HbAlc in women, but
this relationship disappeared after adjustment for covariates.
Plasma Mg was significantly associated with FPG in the
whole population (= —0.096) and in men (= —0.110)
and women (= —0.088) stratification (all P values <0.05).
In addition, significant differences were found in dietary Mg
and FPG observed in the general population (= —0.087,
P <0.05) and in women (= —0.098, P <0.05) but not in
men (P> 0.05).

3 4 56 7 8 0 10 20 30 40 SO
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HbAIC 0.29 -0.038 -0.05 Fe
(%) o
: B *kk *kk
© - FPG
® ) -0.089 -0.19
- {(mmol/L)
Dietary Mg &
0.016 L é
Plasma Mg
(mg/L)
4 5 6 7 8 100 300 500
(B) Men (C) Women
3 4 5 6 7 8 10 20 30 40 3 4 5 6 7 8 0 10 20 30 40 50
. * %k : i * k% *% : ~
HbAIC 0.21 0.014 -0.032 Fe HbAIC 0.34 -0.082 -0.05 e
(%) - e (%) L w
F]’)(‘ **k% **%k% *%k*%
' 0058 -0.20 012 -0.18
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Fig.2 Spearman correlation analysis was conducted to analyse the
correlation between plasma Mg, dietary Mg, FPG and HbAlc. A
Overall B Men. C Women. The distribution of each variable is shown
on the diagonal. The bottom of the diagonal shows a binary scat-

100 300 500

ter plot with fitted lines, and the top of the diagonal is the correla-
tion value plus significance level (indicated by asterisks). Each sig-
nificance level is associated with a sign: p value (0.001, 0.01, 0.05)
assigns as (FHEE)? k2 k)
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Table 2 Relationship between dietary and plasma Mg and glycaemic markers
HbAlc FPG
Unadjusted Adjusted* Unadjusted Adjusted*
$(95% CI) pvalue  B(95% CI) pvalue  f(95% CI) p value £ (95% CI) p value
Total
Dietary Mg —0.029 (—-0.186, 0.155 0.072 (-0.019, 0.405) 0.074 —0.106 <0.001 —0.087 0.025
0.030) (—0.460,—0.208) (=0.512,-0.034)
Plasma Mg —0.036 (—0.518, 0.080 0.000 (—-0.269, 0.272)  0.990 —0.151 <0.001 —0.096 <0.001
0.030) (—1.523,-0.886) (—1.073,-0.466)
Men
Dietary Mg 0.022 (-0.126, 0.256)  0.505 0.132 (-=0.007,0.771)  0.054 —0.059 (—0.400, 0.080 —0.061 (-0.610, 0.358
0.023) 0.221)
Plasma Mg —0.017 (-0.671, 0.614 0.021 (=0.373,0.716)  0.536 —0.166 <0.001 —0.110 0.001
0.396) (=2.073,-0.908) (= 1.559, - 0.406)
‘Women
Dietary Mg —-0.078 0.002 0.033 (=0.165, 0.330) 0.512 —0.142 <0.001 —0.098 0.040
(—0.328,-0.070) (- 0.603,—0.287) (=0.597,-0.014)
Plasma Mg —0.041 (-0.562, 0.115 —0.007 (-0.347, 0.775 —0.140 <0.001 —0.088 <0.001
0.061) 0.259) (- 1.438,-0.678) (- 1.018,-0.307)

*Adjusted for and/or sex (men/women) and/or age (30-59 years/ > 60 years), ethnicity (Han/Yao/others), education (<6 years/> 6 years), and/
or smoking (yes/no), alcohol consumption (yes/no), BMI (< 23/23-27.49/ > 27.5 kg/m?), hypertension (yes/no), hyperlipidaemia (yes/no), energy

(kcal/day), and fibre (g/day)

RCS Analysis

RCS was used to determine whether a non-linear association
exists between dietary and plasma Mg and HbAlc levels.
The results showed no non-linear association between die-
tary and plasma Mg and HbA1c levels, as shown in Fig. 3.

Sensitivity Analysis

After 53 study participants with HbAlc >7 and 24 with
FPG >7 were excluded, a negative correlation between
plasma Mg and FPG was still observed in the general popu-
lation (f= —0.096) and in men (f= —0.109) and women
(—0.090), with P <0.05. No linear relationship was found
between plasma Mg and HbA 1c, as shown in Table 3.

Discussion

The daily Mg intakes for men and women in this study
were lower than the 2007-2014 Chinese Health and Nutri-
tion Examination Survey intakes [29] and the US Food and
Nutrition Board recommended intakes [12]. Meanwhile, the
plasma Mg concentration of the study population was lower
than that of the population in China reported by Zhang et al.
[30]. These findings suggested an inadequate intake of Mg
in the local population.

Dietary Mg was negatively associated with FPG,
and our findings were consistent with the results of the
2007-2014 National Health and Nutrition Examination
Survey [29]. However, a pilot cross-sectional study in
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women of childbearing age in Ghana [31] and a cross-
sectional study in an occupational population in Japan [32]
did not find a significant association between dietary Mg
and fasting glucose. Controversial results were also found
in randomised controlled trials, with one randomised
controlled trial of 116 people aged 30—65 years with
hypomagnesemia and newly diagnosed pre-diabetes find-
ing that Mg supplementation significantly reduced fasting
blood glucose levels [33]. By contrast, a randomised dou-
ble-blind crossover trial of 98 patients with T2DM showed
no significant improvement in fasting blood glucose with
Mg supplementation in patients with diabetes [34]. The
reasons for the discrepancy in the results of these stud-
ies may be related to the different durations of Mg salts
and/or Mg supplementation and the small sample size and
short follow-up period [33, 34]. Previous meta-analyses
of prospective cohort studies have consistently concluded
that dietary Mg intake reduces the prevalence of T2DM.
For example, Fang et al. [13] conducted a meta-analysis of
25 prospective cohort studies involving 637,922 subjects
and found a 17% reduction in the risk of T2DM compared
with those with the lowest Mg intake in the population.
Similarly, Tian et al. [35] included 539,735 participants
and found a significantly lower risk of T2DM in those
with the highest Mg intake. In a sex-stratified analysis, a
significant negative association was found between dietary
Mg intake and blood glucose in women, whereas no sig-
nificant association was observed in men. A prospective
cohort study from Japan also found that Mg intake was
significantly associated with a reduced risk of diabetes
only in women and the gender difference may be explained
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Table 3 Sensitivity analysis of plasma Mg and glycaemic markers
HbAlc FPG
Unadjusted Adjusted* Unadjusted Adjusted*
£ (95% CI) p value f(95% CI) p value f(95% CI) p value f(95% CI) p value
Total
—0.035 (-0.472, 0.087  —0.001 (—0.255, 0.962  —0.032 (-0.486, 0.117  -0.096 <0.001
0.032) 0.243) 0.054) (—0.987,—-0.427)
Men
—0.013 (-0.577, 0.708  0.019 (-0.356,0.631) 0.585 —0.006 (—0.574, 0.858 —0.109 0.001
0.392) 0.478) (—1.427,-0.361)
Women
—0.044 (- 0.545, 0.092  —-0.008 (—0.331, 0.750  —0.042 (—0.558, 0.108  —0.090 <0.001
0.041) 0.239) 0.055) (—0.952,-0.299)

*Adjusted for and/or sex (men/women) and/or age (30-59 years/ > 60 years), ethnicity (Han/Yao/others), education (<6 years/> 6 years), and/
or smoking (yes/no), alcohol consumption (yes/no), BMI (< 23/23-27.49/ > 27.5 kg/m?), hypertension (yes/no), hyperlipidaemia (yes/no), energy

(kcal/day), and fibre (g/day)

by the fact that the role of dietary Mg in insulin regulation
is more important for women than for men [17].

This study provides additional evidence that plasma Mg
may indeed affect FPG and the results are consistent with

those of cross-sectional studies of occupational populations
in China and Japan [32, 36]. In Rotterdam, Kieboom et al.
reported that reduced plasma Mg concentrations were asso-
ciated with an increased risk of diabetes and prediabetes

@ Springer



556

M. Xu et al.

[37]. As sensitivity analyses excluding patients with dia-
betes yielded consistent results, this finding suggested that
the association between plasma Mg and fasting glucose
is unlikely to be due to the opposite cause. The beneficial
effects of Mg on diabetes have been demonstrated in cel-
lular models and animal studies. Cellular experiments have
demonstrated that long-term exposure to low Mg concentra-
tions of adipocytes is associated with the development of
insulin resistance [38]. In animal experiments, the activity
of muscle insulin receptor tyrosine kinase was impaired in
rats with hypomagnesemia [39] and Mg supplementation
prevented fructose-induced insulin resistance [40]. Increased
Mg intake may prevent deterioration of glucose tolerance
and thus delay the development of idiopathic non-insulin-
dependent diabetes mellitus [41]. However, the current
study failed to find a significant association between dietary
and plasma Mg and glycated haemoglobin. HbAlc is an
indicator of long-term glucose metabolism due to its low
variability in the bodys; it is independent of food intake and
minimally disturbed by short-term glucose levels [42]. The
effect of Mg supplementation on HbAlc was not found to
be significant in a meta-analysis of randomised double-blind
controlled trials [43, 44]. Saeed et al. [45] also found no
significant association between plasma Mg and HbAlc in
patients with T2DM in a cross-sectional study. These find-
ings are consistent with the present results and suggested
that Mg intake may not affect long-term glycaemic control.
However, Galli-Tsinopoulou et al. found a significant nega-
tive correlation between plasma Mg and HbAlc in patients
with type 1 diabetes [11]. The association between Mg and
HbA 1c remains controversial, and more epidemiological and
experimental evidence is needed to clarify the association.

The strength of this study is reflected in the inclusion
of dietary and plasma Mg, the different markers of glucose
metabolism, and the analysis of the interaction between
dietary and serum Mg and gender.

This study has limitations. Firstly, this cross-sectional
study was unable to assess the causal relationship between
Mg intake and plasma Mg and glucose markers. Secondly,
although this study adjusted for some potential confounders,
information regarding family history and the genetic char-
acteristics of diabetes was not obtained, and residual con-
founders remained unavoidable. Further research is needed
to determine the relationship amongst Mg intake, plasma
Mg, and glycaemic markers and the mechanisms involved
in this relationship.

Conclusion
In conclusion, the results suggested that Mg intake and

plasma Mg are significantly negatively associated with fast-
ing glucose, with gender differences in this association.
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