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Abstract

Background: Hypertension increases cardiovascular risk in type 2 diabetes mellitus (T2DM) patients. Magnesium is an important
nutrient that promotes vascular function and insulin sensitivity, yet its potential role in managing blood pressure (BP) in patients with
T2DM remains unclear. This study evaluates the impact of a magnesium-focused nutrition education intervention on dietary magnesium
intake and BP control in patients with T2DM. Methods: Thirty patients with T2DM (25 women; mean age, 55.7 ± 9.8 years; body
mass index, 33.44 ± 7.17 kg/m2) participated in two clinical visits for data collection and BP measurement and received 12 weeks
of magnesium-focused nutrition education to promote dietary magnesium intake. Results: The education intervention significantly
increased dietary magnesium intake by 81.81 mg (p < 0.001). However, there were no significant changes in systolic or diastolic BP.
Analysis showed no significant correlation between dietary magnesium intake and systolic or diastolic BP (p ≥ 0.56). Conclusion:
While the intervention successfully increased dietary magnesium intake, it did not affect BP. These findings suggest that increasing
dietary magnesium intake through nutrition education may not significantly impact BP in individuals with T2DM. However, further
research is needed to confirm these results and explore other factors that may influence BP management in this population.
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1. Introduction
Type 2 diabetes mellitus (T2DM) is a long-term

metabolic condition that arises when pancreatic beta cells
fail to produce enough insulin to counter insulin resistance,
resulting in hyperglycemia [1]. It is a major health issue
worldwide, with around 508 million individuals affected,
and this number is expected to exceed 1.27 billion by 2050
[2]. Saudi Arabia has a particularly high prevalence of
T2DM, estimated at 11.3% in 2021, and it is expected to
double by 2050 [2]. Cardiovascular disease is one of the
most concerning complications of T2DM, with hyperten-
sion being a major contributing factor. Recent data re-
veal that approximately half of individuals diagnosed with
T2DM also have hypertension [3,4]. Therefore, interven-
tions aimed at successfully controlling blood pressure (BP)
in people with T2DM are crucial, as the presence of hy-
pertension significantly increases the risk of cardiovascular
events, such as stroke, in this population [5,6].

Diet plays a key role in managing T2DM and its as-
sociated complications. Standard dietary recommendations
for adults with T2DM emphasize having a personalized di-

etary plan that is high in nutrient-rich foods, such as whole
grains and fruits, and low in processed foods and added sug-
ars [7–9]. Among the various nutrients, magnesium, an es-
sential major mineral, has gained attention for its protec-
tive and therapeutic roles in T2DM and its related compli-
cations [10–13]. The recommended daily intake of magne-
sium for adults is approximately 320 mg for females and
420 mg for males, which can be met through regular con-
sumption of magnesium-rich foods such as whole grains,
dark leafy greens, legumes, nuts, and seeds [14]. Despite
these recommendations, many adults do not meet adequate
magnesium intake. Moreover, magnesium deficiency is
especially prevalent among people with T2DM due to in-
creased urinary excretion and reduced intake [15,16]. In
Saudi Arabia, reports indicate that nearly one-third of peo-
ple with T2DM have hypomagnesemia, which has been
linked to poor glycemic control and may negatively impact
BP [15,16]. These findings underscore the need for prac-
tical interventions to promote dietary magnesium intake in
high-risk populations.
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Evidence from cross-sectional studies conducted on
peoplewith T2DMhas shown that lowmagnesium intake or
low serum magnesium was associated with poor glycemic
[17–19] and BP control [19]. In addition, clinical stud-
ies have demonstrated thatmagnesium supplementation can
greatly lower both systolic and diastolic BP, particularly in
individuals with T2DM and hypomagnesemia [11,20,21].
Recent research has linked magnesium deficiency to the
pathogenesis of hypertension through various mechanisms,
including the alteration of L-type Ca2+ and endothelial ni-
tric oxide synthase (eNOS) activity, prostacyclin release,
and others [22]. While research has focused on supplemen-
tation, magnesium intake in the diet has also been shown
to be inversely associated with hypertension development
in general populations [23–26], suggesting that promoting
higher dietary magnesium intake could yield similar bene-
fits in people with T2DM.

Nutrition education represents a practical, widely
adoptable approach to promote dietary magnesium intake
and support self-management in individuals with T2DM.
Studies show that nutrition education interventions com-
bining knowledge, practical skills, motivation, and follow-
up effectively promote sustainable dietary changes and im-
prove adherence to recommendations [27,28]. In clinical
practice, such interventions are delivered through medical
nutrition therapy, in which registered dietitians provide in-
dividualized counseling to help patients meet therapeutic
dietary goals [29]. A recent meta-analysis recommends de-
livering nutrition education for a minimum of three months,
with personalized education being particularly effective
for glycemic control in people with T2DM [24]. Dietary
patterns that emphasize plant-based, minimally processed
foods, such as the dietary approach to stop hypertension
(DASH) and Mediterranean diets, are rich in magnesium
and have been shown to improve BP and metabolic out-
comes in both clinical and population-based studies [30].
A recent cross-sectional study, involving 2195 adults (40–
59 years old), reported lower systolic BP readings in per-
sons following theDASHdietary pattern. Furthermore, cal-
cium and magnesium intake, whether from DASH or non-
DASH foods, was independently associated with lower sys-
tolic BP after adjustment for supplement use, suggesting
that these minerals contribute to the DASH–BP relation-
ship [31]. These results support the rationale of increas-
ing dietary magnesium intake through food-based strate-
gies to achieve health benefits. However, limited research
has specifically examined the effectiveness of magnesium-
focused nutrition education interventions, as opposed to
broader dietary education or supplementation studies, par-
ticularly in individuals with T2DM [32]. Thus, this study
investigates the effect of magnesium-focused nutrition edu-
cation on BP in adults with T2DM in Saudi Arabia. We hy-
pothesize that raising the consumption of magnesium-rich
foods will improve BP, an essential component of T2DM
management that frequently poses challenges in the clini-
cal setting.

2. Materials and Methods
This study followed a quasi-experimental (within-

subject) design to assess the impact of a tailored
magnesium-focused education intervention on BP. Change
in BP was the primary outcome. Participants were eligible
if they were men and women aged 18 years and older who
had a body mass index (BMI) of 18.5 kg/m2 or higher and
were diagnosed with T2DM and hypertension and their di-
agnosis could be verified based on medical records and en-
docrinologist evaluation following international diagnostic
criteria (e.g., fasting plasma glucose ≥126 mg/dL, 2-hour
plasma glucose ≥200 mg/dL during an oral glucose toler-
ance test, or HbA1c ≥6.5%) [33]. Individuals with a prior
history of bariatric surgery, gastrointestinal disorders char-
acterized by malabsorption, renal diseases, severe anemia,
or who were taking antibiotics, diuretics, heartburn treat-
ments, excessive laxatives, or supplements containingmag-
nesium, calcium, or fiber were excluded. Women who were
pregnant or nursing in the previous year were deemed in-
eligible due to dietary and metabolic alterations impacting
magnesium consumption.

Participants were recruited by convenience sampling
through endocrinologists in outpatient clinics. Qualified in-
dividuals were invited for an in-person interview to evaluate
their interest and willingness to participate. The prospec-
tive participants were referred to the dietitian at the nutri-
tion clinic to evaluate their eligibility based on inclusion and
exclusion criteria. A registered dietitian, trained in stan-
dardized assessment techniques, confirmed eligibility and
provided orientation about the study.

The study included two clinical visits: baseline (week
0) and follow-up (week 12). Upon acquiring informed
consent, baseline demographic information (e.g., educa-
tional attainment, marital status), medical history, the be-
ginning of T2DM, anthropometric measurements, and BP
were gathered. Measurements were taken by a trained di-
etitian using standardized procedures. Body weight was
recorded to the nearest 0.1 kg with a calibrated digital scale,
while participants wore light clothing and no shoes. Height
was measured with a stadiometer to the nearest 0.1 cm, and
BMI was calculated as weight (in kg)/height (in m2).

BP measurements (in mm Hg) were obtained by an
experienced nurse in accordance with American Heart As-
sociation guidelines using an automated and validated os-
cillometric monitor (Omron® digital device, BP5000, Lot #
20090600368LF, Omron Corporation, Kyoto, Japan) from
the nondominant arm in a relaxed position. Two measure-
ments were taken, and the average of the two readings was
used.

Participants received in-person nutrition counseling
(magnesium-focused nutrition education) at baseline (week
0) and in the follow-up visit on week 12. Each clinical
session lasted approximately 30 to 45 minutes. During the
counseling session, a registered dietitian, a co-investigator
in the study, explained the research objectives and inter-
vention protocol in detail. This ensured consistency of de-
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Fig. 1. CONSORT flow diagram of participant recruitment and study flow. MgFFQ, Magnesium Food Frequency Questionnaire.

livery and alignment with the study goals. To support ad-
herence, participants also received reminders every three
weeks throughWhatsApp, which included educational tips,
a list of magnesium-rich foods, and the opportunity to ask
questions. Participant recruitment and progression through
the study are shown in Fig. 1.

All procedures involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or compa-
rable ethical standards. The study was approved by the Re-
search and Ethics Committee at King Abdulaziz University
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Table 1. Contents of the educational material.
Component Content details  Examples/materials provided 

Educational material 1 - Caloric requirements based on sex  - Sample meal plan showing three meals + 2 snacks 
Baseline visit - RDA for magnesium by sex  - Serving size charts by food group 

- Recommended servings from each food group  - Visual guide for balanced meals with annotated portion sizes 
- Examples of servings from food groups

throughout the day 
Educational material 2 - Foods high in magnesium across food groups  - Food list by group with magnesium content 
Baseline visit - Drugs that may interfere with magnesium

absorption or status 
- Caution list of medications and interactions 

Weekly educational titles - “Ways to Increase Magnesium Intake”  - Food suggestions with serving sizes and magnesium amount
per item 

- “Magnesium-Rich Foods with Serving Sizes and
Magnesium Content” (3 parts) 

- Visual handouts 

RDA, recommended dietary allowance.

Hospital (Reference No.: 361-21). Written informed con-
sent forms were signed by all participants before participa-
tion in the study.

2.1 Magnesium and Dietary Intake

Magnesium (Mg) consumption was evaluated solely
from dietary sources without supplementation. At both
study visits, baseline and follow-up, intake was evaluated
using the validated 33-item Mg Food Frequency Question-
naire (MgFFQ), which estimates long-term dietary magne-
sium from consumption by the portion sizes and consump-
tion frequency of magnesium-rich foods and beverages.
The questionnaire includes foods ranging from the highest
to the lowest magnesium content. Examples of food items
include dark leafy greens (Kale, spinach), nuts and seeds
(cashews, pecans), fish (salmon, mackerel), grains (brown
rice, white bread), and dairy products (yogurt, milk). A de-
tailed description of the MgFFQ has been previously pub-
lished [34]. Although this food frequency questionnaire
was originally validated against 14-day food diaries in non-
Saudi populations [34], it has not yet been formally vali-
dated in Saudi Arabia. To strengthen dietary assessment
and account for cultural variability, we complemented the
MgFFQ with repeated 24-hour dietary recalls.

During the initial counseling session, individualized
caloric needs and magnesium requirements were deter-
mined using the calorie calculator provided by the Saudi
Ministry of Health. Using the recommended dietary al-
lowance (RDA) guidelines established by the Institute of
Medicine’s Standing Committee on the Scientific Evalua-
tion of Dietary Reference Intakes (1997), the recommended
daily intake of magnesium for adults was determined. The
RDA is set to meet the needs of healthy individuals [35].
Based on energy requirements and sex, a personalized meal
plan was created for each participant and explained. A
one-day sample menu was provided to illustrate suitable
food choices and portions that met both caloric and mag-
nesium needs. The meal plans provided 420 mg of magne-
sium daily for males and 320 mg for females. During the

12-week intervention, participants received guidance on in-
corporating magnesium-rich foods into their daily diet, in-
cluding recommended servings from each food group. Em-
phasis was placed on sources such as leafy greens, whole
grains, nuts, seeds, and legumes. A practical food list was
also provided to support flexibility and adherence.

Three 24-hour dietary recalls were obtained from the
participants, at study commencement and toward the con-
clusion of the intervention, focusing on weekday intake.
The recalls were evaluated utilizing the Automated Self-
Administered Dietary Assessment (ASA24) tool, a preva-
lent instrument for extensive dietary research. Through-
out the intervention period, participants receivedWhatsApp
messages to promote compliance and encourage them to ask
questions if they needed additional information. During the
follow-up session on week 12, changes were assessed. Key
educational content provided to the participants is presented
in Table 1. Full details of the methodology have been pre-
viously published [32].

2.2 Statistical Analysis

The Shapiro-Wilk test was used to assess normality
for continuous data (differences in dietary magnesium in-
take and systolic and diastolic BP). As the preintervention
data indicated a skewed distribution, nonparametric tests
were applied. Differences in systolic and diastolic BP be-
fore and after the nutrition intervention were examined us-
ing the Wilcoxon signed rank test. Pearson correlation was
used to explore associations between dietary magnesium
and BP after the intervention. For all statistical tests, sig-
nificance level was set at a priori p value of <0.05. IBM
SPSS Statistics, Version 26.0 (IBM Corp., Armonk, NY,
USA) was used for data analysis.

A priori power analysis was conducted us-
ing G*Power software version 3.1.9.2, (https:
//www.psychologie.hhu.de/arbeitsgruppen/allgemeine
-psychologie-und-arbeitspsychologie/gpower), specifying
a power of 0.80, a medium effect size of Cohen’s d = 0.5,
and an alpha level of 0.05. The analysis indicated that a
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Fig. 2. Correlation between dietary magnesium intake and blood pressure after the nutrition intervention, measured by Pearson
correlation. (A) Dietary magnesium (mg/day) vs. systolic BP (mmHg); least-squares fit shows a slight inverse trend magnesium intake
and SBP. (B) Dietary magnesium (mg/day) vs. diastolic BP (mmHg); least-squares fit shows a slight inverse trend magnesium intake
and SBP.

minimum sample size of 85 participants would be required
to achieve adequate statistical power. Nevertheless,
difficulties faced during the recruitment process affected
our ability to achieve the desired sample size.

3. Results
Thirty participants were included. All were over forty

years old (mean age 55.7 ± 9.8 years), and there was a fe-
male predominance (25, 83.3%). Mean BMI was 33.44 ±
7.17 kg/m2. The majority of the participants were married,
and half of them held a college degree or higher (Table 2,
Ref. [32]). Magnesium intake increased significantly af-
ter receiving 12 weeks of nutrition education by 81.81 mg,
p < 0.001 (Table 3). The overall average magnesium in-
take was 267.45 ± 136.90 mg. Post-intervention, women
achieved 260.50± 141.22mg (vs. RDI 320mg), while men
reached 302.20± 120.11 mg (vs. RDI 420 mg). Despite in-
creases, intake remained suboptimal. Nuts and seeds (38%)
and whole grains (18%) had the biggest impact on rising
magnesium intake, according to MgFFQ data. There was
no significant change in systolic or diastolic BP after the 12
weeks (p = 0.278, p = 0.637, respectively) (Table 3). Pear-
son correlation analysis showed no significant correlation
between dietary magnesium intake and systolic (r = –0.10,
p = 0.60) or diastolic (r = –0.14, p = 0.45) BP (Table 4;
Fig. 2).

4. Discussion
In this study, we evaluated the impact of magnesium-

focused nutrition education on BP among patients with
T2DM. We observed no significant changes in BP follow-
ing the intervention. A similar outcome has been reported
by a study using a 12-week education program that encour-

Table 2. Demographic characteristics of study participants.
Variable N = 30

Sex, n (%)
Female 25 (83.3)
Male 5 (16.6)

Age (years), mean ± SD 55.7 ± 9.8
BMI (kg/m2), mean ± SD 33.44 ± 7.17
Education, n (%)

Elementary & secondary 15 (50)
Bachelor’s 13 (43.3)
Postgraduate 2 (6.6)

Marital status, n (%)
Single 1 (3.3)
Married 29 (96.6)

Antihypertensive medication use, n (%) 15 (50)
Duration of diabetes, n (%)

Less than 5 years 0
5–10 years 17 (57)
>10 years 13 (43)

Smoking status
Current smoker 4 (13)
Former smoker 6 (20)
Never smoked 20 (67)

Note. BMI, bodymass index; SD, standard deviation. Adapted
with permission from Albajri E et al. [32].

aged a healthy lifestyle and reduced dietary salt intake [36].
In addition, a scoping review found that nutrition educa-
tion interventions often improve dietary behaviors without
translating into significant BP or other physiological im-
provements [37].

Although the magnesium-focused educational ses-
sions significantly increased dietary magnesium intake,
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Table 3. Dietary magnesium intake and blood pressure before and after receiving magnesium-focused nutrition education.

Variable
Preintervention Postintervention

p value
Mean ± SD Mean ± SD

Dietary magnesium intake measured
by the MgFFQ (mg)

185.64 ± 150.98 267.45 ± 136.90 <0.001*
(women: 203.15 ± 159.73; men:

98.09 ± 26.14)
(women: 260.50 ± 142.14; men:

302.20 ± 120.11)
Systolic blood pressure (mm Hg) 137 ± 18.2 136 ± 12.6 0.278
Diastolic blood pressure (mm Hg) 74 ± 14 75.5 ± 9 0.637
SD, standard deviation; MgFFQ, Magnesium Food Frequency Questionnaire.
* Statistically significant differences.

Table 4. Correlation between dietary magnesium intake and blood pressure after the nutrition intervention, measured by
Pearson correlation.

Systolic blood pressure Diastolic blood pressure

r p value r p value

Dietary magnesium intake –0.10 0.60 –0.14 0.45
Statistical significance set at p < 0.05.

demonstrating the strategy’s effectiveness and value as an
interventional approach [38], they did not result in a mea-
surable impact on BP in our T2DM patients. In our study,
mean daily magnesium consumption rose from 185.64
± 150.98 mg at baseline to 267.45 ± 136.90 mg post-
intervention (p < 0.001). This increase in magnesium in-
take is the only statistically significant finding in our study,
and it underscores the power of targeted nutrition coun-
seling to modify micronutrient consumption. The current
lack of a measurable effect on BP aligns with findings
from a Korean study, which reported no significant asso-
ciation between dietary magnesium intake and the risk of
high BP [39]. Magnesium is thought to help lower BP
by acting similarly to calcium channel blockers, that is,
by competing with sodium at smooth muscle cell binding
sites, leading to increased production of prostaglandin E,
interaction with potassium, and promotion of vasodilation.
As a result, it reduces the intracellular levels of calcium
and sodium, thereby decreasing BP [40]. It may also con-
trol BP indirectly by improving insulin sensitivity and glu-
cose metabolism in people with T2DM, as these factors are
closely linked to hypertension [41]. Several studies have
investigated the impact of high magnesium intake on BP
in patients with T2DM, showing measurable effects un-
der specific conditions. A systematic review of various
randomized controlled trials has demonstrated that magne-
sium supplementation could significantly lower BP, both
systolic and diastolic, in T2DM patients with raised BP at
baseline [20]. The study also highlighted that the bene-
fits are more prominent when magnesium is consumed in
adequate doses, typically around 400 mg per day [20]. A
recently published meta-analysis of randomized controlled
trials found that magnesium reduced mean systolic and di-
astolic BP significantly by 1.25 and 1.40 mm Hg, respec-
tively, in one analysis, and by as much as 7.69 and 2.71 mm
Hg in another [11]. The effects were more significant with

doses of≥400 mg/day and≥12 weeks of intervention [11].
This may explain why our study, of 12 weeks duration and
a suggested magnesium intake of 400 mg, did not produce
significant findings. Furthermore, a meta-analysis target-
ing supplementation dose and duration found that magne-
sium supplementation at dosages of≤360 mg/day for a du-
ration of more than three months lowers systolic BP by 3.03
and 3.31 mm Hg, which could account for our findings, al-
though the magnesium in that study was not derived from
food [42]. Another study, a longitudinal cohort of 24,171
subjects, found that individuals who fell in the highest quin-
tile of magnesium intake (452 mg/day) were significantly
less prone to develop hypertension compared with those in
the lower quantile. This suggests that ensuring sufficient
dietary magnesium can help reduce the risk of high BP and
improve cardiovascular outcomes in the diabetic population
[43]. Further, there is recent evidence that a magnesium-
rich diet is associated with a lower risk of cardiovascular
disease; however, it did not address hypertension as a fac-
tor, so further investigation might be needed [44].

High doses of magnesium may be easier to achieve
through supplementation than through the diet, as obtain-
ing equivalent amounts from foodwould require consuming
large volumes of magnesium-rich items—potentially dis-
rupting an individual’s total caloric balance [45]. Accord-
ingly, any dietary intervention aiming to boost magnesium
intake should be very well structured, since increasing min-
eral intake via whole foods inevitably alters overall energy
consumption and macronutrient proportions [46]. In our
study, although magnesium intake increased following the
intervention, it remained below the recommended daily in-
take and the effective supplement doses (300–400 mg/day)
used in trials [20]. This may explain the absence of a signif-
icant changes in blood pressure. We also focused our inter-
vention on dietary magnesium; however, magnesium-rich
foods also provide potassium and fiber, both of which are
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associated with blood pressure regulation [47,48]. The con-
sumption of fiber and potassium has been associated with
modest reductions in blood pressure through improvements
in vascular function [47,48]. On the other hand, excessive
phytate intake may impair mineral absorption, including
magnesium, potentially attenuating these effects [49]. As
a result of this overlap, it is inherently difficult for nutri-
tion education studies to isolate magnesium’s independent
effects. However, the modest increases in magnesium in-
take in our cohort, along with any possible concurrent di-
etary changes, did not producemeasurable changes in blood
pressure. Generally, discrepancies may reflect differences
in study design, population characteristics, or dosing regi-
mens. Furthermore, nuts and seeds, as well as whole grains,
were the main sources of increased magnesium intake. This
aligns with earlier studies that identify nuts, seeds, and
whole grains as key dietary sources of magnesium and im-
portant for better cardiometabolic health [50,51]. There-
fore, our findings indicate that patients included a variety
of magnesium-rich foods in their diets instead of relying
only on single foods or supplements.

This study has several limitations to consider. Firstly,
the sample size was fairly small, with only 30 participants,
whichmay influence the results and limit generalizability of
findings. The sample also showed gender imbalance, with
an 83.3% female dominance. This may also affect general-
izability, as dietary adherence, magnesiummetabolism, and
vascular reactivity differ by sex [51]. Additionally, mag-
nesium intake was assessed through a self-reported ques-
tionnaire, and while the MgFFQ is a validated tool [35], it
has not been formally adapted to Saudi populations. The
absence of biochemical assessment, such as serum or red
blood cell magnesium levels, limits the ability to confirm
whether physiological magnesium status improved. Fur-
thermore, key socioeconomic and psychosocial variables
such as income, stress, or mental health were not measured,
despite their potential influence on dietary behaviors and
BP. Although individuals taking diuretics were excluded,
half of the included participants were on other antihyperten-
sive medications, which may have masked potential effects
of dietary magnesium [48,50]. Lastly, the study did not in-
clude a control group, limiting the ability to infer causal-
ity, and the 12-week duration may have been insufficient to
capture the full impact of dietary changes on vascular health
[49].

Although this study did not demonstrate a significant
effect of magnesium-focused education on improving BP,
it provides useful preliminary insights. The findings sug-
gest that implementing individualized, culturally adapted
nutrition counseling is feasible in a clinical setting and may
help to improve dietary magnesium intake. Future studies
should include larger and more diverse populations, aim for
higher magnesium doses (e.g., through fortified foods) that
meet recommendations, utilize objective biochemical as-
sessments of magnesium status, and extend the intervention
duration beyond three months. Stratifying the analysis by

sex and adjusting for potential confounders such as potas-
sium and fiber would also help clarify the specific impact
of dietary magnesium on BP. Additional studies should iso-
late magnesium’s effects. Finally, combining nutrition ed-
ucation with broader lifestyle strategies, such as physical
activity and stress reduction, may offer greater potential to
improve clinical outcomes.

5. Conclusion
Although the magnesium-focused nutrition education

program increased magnesium intake, it did not result in
significant changes in BP among individuals with T2DM.
These findings highlight the complexity of dietary inter-
ventions and suggest that magnesium intake alone, when
sourced from food and over a short period, may be insuffi-
cient to modify BP in this population. Further investigation
with more rigorous study designs and longer durations is
warranted to clarify the role of magnesium in BP regula-
tion for people living with T2DM.
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