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Abstract

Background: Cardiovascular disease (CVD) remains a leading
global cause of mortality. Statins, particularly rosuvastatin (RSV), are
widely used to reduce low-density lipoprotein cholesterol (LDL-C)
level and prevent atherosclerotic CVD. RSV is highly liver-selective,
hydrophilic, and primarily transported via organic anion transport
proteins, rendering it less prone to cytochrome P450-mediated drug
interactions. However, the concurrent use with magnesium oxide
(MgO), a common antacid and laxative, has been shown to decrease
RSV absorption by up to 50%, raising concerns regarding the clinical
efficacy of RSV in patients taking MgO.

Methods: This multicenter, randomized, parallel-group comparative
trial included outpatients prescribed both RSV and MgO at Fukuoka
University Chikushi and Fukuoka Tokushukai Hospitals. Patients
were randomly assigned to the control group with simultaneous ad-
ministration or the intervention group with staggered administration
of MgO at least 2 h after RSV. Data on demographics and serum lev-
els of LDL-C, total cholesterol, high-density lipoprotein cholesterol,
and triglycerides were collected at baseline and 12 weeks after study
initiation. Medication adherence was monitored using a self-reported
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medication checklist, and patients with > 80% compliance were in-
cluded in the final analysis.

Results: A total of 45 patients, including 25 and 20 patients in the
control and intervention groups, respectively, completed the study.
The median ages were 78 and 76 years in the control and intervention
groups, respectively. The baseline demographics and clinical param-
eters, including LDL-C, were not significantly different between the
two groups. After 12 weeks, the rate of change in LDL-C level was
not significantly between the control and intervention groups (P =
0.9091).

Conclusion: The concurrent use of RSV and MgO did not signifi-
cantly impact the reduction in LDL-C levels compared with the stag-
gered administration. Simplifying administration without altering
efficacy can improve medication adherence, particularly in elderly
patients and those with polypharmacy, by reducing treatment com-
plexity.

Keywords: Rosuvastatin; Magnesium oxide; Low-density lipopro-
tein cholesterol

Introduction

According to the World Health Organization, cardiovascular
diseases (CVDs) are a leading global cause of death, leading to
the dedication of significant efforts to reduce CVD-associated
morbidity and mortality [1]. Pharmacotherapy is a cornerstone
in controlling CVD, with major guidelines established for
acute coronary syndrome, including ST-elevation myocardial
infarction and non-ST-elevation acute coronary syndrome, and
statins are categorized as a class IA recommendation for the
prevention of CVD. The American Heart Association/Ameri-
can College of Cardiology recommends high-dose statin ther-
apy to achieve a 50% reduction in low-density lipoprotein cho-
lesterol (LDL-C) levels, as a secondary approach to prevent
atherosclerotic CVD in patients under 75 years of age [2].
Rosuvastatin (RSV) is a widely used statin in clinical
practice for the treatment of dyslipidemia for several reasons.
In addition, to its demonstrated clinical efficacy in the JUPI-
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TER [3], COSMOS [4], and APOLLO [5] trials, RSV is the
only water-soluble, potent statin with strong hepatic selectiv-
ity, based on its absorption by hepatocytes via organic anion
transport proteins. Additionally, unlike other potent statins,
RSV is minimally metabolized by the cytochrome P450 en-
zymes CYP3A4 and CYP2C19, suggesting a lower risk of
drug-drug interactions in patients treated with RSV [6]. How-
ever, a unique feature of RSV is its interaction with magne-
sium oxide (MgO), wherein concurrent ingestion can reduce
RSV absorption by up to 50% [7].

MgO is widely used as a laxative and antacid in East Asia
[8]. The increasing prevalence of chronic constipation among
elderly patients in aging societies has resulted in an increase
in MgO use [9], with a consequent increase in the likelihood
of concurrent ingestion of RSV and MgO in clinical practice,
especially in patients receiving treatment for lifestyle-related
diseases.

However, no prospective study to date has investigated
the clinical effects of the concurrent administration of RSV
and MgO. Therefore, we aimed to evaluate the clinical impact
of the concurrent administration of RSV and MgO on LDL-C
levels in a multicenter, randomized, parallel-group compara-
tive trial.

Materials and Methods

Study design and participants

This multicenter, randomized, parallel-group comparative trial
was conducted in Fukuoka University Chikushi and Fukuo-
ka Tokushukai Hospitals between March 1, 2017 and March
1, 2021. Outpatients concurrently prescribed RSV and MgO
were eligible, whereas those unable to provide informed con-
sent, those unable to manage their own medication, those tak-
ing preparations containing both magnesium and aluminum,
and those otherwise deemed inappropriate for eligibility by
the study investigators were excluded. All participants were
Japanese.

Eligible patients were randomized using a block randomi-
zation method (block size = 4) without stratification into two
groups: 1) control group: concurrent ingestion of RSV and
MgO; 2) intervention group: staggered ingestion of MgO at
least 2 h after RSV.

The study was approved by the Ethics Committee of the
Fukuoka University School of Medicine (No. R16-048). It
complied with the ethical standards of the responsible insti-
tution on human subjects as well as with the Declaration of
Helsinki.

Indications and medication details

RSV was prescribed for dyslipidemia management in both
primary and secondary prevention of cardiovascular disease,
based on clinical indication.

MgO was prescribed for the management of chronic con-
stipation in all participants. Both medications were taken daily.

Participants were instructed to take RSV and MgO after
meals, with no difference in administration timing between
groups.

Data collection

Demographic and clinical characteristics at baseline and 12
weeks after study initiation were collected using electronic
medical records and included data on age, sex, body weight,
body mass index, adherence rate, RSV and MgO dosages, and
clinical laboratory values (total cholesterol (T-Cho), high-den-
sity lipoprotein cholesterol (HDL-C), LDL-C, and triglycer-
ides (TQ)).

Patients receiving other lipid-lowering drugs (e.g., bile
acid sequestrants, fibrates) or aluminum-containing antacids
were excluded.

Medication possession ratio

Medication adherence was evaluated using a self-reported medi-
cation checklist, and patients with a medication adherence rate
of > 80% were included in the final analysis. The checklist was
distributed at study initiation and collected after the 12-week
study period. Patients marked the checklist each time they took
the medications as prescribed (concurrent ingestion of both
medications or the staggered ingesting of medications with a
minimum of 2-h interval). The medication possession ratio was
calculated as follows: medication possession ratio = (100 x
number of checks/number of prescription days). Although this
method is practical, we acknowledge that self-reported check-
lists may introduce bias compared with more objective meas-
ures such as pill counts or electronic monitoring.

Statistical analysis

The baseline patient characteristics were compared between
the control and intervention groups. In addition, changes in
blood tests between baseline and 12 weeks were compared.
The primary endpoint was the percent changes in LDL-C lev-
els after 12 weeks of intervention. Categorical and continuous
variables were analyzed using Fisher’s exact and the Mann-
Whitney U tests, respectively. Statistical significance was de-
fined at a P value of < 0.05. As this was an exploratory pilot
study, no formal power calculation was performed prior to ini-
tiation. All statistical analyses were conducted using JIMP® Pro
17.2.0 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

After excluding patients who met the exclusion criteria or
dropped out during the study period, 25 patients with a me-
dian age of 78 years were assigned to the control group and 20
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Figure 1. Study flowchart.

patients with a median age of 76 years were assigned to the in-
tervention group (Fig. 1). Table 1 shows the comparison of the
baseline characteristics between the two study groups. Briefly,
age, sex, body mass index, RSV and MgO dosages, and clini-
cal laboratory values (T-Cho, HDL-C, LDL-C, and TG) were
not significantly different between the two groups at baseline.

Comparison of changes in T-Cho, HDL-C, LDL-C, and
TG levels

Figure 2 shows the percent changes in T-Cho, HDL-C, LDL-C,
and TG levels after 12 weeks of intervention. The median per-
cent change in T-Cho levels was -0.0275% (interquartile range
(IQR), -0.1759% to 0.083673%) in the intervention group and
-0.00568% (IQR, -0.08459% to 0.042129%) in the control
group, without a statistically significant difference between
the two groups (P = 0.7062). HDL-C levels were -0.05742%
(IQR, -0.10033% to 0.167872%) in the intervention group and
-0.00806% (IQR, -0.06667% to 0.068829%) in the control
group, without a statistically significant difference between
the two groups (P = 0.6749). The median percent change in
LDL-C levels was -0.0258% (IQR, -0.12963% to 0.092614%)
in the intervention group and 0.028846% (IQR, -0.17602%
to 0.113636%) in the control group, without a statistically
significant difference between the two groups (P = 0.9091).
TG levels were 0.073718% (IQR, -0.34795% to 0.43816%)
in the intervention group and 0.034678% (IQR, -0.17455% to
0.42576%) in the control group, without a statistically signifi-
cant difference between the two groups (P = 0.8588).

Discussion

In this first prospective study investigating the clinical impact

of the concomitant use of RSV and MgO, we prospectively
evaluated the changes in lipid-related clinical laboratory val-
ues in patients ingesting RSV and MgO simultaneously or in a
staggered schedule. As shown in Figure 2, the rate of change in
LDL-C levels was not significantly different between the con-
trol and intervention groups, indicating that concurrent RSV
and MgO administration might have a minimal impact on the
rate of change in LDL-C levels.

Martin et al [7] reported that delaying antacid administra-
tion by 2 h reduced its impact on plasma RSV concentrations
in Western cohorts, contradicting our findings, which might
be attributed to racial differences in the pharmacokinetics. Ac-
cording to Lee et al [10], steady-state plasma RSV concen-
trations in Japanese participants are approximately twofold
higher than those in White participants, indicating that plasma
RSV concentrations were higher in Japanese participants. Fur-
thermore, although RSV is transported into hepatocytes by
the organic anion transporting polypeptide 1B1, encoded by
SLCO1BI, the polymorphisms common in East Asian popu-
lations primarily affect hepatic uptake after absorption rather
than gastrointestinal absorption. These polymorphisms have
been reported to cause increased blood concentrations of RSV
and its active metabolite, N-desmethyl RSV [11]. Therefore,
while SLCOIB1 variants may contribute to higher systemic
exposure to RSV in Japanese patients, they are unlikely to di-
rectly influence the physicochemical interaction with MgO in
the gut. The presence of these polymorphisms might, however,
partially explain the modest interindividual variability in LDL-
C response observed in this cohort.

The interaction between RSV and MgO is thought to be
primarily physicochemical. MgO raises gastric pH and can
form poorly soluble complexes with the anionic RSV mole-
cule, thereby reducing its intestinal absorption. However, the
magnitude of this effect depends on several factors, including
the timing of administration, gastric emptying rate, and dictary
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Table 1. Baseline Characteristics of Patients in the Control and Intervention Groups

Control (n = 25) Intervention (n = 20) P value

Sex 1.0000

Male, n (%) 18 (72.0) 14 (70.0)

Female, n (%) 7 (28.0) 6 (30.0)
Age (years), median (IQR) 78 (69.0 - 82.0) 76 (74.3 - 82.5) 0.7058
BMI (kg/m?), median (IQR) 23.7 (22.1 - 26.4)* 23.9(21.2-27.4) 1.0000
Medication possession ratio (%), median (IQR) 100 (97.70 - 100) 100 (99.25 - 100) 0.8949
RSV dose 0.7482

2.5 mg, n (%) 15 (60.0) 11 (55.0)

5 mg, n (%) 10 (40.0) 8 (40.0)

10 mg, n (%) 0 (0) 1(5.0)
MgO dose 0.4199

330 mg, n (%) 18 (72.0) 15 (75.0)

500 mg, n (%) 5(20.0) 2 (10.0)

660 mg, n (%) 1 (4.0) 3 (15.0)

1,000 mg, n (%) 1(4.0) 0(0)
Administration timing 0.3792

After breakfast, n (%) 16 (64.0) 10 (50.0)

After dinner, n (%) 9 (36.0) 10 (50.0)
T-Cho (mg/dL), median (IQR) 159.5 (153.3 - 169.5)® 152 (134.3 - 165.8)° 0.2423
HDL-C (mg/dL), median (IQR) 54.5 (48.3 - 62.8)¢ 49 (43.0 - 57.3)° 0.2681
LDL-C (mg/dL), median (IQR) 77 (62.5-93.5) 77.5 (65.0 - 94.5) 0.7751
TG (mg/dL), median (IQR) 113 (84.5 - 154.3)f 105 (80.3 - 175.8)¢ 0.8688

Missing data:2n=1,n=9,°n=4,9n=1,en =2, fn =1, 9n = 2. BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; IQR: interquartile
range; LDL-C: low-density lipoprotein cholesterol; MgO: magnesium oxide; RSV: rosuvastatin; T-Cho: total cholesterol; TG: triglycerides.

status. Kawakami et al [12] reported that postprandial admin-
istration mitigates such interactions by stabilizing gastric con-
ditions. In our study, all participants took both RSV and MgO
after meals, when food likely buffered gastric pH changes and
slowed gastric emptying. Food intake also stimulates bile acid
secretion, which enhances the solubility and intestinal absorp-
tion of hydrophilic statins such as RSV. These postprandial
conditions may have minimized the impact of MgO on RSV
absorption.

Staggering administration increases the dosing frequency
and complicates prescriptions, which can reduce adherence
[13]. Although the inhibition of absorption has been reported
in patients taking RSV and MgO, adjustments to the timing of
administration might not be necessary for Japanese patients.

Study limitations

Several limitations should be noted.

First, this was a pilot study without formal power analysis,
and the relatively small sample size may have limited statisti-
cal power, increasing the possibility of type II error. Second,
medication adherence was evaluated using a self-reported
checklist, which may have introduced reporting bias. Third,

compliance with the 2-h dosing interval in the intervention
group could not be objectively verified. Fourth, lifestyle fac-
tors such as diet and exercise, as well as comorbidities were
not controlled and may have influenced lipid metabolism.
Fifth, all participants were Japanese, which may limit the gen-
eralizability of the findings to other ethnic populations with
different genetic and dietary backgrounds. Finally, the dura-
tion of prior exposure to RSV and MgO before enrollment was
not assessed, and previous dose adjustments may have influ-
enced baseline lipid levels.

Despite these limitations, our findings provide prelimi-
nary clinical evidence that concurrent RSV and MgO admin-
istration is safe and pharmacologically acceptable in elderly
Japanese patients receiving long-term statin therapy.

Conclusion

In conclusion, the concurrent administration of RSV and MgO
did not significantly affect LDL-C reduction compared with
staggered administration. Simplifying dosing schedules with-
out compromising therapeutic efficacy may improve medica-
tion adherence and reduce treatment complexity, particularly
among elderly patients with multiple medications. Further
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Figure 2. Rate of change in the levels of T-Cho (a), HDL-C (b), LDL-C (c), and TG (d). Missing data: 2n = 9,bn=4,¢°n =1, 9n =
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TG: triglycerides.

large-scale, controlled studies with pharmacokinetic assess-
ments and genotyping for SLCO1B1 variants are warranted
to confirm these results and better elucidate the clinical and
mechanistic implications of the MgO-RSV interaction.
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