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ABSTRACT
BACKGROUND: Fibromyalgia is a syndrome characterized by chronic pain, fatigue, depression, and
sleep disturbances. Its primary cause is unclear. Several studies have reported decreased intracellular
magnesium levels in patients with fibromyalgia and have found negative correlation between magnesium
levels and fibromyalgia symptoms.
OBJECTIVE: To gather preliminary data on whether transdermal magnesium can improve quality of life
for women who have fibromyalgia.
DESIGN, SETTING, PARTICIPANTS AND INTERVENTIONS: This is a patient questionnaires and
survey in a fibromyalgia clinic at a tertiary medical center. Forty female patients with the diagnosis
of fibromyalgia were enrolled. Each participant was provided a spray bottle containing a transdermal
magnesium chloride solution and asked to apply 4 sprays per limb twice daily for 4 weeks. Participants
were asked to complete the Revised Fibromyalgia Impact Questionnaire, SF-36v2 Health Survey, and a
quality-of-life analog scale at baseline, week 2, and week 4.
MAIN OUTCOME MEASURE: Questionnaire and survey scores, evaluated through intent-to-treat and
per-protocol analyses.
RESULTS: Twenty-four patients completed the study (mean [SD] age, 57.2 [7.6] years; white, 95%;
mean body mass index, 31.3 kg/m2). With intention-to-treat analysis, Revised Fibromyalgia Impact
Questionnaire subscale and total scores were significantly improved at week 2 and week 4 (total score,
P = 0.001). Per-protocol analysis results were similar: all subscales of the Revised Fibromyalgia Impact
Questionnaire were significantly improved at week 2 and week 4 (total score, P = 0.001).
CONCLUSION: This pilot study suggests that transdermal magnesium chloride applied on upper and
lower limbs may be beneficial to patients with fibromyalgia.
TRIAL REGISTRATION: ClinicalTrials.gov.ldentifier NCT01968772.
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1 Introduction
Fibromyalgia is a chronic pain syndrome with no
known cause[1]. In addition to widespread pain, patients
with fibromyalgia have fatigue, depression, and sleep
problems[2]. About 3.5% of women and 0.5% of men in the
United States have received the diagnosis of fibromyalgia[3,4].
The etiologic factors of fibromyalgia are unclear; however,
some evidence shows that the widespread pain observed
in patients with fibromyalgia is caused by abnormalities in
the central nervous system. The pain threshold in fibromyalgia
is lowered, and pain can be elicited with less stimuli than
in the healthy state[5,6]. Higher levels of substance P in the
cerebrospinal fluid[7], alterations in cerebral blood flow[8],
reduced levels of serotonin and 5-hydroxytryptophan[9],
and impairments of the hypothalamus-pituitary-adrenal axis[10]
have also been associated with the presence of fibromyalgia.
With the various biological processes involved in and
the uncertain clear cause of fibromyalgia, it is not surprising
that its treatment includes multiple modalities such as
education, exercise, medications (tricyclic antidepressants,
selective serotonin reuptake inhibitors, dual serotonin and
norepinephrine reuptake inhibitors, analgesics, and anticonvulsants), and complementary and alternative medicine
(CAM) therapies[1]. CAM therapies have been reported to
ease fibromyalgia symptoms[11], and their use is common
in patients with rheumatologic disorders: more than 50%
of patients with rheumatologic conditions, including
fibromyalgia, use CAM therapies[12–14] and, as reported by
Wahner-Roedler et al[14] in 2005, 98% of patients evaluated
in a fibromyalgia clinic had used some form of CAM
within the past 6 months. CAM therapies frequently used
by patients with fibromyalgia include massage, meditation,
acupuncture, hypnotherapy, and nutritional supplements.
Some preliminary evidence shows that fibromyalgia is
an oxidative stress disorder and that deficiency in trace
elements and antioxidants may have a role in the development
of fibromyalgia symptoms[15–18]. A small study reported
on a significant reduction of fibromyalgia symptoms
after 9 months of treatment with coenzyme Q10, a strong
antioxidant[19]. Magnesium is a trace element with many
important functions, including activation of almost all
enzymes of the glycolytic and Krebs cycles. It is further
needed for synthesis of adenosine triphosphate[20]. Some
investigators have reported on the similarity in the clinical
symptoms of fibromyalgia and magnesium deficiency,
including the findings of tender points, indicating a possibility
that magnesium has a part in fibromyalgia pathogenesis[21–24].
Several studies have shown that intracellular magnesium
levels are decreased in fibromyalgia patients, with serum
magnesium levels staying within the reference range[22–26]
or decreased[27]. Abraham and Flechas[27] postulated that
low magnesium levels in muscle cells may be a factor in
fibromyalgia development. They also reported that daily
supplementation of 300 to 600 mg of magnesium malate
Journal of Integrative Medicine

improved fibromyalgia symptoms. Bagis et al[28] noted
that in their study, serum and erythrocyte magnesium levels
were significantly lower in patients with fibromyalgia
than in control subjects. They also reported a significant
negative correlation between magnesium levels and
fibromyalgia symptoms, with the number of tender points
and the scores of tender point index, Fibromyalgia Impact
Questionnaire (FIQ), and Beck Depression Inventory
decreasing significantly with magnesium citrate treatment.
Sendur et al[29] reported an association between serum
magnesium levels and fatigue in patients with fibromyalgia,
indicating a potential therapeutic role of magnesium supplementation in fibromyalgia symptoms.
The primary aim of the present study was to gather preliminary data on whether transdermal magnesium chloride
(MgCl2) can improve quality of life (QOL) in women who
have fibromyalgia as measured with the Revised Fibromyalgia
Impact Questionnaire (FIQR), the SF-36v2 Health Survey,
and a QOL analog scale. The secondary aim was to assess
the feasibility of recruiting 40 women with fibromyalgia
into a study of a transdermal MgCl2 product.
2 Patients and methods
This pilot study was approved by the Mayo Clinic Institutional Review Board and was registered as NCT01968772
on ClinicalTrials.gov. Each participant provided written
informed consent.
2.1 Study population
Patients with a diagnosis of fibromyalgia at the Mayo
Clinic Fibromyalgia Clinic were identified through the
fibromyalgia clinic database. To participate, women had
to be postmenopausal or to have undergone a hysterectomy.
Patients were excluded from the study if they were receiving
dialysis or had coronary artery disease, chronic cardiac
arrhythmias, bipolar disorder, schizophrenia, or dementia.
2.2 Study design
This was a single-arm pilot study.
2.3 Intervention
Each participant was given a spray bottle containing
transdermal MgCl2 solution (Fibro Flex [formerly DermaMag];
Magnesium Direct) and asked to apply 4 sprays per limb
2 times daily for 4 weeks. After spraying the solution into
the palm of the hand 4 times, the participant rubbed the
amount on 1 limb and then repeated the steps for each
limb. The suggestion was made that the spray be applied
evenly. A wait of 4 h between doses was believed to be
ideal, and a minimum of 1 h on the skin was requested
before showering or washing the product off. For best
results, the product was to be left on the skin throughout
the day and then showered off before bedtime to avoid its
transfer to the bed sheets. Use of cool, rather than warm,
water for rinse-off within 1 h before bedtime was advised
to avoid negative impact on sleep hygiene. Participants
were further advised to rinse the solution off with water if
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certain areas of skin became irritated and to avoid applying
the solution to open wounds (simple scratches were believed
not to be a problem).
According to the manufacturer (Mitch Pelavin, written
communication, December 18, 2014), the magnesium formula
contains 31% MgCl2 by volume. It is “a clear, odorless
liquid that dries rapidly”, has a shelf life of years, and
needs no refrigeration. Ingredients are water, MgCl2, and,
to aid absorption, a proprietary blend of trace minerals,
including “boron, selenium, manganese, calcium chloride,
potassium chloride, and sodium chloride. One fluid ounce
contains approximately 3 000 mg of elemental magnesium;
8 sprays equal 100 mg elemental magnesium”. There are
no known adverse effects to dermally applied MgCl2 other
than possible skin irritation.
2.4 Instruments used
Participants were asked to complete the FIQR, the SF36v2 Health Survey, and a 6-question QOL analog scale
at baseline (before initiation of topical treatment), week
2, and week 4. The study coordinator called each patient
weekly, inquiring about compliance and questions or concerns.
Participants also were given a diary to keep track of the
daily intervention. At the end of the study, the amount of
unused MgCl2 product was measured.
The FIQR has 21 questions rated on a scale of 0 to 10,
with 10 being “worst”. The questions address the previous
7 d and assess the following 3 domains: function (9
questions), overall impact (2 questions), and symptoms
(10 questions). The sum of the score for function (range,
0–90) is divided by 3, the sum for overall impact (range,
0–20) is not changed, and the sum for symptoms (range,
0–100) is divided by 2. The total FIQR score is the sum of
these 3 domain scores, with a maximum total score of 100.
The SF-36v2 Health Survey is a widely used scale to
evaluate health issues related to QOL. Developed to obtain
subjective estimates of functional status regarding patients’
health, it contains 36 items on how daily activities (e.g.,
walking, shopping, going up some steps) have been limited
by health problems. It provides a classification in 8 domains
that correspond to the dimensions most related to a health
indication: role physical health, physical functioning,
bodily pain, vitality, social functioning, role emotional,
mental health, and general health. These dimensions are
evaluated in a standardized 0-to-100 scale, in which the
higher the score, the better the representation of health status.
The QOL analog scale assesses the frequency and severity
of 6 symptoms associated with fibromyalgia — migraines,
headaches, leg cramps, fatigue, joint pain, and muscle
pain — on the basis of an 11-point rating scale of 0 to 10,
with 10 being “worst”.
2.5 Statistical analysis
The demographic characteristics of the participants were
summarized using descriptive statistics of mean (standard
deviation, SD) for continuous variables and frequency
(percentage) for categorical variables. FIQR scores, SFSeptember 2015, Vol.13, No.5

36v2 scores, and QOL analog scale scores were compared
at baseline and at 2 and 4 weeks using paired t test. Intentionto-treat and per-protocol analyses were done. All statistical
analyses were performed with statistical software (SAS
version 9.3; SAS Institute Inc). Bonferroni adjustment
was used to account for multiple comparisons. Therefore,
P<0.017 was considered statistically significant.
3 Results
A total of 40 patients enrolled in the study. The Consolidated
Standards of Reporting Trials flow chart, outlining study
enrollment and completion rates, is shown in Figure 1.
3.1 Descriptive statistics
Of women enrolled in the study, 24 completed and returned
all follow-up measures (at week 2 and week 4). The total
dropout rate was 40%, with 22.5% being due to skin irritation
caused by the MgCl2 product. Five patients were unable
to finish the first 2 weeks of the protocol because of skin
problems, and 4 participated for more than 2 weeks but
were unable to finish the 4-week study course because of
skin irritation.
Descriptive statistics of the population are reported in
Table 1. Participants had a mean (SD) age of 57.2 (7.6)
years and a mean body mass index of 31.3 kg/m2, and
95% were white.
3.2 Intention-to-treat analysis
To account for the dropout in participation, we conducted
an intention-to-treat analysis by replacing missing values
due to participation dropout with each patient’s previous
score. This method showed that, compared with baseline
scores, FIQR subscale and total scores were significantly
improved at week 2 and week 4 (all P<0.01) (Table 2 and
Figure 2). Significant differences were also noted in SF36v2 scores for physical function, role physical, and
physical composite (Table 2 and Figure 3). Bodily pain,
vitality, social function, role emotional, mental health, and
mental composite scores were not significantly different
from baseline at either week 2 or week 4.
Patients also reported decreased cramp severity, decreased
fatigue, and decreased joint and muscle pain at study completion. The overall QOL score, or the mean of 12 item
scores (Table 2 and Figure 4), had significantly improved
at week 2 and week 4.
3.3 Per-protocol analysis
The results of the per-protocol analyses are summarized
in Table 3. All subscales of the FIQR had improved significantly at week 2 and week 4 compared with baseline.
Although significant improvements were found in physical
function, role physical, and physical composite scores
from baseline to week 2 with the per-protocol analysis,
none of the SF-36v2 domain scores were significantly
different from baseline scores at week 4. However, significant
decreases in cramps and fatigue were found at both week
2 and week 4. The overall QOL score had improved
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Figure 1 Flow chart of study enrollment and completion
Table 1 Demographic characteristics of the 40 study patients
Demographic characteristic

Valuea

Age (years)

57.2 (7.6)

2

31.3 (8.5)

BMI (kg/m )

Demographic characteristic
Education level
High school diploma or GED

Race

Some college or 2-year college degree

White

38 (95.0)

Black

1 (2.5)

Unknown

1 (2.5)

Ethnicity
Non-Hispanic or Non-Latino

Valuea
7 (18.4)
18 (47.4)

Four-year college degree

7 (18.4)

Postgraduate studies

6 (15.8)

Unknown

2 (5.3)

Relationship status
36 (90.0)

Married

24 (60.0)

Hispanic or Latino

1 (2.5)

Divorced

7 (17.5)

Unknown

3 (7.5)

Separated

1 (2.5)

Single

2 (5.0)

Widowed

3 (7.5)

Committed

3 (7.5)

Work status
Employed

23 (60.5)

Unemployed

2 (5.3)

Work-disabled

4 (10.5)

Retired

7 (18.4)

Full-time homemaker

1 (2.6)

Other

1 (2.6)

Unknown

2 (5.3)

a

Values are presented as mean (standard deviation) for continuous variables and number (percentage) for categorical variables.
BMI: body mass index; GED: graduate equivalency degree.
Journal of Integrative Medicine
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Table 2 Intention-to-treat comparison of baseline, week 2, and week 4 questionnaire scores
Baseline

Week 2

Baseline vs
week 2b P value

Week 4

12.68 (7.82)
11.10 (6.41)
28.31 (9.52)
52.10 (21.62)

9.79 (7.93)
7.93 (6.67)
24.86 (10.69)
41.82 (23.94)

<0.001
<0.001
0.009
<0.001

8.78 (7.45)
7.45 (6.44)
24.05 (11.12)
39.52 (24.02)

0.05
0.21
0.13
0.01

<0.001
<0.001
0.002
<0.001

33.94 (9.97)
32.49 (10.65)
33.85 (7.55)
38.90 (9.42)
37.42 (6.29)
36.67 (13.54)
36.64 (14.96)
43.95 (12.28)
32.78 (8.48)
42.32 (12.73)

35.94 (10.10)
35.30 (11.91)
35.11 (8.09)
39.28 (10.85)
38.51 (7.30)
38.85 (14.36)
37.41 (15.72)
44.52 (12.61)
34.85 (8.12)
42.84 (13.06)

0.003
0.008
0.10
0.67
0.24
0.08
0.64
0.58
0.006
0.64

36.72 (10.45)
36.22 (12.14)
35.92 (8.92)
39.48 (10.76)
39.45 (7.41)
38.85 (14.31)
38.48 (16.04)
45.36 (12.83)
35.56 (8.53)
43.85 (12.66)

0.15
0.20
0.25
0.85
0.14
>0.99
0.32
0.24
0.18
0.19

0.003
0.005
0.05
0.59
0.04
0.17
0.34
0.31
0.003
0.31

2.55 (2.52)
3.35 (3.10)
5.25 (3.23)
5.00 (2.90)
5.03 (3.21)
5.48 (2.94)
9.53 (1.81)
8.60 (2.15)
9.08 (2.49)
7.83 (2.57)
9.50 (1.78)
8.43 (2.42)
6.63 (1.41)

2.60 (3.00)
2.55 (2.61)
4.60 (3.14)
4.15 (2.83)
3.88 (2.70)
4.13 (2.65)
7.48 (3.23)
6.88 (2.76)
7.48 (3.20)
6.50 (2.80)
8.10 (2.48)
6.95 (2.54)
5.44 (1.88)

0.89
0.01
0.15
0.02
0.02
0.004
<0.001
<0.001
<0.001
0.001
0.003
<0.001
<0.001

2.75 (2.89)
2.75 (2.90)
4.83 (3.16)
4.45 (2.84)
4.30 (3.01)
4.15 (2.67)
7.95 (3.16)
7.05 (2.80)
7.88 (3.07)
6.63 (2.88)
8.10 (2.75)
7.08 (2.73)
5.66 (2.05)

0.41
0.43
0.49
0.23
0.15
0.91
0.09
0.24
0.17
0.61
>0.99
0.55
0.08

0.51
0.03
0.25
0.10
0.18
0.005
0.001
<0.001
0.01
0.003
0.008
0.002
<0.001

Variablea
FIQR score
Function
Overall
Symptoms
Total
SF-36v2 score
Physical function
Role physical
Bodily pain
General health
Vitality
Social function
Role emotional
Mental health
Physical composite
Mental composite
QOL score
Often migraines
Level of migraines
Often headaches
Level of headaches
Often cramps
Level of cramps
Often fatigue
Level of fatigue
Often joint pain
Level of joint pain
Often muscle pain
Level of muscle pain
Mean of all 12 QOL items

Week 2 vs
Baseline vs
week 4b P value week 4b P value

a

Values are presented as mean (standard deviation); ball comparisons were made with paired t tests.
FIQR: Revised Fibromyalgia Impact Questionnaire; QOL: quality of life.

Figure 2 Changes in Revised Fibromyalgia Impact Questionnaire (FIQR) subscale and total scores over time
September 2015, Vol.13, No.5

Figure 3 Changes in SF-36v2 Health Survey subscale and total
scores over time
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significantly by week 2, but no significant improvement
was seen from baseline to week 4.
4 Discussion

Figure 4 Changes in selected quality of life (QOL) symptoms
over time

The results of this pilot study suggest that transdermal
MgCl2 applied twice daily on the upper and lower limbs
may be beneficial for patients with fibromyalgia. To our
knowledge, this is the first study evaluating the effectiveness
and feasibility of transdermal MgCl 2 for treatment of
fibromyalgia symptoms, although several studies have
evaluated the effect of oral magnesium supplements. Oral
magnesium in the form of magnesium citrate (300 mg/d)

Table 3 Per-protocol comparison of baseline, week 2, and week 4 questionnaire scores
Baseline
(n=40)

Week 2
(n=32)

Baseline vs
week 2b P value

Week 4
(n=24)

FIQR score
Function

12.68 (7.82)

8.53 (7.25)

<0.001

7.78 (7.02)

0.04

<0.001

Overall

11.10 (6.41)

7.03 (6.35)

<0.001

6.83 (5.78)

0.21

0.001

Symptoms

28.31 (9.52)

22.71 (10.34)

0.009

21.23 (11.22)

0.13

0.01

Total

52.10 (21.62)

37.56 (22.12)

<0.001

35.84 (22.56)

0.01

0.001

Physical function

33.94 (9.97)

37.14 (10.26)

0.003

37.13 (10.82)

0.15

0.03

Role physical

32.49 (10.65)

36.63 (12.37)

0.008

35.83 (12.32)

0.20

0.08

Bodily pain

33.85 (7.55)

36.38 (7.68)

0.10

37.06 (9.22)

0.25

0.15

General health

38.90 (9.42)

38.76 (11.33)

0.67

38.47 (11.49)

0.85

0.63

Vitality

37.42 (6.29)

38.90 (7.20)

0.24

39.33 (7.76)

0.14

0.16

Social function

36.67 (13.54)

40.49 (14.01)

0.08

40.26 (13.97)

>0.99

0.26

Role emotional

36.64 (14.96)

39.45 (15.44)

0.65

39.68 (16.91)

0.32

0.42

Mental health

43.95 (12.28)

45.83 (11.90)

0.58

48.05 (9.95)

0.24

0.37

Physical composite

32.78 (8.48)

35.42 (8.78)

0.006

35.55 (8.92)

0.18

0.03

Mental composite

42.32 (12.73)

44.33 (12.71)

0.64

46.18 (11.17)

0.20

0.36

Often migraines

2.55 (2.52)

2.25 (2.46)

0.89

2.63 (2.50)

0.42

0.55

Level of migraines

3.35 (3.10)

2.25 (2.13)

0.01

2.71 (2.82)

0.44

0.07

Often headaches

5.25 (3.23)

4.09 (3.02)

0.15

4.42 (3.26)

0.49

0.26

Level of headaches

5.00 (2.90)

3.59 (2.43)

0.01

4.04 (2.74)

0.23

0.14

Often cramps

5.03 (3.21)

3.47 (2.33)

0.02

3.52 (2.78)

0.15

0.08

Level of cramps

5.48 (2.94)

3.69 (2.31)

0.004

3.50 (2.34)

0.91

0.008

Often fatigue

9.53 (1.81)

6.91 (3.33)

<0.001

7.33 (3.46)

0.09

0.004

Level of fatigue

8.60 (2.15)

6.44 (2.73)

<0.001

6.54 (3.01)

0.24

0.001

Often joint pain

9.08 (2.49)

7.22 (3.17)

<0.001

7.67 (3.21)

0.17

0.05

Level of joint pain

2.55 (2.52)

2.25 (2.46)

0.89

2.63 (2.50)

0.42

0.55

Often muscle pain

3.35 (3.10)

2.25 (2.13)

0.01

2.71 (2.82)

0.44

0.07

Level of muscle pain
Mean of all 12 QOL items

5.25 (3.23)
5.00 (2.90)

4.09 (3.02)
3.59 (2.43)

0.15
0.01

4.42 (3.26)
4.04 (2.74)

0.49
0.23

0.26
0.15

Variablea

Week 2 vs Baseline vs week
week 4b P value
4b P value

SF-36v2 score

QOL score

a

Values are presented as mean (standard deviation); ball comparisons were made with paired t tests.
FIQR: Revised Fibromyalgia Impact Questionnaire; QOL: quality of life.
Journal of Integrative Medicine
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has been shown to decrease the number of tender points,
tender point index, FIQ scores, and Beck Depression
Inventory scores in patients with fibromyalgia[28]. Abraham and
Flechas[27] used a combination of magnesium (300–600 mg)
and malate (1 200–2 400 mg) in 15 patients during an
8-week period. They reported a statistically significant
improvement in the treatment group vs the placebo group
in regard to pain and tenderness. Russell et al[30] studied
the effect of Super Malic tablets, which contained 200 mg
of malic acid and 50 mg of magnesium hydroxide, on patients
with fibromyalgia. Although no positive effect was noted
in that blinded low-dose trial, the authors reported a significant
reduction of pain and tenderness with dose escalation
and longer treatment duration in an open-label trial. Our
results indicate that the effects of transdermal MgCl2 may
be similar to those observed in trials of oral magnesium
supplements.
Since inconsistencies in bioavailability from one form of
magnesium to the next have been a concern and since nearly
all magnesium supplements share a common tendency
to create a laxative effect, we believed that transdermal
application may be a sensible alternative. Since patients
with fibromyalgia are usually taking a multitude of oral
medications, we believed that transdermal application
may be better accepted than oral application in this patient
population. Transdermal MgCl2 solution is ideal for use
in transdermal applications because it is rapidly absorbed
through the skin and, therefore, can rapidly increase low or
depleted levels of magnesium in the body[31]. We empirically
advised 16 sprays of MgCl2 twice daily, which equals 400 mg
of magnesium. However, magnesium blood levels before
and after therapy were not measured.
There are no known adverse effects to dermally applied
MgCl2 other than possible skin irritation. The frequency
of skin irritation leading to discontinuation of the use of
transdermal MgCl2 was high in the present study, with
22.5% of patients citing skin irritation as the reason for
discontinuing study participation. These skin irritations
were not documented by a provider but reported by the
patient, and the severity was not graded. The lack of
information available regarding the symptoms of patients
who experienced skin irritation and thus withdrew from the
study is a limitation of this study. To conduct an intentionto-treat analysis, we carried forward the last observation,
which could have resulted in inflated symptom scores.
The consistency of the intention-to-treat analysis with the
per-protocol analysis is reassuring, but further studies will
need to consider the potential implications of problems
such as skin irritation on outcomes. The high incidence
of reported skin irritation is surprising since it is well
documented that bathing in magnesium salts, the prevalent
minerals in Dead Sea water, produces favorable effects
on inflammatory skin diseases by improving skin barrier
function and reducing skin roughness and inflammation[32].
Since the mechanisms responsible for symptom expression
September 2015, Vol.13, No.5

in fibromyalgia are complex and multifactorial, no single
treatment is available for this condition, and a multitude
of therapies — from pharmacologic to nonpharmacologic
managements — have been applied. We are encouraged
by the significant improvement in all 3 domains of the
FIQR, which was developed specifically for evaluation of
fibromyalgia, with the use of transdermal MgCl2. We plan to
proceed with further dose-finding studies using transdermal
MgCl2, which should include intracellular magnesium
measurements and detailed documentation of skin irritation.
5 Conclusion
The results of this pilot study suggest that transdermal
MgCl2 applied twice daily on upper and lower limbs may
be beneficial for patients with fibromyalgia. To our knowledge,
this is the first study evaluating the effectiveness and feasibility
of transdermal MgCl2 for treatment of fibromyalgia symptoms.
Further dose-finding studies with a larger sample size and
including intracellular magnesium measurements in the
setting of a randomized control trial seem indicated.
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