1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"% NIH Public Access

O
H%

Author Manuscript

Published in final edited form as:
Biol Psychiatry. 2006 February 15; 59(4): 327-333.

Magnesium (Mg) Retention and Mood Effects After Intravenous
Mg Infusion in Premenstrual Dysphoric Disorder

Khursheed Khine, Donald L. Rosenstein, Ronald J. Elin, Julie E. Niemela, Peter J. Schmidt,
and David R. Rubinow

From the Behavioral Endocrinology Branch (KK, PJS, DRR), Office of the Clinical Director (DLR),
National Institute of Mental Health; and Clinical Pathology Department (RJE, JEN), Clinical Center,
National Institutes of Health, Department of Health and Human Services, Bethesda Maryland.

Abstract

Background: Conflicting data exist regarding the presence of magnesium (Mg) deficiency and the
therapeutic efficacy of Mg in premenstrual syndrome or premenstrual dysphoric disorder (PMDD).

Methods: The % Mg retention was determined using 24-hour urinary Mg excretion and the total
dose of Mg given intravenously. In women with (n = 17) and without (n = 14) prospectively diagnosed
PMDD, several blood measures of Mg and mood were obtained before, immediately after, and the
day following an intravenous Mg (.1 mmol/kg) loading dose. A positive mood response was seen
under open conditions; as open Mg infusion improved mood, subsequent PMDD patients (n = 10)
were randomized in a double-blind, placebo-controlled, crossover fashion.

Results: Patients (31.5%) and control subjects (27.5%) retained comparable mean percentages of
Mg. Neither group differed in measures of mean Mg before, immediately after, or the day following
Mg infusion. Although there was a time effect for all mood measures in the patient group (p <.01 for
all), there was neither a treatment nor time-by-treatment effect.

Conclusions: Contrary to prior reports, we found no evidence of Mg deficiency in women with
PMDD compared with control subjects. Furthermore, Mg was not superior to placebo in the
mitigation of mood symptoms in women with PMDD.
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Premenstrual syndrome (PMS) is a cyclic disorder characterized by predictable mood and
physical symptoms that occur in the late luteal phase of the menstrual cycle. The etiology of
PMS remains unknown, as does the etiology of a severe form of PMS, premenstrual dysphoric
disorder (PMDD). Abnormal magnesium (Mg) metabolism has been implicated in several
neuropsychiatric disorders with prominent mood and physical symptoms (e.g., migraine,
epilepsy, chronic pain; Bolte et al 2001; Tepper et al 2001; Tramér et al 2002; Weisleder et al
2002). Because PMS is associated with symptoms such as mood instability, fatigue, and fluid
changes, Mg deficiency has also been implicated in the etiology of PMS. Magnesium
deficiency has not yet been assessed in PMDD. (PMDD is defined in the appendix of DSM-
IV of the American Psychiatric Association (1994) and represents a more symptomatically
restricted and severe form of PMS. Nonetheless, many earlier studies of PMS identified women
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with luteal phase-confirmed affective symptoms associated with impairment, the essence of
PMDD.)

Deficiencies in plasma (Posaci et al 1994), red blood cell (RBC; Abraham et al 1981,
Rosenstein et al 1994; Sherwood et al 1986; Stewart et al 1986), and mononuclear blood cell
(MBC;Rosenstein et al 1994) Mg concentrations have been observed in women with PMS
relative to women without PMS. Additionally, two placebo-controlled, double-blind,
prospective clinical trials of oral Mg supplementation in women with PMS found that Mg was
superior to placebo in the alleviation of mood (Facchinetti et al 1991) and fluid retention
symptoms (Walker et al 1998). One interpretation of these findings is that women with PMS
are Mg deficient and that Mg replacement may be a treatment for some of the core symptoms
of this disorder. Not all studies, however, have demonstrated either differences in Mg measures
between women with PMS and control subjects or improvement in PMS symptoms in response
to the administration of Mg (Cerin et al 1993; Mira et al 1988; Walker et al 2002).
Consequently, the relevance of Mg in the pathophysiology, diagnosis, and treatment of PMS
remains unclear.

The principal challenge in assessing the relevance of Mg in PMDD and other neuropsychiatric
disorders is that tissue-specific and physiologically meaningful measurements of Mg are
difficult to determine. Magnesium measures must be qualified according to the following three
factors: body tissue distribution, intracellular versus extracellular location, and binding state
(i.e., ionized Mg, protein-bound Mg, and Mg complexed to anions; Elin 1987;Figure 1).
Despite the fact that less than 1% of total body Mg is present in the blood, almost all of the
published literature on Mg in PMS reports blood element (i.e., serum, RBC, MBC) measures
of Mg rather than Mg in solid tissues of relevance, such as the brain. Furthermore, although
the ionized fraction of Mg (Mg**) is considered to be the biologically active form, it is total
Mg (Mgr) in the blood that has been reported in PMS studies. Whether blood measures of
either Mgt or Mg** accurately reflect an individual’s total body Mg status has not been
established (Elin 1987, 1988; Ryschon et al 1996).

Magnesium loading paradigms have been developed to provide more accurate and
physiologically meaningful measures of total body Mg status (Caddell 1975; Danielson et al
1979; Dyckner and Wester 1982; Papazachariou et al 2000; Rasmussen et al 1988; Ryzen et
al 1985; Thoren 1963). By collecting urine before and after the administration of a specified
Mg load, states of Mg deficiency can be identified by measuring subsequent urinary Mg
excretion and calculating how much of the administered Mg load was retained. Whereas people
in Mg balance excrete essentially all of the administered Mg within 24 hours (Elin 1987),
individuals with Mg deficiency retain a significant fraction (e.g., >30%) of the Mg load
(Caddell 1985; Ryzen et al 1985).

In this study, we used an intravenous Mg loading test and serial blood measures (i.e., serum,
RBC, MBC) of Mgr to evaluate comprehensively the Mg status of women with and without
prospectively diagnosed PMDD. (For accuracy, we have used the term PMS when this disorder,
rather than the more recently described PMDD, was studied.) Our hypothesis was that women
with PMDD would be Mg deficient, as reflected by greater Mg retention and lower intra- and
extracellular Mgt concentrations, relative to healthy women without PMDD. The principal
out-come measure in this study was the percentage retention of an intravenously infused dose
of magnesium sulfate (MgSQO,). Concurrent serum, RBC, and MBC Mgt measures were also
obtained to verify whether women with PMDD have deficits in these measures relative to
control subjects as previously reported. Additionally, we evaluated the potential mood effects
of intravenously administered Mg in women with PMDD.
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Methods and Materials

Participants

Procedures

Seventeen women between the ages of 27 and 43 were diagnosed with PMDD according to
the procedures described subsequently. Fourteen additional women, aged 20-37, were shown
by the same methods not to have PMDD and served as a control group. Results of physical
examinations and laboratory tests (including baseline serum Mgt levels) were within normal
limits in all subjects. This study was approved by the National Institute of Mental Health
(NIMH) Institutional Review Board. Written informed consent was obtained from all women
before participation in the study.

All patients and control subjects were self-referred to our PMS clinic in response to
advertisements in local newspapers and hospital newsletters. No subject was taking
psychoactive medications, hormonal preparations, or nonsteroidal antiinflammatory
medications. Detailed diet histories were obtained, and women taking vitamins or mineral
supplements were excluded from the study. Patients were free of current medical illness as
well as current or recent (within the past 2 years) psychiatric illness as determined by the
administration of a semistructured psychiatric diagnostic interview (Schedule for Affective
Disorder and Schizophrenia Lifetime—maodified; Spitzer et al 1979). All subjects completed
daily visual analogue symptom rating scales for a screening period of at least 3 months before
study entry. A woman was diagnosed with PMDD if she showed a greater than 30% increase
(adjusted for range of the scale employed) in mean negative mood symptoms (e.g., anxiety,
mood lability, irritability, and depression) in the week before menses compared with the week
following the cessation of menses in at least two of three menstrual cycles (NIMH Premenstrual
Syndrome Workshop Guidelines, 1983, unpublished). In addition to these operational criteria,
women also met DSM-1V criteria for premenstrual dysphoric disorder (PMDD) applied
retrospectively (American Psychiatric Association, 1994; i.e., at least 5 of 11 symptoms,
asymptomatic in the follicular phase, and impaired function in the luteal phase). Control women
in this study were free of current psychiatric and medical illness as well as past psychiatric
illness, had no complaints of menstrual cycle-related mood symptoms, and had met these
criteria in none of the three successive screening menstrual cycles.

A protocol schematic for the Mg infusion procedure and data collection is presented in Figure
2. All infusions were performed in the luteal phase of the menstrual cycle between 8 and 12
days following the luteinizing hormone (LH) surge, determined by urine ovulation detection
kits (Ovu Quick, Quidel, San Diego, California; ClearPlan Easy Unipath, Bedford, England).
Subjects were given containers to collect their urine beginning 24 hours before each infusion
for measurements of Mg, calcium (Ca), and creatinine.

On the day of the study, subjects arrived at the hospital between 8 and 9 am and were placed
on bed rest except to use the bathroom to collect urine. A 15-cc blood sample was drawn from
all subjects for serum Mg, RBC Mgq, and two measures of MBC Mgt (MBC content [MBC-
T] and concentration [MBC-C]). Several other baseline biochemical measures that have been
implicated in the pathophysiology of PMS or associated with abnormal Mg metabolism were
also assayed in study subjects, including thyroid stimulating hormone (TSH), free thyroxine

(FTy), cortisol, follicle stimulating hormone (FSH), and luteinizing hormone (LH). Magnesium
sulfate (MgSOy,), at a dose of .1 mmol/kg body mass in 5% dextrose, was infused over 4 hours
ata constant rate. We chose this paradigm because of reports that administration of this amount
of Mg would not exceed the renal capacity to reabsorb Mg (Ryzen et al 1985).
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Magnesium Assay

All Mg determinations were made using flame atomic absorption spectrophotometry (Video
22, Thermo Jarrel Ash, Waltham, Massachusetts). The MBCs were isolated using a Ficoll-
Hypaque density gradient previously reported (Hosseini et al 1983). The MBC Mg content
(Elin and Hosseini 1985) and concentration (Hosseini and Elin 1988) were performed as
previously reported. We determined RBC Mg by an indirect method using a hematocrit
measurement corrected for trapped plasma and diluted whole blood following lysis in distilled
water (Archer et al 1972).

Blood pressure, pulse, and deep tendon reflexes were monitored every hour during the infusion
to ensure that there were no clinical signs of hypermagnesemia (e.g., hypotonia, delayed deep
tendon reflexes, bradycardia, and hypotension) during the study. At the end of the infusion,
another 15-cc blood sample was drawn from each subject for repeat measurements of Mgt
(serum, RBC, MBC-T, and MBC-C). A second 24-hour urine collection was started at the
beginning of the infusion for postinfusion measurements of Mg, Ca, and creatinine excretion.
At the end of the second urine collection, a third 15-cc blood sample was drawn for Mgr.

Because the principal purpose of this study was to assess Mg status in women with PMDD and
healthy control subjects, the Mg infusion was initially administered under open-label condition;
however, because Mg administration has been reported to alleviate symptoms of PMS, mood
and behavioral ratings (described later) were obtained from all study participants throughout
the study. After observing robust symptomatic improvement with the Mg infusion in the first
six PMDD subjects studied under open-label conditions, the study design was modified to
include a placebo infusion (5% dextrose in water) in a randomized, double-blind, crossover
fashion (only for PMDD patients) as a control for the nonspecific mood effects of an infusion
procedure. Additionally, these placebo infusions were used to ensure that any observed
alterations in biological measures were attributable specifically to Mg infusion.

Mood and Behavioral Assessment

Subjects completed the following syndrome-based mood ratings before, immediately
following, and the morning after each infusion: Beck Depression Inventory (BDI; Beck et al
1961), Spielberger State-Trait Anxiety Inventory (STAI; Spielberger et al 1970), Premenstrual
Tension Scale Subjective (PMTS-S; Steiner et al 1980), and Premenstrual Tension Scale-
Objective Rater (PMTS-0; Steiner et al 1980). Subjects completed 100-mm Visual Analogue
Scales (VAS) of several PMS symptoms (i.e., irritability, sadness, tiredness, anxiety, self-
esteem, mood stability, physical symptoms, and over all well-being), before, during (at time
points 30, 90, 150, and 210 min), immediately after, and 24 hours after each infusion.

One of the initial six PMDD subjects studied under open Mg conditions was subsequently
studied under placebo-controlled, double-blind conditions. For purposes of her baseline urine
and blood measures, data from this subject’s first Mg infusion were used. For purposes of mood
and behavioral assessment, data from the two subsequent double-blind infusions were used.

Statistical Analysis

Baseline data were obtained immediately before the first infusion (either open Mg infusion or
double-blind infusion) and expressed as means + SD. Baseline comparisons of biochemical
measures between patients and control subjects were performed with the Student t test. Percent
Mg retention was calculated by a previously specified manner (Ryzen et al 1985), using 24-
hour urine collections, 24 hours prior and subsequent to the start of the Mg infusion. We used
apreviously determined upper limit of Mg retention, set at 27.5% (Gullestad et al 1994). Blood
was sampled at three time points: preinfusion, postinfusion, and 24 hours after infusion. We
measured mood ratings at each of these time points to examine the relationship between Mg
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retention, serum Mg measures, and mood. Mean percent Mg retention for control subjects and
women with PMDD was analyzed with the Student t test. Repeated-measures analysis of
variance was used to analyze changes in serial blood and urine measures as well as mood scale
scores, with “diagnosis” (PMDD vs. control subjects) as the between subjects variable. As
noted earlier, there were three levels of time (pre, post, and 24 hours after Mg infusion) for the
blood samples and cross-sectional mood ratings and seven levels of time for the VAS
(corresponding to the six time points on the day of the infusion and an additional time point
24 hours later). As VAS ratings were not obtained for seven subjects (all healthy control
subjects) at the 24-hour time point, the repeated-measures ANOVA was calculated separately
with and without the 24-hour time point. Post hoc comparisons for significant repeated-
measures ANOVA were performed with Bonferroni t tests. Correlations between the various
Mg measures and mood ratings were analyzed with the Spearman rank order correlation
coefficient. Student t test was performed to determine whether there were differences between
women who were Mg deficient and those who were not in the degree of symptom severity.
Statistical analysis was performed using SYSTAT (2000 SPSS, Chicago, Illinois). To correct
partially for multiple (> 10) comparisons, the alpha level was set at .01 for significant
correlations.

Despite a prospectively confirmed diagnosis of PMDD, some women with PMDD may have
episodic asymptomatic menstrual cycles. As inclusion of asymptomatic subjects might obscure
biological differences between PMDD subjects and control subjects (Rosenstein et al 1996),
statistical analyses of biochemical measures obtained in this study were performed with and
without the inclusion of data from asymptomatic PMDD subjects. Data analyses of mood
ratings in response to the infusions, however, included only PMDD subjects who were
symptomatic at the time of the procedures.

PMDD patients were significantly older (mean age 37.4 years + 4.4) than their control
counterparts (mean age 28.6 years + 6.4; Student tyg = 4.48, p < .01).

Baseline Biochemical Analyses

Mean baseline serum Mgt concentrations were within the normal reference range in all
subjects, and there were no significant differences between women with PMDD and healthy
control subjects (.79 .09 mmol/L and .75 £ .10 mmol/L, respectively, reference range .75-1.00
mmol/L). Mean RBC Mgy, MBC-C Mgr, and MBC-T Mgt measures also were not different
between patients and healthy control subjects at baseline (Table 1). Similarly, there were no
differences between patients and control subjects in baseline urinary Mg excretion or any other
urinary measure (Table 2); however, the mean baseline 24-hour urinary magnesium output was
below the lower limit of the reference range in both patients (2.14 + .53 mmol/24 hour) and
healthy control subjects (2.35 + .60 mmol/24 hr; reference range 3.0 - 4.25 mmol/24 hour).

None of the following baseline blood measures were found to be abnormal in study subjects
or significantly different between patients and healthy control subjects: TSH, T4, cortisol,
FSH, and LH.

Biochemical Measures Following Magnesium Infusion

We found no statistically significant differences in (mean £ SD) urinary % Mg retention
between patients (31.5 + 25) and control subjects (27.5 + 19; Figure 3). By the end of the 4-
hour infusion of Mg, mean serum Mgt had increased significantly in both women with PMDD
and in healthy control subjects. Repeated-measures ANOVA results revealed a significant time
effect [F(2,56) = 112, p <.001] for serum Mg, with concentrations peaking at the end of the
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infusion and returning to baseline levels by the next morning in all subjects. Post hoc testing
revealed significant time effects for before and after infusion comparisons (tsg = 14.1, p <.01)
and for after infusion versus day 2 comparisons (tsg = 12.7, p < .01). Neither diagnosis nor
time-by-diagnosis effects were discovered, however. During the double-blind trial, no
significant changes in serum Mg were observed after the placebo infusions conducted in
women with PMDD. Thus, repeated-measures ANOVA results revealed a significant time by
treatment effect for serum Mgt in the women with PMDD [F(2,16) = 37.5, p < .01].

There were no significanttime, diagnosis, or time-by-diagnosis effects in mean RBC and MBC-
C Mgr concentrations over the course of the study (preinfusion, postinfusion, and 24 hours
postinfusion) as analyzed by repeated-measures ANOVA.

For MBC-T Mgr, there was a significant time effect [F(2,52) = 6.1, p < .01], reflecting a
decrease in MBC-T Mgt postinfusion, but no diagnosis or time-by-diagnosis effects. Measures
of Mgt and Ca obtained in 24-hour urine collections before and after infusion of intravenous
Mg (Table 2) showed a time effect [F(1,28) = 152, p <.01; F(1,27) =5.5, p < .05, respectively],
reflecting an increase in Mg and Ca excretion, but no diagnosis or time-by-diagnosis effects.
Similarly, women with PMDD and control subjects did not differ in the urinary excretion of
creatinine over time.

Of the 12 PMDD patients studied under double-blind conditions, 2 were asymptomatic at the
time of Mg infusion. Hence all biochemical analyses were performed twice, first for all PMDD
patients and again for only those PMDD patients who were symptomatic during the study cycle.
Significant findings did not differ in the two analyses.

Mood and Behavioral Ratings

As expected, healthy control subjects initially had low scores on the BDI, STAI, PMTS-O,
PMTS-S, and VAS. The intravenous administration of Mg was not associated with any mood
changes in healthy control subjects.

In the open-label Mg infusions with the first six PMDD patients, we observed significant
improvement in mean mood symptoms postinfusion as assessed by VAS (Figure 4; note that
this figure shows only irritability; we found similar results with the other mood and physical
symptoms). There was a significant time-by-diagnosis effect, with PMDD patients achieving
substantial reductions in mood scores during and immediately after Mg infusion, compared
with control subjects, whose mood scores did not change significantly (Figure 4). Post hoc
Bonferroni t tests showed the significant improvement in symptoms to occur by 90 min and to
continue throughout the Mg infusion and 24 hours after the end of the magnesium infusion. In
addition, syndrome-based mood ratings revealed a significant time-by-diagnosis effect, with
PMDD patients experiencing reductions in mood symptoms immediately after Mg infusion
compared with control subjects, who remained asymptomatic throughout the study [BDI, F
(1,18) = 28.7, p <.001; STAI, F(1,18) = 17.8, p < .001; PMTS-O, F(1,18) = 338, p < .001;
PMTS-S, F(1,18) =10.2, p<.01]. Thissignificant effect was maintained after post hoc analyses
with Bonferroni t tests [BDI, t (18) = 6.68, p < .01; STAI, t (18) =5.59, p <.01; PMTS-O, t
(18) =22, p < .01; and PMTS-S, t (18) = 3.9, p < .01]. Under double-blind conditions in the
10 symptomatic PMDD patients receiving placebo and Mg infusions (Table 3), however, there
was neither a treatment (Mg vs. placebo) nor time-by-treatment effect found for any of these
mood and behavioral measures. In addition there were no statistically significant differences
between women with (n = 6) and women without (n = 6) Mg deficiency in their symptom
severity.
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1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Correlations

Page 7

We observed no significant correlations between the percent retention of Mg and symptom
improvement (as measured by the BDI, STAI, PMTS-O, PMTS-S, or VAS) immediately after
Mg infusion or the day after the infusion. There were no correlations between VAS symptoms
and serum Mg or the percent Mg retention after corrections for multiple comparisons.

Discussion

This study was designed to evaluate comprehensively Mg status in women with PMDD because
several studies have suggested possible etiologic and therapeutic roles for Mg in this
population. We were unable to confirm previous reports of decreased RBC or MBC Mg levels
in women with PMS. Neither serum Mg nor any of the three cellular measures of Mg differed
in patients and control subjects. Furthermore, employing our primary outcome measure, an
integrated measure of total body Mg status (i.e., Mg retention) and, therefore, a more accurate
measure of putative Mg depletion, we again found no difference between patients and control
subjects. It is of interest that the mean levels of Mg retention were elevated in both patients
and control subjects, suggesting a mild degree of Mg depletion in both groups. Although the
mean of the patients (31.5% retention) exceeded the normal threshold of 27.5%, the mean of
the control subjects was exactly at the upper limit of normal (27.5% retention) and did not
differ from that of the patients. Thus, our data failed to support the hypothesis that Mg depletion
causes PMDD. Furthermore, comparison of the six women with PMDD who were not Mg
deficient with those who exceeded the threshold for Mg deficiency showed no differences in
symptom severity, again challenging the relevance of Mg status in women with PMS.

A number of studies have examined Mg and PMS, with each study confining itself to one or
two measures of Mg. Ours is the first study not only to use all four cellular measures of Mg
but also to determine the overall state of Mg depletion through use of the Mg retention test.
Thus, although the literature has supported an interest in the role of Mg in PMS and differences
observed across studies cannot be fully explained, our baseline and—more important—Mg
retention findings strongly argue against PMDD as a magnesium deficiency disorder.

Despite the absence of evidence of Mg deficiency as a cause of PMDD, our initial experience
with Mg loading suggested a dramatic therapeutic effect. Robust reductions in all four symptom
rating scales were observed in PMDD patients (but not control subjects) by the end of the
infusion and were still present 24 hours later. This surprising finding led to a change in study
design to test the therapeutic efficacy of Mg loading under double-blind, placebo-controlled
conditions. Under these conditions, Mg showed no therapeutic superiority to placebo; patients
showed dramatic improvement in symptoms following both infusions (see Figure 4). Although
unexpected, these findings are arguably the most interesting generated in this study and serve
as a sobering caveat. Certainly, results from open therapeutic trials of Mg cannot be used for
inferring the existence of Mg deficiency in PMDD. More generally, however, given the striking
placebo response observed in our study, one should use the results of an open therapeutic trial
as the basis for concluding the presence of therapeutic efficacy only with the greatest of
trepidation.

In contrast to the changes in mood seen during Mg infusion, cellular Mg measures showed
little effect: RBC Mg, MBC-C, and MBC-T did not significantly increase; in fact, a small but
significant decrease in MBC-T occurred. In previous studies with hypomagnesemic patients,
Mg replacement either increased or did not significantly change MBC-T (Reinhart et al
1990; Sacks et al 1997). In the latter study by Sacks et al, patients with .5-.75 mmaol/kg
(equivalent to 1.0-1.5 mEq/kg) Mg replacement, a much higher dose than that used in our study,
did not have a significant change in their MBC Mg content. Hence, our failure to observe
increases in cellular Mg after the Mg infusion is not surprising.
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There are several possible explanations for our negative finding. First, women with PMDD
were significantly older than their normal volunteer counterparts; however, previous evidence
suggests that serum Mg levels and percentage Mg retention are fairly stable across age groups
(Gullestad et al 1994; Lowenstein and Stanton 1986). Consequently, our failure to find
significant differences in Mg parameters between PMDD patients and healthy volunteers
cannot be attributed to differences in age. Nonetheless, it is possible that some of the younger
control subjects could later develop PMDD, which might have obscured a difference between
patients and control subjects. Second, it is possible that despite using a paradigm that should
not overload the renal reabsorption mechanism for Mg, the .1 mmol/kg of infused Mg may
have overwhelmed the kidney’s ability to reabsorb Mg. This, in turn, could obscure a difference
in retention between the healthy control subjects and patients with PMDD. Third, the small
sample sizes in this study increase the likelihood of a Type Il error. Based on our findings,
however, one would need an exceptionally large sample to demonstrate as significant the
differences in measures of Mg that we observed between women with PMDD and healthy
control subjects. Fourth, limitations in interpreting these findings include the observation that
normal volunteers had high levels of Mg retention. Although our normal volunteers did not
have psychiatric illness or PMDD by prospective ratings, an inadvertent selection bias may
have included control women with relative Mg deficiency, thus potentially obscuring a
diagnostic difference between the two groups. Fifth, results from our infusion study might
differ from those of a chronic oral treatment trial. Yet even if it were beneficial, this study
would suggest the mechanism of action would be different from solely Mg deficiency. These
alternative explanations notwithstanding, our data suggest, contrary to prior reports from our
group and others, that women with PMDD are not Mg deficient relative to control women.
Although there were no differences between the groups in Mg retention, it is noteworthy, as
mentioned earlier, that both groups in the study were at the upper limits of the normal retention.
Whether this reflects local or national dietary patterns resulting in an increased prevalence of
Mg deficiency is unknown. In addition, there was a high variability and high degree of overlap
of percent Mg retention between the two groups. Hence, although highly overlapping
percentages of Mg retention were observed between patient and control groups, we cannot rule
out the possibility that women with PMDD may be more susceptible than control subjects to
mood symptoms in the context of Mg deficiency. We can state unequivocally, however, that
even relative Mg deficiency is neither necessary nor sufficient for the expression of PMDD.
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Figure 1.

This figure shows the distribution of magnesium within the various divisions of the body.
Within the divisions, there are intra- and extracellular compartments, as well as different
binding states for magnesium. Data taken from Elin 1987.
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Figure 2.
Flowchart for magnesium infusion study.
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Figure 3.

Mean magnesium retention in women with premenstrual dysphoric disorder (PMDD; n = 16)
and healthy control subjects (HC; n = 14). No statistically significant differences were found
in mean % Mg retention (£ SEM) between women with PMDD and HC.
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Figure 4.

Improvement of irritability associated with magnesium (Mg) infusion during open and double-
blind crossover trials. Open Mg trial: repeated-measures analysis of variance (ANOVA) of the
first six time points revealed significant time-by-diagnosis effects [F(5,90) = 11.8, p <.001].
Bonferroni-adjusted post hoc: +compared with baseline [t(90) = 6.12- 8.12, p <.01]; “compared
with control subjects [Bonferroni t(90) = 5.19 -5.89, p < .01]. Data for day 2 included only
seven control subjects. Repeated-measures ANOVA with all time points for these seven control
subjects and six patients replicated the findings with six time points in the larger group. Double-
blind Mg trial: #significant time effect [F(6,54) = 10.7, p <.01] but not a significant effect of
treatment or an interactive effect.
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Mean (£SD) Magnesium Blood Measures at Pre, Post, and the Day after Receiving Mg Infusion
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PMDD Patients (n = 17)2 Control Subjects (n = 14)

Serum MgTa(mmoI/L)

Preinfusion .79 (.09) .75 (.10)

Postinfusion 1.02 (.11) 1.02 (.16)

Day after .81 (.06) .77 (.08)
RBC Mgy (mmol/L)

Preinfusion 2.04 (.33) 1.87 (.24)

Postinfusion 1.94 (.32) 1.92 (.49)

Day after 1.92(.33) 1.88 (.27)
MBC-C Mgy (mmol/L)

Preinfusion 13.9(3.2) 129 (2.4)

Postinfusion 13.7 (2.8) 13.8 (4.4)

Day after 14.7 (4.0) 13.8(1.7)
MBC-T Mg, (fg/cell)

Preinfusion 45 (1.3) 4.2(.72)

Postinfusion 3.9(.9) 3.8(.8)

Day after 45(1.3) 47(1.2)

a, . . . .
Samples for one PMDD subject were unavailable for post-infusion analysis.
Repeated-measures analysis of variance (ANOVA): significant time effect [F(2,56) = 112, p < .01] but no diagnosis-by-time effect.

cRepeated—measures ANOVA: significant time effect [F(2,52) 6.1, p <.01] but no diagnosis-by-time effect.
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Table 2
Mean (£ SD) 24-Hour Urinary Measures Before and After Magnesium (Mg) Infusion

Mg t1 (Ref.
Range Catl (ref range Crtl (ref.
3.0-4.25 Mg t2 (mmol/ Mg t2 (mmol/24 range 1.25-6.25
mmol/24 hr) 24hr)@ hr)2 mmol/24 hr)
Ca t2 (mmol/ Crt2 (g/24
24 hr)P 8-1.8g/24 hr) hr)
Patients 2.14 (53) 4.22 (1.16) 3.38 (1.88) 3.64 (1.79) 1.27 (.22) 1.18 (.28)
HC 2.35 (.60) 4.74 (.84) 3.35(1.87) 4.38 (1.35) 1.33(.22) 1.34 (.26)

Ca, calcium; Cr, creatinine; t1, starting 24 hours before Mg infusion; t2, starting at onset of Mg infusion; HC, healthy control subjects. Sample sizes ranged
between 14 and 17.

aRepeated-me:;\sures analysis of variance (ANOVA) significant time effect [F(1,28) 152, p< .01], but no time-by-diagnosis effects.

bRepeated measures ANOVA: significant time effect [F(1,27) 5.5, p <.05], but no time-by-diagnosis effect.
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Table 3
Mood Measures in Symptomatic PMDD Women Pre, Post, and the Day After Receiving Magnesium and Placebo
(MeanSD)
Magnesium (n = 10) Placebo (n = 10)
Pre Post Day 2 Pre Post Day 2

BDI? 15.7 (6.3) 8.6 (6.4) 10.2(9.2) 16.3 (8.6) 8.1(47) 9.4 (8.8)
STAIR 52.1(8.4) 36.5(9.1) 43 (11.8) 479 (13.6) 36.9 (4.3) 38.2(12.1)
PMTS-S8 21.6 (5.4) 13.5(7.6) 15.3(9.0) 21.0 (5.5) 153 (7.5) 13.5(9.5)
PMTS-02 19.1(5.5) 7.8(3.7) 12.8(9.0) 200 (5.6) 10.6 (8.2) 11.5(10.0)

BDI, Beck Depression Inventory; STAI, Spielberger State-Trait Anxiety Inventory; PMTS-S, Premenstrual Tension Scale Self-Rater; PMTS-O,
Premenstrual Tension Scale-Objective Rater.

a . . A . .
Repeated-measures analysis of variance: significant time effect but not time-by-treatment effect.
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