Effects of Magnesium Supplementation in
Hypertensive Patients
Assessment by Office, Home, and Ambulatory Blood Pressures
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Abstract—An increase in magnesium intake has been suggested to lower blood pressure (BP). However, the results of

clinical studies are inconsistent. We studied the effects of magnesium supplementation on office, home, and ambulatory
BPs in patients with essential hypertension. Sixty untreated or treated patients (34 men and 26 women, aged 33 to 74
years) with office BP>140/90 mm Hg were assigned to an 8-week magnesium supplementation period or an 8-week
control period in a randomized crossover design. The subjects were given 20 mmol/d magnesium in the form of
magnesium oxide during the intervention period. In the control period, office, home, and average 24-hour BPs
(meantSE) were 148.6:1.6/90.0-0.9, 136.4-1.3/86.8-0.9, and 133.%1.3/81.0-0.8 mm Hg, respectively. All of

these BPs were significantly lower in the magnesium supplementation period than in the control period, although the
differences were small (office, 3#71.3/1.7-0.7 mm Hg; home, 2.60.8/1.4-0.6 mm Hg; 24-hour, 251.0/

1.4+0.6 mm Hg). Serum concentration and urinary excretion of magnesium increased significantly with magnesium
supplementation. Changes in 24-hour systolic and diastolic BPs were correlated negatively with baseline BP or changes
in serum magnesium concentration. These results indicate that magnesium supplementation lowers BP in hypertensive
subjects and this effect is greater in subjects with higher BP. Our study supports the usefulness of increasing magnesium
intake as a lifestyle modification in the management of hypertension, although its antihypertensive effect may be small.

(Hypertension 1998;32:260-265.)
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M agnesium is related to various physiological functions, BP in hypertensive rafs. However, the results of clinical
including cardiovascular regulation. It may play an studies on the effects of Mg supplementation in hypertensive
important role in control of neuronal activity, cardiac excit- patients and subjects with high normal BP have been incon-
ability, neuromuscular transmission, muscular contraction, sistent. Significant reductions in BP have been shown in
vascular tone, BP, and peripheral blood flowig ions several studie¥*?but not in others*!* Although adequate
compete with Ca ions for membrane-binding sites, lower dietary intake of Mg was recommended in the report of the
levels of intracellular Cd, and cause vasodilation. It has Joint National Committe€, increasing Mg intake is not
been suggested that deficiency in Mg and abnormalities in accepted as a general application in the treatment of
Mg metabolism play pathophysiological roles in ischemic hypertensior®
heart disease, congestive heart failure, sudden cardiac death, Earlier clinical studies concerning Mg supplementation
arrhythmias, preeclampsia and eclampsia, insulin resistancerelied on casual BP measurements. Monitoring of 24-hour
and diabetes, and hypertension. ambulatory BP and self-measurement of BP at home have
An inverse relationship between dietary Mg intake and the advantages compared with casual BP measurement because
level of BP or the prevalence of hypertension has been they provide multiple BP records, have good reproducibility,
observed in epidemiological studi&élt has also been shown and eliminate observer bias and the placebo effethese
that hypertensive patients often have reduced serum andmethods appear to be particularly useful in the evaluation of
intracellular levels of Mg compared with normotensive  nonpharmacological interventions, as we have shBwWiTo
subjects:® Measurements of serum ionized Mg and intracel- our knowledge, only 1 study used ambulatory BP monitoring
lular free Mg* may provide better estimation for the Mg to assess the effects of Mg supplementatfand the effects
deficiency than conventional measurement of serunfMg. of Mg on home BP have not been reported. In the present
experimental studies, dietary Mg deficiency raises BP of study, we investigated the effects of Mg supplementation on
normotensive animals, whereas Mg supplementation lowers 24-hour ambulatory BP and home BP, as well as casual office
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TABLE 2. Serum and Urinary Electrolyte Levels in Control and
Selected Abbreviations and Acronyms Mg Supplementation Periods
BP = blood pressure

DBP = diastolic blood pressure Parameter Control Period Mg Period
NMR = nuclear magnetic resonance Serum
SBP = systolic blood pressure Na, mmol/L 142.120.2 142.120.2
K, mmol/L 4.25+0.05 4.36:0.05
BP, in hypertensive patients who were untreated or insuffi- Ca, mmol/L 2.37+0.02 2.36=0.02
ciently treated in a randomized crossover design. Mg, mmol/L 0.84::0.01 0.89+0.01*
Urine
Methods Na, mmol/d 1825+9.5 188.7+9.9
Subjects K, mmol/d 54.2+2.0 54.7+2.1
Sixty-two Japanese men and women with mild to moderate essential Ca, mmol/d 4.95+0.32 5.10+0.35
h_ypertension participated in this study. '_I'hey were 35 to 74 years old, Mg, mmol/d 2.92+0.13 4.67+0.21*
either treated or untreated, and had office SBR410 mm Hg and/or or. g/d 1.90+0.05 1.2140.05

DBP >90 mm Hg on at least 2 occasions before entering the study
protocol. Two patients withdrew from the study because of gastro-  Cr indicates creatinine. *P<<0.001 between the 2 periods.
intestinal symptoms (diarrhea) during Mg supplementation. The

remaining 60 subjects completed the study protocol. . . . .
The clinical characteristics of the 60 patients are shown in Table 30 minutes for 25 to 26 hours by the oscillometric method using the

1. Twenty subjects were untreated, while 40 subjects were treated ' M-2421 (A&D Co Ltd). Accuracy and performance of this device
with antihypertensive drugs. Among the treated subjects, 18 were have been demonstrated previou¥I¥he accuracy of each recorder
receiving monotherapy and 22 were receiving combination therapy. Was also checked by simultaneous measurement with a mercury
Ca antagonists were the most frequently prescribed drug8@ sphygmomanometer, and all recorders showed a difference of
followed by B-blockers (r=14), angiotensin-converting enzyme <10 mmHg. The same recorder was used in each subject to avoid
inhibitors (n=9), diuretics (r=6; 5 thiazide, 1 spironolactone), and ~ €rrors due to differences in equipment. Serum and urinary electrolyte
a-blockers (=5). Antihypertensive therapy was continued without levels were determined with a TBA-80 M autoanalyzer (Toshiba).
any alterations throughout the study protocol. .
Data Analysis

Protocol Averages of 2 measurements were used for analysis of office BP. For
The study protocol was approved by the Clinical Research Commit- home BP, averages of the records for the last 7 days in eaph period
tee of our institute. Informed consent was given by each subject Were used. The first 1-hour record of ambulatory BP was discarded
before participation in this study. An 8-week Mg supplementation for the analysis of 24-hour BP because it may be substantially higher
period and an 8-week control period were assigned in a randomized than the usual BP. The daytime BP was defined as that from30
crossover manner. Thirty subjects entered the control period first, 10 10PM, and the nighttime BP was defined as that from 1(=@@0
and the other 30 subjects entered the Mg period first. During the Mg 6 AM in this study. ] )
supplementation period, 20 mmol/d (480 mg) Mg was given in the  Data are expressed as mez8EM. Student’s paired or unpaired
form of MgO (400 mg BID) to each subject. Placebo was not given test was used for comparison of 2 groups of data. Linear regression
during the control period because the placebo effect is usually analysis was used to assess correlations between 2 parameters.
negligible in the monitoring of ambulatory or home BP!and the
majority of subjects were already taking antihypertensive drugs. . . :

Casual office BP and 24-hour ambulatory BP were measured at :ﬁ:LI\IIIEQ&SUI?prf:::;:Itht?:r’I ell)r;c:i::sHour Ambulatory BP in Control
the end of the control and Mg supplementation periods. Home BP
was measured throughout the study protocol. Blood samples andparameter, mm Hg Control Period Mg Period Difference
24-hour urine samples were collected at the end of each period.

Office
Measurements SBP 148.6+1.6 144.9+1.7 3.7+1.3t
Office BP was measured twice with the subject in the sitting position DBP 90.0+0.9 88.3+0.9 1.7+0.7*
by a physician with a mercury sphy.gmoma.n_omete.r. Hor_ne BP was Home
measured by the patients in the sitting position 3 times in the early
morning and also in the late evening with semiautomatic devices SBP 136.4+1.3 134.4+1.4 2.0+0.8*
using the oscillometric method. Ambulatory BP was measured every  pgp 86.8+0.9 85.4+0.8 1.4+0.6*
24-h
TABLE 1. Clinical Characteristics of Study Subjects SBP 1337413 1312411 25+08t
Parameter DBP 81.0+0.8 79.6+0.8 1.4+0.6*
Age, y 35-74 (58.1+1.1) Day
Gender, M/F 34/26 SBP 137.7£1.2 135213 2.5*+1.1*
Body weight, kg 63.8£1.3 DBP 84.0+0.8 82.5+0.9 1.5+0.7¢
Body mass index, kg/m? 24.7+0.4 Night
Antihypertensive drugs Yes 40, No 20 SBP 125.9+1.9 123.4=15 25+1.3
Drinking habit* Yes 25, No 35 DBP 74.8+1.1 73.6+0.9 1.2+0.7
*Yes indicates regular drinkers (=1 drink/d); no, abstainers or occasional Day indicates 6:30 am to 10 pm; Night, 10:30 pm to 6 Am.

drinkers. *P<0.05, 1P<0.01.
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TABLE 4. Body Weight, Electrolyte Level, and BP in Control and Mg
Supplementation Periods in Men and Women

Men Women

Parameter Control Mg Supplement Control Mg Supplement
Body weight, kg 68.8+1.6 68.7x1.7 57.4+1.4) 57.4+1.5|
Serum

Na, mmol/L 141.6+0.3 141.7x0.2 142.7+0.3 142.5+0.4

K, mmol/L 4.27+0.06 4.30+0.06 4.24+0.10 4.44+0.07

Ca, mmol/L 2.36+0.02 2.33+0.02 2.37+0.02 2.38+0.02

Mg, mmol/L 0.83+0.01 0.90=0.01% 0.85+0.01 0.88+0.011
Urine

Na, mmol/d 199.5+14.2 204.6=15.5 162.6+11.0 167.8+9.7

K, mmol/d 56.2+2.8 56.8+2.9 52.0+3.1 52.4+3.0

Ca, mmol/d 5.08+0.52 5.20+0.47 4.80+0.41 4.98+0.53

Mg, mmol/d 3.17x0.21 4.60+0.29% 2.70+0.14 4.70+0.22¢

Cr, g/d 1.43+0.06 1.42+0.07 0.920.04]| 0.940.04||
Office BP, mm Hg

SBP 145.0+1.8 140.9+2.0* 153.5+2.6§ 150.1£2.7§

DBP 89.4+0.9 86.4+1.1* 90.5+1.7 90.0+1.5
Home BP, mm Hg

SBP 136.3+1.9 134.0+£1.9% 136.5+2.1 134.9+2.0

DBP 87.2+1.3 85.7+1.0* 86.4+1.5 85.2x1.4
24-h BP, mm Hg

SBP 135.4+1.8 131.6+1.6* 131.6x1.7 130.8+1.6

DBP 82.6=1.0 80.5+1.0* 78.8+1.3 78.4+13

*P<0.05, 1P<0.01, $P<<0.001 between the control and Mg periods; §P<0.05, ||P<<0.001
between men and women.

Multiple regression analysis was used to identify independent were not significant. Office, home, and 24-hour BPs de-

determinants for the change in BP with Mg supplementation. A value creased significantly with Mg supplementation in men, but

of P<0.05 was considered statistically significant. Analyses were these changes were not significant in women

performed using StatView software (Abacus Concepts Inc). The Figugre shows the ?elationship betweén changes in
Results 24-hour BP with Mg supplementation and levels of 24-hour

Serum and urinary electrolyte levels in the control and Mg BP in the control period. The changes in both SBP and DBP
Supp|ementation periods are shown in Table 2. Serum con- correlated negatively with their baseline levels. The Changes
centration and urinary excretion of Mg increased significantly in 24-hour BP also correlated negatively with changes in

after Mg supplementation. The average change in serum MgSerum Mg level (Table 5). Correlations between changes in
was 6%, and that in urinary Mg was 60%. Serum and urinary 24-hour BP and age, control levels of serum Mg, control

levels of Na, K, and Ca, as well as urinary creatinine levels or changes in urinary Mg, or control levels of urinary

excretion, were similar between the 2 periods. Na were not significant.

Table 3 shows office, home, and ambulatory BPs in the ~ Table 6 shows results of subgroup analysis regarding the
control and Mg supplementation periods. These levels corre- changes in 24-hour BP with Mg supplementation. Age,
lated significantly with each other, although the correlation gender, antihypertensive medication, drinking habit, and the
coefficient was from 0.31 (office SBP versus 24-hour SBP) to order of the control and Mg periods did not significantly
0.45 (office DBP versus home DBP). Office, home, average influence the changes in 24-hour BP, although the Mg-
24-hour, and daytime SBP as well as DBP were significantly induced BP reduction tended to be greater in older subjects,
lower in the Mg period than the control period. Average men, and subjects taking antihypertensive medication. Sub-
differences in SBP assessed by the 3 methods were 2 tojects with high (above average) 24-hour SBP in the control
4 mm Hg, and those in DBP were 1 to 2 mm Hg. Changes in period showed significantly greater reduction in 24-hour SBP
nighttime SBP and DBP were comparable to those in daytime (—5.3=1.5 mm Hg) than those with low 24-hour SBP.
BP, although the changes in nighttime BP were not statisti- Similarly, subjects with high 24-hour DBP showed greater
cally significant. reduction of 24-hour DBP «(2.7+0.9 mm Hg) with Mg

Levels of electrolyte and BP in men and women are shown supplementation than those with low 24-hour DBP.
in Table 4. Baseline serum Mg was lower and urinary Mgwas  In multiple regression analysis, the baseline level of
higher in men than in women, although these differences 24-hour SBP was an independent determinant for the change
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TABLE 5. Correlations Between Changes in 24-Hour BP With
Mg Supplementation and Age, Baseline BP, Serum and Urinary

Mg, and Urinary Na Excretion

Change in 24-h SBP

Change in 24-h DBP
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Relationship between 24-hour BP in the control period and
changes in 24-hour BP with Mg supplementation. dSBP indi-
cates change in 24-hour SBP; dDBP, change in 24-hour DBP.

in 24-hour SBP with Mg supplementation. The baseline
24-hour DBP was a significant determinant for the change in
24-hour DBP. Other variables were not significant determi-
nants for the change in 24-hour SBP or DBP.

Parameter r P r P

Age —0.187 0.153 —0.196 0.133
Control 24-h SBP —0.523 <0.001 —0.343 0.007
Control SMg 0.198 0.129 0.221 0.090
Change in SMg —0.324 0.011 —0.337 0.008
Control UMg 0.093 0.483 0.003 0.982
Change in UMg —0.091 0.491 —0.089 0.502
Control UNa —0.137 0.298 —0.190 0.147

SMg indicates serum Mg; UMg, urinary magnesium; and UNa, urinary
sodium.

Urinary Mg excretion in the control period was approxi-
mately 3 mmol/d in the present study. This level is similar to
that observed in US studi@$® but was lower than that seen
in European studié%* or observational studies in China and
Cameroori**? These differences may be attributed to differ-
ent lifestyles among populations. Individual level of serum
Mg in the control period was within the normal range, except
in a few patients whose level was slightly low. Therefore, the
study subjects did not seem to have severe Mg deficiency. It
has been shown that measurements of serum ionized Mg
taken using ion-selective electrodes and erythrocyte-free
Mg?* by **P NMR provide more precise estimation of body
Mg status than conventional measurement of serum’ Mg.

TABLE 6. Changes in 24-Hour BP With Mg Supplementation:

Discussion

In the present study, supplementation with Mg for 8 weeks
significantly lowered BP, with increases in serum Mg con-
centration and urinary Mg excretion in hypertensive patients.
The reduction in BP was detected by 3 different methods, ie,
measurement of casual office BP, self-measurement of home
BP, and 24-hour ambulatory BP monitoring. Our results
provide additional support for the antihypertensive effect of
high dietary Mg intake, although the reduction in BP may be
small.

Dietary Mg intake appears to be declining in developed
countries’ In the United States, it was estimated to be 475 to
500 mg/d at the turn of the centufyput it was 283 mg/d for
men and 215 mg/d for women in 1989 to 1990n Japan,
estimated Mg intake in 1980 was 240 mdidThe recent
recommended daily allowances for Mg for adults are 280 mg
for women and 350 mg for men in the United Stdtesd 4
mg/kg in Japard’ In earlier intervention studies, amounts of
supplemental Mg were from 15 mmol (360 mg) to 40 mmol
(960 mg) daily. A dose of 15 or 20 mmol was often used

because higher doses may cause adverse effects such as

diarrhea. In the present study, 20 mmol/d (480 mg) Mg was

Subgroup Analysis

Parameter 24-h SBP, mmHg  24-h DBP, mm Hg
Age, y

=60 —41x20 —-25*+1.0

<60 —-1.1x0.9 —0.4+0.6
Gender

Men —-3.7x16 —-21+0.9

Women —-0.8=1.1 —0.4+0.6
Medication

Yes —3.6*+1.3 —-1.9+0.7

No —0.4x1.7 —0.4+1.0
Drinking habit

Yes —25*1.6 -1.5+1.0

No —25*14 —-1.2+0.7
Order

Control-Mg —-2.9%+15 —-1.9+0.8

Mg-Control —2.0*+1.4 —0.8+0.8
Control 24-h BP

High —5.3*+1.5¢t —2.7+0.9*

Low 0.4+1.3 —0.2+0.7

given to the study subjects, most of whom completed the

it may increase average Mg intake by about 200%.

. . . . Medication indicates antihypertensive medication; High, SBP =134 mm Hg
protocol without adverse symptoms. This dose is considered (n=30) and DBP =81 mm Hg (n=27); Low, SBP <134 mm Hg (n=30) and

to be within the upper range of physiological intake, although psp <81 mm Hg (1=33).
*P<0.05, 1P<0.01 between subgroups.
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Unfortunately, we did not determine serum ionized Mg or tensive subject¥® In addition to the low Mg intake, various
intracellular free M§" in the present study. factors such as high salt intake and use of alcohol and thiazide
Results of Mg supplementation studies based on casual BPdiuretics may also cause the Mg-deficient status by promot-
measurement have been inconsistéi@ignificant reduction ing renal Mg excretiod. The BP-lowering effect of Mg
in BP was reported in several studfe¥? but not in supplementation was apparent in subjects with low urinary
others'***?*3Lind et af* observed that Mg supplementation Mg excretiof* and in subjects receiving long-term diuretic
had no general effects on BP, but it lowered BP in subgroups treatment? In the present study, relationships between con-
with low urinary Mg excretion. Average changes in BP trol levels of serum or urinary Mg and changes in 24-hour BP

produced by Mg supplementation werel2 to —3 mm Hg were not significant, but changes in serum Mg were corre-
for SBP and—8 to —3 mm Hg for DBP in positive studies. lated inversely with the changes in 24-hour BP. Our findings
They were —7 to +3 mmHg and—7 to +1 mm Hg, suggest that the actual increase in body Mg is more strongly

respectively, in negative studies. Doses of supplemental Mg related to the antihypertensive effect of Mg supplementation
were 20 to 40 mmoI/d in the positive stydles, except 1 study than the baseline level of serum or urinary Mg. The changes
(15 mmol) in patients receiving diuretic treatméhtyhile in 24-hour BP with Mg supplementation tended to be greater
they were 15 to 20 mmol in the negative studies. The study in treated than in untreated patients. However, this tendency
subjects had mild to moderate hypertension in most trials, but did not seem to be due to diuretic use because thiazide
some negative studies included subjects with high normal diuretics were prescribed in only 5 of 40 treated subjects and
BP.2*% In our study, casual office BP decreased by 3.7/ the changes in BP in these 5 subjects were not marked.
1.7 mm Hg on average after Mg supplementation at a dose of sodium and alcohol intakes did not significantly affect the
20 mmol/d for 8 weeks in hypertensive patients. These Mmg-induced BP reduction in our study. The absence of severe
findings taken together, Mg supplementation appears to lower \g deficiency in the study subjects may account for the only
BP at least in some hypertensive subjects, although its gjight reductions in BP with Mg supplementation and lack of
antihypertensive effect may be small. Subjects with Mg- ¢lear association between baseline Mg status and the changes
depleted status caused by low dietary intake or diuretic use, gp.
may respond to oral Mg intake with greater BP reductions.  The reductions in 24-hour BP with Mg supplementation
In our study, small but significant reductions in BP were yere correlated with baseline levels of BP in the present
also revealed by repeated home BP measurement and 24-hougy, gy, The ambulatory BP decreased by 5.3/2.7 mm Hg in
ambulatory BP monitoring. These methods are considered togpjects with higher than average baseline BP, whereas it did
be more rehable_for the assessment of pharm_acologlcal and ot change in those with low baseline BP. Our results were
nonpharmacological treatments of hypertension compared qonsistent with an earlier study in which Mg supplementation
with casual BP measurement, which may overestimate or |oyered BP in hypertensive patients but not in normotensive
underestimate the effects of treatment because of severagubjectsz_o Although the precise mechanisms responsible for
factors such as poor reproducibility, observer bias, white-coat o "gitferent BP responses to Mg supplementation were not
phenomenon, and placebo effettS.In the present study, the ¢ riieq, antihypertensive drugs including Ca antagonists are
average _reduct|_on n 24-hour_ BP was 2.5/1.4 mm Hg, and known to be more effective in patients with higher BP and
changes in daytl_me and_nlghtnme BPs were compargble. Ourhave little effect on normotensive subjects. Our study sug-
results are consistent with a report by H&yaho examined gests that the BP-lowering effect of high Mg intake is
effects of Mg supplementation (25 mmol/d for 2 weeks) on enhanced with elevation of baseline BP
24-hour BP in a small number of hypertensive patients. In the The antihypertensive effect of Mg supplementation was

?resenthstudyé\é)ve e(;(a?:lneddthe e”ffgc:s .Of I'\f/'lg Sl:ppliemtgrnta- evident in men but not in women in our study. It also tended
'on on home B and showea small but significant reductions , -, greater in older subjects than in younger subjects.

(2.0/1.4 mm Hg on average). Our results also support the Gender and age are possible determinants of BP response to

?hsjgglﬁth:gshgggcgd C?]r::uéit?;y BLT’:Z dfmr(r)lrr:wltoHrm?ﬁ Zlnce mineral intake, as shown in the case of dietary*Ndowever,
g 9 the influence of gender and age were not significant in

moderate number of study subjects. . . )
. . . . multiple regression analysis.
Several mechanisms may be involved in the antihyperten- . S
. . . . In summary, oral Mg supplementation significantly de-
sive effect of Mg. Mg ions lower resting levels of intracellular . ; :
N - . o . creased office, home, and 24-hour BPs in hypertensive
Ca&* by competing with C& for membrane-binding sites and . . : . o
patients, and this effect was greater in subjects with higher

modulating Ca binding and release from the sarcoplasmic . . .
8 B . - o i baseline BP. Our study supports the usefulness of increasing
reticulum? Thus, it can induce vasodilation as an intracellular . . ) e :
. dietary Mg intake as a part of lifestyle modifications in the
Ca blocker. At the cell membrane, Ffgregulates ion flux . .
management of hypertension. However, the therapeutic value

through voltage-gated, acetylcholine-activated,?"@acti- . . - . .
vated, and ATP-activated ‘Kchannels. These actions may O_f high Mg intake may be limited because its antihyperten-
sive effect appears to be small.

also be involved in the cardiovascular effects of 2NMg
Cardiac and vascular smooth muscle cells are vulnerable to

. . .
qeﬂflts Itn extrfa.cTIIuIaTI I\f@ ggd t?ﬁ def|C|t|SI§|n Mg result This study was supported by the Research Grant for Cardiovascular
In elevation of intraceliufar in gse Ce_ ) Diseases (5A-2) and Funds for Comprehensive Research on Aging

It has been shown that hypertensive patients have reducedand Health (94 A2101) from the Ministry of Health and Welfare and
serum and intracellular levels of Mg compared with normo- by a grant from Takeda Medical Research Foundation.

Acknowledgments



10.

11.

12.

13.

14.

15.

16.

17.

18.

. Kesteloot H, Joossens JV. Relationship of dietary sodium, potassium,

. Witteman JCM, Willett WC, Stampfer MJ, Colditz GA, Sacks FM,

. Altura BM, Altura BT. Role of magnesium in pathophysiological pro-

. Adachi M, Nara Y, Mano M, Yamori Y. Effect of dietary magnesium

References

. Altura BM, Altura BT. Role of magnesium in the pathogenesis of hyper-

tension updated: relationship to its actions on cardiac, vascular smooth 10.

muscle, and endothelial cells. In: Laragh JH, Brenner BM, elyger-

tension: Pathophysiology, Diagnosis, and Manageménd ed. New

York, NY: Raven Press; 1995:1213-1242. 20
calcium, and magnesium with blood pressure: Belgian Interuniversity
Research on Nutrition and HealtHypertension 1988;12:594 -599. ”n
Speizer FE, Rosner B, Hennekens CH. A prospective study of nutritional
factors and hypertension among US womdgirculation. 1989;80:

1320-1327. 22.

. Harlan WR, Harlac LC. Blood pressure and calcium and magnesium

intake. In: Laragh JH, Brenner BM, eddypertension: Pathophysiology,
Diagnosis, and Managemen2nd ed. New York, NY: Raven Press;
1995:1143-1154.

. Uza G, Pavel O, Uza D, Valaicu R. Hypomagnesemia in patients with 23.

essential arterial hypertensioMagnes Bull 1987;9:177-180.

. Touyz RM, Milne FJ, Reinach SG. Intracellular Mg Ca"*, Na" and K*

in platelets and erythrocytes of essential hypertension patients: relation to 24.
blood pressureClin Exp Hypertens1992;A14:1189-1209. -
cesses and the clinical utility of magnesium ion selective electrodes.
Scand J Clin Lab Investl996;224(suppl):211-234.

. Altura BM, Altura BT, Gebrewold A, Ising H, Gunther T. Magnesium-

deficiency and hypertension: correlation between magnesium-deficient 27
diets and microcirculatory changes in siicience1984;223:1315-1317. 08
supplementation on intralymphocytic free calcium and magnesium in
stroke-prone spontaneously hypertensive 1@lis Exp Hypertens1994;
16:317-326.

Dyckner T, Wester PO. Effect of magnesium on blood pres&Iivel
1983;286:1847-1849.

Motoyama T, Sano H, Fukuzaki H. Oral magnesium supplementation in
patients with essential hypertensidfypertension 1989;13:227-232.
Widman L, Wester PO, Stegmyr BK, Wirrel M. The dose-dependent
reduction in blood pressure through administration of magnesium: a
double blind placebo controlled cross-over stulsn J Hypertens1993;
6:41-45.

Trials of Hypertension Prevention Collaborative Research Group. The
effects of nonpharmacological interventions on blood pressure of persons 32.
with high normal levels: results of the Trials of Hypertension Prevention,
phase LJAMA 1992;267:1213-1220.

Ferrara LA, lannuzzi R, Costaldo A, lanuzzi A, Dello Russo A, Mancini
M. Long-term magnesium supplementation in essential hypertension.
Cardiology. 1992;81:25-33.

Joint National Committee on Detection, Evaluation, and Treatment of
High Blood Pressure. The Sixth Report of the Joint National Committee
on Detection, Evaluation, and Treatment of High Blood Pressreh
Intern Med 1997;157:2413-2446.

Alderman MH. Non-pharmacological treatment of hypertendiancet
1994;344:307-311.

Appel LJ, Stason WB. Ambulatory blood pressure monitoring and blood
pressure self-measurement in the diagnosis and management of hyper-35.
tension.Ann Intern Med 1993;118:867—882.

Kawano Y, Abe H, Kojima S, Ashida T, Yoshida K, Imanishi M,
Yoshimi H, Kimura G, Kuramochi M, Omae T. Acute depressor effect of

29.

30.

31.

33.

34.

Kawano et al August 1998 265

alcohol in patients with essential hypertensistypertension 1992;20:
219-226.

Kawano Y, Abe H, Kojima S, Yoshimi H, Sanai T, Kimura G, Matsuoka
H, Takishita S, Omae T. Different effects of alcohol and salt on 24-hour
blood pressure and heart rate in hypertensive patiéhtpertens Res
1996;19:255-261.

Haga H. Effects of dietary magnesium supplementation on diurnal vari-
ations of blood pressure and plasma“ & -ATPase activity in essential
hypertensionJpn Heart J 1992;33:785-800.

Mansoor GA, White WB. Contribution of ambulatory blood pressure
monitoring to the design and analysis of antihypertensive therapy trials.
J Cardiovasc Risk1994;1:136-142.

Imai Y, Sasaki S, Minami N, Munakata M, Hashimito T, Sakuma H,
Sakuma M, Watanabe N, Imai K, Sekino H, Abe K. The accuracy and
performance of the A&D TM2421, a new ambulatory blood pressure
monitoring device based on the cuff-oscillometric and the Korotkoff
sound techniqueAm J Hypertens1992;5:719-726.

Altura BM, Altura BT. Cardiovascular risk factors and magnesium:
relationships to atherosclerosis, ischemic heart disease and hypertension.
Magnes Trace Eleml991-92;10:182-192.

Continuing Survey of Food Intake by Individuals 1989 and 1988 Dept

of Agriculture Public Use Data Tape; 1989.

Iltokawa Y. Calcium and magnesium intake of Japanese [in Japanese].
Saisin lgaku 1983;38:641—-645.

26. US National Research Coundlecommended Dietary Allowancd€th

ed. Washington, DC: National Academy Press; 1989.

Ministry of Health and WelfareéNutritional Allowances in Japaned&
Japanese]. 5th ed. Tokyo, Japan: Ministry of Health and Welfare; 1994.
Witteman JCM, Grobbee DE, Derkx FHM, Bouillon R, de Bruijn AM,
Hofman R. Reduction of blood pressure with oral magnesium supple-
mentation in women with mild to moderate hypertensidm J Clin Nutr
1994;60:129-135.

Zenel PC, Zenel MB, Urberg M, Douglas FL, Geiser R, Sowers JR.
Metabolic and hemodynamic effects of magnesium supplementation in
patients with essential hypertensigkm J Clin Nutr 1990;51:665—-669.
Cappuccio FP, Markandu MD, Beynon GW, Shore AC, Sampson B,
MacGregor GA. Lack of effect of oral magnesium on high blood
pressure: a double blind studgMJ. 1985;291:235-238.

Kesteloot H, Huang DX, Li Y, Gebores J, Joosens JV. The relationship
between cations and blood pressure in the People’s Republic of China.
Hypertension 1987;9:654—659.

Kesteloot H, Ndam N, Sasaki S, Kowo M, Seghers V. A survey of blood
pressure distribution in Pigmy and Bantu populations in Cameroon.
Hypertension 1996;27:108-113.

Altura BM, Altura BT. Role of magnesium in the pathogenesis of hyper-
tension updated: relationship to its actions on cardiac and vascular smooth
muscle. In: Laragh JH, Brenner BM, editypertension: Pathophysiology,
Diagnosis, and ManagemenNew York, NY: Raven Press; 1990:
1003-1025.

Lind L, Lithell H, Pollare T, Ljunghall S. Blood pressure response during
long-term treatment with magnesium is dependent on magnesium status:
a double-blind placebo-controlled study in essential hypertension and in
subjects with high-normal blood pressurdm J Hypertens 1991;4:
674-679.

Kojima S, Murakami K, Kimura G, Sanai T, Yoshida K, Imanishi M, Abe
H, Kawamura M, Kawano Y, Ashida T, Yoshimi H, Kuramochi M, Omae
T, Ito K. A gender difference in the association between salt sensitivity
and family history of hypertensiom J Hypertens1992;5:1-7.





