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African-Americans are known to be disproportionately impacted by many chronic diseases
such as diabetes, hypertension, cardiovascular, and renal disease. Lower levels of dietary and
serum magnesium have been associated with an increased prevalence of hypertension, insulin
resistance, and diabetes. Studies suggest a greater prevalence of occult magnesium deficiency
among African-Americans compared to other populations. This increased prevalence of hypo-
magnesemia may contribute to increased insulin resistance leading to accelerated atheroscle-
rosis and premature death. Trials that correct magnesium status/levels among African-Ameri-
cans, whether through dietary intervention or direct magnesium replacement/supplementation
need to be completed to characterize this relationship more completely. (J Natl Med Assoc.
2003;95:257-262.)
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atherosclerosis

Accelerated atherosclerosis and early death
from cardiovascular disease are unfortunately,
well known phenomena in the African Ameri-
can community. Both hypertension and diabe-
tes, which contribute to atherosclerosis, are
devastating conditions in this population. Sur-
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veillance data compiled by the Centers for Dis-
ease Control and Prevention', notes marked
excess morbidity and mortality for both diabe-
tes and hypertension compared to whites. The
age-adjusted prevalence of hypertension is 80%
higher for blacks than whites. For diabetes, the
age-adjusted prevalence is 107% higher among
African-Americans.

'In persons under age 65 years, mortality
among African Americans with diabetes is
263% higher than mortality among whites

In the population over age-65 years, the over-
all mortality excess among African-Americans is
166%. Most of this excess is due to increased
mortality from cardiovascular disease.1 In fact,
African-Americans demonstrate higher mortal-
ity rates for several common diseases. (Table
1)2.

Health surveillance data compiled by the
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Table 1. Age-adjusted Mortality Rates Among African-Americans and Whites by Gender, for Seleded Causes of Death, 1999

AA white Rate AA white Rate
Cause males males ratio females females ratio

All causes 1412.5 1035.8 1.36 955.0 725.7 1.32
Malignant neoplasms 340.5 246.5 1.38 200.2 168.6 1.19
Diabetes 48.6 25.8 1.88 50.5 20.5 2.46
Major cardiovascular disease 520.9 408.4 1.28 398.0 292.1 1.36

Hypertensive heart disease 25.5 6.7 3.81 21.0 6.7 3.13
Essential hypertension & 16.9 5.1 3.31 15.4 5.3 2.91
Hypertensive renal disease

Cerebrovascular disease 87.4 16.1 1.46 78.1 58.7 1.33
Renal failure 32.3 14.5 2.23 25.5 9.5 2.68

Age-adjusted death rates per 100,000 population for 1999 by gender and race (2000 US standard population).
Rate ratios (blacks versus whites) which are greater than 1.00 indicate excess mortality among African Americans.
AA = African Americans
source: CDC/NCHS, National Vital Statistics System, Mortality.2

Centers for Disease Control and Prevention'
notes marked excess mortality among African
Americans compared to whites. Overall mortal-
ity rates are 36% higher among African Amer-
ican males and 32% higher among African
American females compared to white males
and females, respectively. However, these dis-
parities in death rates widen considerably when
other causes of death are examined (table 1).
For example, diabetes mortality rates among
African American males are 88% higher and
for African American females 146% higher
compared to whites. Mortality differences be-
tween African Americans and whites are even
more marked for death due to hypertensive
heart disease and renal failure (see table 1).

According to the American Diabetes Associ-
ation, one in every ten African-Americans has
diabetes. Diabetes affects an estimated 3 mil-
lion blacks, who overall, are 80% more likely
than whites to have diabetes. African-Ameri-
cans also experience higher rates of serious
end organ damages including blindness, ampu-
tation, and end-stage renal disease.3 In New
York State, there are over 100,000 African-
Americans with diabetes. The direct (medical
care) and indirect (lost productivity) costs are
estimated at $305,000,000 per year in this state

alone.4 This comes out to an increased cost of
$3,050/year or $254 per patient per month.

It is well known that African-Americans are
at very high risk for the deleterious effects of
hypertension. This was emphatically stated by
Dr. Claude Lenfant, director of the National
Heart, Lung, and Blood Institute (NHLBI) in
his report on the Task Force on Research in
Epidemiology and Prevention of Cardiovascu-
lar Disease where he stated:

Despite improvements in the treatment and control
of hypertension in recent years, blacks continue to
experience higher morbidity and mortality from
hypertension, and develop the disease earlier in life
than whites.5

One of the key mechanisms responsible for
this accelerated atherosclerosis in African-
Americans is insulin resistance. Studies of Afri-
can American populations have shown in-
creased insulin resistance, even among non-
diabetic patients.6 Insulin resistance is known
to contribute to pathologic changes resulting
in hypertension, diabetes, hyperlipidemia, and
atherosclerosis.7-15
A large number of animal and human studies

demonstrate a link between magnesium defi-
ciency and clinical conditions such as hyperten-
sion, insulin resistance, diabetes, hyperlipidemia,
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and atherosclerosis. The American Diabetic As-
sociation and many authors have called for
large scale randomized controlled trials to in-
vestigate whether magnesium supplementation
will improve blood pressure, glycemic control
and atherosclerosis. 10,11,12,16-21

Several large-scale epidemiologic studies
have linked decreased dietary magnesium and
low serum magnesium to both hypertension
and diabetes. The Atherosclerosis Risk in Com-
munities (ARIC) Study,'6 in which over 15,000
patients were followed for 5 years, and assessed
for fasting serum magnesium, lipids, fasting
glucose, insulin, dietary intake of magnesium,
and carotid intima-media thickness, included a
large number of African American participants
(n=3413). It was found that AAs had a lower
dietary intake of magnesium compared to
whites and this correlated with lower serum
magnesium levels, as well as increased rates of
hypertension, diabetes, and carotid atheroscle-
rosis. Other epidemiologic studies such as the
Honolulu Heart Study22, the Health Profes-
sions Follow-up Study23, and the Nurses Health
Study24 also reported this association between
low magnesium intake and the prevalence of
hypertension, and diabetes. Although most of
these studies had large proportions of white
subjects, taken together they support the hy-
pothesis that low magnesium intake leads to
insulin resistance and accelerated atherosclero-
sis. A cross-sectional study of urban African-
Americans demonstrated that 24% of hyper-
tensive patients and 26% of diabetic patients
were frankly hypomagnesemic compared to
only 9% of patients without either hyperten-
sion or diabetes'7.

Moreover, the recent National Health and
Nutrition Examination Survey, (NHANES),
again demonstrated that the diet of African-
Americans remains deficit in magnesium, cal-
cium, and potassium intake while excess
amounts of sodium are consumed.25. Couple
this with the fact that low dietary magnesium is
associated with insulin resistance in young,
non-diabetic African-Americans6, and it raises
the intriguing question of whether occult mag-

nesium deficiency is a significant contributing
factor for hypertension, diabetes, increased
cardiovascular disease, and premature death.
A recent literature search in Pub Med during

October 2002 using the key words "magne-
sium" and "blacks" revealed 44 articles. An
identical search in Medline from 1966-October
2002 revealed 26 articles, all of which were also
contained in the Pub Med search. Magnesium
deficiency in adults was not the primary focus
in 20 articles, 10 articles were about pregnant
women or children and two were review arti-
cles. Findings from the other 12 articles are
summarized in Table 2.

Eight of these papers were clinical trials,
three were cross-sectional studies and one was a
longitudinal study. The articles uniformly
showed that blacks consumed less magnesium
and had lower measurements of intracellular
magnesium. Both of these findings were con-
sistently correlated with hypertension. There
were over 5,000 black subjects were involved in
these trials. What was true in African Americans
was also true for South African blacks.26-29 In
addition, two articles revealed that decreased
magnesium was associated with insulin resis-
tance.6,7,30 Also, low serum magnesium was as-
sociated with an increased rate of premature
ventricular contractions in AA.31

If decreased magnesium intake is contribut-
ing to insulin resistance, accelerated athero-
sclerosis, and early death, then there are two
potential ways of approaching therapeutic in-
terventions. One approach would be to change
the dietary habits of African-Americans to pro-
mote increased magnesium intake. The other
approach would be to supplement the diet with
magnesium.
The diet that works best to treat hyperten-

sion, the DASH diet, has been developed by the
NHLBI; DASH is an acronym that stands for
Dietary Approaches to Stop Hypertension.32.
This diet is composed mostly of fruits, vegeta-
bles, and low fat dairy products, is high in mag-
nesium, calcium, and potassium, but low in
sodium.

Inverse relationships between serum and di-
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Table 2. Studies Examing Magnesium Deficiency Among Adult African-Americans

AUTHOR(S) POPULATION (n = * subjects) RESULTS

SIMPSON31 n = 15,792, (3413 AA) longitudinal * Lower serum magnesium levels associated
epidemiologic study (ARIC) with in increased number of premature

ventricular contractions
RESNICK33 n = 84, (42 AA) randomized clinical trial * Using an ion-specific electrode to measure

intracellular magnesium, blacks observed
to have lower intracellular magnesium
levels compared to whites

FORD24 n = 8272, (2226 AA) cross-sectional * Lower dietary intake of magnesium
epidemiologic study (NHANES) associated with a higher prevalence of

hypertension
FOX17 n = 104, (104 AA), cross-sectional study * Hypomagnesemia observed among among

26% of hypertensives and 24% of diabetic
patients compared to only 9% subjects
without either hypertension or diabetes

HUMPHRIES6 n = 179, (179 AA) clinical trial * Decreased intake of magnesium associated
with insulin resistance

MANOLI030 N = 5115 (2463 AA), cross-sectional * Inverse association between serum
epidemiologic study (CARDIA) magnesium levels and fasting insulin levels

MAl6 n = 15,792, (3413 AA) longitudinal * Decreased magnesium (intake or serum
epidemiologic study (ARIC) levels) in blacks (AAs) associated with

increased carotid intimal thickness
YAMMAMOTO48 n = 698 (73 blacks), randomized clinical trial, * Supplementing with calcium or magnesium

(TOHP) not associated with primary prevention of
hypertension

STEYN26 n = 976 (976 blacks) cross sectional * Lower consumption of magnesium,
Epidemiologic study calcium, and potassium among black

South African hypertensive subjects
TOUYZ27 n = 76 (52 blacks), randomized clinical trial * South African blacks had lower platelet

magnesium than whites and higher arterial
pressures

TOUYZ28 N = 154 (104 blacks), randomized clinical * Decreased intracellular magnesium and
trial potassium and increased calcium and

sodium in black South African
hypertensives.

TOUYZ29 N = 463 (463 blacks), randomized clinical * E rythrocyte magnesium levels inversely
trial related to blood pressure

etary magnesium levels and the prevalence of
cardiovascular disease, hypertension, diabetes,
and insulin resistance, and carotid arterial wall
thickness have been reported in numerous
studies:'3 415'6"9. In an editorial published in
the American Journal of Hypertension, Dr.
Lawrence Resnick, a leading expert on both
hypertension and magnesium metabolism
stated, ". . . short- and longer-term therapeutic
trials of magnesium supplementation in hyper-
tension and diabetes mellitus are clearly
needed in the near future."'18

There have been a number of trials with

magnesium supplementation among subjects
with hypertension, diabetes, and hyperlipid-
emia. The results of these studies have been
mixed. Among 16 studies of hypertension,
eleven of these showed a positive effect,3--43.
The average blood pressure reduction in these
studies was 6mm systolic, and 3 mm diastolic.
Five of these showed no effect in reducing
blood pressure.44-48
A recent magnesium replacement study in-

volving Type 1 diabetic patients showed both
improved lipid status and decreased insulin
stimulated glucose uptake by 35%.49 It should

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 95, NO. 4, APRIL 2003 260



MAGNESIUM DEFICIENCY

be emphasized that none of these studies were
done in a predominantly African American
population.

Based on published scientific literature,
there appears to be a link between disordered
magnesium status in African-Americans and in-
creased insulin resistance and accelerated ath-
erosclerosis. There is also a strong association
between hypertension, diabetes and low serum
magnesium levels. This has been shown to be
up to 25% in two published studies.'7,511 It is
unknown whether decreased intracellular mag-
nesium values represent is a true magnesium
deficient state or serves as a marker for a nu-
tritional imbalance between magnesium, potas-
sium, and calcium, on the one hand, and so-
dium on the other. Therefore, two fertile areas
for future research that could potentially im-
prove the health of African-Americans would
be an education campaign promoting the
DASH principles and/or therapeutic trials of
magnesium supplementation in African-Amer-
icans with hypertension or diabetes. Any im-
provement, even a modest one, with one or
both of these interventions could result in dra-
matic reductions in premature morbidity and
mortality rates when applied across the popu-
lation of African Americans.

In conclusion, there is compelling clinical
evidence from a number of published studies
noting both decreased dietary intake and de-
creased intracellular magnesium levels exists
among African-Americans. These observations
may be related to insulin resistance, acceler-
ated atherosclerosis and premature death
among this population. Research seeking to
further characterize the relationship between
decreased magnesium levels and insulin resis-
tance, glycemic control, hypertension, and car-
diovascular disease needs to be pursued among
African Americans.

BIBLIOGRAPHY
1. U.S. Dept. of Health and Hutmani Services, Chroniic Dis-

ease in Minority Populations. CDC Publications; 2:13-17
2. CDC/NCHS, national V'ital Statistics System, Mortality.

1999; 1
3. ADA fact sheet, 1990;1

4. Diabetes in the United States: A strategy for prevention,
1993;1

5. Lenfant C. Task Force on Research in Epidemiology and
Prevention of Cardiovascular Diseases: A revisit. Circulation. 1996;
93(9):1605-7.

6. Humphries S, Kusher H, Falkner B. Low dietary magne-
siuin is associated with insulin resistance in a sample of young,
nondiabetic Black Americans. American Journal of Hypertension.
1999;12(8 Pt 1):747-56.

7. Haffner, SM. Increased insulin resistance and insulin
secretion in nondiabetic African-Americans and Hispanics com-
pared with non-Hispanic whites. The Insulin Resistance Athero-
sclerosis Study. Diabetes. 1996;45(6):742-8.

8. Reaven G, Lithell H, Landsberg L. Hypertension and
associated metabolic abnormalities-the role of insulin resis-
tance and the sympathoadrenal system. NEJM 1996;334(6):374-
80.

9. Bild, DE. Prevalence and correlates of coronary calcifi-
cation in black and white youtng adults: the Coronary Artery Risk
Development in Younig Adults (CARDIA) Study. Arteriosclerosis,
Thrombosis & Vascular Biology. 2001;21 (5):852-7.

10. Paolisso G, Ravussin E. Intracellular magnesium and
insulin resistance: results in Pima Indians and Caaucasians. J Clin
Endocrinol Metab. 1995;80 (4):1382-5.

11. Paolisso G. Impaired insulin-mediated erythrocyte mag-
nesitim accumulation in essential hypertension. Clin Sci. 1987;
73(5):535-9.

12. Laurant P, Touyz R. Physiological and pathophysiologi-
cal role of magnesium in the cardiovascular system: implications
in hypertension.] Hypertens. 2000 18(9);1177-91.

13. Chien K. Left ventricular mass and correlated athero-
sclerotic risk factors in young adolescents: report from Chin-
Shan community cardiovascular study in Taiwan. Atherosclero-
sis.2001; 155(2):431-7.

14. Chien KL. Hyperinsulinemia and related atherosclerotic
risk factors in the population at cardiovascular risk: a community-
based study. Clinical Chemistry, 1999;45(6 Pt 1):838-46.

15. Ariza CR. Hyperinsulinemia in patients with coronary
heart disease in absence of overt risk factors. Archives of Medical
Research.1997;28(1):115-119.

16. Ma, J., A.R. Folsom, et al. "Associations of serum and
dietaty magnesium with cardiovascular disease, hypertension,
diabetes, insulin, and carotid arterial wall thickness: the ARIC
sttidy. Atherosclerosis Risk in Communities Study." J Clin Epide-
miol. (1995) ;48(7) :927-40.

17. Fox, C., Ramsoomair, D., Mahoney, M., Carter, C.,
Young, B., & Graham, R. An investigation of hypomagnesemia
among ambulatory urban African-Americans. Journal of Family
Practice. 1999;48:635-639.

18. Resnick LM. Magnesium in the pathophysiology and
treatment of hypertension and diabetes mellitus: where are we in
1997? AmJIHypertens. 1997;10(3):368

19. Altura BM, Aimin Z, Altura BT. Magnesium, hyperten-
sive vascular diseases, atherogenesis, subcellular compartmenta-
tion of calcium and magnesium and vascular contractility. Miner
Electrolyte Metab. 1993;19:323-36.

20. American Diabetes Association Consensus Statement.
Magnesium supplementation in the treatment of diabetes. Dia-
betes Care. 1992;15(8):1065-7.

21. WAhang R, Hampton EM, Whang DD. Magnesium ho-

261 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 95, NO. 4, APRIL 2003



MAGNESIUM DEFICIENCY

meostasis and clinical disorders of magnesium deficiency. Annals
of Pharmacotherapy. 1994;28:220-25

22. Joffres M, Reed D, Yano K. Relationship of magnesium
intake and other dietary factors to blood pressure: The Honolulu
Heart Study. AmJ Clin Nutr. 1987;45:469-75.

23. Ascherio A, Rimm E, Giovannucci E, Colditz G, Rosner
B, Willett W, Sacks F, Stampfer M. A prospective study of nutri-
tional factors and hypertension among US men. Circulation
1992;86(5):1475-84.

24. Colditz G, Manson J, Stampfer M. Diet and risk of clin-
ical diabetes in women. Am J Clin Nutr. 1993;55:1018-23.

25. Ford ES. Race, education, and dietary cations: findings
from the Third National Health And Nutrition Examination
Survey. Ethnicity and Disease. 1998;1:10-20

26. Steyn, K, Jooste P. "Hypertension in the coloured pop-
ulation of the Cape Peninsula." S Afr MedJ. 1986;69(3):165-9.

27. Touyz R, Milne FJ. "Intracellular Mg2+, Ca2+, Na2+
and K+ in platelets and erythrocytes of essential hypertension
patients: relation to blood pressure." Clin Exp Hypertens 1992;
14(6):1189-209.

28. Touyz, R. M., F. J. Milne, et al. (1993). "Racial differ-
ences in cell membrane ATPases and cellular cation content in
urban South African normotensive and hypertensive subjects."
AmJHypertens. (8):693-700.

29. Touyz R, Rathakrishnan S. "The relationship between
magnesium, calcium, sodium, potassium and blood pressure in
South African adult males." Magnesium. 1989 8(3-4):145-53.

30. Manolio T, Savage P. "Correlates of fasting insulin levels
in young adults: the CARDIA study." Journal of Clinical Epidemiol-
ogy. 1991;44(6):571-8.

31. Simpson R, Cascio W. "Prevalence of premature ventric-
ular contractions in a population of African American and white
men and women: the Atherosclerosis Risk in Communities
(ARIC) study." Am HeartJ2002;143(3):535-40.

32. Sacks F, Svetkey L ,Vollmer W, Appel L, Bray G, Harsha
D. Effects on Blood Pressure of Reduced Dietary Sodium and the
Dietary Approaches To Stop Hypertension. NEJM 2001;334:3-10.

33. Resnick L, Bardicef O."Serum ionized magnesium: rela-
tion to blood pressure and racial factors." Am J Hypertens 1997;
10(12 Pt 1):1420-4.

34. Dyckner T, Wester P. "Effect of magnesium on blood
pressure." Br MedJ (Clin Res Ed). 1983;286:1847-9.

35. Hattori K, Saito K. "Intracellular magnesium deficiency
and effect of oral magnesium on blood pressure and red cell
sodium transport in diuretic-treated hypertensive patients." Jpn
CircJ 1988;52(11):1249-56.

36. Saito K, Hattori K-1988). "Effects of oral magnesium on
blood pressure and red cell sodium transport in patients receiv-
ing long-term thiazide diuretics for hypertension." AmJHypertens.
1988;1(3 Pt 3):71S-74S.

37. Motoyama T, Sano H, "Oral magnesium supplementa-
tion in patients with essential hypertension." Hypertension. 1989;
13(3):227-32

38. Haga, H. "Effects of dietary magnesium supplementa-
tion on diurnal variations of blood pressure and plasma Na+,
K(+)-ATPase activity in essential hypertension."Jpn Heartj 1992;
33(6) :785-800.

39. Kawano Y, Matsuoka H. "Effects of magnesium supple-
mentation in hypertensive patients: assessment by office, home,
and ambulatory blood pressures." Hypertension. 1998;
32(2) :260-5.

40. Sanjuliani A. de Abreu Fagundes V. "Effects of magne-
sium on blood pressure and intracellular ion levels of Brazilian
hypertensive patients." IntJ Cardiol. 1996;56(2):177-83.

41. Widman L, Wester P. "The dose-dependent reduction in
blood pressure through administration of magnesium. A double
blind placebo controlled cross-over study." AmJ Hypertens. 1993;
6(1):41-5.

42. Wirell M, Wester P. "Nutritional dose of magnesium in
hypertensive patients on beta blockers lowers systolic blood pres-
sure: a double-blind, cross-over study."JIntemn Med. 1994;236(2):
189-95.

43. Witteman J, Grobbee D. "Reduction of blood pressure
with oral magnesium supplementation in women with mild to
moderate hypertension." AmJ Clin Nutr. 1994 ;60(1):129-35.

44. Cappuccio F, Markandu N. "Lack of effect of oral mag-
nesium on high blood pressure: a double blind study." Br MedJ
(Clin Res Ed). 1985;291 (6490) :235-8.

45. Ferrara L, lannuzzi R. "Long-term magnesium supple-
mentation in essential hypertension." Cardiology. 1992;81(1):25-
33.

46. Lind L, Lithell H. "Blood pressure response during
long-term treatment with magnesium is dependent on magne-
sium status. A double-blind, placebo-controlled study in essential
hypertension and in subjects with high-normal blood pressure."
AmJHypertens. 1991;4(8):674-9.

47. Nowson C, Morgan T. "Magnesium supplementation in
mild hypertensive patients on a moderately low sodium diet."
Clin Exp Pharmacol Physiol. 1989;16(4):299-302.

48. Yamamoto, Applegate W. "Lack of blood pressure effect
with calcium and magnesium supplementation in adults with
high-normal blood pressure. Results from Phase I of the Trials of
Hypertension Prevention (TOHP). Trials of Hypertension Pre-
vention (TOHP) Collaborative Research Group." Ann Epidemiol.
1995;5(2) :96-107.

49. Djurhuus M, Klitgaard N. "Magnesium reduces insulin-
stimulated glucose uptake and serum lipid concentrations in type
1 diabetes." Metabolism. 2001;50(12):1409-17.

50. Mather HM, NisbetJA, BurtonJH, Poston GJ, LandJM,
Bailey PA et al. Hypomagnesemia in diabetes. Clin Chim Acta.33
1979;95:235-42.

We Welcome Your
Comments

Journal of the National Medical Association
welcomes your Letters to the Editor about
articles that appear in the JNMA or issues
relevant to minority health care.

Address correspondence to Editor-in-Chief,
JNMA, 1012 Tenth St, NW, Washington, DC
20001; fax (202) 371-1162; or ktaylor
@nmanet.org.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 95, NO. 4, APRIL 2003 262


