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INTRODUCTION

Cardiovascular disease is one of the leading
causes of death in adults and one of the main
reasons for morbidity.! Hypertension is one of
the most important modifiable risk factors for
cardiovascular disease.? Factors implicated in
the pathogenesis of hypertension, include
changes in intracellular concentrations of
calcium, sodium, potassium, and magnesium
with an inverse correlation between serum
magnesium and incidence of cardiovascular
events.® Experimental studies have shown a
relationship between low serum and tissue
magnesium levels and hypertension.* Clinical
and experimental studies have also shown a
relationship between low dietary intake of
magnesium with hypertension indicating a
potential role of magnesium in the pathogenesis
of hypertension. However, the mechanism is
unclear.>® Effects of magnesium on smooth
muscle cell growth and inflammation have been
suggested to play a role.” The role of serum/
dietary magnesium intake on cardiovascular
disease, carotid intima-media thickness
(CIMT), hypertension and cholesterol
synthesis has been investigated.® Lower
concentrations of magnesium are known to be
associated with oxidative stress,
proinflammatory state, endothelial dysfunction,
platelet aggregation, insulin resistance, and
hyperglycemia.” Thus magnesium appears to
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play a vital function in cardiovascular stability
and health, but an optimal dose and formulation
has not been defined. Potentially promising
avenues include the combination of magnesium
with a statin to reduce cholesterol, C-reactive
protein, CIMT, and its early use to reduce stroke
morbidity and mortality.® There are also reports
on lack of association between low serum
magnesium and risk of hypertension.® Also,
there are conflicting results on the effect of
dietary intake of magnesium and risk of
hypertension.'®** Therefore, further studies are
needed before advising this mineral
supplementation as part of antihypertensive
treatment.” With this background the present
study was taken up to assess serum magnesium
levels in south Indian population with
hypertension.

MATERIAL AND METHODS

Eighty subjects with different grades of
hypertension*? and 20 normotensive age
matched controls who attended Dr. B.R.
Ambedkar Medical College Hospital and KC
General hospital, Bengaluru were included in
the study. The study was approved by
Institutional Ethical Committee and informed
consent was taken from all participants.
Baseline data including age, gender, detailed
medical history, clinical examination was
obtained and blood pressure was recorded
using mercury sphygmomanometer. Cases with
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secondary causes of hypertension, renal and
liver failure cases were excluded fromthe study.

Five mL of venous blood sample was obtained
after overnight fasting by venepuncture from
both cases and controls. Serum was separated
and processed immediately. Estimation of
serum magnesium was done by Titan yellow
method.® The difference between parameters
was studied using one way ANOVA with
Bonferonni post-hoc analysis. Statistical
analysis was performed using Microsoft Excel
worksheet and Epi-info statistical software.

RESULTS

The mean age of the cases and controls were
53.4 + 10.4 and 47.9 + 7.8 respectively.
Majority of the study subjects(87.5%) had
grade | hypertension [diastolic blood pressure
(DBP)] (90-104 mm Hg), 11.3 % had grade 11
(DBP 105-114) mm Hg and 1.3 % had grade
1l hypertension (DBP >114 mm Hg). The
duration of hypertension was ranging from 1
month to 6 years. Among these 68 patients were
on treatment with beta-blockers (n = 19),
calcium channel blockers (n = 30) angiotensin
converting enzyme (ACE) inhibitors (n=7) or
a combination of these (n = 12).

The demographic features, grading of
hypertension, blood pressure levels and serum
magnesium level are presented in Table 1. No
significant difference was observed in serum
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magnesium levels between cases and controls.
Similarly, no significant difference was
observed in serum magnesium levels in cases
and controls across the grades of hypertension
(p = 0.538). Also, there was no statistically
significant change in serum magnesium levels
when patients were categorised based on type
of treatment type (p = 0.153) or duration of
treatment (p = 0.163).

DISCUSSION

Our results are in line with the findings of
another study® where follow-up for eight years
did not reveal a significant association between
hypomagnesaemia and occurrence of
hypertension. However, low serum magnesium
has been reported in patients with hypertension
from North India.'* It was reported that low
serum magnesium levels could play an
important role in the pathophysiology of
prehypertension in otherwise healthy subjects.**
Low serum magnesium levels were associated
with higher blood pressure values in diuretic-
treated hypertensive women.® Also, it was
observed that diabetes mellitus, dyslipidaemia,
and hypertension negatively correlated
with serum magnesium levels.*® The hypo-
magnesaemia found was related to the socio-
economic status in a study from India.*’

Experimental studies have linked hypomagne-
saemia with the development of vascular
dysfunction, hypertension, and atherosclero-

Table 1: Demographic data, hypertension grading and serum magnesium levels in cases and controls

Hypertension Total

Parameter Grade I* Grade I1* Grade Il1*  Cases Controls
Number of subjects 70 09 01 80 20
Age (years) T 53.7+104 52.33+11.2 42 53.38+10.4 47.9+7.38
Sex

Males 43 07 0 50 10

Females 27 02 1 30 10
Systolic blood pressure (mm Hg) t+  145.9+12.7 163.3+21.8 190 148 +15.5 129.5+12.4
Diastolic blood pressure (mm Hg) T 93.2+ 4.8 109.1+1.8 120 95.3+7.3 79.6+4.8
Serum magnesium (mg/dL)t 207026 195%0.2 2.0 2.05+0.26 2.11+0.17

*see text for details
T data are presented as mean * standard deviation
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sis.’82 Clinical studies limited by the use of
self-reported magnesium intake or short follow-
up periods yielded conflicting results.?%%
However, long term followup clinical studies
did not yield similar results. The relationship
between serum magnesium concentration and
incident hypertension, cardiovascular disease
(CVD), and mortality was studied in 3,531
middle-aged adult participants in the
Framingham Heart Study offspring cohort.®
Follow-up was 8 years for new-onset
hypertension (551 events) and 20 years for
CVD (554 events). There was no association
between baseline serum magnesium and the
development of hypertension, CVD or all-cause
mortality. Similar findings were observed when
serum magnesium was modeled in categories
(<1.5,1.5-2.2,>2.2 mg/dL) or in quartiles thus
not supporting the hypothesis that low serum
magnesium is a risk factor for developing
hypertension or CVD.?

Recent evidence suggests that urinary
magnesium excretion but not the circulating
magnesium levels were inversely associated
with risk of hypertension across the entire
range of habitual dietary intake with no
associations being observed between
circulating magnesium and risk of hyper-
tension.?? The serum magnesium levels do not
necessarily reflect the body magnesium levels.
Though serum magnesium may be normal,
there may be intracellular magnesium
depletion.? This study indicates low serum
magnesium values need not be evident in
hypertensive patient. However, the sample size
in the present study is small. Therefore, the
findings need to be explored further with larger
sample size to confirm these findings.

REFERENCES

1. Whelton PK. Essential hypertension-therapeutic
implications of epidemiological risk estimation. J
Hypertension 1984;2:03-08.

284

10.

11.

12.

Ravi et al

Stamler J, Wentworth D, Neaton JD. Is the
relationship between serum cholesterol and risk
of premature death from coronary heart disease
continuous and graded? JAMA
1986;256;2823-8.

Cunha AR, Umbelino B, Correia ML, Neves MF.
Magnesium and vascular changes in hypertension.
Int J Hypertens 2012;2012:754250.

Junior RF, Silva VJD, Salgado HC. Modelos de
hipertensao arterial. Revista Brasileira de
Hipertensao 2001;8:19-29.

Touyz RM, Pu Q, He G, Chen X, Yao G, Neves
MF, et al. Effects of low dietary magnesium intake
on development of hypertension in stroke-prone
spontaneously hypertensive rats: role of reactive
oxygen species. J Hypertension 2002;20:2221-32.

Joffres MR, Reed DM, Yano K. Relationship of
magnesium intake and other dietary factors to
blood pressure: the honolulu heart study. Am J Clin
Nutr1987;45:469-75.

Iglarz M, Touyz RM, Amiri F, Lavoie MF, Diep
QN, Schiffrin EL. Effect of peroxisome
proliferator-activated receptor-alpha and -gamma
activators on vascular remodeling in endothelin-
dependent hypertension. Arterioscler Thromb Vasc
Biol 2003;23:45-51.

Kupetsky-Rincon EA, Uitto J. Magnesium: novel
applications in cardiovascular disease—a review
of the literature. Ann Nutr Metab 2012;61:102-10.

Khan AM , Sullivan L, McCabe E, Levy D, Vasan
RS, Wang TJ. Lack of association between serum
magnesium and the risks of hypertension and
cardiovascular disease. Am Heart J
2010;160:715-20.

Yamamoto ME, Applegate WB, Klag MJ, Borhani
NO, Cohen JD, Kirchner KA, etal. Lack of blood
pressure effect with calcium and magnesium
supplementation in adults with high-normal blood
pressure. Annals of epidemiology 1995;5: 96-107.

Singh RB, Rastogi V, Niaz MA, Sharma
JP, Raghuvanshi R, Moshira M. Epidemiological
study of magnesium status and risk
of hypertension in a rural population of
north India. Magnes Res 1996 ;9:173-81.

Williams GH, Braunwald E. Hypertensive vascular
disease. Harrison principles of internal medicine
1987;1.p.1024.



Serum magnesium in hypertension

13.

14.

15.

16.

17.

18.

Neil DW, Neeley RA. Colorimetric method for
determination of serum magnesium using titan
yellow (1956). Practical clinical biochemistry by
Harold Varley 4th Edition;1;481-2.

Rodriguez-Moran M, Guerrero-Romero F.
Hypomagnesemia and prehypertension in
otherwise healthy individuals. Eur J Intern
Med 2014;25:128-31.

Cunha AR, Medeiros F, Umbelino B, Oigman
W, Touyz RM, Neves MF. Altered vascular
structure and wave reflection in hypertensive
women with low magnesium levels. J Am Soc
Hypertens 2013;7:344-52.

Mabhalle N, Kulkarni MV, Naik SS. Is hypomagne-
saemia a coronary risk factor among Indians with
coronary artery disease? J Cardiovasc Dis
Res 2012;3:280-6.

Singh RB, Niaz MA, Moshiri M, Zheng G, ZhuS.
Magnesium status and risk of coronary artery
disease in rural and urban populations with
variable magnesium consumption. Magnes
Res. 1997;10:205-13.

Maier JA, Malpuech-Brugére C, Zimowska
W, Rayssiguier Y, Mazur A. Low magnesium
promotes endothelial cell dysfunction:
implications for atherosclerosis, inflammation and

285

19.

20.

21.

22.

23.

Ravi et al

thrombosis. Biochim Acta

2004,;1689:13-21.

Blache D, Devaux S, Joubert O, Loreau N,
Schneider M, Durand P, et al. Long-term moderate
magnesium-deficient diet shows relationships
between blood pressure, inflammation and oxidant
stress defense in aging rats. Free Radic Biol
Med 2006;41:277-84.

Kesteloot H, Joossens JV. Relationship of dietary
sodium, potassium, calcium, and magnesium with
blood pressure. Belgian Interuniversity Research
on Nutrition and Health. Hypertension
1988;12:594-9.

Joffres MR, Reed DM, Yano K. Relationship of
magnesium intake and other dietary factors to
blood pressure: the Honolulu heart study. Am J
Clin Nutr 1987;45:469-75.

Joosten MM, Gansevoort RT, Mukamal
KJ, Kootstra-Ros JE, Feskens EJ, Geleijnse JM, et
al. Urinary magnesium excretion and risk of
hypertension: the prevention of renal and vascular
end-stage disease study. Hypertension
2013;61:1161-7.

Abbot LG, Rude RK. Clinical manifestations of
magnesium deficiency. Miner Electrolyte Metab
1993;19;314-22.

Biophys



