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Relationship between Body Mass Index and Minerals
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Abstract
In order to examine possible relationship between minerals and body mass index (BMI), we measured hair concentrations of 24 bio-elements including essential minerals and toxic metals in over 1500 male Japanese adults aged 20-60 years.
Several essential minerals were found to be significantly high and positively or inversely correlated to BMI. The best
BMI-correlated element was potassium (K) with the highest regression coefficient of r = 0.240, followed by mercury (Hg)
(r = 0.207), molybdenum (Mo) (r = 0.202), sodium (Na) (r = 0.170), boron (B) (r = 0.144), selenium (Se) (r = 0.138) and
aluminum (Al) (r = 0.131) with the p-value of p <0.0000 for every element. Using the regression line of BMI = 2.23 Log
Hg + 14.95 obtained, a 10-fold increase in mercury level was estimated to associate with a 2.2-point increment in BMI.
The most inverse-correlated mineral to BMI was magnesium (Mg) (r = -0.264), followed by calcium (Ca) (r = -0.248) and
zinc (Zn) (r = -0.166, p < 0.0000), which are representative competitive bio-elements against mercury.
These findings suggest possibility that some minerals contribute to regulation of BMI, and higher dietary mercury intake is associated with the increase of BMI in male Japanese adults. Dietary intake of the competitive minerals against
mercury, such as Mg, Ca and Zn, may be useful for controlling human body weights.
Keywords : body mass index, mercury, magnesium, calcium, zinc, mineralomics

Introduction
For the last several years, we have been measuring
scalp hair mineral concentrations in near 40 thousand
people ranging from infant to elderly, in order to assess
the relationship between minerals and physical or mental
disorder. In previous study on hair toxic metal levels in a
total of 5846 Japanese, we reported that there are two
types in accumulation profile of toxic metals, and that infants and children are under high exposure to the 3 toxic
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metals such as lead, cadmium and aluminum [1].
Mercury, especially organic methylmercury is well
known to accumulate in kidney, liver and fat-rich tissues
like brain and adipose tissue, and to show age-dependent
increase in Japanese adults [1-3]. This toxic metal is well
known to not only inhibit various enzymatic reactions
and metabolic processes but also enhance lipid peroxidation, progression of atherosclerosis, and the risk of myocardial infarction [4-7], and Minamata disease [8].
The purpose of this study was to examine possible role
of toxic metals and essential minerals in obesity, which is
the key risk factor of cardiovascular diseases and metabolic syndromes. In this study, 24 minerals in hair were
determined in over 1500 of male Japanese adults aged 20
-60 years, and the relationship between the mineral status
“mineralome” and body mass index (BMI) was examined.
Materials and Methods
Materials
Scalp hair samples (about 0.2 g) were collected on the
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Table 1

basis of informed consent from 1552 male subjects aged
20-60 years old in the Tokyo metropolitan district, and
used for mineral analysis. All of the data obtained are
held secure in such a form as to ensure anonymity.
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Hair mineral analysis
Hair sample of 75 mg was weighed into 50ml plastic
tube, and washed twice with acetone and then with
0.01% Triton solution, in accordance with the procedures
recommended by the Hair Analysis Standardization
Board [9]. The washed hair sample was mixed with 10
ml of 6.25% tetramethylammonium hydroxide (TMAH,
Tama Chemical) and 50 μl of 0.1% gold solution (SPEX
Certi Prep.), and then dissolved at 75 ℃ by shaking for 2
hours. After cooling the solution to room temperature
and adjusting its volume gravimetric, the obtained solution was used for mineral analysis. The mineral concentrations were measured with inductively coupled plasma
mass spectrometry (ICP-MS ; Agilent-7500i and 7500c)
[10], and were expressed as ng/g hair (ppb) or μg/g
(ppm).
Body mass index
Body mass index (BMI) was calculated by dividing
body weight (kg) by height (m) squared, using those selfreported values written in the questionnaires.
Statistical analysis
The hair mineral levels were distributed in lognormal
manner, and so the geometric rather than arithmetic
means were used as representative of hair mineral levels.
For statistical analysis, the values of mineral levels were
converted to the logarithm. Statistical significance was
determined using the Welch’s t-test.
Results
Twenty-four mineral concentrations in the hair of
1552 male Japanese adults aged 20-60 years were measured with ICP-MS (Table 1), and the association between
their body mass index (BMI) and hair bio-element levels
was examined. The representative scattered plots exhibiting the relationship between BMI and the two minerals
with the highest positive or inverse regression coefficient
are shown in Fig. 1 and Fig. 2. The results of regression
analysis between BMI and each of the 24 elements examined are shown in Table 2. The most correlated mineral
to BMI with the highest regression coefficient was potassium (K ; r = 0.240), followed by mercury (Hg ; r =
0.207), molybdenum (Mo ; r = 0.202), sodium (Na ; r =
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Hair mineral levels in male Japanese adults#.
㪟㪸㫀㫉㩷㫄㫀㫅㪼㫉㪸㫃㩷㫃㪼㫍㪼㫃
㪞㪼㫆㫄㪼㪸㫅
㪤㫀㫅㫀㫄㫌㫄
㪤㪸㫏㫀㫄㫌㫄
㪉㪎㪃㪊㪐㪌
㪏㪈㪍
㪈㪃㪋㪍㪈㪃㪇㪇㪇
㪉㪉㪃㪇㪏㪉
㪊㪌㪎
㪋㪎㪉㪃㪇㪇㪇
㪌㪇㪃㪉㪇㪍
㪋㪃㪌㪍㪎
㪈㪃㪇㪎㪎㪃㪇㪇㪇
㪋㪉㪋㪃㪇㪎㪎
㪍㪋㪃㪉㪎㪇
㪎㪃㪋㪊㪋㪃㪇㪇㪇
㪈㪉㪉
㪈
㪌㪃㪌㪌㪌
㪊㪉
㪌
㪋㪇㪉
㪈㪉㪏
㪐
㪋㪐㪃㪍㪐㪇
㪌㪃㪎㪐㪍
㪈㪃㪍㪋㪋
㪈㪃㪌㪌㪇㪃㪇㪇㪇
㪉㪇㪃㪊㪐㪇
㪌㪃㪍㪋㪐
㪌㪎㪌㪃㪐㪇㪇
㪈㪊㪐㪃㪈㪎㪌
㪋㪋㪃㪉㪐㪇
㪐㪈㪈㪃㪎㪇㪇
㪈㪌㪉㪃㪌㪐㪊
㪍㪎㪃㪏㪇㪇
㪎㪋㪊㪃㪍㪇㪇
㪌㪎㪍
㪊㪋
㪍㪋㪃㪇㪐㪇
㪉㪈
㪇㪅㪍
㪈㪃㪇㪏㪋
㪈㪌
㪇㪅㪊
㪋㪃㪏㪈㪉
㪉㪉㪌
㪎
㪎㪃㪐㪌㪊
㪊㪏㪊
㪈㪊
㪈㪍㪃㪌㪌㪇
㪐㪉
㪊㪏
㪈㪏㪃㪍㪏㪇
㪊㪃㪌㪌㪋
㪌㪇
㪈㪃㪈㪐㪋㪃㪇㪇㪇
㪋㪉㪏
㪏
㪉㪈㪌㪃㪐㪋㪇
㪈㪊
㪇㪅㪉
㪈㪃㪊㪌㪐
㪋㪃㪈㪌㪊
㪌㪊
㪋㪐㪃㪈㪍㪇
㪊㪃㪎㪇㪊
㪋㪋
㪈㪉㪊㪃㪍㪇㪇
㪌㪋㪇
㪊㪎
㪉㪏㪃㪈㪍㪇
㪋㪍
㪉
㪈㪃㪉㪐㪇

(Unit : ppb)
#

The geomean values were calculated from the data of
male Japanese adults aged 20-60 years (N = 1552).
0.170), boron (B ; r = 0.144), selenium (Se ; r = 0.138),
and aluminum (Al ; r = 0.131), with the low p-value of p
<0.0000 for every element. Arsenic (As) and phosphorus
(P) also tended to be positive-correlated with BMI (p <
0.01). In contrast, the most inverse-related mineral to

Fig. 1

Relationship between body mass index and hair
potassium level in male Japanese adults. The abscissa is expressed the logarithmic value of hair
potassium concentration. The regression equation was obtained from the data of 1552 male
Japanese adults.
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Fig. 2

Biomed Res Trace Elements 17(3) : 316−321, 2006

Relationship between body mass index and hair
magnesium level in male Japanese adults. The
abscissa is expressed the logarithmic value of
hair magnesium concentration. The regression
equation was obtained from the data of 1552
male Japanese adults.

BMI was magnesium (Mg ; r = -0.264), and the followings were calcium (Ca ; r = -0.248), and zinc (Zn ; r = 0.166), with p <0.0000 for every element.
The regression line between BMI and mercury or zinc
was calculated BMI = 2.23 Log Hg + 14.95 or BMI = 4.27 Log Zn + 44.98, respectively (Fig. 3 A and B). Using these regression lines, we estimated a 2.2 BMI increment associated with an increase in concurrent hair mercury levels from 1.0 to 10 ppm, and a 2.1 BMI decrement
associated with an increase in the zinc levels from 100 to
330 ppm.
These results indicate that the persons with high BMI
values have some mineral imbalance in the body, namely
high mono-valence electrolyte levels and/or low divalence electrolyte levels, and also high mercury levels
and/or low zinc levels.
Discussion
Hair mineral analysis has been used in forensic medicine, in screening populations for toxic metal poisoning
and in monitoring environmental pollutants [11-13]. Furthermore, its diagnostic use for individual disease and
symptom has been tried, but remains to be confirmed scientifically [14]. Our previous studies clarified that hair
levels of some toxic metals such as lead, cadmium and
aluminum are extraordinarily high in infants and children
[1], and also that autistic children are suffered from a
global mineral deficiency in various essential trace elements [10].
Body-mass index (the weight in kilograms divided by
the square of the height in meters) is known to be associated with overall mortality. Especially, a high BMI is a
high risk factor, and is reported to be one of the most

Fig. 3

Relationship between body mass index and hair
mercury (3A) or zinc level (3B) in male Japanese adults. The abscissa is expressed the logarithmic value of hair mercury or zinc concentration. The regression equation was obtained from
the data of 1552 male Japanese adults.

predictive of death from cardiovascular disease in men
(relative risk, 2.90) [15]. Therefore, in this study the association between the main risk factor BMI and minerals
were examined.
This paper demonstrated that there are high-significant,
positive or negative relationships between BMI and the
four principal electrolyte levels in hair (Fig. 1, 2 and Table 2). Mono-cation electrolytes, potassium and sodium,
were high-significantly correlated positively to the BMI
value. In contrast, di-cation electrolytes, magnesium and
calcium, correlated inversely with BMI value ; the
higher these element levels, the lower BMI value. These
findings suggest the possibility that these four electrolytes play a pivotal role in controlling the body weight
and BMI, and low dietary intake of Mg and Ca may lead
to increase BMI.
It is well accepted that magnesium ion, Mg2+, is essential for myriad biochemical processes and regulates various Ca2+ -induced physiological responses. Cardiovascular system is modulated by mineral balance of Ca/Mg
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Table 2
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and Na/K and the disorder of mineral homeostasis relates
to the pathogenesis of hypertension and arteriosclerosis.
Furthermore, dietary Ca/Mg intake ratio has been reported to relate to the incidence of heart attack events,
and a decreased risk for cardiovascular diseases reported
to relate to the hardness of drinking water, particularly to
its magnesium contents [16-18]. In addition, hypomagnesemia is reported to be common in hospitalized
patients, especially in elderly patients with coronary artery disease (CAD) and/or those with chronic heart failure, and is associated with increased mortality from CAD
[19-21].
Shechter et al. [19,20] demonstrated the therapeutic effect of oral magnesium supplementation in double blind
clinical study. Witte et al [22,23] reported that long-term
multiple micronutrient supplementation can improve LV
volumes and LVEF and QOL scores in elderly patients
with heart failure due to LV systolic dysfunction. Dairy
higher-calcium diet is also reported to attenuate weight
gain and accelerate fat loss to a greater degree than do
supplemental sources of calcium [24]. Higher dietary calcium intake is known to inhibit lipogenesis and promote
lipolysis, lipid oxidation and thermogenesis. Thus, evidence is accumulating that a strategy of long-term micronutrient supplementation might improve symptoms and
cardiac function in elderly patients with chronic heart
failure [22,23].
Wang et al. [14] recently reported that Ca, Mg, Fe and
Zn concentrations in hair from adult females are in-
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versely related to BMI, whereas Cu, K and Na are positively related to BMI. Their findings are almost coincident with those of our study, although in our study with
male adults no significant correlation was observed between BMI and Fe or Cu.
In the toxic metals measured, mercury exhibited a high
-significant correlation to BMI value with the regression
coefficient of r = 0.207 (BMI = 2.23 Log Hg + 14.95 ; p
< 0.0000) (Fig.3A), and followed by aluminum, arsenic
and lead (Table 2). Using this regression line, a 10-fold
increase in hair mercury level was estimated to associate
with a 2.2-point increment in BMI. Mercury is considered to be toxic at any level in the body, and at high concentrations causes liver and kidney damage and also neurological symptoms/disorders [8]. In addition, this toxic
metal is well known to not only inhibit various enzymatic reactions and metabolic processes including lipid
metabolism but also enhance lipid peroxidation, progression of atherosclerosis and the risk of myocardial infarction [5-7]. Much of mercury accumulated in body is derived from dental amalgam fillings [25,26] and dietary
intake of Hg-contaminated food, for example, fishes (especially large fishes) and shellfishes [2,4]. Salonen et al.
[4,5] reported that a high intake of mercury from nonfatty freshwater fish and the consequent accumulation of
mercury in the body is associated with an increased risk
of acute myocardial infarction. This increased risk has
been proposed to be due to the promotion of lipid peroxidation by mercury [4].
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It is noted that zinc, a representative competitor element against mercury, is negatively correlated to BMI
(BMI = -4.27 Log Zn + 44.98) in contrast to mercury
(Fig. 3B). The estimated BMI increment associated with
an increase in hair mercury level from 1 to 10 ppm was
2.2-point. While, associated with an increase in the zinc
from 100 to 330 ppm, a 2.1 BMI decrement was estimated. These findings suggest the possibility that the intake of mercury induces an increase in BMI, and the intake of appropriate amount of zinc leads to improve the
increased BMI.
Conclusions
In this study, a high-significant and positive or inverse
relationship between BMI and some essential minerals
was demonstrated in male Japanese adults. In addition,
mercury was found to positively correlate to BMI values,
and a 10-fold increase in mercury level was estimated to
associate with a 2.2-point increment in BMI. These findings suggest that the body weight of male Japanese is
partly regulated by electrolytes, trace bio-elements and
their balance in body, and also affected by dietary and/or
environmental mercury intake. Thus, it is noted that welladjusted balance of body minerals and a sustaining balance of the mineral levels are effective for controlling individual body weight and for maintaining health.
Hair mineral analysis provides global information of
“mineralomics” about the deficiency/excess profile of
multiple bio-elements that contribute to various physiological and/or adverse events in the human body, and
therefore is useful for health and risk assessment.
Acknowledgements
The authors sincerely appreciate Earle T. Okumura for
his reviewing this manuscript.
References
1) Yasuda H, Yonashiro T, Yoshida K, Ishii T, Tsutsui
T. High toxic metal levels in scalp hairs of infants
and children. Biomed Res Trace Elem 16 : 39-45,
2005.
2) Yasutake A, Matsumoto M, Yamaguchi M, Hachiya
N. Current hair mercury levels in Japanese : Survey
in five districts. Tohoku J Exp Med 199 : 161-169,
2003.
3) Yonei Y, Mizuno Y, Kido M, Kaku L, Yasuda H.
Research on toxic metal levels in scalp hair of Japanese. Anti-Aging Med Res 2 : 11-20, 2005.
4) Salonen J, Seppanen K, Nyyssonen K et al. Intake

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

of mercury from fish, lipid peroxidation, and the
risk of myocardial infarction and coronary, cardiovascular, and any death in eastern Finnish men. Circulation 91 : 645-655, 1995.
Salonen JT, Seppanen K, LakkaTA, Salonen R,
Kaplan GA. Mercury accumulation and accelerated
progression of carotid atherosclerosis : a population
-based prospective 4-year follow-up study in men in
eastern Finland. Atherosclerosis 148 : 265-273,
2000.
Virtanen JK, Voutilainen S, Rissanen TH, Mursu J
et al. Mercury, fish oils, and risk of acute coronary
events and cardiovascular disease, coronary heart
disease, and all-cause mortality in men in eastern
Finland. Arterioscler Thromb Vasc Biol 25 : 228233, 2005.
Guallar E, Sanz-Gallardo MI, van’t Veer P, Bode P
et al. Mercury, fish oils, and the risk of myocardial
infarction. N Engl J Med 347 : 1747-1754, 2002.
Harada M. Minamata disease : methylmercury poisoning in Japan caused by environmental pollution.
Crit Rev Toxicol 25 : 1-24, 1995.
Cranton EM, Bland JS, Chatt A, Krakovitz R,
Wright JV. Standardization and interpretation of human hair for elemental concentrations, J Holistic
Med 4 : 10-20, 1982.
Yasuda H, Yonashiro T, Yoshida K, Ishii T, Tsutsui
T. Mineral imbalance in children with autistic disorders. Biomed Res Trace Elem 16 : 285-291, 2005.
Batzevich VA. Hair trace element analysis in human
ecology studies. Sci Total Environ 164 : 89-98,
1995.
Chlopicka J, Zachwieja Z, Zagrodzki P, Frydrych J,
Slota P, Krosniak M : Lead and cadmium in the
hair and blood of children from a highly industrial
area in Poland. Biol Trace Elem Res 62 : 229-234,
1998.
Samanta G, Sharma R, Roychowdhury T, Chakraborti D : Arsenic and other elements in hair, nails,
and skin-scales of arsenic victims in West Bengal,
India. Sci Total Environ 326 : 33-47, 2004.
Wang CT, Chang WT, Zeng WF, Lin CH. Concentrations of calcium, copper, iron, magnesium, potassium, sodium, and zinc in adult female hair with different body mass indexes in Taiwan. Clin Chem
Lab Med 43 : 389-393, 2005.
Calle EE, Thun MJ, Petrelli JM, Rodriguez C,
Heath CW Jr. Body-mass index and mortality in a
prospective cohort of U.S. adults. N Engl J Med

Relationship between Body Mass Index and Minerals

341 : 1097-1105, 1999.
16) Karppanen H, Pennanen R, Passinen L. Minerals,
coronary heart disease and sudden coronary death.
Adv Cardiol 25 : 9-24, 1978.
17) Ma J, Folsom AR, Melnick SL, Eckfeldt JH, Sharrett AR et al. Association of serum and dietary magnesium with cardiovascular disease, hypertension,
diabetes, insulin, and carotid arterial wall thickness :
the ARIC study. J Clin Epidemiol 48 : 927-940,
1995.
18) MacPherson A, Bacso J. Relationship of hair calcium concentration to incidence of coronary heart
disease. Sci Total Environ 255. 11-19, 2000.
19) Schechter M, Bairey Merz CN, Stuehlinger HG,
Slany J, Pachinger O, Rabinowitz B. Effects of oral
magnesium therapy on exercise tolerance, exerciseinduced chest pain, and quality of life in patients
with coronary artery disease. Am J Cardiol 91 : 517
-521, 2003.
20) Shechter M. Does magnesium have a role in the
treatment of patients with coronary artery disease?
Am J Cardiovasc Drugs 3 : 231-239, 2003.
21) Forlani S, Moscarelli M, Scafuri A, Pellegrino A,

22)

23)

24)

25)

26)

321

Chiariello L. Combination therapy for prevention of
atrial fibrillation after coronary artery bypass surgery : a randomized trial of sotalol and magnesium.
Card Electrophysiol Rev 7 : 168-171, 2003.
Witte KK, Nikitin NP, Parker AC, von Haehling S,
Volk HD, Anker SD, Clark AL, Cleland JG. The effect of micronutrient supplementation on quality-oflife and left ventricular function in elderly patients
with chronic heart failure. Eur Heart J 26 : 22382244, 2005.
Witte KK, Clark AL. Chronic heart failure and multiple micronutrient supplementation : realistic hope
or idealistic conjecture? Heart Fail Monit 4 : 123129, 2005.
Zemel MB. Role of calcium and dairy products in
energy partitioning and weight management. Am J
Clin Nutr 79 : 907S-912S, 2004.
Lenihan J, Smith H, Harvey W et al. Mercury hazards in dental practice. Br Dent J 135 : 365-396,
1973.
Mattila K, Nieminen M, Valtonen V et al. Association between dental health and acute myocardial infarction. Br Med J 298 : 779-781, 1989.

