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ELECTROCARDIOGRAPHIC STUDIES OF THE INHABITANTS 
IN HIGH FLUORIDE DISTRICTS 

by 

T. Takamori, S, Miyanaga, H, Kawahara, I. Okushi. M, Hirao and H, Wak.atsuki 
Tokushima, Japan 

(ReFocbced from the Tokushima Journal of :Experimental Medicine 3:50-53, 1956) 

In the Aao volcano districts of Kumamoto Prefecture, Japan, a dental 
disease occurs which is known locally as ''Yonaba", meaning "teeth affect.ed by 
volcano ash". Undoubtedly, this condition is identical with mottled teeth, irre­
spective of the cause. 

Since the reports of Smith, Lantz and Smith {1) and Churchill {2), we know 
that mottled enamel is usually caused by drinking water which contains fluorid.e 
in excess of 1 ppm, 

No systematic studies Ol\ how fluoride affects the cardiovascular system 
had appeared Fevious to Okushi1s report {3) from our department in 1954. 

The authors examined the inhabitants of a high fluoride area where a high 
inc:idence of mottled enamel was encOWlte:red, In 1953, electrocardiographic and 
X-ray exam.inatio.ns in Shionoe, Kagawa Prefecture, and in Odan.i. Okayama Pre­
fecture,revealed many instances of myocardial damage, cardiac hypertrophy and 
dilatation, In 1954 Okushi (4) published experimental data concerned with the ef­
fect of sodium fluoride upon the heart muscle of rabbits, This communication 
presents EKG observations on subjects residing in the Mt, Aso fluoride area. 

Method and Procedure 

In 1954 electrocardiograms were taken on 102 inhabitants ( 90 children and 
12 adults) of the Aso volcano district and 59 children in Beppu city, The examina-
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tions were carried out with standard limb and chest leads by means of the Sanborn 
electrocardiograph. 

fluoride content of drinking water was determined by the aluminum hema­
toxylin method (5). Kawahara' s (6, 7) classification of mottled enamel of the in­
habitants was adopted. 

. Results 

A) Electrocardiograms of Residents of the Aso Volcano District: 

1) Narikawa Village {Fluoride content of drinking water 0, 6 to 4, 4 ppm): 

Among 12 adults the following results were obtained: 

One case with a high degree of myocardial damage, with coronary insuf­
ficiency and mitral p wave; one case of multiple ventricular premature contrac­
tions with prolonged Q-T interval (Fig, 1); one case of nodal premature contrac­
tions, with nodal escape and coronary insufficiency (Fig, 2); one case of auricu­
lar fibrillation with multifocal ventricular premature contractions and coronary 
insufficiency (Fig. 3); one case of coronary insufficiency with prolonged Q-Tin­
terval; five cases with prolonged Q-T interval, In only two of the 12 cases with 
mottled teeth was a normal electrocardiogram obtained. 

Among 22 children, one case showed evidence of right ventricular strain 
with a high degree of cor onary insufficiency (Fig. 4); two showed ventricular 
strain; five prolonged Q-T interval. In 14 cases, the ECG was within normal 
limits, 

l) l<uronagare Village (Fluoride con:tent 1. 6 to 1, 9 ppm): 

Of 8 children, one case showed right: ventricular strain with coronary in­
sufficiency and p pulmonale pattern; one p~~t:ient had a right bun.dle branch block; 
one case, right ventricular strain. Five cases were within normal limits, 

3) lmamachi Village (Fluoride content of drinking water 5, 9 to 6, 2 ppm): 

Of five children, two cases showed a high degree of ventricular strain 
with coronary insufficiency; one a prolonged Q-T. Two cases were within normal 
limits, 

4) Onoda Village (Fluoride content 0, 5 to 0, 7 ppm): 
0 

Of three children, one case showed left ventricular extrasystoles with 
right ventricular strain and p pulmonale pattern, one case right ventricular strain 
with sinus tachycardia, In one case the EKG was within normal limits, 
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Samples of EKG Changes 

Fig. 1 

'0 79 Yrs, Narikawa (.F- in Water 0, 6 
to 4., 4 ppm), Mottling Enamel Ps§, 

I 

y 

v{:i:~ 
Multiple ventricular premature con­
tractions with prolonged Q-T interval. 

.Fig. 3 

~ 62 Yrs. ; Narikawa 

Marked myocardial damage; auri­
cular fibrillation, rnultifocal ven­
tricular premature contraction; 
coronary insufficiency. 

Fig, 2 

o 30 Yrs; Narikawa, Mottling P3 B3• 

J-.~ 1 • • 

I I • 
............ 

" . 
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Depressed ST2, ST3, Nodal prema­
ture contraction with nodal escape 
and coronary insufficiency. 

Fig, 4 
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4s .......... 

Right ventricular strain; coronary 
insufficiency, 
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S) Nak.a.dori Village (fluoride content o. 6 to o. 7 ppm): 

Of 4 children. one showed p:olonged Q-T interval. The other three elec­
trocardiograms were within normal limit•. 

6) Other villages of the Aso volca:no district, Y\U\0\I.ra, Dabaru, Hosen. 
Tamac:N. Yamada, Ogu.ra, l<urokawa a:nd Miyaji (fluoride content 0. 0 ppm): 

Of 45 children_ three showed a hi&fl degree of myocazdial damage; five, 
slight myocazdial damage. The remaining 37 were within nannallimitv. 

In the inhabitants of Aso volcano district, of 56 subjects with mottled 
teeth. 30 showed myocardial damage but, of 46 withou~ dental fluorosis, only 

aix had myocardial damage .• 

B) Electrocardiograms in Beppu city with practically no fluoride in drink­
ing water (0. 0 to 0. 1 ppm): 

Of 59 c:hildren, two sb.owed evidence of slight right ventricular strain; 

one exhibited a prolonged Q-T interval. The remaining 56 were within normal 

limits. 

Disc union 

The relation between the electrocardioenphic findings and the fluoride 
content of drinking water in the respective villages is shown in Table 1. 

Our studies indicate a higher incidence of myocardial damage in the high­
fluoride districts, namely 10 amon.g 12 in Narikawa village (0. 6 to 4. 4 ppm), and 

0 among 11 adults in fluoride-free Yunoura village (a> O. 01). It il also notewor­
thy that a s:ignific:antly higher incidence of myocardial damage in 1chool children 
occurred in hi.gh fluoride districts, namely 8 among 22 children in Narik.awa vil­

lage, than in nonfluoride districts such as Yunoura village (a> O. OS). 

A higher incidence of myocardial damage was also noted in inhabitants 
of the Aso volcano districts than in those of Beppu city (0. 0 to 0.1 ppn). Of 
102 inhabitants of the Aso volcano district; 36 cases had myocazdial damage1 
whereas of the 59 school children examined in Beppu city, only three were thus 
affected. 

The relation between myocardial damage and mottled enamel in the 102 
inhabitants of the Aso volcano district is shown in Table 2. 

Our r esults further indicate that the majority of resident. with myocar­

dial damage also have mottled teeth (a> 0. 01). Conversely, among those with­
out mottled teeth, the negative EKG finding. outnumber those with myocardial 
damage (a:> o. OS). 
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TABLE 1 

The Relation between the Electrocardiographic Readings and the 

fluoride Content of the Drinking Water 

E. C, G. 

No. within Degree of myocar- fluoride 

VilLage of normal dial damage in ppm 

cases limits I u m 

Adults Narikawa 1 2 "2 5 1 4 o. 6 to 4. 4 
Narikawa 22 14 5 2 1 

Yunow:a 11 ll o. o 

Oabazu 2 2 
Hoe en 1 1 
Tamachi 1 1 
Onoda 3 1 1 1 o. 5 too. 7 

Children Kuronagare 8 5 1 2 1. 6 to 1, 9 

Imamachi 5 2 1 2 5, 9 to 6, 2 

Yamada 16 12 3 1 0, 0 

Ogura 2 1 1 o. o 

Nakadori 4 3 1 0. 6 to 0. 7 

Kurokawa 6 4 1 1 

Miyaji 6 5 1 
Beppu City 59 56 2 1 0, 0 to 0. 1 

TABLE 2 

The Relation between Myocardial Damage and Mottled Teeth 

(+) 
(-) 

Total 

Mottled 
teeth 

( +) (-) Total 

30 
26 
56 

6 
40 
46 

36 
66 

102 
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Con.clusion 

1) In the Aso-volcano district, a higher incidence of myocardial damage 
based on electrocardiographic studies was found in inhabitants of high fluoride 
communities than in "non.fluoride" villages. 

2) In subjects with mottled teeth, greater myocardial damage was en­
countered electrocardiographically than in persons without mottling in the Aso­
volcano district. 

3) The authors conclude that the myocardial damage observed in the in­
habitants of the Aso-volcanic district is p:x-edominantly du.e to the excessive 
fluoride content of the drinking water. 
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Co=ections: 

Volume 4, pages 5-15: 
In the a.rticle by Drs. Buck and Reusmann "A New Se.miautomatic Method for 
fluoride Determination in Plant and Air Samples", the names of two co-authors, 
Dr. Jxfeld and Mr. Pallasch, who collaborated in the development of the appara­
tus illustrated, were inadvertently omitted. Herewith,we wish to acknowledge 
their co-authorship. 

Drs. M. Buck and G, Reusmann 

Volume 4, page 105: 
The editorial cited the article by G, A, Posen, J, R. Marier et a1. as documen­
tation for four deaths in Ottawa, Canada. The reference should have been "New 
Facts on fluoridation" Saturday Review, March 1, 1969, page 54. 

In the following sentence the word "probably" should be substituted for 
"considered" so that it reads: "flu.oridated water for hemodialysis was probably 
the cause of death." 
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