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[Abstract] Objective: To observe the electrocardiogram (ECG) changes in the population living
in the region with coal-burning-borne endemic fluorosis (EF for short) after comprehensive controls.
Methods: People living in a region with coal-burning-borne EF in Bijie City of Guizhou Province
were selected and then divided into 4 groups according to the severity of fluorosis and the duration of
the comprehensive controls in 2011: group of mild fluorosis + short duration (52 subjects from Shadi
Village), group of mild fluorosis + long duration (58 subjects from Xiaba Village), group of serious
fluorosis + short duration (52 subjects from Maoliping Village), and group of serious fluorosis + long
duration (60 subjects from Zhongtun Village); persons living in a fluorosis-free region (57 subjects
from Shawenxin Village) of Guiyang City were chosen as controls. A synchronous ECG device was
used to observe ECGs of the population. Results: In contrast with fluorosis-free controls [47.4%
(27/57)], the rate of abnormal ECG for the group of serious fluorosis + short duration [71.2% (37/52)]
and the group of serious fluorosis + long duration [66.7% (40/60)] was significantly increased (y°
values were 6.346 and 4.448 respectively; P < 0.05 for both groups) while the rate of abnormal ECG
for the group of mild fluorosis + short duration [61.5% (32/52)] and the group of mild fluorosis + long
duration [56.9% (33/58)] did not differ significantly (3 values were 2.199 and 1.046 respectively; P>
0.05 for both groups); the difference regarding abnormal ECG rate in populations in groups of the
same fluorosis severity and different durations was of no statistical significance (x2 values were 0.244
and 0.261 respectively for groups of mild fluorosis and groups of serious fluorosis; P > 0.05 for all
groups). Conclusions: The population living in the region with serious EF had a higher rate of
abnormal ECG, and the rate of abnormal ECG did not drop significantly after a definite duration of
comprehensive controls.
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Guizhou Province is a region with serious endemic fluorosis (EF for short) associated with
pollution caused by coal-burning. Related previous researches showed that EF may cause abnormal
ECG changes in the population living in the endemic fluorosis region ™ In order to understand
whether the cardiac impairment of the population living in the EF region had been reduced after
comprehensive controls such as the modification of kitchen stoves and health education and to select
the indexes for evaluating the health improvement of the above population after the aforesaid
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comprehensive controls, the authors made related investigations in 2011 in the population living in a
typical region with coal-burning-borne endemic fluorosis in Bijie City, and now the results are
reported as follows.

1 Subjects and methods

1.1 Subjects under observation: 222 persons were chosen as subjects under observations from the
population living in the typical region with coal-burning-borne endemic fluorosis in Bijie City of
Guizhou Province, and those subjects were divided into 4 groups according to the incidence of their
dental fluorosis and the duration of the comprehensive controls: group of mild fluorosis + short
duration (52 subjects from Shadi Village), group of mild fluorosis + long duration (58 subjects from
Xiaba Village), group of serious fluorosis + short duration (52 subjects from Maoliping Village), and
group of serious fluorosis + long duration (60 subjects from Zhongtun Village); persons living in a
fluorosis-free region and having the same life habits as the subjects in the above 4 groups (57 subjects
from Shawenxin Village of Guiyang City) were chosen as controls. The mean age for subjects in the
above 5 groups was (52.9 £ 13.6) years old, (47.6 £ 21.5) years old, (55.1 + 18.7) years old, (46.8 +
10.9) years old and (53.9 £ 14.4) years old respectively. For Shadi Village as a region with mild
fluorosis, the detection rate of dental fluorosis was 79% and the duration of the comprehensive
controls (the modification of kitchen stoves) was less than a year; for Xiaba Village as a region with
mild fluorosis, the detection rate of dental fluorosis was 82% and the duration of the comprehensive
controls (the modification of kitchen stoves) was over 3 years; for Maoliping Village as a region with
serious fluorosis, the detection rate of dental fluorosis was 91% and the duration of the comprehensive
controls (the modification of kitchen stoves) was less than a year; for Zhongtun Village as a region
with serious fluorosis, the detection rate of dental fluorosis was 90% and the duration of the
comprehensive controls (the modification of kitchen stoves) was over 3 years.

1.2 ECG examination: ECG was taken using model FcP-2155 3-channel synchronous ECG device
made by Beijing Foton Company and 12 routine leads. Subjects assumed a resting supine position to
undergo ECG examination and their ECGs were measured, analyzed and diagnosed by senior clinical
electrocardiographic physicians.

1.3 Statistical analyses: Statistical software SPSS 11.5 was utilized. The comparison between groups
was verified with Xz test, and the difference would be regarded as statistically significant when P <
0.05.

2 Results

2.1 Results of ECG examinations: The chief manifestations of abnormal ECG for subjects under
observation included sinus bradycardia (SB), sinus tachycardia (ST), bundle-branch block, T-wave
change, high voltage of left ventricle, premature systole (premature beat), ST-T change, low voltage,
ECG axis abnormality, and short PR syndrome etc. In contrast with fluorosis-free controls, the rate of
abnormal ECG for the group of serious fluorosis + short duration and the group of serious fluorosis +
long duration was significantly increased (x> values were 6.346 and 4.448 respectively; P < 0.05 for
both groups) while the rate of abnormal ECG for the group of mild fluorosis + short duration and the
group of mild fluorosis + long duration did not differ significantly (X2 values were 2.199 and 1.046
respectively; P> 0.05 for both groups). The difference regarding abnormal ECG rate in populations in
groups of the same fluorosis severity and different durations was of no statistical significance (y°
values were 0.244 and 0.261 respectively for groups of mild fluorosis and groups of serious fluorosis;
P > 0.05 for all groups). The results of ECG examinations are shown in Table 1.

2.2 Comparisons between male subjects and female subjects in the endemic fluorosis region regarding
abnormal ECG: The difference regarding the rate of abnormal ECG in male subjects and female
subjects in group of serious fluorosis + short duration was of statistical significance (x*= 5.053, P <
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0.05), as shown in Table 2.

Table 1 Detection results of manifestations of abnormal ECG in subjects in 5 groups [n, percentage (%)]
Group of mild Group of mild Group of serious Group of serious Fluorosis-free
Abnormal ECG fluorosis + short fluorosis + long fluorosis + short fluorosis + long control group
duration (n = 52) duration (n=58) duration (n = 52) duration (n = 60) (n=57)
SB 2(3.8) 3(52) 3(5.8) 5(8.3) 2(3.5)
ST 6 (11.5) 2(3.4) 2(3.8) 3(5.0) 2(3.5)
Bundlebranch block 2(3.8) 2(3.4) 2(3.8) 3(5.0) 3(5.3)
T-wave change 1(1.9) 2(3.4) 3(5.8) 0 (0.0) 3(5.3)
High voltage oteft 2(3.8) 6 (10.3) 8(15.4) 9 (15.0) 1(1.8)
ventricle
Premature beat 2(3.8) 1(1.7) 0 (0.0) 6 (10.0) 5(8.8)
ST-T change 6 (11.5) 6 (10.3) 6 (11.5) 8(13.3) 2(3.5)
Low voltage 2(3.8) 7(12.1) 4(7.7) 3(5.0) 4(7.0)
ECG axis abnormality 2(3.8) 3(5.2) 6 (11.5) 1(1.7) 3(5.3)
Short PR syndrome 7(13.5) 1(1.7) 3(5.8) 2(3.3) 2(3.5)
Total 32(61.5) 33 (56.9) 37(71.2) 40 (66.7) 27 (47.4)
Note: SB refers to sinus bradycardia; ST refers to sinus tachycardia; premature beat refers to premature systole

Table 2 Relationship between the rate of abnormal ECG and gender in the groups [with endemic fluorosis]
Group Sex Subjects examined| Subjects having abnormal ECG Rate of abnormal ECG (%)
Mild fluorosis + short Male 11 4 36.4
duration Female 41 16 39.0
Mild fluorosis + long Male 18 8 44.5
duration Female 40 17 42.5
Serious fluorosis + Male 15 1 6.7
short duration Female 37 14 37.8%
Serious fluorosis + long Male 25 7 28.0
duration Female 34 13 38.2
Note: For the comparison regarding the different sexual definitions in the same group, 2P <0.05.

3 Discussion

Guizhou Province is the region with the most serious coal-burning-borne endemic fluorosis in
China, which may be attributed to the unhealthy life habits of residents in such endemic region such as
warming themselves by an open fire formed by burning coal and eating cereals and chili peppers
baked over the burning coal. In order to speed up the control of endemic fluorosis, recently Guizhou
Province widely implemented intervening measures for comprehensive prevention and control in the
regions with endemic fluorosis in the province, using the special funds appropriated by the central and
Guizhou provincial governments ] The specific comprehensive intervening measures included the
modification of kitchen stoves, health education and enhancing residents’ health awareness. The
aforesaid measures made the level of fluorine in the indoor air drop below the accepted concentration
stipulated by related national regulations and remarkably reduced the content of fluorine in foods,
which greatly reduced the occurrence olvrfeuorosis cases and remitted the disease of patients with
endemic fluorosi§ .

Fluorides are absorbed into the blood via the alimentary and respiratory tracts, then they bind with
proteins in plasma to interrupt the tricarboxylic acid cycle to redumnosine triphosphate (ATP)
genesis, leading to the disorder of energy metabdfisrm addition, myocardial cells are highly
sensitive to disorder of energy metabolism and the accumulation of citric acid may cause direct
injuries to the myocardium, tis fluorosis may lead to myocardial injury. Additionally, fluorine may
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bind with calcium and magnesium in blood to cause metabolic disorder of calcium and magnesium
which in turn would lead to the abnormality of ventricular muscular conduction and attorbigy.

FANG Jianping et al ¥ found that the occupational exposure to fluorides was associated with a
higher rate of abnormal ECG, and the difference was of statistical significance as compared with the
control group; the manifestations included arhmyia, incomplete bundibranch block, hypertrophy

of left ventricle, high voltage of left ventricle and low voltage over limb leads etc.

Our investigations revealed that the chief manifestation of abnormal ECG in the population under
observation included B5 ST, bundlebranch block, Twave change, high voltage of left ventricle,
premature beat, ST change, low voltage, abnormal ECG axis and short PR syndrome etc., of which
high voltage of left ventricle, premature beat andTSdhange were more remarkahlie contrast with
subjects from the fluorosisee control group, subjects in two groups with serious endemic fluorosis
had significantly increased rate of abnormal EGG<(0.05 for both groups) while subjects in two
groups with mild fluorosis did not dér significantly [regarding this index]P(> 0.05 for both
groups), indicating that the lorigrm uptake of excessive fluorides by the population living in the
region with serious endemic fluorosis may cause changes of cardiac function, leading to such
pathological changes as the compensative hypertrophy of left ventricle and myocardial ischemia.

The comparison between groups with the same severity of fluorosis and different durations of
comprehensive controls did not reveal a statistically significaferdifice P > 0.05 for both groups),
suggesting that the duration of comprehensive controls selected in the current observations was not
long enough to improve the cardiac function of the population living in the region with serious
fluorosis. As to the rationship between the sexual definition and the rate of abnormal ECG, the
significant difference was revealed only in subjects in the group of serious fluorosis + short duration,
and the cause remains to be determined.

Results of the current observatiorembnstrated that in contrast with subjects from the fluorosis
free region, subjects from the region with serious -toghingborne endemic fluorosis experienced
certain abnormal changes of cardiac function; the duration of the comprehensive contridd $elec
the current observation was not long enough to reduce the rate of abnormal ECG in the population
living in the region with serious endemic fluorosis. Further researches will be needed for making clear
whether the routine ECG examination may be useth index to assess the healthy improvement of
the population living in a region with endemic fluorosis after comprehensive controls.

References

[1] CHEN Pei-zhong, YUN Zhong-jie, BIAN Jian-chao et el. Investigations on the current situation of
prevention and control of endemic fluorosis in the southwest region of Shandong Province in 2007
[J]. Chinese Journal of Endemiology, 2010, 29(2): 186-189.

[2] HE Ping, AN Dong, LI Da-sheng ef al. Analyses on the results of baseline investigation for the
comprehensive prevention and control and intervention of endemic fluorosis in Guizhou Province
[J]. Chinese Journal of Endemiology, 2007, 26(6): 682-685.

[3] GU Ming-hong, ZHU Chen-kai, LI Yi-bin et al. Observations on the result of the comprehensive
prevention and control of coal-burning-borne endemic fluorosis [C]. The Seventh [National
Academic Meeting of Fluorosis and Arseniasis] held by Society of Endemiology of Chinese
Medical Association and The Third National Academic Meeting of Fluorosis and Arseniasis held by
Committee of Fluorosis and Arseniasis of Chinese Association of Endemic Diseases, Harbin:
Periodical Office of Chinese Journal of Endemiology, 2005: 109-113.

[4] DUAN Qing-hong, CHEN Xu-guang, HU Jian et al. The effect of the modification of kitchen
stoves on skeletal fluorosis in the region with coal-burning-borne endemic fluorosis in Bijie City of

Translated from Chinege English by TransPerfect Translatio2913
Courtesy of Fluoride Action Network



CHINESE JOURNAL OF ENDEMIOLOGY

Guizhou Province [J]. Chinese Journal of Endemiology, 2013, 32(2): 189-191.

[5] FAN Zhongxue, LI Yue, Ll Xiao-gian et al. Analyses on the result of monitoring over coal
burningborne fluorosis in Shaanxi Province in 2010 [J]. Chinese Journal of Endemiology, 2012,
31(2): 194198.

[6] DENG Ling-yan, ZHANG Yunsheng, GAO Jiaiping. Analyses on the result ofonitoring over
coaktburningborne fluorosis in Fuyuan County, Qujing City, Yunnan Province in 2009 [J]. Chinese
Journal of Endemiology, 2012, 31(2): 2086.

[7] DENG Ying, LIANG Lei, HE Jurping et al Analyses on the effect of the modification of kitnhe
stoves on the reduction of fluorine level in the region with-toahingborne fluorosis in Ankang
City of Shaanxi Province in 2009 [J]. Chinese Journal of Endemiology, 2012, 31(42219

[8] XU Min-rong, LIN Jihua. Analyses on ECG within 72 h in 2ases with occupational inhalation
of toxic organic fluorides [J]. China Occupational Medicine, 2008, 35(2)1665

[9] FANG Jianping, FENG Xiaeyan, SUO Xiaexu et al Researches on the hazardous effect of
fluorides on the health of operating workers [J]. China Occupational Medicine, 2004, 31(1): 32-34.

(Date Received: August 30, 2012)

1.1 (Edited by: LI Ying)

Translated from Chinese to English by TransPerfect Translations (2013)
Courtesy of Fluoride Action Network



