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HYPERTENSION AND FLUORIDE IN DRINKING WATER: CASE STUDY
FROM WEST AZERBAIJAN, IRAN
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SUMMARY: Hypertension is a major public health challenge in Iran and its detection
and control are vitally important to reduce the risk of myocardial infarction and
cerebrovascular accident. Fluoride can be a risk factor for hypertension and, in this
cross-sectional study, the effects on the prevalence of hypertension of high (3.94 mg
F/L) and low (0.25 mg F/L) fluoride exposure via drinking water were investigated in
two areas in West Azerbaijan province, Iran. The number of persons studied, aged
20-65 yr, was 897 (male: 453; female: 444) in the high fluoride area and 1981 (male:
945; female: 1036) in the low fluoride area. Cases were excluded who had aetiological
factors known to contribute to hypertension, such as smoking, age >65 yr, a family
history of hypertension, lack of mobility, cardiovascular disease, and obesity. In the
high fluoride area, compared to the low fluoride area, hypertension, without known
aetiological factors, was increased (p<0.05) in females aged 50-59 yr and decreased
(p<0.05) in the combined group of males and females aged 40-49 yr. Because of the
varying results of the studies in this topic, further research is recommended.
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INTRODUCTION

Fluorine, the most electronegative of all elements, has not only remarkable
chemical qualities but also physiological properties of importance for human
health.! Human exposure to the fluoride ion (F) can occur through air via
inhalation, dermal contact, and ingestion of soil, food, dental products, and
drinking water.” Drinking water is usually the main pathway for F to enter the
human body.3'5 Although the topical use of F has been seen to have a beneficial
cariostatic effect, the systemic ingestion of F may cause a broad range of adverse
health effects ranging from damage to teeth and bones, to impacts on the soft
tissues, and to death.?

Hypertension, diagnosed when the blood pressure is >140/90 mm Hg most of the
time, is one of the most common cardiovascular diseases and an important
identifiable risk factor for atherosclerosis that can increase the risk of
cerebrovascular accident (stroke), myocardial infarction (heart attack), heart
failure, aortic aneurysms, and peripheral arterial disease.® A high level of F in
drinking water can be harmful with accumulation over time in both the hard and
soft tissues including the cardiovascular system.”>® Although F intoxication has
been reported to cause hypertension, chronic ischemic heart disease, and an altered
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heart rate, there is no clear evidence of an increased prevalence of hypertension
associated with exposure to F in water, food, and air,>:0:9-18

The mechanism of F toxicity effect on the cardiovascular system is complex and
not well understood. Although many studies have been carried out on F in Iran,
few have been epidemiological studies on the relationship between human F
exposure and the prevalence of hypertension.19'27 Thus, the main objective of the
present research was to examine the relationship between the prevalence of
hypertension in people who exposed to high and low levels of F in drinking water
in West Azerbaijan province, in northwest Iran.

MATERIAL AND METHODS

Study areas: Two study areas was selected in West Azerbaijan Province, in the
northwest part of Iran, with almost the same socioeconomic status and dietary
habits but different natural concentrations of F in drinking water (Figure 1).28

Determination of the water fluoride levels: The data on the drinking water F
concentration in the cities being studied were obtained from the Water and
Wastewater Company of West Azerbaijan. Potable water samples were also
collected from both of the areas and the F levels in the water sample determined by
the SPADNS (Sulfo Phenyl Azo Dihydroxy Naphthalene Disulfonic Acid)
colorimetric method, in the chemistry laboratory, in the Department of
Environmental Health Engineering, the Urmia University of Medical Sciences.

Data on prevalence of hypertension: The data on the prevalence of hypertension,
people with a systolic pressure of 2140 mm Hg and a diastolic pressure of 290 mm
Hg, were derived from the health records of the areas being investigated. Based on
the health records, 78 people (24 males, 54 females; mean age 60.9+11.5 yr) in the
high F area and 162 people (55 males, 107 females; mean age 59.3+14.3 yr) in the
low F area were identified as having hypertension. Cases were excluded who had
aetiological factors known to contribute to hypertension, such as smoking, age >65
yr, a family history of hypertension, lack of mobility, cardiovascular disease, and
obesity, based on the interview history the and monthly progress reports in the
documentation of the health centers. The major source of exposure of the residents
in both study areas to F was through drinking water from wells and springs.

Statistical analysis: The SPSS (version 22.0, IBM Co., Chicago, IL) was used to
analyze the data. To compare the proportion with hypertension in the two areas, in
each of five age groups, we used the Chi-Square or Fisher exact test. To compare
the total proportion with hypertension in the two areas, adjusted for the age and
sex, we used logistic regression analysis.
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Figure 1. Map of the high and low fluoride areas that were studied in West Azerbaijan
province, lran.

RESULTS
The F level in the high F area of #3.94 mg/L was higher than the “desirable”
upper limit guideline of 1.5 mg/L set by the World Health Organization in 1984
and reaffirmed in 1993, while that of the low F area of 0.25 mg/L was less than
the WHO upper limit guideline (Table 1).2°
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Table 1. Fluoride level in drinking water (mg/L) in the two studied areas

Area Fluoride concentration Total number with
(mglL) hypertension in the region
High fluoride region ~3.94 78
Low fluoride region ~0.25 162

The proportion of cases of hypertension with known aetiological factors was
63% (102/162) in the low F area and 58% (45/78) the high F area, leaving the
proportion with hypertension without known aetiological factors as 37% (60/162)
and 42% (33/78) in the low and high F areas, respectively. The proportion with
hypertension, without known aetiological factors, tended to be higher in females
than in males, to increase with age, and to be lower in the high F area in those aged
40—49 yr but higher at ages 60—65 yr (Figure 2 and Table 2).

0% HFF High fluoride female
% with LFF Low fluoride female HFF
hypertension . .
withoutknown 2% HFM High fluoride male
aetiological
facto?'s LFM Low fluoride male LFF
20%
15%=
HFM
10%—
5%
LFM
0%
20-29 30-39 40-49 50-59 60-65

Age (yr)

Figure 2. Percentage of the 93 persons (60 from the low fluoride area and 33 from the high
fluoride area) with hypertension, without known aetiological factors, by age and gender.
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Table 2. Comparison of the prevalence of hypertension, without known aetiological factors, (%) in the
differentage groups inthe two areas with different drinking water fluoride levels

Sex Age Fluoride status Difference p*
r
on) Low High
Population n % Population n %
20-29 406 2 0.5% 196 0 0.0% 0.5% 1.000
30-39 235 1 0.4% 110 1 0.9% —0.5% 0.537
Male 40-49 157 5 32% 63 0 0.0% 3.2% 0.325
50-59 109 6 55% 59 2 3.4% 21% 0.714
60-65 38 1 26% 25 3 12.0% —9.4% 0.289
20-29 420 0 0.0% 140 0 0.0% 0.0% f
30-39 213 4 1.9% 131 2 1.5% 0.4% 1.000
Female 40-49 176 17 9.7% 64 2 3.1% 6.5% 0.112
50-59 182 14 77% 83 16 19.3% -11.6% 0.011
60-65 45 10 22.2% 26 7 26.9% —4.7% 0.774
20-29 826 2 0.2% 336 0 0.0% 0.2% 1.000
30-39 448 5 1.1% 241 3 1.2% —0.1% 1.000
Male
and 40-49 333 22 6.6% 127 2 1.6% 5.0% 0.033
female
50-59 291 20 6.9% 142 18 12.7% —5.8% 0.069
60-65 83 11 13.3% 51 10 19.6% —6.4% 0.338
Male | 20-65 945 15 1.6% 453 6 1.3% 0.3% 0.817
Female | 20-65 1036 45 4.3% 444 27 6.1% -1.7% 0.187
Male
and 20-65 1981 60 3.0% 897 33 3.7% —0.7% 0.424
female 0.556*

*Based on the Chi-Square test or the Fisher exact test as appropriate. The Fisher exact testwas used for
all the analyses apartfrom that for the total formales and females aged 20-65 yr where the numbers
were too large for the Fisher's exact test and the chi-square approximation was performed instead. TOne
row in the Fishers exacttest grid is filed with zeros. In this situation, chi-square analysis is impossible as
atleast one of these values must be positive. *Adjusted for the age and sex based on the logistic
regression analysis.
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DISCUSSION

In this study, we investigated the effects of F on the prevalence of hypertension
in people, aged 20-65 yr, living in areas with high and low levels of F in the
drinking water. We found the prevalence of hypertension, in those without known
aetiological factors, was 3.7% and 3% in the high and low F exposure areas,
respectively. Based on chi-square statistical analysis, we found in the high fluoride
area, compared to the low fluoride area, hypertension was increased (p<0.05) in
females aged 50-59 yr and decreased (p<0.05) in the combined group of males
and females aged 40-49 yr. No significant difference in the prevalence of
hypertension related to F exposure was found in any of the male only groups.

Haghighat et al. found statistically significant negative correlations between the
annual average concentration of drinking water F and hypertension prevalence of
females (p=0.013) and overall (p=0.025), but no clear association for males
(p=0.063).!"!

In an assessment of the relationship between excess F intake from drinking water
and essential hypertension in adults living in F endemic areas, Sun et al. found that
subjects with relatively low F levels in their drinking water (normal, mild, and
moderate groups) had a lower risk of hypertension compared to the high F
exposure groups.”

Amini et al. found statistically significant positive correlations between the
mean concentrations of F in the ground water resources (GWRs) and the
prevalence of hypertension for males, females, and the total of males and
females.’ In addition, they found statistically significant positive correlations
between the mean concentrations of F in the GWRs and the mean systolic blood
pressure for males and a borderline correlation for females. In contrast, Varol et al.
found no significant differences in the systolic and diastolic blood pressures
between fluorosis patients and controls.'* Xu et al. found, in patients with skeletal
fluorosis, that the severity of abnormal cardiac function and cardiac arrhythmias
was directly related to the severity of the skeletal fluorosis.® Varol et al. found that
the elastic properties of ascending aorta were impaired in people with endemic
fluorosis.'3 Aortic strain and aortic distensibility were significantly lower in the
fluorosis patients than in the controls.'?

CONCLUSION

At present, there is no precise and clear evidence that prolonged exposure to
increased levels of F, via water, food, and air, increases hypertension and chronic
heart disease.” Since the blood pressure is affected by numerous factors other than
F, controlling these other aetiological factors may provide the best approach for
reducing the prevalence of hypertension. However, further studies from other
areas on the relationship between F exposure and hypertension, also taking
account of the other aetiological factors in hypertension, are recommended.
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