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“Fluoride in Drinking Water: A Scientific Review of EPA’s Standards” (National Research 

Council, March 2006)

Excerpts:  

FLUORIDE’S EFFECTS ON THE BRAIN:  

“Fluorides also increase the production of free radicals in the brain through several different biological 
pathways. These changes have a bearing on the possibility that fluorides act to increase the risk of 
developing Alzheimer’s disease.” p186 

“On the basis of information largely derived from histological, chemical, and molecular studies, it is 
apparent that fluorides have the ability to interfere with the functions of the brain and the body by direct 
and indirect means.” p187 

“More research is needed to clarify fluoride’s biochemical effects on the brain.” p186 

“Studies of populations exposed to different concentrations of fluoride should be undertaken to evaluate 
neurochemical changes that may be associated with dementia.   Consideration should be given to assessing 
effects from chronic exposure, effects that might be delayed or occur late-in-life, and individual 
susceptibility.” p187

FLUORIDE & DOWNS SYNDROME:

“The possible association of cytogenetic effects with fluoride exposure suggests that Down’s syndrome is a 
biologically plausible outcome of exposure.” p170 

“A reanalysis of data on Down’s syndrome and fluoride by Takahashi (1998) suggested a possible 
association in children born to young mothers. A case-control study of the incidence of Down’s syndrome 
in young women and fluoride exposure would be useful for addressing that issue. P. 172

FLUORIDE’S EFFECTS ON THE LIVER:

“The effect of low doses of fluoride on kidney and liver enzyme functions in humans, needs to be carefully 
documented in communities exposed to different concentrations of fluoride in drinking water.” p258

FLUORIDE’S EFFECTS ON THE IMMUNE SYSTEM:

“There is no question that fluoride can affect the cells involved in providing immune responses.” No 
study has “examined whether a person with an immunodeficiency disease can tolerate fluoride ingestion 
from drinking water.” p250 

“Nevertheless, patients who live in either an artificially fluoridated community or a community where 
the drinking water naturally contains fluoride at 4 mg/L have all accumulated fluoride in their skeletal 
systems and potentially have very high fluoride concentrations in their bones. The bone marrow is where 
immune cells develop and that could affect humoral immunity and the production of antibodies to foreign 
chemicals.” p249 
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From an immunologic standpoint, individuals who are immunocompromised (e.g., AIDS, transplant, and 
bone-marrow-replacement patients) could be at greater risk of the immunologic effects of fluoride.” p 

258 

“In addition, studies could be conducted to determine what percentage of immunocompromised subjects 
have adverse reactions when exposed to fluoride in the range of 1-4 mg/L in drinking water.” p259

FLUORIDE’S EFFECTS ON THE KIDNEY:
“Human kidneys... concentrate fluoride as much as 50-fold from plasma to urine. Portions of the renal 
system may therefore be at higher risk of fluoride toxicity than most soft tissues.” p236

“Early water fluoridation studies did not carefully assess changes in renal function.” p236

“The effect of low doses of fluoride on kidney and liver enzyme functions in humans needs to be carefully 
documented in communities exposed to different concentrations of fluoride in drinking water.” p258

“On the basis of studies carried out on people living in regions where there is endemic fluorosis, ingestion 
of fluoride at 12 mg per day would increase the risk for some people to develop adverse renal effects.” 
p247

FLUORIDE’S EFFECTS ON THE ENDOCRINE SYSTEM:

“In summary, evidence of several types indicates that fluoride affects normal endocrine function or 
response; the effects of the fluoride-induced changes vary in degree and kind in different individuals. 
Fluoride is therefore an endocrine disruptor in the broad sense of altering normal endocrine function or 

response, although probably not in the sense of mimicking a normal hormone. The mechanisms of action 
remain to be worked out and appear to include both direct and indirect mechanisms, for example, direct 
stimulation or inhibition of hormone secretion by interference with second messenger function, indirect 
stimulation or inhibition of hormone secretion by effects on things such as calcium balance, and inhibition 
of peripheral enzymes that are necessary for activation of the normal hormone.” p223

“Some of these [endocrine] effects are associated with fluoride intake that is achievable at fluoride 
concentrations in drinking water of 4 mg/L or less, especially for young children or for individuals with 
high water intake. Many of the effects could be considered subclinical effects, meaning that they are not 
adverse health effects. However, recent work on borderline hormonal imbalances and endocrine-
disrupting chemicals indicated that adverse health effects, or increased risks for developing adverse effects, 
might be associated with seemingly mild imbalances or perturbations in hormone concentrations. Further 
research is needed to explore these possibilities.” p7

“Further effort is necessary to characterize the direct and indirect mechanisms of fluoride’s action on the 
endocrine system and the factors that determine the response, if any, in a given individual.” p223

“The effects of fluoride on various aspects of endocrine function should be examined further, particularly 
with respect to a possible role in the development of several diseases or mental states in the United States.” 
p224
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FLUORIDE’S EFFECTS ON THE THYROID:

“In humans, effects on thyroid function were associated with fluoride exposures of 0.05-0.13 mg/kg/day 
when iodine intake was adequate and 0.01-0.03 mg/kg/day when iodine intake was inadequate.” p218 

“The recent decline in iodine intake in the United States (CDC 2002; Larsen et al. 2002) could contribute 
to increased toxicity of fluoride for some individuals.” p218

“Intake of nutrients such as calcium and iodine often is not reported in studies of fluoride effects. The 
effects of fluoride on thyroid function, for instance, might depend on whether iodine intake is low, 
adequate, or high, or whether dietary selenium is adequate.” p222

FLUORIDE’S EFFECTS ON THE PINEAL GLAND:

“The single animal study of pineal function indicates that fluoride exposure results in altered melatonin 
production and altered timing of sexual maturity (Table 8-1). Whether fluoride affects pineal function in 
humans remains to be demonstrated. The two studies of menarcheal age in humans show the possibility 
of earlier menarche in some individuals exposed to fluoride, but no definitive statement can be made. 
Recent information on the role of the pineal organ in humans suggests that any agent that affects pineal 
function could affect human health in a variety of ways, including effects on sexual maturation, calcium 
metabolism, parathyroid function, postmenopausal osteoporosis, cancer, and psychiatric disease.” p221-22.

FLUORIDE’S EFFECTS ON THE REPRODUCTIVE SYSTEM:
“A few human studies suggested that high concentrations of fluoride exposure might be associated with 
alterations in reproductive hormones, effects on fertility, and developmental outcomes, but design 
limitations make those studies insufficient for risk evaluation.” p6

“the relationship between fertility and fluoride requires additional study.” p161

FLUORIDE’S EFFECTS ON INSULIN SECRETION/DIABETES:

“The conclusion from the available studies is that sufficient fluoride exposure appears to bring about 
increases in blood glucose or impaired glucose tolerance in some individuals and to increase the severity of 
some types of diabetes. In general, impaired glucose metabolism appears to be associated with serum or 
plasma fluoride concentrations of about 0.1 mg/L or greater in both animals and humans. In addition, 
diabetic individuals will often have higher than normal water intake, and consequently, will have higher 
than normal fluoride intake for a given concentration of fluoride in drinking water. An estimated 16-20 
million people in the U.S. have diabetes mellitus; therefore, any role of fluoride exposure in the 
development of impaired glucose metabolism or diabetes is potentially significant.” p. 217

FLUORIDE’S INTERACTIVE/SYNERGISTIC EFFECTS (w/ IODINE, ALUMINUM, LEAD 
ETC):

“Another possible explanation for increased blood lead concentrations which has not been examined is the 
effect of fluoride intake on calcium metabolism; a review by Goyer (1995) indicates that higher blood and 
tissue concentrations of lead occur when the diet is low in calcium. Increased fluoride exposure appears to 
increase the dietary requirement for calcium (see Chapter 8); in addition, the substitution of tap-water 
based beverages (e.g., soft drinks or reconstituted juices) for dairy products would result in both increased 
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fluoride intake and decreased calcium intake.” p43

“Better characterization of exposure to fluoride is needed in epidemiology studies investigating potential 
effects. Important exposure aspects of such studies would include the following: collecting data on 
general dietary status and dietary factors that could influence exposure or effects, such as calcium, iodine, 
and aluminum intakes.” p72

“Intake of nutrients such as calcium and iodine often is not reported in studies of fluoride effects. The 
effects of fluoride on thyroid function, for instance, might depend on whether iodine intake is low, 
adequate, or high, or whether dietary selenium is adequate.” p222

FLUORIDE’S EFFECTS ON THE GASTROINTESTINAL SYSTEM:
“The numerous fluoridation studies in the past failed to rigorously test for changes in GI symptoms and 
there are no studies on drinking water containing fluoride at 4 mg/L in which GI symptoms were carefully 
documented.” p230

“GI effects appear to have been rarely evaluated in the fluoride supplement studies that followed the early 
ones in the 1950s and 1960s.” p231

“There are a few case reports of GI upset in subjects exposed to drinking water fluoridated at 1 mg/L. 
Those effects were observed in only a small number of cases, which suggest hypersensitivity. However, 

the available data are not robust enough to determine whether that is the case.” p. 250

FLUORIDE & CANCER:
“Fluoride appears to have the potential to initiate or promote cancers, particularly of the bone, but the 
evidence to date is tentative and mixed (Tables 10-4 and 10-5). [THIS REPORT WAS ISSUED PRIOR 
TO THE HARVARD BONE CANCER STUDY] As noted above, osteosarcoma is of particular concern 
as a potential effect of fluoride because of (1) fluoride deposition in bone, (2) the mitogenic effect of 
fluoride on bone cells, (3) animal results described above, and (4) pre-1993 publication of some positive, as 
well as negative, epidemiologic reports on associations of fluoride exposure with osteosarcoma risk.“ p. 
286

“Osteosarcoma presents the greatest a priori plausibility as a potential cancer target site because of 
fluoride’s deposition in bone, the NTP animal study findings of borderline increased osteosarcomas in 
male rats, and the known mitogenic effect of fluoride on bone cells in culture (see Chapter 5). Principles 
of cell biology indicate that stimuli for rapid cell division increase the risks for some of the dividing cells to 
become malignant, either by inducing random transforming events or by unmasking malignant cells that 
previously were in nondividing states.” p275

“Further research on a possible effect of fluoride on bladder cancer risk should be conducted.” P. 288 


