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Abstract - Fluoridation of water is a controversial measure because of the suspi-
cion that it has harmful effects on health. Opinions differ as to the reality of
these fears. In Kuopio, after distiessing disputes over the fiuoridation issue, the
City Council decided to stop fluoridation at the end of 1992. In fact, however,
it was discontinued at the end of November, one tnonth early, without the public
being told. The aitn of this study was to find out whether the occurrence of 25
selected sytnptotns was connected with exposure to fluoridated water. In order to
do this we compared the prevalence of sytnptotns during the tnonths before and
after the undisclosed cessation of fiuoridation and after the cessation had been
officially announced. Postal inquiries coticerning symptoms were sent to 1000
randomly selected adults in November, to a further 1000 in December 1992 and
again to the same 2000 people in March 1993. The response rates were 40-26%,.
The percentage of those with two or more symptotns was the satne (45'/o) in
November and in December but decreased to 32"/, in March. The mean number of
symptoms per respondent decreased frotn 1.9 in November to 1.4 in March
(/'<0.001) and in December-March from 1.8 to 1.2. The decrease was most signi-
ficant for symptoms related to the skin. Since the occurrence and mean nutnber
of sytnptoms were fairly similar during actual and supposed fiuoridation, the
results do not support the theory that the sytnptoms considered in this study are
caused by the physical effect of fluoridated water. On the other hand, the significant
reduction in the tiutnber of sytnptoms only after the respondents had becotne
aware of the discontinuation of fluoridation reveals that fiuoridation may have
psychological effects which present as perceived sytnptoms.
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The fiuoridation of water has been one
of the most controversial measures in
the history of public health practice (1),
with the predominant concerns iti anti-
fluoridation catnpaigns usually being
ideological. Adding fiuoride to drinking
water has been regarded as an unwar-
ranted infringement of individual rights
(2). For many people, however, this sus-
picion arises frotn the belief that fluor-
idation has harmful and adverse side ef-
fects. Most medical and dental profes-
sionals are convinced that there is no
credible evidence that water containing

optitnal coticentrations (0.7-1.2 tng/1)
of fluoride has an itnpact on general
health (3). There are, however, research-
ers who say that in a certain segment of
the population this fluoridation prac-
tice can cause symptotns of allergy and
intolerance (4, 5). One ofthe tnost com-
prehensive reviews of the so-called
"fluoridation controversy" was pub-
lished recently (6).

Kuopio, a town with 83 000 inhabi-
tants where the comtnunal water supply
had been fluoridated (1.0 tng/l) sitice
1959, is the only place in the Nordic

countries to have had such a fluorida-
tion program. As in numerous similar
situations, fluoridation has widely been
claitned to be responsible for various
aihnents atnong Kuopio residents. The
repeated anti-fluoridation catnpaigns,
with the accompanyitig bitter local dis-
putes, became so intense that the City
Council decided to discontinue fluori-
dation at the end of 1992. The public
was well infortned about the time of
discontinuation, and the announcement
attracted tnuch local media attention.
This decision provided a unique oppor-



292 LAMBERG ET AL.

tunity to study whether, as claitned,
there had been hartiiful effects.

The basic idea was to discontinue
fluoridation ofthe water earlier without
infortning the public, and to study the
occurrence of various symptotns among
a group of people who believed that the
piped water was fluoridated even
though no fluoride was being added at
that time. This group was compared
with a group of users of fluoridated
water who were well aware of the fluor-
idation of their piped water. Each of
these groups was asked again about the
presence of symptoms when the water
was no longer fluoridated and the re-
spondents knew this. If the sytnptotns
were associated with the physical effects
of fluoridation, they should have been
tnost common at the titne when the
water was fluoridated and less frequent
when there was no fluoridation, re-
gardless of whether the respondents
knew about the true fluoridatioti status.
If, on the other hand, the symptotns
were associated only with the perceived
harmfulness of fluoridation, they
should have been more frequent when
people beheved that the water was flu-
oridated and less frequent when the op-
posite was true, regardless of the actual
fluoridation status.

Methods
Subjects

Fluoridation in Kuopio was discontin-
ued at the end of Novetnber 1992, not
at the etid of Decetnber as people sup-
posed. In this questionnaire study three
separate inquiries were sent, each of
them to a random sample taken frotn
all 25-64-year-old residents of Kuopio
living in the area included in the water
fluoridation progratn. The first inquiry
was sent in Novetnber 1992, when the
water was still fluoridated and the resi-
dents were aware of this. A second sitn-
ilar inquiry was setit iti December, 3
weeks after the premature discontinua-
tion of fluoridation, which had not
been announced to the public. The third
inquiry was sent iti March 1993 when it
was generally known that fluoridation
had been discontinued. The first two in-
quiries were sent to independent sam-
ples of 1000 inhabitants, and the third
to all 2000 recipients of the first ques-
tionnaire. Table 1 gives the group-
specific distributions of respondents by

Table 1. Distribution of respondents (/;) and response rate (%) by age and sex. N indicates the
number of subjects included in the sample

Age
(years)

25-44

35-44

45-54

55-64

Total

Sex

Male
Female
Total

Male
Female
Total

Male
Female
Total

Male
Female
Total

Male
Female
Total

Nov
^=1000

tl

38
47
85

39
59
99*

47
69

116

41
56
97

165
231
397*

"A,

28
41
34

28
43
36

38
52
45

42
46
44

34
45
40

All respondents

Dec
N=

tl

45
46
92*

39
43
83*

50
42
92

47
85

132

181
216
400*

1000

%

32
35
34

28
36
32

45
37
41

46
60
54

37
42
40

M ar
iV=2000

tl

73
89

163*

79
93

173*

86
89

176*

95
127
222

333
398
734*

"Ao

27
36
31

29
36
33

37
36
37

48
48
48

34
39
37

Respondents

Nov-Mar
N=

tl

19
27
46

19
41
60

31
44
75

33
46
79

102
158
260

1000

"A,

14
23
18

14
30
22

25
33
29

34
37
36

21
31
26

of both inquiries

Dec-Mar
N=

tl

25
26
51

25
30
55

32
29
61

36
57
93

118
142
260

1000

%

18
20
19

18
25
21

29
25
27

35
40
38

24
28
26

* The slight discrepancy is due to missing data on age and/or sex.

Table 2. Mean age (SD) of the respondents by sex

Sex

Male
Female
Total

(

.V

45.
45.
45.

Nov
•1 = 3 9 7

SD

1 1 1.4
2 II.O
1 11.2

All respondents

Dec

.V SD

45.2 11.6
47.4 12.5
46.4 12.2

1

X

45.
46.
45.

Mar
'; = 734

0 /

7 11.4
1 12.1
9 11.8

Respondents

Nov-Mar

.V SD

47.4 11.3
46.3 11.1
46.8 11.2

of both inquiries

Dec-Mar

X SD

46.5 11.4
48.1 12.2
47.3 11.9

age and sex atid the corresponding re-
sponse rates. Table 2 shows the mean
ages of the respondents in the same
groups by sex.

Questionnaires

The inquiries included questions aboul
the perceived presence or absence of 25
symptoms during the week of inquiry,
water consumption patterns, perceived
quality of water, opinions concerning
water fluoridation and detnographic
data. The questions were identical in all
three inquiries.

Assessment of true fiuoridation status

The fluoride concentration of the water
was monitored daily with ion chroma-
tography (Dionex 2010, HPIC AG4A/
N 037042 pre-coltttnn connected to
HPIC AS4AP/N 07041 column, flow
rate 1.7 ml/min of 0.75 niM NaH-

CO3;n/2.0 mM Na.CO.^n) during the
weeks of inquiries. The level of fluoride
was 1.01-1.30 tng/l in November, 0.05-
0.12 tng/l in Decetnber, and <0.05 mg/I
in March. The last figure is equal to the
fluoride level in the natural water
source of the town, but in Decetnber
traces of fluoridated water still re-
mained in the water pipes.

Statisticai analysis

First, the proportions of subjects re-
porting the given symptoms were calcu-
lated for all respondents of the Novem-
ber, Decetnber and March inquiries.
The statistical significatice of the differ-
ence between the symptotns reported in
November and Decetnber was eval-
uated by ordinary chi-square tests. In
the second set of analyses, only those
who responded to both inquiries (either
Novetnber and March or December
and March) were included. For each of
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the symptotns, a 2X2 table was formed
on the basis of the presence or absence
of the symptotn reported in the two in-
quiries. McNemar tests were used to
evaluate the differences between the two
points in time. In addition, a summary
of the symptoms reported to be present
was made for each respondent on both
occasions. McNemar tests were also
used to evaluate the change in the pro-
portion of subjects reporting a given
number of symptoms in the consecutive
inquiries. The differences in the tnean
number of sytnptotns between the two
inquiries were evaluated by paired t-
tests. The possibility of a confounding
effect due to age or sex or both on the
observed differences in the tnean
nutnber of sytnptoms was checked by
multivariable regression analysis. For
the McNemar tests, StatXact software
was used. All other analyses were per-
fortned with SPSS software.

Results

When all respondents of the three sepa-
rate inquiries were considered (Table 3),
it was found that the five most frequent
symptoms in every survey were dryness
and itching of the skin, headache, and
pains in muscles and in joints. In gen-
eral, tnen and wotnen were equally
often sytnptom free. However, wotnen
reported headache and dryness of the
skin slightly tnore often than men did.
Joint pain was more comtnon atnotig
older (>44 years) thati atnong younger
respondents. Otherwise, the associa-
tions between the occurrence of symp-
toms and age and sex were nonsigni-
ficant (age- and sex-specific results do
not appear in the table). Taken al-
together, two-thirds of the recorded
symptoms were slightly more rare in
December than in November. For one-
third of the symptoms, the situation

was the opposite. However, the differ-
ence was statistically highly sigtiificant
for only one symptom, "other skin
rash", which appeared tnore ofteti in
Novetnber than in December. Of the 25
symptoms, 24 were more rare in March
than iti November. In the Decetnber-
March cotnparison 22 symptotns were
tnore rare iti March.

The rest of the results concern only
those who responded to both inquiries
(Novetnber-March or Decetnber-
March, Table 3). In both the Novetnber-
March and Decetnber-March compari-
sons, none of the sytnptoms was signifi-
cantly more frequent in March than in
the previous inquiry; and the proportion
of respondents reporting no symptotn
was significantly higher in March than in
November or Decetnber. In the Novetn-
ber-March cotnparison, three sytnptoms
(dryness and itching of the skin, and
pain in joints) were significantly less fre-

Table 3. Percentage of respondents reporting symptoms listed in the inquiries. For respondents of two inquiries (November and March or
December and March) 4- indicates the presence ofthe symptom, and - its absence. E.g., the column "Nov + Mar - " gives the percentage of
those who reported the symptom in November but not in March

Joint pain
Muscular pain
Muscular tic (myokymia)
Muscular weakness
Difticult breathing (dyspnea)
Pain in the chest
Headache
Dizziness (vertigo)
Numbness
Visual disturliance
Tinnitus
Depression
Insomnia
Epigastric pain or heartburn
Nausea or vomiting
Diarrhea
Constipation
Dysuria
Pain in the mouth or tongue
Nettle rash (urticaria)
Other skin rash (eczema)
Itching of the skin
Dryness of the skin
Smarting of the eyes
Exceptional fatigue
Other symptom(s)
None of the above symptoms

All

Nov

13.6
14.1
4.3
2.0
5.5
5.8

15.9
7.1"
6.8
3.3
7.3
6.5
8.1

11.6
3.8
4.5
2.3
2.0
3.3
1.3

10.6'̂
21.2
29.7

8.1
6.3
2.3

36.5

re.spondents

Dec

13.5
13.3
3.0
1.5
3.8
4.3

16.8
3.8
5.8
2.3
6.8
5.3

11.5
8.5
2.3
6.8
3.3
1.5
4.3
0.5
4.3

19.8
32.0
11.8
5.8
3.0

34.5

Mar
y, = 734

10.9
12.5
2.7
1.5
3.7
3.5

12.9
3.5
5.9
1.8
6.4
4.0
5.6
7.8
1.1
3.8
2.2
1.1
2.5
1.5
4.9

13.5
14.9
5.9
5.4
2.7

50.1

Nov+
Mar+

6.2
3.5
0.4
1.2
2.3
2.7
1.1
1.2
2.7
0.4
3.5
0.8
2.3
2.7
0.4
1.5
0.4
0.0
0.8
0.0
2.7
6.5
9.2
1.9
1.9
0.0

29.2

Nov-Mar

Nov +
M a r -

9.2''
7.3
4.6
0.8
3.1
2.7
8.1
5.4
5.0
1.5
5.4
5.0
5.4
6.2
3.1
1.9
1.5
1.9
2.3
0.8
6.2

13.8'-'
17.3''

4.6
5.0
2.7
8.8'-'

Respondents of

,, = 260

N o v -
Mar+

3.1
7.7
1.9
0.4
1.2
1.2
7.7
3.8
5.0
1.5
5.0
2.3
2.7
7.3
0.8
3.1
0.8
0.8
2.7
0.8
3.1
5.4
5.0
4.2
2.3
2.3

21.2

N o v -
M a r -

81.5
81.5
93.1
97.7
93.5
93.5
76.5
89.6
87.3
96.5
86.2
91.9
89.6
83.8
95.8
93.5
97.3
97.3
94.2
98.5
88.1
74.2
68.5
89.2
90.8
95.0
40.8

both inquiries

Dec+
Mar-^

8.8
5.8
0.0
0.0
1.5
1.2
5.8
0.0
1.2
0.0
2.7
1.5
3.1
2.7
0.0
1.5
0.8
0.8
0.4
0.0
1.2
5.0

11.2
2.3
1.2
0.4

30.4

Dec-Mar

Dec +
M a r -

5.0
6.2
1.9
0.8
2.7
3.1

11.2'̂
2.7
3.8
1.5
4.2
4.2
6.5
5.0
2.3''
5.0''
1.5
1.2
5.8
0.8
2.7

13.1
19.6''
10.0=
5.0
3.5
6.5''

,, = 260

D e c -
Mar-I-

3.1
1.1
1.5
0.0
1.2
0.8
5.0
1.9
3.1
1.2
2.3
1.9
2.7
2.3
0.0
1.5
1.9
0.8
2.3
0.8
2.7
7.7
4.2
3.1
4.2
1.2

22.7

D e c -
M a r -

83.1
80.4
96.5
99.2
94.6
95.0
78.1
95.4
91.9
97.3
90.8
92.3
87.7
90.0
91.1
91.9
95.8
97.3
91.5
98.5
93.5
74.2
65.0
84.6
89.6
95.0
40.0

' P<0.05, '' P<0.00\, November vs. December, by chi-square test; "̂  P<0.05, '' P<0.0\, •" P<Q.OO\. 1st vs. 2nd inquiry, by the McNemar test.
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2.5
Mean number of symptoms

1.5

0.5

0 L-J
Nov Mar Diff. Dec Mar Diff.

Fig. 1. Mean numbers of reported symptoms and mean difference (Diff.) in number of symp-
toms between the two inquiries (with their 95% confidence intervals) among the November-
March group (« = 260) and the December-March group {n = 260). Only those who responded
to both inquiries are included.

bO

40

30

20

10

0

o
-^ Nov - Mar
-& Dec - Mar

- 6 - 4 - 2 0 8 10 12
Difference in the number of symptoms

Ftg. 2. Distribution of subjects according to difference in number of symptoms between the
first and the second inquiry among the November-March group (/( = 260) and the December-
March group (« = 260).

quent in March (P<0.01). Corre-
spondingly, in the December-March
comparison, five symptoms (dryness of
the skin, smarting ofthe eyes, headache,
nausea, and diarrhea) were less frequent
in March {P<0.05).

For both the November-March and

the December-March comparisons, the
proportion of respondents reporting at
least one symptom was lower in the sec-
ond than in the first inquiry. The reduc-
tion was even clearer for the proportion
of respondents with three or more symp-
toms (November vs, March, P<Q.O\;

December vs, March P<0,001), For
both comparisons, the patterns of distri-
bution were almost the same.

Fig, 1 shows the mean numbers of re-
ported symptoms and the mean differ-
ences between the two consecutive in-
quiries. For both comparisons, the mean
was clearly lower in March (/'<0.001),
The reductions in the two comparisons
did not differ significantly. The pattern
ofthe distribution of subjects according
to the difference in number of symptoms
between the consecutive inquiries was
virtually identical in both comparisons
(Fig. 2). Multivariable regression anal-
ysis revealed that the differenee between
the first and second inquiries was not re-
lated to age or sex.

In the November-March group, the
taste of fluoride in water was reported to
be detectable by 9,6% ofthe respondents
in November and by 0,0°/i (none) in
March. The corresponding figures for
the December-March group were 9,6%
and 0,4%i (one respondent). In Novem-
ber, the mean number of symptoms was
1.8 (SD 2,3) for those reporting no taste
of fluoride and 3,2 (SD 3,3) for those
who reported tasting fluoride (P<0,05),
This difference persisted in March, the
mean number of symptoms being 1.4
(SD 2.2) and 1.7 (SD 1.9) for non-tasters
and tasters, respectively (NS). Thus the
reduction in the number of symptoms
between the consecutive inquiries was
significantly higher among those who re-
ported tasting fluoride in November
{P<0.05). A similar pattern was found
for the Deeember-March group.

In the first inquiry, 39% ofthe respon-
dents in the November-March group
considered fluoridation to be a good
thing, 20%) considered it bad, and 41%
had no opinion. The respective percent-
ages in the December-March group were
45%,, 15%, and 40%, In both groups the
mean number of symptoms was lower
among those who considered fluorida-
tion to be good than among those who
thought it was bad or who had no opin-
ion. Despite the similarity ofthe pattern,
the difference among the three eategories
was statistically significant only for the
December-March group (December
P<0.001 and March P<0,01),

Discussion

Compared to the usual response rates
in Finnish postal questionnaires, the
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rates of return in this study were clearly
lower. The shortness of the available
survey time during the supposed fluor-
idation in December rnade it impossible
to send reminders to non-respondents.
For the sake of comparability, remind-
ers were also omitted in November ancd
March. The distribution of the respon-
dents by age and sex (Table 1) reveals
that response rates were higher among
women and older people, and thus the
study samples were not truly represen-
tative of the target population. Conse-
quently, the percentages of respondents
reporting different symptoms must not
be taken as valid estitiiates for the
whole population. However, since the
same subjects were questioned in the
November-March and in the Decem-
ber-March comparison, intra-group
comparisons were not biased according
to age and sex. The siniilarity ofthe age
and sex distribution of the November-
March and December-March groups
ensured that comparisons between
these two groups were not biased by age
or sex or both.

Judging from accidental mass intox-
ications with fluoride, we know that vir-
tually every organ in the human body
can be affected by fiuoride, with gastro-
intestinal symptoms prevailing (7).
Even if the situation is totally dilTerent
with the "physiological" anti-caries
concentrations of fluoride added to
water supplies, concerns about health
problems from fluoridation are ex-
pressed repeatedly. Opinions differ even
among physicians and researchers, not
to mention lay people. The often sus-
pected dermatological effects of fluo-
ride exposure seetn to consist of toxic
rather than allergic reactions (8). The
power of suggestion as a source of vari-
ous symptoms has been vividly demon-
strated on several occasions 'where
fluoridalion has been started later than
people have believed (9). The role of the
psychological vs. the biological origin
of perceived symptoms has not, to our
knowledge, previotisly been studied in
this type of large-scale survey.

The resulls obtained were mostly ex-
pected and, in our opinion, quite con-
vincing. Since the prevalence of the
symptoms considered was fairly similar
in November and in December, despite
the fact that there was no water fluori-
dation in December and even though

people believed that there was, the re-
sults do not support the theory that the
symptoms would be caused by the physi-
cal effect of being exposed to fluoridated
water.

The possibility that seasonal variation
could have caused the reduction in the
occurrence of symptoms between No-
vember and March, and between De-
cember and March could not be con-
trolled for in the current experimental
design. This is unlikely, however, since in
the Kuopio area all three are clearly win-
ter months. In addition, the prevalence
of symptoms was significantly reduced
only after the respondents had become
aware of the discontinuation of fluori-
dation, 'which reveals that if fluoridation
does affect the perception of symptoms,
that effect must be mainly psychological.

Even after massive intoxication with
fluoride, symptoms usually last only 2-
3 weeks (7). During the survey 'week in
December, the fluoride concentration
had been at its natural level for 3 weeks.
Thus, any symptoms that may have
been caused by fluoride should have
disappeared but apparently had not.
However, when the groups that re-
sponded to both inquiries were ana-
lyzed, the decrease in the mean number
of symptoms from times of actual and
supposed fluoridation to actual discon-
tinuation of fluoridation was the same.
In both inquiries the respondents in the
December group reported being slightly
healthier than those in the November
group. Thus the smaller number of
symptoms in December probably was
not caused by cessation of fluoridation.
However, the significant decrease in the
number of other skin rashes leaves
room for speculation, seeming to favor
the view that a small segment of the
population may have some kind of in-
tolerance to fluoride. This group of
people should be studied further.

The most frequently reported symp-
toms that disappeared from the time of
actual to known discontinuation of
fluoridation seemed to be itching and
dryness of the skin. The same was true,
however, for the period from supposed
to known discontinuation of fluorida-
tion. The most frequently perceived
symptoms were those that are often
linked with the so-called psychosomatic
diseases.

Although it is obviously impossible

for humans to taste fluoride in the con-
centrations present in fluoridated water
(10), nearly 10% ofthe respondents re-
ported doing so. However, the respon-
dents made this claim equally often
during aetual and supposed fluorida-
tion. As expected, the percentage re-
porting this "fluoride taste" dropped to
nearly zero during known discontinua-
tion of fluoridation in March. The psy-
chological aspect is further confirmed
by the fact that the illusory tasters
seemed to be predisposed to perceived
symptoms, as were also those who re-
garded fluoridation as a bad practice in
general. In conclusion, it seems likely
that the prevalence of the syrnptoms
considered in the current study is con-
nected with the psychological rather
than with the physical effects of being
exposed to fluoridated water.
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