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A cross-sectional study of 143 children aged 10—14 years was carried out to identify factors associated with
the severity of dental fluorosis in 2 areas (Moshi/Kibosho: 7n=63/80) with fluoride (F) concentra-
tions < 0.4 mg F/L in the drinking water. Dental fluorosis was recorded under field conditions using the
Thylstrup and Fejerskov index (TFI). The score on tooth 21 was used to indicate the severity. The
prevalence of dental fluorosis in Moshi at TTT score >1 was 60% and at TFI score >5 it was 10%. The
corresponding values in Kibosho were 100% and 34%), respectively. Background variables pertained
primarily to the child’s first 6 years of life. In Moshi and Kibosho, 65% and 97% of children, respectively,
used magadi, a fluoride-containing food tenderizer. In Moshi, the risk of having TFI score >2 was
significantly higher among users of magadi (odds ratio (OR) = 5). Kiborou, a traditional homemade weaning
food (porridge) cooked with magadz, was used only in Kibosho. Users of kiborou (36%) were at significantly
higher risk (OR = 3) of developing fluorosis at severity TFI > 4 than the users of liske, another type of
weaning food. All children in Moshi and 64% in Kibosho used lshe, which is cooked without magadi.
Magadi and kiborou were significant risk indicators. Thus, it seems that the unexpectedly high prevalence of
dental fluorosis and the observed differences in fluorosis prevalence and severity may be partly explained
by F exposure from magadi. O Drinking water; fluoride; risk indicators; urban/rural
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Dental fluorosis is associated with fluoride (F) exposure
during tooth formation, and especially with intake of water
with high T concentrations (1-8). A positive relationship
between I concentration in drinking water and severity of
dental fluorosis has been shown in epidemiological studies
and later confirmed when the I exposure data of Dean et
al. (4,6), Richard et al. (7), and Butler et al. (8) were
expressed as mg F/kg body weight (9). This relationship
between the F concentration in drinking water and dental
fluorosis has also been confirmed in Africa (10-16).
However, recent studies in Africa have reported high
prevalence of dental fluorosis even in areas with low F
content (<0.5mg F/L) in the drinking water (17-25).
These findings have been partly ascribed to high
consumption of tea (19), altitude of residence (22,23),
and the use of F-containing trona (magady). Magadi is
basically NayCO3.NaHCO3.2H,0O, which is commonly
found in East Africa as a crude mixture of various salts. It
usually contains various amounts of fluoride (24, 25).

The residents of 2 neighboring areas in Northern
Tanzania, Moshi and Kibosho, have been reported to
have surprisingly high prevalence of dental fluorosis
despite the use of drinking water containing <0.4 mg
F/L (17, 20). In these studies, as in most of the papers
mentioned above, only bivariate analyses were employed.
The purpose of the present analytical study was to identify
factors that may be associated with this unexpectedly high
prevalence and severity of dental fluorosis in Moshi and
Kibosho.

Material and methods
Cultural background/weaning food

Moshi, at 850 m above sea level, i1s the urban
administrative center of the Kilimanjaro region, while
neighboring Kibosho, at 1,300 m elevation, is a typical
rural community.

In order to reduce cooking time and add taste to the
food (20, 25, 26), especially to vegetables and beans, the
addition of magadi during food preparation is a common
practice in Northern Tanzania.

A Tanzanian child is generally breast-fed during the first
4 months of life. The weaning period starts at 4-9 months
of age (20). On average, magadi is introduced to children
from the age of 7 months, either by addition to the infant
food or by sharing meals with adults (20). In Moshi, the
most common homemade baby food is a liquid porridge,
lishe, which is made from maize, beans, peanuts, and
fishmeal from ‘dagaa’, a sardine like fish (Table 1). The
ingredients are ground together before they are cooked. In
Kibosho, the traditional homemade weaning food is a
porridge called kiborou, which is a mixture of beans and
bananas cooked with magadi. The ingredients are mashed
during cooking.

Participants

In order to obtain a fairly homogeneous sample,
subjects were chosen from 10-14-year-old children of
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Table 1. Ingredients of cooked homemade liquid weaning food (zske
and kiborou)

Lishe Kiborou
Beans Beans
Ground maize —
Peanuts —
Fishmeal from dagaa —
— Bananas
Water Water
— Magadi

the Wachagga tribe who had lived in the study areas
during the first 6 years of life. One hundred and forty-
three children from classes 3-5 at primary schools in
Moshi and Kibosho were included in this study, which was
carried out in August and September 1996. Schools in
both areas were randomly selected (at the district
education administrator’s office). In Moshi (97,000
inhabitants), every third child from the relevant grades in
the 3 schools was randomly selected from the schools’
attendance registers, whereas in Kibosho (20,000 inhabi-
tants), all children attending the corresponding grades at 1
school were included. Based on the available information
from Moshi (17), a sample of 105 was estimated. Due to
the sampling procedure in Kibosho, a sample of 100 was
obtained. Although the total number of potential partici-
pants was 205, 62 had to be excluded: 35 did not satisfy
the criteria of permanent residence, 26 were below 10 or
above 14 years of age and 1 child’s parent refused to allow
the child to participate in the study.
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The male to female ratio was ~1:1. The mean age of
the subjects differed significantly between Moshi (11.1 &+
0.8yrs, n=63) and Kibosho (12.4+1.2yrs, n=80)
(t=6.5, df = 141).

Ethical clearance

Clearance to perform the study was issued by the
Tanzanian National Institute of Medical Research on
behalf of the Ministry of Health (Ref. No. NIMR/HQ/
R.8a/VOL.VI/10). Permission to use the selected schools
was granted by the district education administrators and
the respective headmasters. Subjects and accompanying
parents gave verbal consent.

Interview

A research assistant (dentist) interviewed subjects and
accompanying parent(s) according to a structured ques-
tionnaire before the clinical examination. The parents,
mainly mothers, answered questions related to the child’s
first 6 years of life. The interview included questions on the
supply and handling of drinking water, and the use of tea
and weaning food. Independent variables for this study are
listed in Table 2.

Dental fluorosis

Examination for dental fluorosis was carried out with
the child seated on a chair in the shade outside the school.
The teeth were cleaned, dried with gauze, and isolated
with cotton rolls. The severity of fluorosis was assessed on

Table 2. Distribution of subjects (z =63 in Moshi and » =80 in Kibosho) according to dietary practice and habits, and use of toothpaste

during the first 6 years of life

Moshi Kibosho
Variable Categories n % n % Total
Tea' Don’t use — — 3 4 39
Use 62 100 76 96 138
Milk Breast feeding 22 35 72 90 94*
Breast feeding + other 41 65 8 10 49
Homemade porridge? Lishe 61 100 51 64 1129
Kiborou — — 29 36 29
Meals/day <2 — 1 1 1
>2 63 100 78 98 141
No information — 1 1 1
Fish Don’t use 4 6 5 6 9
Use 59 94 75 94 134
Meat Don’t use — — 12 15 129
Use 63 100 68 85 131
Magadi Don’t use 22 35 2 3 24%
Use 41 65 78 97 119
Toothpaste Never/seldom 2 3 49 61 S51%*
> once/day 61 97 31 39 92

(] Information was lacking for 1 subject in each area.
Two subjects were omitted from this category in Moshi, as they had used infant formulae.
¢ »* could not be computed because of an empty cell.

* P<0.05.
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Table 3. Fluoride concentration (mg F/L) in drinking water according to area, source and number of subjects reporting reliance on each

source

Moshi (n = 63) Kibosho (n = 80)

Subjects Subjects
Source n Range (mg F/L)  Mean (mg F/L) n (%) n Range (mg F/L)  Mean (mg F/L) n (%)
Tap 2 0.20-0.40 0.30 62 (99) 2 0.19-0.21 0.20 42 (53)
Well * 1 0.17 0.17 1(1)
Stream * 1 0.08 0.08 34
Spring 5 0.15-0.37 0.24 (1) 2 0.14-0.20 0.17 33 (41)
River 5 0.24-0.33 0.27 1 0.21 0.21 1 (1)
Borehole 2 0.20-0.26 0.23 *
* Information was not collected.
the vestibular surfaces of all the permanent teeth by 1 tion (r,). Stepwise multiple linear regression analyses

examiner (AKA), according to the Thylstrup and Fejers-
kov Index (TFI) (27). In case of doubt about the severity,
the lower score was recorded. Teeth < 50% erupted were
excluded. In order to control for variability in severity of
fluorosis in different teeth, the TTT score of the upper left
central incisor (tooth 21) was used to describe fluorosis in
each subject and used in the statistical analyses.

Reproducibility

The right maxillary central incisor of 32 children was
re-examined after 1 week. The weighted kappa was 0.88,
and paired ¢ test revealed no significant systematic error

(t=0.77, df = 31, P=0.45).

Water samples and total liquid intake

To facilitate comparison of the F concentration of
drinking water with previous measurements in these areas
(17,20, 30), samples of water were collected in airtight
plastic bottles from the relevant sources. The I concentra-
tion of the samples was determined using the F-ion
electrode (ORION 96-09-00) according to standard
procedures (28).

After a drinking glass of 250 ml had been shown to the
parents, the children’s intake of water as well as tea was
estimated at the subject’s present age in terms of the
number of glasses consumed per day. The estimates were
expressed 1in liters.

Statistical analysis

The statistical package for social sciences (SPSS for PC
version 7.5) was used in the analyses. Differences in the
distribution of subjects according to age, gender, and
dietary habits were assessed using y? tests (with Yates’s
continuity correction). The mean age of the children in the
2 areas was compared using Student’s ¢ test for
independent samples.

The Mann-Whitney U test was used when comparing
the severity and selected independent variables. Bivariate
assoclations were assessed using Spearman’s rank correla-

(SMLRA) were employed to control for confounding and
to identify factors explaining variation in the TFI scores
within and between the areas. Independent variables
significantly correlated with the TFI score on tooth 21
were entered into SMLRA.

Multiple logistic regression analyses were used to assess
the risk for more severe dental fluorosis. TFI scores were
dichotomized as 0 = TFI < 2 or 1 = TFI > 3 for the whole
material. For the intra-area analyses, the ‘cut-off’ point
was TFI < 1 in Moshi, while in Kibosho it was TFI < 3.
These ‘cut-off’ points resulted in an approximately equal
number of subjects in each subgroup. Independent
variables significantly associated with the TFI score (i
test) were included in the logistic regression analyses, and
95% confidence intervals (CI) for odds ratios (OR) were
calculated.

The level of significance was set at 5% in the analyses
unless otherwise stated.

Results

Water F concentration and total liquid intake

The F concentration of water samples in Moshi varied
from 0.15 to 0.40 mg F/L (mean 0.26, n= 14), whereas

100% -
80% 1 OTFIo
60% - aTFI 1-2
NTFI 3-4

4 ot

0% B TFI 5-9
20% -

0% . .

Kibasho

Areas
Fig. 1. The frequency distribution of children according to the TFI

score on tooth 21 in Moshi, =63 (0.26 mg F/L) and Kibosho,
n=280 (0.17 mg F/L in drinking water).
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Table 4. Severity of dental fluorosis on the upper left central incisor
according to selected variables (n = 143)

Median
Variable Category n TFI  Range
Area* Moshi 0 63 2 0-9
Kibosho 1 80 4 1-9
Magadr* No 0 24 0 0-3
Yes 1 119 3 0-9
Homemade porridge*  Lishe 0 112 2 0-9
Riborou I 29 4 1-9
Toothpaste* Never/seldom 0 51 4 0-9
>once/day I 92 2 0-9

* All of the above variables were significant at £ < 0.05.
4| Two subjects had used infant formulae and were excluded from the
analyses.

the samples from Kibosho contained between 0.08 and
0.21 mg F/L (mean 0.17, n = 7; Table 3). All participants
in Moshi and 86% of participants in Kibosho had used the
same sources of water since birth. Tap water was used by
99% of participants in Moshi compared to 53% in
Kibosho.

The average daily intake of drinking water at the time of
the study was 0.6 £0.3 L (n = 63) and 0.4 £ 0.2 L (» = 80)
for Moshi and Kibosho, respectively. The corresponding
average Intake of tea was 0.4 and 0.3 L, giving a total
liquid intake of 1.0 £ 0.4 L and 0.7 £ 0.2 L, respectively.

Background factors (feeding habits)

Significantly more subjects in the rural area, Kibosho,
than in the urban area, Moshi, practiced exclusively
breast-feeding during infancy (Table 2). All parents in
Moshi and 2 out of 3 in Kibosho reported the use of lishe as
a weaning food. Aiborou was only used in Kibosho (rn = 29).
Tea and fish were consumed by almost everyone in both
areas.

A higher proportion of respondents’ parents in Kibosho
than in Moshi reported the use of magadi. About 40% of
the respondents’ parents in Kibosho reported that the
subject regularly used toothpaste during preschool age.
The corresponding value in Moshi was 97% (Table 2).

Dental fluorosis

The prevalence of dental fluorosis was significantly
lower in Moshi (60%, 95% CI=47.7-72.3%) than in

ACTA ODONTOL SCAND 58 (2000)

Kibosho (100%) (Fig. 1). The same was observed for scores
of severity TFI>5: 10 and 34% (x> =10.3, df=1).
Neither in the prevalence nor in the severity of dental
fluorosis was there a significant gender difference.

Dental fluorosis and background factors

Areas combined. Users of kiborou had significantly higher
TFI scores than users of lishe (T'able 4). Significantly higher
prevalence and higher frequency of dental fluorosis at
severity of TTT score > 5 were observed among magad
users than among non-users.

The following factors correlated significantly with the
severity of dental fluorosis: total fluid intake (r, = —0.19),
toothpaste use (—0.30), homemade porridge (0.30), age
(0.33), use of magadi (0.42), and area of residence (0.44).
Except for age (continuous variable) and fluid intake (< 1
L, > 1 L), the independent variables were dichotomized as
shown in Table 4. In the stepwise multiple linear
regression analysis (SMLRA), the total explanatory effect
of the variables in the final equation was 20%; area
explained 15% and magadi increased the explained
variance by 6% (Table 5). The model explained a
significant part of the variance (' = 18.8). When control-
ling for area in SMLRA, the total explained variance was
19%, where magadi explained 15% and homemade
porridge increased the explained variance by 5%. In a
collinearity check, total fluid intake (r; = —0.45), tooth-
paste use (—0.60), use of magadi (0.43) and homemade
porridge (0.45) explained 58% of the variance due to area
of residence. The variance inflation factor was 1.5; values
above 10 indicate collinearity of concern (29). Among the
magadi and lishe users (n =90, excluding kiborou users and
magadi non-users), except for area of residence, none of the
other independent variables were found to explain
variation in the severity of dental fluorosis.

In multiple logistic regression analysis, the risk of having
a TTT score > 3 was higher for magadi users (OR = 5.5,
CI=1.7-18.3) and for children residing in Kibosho
(OR =2.3, CI=1.1-4.8; Table 6). Controlling for arca
increased OR for users of magadi from 5.5 to 7.0 (CI = 2.2—
21.0) and Akiborou became a significant risk indicator
(OR =3.0, CI=1.1-7.5).

Within areas. In Moshi, the severity of dental fluorosis
among the users of magadi was significantly higher than
among non-users: the median TFI scores for tooth 21 were
3 (n=41) and 0 (n = 22), respectively. Use of fish (1, = 0.28)
and magadi (0.35) were significantly correlated with the TFI

Table 5. Stepwise multiple linear regression analysis with the TFI score on the upper left central incisor as the dependent variable (n = 143)

Independent variable Regression coefficient (B) Standard error (B) Beta (B) R? change P
Area 1.30 0.37 0.28 0.15 <0.01
Magadi 1.68 0.51 0.27 0.06 <0.01
Constant —0.40 — — — —

Adjusted R? = 20.4%.
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Table 6. Regression coefficient, odds ratio, and 95% confidence interval for subjects (n = 143) in multiple logistic regression analysis. The
dependent variable (TTFI score on tooth 21) categorized as 0 =TFI <2 and 1 =TFI > 3

Independent variables Value n Regression coeflicient se Odds ratio 95% CI

Area Moshi 0 63 — — — —
Kibosho 1 80 0.83 0.39 2.3 1.1-4.8

Use of magadi No 0 24 — — — —
Yes 1 119 1.70 0.61 5.5 1.7-18.3

score. In SMLRA, magadi explained 11% and use of fish
6% when the total explained variance was 16%. In the
logistic regression analysis, only subjects who had used
magadi had an elevated risk of developing fluorosis of
severity TFI score >2 (OR = 5.0, CI = 1.4-16.3).

In Kibosho, nearly all subjects (97%) were reported to
have used magadi, and hence its effect could not be
assessed. Based on SMLRA, none of the background
variables were significantly associated with the severity of
fluorosis. In the logistic regression analysis, kiborou was
found to be a significant risk indicator (OR = 3.0,
CI=1.1-10.4) for developing fluorosis of TFI score >4.

Discussion

Comments on methodology

The material was homogeneous with respect to lifelong
residence in the areas and even to ethnicity. This is done
because the prevalence and severity of dental fluorosis may
be related to ethnicity (11). Variation due to post-eruptive
influences was minimized by restricting the age range to
10—14 years, and by basing the severity of dental fluorosis
on the score of tooth 21. A maxillary central incisor was
used because it restricted the F exposure to a limited
period of time during the first years of life, and because it
minimized variation due to differences in severity of
fluorosis within the dentition (27).

The severity of fluorosis was related to factors known or
assumed to be associated with the development of dental
fluorosis. The F concentration in the drinking water, at the
time of survey, was low in both areas, and at the same
level, even in Kibosho where several sources were utilized
(Table 3). The I levels we report corroborate earlier
findings in the 1970s in Moshi (17) and in the 1990s in
Kibosho (20, 30). This indicates a fairly stable and low F
concentration in the local waters, at least in Moshi. When
the severity of fluorosis in Kibosho was related to water
source (tap versus other), the source had no impact. In
Moshi, all except 1 subject received water from the same
source.

Information about the independent variables was
obtained by interviews carried out by 1 interviewer. We
were not able to validate the respondents’ answers, but
there is no reason to expect systematic errors affecting the
comparisons, at least not within the areas.

The severity of dental fluorosis on tooth 21 caused a

slight, systematic, but non-significant (P = 0.04, n = 143)
over-recording compared to the median score for the
whole dentition. To offset an effect of clustering when the
score on tooth 21 was compared to the subject’s median
score, the significance level was set at 1%. Since the
severity scores of dental fluorosis are measured on an
ordinal scale, non-parametric tests were applied in
statistical analyses related to fluorosis. Due to the
differences in severity of fluorosis in Moshi and Kibosho,
and to meet the requirement of equal number of subjects
when dichotomizing (29), different cut-off points were
adopted when dichotomizing variables for the logistic
regression analyses.

Three types of analyses were performed to relate the
severity of dental fluorosis to selected variables: bivariate
correlation, stepwise multiple linear regression, and logistic
regression analyses. The correlation analyses indicate the
strength of association and are a prerequisite to limit the
number of independent variables included in linear
regression (29).

In the bivariate analyses, the subject’s age and area of
residence correlated significantly with the severity of
fluorosis. When other variables were controlled, age was
insignificant in both linear and logistic regression analyses,
while area of residence remained significant. Linear
regression shows the effect of 1 variable while controlling
for the effect of others, whereas the logistic model may
indicate an increased/reduced risk associated with a
certain factor while controlling for other indicators. The
linear regression analyses explained up to 20% of total
variance, indicating substantial effect of factors not
considered. This applied even when the multivariate
analyses were carried out with a less stringent criterion
(P<0.10) for entry of independent variables into the
models.

Comments on_findings

Although the fluoride content of the drinking water and
the intake of water and tea at present were somewhat
lower in Kibosho than in Moshi, the prevalence and
severity of dental fluorosis was significantly higher in
Kibosho than in Moshi. The present severity of dental
fluorosis indicates a level similar to the mean Dean’s index
of 2.0 in Moshi (17) and in Kibosho a mean TFI score of
4.4 (30). The median scores for all teeth calculated for
Moshi and Kibosho were 2 and 4, respectively.

Except for 2 children, all used magadi in Kibosho. The
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users of both magadi in Moshi and kiborou in Kibosho had
significantly increased risk of developing fluorosis when
controlling for area. Magad: is included in the traditional
weaning food kiborou, while lishe, which is recommended to
avoid protein deficiency and malnutrition, is made without
magadi. Only the latter weaning food was used in Moshi.
Malnutrition has been mentioned as a factor related to
fluorosis in Kibosho where, according to the Regional
Maternal and Child Health Offices, 44% of children of the
same age as the subjects of this study could have been
malnourished in the 1980s (30). However, recent findings
from Brazil showed no association between malnutrition
and dental fluorosis (31). Whether or not the increased risk
of fluorosis among users of the weaning food, kiborou, is
related to its magadi content is unknown at present.

The fluoride content of magadi from Tanzania varies
(20, 25, 30, 32), but different methods of reporting make it
difficult to compare the I levels. Some estimates are based
on solid weight (32), while others report only mg F/L
(25, 30) or ppm F (20). An average of 1.5 mg F/g magadi
and a suggested intake of 0.44 g magadi/day by adults gives
0.7 mg F/day (32). Greater amounts of magadi added
during food preparation (20) and at frequencies from daily
to once a week have been reported (20, 32); however, to
our knowledge, no estimates of the intake of magadi by
young children are available.

In addition to the difference in altitude, breast-feeding
habits, weaning food, use of toothpaste, and fluid intake
were significantly different in the two areas (Table 2).
Significantly more respondents in the urban than in the
rural area used toothpaste, fluoridated or not, during the
preschool period of life. Few Tanzanian adolescents in the
rural areas seem to use toothpaste at present (25). Except
for area, breast-feeding habits, use of toothpaste, and fluid
intake at present were found to have no significant effect
on the prevalence and severity of dental fluorosis. The
difference in altitude of 450 meters may favor more severe
fluorosis in Kibosho (22, 23, 30), but the altitude per se
cannot explain the difference in dental fluorosis between
the areas. On the other hand, the different weaning foods
and the use of magadi may affect the severity of dental
fluorosis. People in rural areas tend to stick to their
traditions, e.g. weaning, nursing, and even cooking habits,
1.e. the way they cook, cooking utensils used, etc. (Dr. Liv
Haram, personal communication). Thus, the use of kiborou
in the rural area only can be explained by adherence to a
traditional way of life.

Conclusions

The type of weaning food and use of magadi added during
food preparation were significantly related to the severity
of dental fluorosis. Fluoride from magadi and use of the
traditional homemade weaning food kiborou may partly
explain the surprisingly high prevalence and severity of
dental fluorosis in these areas with < 0.4 mg F/L in the
drinking water.
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