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Abstract

Aims. One aim of the study was to evaluate the impact of using logistic regression in oral health research and to evalu-
ate the effects of amine fluoride (AmF) products in remineralization, statistically. Methods. The longitudinal clinical
study evaluated the effect of combined use of AmF toothpaste and gel (test group 1) versus using AmF toothpaste and
placebo gel (test group 2), and material containing no AmF at all (control group). Reversal of white spot lesions was
examined using logistic regression. Results. The use of AmF toothpaste combined with AmF gel reduced the number of
incipient lesions significantly (p<0.001) compared to the group using no AmF products. Test group 1 had 2.3 times high-
er chance of remineralization of incipient lesions than test group 2 (p = 0.03), and 11.1 times higher chance (p 0.001),
than the control group. The significant odds ratio showed that the combined use of AmF gel and toothpaste was more
effective in remineralizing incipient lesions. Conclusions. Logistic regression can be used to predict a dependent vari-
able on the basis of independent variable and to determine the proportion of variance in the dependent variable explained
by the independent variables, to rank the relative importance of independent variable, to assess interaction effects and to
understand the impact of covariate control variables. This method could detect the beneficial effects of AmF products
not only clinically but also statistically.
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Introduction

In a previous clinical trial we elaborated a preven-
tive programme, based on the combined use of
amine fluoride (AmF) toothpaste and AmF gel. It
has been shown that the combined use of AmF
products provided a significant reduction of DMFS
values both including and not including the incipi-
ent lesions [1]. It would be of interest to know if the
DMEFS reduction is related to the reversal of white
spot lesions due to the remineralizing effect of AmF
products. In order to assess this problem not only
clinically, but also statistically, the logistic regres-
sion model can be used to determine this relation-
ship.

Logistic regression is a useful statistical
method if the dependent variable has only two pos-

sible values, - for example 0 and 1 -, when other
methods such as multiple regression become
invalid because predicted values of y would not be
constrained to range between 0 and 1. Discriminant
analysis could also be used in similar circum-
stances. However, discriminant analysis will only
produce optimal solutions if its assumptions are
supported by the data. An alternative approach is
logistic regression. In logistic regression the
dependent variable (y) is the probability that an
event will occur, hence y is constrained between 0
and 1. Logistic regression has the additional advan-
tage that all of the predictors can be binary, a mix-
ture of categorical and continuous or just continu-
ous [2,3].

The aim of this article was to help to better
understand the use of logistic regression in oral
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health research and to evaluate the effects of AmF
products in remineralization, statistically.

Methods

Design of the study

This study was based on the combined use of amine
fluoride (AmF) toothpaste and AmF gel (test group
1), versus the use of AmF toothpaste and placebo
gel (test group 2), and material containing no AmF
at all (control group). During the clinical trial caries
experience, oral hygiene, salivary microbiological
factors, buffer capacity were evaluated at baseline,
and in the first and then in the second year. The
design of the two years longitudinal clinical study
is shown in Table 1.

Study sample:
Test group 1: AmF gel + toothpaste
Test group 2: AmF toothpaste + placebo gel
Control group: no AmF products

The unit of observation was a subject’s tooth
surface and the dependency problem was the rever-
sal of incipient lesions (in otherwise healthy sub-
jects).

During the preparation of the dataset for model
fitting, the original caries score of the surface of
teeth was recoded during each examination, and
received either the code 0 (healthy) or the code 1
(with white spot lesion). At baseline altogether 428
surfaces were selected with white spot lesion of
which changes were evaluated mathematically dur-
ing the study.

The logistic model is written as:

where z is by + byx; + byx, + ...+ bpxp,

In this model x;, X,, X3, ...., Xp are the inde-
pendent variables. The variable z is a measure of
the total contribution of all the risk factors used and
is known as the logit. The variable z is usually
defined as b, + b;x; + byx, + ...+ bpxp, where b, is
called the ,,intercept” and b, b,, b;, and so on, are
called the ,regression coefficients* of x;, X,, X3
respectively. The intercept is the value of z when
the value of all risk factors is zero (i.e., the value of
z in someone with no risk factors).

The logit coefficients, also called nonstandard-
ized logistic regression coefficients or effect coeffi-
cients, correspond to the b (nonstandardised regres-
sion) coefficients in ordinary least squares (OLS)
regression. Logits are the natural log of the odds.
The odds ratio is a measure of effect size and is par-
ticularly important in Bayesian statistics and logis-
tic regression. It is defined as the ratio of the odds
(possibility) of an event occurring in one group
tothe odds of it occurring in another group, or to a
sample-based estimate of that ratio. In our study it
shows the relative possibility of remineralization of
white spot lesions in group using both AmF con-
taining toothpaste and gel compared to the control
group using only toothpaste. These are used in the
logistic regression equation to estimate (predict)
the log odds that the dependent equals 1 (binomial
logistic regression) or that the dependent equals its
highest/last value (multinomial logistic regression).
For the dichotomous case, if the logit for a given
independent variable is b;, then a unit increase in
the independent variable is associated with a b,
change in the log odds of the dependent variable
(the natural log of the probability that the depend-

- Prob(event) = + ol

Prob(eveny) ll ( ) 1+ efz ¢ ent = 1 divided by the probability that the depend-
ent = 0). In multinomial logistic analysis, where the
dependent may have more than the usual either 0-

Table 1. Design of the study
Two years longitudinal clinical study
n= 586 n=406
Baseline 1 year 2 years

|

Examined parameters: Clinical:

Microbiological:
Biochemical:
Demographic:

DMFS, VPI

SM, LB counts

buffer capacity

gender, social status,
previous fluoride exposure
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or-1 values, the comparison is always made with
the last value rather than with the value of 1. Note
that OLS has an identity link function while logis-
tic regression has a logit link function (that is,
logistic regression unlike calculates changes in the
log odds of the dependent, rather than changes in
the dependent itself) [4]. In SPSS output, the logit
coefficients are labelled B.

Analysis of data

The sample was taken on the basis of a longitudinal
study, where the measurements were made three
times and only the values for those subjects, who
participated in all three examinations were evaluat-
ed. Descriptive statistics were calculated for vari-
ables to compare the categorical variables. Chi-
square statistics and logistic regression were used.
All statistical analyses were performed using by
SPSS for Windows statistical software version
11.0.

Results

In the control group the constant in the equation
was:

b= - 4.06 = In (4/233).
The value of bl in Test group 1 was:

-1.56-(-4.06)=2.41=b,

and the Odds ratio, (shown as ,,Exp(B)*“ in the
,,Variables in the Equation* table) , was

Exp(B)=e241=11.121.

In Test group 2 (AmF toothpaste and placebo
gel) these values were:

-2.5-(-4.06)=1.56= sz
Exp(B)=e!-56=4.76, respectively.

The continued use of AmF products (gel +
toothpaste) as judged by parameter estimates was
found to be non significant after one year, but it was
significant at the end of the second year (p <0.001).

The results showed that the group using AmF
gel and toothpaste had 2.3 times higher chance for
remineralization of incipient lesions than the group
using toothpaste only, (p = 0.03), and 11.1 times
higher chance (p < 0.001), than the group using no
AmF products, but maintaining their usual oral care
habits. The odds ratio was 4.7 in the group using
AmF toothpaste only (p = 0.009). The results were
statistically significant only in the case of buccal
surfaces (Table 2).

No significant relationship was found between
other clinical, microbiological, biochemical param-
eters on the one hand and reduction of incipient
lesions, on the other.

Discussion

Logistic regression can be used to predict a depend-
ent variable on the basis of independent variable
and to determine the percentage of variance in the
dependent variable explained by the independent
variable; to rank the relative importance of inde-
pendent variable; to assess interaction effects; and
to understand the impact of covariate control vari-
ables.

Logistic regression applies maximum likeli-
hood estimation after transforming the dependent

Table 2. Loglinear model for the relationship between groups and re-mineralizing buccal surfaces

Model Summary

-2 Log Cox & Snell Nagelkerke
Step likelihood R Square R Square
1 259,540 ,055 131
Variables in the Equation
95,0% C.l.for
EXP(B)
B S.E Wald df Sig. Exp(B) Lower Upper
Group 21,148 2 ,000
Test group 1 2,409 546 | 19,492 1 ,000 | 11,121 3,817 | 32,403
Test group 2 1,560 ,601 6,730 1 ,009 4,761 1,464 | 15,475
Constant -4,062 ,504 | 65,064 1 ,000 ,017
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into a logit variable (the natural log of the odds of
the dependent if present). In this way, logistic
regression estimates the probability of the occur-
rence of a certain event. Logistic regression analo-
gous to OLS regression in several aspects: logit
coefficients correspond to b coefficients in the
logistic regression equation, the standardized logit
coefficients correspond to beta weights, and a pseu-
do R2? statistics is available to summarize the
strength of the relationship. Also, goodness-of-fit
tests such as model chi-square are available as indi-
cators of model appropriateness as is the Wald sta-
tistic to test the significance of individual inde-
pendent variables. Logistic regression applies max-
imum likelihood estimation after transforming the
dependent into a logit variable (the natural log of
the odds of the occurrence of the dependent). In this
way, logistic regression estimates the probability of
occurrence of a certain event.

Log-linear, logit, and probit models extend the
principles of generalized linear models (for exam-
ple regression) to better treat the case of dichoto-
mous and polytomous dependent variables. As such
they are a kind of multi-way frequency analysis
(MFA), but sometimes labelled as log-linear analy-
sis. These methods differ from standard regression
in substituting maximum likelihood estimation of a
link function of the dependent for by using regres-
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In our study the parameter estimates for AmF
products were found significant after the second
year. The significant odds ratio in the second test
showed that the combined use of AmF gel and
toothpaste was more effective in remineralizing
incipient lesions compared to the other & groups.
Using the logistic regression model showed the
advantage for results that it was impressive, but
prediction using classification techniques presented
high levels of sensitivity [8, 9].

Using the statistical method of this logistic
regression it became possible to further improve
the effectiveness and scientific value of a clinical
study yielding further results based on the same
database.
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