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T he assessment of
changes in oral
health status
among members of

the population is essential
to public health planning.
It involves distinct tasks,1

such as description of the
change and identification of
differences among people
and groups in terms of the
nature, direction and mag-
nitude of change; identifica-
tion of predictors of change;
and determination of an
explanation of the change.

Traditionally, investiga-
tors have assessed change
through repeated cross-
sectional studies, cohort
studies and clinical trials
involving the use of clinical
indexes. These indicators
help determine the progres-
sion of disease, but they do
not measure improvements
in health.2 Clinical oral
health measures depend on
the observations of the
health professional (norma-
tive assessment) and take
little account of quality-of-
life measures, which reflect
how a person perceives his
or her oral health status3

and how that status affects
his or her functional and
psychosocial well-being.4
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A B S T R A C T
Background. Identifying changes in the oral health
status of older populations, and their predictors and expla-
nations, is necessary for public health planning. The
authors assessed patterns of change in oral health–related
quality of life in a large cohort of older adults in Brazil during a
five-year period and evaluated associations between baseline characteristics
and those changes.
Methods. The sample consisted of 747 older people enrolled in a Brazilian
cohort study called the Health, Well-Being and Aging (Saúde, Bem-estar e
Envelhecimento [SABE]) Study. Trained examiners measured participants’
self-perceived oral health by using the General Oral Health Assessment Index
(GOHAI). The authors calculated changes in the overall GOHAI score and in
the scores for each of the GOHAI’s three dimensions individually by sub-
tracting the baseline score from the score at follow-up. A positive difference
indicated improvement in oral health, a negative difference indicated a
decline and a difference of zero indicated no change.
Results. The authors found that 48.56 percent of the participants experi-
enced a decline in oral health and 33.48 percent experienced an improvement.
Participants with 16 or more missing teeth and eight or more years of educa-
tion were more likely to have an improvement in total GOHAI score. Deterio-
ration was more likely to occur among those with two or more diseases.
Improvement and decline in GOHAI functional scores were related to the
number of missing teeth. The authors found no significant model for the
change in the psychosocial score, and self-rated general health was the only
variable related to both improvement and decline in pain or discomfort scores.
Conclusions. The authors observed a bidirectional change in self-perceived
oral health, with deterioration predominating. The strongest predictor of
improvement in the total GOHAI score was the number of missing teeth,
whereas the number of diseases was the strongest predictor of deterioration.
Clinical Implications. Dental professionals and policymakers need to
know the directions of change in older adults’ oral health to establish treat-
ment priorities and evaluate the impact of services directed at this population.
Key Words. Oral health; self-perception; self-assessment; quality of life;
General Oral Health Assessment Index; older adults; aging; geriatric dentistry.
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A broad range of subjective instruments exist
to measure the self-perceived effect of oral
health on quality of life.5 According to the litera-
ture, negative self-perceived oral health is
related to a greater number of missing teeth,3,6

a lower level of education,7 use of dental pros-
theses7,8 and nonuse of dental services.9 With
regard to changes in self-perceived oral health,
the evidence reveals that tooth loss,2 financial
hardship2 and a self-perceived need for dental
treatment10 are related to both an improvement
and a decline in oral health, whereas research
has not shown that the reason for dental visits
is related to such changes.2 Most of these results
are from studies of older people, as there is an
increasing interest in this segment of the popu-
lation, especially owing to the striking inequali-
ties in oral health status and access to dental
care among members of this group.11

To date, too few investigators have examined
changes in oral health–related quality of life
across time, and to our knowledge none has con-
ducted research in developing countries. This is
a shortcoming, as oral health is considered a
determining factor in quality of life and oral
health–related quality of life is highly relevant
to the evaluation of community oral health
programs.12

Our aim in the study we describe here was to
assess patterns of change in oral health–related
quality of life and determine which baseline
characteristics were associated with change
throughout the observation period among a
sample of noninstitutionalized older residents
of São Paulo.

METHODS
Sample. Our study is part of a larger epidemio-
logic survey called the Health, Well-Being and
Aging (Saúde, Bem-estar e Envelhecimento
[SABE]) Study, which was a multicenter study
coordinated by the Pan-American Health
Organization, Washington, and conducted in
seven countries in Latin America and the
Caribbean (Argentina, Barbados, Brazil, Chile,
Cuba, Mexico and Uruguay). In Brazil, this
study was conducted by the School of Public
Health of the University of São Paulo, Brazil,
under the coordination of one of the authors
(M.L.L.) in the city of São Paulo from 2000
through 2001 and involved a sample of 2,143
people representing 836,204 people 60 years
and older, selected through multiple-stage sam-
pling representative of the municipality of São
Paulo.13,14 In 2006, the School of Public Health
continued the survey in São Paulo and trans-
formed it into a multiple-cohort study. In this

follow-up study, 1,115 of the older people who
had participated in the baseline study and still
were alive agreed to undergo a new set of inter-
views that were based on the same procedures
as those used in the baseline study. Trained
examiners collected data at the participants’
homes, a process that involved the use of an
interviewer-administered structured question-
naire with questions regarding socioeconomic
variables, general health and living conditions
as well as a set of anthropometric and physical
function measurements.

This study received approval from the Human
Research Ethics Committee of the School of
Public Health, University of São Paulo. We
obtained written informed consent from each
participant at the time of his or her interview.

The results of this study are restricted to par-
ticipants with complete data for the GOHAI at
both baseline and follow-up. We excluded from
the analysis participants diagnosed with cogni-
tive impairment in any of the study phases.
We used the short version of the Mini-Mental
State Examination to determine cognitive
impairment.15

Outcome of interest. We measured self-
perceived impact of oral health on quality of life
by using the Geriatric Oral Health Assessment
Index,16 which was designed to assess the oral
health of older people but also has been used
successfully with other groups and therefore
was renamed the General Oral Health Assess-
ment Index (GOHAI).5 This instrument consists
of 12 questions aimed at assessment of oral
health–related problems in three dimensions:
dphysical function (concerns about eating,
speech and swallowing);
dpsychosocial function (concerns about oral
health and self-image, self-consciousness
regarding oral health and avoidance of social
contact because of oral health problems);
dpain or discomfort.16

The respondent answers questions according
to a five-point Likert scale.

Via the GOHAI questionnaire, we asked par-
ticipants how often in the previous 12 months
they had experienced each of the problems
described: “always,” “often,” “sometimes,”
“seldom” or “never.” The final score for each par-
ticipant ranged from 12 to 60 points, with
higher scores denoting a better self-rated oral
health status or low degree of negative impact
on quality of life.

ABBREVIATION KEY. GOHAI: General Oral Health
Assessment Index. SABE: Saúde, Bem-estar e Enve-
lhecimento (Health, Well-Being and Aging).
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We determined changes in GOHAI scores by
subtracting the total score at baseline (2000-
2001) from the total score at follow-up (2006).
As higher scores reflect better oral health, a
positive difference indicated an improvement in
oral health during the observation interval, a
negative difference indicated a decline in oral
health and a difference of zero represented no
change.

Covariates. The independent variables in
our study were as follows:
dsociodemographic data—age, sex, self-
perception of income sufficiency and education;
dgeneral health—depression, number of self-
reported chronic diseases (diabetes, hyperten-
sion, heart disease, chronic obstructive pul-
monary disease and arthritis) and smoking
status;
doral health measurements—self-reported
number of missing teeth and self-reported use of
prostheses.

In the baseline study, respondents provided
information about their number of missing teeth
according to three categories: zero to four teeth;
five to 15 teeth; and 16 or more teeth. As the
first category had few participants, we dichoto-
mized this variable as zero to 15 missing teeth
and 16 or more missing teeth so that we could
keep cell sizes large enough for the data
analysis. We collected data regarding all these
independent variables during the baseline
study.

Statistical analysis. Our statistical analysis
involved descriptive and inferential analyses,
with a 5 percent significance level and 95 per-
cent confidence interval (CI). We tested associa-
tions between categorical variables by using the
Rao-Scott modified χ2 test. When data originates
from simple random sampling, the Pearson χ2

test may be used to test the null hypothesis of
independence; however, in studies based on
complex survey data, researchers must alter the
procedure to account for the survey design. The
Rao-Scott test takes into account the design
weights from complex sampling procedures.17

The dependent variables were changes in the
respondents’ scores on the total GOHAI and its
three dimensions individually. We entered all
independent predictors with P < .20 in the
bivariate analysis into a multinomial logistic
regression model. Multinomial logistic regres-
sion analysis is an extended variation of bino-
mial logistic regression in which the outcome
variable has more than two categories. As the
outcome variable has κ categories, multinomial
logistic regression involves the comparison of
κ – 1 categories, with a reference category

defined by the researcher. The model is adjusted
in the same way as in binomial logistic regres-
sion, allowing simultaneous comparisons of the
effects of independent variables to the depen-
dent variable categories.18 We included inde-
pendent variables in sets in the following order:
self-reported oral conditions, sociodemographic
data and general health. We adjusted the final
model for age (continuous variable), depression
and self-perception of sufficient income, dichoto-
mizing the latter two as yes or no. We used a
statistical software program (Stata 11.0, Stata-
Corp, College Station, Texas) for the analyses
and made a correction for the design effect by
using the “survey” command to analyze data
originating from a complex sample.

RESULTS
At baseline in 2000 and 2001, 1,769 participants
were free of cognitive impairment; we had com-
plete GOHAI data for 1,573 of the 1,769. At the
five-year follow-up in 2006, 747 (47.49 percent)
of these 1,573 participants still were living and
had complete GOHAI information. In relation to
the baseline study, participants with missing
data on the GOHAI (n = 196) were more likely
to have 16 or more missing teeth (P < .01) and
zero to three years of education (P < .01). Com-
pared with the group of participants who were
unavailable at follow-up, those who remained in
the cohort were significantly more likely to be
women, were at a less advanced age, had rated
their health as “good” and had a lower propor-
tion of two or more chronic diseases. There were
no significant differences between the group
unavailable at follow-up and the one retained in
the cohort in relation to education, perception of
having sufficient income to meet basic expenses,
smoking habits, depression, number of missing
teeth or use of a prosthesis. At baseline, the
mean GOHAI score was 53.90 (95 percent CI,
53.35-54.46) among the participants unavailable
at follow-up and 54.86 (95 percent CI, 54.25-
55.47) among the participants retained, al-
though the 95 percent CIs overlapped.

Regarding the final sample, 61.25 percent
were female. The mean age was 67.04 years
(median, 68 years); the largest percentage,
44.18 percent, of the respondents were aged 60
to 64 years, followed by those 70 years or older
(31.12 percent). The majority had a low level of
education; 40.58 percent were illiterate or had
less than four years of education, 38.73 percent
had four to seven years and 20.69 percent had
eight or more years. Only 34.57 percent re-
ported perceiving that they had sufficient
income to meet basic expenses. A total of 74.12
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percent of the respond-
ents reported missing 16
or more teeth, and 84.01
percent reported using
some kind of dental
prosthesis (partial or
complete
dentures).

The changes in total
GOHAI score revealed
that nearly one-half
(48.56 percent) of the
participants experienced
a decline in oral health
during the observational
interval, whereas 33.48
percent experienced an
improvement. Table 1
displays the distribution
of the change in total
GOHAI scores according
to the independent vari-
ables. The results reveal
that participants in the
three GOHAI score
groups (those with a
positive difference in
scores [“improved”],
those with a negative
difference in scores
[“worse”] and those with
no alteration in scores
[“no change”]) were sim-
ilar in terms of socio-
demographic data, gen-
eral health and oral
health factors at base-
line. In the final model
(Table 2), improvement
in the total GOHAI
score was related to the
number of missing teeth
and education, whereas
a decline in oral health was associated signifi-
cantly with the number of chronic diseases.

In relation to the pattern of change in scores
on the functional dimension of the GOHAI, the
groups were more different in terms of oral
health and personal characteristics. Men were
more likely to have undergone a change (P < .01);
43.32 percent experienced a functional decline
and 42.79 percent experienced an improvement.
Among the women, these figures were 38.07 per-
cent and 34.70 percent, respectively. The groups
also differed significantly with regard to the
number of missing teeth (P < .01) and the use of
dentures (P = .03). Among those who had lost

zero to 15 teeth, the majority (57.54 percent)
experienced no change in the functional dimen-
sion score, followed by those whose scores
declined (27.67 percent). Among the participants
with 16 or more missing teeth, almost one-half
(44.45 percent) experienced a decline and 30.97
percent underwent no change. With regard to
dental prostheses, people who wore dentures
were more likely to have experienced a decline in
physical function (41.03 percent); 35.53 percent
of those experienced no change in physical func-
tion. In contrast, those without dentures were
more likely to have undergone no change (49.58
percent), and 34.30 percent of them experienced

TABLE 1

Demographic data and distribution of change
in scores on the General Oral Health Assessment
Index (GOHAI), according to independent variables.
PARTICIPANT
CHARACTERISTIC

PERCENTAGE OF PARTICIPANTS, ACCORDING
TO CHANGE IN GOHAI SCORE

P VALUE*

No Change Improved Worse

Sex
Male 17.85 32.71 49.44 . 93
Female 18.03 33.97 47.99

Age (Years)

.25
60 to 64 20.62 34.52 44.86
65 to 69 18.79 28.94 52.27
70 or older 13.54 35.61 50.86

Sufficient Income

.19No 16.65 32.98 50.37
Yes 20.29 34.33 45.38

Educational Level

.07
Zero to three years 15.51 36.15 48.34
Four to seven years 21.49 27.10 51.41
Eight or more years 16.17 40.19 43.64

Depression

.27Yes 15.73 40.45 43.82
No 18.42 32.07 49.51

Number of Diseases

.10Zero or one 20.30 33.76 45.94
Two or more 13.35 32.93 53.71

Self-Rated Health Status

.89Good 18.17 32.64 49.19
Poor 17.80 34.50 47.70

Smoking Status

.21Yes 11.12 36.31 52.58
No 19.03 33.04 47.93

Number of Missing Teeth

.07Zero to 15 24.87 30.47 44.65
16 or more 15.55 34.53 49.92

Denture

.43Yes 17.30 33.53 49.17
No 21.81 35.40 42.79

* According to the Rao-Scott modified χ2 test.
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a decline in physical function. We also included
smoking status (P = .09) and self-rated health
(P = .07) in the multivariate model. Two vari-
ables were independently related to functional
improvement and one was independently related
to a decline (Table 3).

In the psychosocial dimension, we included in
the logistic model only smoking status (P < .01)
and self-rated health (P = .11). However, the
final model was not statistically significant
(P = .11).

In the pain or discomfort dimension, there
were significant differences among the groups
in relation to self-rated health (P < .01) and
depression (P = .04). A total of 52.01 percent of
the participants whose self-rated health status
was “good” underwent no change, whereas 25.90
percent experienced a decline. In contrast, 31.95
percent of those participants with a self-rated
health status of “poor” experienced a decline in
pain or discomfort scores and 31.25 percent
demonstrated an improvement. Table 4 (page
494) displays the final multinomial analysis for

factors related to a
change in pain or dis-
comfort scores. Improve-
ment was related to
self-rated general
health and smoking,
whereas a decline was
associated with self-
rated general health.

DISCUSSION
The results of our inves-
tigation reveal that
nearly one-half—48.56
percent—of the older
Brazilian population we
studied experienced a
decline in oral health–
related quality of life
during the five-year
observation period, and
approximately one-third
(33.48 percent) of the
participants experienced
an improvement. More-
over, the number of
missing teeth was the
best predictor of an
improvement in the
total GOHAI score as
well as of both improve-
ment and decline in the
functional dimension.
To our knowledge, this

is the first investigation of patterns of change in
oral health in a population of older people in a
developing country by means of a multi-item
oral health quality-of-life measure. Therefore,
direct comparison between these results and
those in the literature is hindered by differences
in population characteristics and outcomes.

In relation to the direction and magnitude of
the change, our results differ from those re-
ported by other authors,2,10,19 in which most of
the participants experienced either no change or
a decline in self-reported oral health (although
Dolan and colleagues19 found a lower percentage
of participants with no change in scores than
did investigators in the other two studies). Our
findings reveal a greater amount of both im-
provement and decline in oral health than seen
in the studies cited.2,10,19 These divergences may
be related to differences in the methods used to
measure change.

A higher number of missing teeth at baseline
increased the chance of improvement in oral
health during the five-year follow-up period.

TABLE 2

Final multinomial logistic regression model for
participants with changes in General Oral Health
Assessment Index (GOHAI) scores.*
PARTICIPANT CHARACTERISTIC,
ACCORDING TO CHANGE IN
GOHAI SCORE

ADJUSTED ODDS RATIO
(95% CONFIDENCE

INTERVAL)

P VALUE

Improved
Missing teeth
Zero to 15 1 —†

16 or more 1.92 (1.18-3.13) .01
Educational level
Zero to three years 0.73 (0.37-1.43) .35
Four to seven years 0.43 (0.21-0.88) .02
Eight or more years 1 —
Number of diseases
Zero or one 1 —
Two or more 1.39 (0.76-2.55) .28

Worse
Missing teeth
Zero to 15 1 —
16 or more 1.62 (0.89-2.92) .11
Educational level
Zero to three years 0.85 (0.40-1.79) .66
Four to seven years 0.75 (0.37-1.54) .43
Eight or more years 1 —
Number of diseases
Zero or one 1 —
Two or more 1.76 (1.01-3.06) < .05

* Model adjusted by age (continuous variable), depression, self-perception of a sufficient income (the latter
two dichotomized as yes-or-no questions); n = 744, representing 343,376 people; model P value = .01;
“no change” used as reference category.

† Reference category.
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However, the analyses of
the three GOHAI
dimensions separately
revealed that this rela-
tionship remained sig-
nificant only for changes
in the functional dimen-
sion. The apparent inco-
herence of the patterns
of change in the func-
tional dimension score—
that people with a
greater number of
missing teeth experi-
enced both improvement
and deterioration in
reported oral health—is
supported by the litera-
ture.2,10 Slade2 assessed
changes in oral health–
related quality of life at
baseline and after a two-
year follow-up period
and investigated its
relationship with regard
to three risk predictors
(tooth loss, problem-
based dental visits and
financial hardship). According to his results,
high-risk groups had both higher rates of deteri-
oration and improvement in oral health than
did low-risk groups. Slade2 stated that the
explanation for this lay in the fact that risk fac-
tors could have opposite effects in different
people. Thus, tooth loss throughout an observa-
tion period may reduce the ability to chew and
worsen quality of life for some older people,
whereas others may experience pain relief after
tooth extraction and a consequent improvement
in oral health. However, the predominant effect
depends on the baseline oral health status in
the sample.

Locker1 suggested that this phenomenon is
explained partially by the relationship between
tooth loss and pain. Locker found that people
who experienced an improvement in oral health
also had a reduction in the prevalence of tooth-
ache between baseline and follow-up, whereas
those who experienced a decline in oral health
also reported an increase in pain associated with
the use of partial dentures. Atchison and Gift20

reported that the use of full dentures may repre-
sent an improvement in oral health among
people who have experienced repeated tooth
problems. Thus, improvement in our study may
have occurred among people with 16 or more
missing teeth at baseline who acquired new den-

tures or started to use prostheses and experi-
enced an improvement in chewing efficiency,
whereas those with a high number of missing
teeth along with a continued need for prostho-
dontic treatment would be more likely to experi-
ence a decline in oral health. These findings also
corroborate those reported in other cross-sec-
tional studies in which having a higher number
of teeth was associated with both poor9,21 and
satisfactory22,23 self-perceived oral health.

The lack of an association between oral health
and a change in score in the psychosocial dimen-
sion may be explained by the small number of
people with 16 or more missing teeth who had
no prosthetic replacement, which may have
masked some associations. The same may have
occurred with regard to a change in score in the
pain or discomfort dimension, as there was a
high prevalence of tooth loss in the sample and,
therefore, a low prevalence of toothache and sen-
sitivity to hot and cold beverages and foods. The
fact that smoking was associated with an
improvement in oral pain or discomfort in the
multinomial model may be because smoking is
an important predictor of periodontal disease24-26

and tooth loss27,28 and treatment of these condi-
tions is related to relief of pain or discomfort.

Investigators in previous cross-sectional
studies reported divergent results regarding

TABLE 3

Final multinomial logistic regression model
for participants with changes in General Oral Health
Assessment Index (GOHAI) functional dimension
scores.*
PARTICIPANT CHARACTERISTIC,
ACCORDING TO CHANGE IN GOHAI
SCORE

ADJUSTED ODDS RATIO (OR)
(95% CONFIDENCE INTERVAL)

P VALUE

Improved
Missing teeth
Zero to 15 1 —†

16 or more 2.96 (1.87-4.68) < .01
Sex
Male 1 —
Female 2.11 (1.19-3.75) .01

Worse
Missing teeth
Zero to 15 1 —
16 or more 2.94 (1.80-4.80) < .01
Sex
Male 1 —
Female 0.93 (0.60-1.47) .78

* Model adjusted by age (continuous variable), depression and self-perception of a sufficient income (the
latter two both dichotomized as yes-or-no questions). Age was related to decline infunctional change
(OR, 1.04; P = .02) and depression was related to improvement (OR, 2.04; P < .01); n = 744, representing
343,376 people; model P value < .01; “no change” used as reference category.

† Reference category.

Copyright © 2012 American Dental Association. All rights reserved.

 on October 2, 2014jada.ada.orgDownloaded from 

http://jada.ada.org/


494 JADA 143(5) http://jada.ada.org May 2012

R E S E A R C H

associations between self-reported oral health
and sociodemographic factors. Researchers have
reported associations between self-reported oral
health and education,7 sex6,22,29 and depression,29

whereas others found no association between
self-reported oral health and education,29 age or
sex.7,22 However, few researchers in longitudinal
studies have investigated these associations,
and there remains a gap in knowledge regard-
ing the role of these variables in terms of
changes in self-perceived oral health. Slade2

found that financial hardship was related to
both improvement and decline in oral health–
related quality of life and had no plausible
explanation for this. In our study, different per-
sonal characteristics were related to each of the
changes in scores analyzed. Education was
related independently to improvement in the
total GOHAI score. Participants with seven or
fewer years of education had a 57 percent lesser
chance of demonstrating improvement than did
those with eight or more years of education,
which corroborates findings described in a pre-
vious study.7 Moreover, having two or more dis-
eases significantly increased the chance of dete-
rioration in overall oral health, which may be
explained by the cumulative deterioration of
general health caused by chronic disease. Like-
wise, Locker and Jokovic10 found general health
conditions to be related to a decline in oral

health, as the multiple
logistic model revealed
that people with high
levels of stress and
those taking three or
more prescribed medica-
tions were significantly
more likely to exhibit a
decline in oral health.

Limitations. Our
study has limitations
that should be address-
ed. The first is the lack
of clinical assessments of
oral health, although
data from previous
studies suggest that self-
reports are reliable.30,31

Secondly, it is important
to mention that we did
not adjust the final
model for baseline
GOHAI scores. Thirdly,
one should generalize
these results with cau-
tion, as the participants
who completed the

observational follow-up were younger, in better
general health (as expected in a longitudinal
study) and more likely to be women than those
unavailable for follow-up. Therefore, one must
consider potential biases. However, only two
variables in which the two groups differed were
associated with changes in self-perceived oral
health, and there was no difference between the
groups in relation to the dependent variable at
baseline. Finally, we considered only baseline
characteristics, thereby making inferences for
the reasons for changes in self-reported oral
health inconclusive.

CONCLUSION
The results of our study demonstrate two pri-
mary patterns of change (improvement and
deterioration) in the self-perceived oral health
of our older Brazilian cohort, with a perception
of deterioration predominating. These findings
can contribute toward identifying people who
are prone to either a positive or negative change
across time, as well as toward the establishment
of hypotheses regarding changes in oral health–
related quality of life among older people. There-
fore, further analysis would benefit from in-
cluding variables related to the progression of
oral and general health outcomes and the use
of health services to explain the reasons for
change. �

TABLE 4

Final multinomial logistic regression model for
participants with changes in General Oral Health
Assessment Index (GOHAI) pain or discomfort
scores.*
PARTICIPANT CHARACTERISTIC,
ACCORDING TO CHANGE IN GOHAI
SCORE

ADJUSTED ODDS RATIO
(95% CONFIDENCE INTERVAL)

P VALUE

Improved
Self-rated health
Good 1 —†

Poor 1.82 (1.14-2.91) .01
Smoking
No 1 —
Yes 1.60 (1.00-2.56) < .05

Worse
Self-rated health
Good 1 —
Poor 1.76 (1.17-2.65) .01
Smoking
No 1 —
Yes 1.52 (0.80-2.88) .20

* Model adjusted by age (continuous variable), depression and self-perception of a sufficient income (the
latter two both dichotomized as yes-or-no questions); n = 743, representing 342,838 people;
model P value = .01; “no change” used as reference category.

† Reference category.
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