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Abstract

Introduction

The aim of this study was to investigate the relationship between inadequate nutrient intake,
oral health and family cohesion. This was a crosssectional study with a sample of 887 non-institutionalized elderly people from Vitória, Espírito
Santo State, Brazil. Oral examination was performed by trained and calibrated examiners and
three measurements were considered: number of
posterior occluding pairs of natural teeth (POP),
number of teeth and overall dental status. Nutrient intake was assessed by a 24-hour diet recall
interview. The elderly person’s perception of family cohesion was assessed using the family adaptability and cohesion scale. People with no POP
were more likely than those with 5 or more POP to
have inadequate intake of vitamin C (OR = 2.79;
95%CI: 1.16-6.71), calcium (OR = 3.74; 95%CI:
1.69-8.25), riboflavin (OR = 2.49; 95%CI: 1.105.64) and zinc (OR = 3.43; 95%CI: 1.07-10.94).
There was no association between elderly people’s
perceptions of family cohesion and inadequate
intakes. It was concluded that oral health is related to inadequate intake of important nutrients
among non-institutionalized elderly people.

Preventing disease in older people is an important health objective, and diet plays a primary
role in achieving this goal 1,2,3,4,5. Several studies
have shown that general health, quality of diet
and nutrient intake are determined by multiple
factors 6,7 including social support 8,9,10, socioeconomic status, culture 7,11 and oral health 12,13.
Regarding oral health, current studies show
an association between dental status and the
mean intake of nutrients 12,13. An increase in
dental impairment (e.g. edentulism, lack of
prosthetic rehabilitation and lack of posterior
occluding pairs of teeth) is associated with a decrease in the mean intake of vitamin C, vitamin
A, calcium, fiber and protein 12,14. Previous studies have focused on identifying the relationship
between oral health and mean nutrient intake
or food choice, though few have investigated
how much these associations within the groups
represent in terms of inadequacy of nutrient intake, since the prevalence of inadequate intake
of important nutrients is high among elderly
people 15,16.
An increasing amount of evidence shows that
social support has a positive influence on dietary
habits 17,18 and health status 9,19. According to the
literature, family and friends are an important
source of instrumental and emotional support,
especially for older people 20,21. Family cohesion, which is defined as the emotional bond-
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ing between family members, is a key domain
for family functioning 22 and is also related to an
individual’s health 23. In spite of this, there is a
lack of studies that explore the relationship between family cohesion and the health of older
people 23, and hardly any studies have evaluated
the association between this factor and adequate
nutrition in older populations. Because nutrition has a strong influence on an older person’s
health (particularly on their level of frailty) 24,25,
the aim of this study was to investigate the relationship between nutrient intake, oral health and
family cohesion. The hypothesis of the study was
that impaired dentition and unbalanced families
would be associated with an inadequate nutrient
intake.

Methods
The cross-sectional data used in this study were
derived from a larger study on the nutrition and
oral health of independent-living people aged
60 and over, that took place in the city of Vitória,
the capital of Espírito Santo State, southeast Brazil, from April to September, 2006. The sample
consisted of older people who were randomly
selected from the Family Health Program (FHP)
and Community Agents Health Program (CHAP),
as published earlier 13. The sampling was made
by clusters in three stages: in the first stage the
districts were selected, in the second, the microareas and in the third stage, the elderly. The individuals who were physically and/or mentally unable to undergo the examinations were excluded.
The exclusion was based on the information from
the records of the FHP. In this study 1,000 elderly
were randomly selected considering a possible
loss ranging from 20% or more. This sample size
has a statistical power greater than 80% for all hypotheses tested (bi-and multivariate models) for
odds ratio values greater than or equal to 2. All
subjects who had complete data about their dietary intake and oral health were included in the
analysis.
Data was collected at the participants’ homes
and included an interviewer-administered
structured questionnaire, oral health examination and dietary assessment. Sociodemographic
data included their age, gender, marital status,
schooling of the elderly, schooling of the head of
household, size of the household and number
of children. Smoking status and exercise practice were chosen as lifestyle markers. With regard
to chronic diseases, subjects were considered to
be hypertensive or diabetic if they reported current use of anti-hypertensive or hypoglycemic
agents.
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The older person’s perception of family cohesion was assessed using the Family Adaptability and Cohesion Scale (FACES III) 26. This
measurement assesses the degree to which family members are separated from or connected
to their family. There are four levels of cohesion:
disengaged, separated, connected and very connected 26. The central levels (separated or connected) are considered to be balanced levels of
family cohesion and the extremes (disengaged
or very connected), unbalanced levels 22.
Oral examination was carried out in accordance with World Health Organization (WHO)
criteria 27 by four trained and calibrated examiners. The kappa index ranged from 0.75 to 0.99 and
from 0.88 to 0.96 for the intraexaminer agreement
with regard to the number of posterior occluding
pairs of teeth and number of teeth, respectively.
The interexaminer agreement ranged from 0.72
to 0.88 and from 0.83 to 0.89, for the number of
posterior occluding pairs of teeth and number of
teeth, respectively. During the study each dentist
reexamined 10% of the patients in order to check
the reliability of the data, and the kappa index
ranged from 0.68 to 1.0 for the number of posterior occluding pairs of teeth and from 0.79 to 0.94
for the number of teeth.
Data regarding the number of teeth and presence of dental prostheses were used to generate
three measures of oral health: the number of
natural teeth; the number of posterior occluding
pairs of natural teeth (POP) 28 – contacts between
natural teeth and the pontics of fixed bridges only
– and overall dental status. The latter was categorized into five groups according to the number
of natural teeth and use of dental prostheses: (1)
complete dentures, defined as use of two complete dentures; (2) partial dentures, defined as
use of two partial dentures; (3) mixed condition,
defined as use of one partial denture, one complete denture or both; (4) complete natural dentition, defined as 24 or more natural teeth without
use of a partial denture; (5) incomplete natural
dentition, defined as less than 24 natural teeth
without use of partial or complete dentures.
Detailed information on dietary intake was
assessed using two 24-hour diet recalls in a structured face-to-face interview with standardized
neutral probing questions. These were carried
out on non-consecutive days. This is a reliable
instrument for epidemiological studies because
it is easy to use, even when the interviewees have
a low level of schooling 29,30. It is also inexpensive, so it can be used in low-income countries.
The uses, limitations, reliability and validity of
this method have been discussed and reported
previously 29. The data from these records were
converted to nutritional intake data using the Di-
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etpro version 4.0 software (http://www.dietpro.
com.br; A.S. Sistemas, Viçosa, Brasil).
Ten nutrient intakes were compared with age
and gender-specific Dietary Reference Intakes
from the Food and Nutrition Board of the National Academy of Science. As in other studies
3,15,31, inadequate nutrient intake was defined
as an intake lower than 67% of the adequate intake for calcium 32 and lower than 67% of the
Reference Dietary Allowance for phosphorus 32,
vitamin C 33, iron 34, carbohydrate, protein 35,
zinc, niacin, riboflavin and thiamin 36. In addition (since all nutrients are important for health)
the mean number of nutrients consumed at adequate levels was also calculated as a way of assessing overall nutritional adequacy.
The statistical analysis included descriptive
and inferential analyses, using a 5% significance
level and 95%CI. Differences between means
were assessed using the Student’s t test or ANOVA, followed by multiple comparison analysis.
Associations between categorical variables were
tested using chi-squared or likelihood ratio analyses. The dependent variables of the study were
the mean number of nutrients consumed at an
adequate level and the intake of each nutrient. All
independent predictor variables that were statistically significant (p < 0.10) in the bivariate analysis were entered into a multivariate model. Multiple logistic regression was carried out to find out
the relationship between inadequate nutrient
intake and the independent variables (socioeconomic, lifestyle, oral health measurements and
family cohesion) using a forward stepwise (logistic regression) method. Differences between the
mean number of nutrients that were consumed
adequately and the independent variables (socioeconomic, lifestyle, oral health measurements
and family cohesion) were tested using multiple
linear regression with a stepwise method. Data
were tabulated using Epi Info 6.04 (Centers for
Disease Control and Prevention, Atlanta, USA)
and were converted for analysis using the SPSS
version 15.0 software (SPSS Inc., Chicago, USA).
This study was approved by the Ethics in Research Commission of the University of Pernambuco. Written informed consent was obtained
from the subjects.

Results
The main study consisted of 887 (88,7%) older
people, 816 of whom had complete information
regarding oral health status. Details regarding
sampling size are shown in Figure 1.
About 67% of subjects were female and the
age range was 60 to 101 years (median, 70 years).

Most were married (48.2%), 33.5% were widowed and the majority had two or more children
(84.7%). In relation to the lifestyle markers, the
majority (69.1%) did not practice exercise and did
not smoke (91.3%). Regarding schooling, the majority had a low level; 51.3% were illiterate or had
less than 4 years, 25.1% had 4-7 years, 11.0% had
1-14 years and only 4.8% had 15 or more years.
With regard to the size of the household, the majority (76.2%) lived in a house with 2-5 people,
12.2% lived in a house with more than 6 people
and only 11.6% lived alone.
The prevalence of inadequate nutrient intake
was high (above 80% for most nutrients). The
most adequately consumed nutrients were vitamin C, iron, protein and carbohydrates (44.8%,
15.9%, 14.6% and 6.4% of inadequacy, respectively). The mean number of nutrients consumed at
an adequate level was 3.75 (median 4.00), and
23.6% of the sample had an adequate nutrient
intake of five or more nutrients.
In relation to dental status, 12.3% of the elderly people had 21 or more teeth; 25.9% had
one to 10 teeth and 17.3% had between 11 and 20
teeth. Regarding the number of POP, 79.5% had
no POP, 12.4% had 1 to 4 POP and only 8.1% had 5
or more POP. Considering dental status, 29% had
complete dentures, 5.4% used partial dentures,
39.6% had mixed condition, 5.1% had complete
dentition and 20.8% had incomplete dentition.
According to the results, family cohesion was
perceived as being balanced for the majority of
participants (separated and connected, 28.3%
and 29.8%, respectively). About 27.2% were classified as disengaged and 14.6% as very connected. The bivariate analysis revealed that neither
the mean number of nutrients consumed at adequate level nor the inadequacy of nutrient intake
were related to family cohesion. This was not included in the multivariable analysis for any of the
nutrients studied. Conversely, inadequate intake
of all nutrients, except for riboflavin and carbohydrate, was significantly associated (p < 0.05)
with at least two of the oral health variables that
were included in the multiple logistic regression
model. The intake of riboflavin was only associated to the POP (0.023) and there was no statistic
significance between carbohydrate inadequacy
and dental status (p > 0.05).
Table 1 shows a summary of the final logistic
regression model for inadequate intake of the ten
nutrients studied in relation to the independent
variables that remained statistically significant.
Gender was associated with 7 out of the 10 nutrients studied, schooling of the elderly (years)
was related to 5 nutrients and POP was related
with 4 nutrients. Table 2 shows the odds ratio of
inadequacy of nutrient intake for all nutrients ac-
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Figure 1
Sample size details.

Table 1
Final logistic regression model for nutrient inadequacy in relation to the independent variables.
Nutrient

Independent variables
Gender

Education

Dental

elderly

status

POP

Education

Size of the

household

household

(years)
Vitamin C

X

Calcium

X

X

Iron

X

X
X
X

X

Phosphorous

X

Niacin

X

Protein

X

X

X

X

X

Riboflavin
Zinc

X

X

Carbohydrate

Thiamin

head

X
X
X

POP: posterior occluding pairs of natural teeth; X: is equal to the statistically significant variables.
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Table 2
Adjusted odds ratio (OR) and 95% confidence interval (95%CI) and final logistic regression model for inadequacy of nutrient intake in relation to the
independent variables sex, education of the elderly (years) and number of posterior occluding pairs of natural teeth (POP).
Nutrient

Inadequacy of nutrient intake [OR (95%CI)]
Gender *

Education of the elderly (years) **

Male
Vitamin C
Calcium

0-3

4-7

8-10

POP ***
11-14

0

1-4

1.52 (1.11-2.10)

9.86 (3.39-28.69)

6.46 (2.18-19.10)

4.59 (1.41-14.88)

2.81 (0.88-8.97)

2.79 (1.16-6.71)

1.98 (0.79-4.94)

-

9.13 (3.56-23.41)

7.00 (2.52-19.48)

4.51 (1.28-15.86)

2.02 (0.81-5.08)

3.74 (1.69-8.25)

1.48 (0.61-3.59)
-

Carbohydrate

0.39 (0.19-0.82)

-

-

-

-

-

Iron

0.42 (0.26-0.68)

4.35 (1.02-18.54)

2.68 (0.61-11.83)

2.38 (0.47-11.95)

0.99 (0.18-5.37)

-

-

Phosphorous

0.37 (0.25-0.54)

-

-

-

-

-

-

Niacin

0.43 (0.25-0.75)

-

-

-

-

-

-

Protein

0.42 (0.26-0.68)

4.35 (1.02-18.54)

2.68 (0.61-11.83)

2.38 (0.47-11.95)

0.99 (0.18-5.37)

-

-

-

-

-

-

-

2.49 (1.10-5.64)

1.38 (0.50-3.79)

0.60 (0.41-0.88)

2.41 (1.15-5.05)

1.93 (0.88-4.19)

2.31 (0.86-6.20)

1.13 (0.49-2.61)

-

-

-

-

-

-

-

3.43 (1.07-10.94)

0.87 (0.24-3.08)

Riboflavin
Thiamin
Zinc

* Female used as a reference category;
** ≥ 15 years used as a reference category;
*** ≥ 5 or more POP used as a reference category.

cording to the above-mentioned variables: gender, schooling of the older persons (years) and
POP. The number of posterior occluding pairs of
teeth was the best oral health predictor for the
inadequacy of nutrient intake. People with no
POP were more likely to have an inadequate intake of vitamin C (OR = 2.79; 95%CI: 1.16-6.71),
calcium (OR = 3.74; 95%CI: 1.69-8.25), riboflavin (OR = 2.49; 95%CI: 1.10-5.64) and zinc (OR =
3.43; 95%CI: 1.07-10.94). ANOVA demonstrated
that the mean number of nutrients consumed
adequately was significantly related (p = 0.000) to
the three oral health variables. The results from
multiple comparison analysis revealed that the
mean number of nutrients consumed adequately
decreased with an increase in dentition impairment. Figure 2 shows the decrease in the mean
number of nutrients consumed at an adequate
level according to the number of POP. The final
linear regression model showed that this variable
was associated with gender (p = 0.007), education
of the elderly (p = 0.001) and POP (p = 0.001).

Discussion
The results of this research showed that having
no POP increases the likelihood of having an inadequate intake of vitamin C, calcium, riboflavin
and zinc. Interestingly, the relationship between
oral health and diet has focused on the differences in mean nutrient intake and few studies

have investigated the relationship between oral
health and inadequacy of nutrient intake among
elderly people. Similar to these findings, other
authors 31 have observed that subjects with adequate calcium and folate intake had a higher
number of teeth (and a higher number of functional teeth) than those with inadequate intakes.
Conversely, Liedberg et al. 17 found no significant
differences regarding number of teeth, occlusal
contacts or removable dentures between those
with adequate or inadequate nutrition. However,
differences in the criteria used to measure both
oral health and nutrient adequacy might influence the results and make it difficult to make direct comparisons.
In this study, a multiple logistic regression
model was used to investigate which of the three
frequent parameters of oral health (number of
teeth, POP and overall dental status) is the best
predictor of an inadequate nutrient intake. The
bivariate analysis revealed that inadequate intake of all the nutrients, except for carbohydrate
and vitamin B2, was related to at least two dental
status variables. However, the concomitant inclusion of these factors in the multiple logistic regression model reduced the effect for the number
of teeth to non-significance and confirmed that
the number of POP was the strongest predictor
of higher risk of inadequate nutrient intake. This
fact suggests that the earlier association might be
related to a positive association between these
variables. A similar trend was observed when an-
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Figure 2
Mean number of nutrients consumed at adequate levels according to the number of posterior occluding pairs of natural teeth
(POP).

Note: different superscripts letters are significantly different at p < 0.05.

alyzing the mean number of nutrients that were
adequately consumed. When one considers that
optimum health – including oral health – requires
adequate intake of all nutrients, it is important to
know which nutrients are adequately consumed.
Thus, according to our results, it can be seen that
the mean number of nutrients consumed at an
adequate level was higher when the number of
POP increased.
These findings expand on the existing evidence by demonstrating that more than differences between the mean intakes of important
nutrients 12,37,38, the reduced number of POP is
related to a significant increase in the odds of inadequate nutrient intake. Corroborating our findings, Marcenes et al. 12 reported that the number
of teeth may not be the most suitable measurement of masticatory function. Having posterior
teeth that occlude may be more significant than
having a few poorly distributed teeth. Hildebrant
et al. 37 highlighted that the number of teeth may
provide an overestimation of the masticatory potential, because such a value does not take into
account the functional arrangement of the teeth.
However, it is worthwhile pointing out that despite the increase in masticatory performance,
prosthetic replacement is not related to significant changes in dietary quality 39,40,41,42, when
not accompanied by dietary counseling 43.
According to the literature, diet quality 8,44
and appetite 10 are related to social support mea-
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sures, especially the support from family and
friends. However, a strong connection with family does not necessarily result in a better outcome,
particularly, in families where there is excessive
control over individual members and a lack of
independence or autonomy 19,45. Despite this, to
our knowledge this is the first study that assesses
the role of family cohesion in the inadequacy of
nutrient intake. The intermediate or balanced
levels of family cohesion (separated or connected) contribute to optimal family functioning; members are able to experience being both
independent from and connected to their family.
On the other hand, a disengaged relationship is
related to extreme emotional separateness, little involvement among family members and a
high level of independence. In a very connected
family there is an extreme amount of emotional
closeness and individuals are highly dependent
upon each other 22. In line with this thought, it
was hypothesized that the unbalanced levels of
cohesion were related to an increased likelihood
of an inadequate intake of nutrients. However,
no statistical significance was observed between
family cohesion and the dependent variables.
Family cohesion was even significant enough
to be considered for multiple logistic regression
analysis, thereby suggesting that the relationship
between nutrition adequacy and social support
might be more related to instrumental support
(e.g. meal preparation, grocery shopping, etc) as
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well as nutrition knowledge, culture and preferences or other socio-demographic variables.
Regarding the socioeconomic variables, both
years of schooling of the elderly and their gender were significantly related to the number of
nutrients consumed adequately and to the inadequacy of nutrient intake. Differences between
genders have been previously reported and, according to these studies, men have significantly
higher intakes of nutrients than women, except
for vitamin C 46,47,48, which corroborates the results found in this study. The combination of low
schooling and health problems has also been described in other studies. Low educational levels
have been frequently related to a decrease in dietary quality and nutrient intake 11,49. In line with
this, it was observed that schooling was positively
related to the mean number of nutrients consumed at an adequate level. People with 0-3 years
of schooling had a significantly increased chance
of having an inadequate intake when compared
with those with 15 years or more. One of the possible reasons for this might be the relationship
between schooling level and both income 50 and
nutrition knowledge 51. Fitzgerald et al. 51 observed that education was positively related to
knowledge about nutrition and to the intake of
fruits, vegetables, and meats.
It is important to consider that despite the
importance of this study’s results, they are limited
by its cross-sectional design which only allows for

association to be identified and, therefore, lacks
the power to establish a cause-effect relationship.
Furthermore, this study was only performed with
the elderly registered in the FHP and in the CHAP,
which limits the relevance of the findings for other populations. Another limit to be considered
is the high proportion of women in the sample.
However, according to the literature the sex ratio
of the elderly population is very different and the
number of women is greater than the number of
men. This difference is explained by differences
in life expectancy between the genders which is
a worldwide phenomenon and is very intense in
Brazil, where women on average live eight years
longer than men. In 1991, women in Brazil accounted for 54% of the elderly, rising to 55.1% in
2000 52. On this basis, the findings confirm the association between oral health and an inadequate
intake of nutrients, which is also related to the
schooling level and the gender of older people.
Thus, it is worth highlighting the importance of
tooth maintenance throughout life and the prosthetic replacement of impaired teeth, accompanied by nutritional counseling. Furthermore,
considering the high prevalence of inadequate
nutrition and tooth loss among this population,
there is the need for effective multidisciplinary
work. Since older people in Brazil have limited
access to dental services 53, nutritionists or physicians are ever more important for the evaluation
of the patient.
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Resumo

Contributors

Este trabalho foi realizado com o objetivo de avaliar
a relação entre o consumo inadequado de nutrientes,
condição de saúde bucal e coesão familiar. Foi realizado um estudo transversal com uma amostra de 887
idosos não institucionalizados da cidade de Vitória,
Espírito Santo, Brasil. O exame bucal foi feito por três
examinadores treinados e calibrados, e considerou três
medidas: número de pares oclusais posteriores (POP),
número de dentes e condição dental geral. A ingestão
de nutrientes foi avaliada utilizando-se o recordatório
de 24 horas. A percepção da coesão familiar foi avaliada por meio da escala de adaptabilidade e coesão
familiar. Os idosos sem POP apresentaram mais chances de consumo inadequado de vitamina C (OR = 2,79;
IC95%: 1,16-6,71), cálcio (OR = 3,74; IC95%: 1,69-8,25),
riboflavina (OR = 2,49; IC95%: 1,10-5,64) e zinco (OR =
3,43; IC95%: 1,07-10,94) do que aqueles com 5 ou mais.
Não houve associação entre o consumo inadequado e
a coesão familiar. Concluiu-se que existe relação entre
a condição de saúde bucal e o consumo inadequado de
nutrientes importantes entre idosos não institucionalizados.

F. B. Andrade, A. F. Caldas Junior and P. M. Kitoko worked
on the elaboration of the research project, data collection and analysis and on the conception and writing of
this paper. E. Zandonade worked on the data analysis/
interpretation and on the conception of this paper.
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