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Mid-point for open-ended
income category and the effect
of equivalence scales on the
income-health relationship

Ponto médio em categoria aberta
de renda e o efeito de escalas

de equivaléncia nas relacoes
renda-saude

ABSTRACT

To estimate the mid-point of an open-ended income category and to assess
the impact of two equivalence scales on income-health associations.
Data were obtained from the 2010 Brazilian Oral Health Survey
(Pesquisa Nacional de Savude Bucal — SBBrasil 2010). Income was
converted from categorical to two continuous variables (per capita and
equivalized) for each mid-point. The median mid-point was R$ 14,523.50
and the mean, R$ 24,507.10. When per capita income was applied, 53%
of the population were below the poverty line, compared with 15% with
equivalized income. The magnitude of income-health associations was
similar for continuous income, but categorized equivalized income tended
to decrease the strength of association.

DESCRIPTORS: Dental Health Surveys, Statistics as Topic, Income,
Economics, Oral Health.

RESUMO

Objetivou-se estimar o ponto médio de categoria aberta de renda e o efeito
de escalas de equivaléncia nas associagdes renda-satide. Dados foram
obtidos da Pesquisa Nacional de Satde Bucal 2010 (SBBrasil). A renda foi
convertida da variavel categdrica para continua (per capita e equivalizada)
para cada ponto médio. A mediana da categoria aberta de renda foi
R$ 14.523,50 ¢ a média, R$ 24.507,10. O percentual da populagdo abaixo
da linha de pobreza foi de 53% com renda per capita e 15% com renda
equivalizada. A magnitude das associagdes foi similar na escala continua,
mas, quando categorizada, a renda equivalizada reduziu sua forga.

DESCRITORES: Inquéritos de Saide Bucal, Estatistica como
Assunto, Renda, Economia, Satide Bucal.
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INTRODUCTION

Income is commonly used in health research and has
been operationalized in different ways by distinct
researchers across studies. For instance, it may take into
account the respondent’s own wage or her/his family
disposable income. Producing valid data on income
poses many difficulties to interested researchers. There
may be diverse sources of income and the respondent
may not know other family members’ earnings; income
questions can be intrusive, making respondents skip
them, and increasing the rate of non-response.? Richer
individuals may be tempted not to inform the inter-
viewer of their actual incomes, underestimating the
real value of their revenues.’

To make income data more valid, some researchers
have developed and used income questions in a
pre-coded format, with an upper open-ended category.
Nonetheless, categorical measurement does not allow
for the calculation of per capita income. To over-
come such issues, all individuals within a category
are usually assigned the mid-point income of their
corresponding category. For the upper open-ended
category, however, there is no mid-point. So, three
common options to overcome this problem are: a) to
adopt the lowest value of the upper category; b) to
use an arbitrary income value for that category, or;
¢) to estimate a mid-point for the category, based on
the Pareto Curve.* The last option is believed to be
better, as it is based on data, and not on an arbitrary
value defined by the researcher.

Disposable household income, measured in many
surveys, is a better option for grasping an individual’s
material wellbeing than his/her own income. However,
there is the need to take into account the number of
household members, a concept known as economies of
scales. As the family size increases, the costs associated
with an additional member are smaller than the costs
of previous ones. Scales account for this issue using
different formulas and the main impact described is on
poverty levels.! To the authors’ knowledge, the impact
of different equivalence scales on the associations
between income and other health-related variables has
not yet been investigated.

In Brazil, the 2010 Brazilian Oral Health Survey
(Pesquisa Nacional de Saude Bucal — SBBrasil
2010) produced income data according to seven
categories, with an upper open-ended category;
the number of residents living on this income was
also reported. Therefore, the aims of the present
short-report are twofold: to estimate the upper
mid-point of the open-ended income category, as well
as to assess the impact of different equivalence scales
on income-health associations.

METHODS

We used data from the SBBrasil 2010. Its sampling
design has been reported by local official authorities.
Data, collected between March and November 2010,
on total monthly disposable household income and the
number of people living in the household were obtained
by means of a self-administered questionnaire.

To estimate the mid-point of the upper income category,
we used formulas described by Parker & Fenwick*
(1983). These formulas are based on Pareto’s law
of income distribution, which states that the loga-
rithm of the percentage of units with an income in
excess of some value is a negatively sloped linear
function of the logarithm of that value. According
to this theorem, the mean income for the top-coded
category = X(v/v-1), and the median income for
the top-coded category = 10°(0.301/v)*(X), where:
X=lower value of the top-coded/open-ended category
and v = c-d/b-a, and where: a = log of lower limit of
interval preceding top-coded/open-ended category;
b = log of lower limit of top-coded/open-ended
category; ¢ = log of the sum of the frequencies in the
top-coded category and the category preceding it;
d = log of the frequencies in the top-coded category.

We equivalized household income utilizing two para-
metric equivalence scales.' Such scales can be written
generically as y/n’, where y is the total disposable
household income, n is the number of members in
the household and 6 is the parameter for economies
of scales (or elasticity). In the first scale 8 = 1, which
corresponds to per capita family income, one of the
most common used parameters. The second scale,
6 = 0.5, is also commonly used as it is also easy to
implement. When 6= 0.5, n® represents the square root
of household members. Other common scales, the scale
of the Organization for Economic Co-operation and
Development and Canada’s Market Basket Measure
require data on the number of residents according to
their age, as the costs of a child are lower than the costs
of an adult. These latter two scales were not assessed
in the present study, but should be considered, when
data are available.

Outcome variables comprised two oral health variables:
Decayed, Missing and Filled Teeth (DMFT) index and
the Oral Impact on Daily Performances (OIDP) score.
They were used both as continuous and dichotomized
variables (OIDP > 0, DMFT > 0). When used as
continuous variables, partial correlations with income
variables were produced; when used as dichotomous
variables, logistic regressions were fitted to produce
odds ratios (OR) as a measure of their associations

2 Expert Group on Poverty Statistics, Rio Group. Compendium of best practices in poverty measurement. Rio de Janeiro; 2006.
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with income variables. Sex and age (numerical discrete
variable) were used as control variables in all analyses.

When income was used as continuous variables,
we worked with log-income, as it showed a skewed
distribution. The symmetry of log-income was checked
after transformation and was deemed acceptable. We
also dichotomized income (per capita and equivalized
by squared root) at the poverty threshold (R$255.00)
and included them in logistic regression models and
compared with the original categories as collected (not
equivalized). All analyses were carried out in Stata
v.11.2, using survey commands with the sampling
weights and cluster structure provided within the data.

The SBBrasil 2010 was approved by the Brazilian
National Council for Research Ethics under protocol
number 15,498 on January 7th, 2010. Subjects’ parti-
cipation was voluntary and they signed the Free Prior
and Informed Consent.

RESULTS

Data were obtained from all 35,929 individuals of
all ages, who responded to the income question.
Correlation coefficients and ORs were calculated for
those older than 14 years of age (n =21,623); all other
analyses were carried out with the whole sample.

As seen in the Table, applying the formulas previously
described, the estimated median mid-point income for
the upper open-ended category was R$14,522.50 and
the mean mid-point was R$24,507.10. The percentage
of individuals below the Brazilian poverty line (1/2 of
Minimum Wage, MW=R§510.00 at the time of data
collection) was 52.6% (95%CI 52.1;53.1), when using
per capita income, and 14.6% (95%CI 14.5;15.2), when
using equivalent income. The average per capita income

Celeste RK & Bastos JL

using the median and mean mid-point were, respecti-
vely, R$ 475.20 (95%CI 429.40;521.00) and R$ 507.40
(95%CI446.20;568.60). The average equivalent income
calculated with the median and mean mid-points were,
respectively, R$ 850.60 (95%CI 769.50;931.60) and
R$ 909.90 (95%CI 799.30;1020.60).

The partial Pearson’s correlations showed no expressive
differences in coefficients, as they only appeared in the
third decimal place. The partial correlation between
OIDP and all four income variables was r = -0.17
(p<0.01), and the partial correlation between DMFT and
all four income variables was r = -0.12 (p < 0.01). The
correlation between per capita and equivalent income
was = 0.97.

Results from logistic regression showed that dichotomi-
zing income may slightly change the association with
oral health outcomes. Being below R$255.00 of per
capita income was associated with having a DMFT > 0
OR =1.77 I1C95% 1.31;2.39) and OIDP > 0 OR = 1.64
(95%CI 1.40;1.92). Being below R$255.00 equiva-
lent income was associated with having a DMFT > 0
OR = 1.52 (95%CI 1.05;2.21) and OIDP > 0 OR = 1.54
(95%CI 1.24;1.93). When using the categorical income
question as it was collected, without applying equi-
valence scales, the OR of being below R$250.00 was
associated with having a DMFT >0 OR = 1.74 (95%CI
0.76;3.99) and OIDP > 0 OR =2.49 (95%CI 1.60;3.86).

DISCUSSION

In the present study, we showed a way to derive income as
a continuous variable from its categorical form adopting
either the median or the mean income as the mid-point of
the upper category. Furthermore, the use of equivalized

Table. Mid-point values, based on medians and means of each income category and the impact of using equivalized income

on poverty level. SBBrasil, 2010.

. . Mid-points (R$)
Household income categories (R$) n % -
Median Mean

Up to 250 1,212 3.4 125 125
251 to 500 4,857 13.5 375 375
501 to 1,500 18,910 52.6 1,000 1,000
1,501 to 2,500 6,232 17.4 2,000 2,000
2,501 to 4,500 2,984 8.3 3,500 3,500
4,501 to 9,500 1,222 3.4 7,000 7,000
More than 9,500? 512 1.4 14,523 24,507
Total 35,929 100.0
Per capita income Average 477.7 520.6

individuals < R$ 255.00 18,898 52.6
Equivalized income Average

individuals < R$ 255.00 5,353 14.9 866.5 942.7

2 mid-points calculated based on Pareto’s curve
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income had a negligible effect on income-health associa-
tions, but a relevant impact on poverty levels.

The impact of equivalence scales on poverty level has
been described as dramatic,' and was also expressive
in the present analysis. Perhaps, contrary to common
sense, larger families are not often as poor as supposed,
because large families tend to have many earners that
share assets, so economic well-being is much a matter
of total disposable income. Considering such a large
change in the magnitude of poverty level, it is important
to use equivalized income, which is a theoretically more
appropriate choice.

To our knowledge, no study has previously shown the
impact of different equivalence scales on the income-
-health relationship. In our study, there was no diffe-
rence between scales when income was a continuous
variable, but there was a difference when income was
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