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ABSTRALCT

Indirect standardization was used to produce estimates of the
prevalence of selecced risk factors and health status
indicators for all health units in Ontario, based on their
socio-demographic characteristics and on the relationships
petween these socio-demographic variables and the health
variables of interest, as measured by the Ontaric Health
Survey (OHS). Socio-demographic variables were drawn from
both the OHS and the 1986 Census of canada. In addition, the
validity of the estimates was assessed. A total of 13
combinations of predictor variables were used to estimate 18

selected health status indicators and risk factors.

Results showed that the choice of predictor variables used for
estimation can have a substantial impact on the error
associated with a set of estimates. AS well, it was found
that the dispersion of the estimates was reduced in comparison
to the true values. The ranking of the estimates was found to
vary from poor to good. In addition, estimates were shown Lo
be better than using the provincial value as the estimate for
each health unit value. Comparison by region showed that
estimates for northern regions had somewhat more error than
estimates for other regions and that addition of a geographic

identifier reduced the amount of error among the estimates.
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Given all these results, it was concluded that this type of
methodology does not appear to be adequate to meet the
information needs for health units but that other methods such

as regression might produce better results.
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INTRCDUCTICN

Health information takes many forms, from mortality and
morbidity statistics to risk assessments and factors
underlying behaviour, to name but a few. As the types of
health information available are diverse, so are the needs
they meet. In addition, strategies for health planning use
many types of information for various groups and geographic
jocations. Under the Health protection and Promotion Act,
1983, all Boards of Health are required to address the
health needs of the residents of a community!. Among other
requirements, Boards of Health are required to produce a
health status report at least every five years including
demographics, mortality and morbidity figures, reproductive
outcomes, and risk factor prevalence. To meet these

requirements, Boards of Health need health information.

While much informaticn is available at the national/
provincial level from sources such as surveillance systems
and national/provincial surveys, equivalent information for
smaller geographic regions 1is limited or non-existent.
Mortality data, which are available for small areas, provide

only a limited assessment of health status-.



Health surveys are conducted at the national or provincial
level but have insufficient sample sizes to provide valid
estimates for smaller populations (e.g., census'tracts).

The obvious solution to this lack of data would be to
conduct surveys for small geographic areas. However,
surveys are costly and budget restraints often preclude such
endeavours. Therefore we must use existing data to the

maximum extent?.

This project uses indirect standardization to produce
estimates of the prevalence of selected risk factors and
health status indicat&rs for all health units in Ontario,
based on their socio-demographic characteristics and on the
relationships between these socio-demographic variables and
the health variables of interest, as measured by the Ontario
Health Survey (OHS). 1In addition, the validity of the
estimates is assessed. If this methodology produces
accurate results, the need for expénsive health surveys will
diminish. Health units will be able to use census data to

derive reasonably accurate estimates.



BACKGROUND: STANDARDIZATION

Throughout this thesis the term »indirect standardization"
igs used instead of the more accurate term "synthetic
estimation“., Synthetic estimation uses only part of the
process of indirect standardization. The former was chosen

because it is a term more familiar to epidemiologists.

Using indirect standardization, we can select socio-
demographic information (e.g., from the Census) to.adjust
risk factor and health status data from large surveys (e.d.,
OHS) to estimate the levels of certain health related
variables in small population groups. Throughout this
thesis the term "indirect standardization" will be used
instead of the more accurate term "synthetic estimation".
The former was chosen because it is a term more familiar to

epidemiologists.

To produce estimates, indirect standardization requires data
on the target variables (e.g., smoking status, heart disease
etc.,) at the national or provincial level, broken down by
all the predictor variables (e.g., age, gender, home
language etc.,) simultaneously, to produce mutually

exclusive and exhaustive strata.
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The basis for this approach is that there are strong and
stable associations between certain socio-demographic
factors {(i.e., predictor variables) and the prevalence of
risk factors®?® and health status indicators {i.e., target
variables). As well, it is assumed that the relationships
among the variables concur at both the national/ provincial

and the small population level.

Stratum-specific summary proportions for the entire survey
sample are calculated and then weighted according to the

composition of the small area population using the following

formula:
K
Z: Pr*Yy
ESTIMATE= __LE_—
Z:E%
=1
Where:

estimate =the target variable, summarized as a proportion,
mean or rate, summed across all strata for a
particular small area (e.g., proportion of the
small area which smokes)

Py =the number of people in the k-th stratum of the
small area population (e.g., 35-39 year old
males).

Y =for a target variable, the proportion of people

in the k-th stratum of the reference population
who have the target variable (e.g., proportion of
males aged 35-39 who smoke)

This process is analogous to calculating the expected number

in the target area divided by the target population.
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The estimates produced are rased on the assumption that the
distribution of the target variables varies only to the
extent that the small areas differ in terms of the
distribution of the demographic variables (predictors}.
Some error in the estimates will be introduced if the

assumption is not met.

LITERATURE

1. Previous work

Known in the survey literature as synthetic estimation,
early work on indirect standardization began in the 1950's
at the National Center for Health Statistics (NCHS) in the
United States®. Since then, much work has been done to
evaluate the indirect standardization procedure from both a
demographic and public health perspective. However, most
studies of indirect standardization were done during the
1970's, with the exception of Mackenzie et al. Some recent
studies have also focused on regression technigues to

produce small area statistics?®.

geveral studies in the United States have produced
synthetic estimates of unemplcyment at the county level’,®,®.
Gonzalez and Waksberg used Census data to produce and

validate estimates of unemployment at the county level.



Comparison of the estimates produced by a variety of
stratification factors was undertaken. These strata
included (1) occupation, sex, race; (2) marital status, sex
and race; (3) occupation, income, race and sex; (4)
industry, race and sex. The best estimates were based on
(1) occupation, race and sex and (2) occupation, income,
race and sex. The addition of income improved the
correlation of census values versus estimates of
unemployment. However, the improvement was small, from
0.682 to 0.685. Most estimates were found to be a within
relative 10% of the Census estimate. As well, the results
showed that the estimates for areas with larger populations
were associated with less error than those for smaller

populations.

Tn a similar study, Schaible, Brock and Schnack®?® compared
the errors of direct and synthetic estimates of unemployment
rates for counties in Texas. Direct estimates refer to
estimates derived from survey data. They found that when
the sample sizes for the direct estimates were small,

synthetic estimates outperformed direct estimates.

Synthetic estimates were used by the US Bureau of the Census
to revise the count of the 1970 Census of Population and
Housing for the population of housing units reported as

vacant but actually occupied®. BAnother study by Gonzalez
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and Hoza!® focussed on the estimation of d4ilapidated housing
units for 15 selected Standard Metropolitan Statistical Area
(sMSA) and for four geographic regions. Their estimation
process used Census counts of tenure, race of head of
household and other unspecified characteristics said to be
related to the guality of the housing unit. Census
estimates were used for validation. It was noted that the
ability to estimate a particular characteristic increased
with the size of the small area. Specifically, as the size
of the area (i.e., number of housing units) increased, the

amount of error diminished.

another study by Schaible, Brock, casady and Schnack'
estimated five demographic variables using the Census and
the United States Health Interview Survey. These included
(1) percent of the population under age 1 {2) percent of the
population married (3) percent of the population separated
(4) percent of the population completing high school (5)
percent completing college. The stratification factors
included race, gender, age group, family size, industry of

head of household.

Schaible et al compared the results of direct and indirect
methods of estimating demographic variables at the state
level. Estimates were produced using both methods. For

both methods, weighted/ unweighted data, ratic adjustment
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for regions and alteration of the number of stratification
factors (i.e., collapsing categorical variables into fewer
categories) were used to produce 16 sets of estimates.

Ratio adjustment refers to the correction of the state-~
specific estimates (i.e., population counts) to agree with
the total regional population totals (i.e., states are
grouped into regions). Specifically, each state estimate is
weighted by the proportion of the regional population in
that state to force the weighted sum of the state estimates

to be consistent with the regional population.

They found that estimates for states with high proportions
were too low, while estimates for low proportions were too
high. &as well, it was noted that indirect estimates
produced by 64 strata based on agz, sex and race
outperformed those produced by a collapsed 16 strata
categorization of the same variables. Adjustment for region
was found to be beneficial for only 1 of the 5 variables,
percent completing high school. For some variables,
synthetic estimates were closer to the census values than
the comparable direct estimates. Using correlation
coefficients, it was found that estimates closest to the
census values did not necessarily produce the highest r
values. Unfortunately, a discussion of this was not

provided.
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From a public health perspective, the National Centre for
Health Statistics (NCHS) condurted an investigation to
compare three methods of obtaining estimates of long and
short-term disability for each state for 1962-1964!2. These
methods included (1) a regression technique originally
developed to estimate retail trade; (2) synthetic estimation
{(i.e., indirect standardization); and (3} a nearly unbiased

estimator.

The nearly unbiased estimator uses the same methodology as
that of indirect standardization. However, it assumed that
the ratio of the stratum specific population {(e.g., number
of males) to the total small area populaticn is the same or
very nearly the same across all small areas. When this

assumption is true, the bias reduces to zero.

Of the three methods explored, synthetic estimation produced
the meost promising results. The nearly unbiased estimator
was found to be subject to a small amount of bias and
produced unstable results. Comments concerning the
regression method were not provided. Synthetic estimates
were based on race, sex, age group, residence (SMSA), family
income, family size, and industry of head of family
(Standard Industrial Code - SIC) collapsed to 78 strata.

Analysis of the validity of the results was not published.
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In 1977, the NCHS investigated synthetic estimation again,
producing estimates of disability and utilization of medical
services for the 50 states and the District of Columbia ',
For this investigation, race, sex, age group, family income,
family size and industry of head of the family were used to
produce 50 strata. Results were ratio adjusted to agree
with regional estimates from the US Health Interview Survey.
The purpose of the investigation was to examine the impact
of altering the number of strata on the error associated

with the estimates.

Estimates from the 50 strata were compared with those
obtained from (1) two strata - sex; (2) four strata - age;
{3) eight strata - age and sex; {(4) 16 strata - race, sex
and age; and (5) 16 strata - family income, sex and age.
Since the purpose of this investigation was to study the
impact of altering the number of stratification factors,
estimates produced from the 50 strata were considered gold
standards. No discussion of actual error was provided.
They found that with the exception of estimates based on 2
strata {(i.e., gender alone} most of the estimates for the
states were within 5% of the estimates based on the 50 cell
grid. In addition, they found high correlations between the
estimates based on 4,8, and 16 strata and 50 strata It was
also noted that the performance of some of the groupings of

predictor variables varied by state.
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Levy! used indirect standardization to produce state
estimates of death rates from four causes (motor vehicle
accidents, major cardiovascular-renal diseases, suicide and
tuberculosis) and compared them with official state
mortality statistics. The results of this investigation
revealed that the validity of synthetic estimates differed
among the causes of death investigated. Specifically, the
investigators found that there was good agreement between
the estimates and true rates of major cardio-vascular-renal
diseases but poorer agreement for suicides, motor vehicle

accidents and tuberculosis.

Namekata et al estimated complete and partial work
disability using the 1970 US Census®*!®. Assessments of
validity were done using absolute and relative percentage
differences, mean square error and Pearson correlations.
The overall conclusion of the investigation was that
estimation produced fairly good estimates for partial work
disability, but poor results for complete disability. As
well, it was shown that the dispersion of estimates was not
as large as that for the direct estimates (which were
considered the gold standards). 1In fact, the standard
deviations of the estimates were between a fifth and a third
the size of the direct estimates. Although correlations
between indirect estimates and direct estimates were good

(e.g., 0.70), the ranking of the estimates was not
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preserved. Namekata also found that for small areas (i.e.,
counties) whose true values were farther away from the mean

than others, the amount of error detected was larger.

Mackenzie et al®? evaluated the utility of synthetic
estimation and regression technigues to produce estimates of
37 health status variables. Age, sex and race, drawn from
the Health Interview Survey, were used to define the strata
for the synthetic estimates. Gold standards were taken from
a telephone survey conducted in the Baltimore Statistical

Metropolitan Area.

Results showed that the dispersion of the estimates for sub-
areas of Baltimore was not as great as that for the gold
standards. As well, it was found that the proportional
difference between the gold standards and the synthetic
estimates was between 5% and 25%. The authors suggested
that using regional data may produce better results than
using national data as some health variables vary widely
between regions. This suggests that the relationships
between the socio-demographic and target variables may vary

by region, depending on the homogeneity of the population.
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2. Summary

Past work has shown that indirect estimation may produce
poorer results for areas with smaller populations®’
under/over-estimation of high and low prevalence
variables!®! and estimates with less dispersion than the
true values®'*!* Additionally, research has shown that using
the maximum number of strata available from the predictor
variables produces results closer to the true values than a
reduced number of strata!®!’. Other findings indicate that
results for regions may vary by the type of predictor
variables used®!', Schaible et al also noted that estimates
with the least amount of error do not necessarily produce
the highest correlation coefficient and that the ranking of
the estimates from lowest to highest prevalence may not be
preserved. As well, unless small areas vary in terms of the
socio-demographic variables used, the estimates themselves

will not vary significantly between the areas?!!,
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3. Error and Bias

Bias is defined as a "systematic deviation from the correct
value of a particular variable."!?’. This may result in a
consistent under/over estimation of rates, proportions etc.
This is in contrast to random error wherein estimates differ
from the truth unpredictably so that estimates are sometimes

inflated and sometimes deflated and they average out.

Many authors note that the synthetic estimator is biased
toward the mean in that the dispersion of the estimates is
smaller than the dispersion of the true values. This occurs
because the actual stratum-specific rates in the small areas
differ from those predicted from the reference
population® ¥, This may occur when the data for the

target and predictor variables are not drawn from the same
year. As such, any relationship between target and
predictor variables which varies over time will introduce
bias. As well, Namekata et al have suggested that bias will
be introduced when demographic characteristics and target
variables have different associations among regions. Also
there is always unexplained variation that cannot be

systematically accounted for.
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To evaluate error and bias, measures such as the mean sguare
error can be used. The mean sqguare error relates an
estimate for each small area to its true value as given by’ :
MSE = SUM OF THE VARIANCE + BIAS®

which is equivalent to:

MSE(X") =Y pio.x + (X{-X;)*

Where:
o’,. = sampling variance of the estimate
B = stratum specific proportion
X = gstimate
X = true value
given that:

(a) p,'s are fixed and measured without error

(b) the covariance (X;,X)=0, for j not equal to k

Thus, the MSE includes both chance and systematic error, and
if the estimate of X is unbiased, the MSE reduces to the
variance. But, the synthetic estimator has been shown to be
biased in that the p,'s are subject to some error'.
Furthermore, the available "gold standards" are often
themselves subject to sampling error because they are taken
from surveys. However, when estimates are derived from large
surveys, sampling errors will likely be small®®. 2as a
result, the main sources cf error will be from systematic
sources. Nonetheless, the bias and small amounts of error

make the MSE difficult to interpret.
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To evaluate the amount of error associated with a set of
estimates produced by indirect standardization, Gonzalez and
Waksberg®’ at the United States Bureau of the Census
developed a method for estimating the average mean square
error (AMSE) across small areas. The AMSE was derived from
the MSE. This measure has been used to compare various

estimates in several investigations® %%,

The AMSE is calculated using the following formula;

K
(ESTIMATE - TRUE)?
AMSE = X1

N

The AMSE measures the average squared deviation of a set of
estimates from their true values and is somewhat analogous

to a variance. However, it does not provide an evaluation
of the error for a particular estimate but only for a group

of estimates.

By taking the square root of the AMSE, the units are
returned to the same scale as that from which they were
drawn (e.g., proportions). This makes the figure easier to
comprehend as it is similar to a standard deviation. Herein
this value will be referred to as a Root Mean Square BError
(RMSE). One of the features of the RMSE it that it provides
a means of identifying a set of estimates with the smallest

amount of error for a particular target variable. For
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example, if the RMSE for set a=.03 and for set b=.04, then

set a 1s associated with a smaller amount of error.

One of the drawbacks of the RMSE is that comparison between
target variables is not possible as the RMSE reflects the
underlying magnitude of the units (e.g., proportions) from
which it is calculated. To standardize the RMSE, such that
comparisons across target variables can be made, the RMSE
can be divided by the mean of the estimates. This creates
an index similar to a coefficient of variation, which gives
some sense of the error across wvariables. This type of
measure was used by Namekata et al to assess the accuracy of

results.
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OBJFECTIVE

The objective of this project was to test the ability of
indirect standardization to produce accurate estimates of
the prevalence of risk factors and health status indicators

in small populations.

PROJECT DESIGN

To meet the objectives of this project, six phases were
undertaken (Figure 1). The first phase was to select target
and predictor variables for the estimation process. all
predictor variables selected had to be available in boeth the

Ontario Health Survey data set (OHS) and the 198§ Census of

Canada.

In Phase 2, all variables were cperationalized. This
involved derivation of some variables, locating and
downloading appropriate Census files and ensuring the
comparability of OHS based and Census based variables (i.e.,

predictor variables).

For Phase 3, two types of standardization programs were
developed: (1) using only OHS data; and (2] integrating both
OHS and Census data into the standardization procedure. All
programs were written in SAS! and run on a Sun

SPARCstationl.
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Estimation of all target variables using only OHS data was
undertaken in Phase 4. Gold standards, targets and
predictors were drawn from this data set. The RMSE was
calculated for each set of estimates in order to identify
the set associated with the least amount of error. Phase 4
was exploratory in nature as all reasonable combinations of

predictor variables were utilized for estimation.

Phase 5 replicated Phase 4 but with predictor variables
drawn from the 1986 Census of Canada and gold standards and
target variables drawn from the OHS data set. As well, only
predictor variables and/or sets of predictor variables which
produced the best estimates in Phase 4 were employed in
Phase 5. While Phase 4 was exploratory, Phase 5 produced
estimates using data which would be available to a public

health unit should this methodology be used.

In Phase 6, all estimates were validated using a variety of
indices. A discussion of the results follows these six

phases.



26

Figure 1 Project Design
PH%SE 1 Target and predictor variable selection
PHiSE 2 Operationalization of all variables
PHASE 3 Development of standardization and

. validation programs
PHiSE 4 Estimation of targets (OHS data)
PHASE 5 Estimation of targets (OHS and Census

data)
d

PHASE 6 Validation
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METHODS

1. Level of Analysis

Estimates were developed at the Health Unit level for

Ontario for individuals aged 15 and over. Estimates were

produced for all 42 health units. The health unit was
selected as the level of analysis because it reflects the

level at which validation was possible.

2. Sources of Data

For this project, the 1386 Census of Canada and the Ontario
Health Survey (1990) were used. The Ontario Health Survey
was conducted across Ontario in 1990 to collect information
concerning health status and the social, economic, physical,
behaviocural and nutritional factors related to health and
health care utilization'. A multi-stage stratified cluster
design was used to draw the sample of Ontario residents.
Sample sizes were designed to produce stable estimates at
the health unit level (i.e., 42 health units) for all
variables. The sample (approximately= 1100 per health
unit) was surveyed across the 4 quarters of the year in
order to account for seasonal differences in health related

variables.
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Three data collection forms were used in the survevy. The
first (Form 3) collected household information (e.g., age,
sex, and marital status) from a household representative.
Responses for the second form (Form 4) were also taken from
a household representative and included questions such as
health care contacts, two week disability, and hearing. For
Form 4, the household representative provided proxy
responses for all other household members. The third form
(Form 5) was completed by each household member above age 15
and included questions about smoking, alcohol and food

consumption, exercise, etc.

The response rates for the OHS differed by form. For Forms
3 and 4, the response rate was 88% and for Form 5 the
response rate was 76% of individuals in those households

responding to Form 4%,

The final data set used in this investigation consisted of
46,583 respondents aged 15 and over, which represents a
total of 7,774,450 in the province as a whole. All OHS data

used in this investigation were weighted.

Census data available for this project were limited to the
data tapes available on the mainframe computer at the
University of Ottawa. Unfortunately, the 1991 Census data

were not yet available on the mainframe at the time of this
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analysis. Accordingly, the 1986 Census data were used for
Phase 5 of the project as it is the only source of data for

small areas which provides all predictor variables.

In phase 4, the OHS was used for all purposes.
Specifically, gold standards, stratum specific proportions
of the target variables and stratum specific population
counts for each health unit were taken from this data set.
The data for predictor variables are much less precise than
those from the Census. ©On the other hand, use of the same
data source for all requirements eliminates errors duz to

temporal variation or question wording.

In phase 5, gold standards and stratum specific proportions
of target variables were taken from the OHS. Stratum

specific population counts were drawn from the 1986 Census.
The implicit assumption of this phase is that there will be
stability of predictor variables across time (i.e., 1986 to

1990} .
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3. vValidation Indices

The validation indices used in the investigation included:

Root mean SQuUare error
Correlation coefficients
Quintiles

Provincial Index

— et

a
b
c
d

In addition the dispersion of the estimates and the health
unit specific error was investigated. The health unit

specific error was calculated as follows:

< | Estimate - True Value |

True value
18

Mean Proportion Deviation=222

where j=18 is the number of target variables.

(A) Root mean sguare error

As discussed earlier, this measure was used to identify the
best set of estimates for each target variable and also to
determine for which types of variables estimation was most

successful.

(B) Correlation Coefficients

When interest lies in assessing the association between the
true values and the estimates, use of the Pearson
correlation coefficient as a measure of validity is

particularly appropriate. The Pearson correlation



31
coefficient measures the amount of linear association
between two variables (i.e., gold standards and estimates).
Use of the Spearman rank correlation coefficient results in

an examination of only the ranks.

selection of the correlation coefficients places the
absolute value of the prevalence as a secondary interest.

If two variables are associated in a linear fashion, be it
positive or negative, the correlations will approach -1.0 or
1.0. This measure was used by Levy and French and by

Namekata.

Unfortunately, if the estimates are uniformly under- or
over-estimated, r will not reflect this. As such, r alone
is not a good indicator of estimation accuracy. This
investigation will determine if any set of estimates is
uniformly under- or over- estimated to avoid mis-

interpretation. ’

(C) Predictive accuracy: guintiles

hnother feature of the standardization process examined was
the extent to which the ordering of the PHU's from lowest to
highest prevalence was preserved. For this assessment,
quintiles were used as a measure of predictive accuracy. At

the cost of loss of some information, health units were



categorized on the basis of the gold standards into
quintiles for each target variable, and the ability of the
estimation procedure to place each health Unit into the

correct quintile was assessed.
(D) Provincial Index

A characteristic of synthetic estimates is that unless small
areas vary in terms of the independent variables of interest
(i.e., predictor variables), the estimates themselves will
not vary significantly across the areas? . If a target
variable does not vary much between health units, it would
appear better to adopt the provincial value. To test
whether a set of estimates was closer to the true value as

opposed to the provincial value the following index was

considered.

k
g:| Estimate - Gold Standard |
INDEX= =1

K
g:] Provincial proportion - Gold Standard |
=]

If the index is less than one, this indicates that there is
jess error when using the estimates than in assuming that
the provincial value is an adequate substitute for the

health unit value.



33

(E) Summary

tach validation index was selected to invest.gate a
different facet of the estimation process. The RMSE was
selected to identify the set of predictor variables which
produced estimates with the least amount of error. The RMSE
divided by the mean of the estimates was selected to
identify which target variable was best estimated. To
assess the linear association and the preservation of ranks,
Pearson and Spearman rank correlations were used. TO
examine the agreement in the ranking of health units from
lowest to highest prevalence quintiles were employed. To
determine if the estimates were better than employing an
estimate from a larger area, the index comparing the error
of the estimates versus the error of the provincial value

was developed.
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4. Development of Estimates

All target and predictor variables were operationalized,
using micro-data tapes from the Ontario Health Survey and
the 1986 Census of Canada. For some variables,
operationalization required aggregation, recoding, and/or
construction of secondary variables. Comparison between
Census variables and OHS variables was done to identify
those variables commen to both data sets which could be used

as predictor variables.

211 data were subject to many types of error including:
(a) under-coverage (missed dwellings)

(b) over-coverage (inclusion of non-residents)
(c) non-response

(d) response errors {incorrect responses)

(e} coding errors

(f) data capture errors

(g) imputation errors

(h) weighting
Precision of the predictor variables was not a factor for
Ccensus variables collected from 100% of the population, and
was a relatively small problem for variables collected from
20%. The stratum-specific provincial proportions came from
the OHS which had a large sample and fairly small standard
errors. For example, the standard error®® associated with
an estimate of the number of smokers was 0.0008 for the
province (estimated proportion=.293), 0.00465 for Algoma

(estimated proportion=.31) and .0043 for Ottawa-Carleton

(estimated proportion=.31). The “"gold standards" were based
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on the OHS, and thus were actually direct or post-stratified
estimates. Nevertheless, these will be referred to as the
gold standards to avoid confusion with the estimates that
will be calculated. Gold standards are based on samples of
about 1100 per Health Unit, which produced a standard error
of 0.9% for a variable with a prevalence of 10% or 9%0% and a
standard error of 1.4% for a variable with a prevalence of
50%, for 95% confidence intervals of *= 1.8% and % 2.9%,

respectively.

5. Selectiocn of Variables

{a) Risk factors
In order to be selected for estimation, risk factors had to
be (1) important in terms of proportion of disease burden
vexplained"; (2) susceptible to local public¢ health
intervention; and (3) included in the OHS. As all variables
were needed in dichotomous form, cut-off points used were
those specified by nutritional® and weight? recommendations
and Mandatory Health Programs and Service Guidelines®.
Variables selected were:

smoking

alcochol consumption

exercise

blood pressure

Body mass index

total caloric intake

percent calories from fat

total fibre intake

use of seatbelts: driver
use of seatbelts: passenger
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The percentages quoted refer to the hazardous condition,

e.g., smoking, not using a seatbelt.

Specifics regarding the operationalization of each of these
risk factors are presented below.

(a) Cigarette smoking

Any persons who indicated that.they were occasiocnal or
current smokers were included as participating in a
hazardous behaviour. The association between smoking

and cancer, heart disease and other diseases is well
documented.

hazard = daily or occasional smoker

(b) Number of drinks per week for all current drinkers

Nutritional recommendations from Health and Welfare
Canada?® suggest that alcohol consumption should not
exceed 2 drinks per day.

hazard = greater than 14 drinks per week
(c) Physical activity status

Identifying the appropriate level of exercise for an
individual is dependent on many factors such as age and
health status. As well, capturing an individual's
level of physical activity from a survey is problematic
for although an individual may not have participated in
a sport or other exercise activity, he/she may be very
physically active at work or at home. Unfortunately,
the OHS does not provide an opportunity to identify the
overall level of physical exercise. As such, hazardous
behaviour will be identified as sedentary lifestyle,
which is associated with many chronic diseases.

hazard = sedentary lifestyle



37
(d) Self-reported hypertension status

Hypertension has been identified as a risk factor for
many chronic health problems (e.g., heart disease) and
1ife threatening medical events (e.g., stroke). AsS
such, people who identified themselves as hypertensive
will be considered to have a hazardous health status.

hazard = hypertension

{e) Body mass index

Being overweight is recognized as a risk factor for
many diseases including hypertension, diabetes,
cardiovascular diseases and hyperlipidemias.
Guidelines set by Health and Welfare suggest that a
healthy BMI lies between 20-25, with 26-27
borderline?®. BMI's above or below 20-27 may be
associated with health problems for some people. For
the purpose of this investigation, BMI's exceeding 27
will be considered as hazardous. .

hazard = exceeds 27
{£) Daily caloric intake

Nutritional recommendations from Health and Welfare
Canada?® for each age/sex group are shown below:

16-18 M 3200
F 2100
19-24 M 3000
F 2100
25-49 M 2700
F 2000
50-74 M 2300
F 1800
75+ M 2000
F 1700

A variable was created to determine if an individual's
daily intake was in excess of the amount suggested.

hazard = daily intake exceeds recommendation
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(g) Percent calories from fat per day

Consumption of excess fat, saturated fat in particular,
has been implicated in the etiology of cardiovascular
disease. Nutritional recommendations from Health and
Welfare Canada suggest that only 30% of all energy
intake per day should be drawn from fat®.

hazard = daily intake exceeds recommendation

(h) Seatbelt usage: Driver

A hazardous behaviour was identified as consistent
failure to use a seatbelt while a driver.

hazard = does not use seatbelt every time
(i) Seatbelt usage: Passenger

2 hazardous behaviour was identified as consistent
failure to use a seatbelt while a passenger.

hazard = does not use seatbelt every time

(B) Health Status Indicators

To be selected for estimation, a health status indicator had
to be: (1) responsible for a significant burden of 1ill
health on the community; (2) susceptible to public health
intervention, in terms of health promotion, disease
prevention or provision of support services; and (3)
included in the OHS. Indicators selected include:

two week disability

heart disease

presence of one or more chronic conditions

inability to perform ADL: personal care
activities

inability to perform ADL: personal affairs

presence of hearing problems

self-rated health

happiness with life

activity limitation
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Specifics regarding the operationalization of each of these
indicators are presented below.

{a) Two week disability: Sum of cutdown/bed-days
Any reported days'spent in bed which resulted in an
inability to participate in usual daily activities or
reductions in daily activities in the two weeks prior

to the survey were coded as a poor health status
indicator.

poor status = disability day in the previous two weeks

(b} Self-reported heart disease

Heart disease is the primary cause of death in Canada.
As such, it 1s a serious health concern.

poor status = reported heart disease

(c) Number of chronic conditions

any reported chronic condition (e.g., asthma, chronic
bronchitis, heart disease, allergies) was coded as
indicative of a poor health status. The OHS allowed
for reports of a maximum of 8 chronic health problems.

poor status = at least one chronic health problem

(d) Activities of daily living: requires help with personal
care

Any reported difficulties with performing activities of
related to personal care (e.g., bathing) were coded as
a poor health status indicator.

poor status = difficulty with personal care

(e) Activities of daily living: requires help with personal
affairs

There a;e.also known as "instrumental" activities of
daily l;v1ng. .Apylreported difficulties with
performing activities related to personal affairs

(e.g., taking care of personal finances) were coded as
a poor health status indicator.

poor status = difficulty with personal affairs
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(f) Activity limitation

anyone who reported that he/she was limited at home,
school, work or leisure by a health problem was
included in the poor status category.

poor status = any reported limitations

(g) Hearing problems

(h)

(1)

(C)

Hearing was coded as problematic when an individual
reported he/she could not hear the spoken word. Three
variables were combined to create a new variable which
consisted of all people with any type of self-reported
hearing problem.

poor status = any hearing problem

Self-rated health

gtudies have shown that self-rated health is a fairly
valid indicator of an individual's health status. As
such, responses of fair or poor self-rated health were
coded as poor health status.

poor status = self-reported fair or poor health

Self-rated happiness

Responses of unhappy or very unhappy were coded as poor
health status.

poor status = self-reported unhappy or very unhappy

Predictor Variables

To be included in the study, predictor variables had to be

(1) known to be associated with one or more target variables

(risk factors or health status indicators): {(2) included in

the Census; and (3) included in the Ontario Health Survey.

The last two sources had to be compatible in terms of

question wording and coding.
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In all cases, the joint distribution of predictor variables
was needed. Unfortunately, as the number of variables
increases, the number of combinations became large.
Especially when using survey data, the number of predictor
variables that can be used at any one time is limited. When
proportions are based on a small number of respondents, the
precision of the estimates is diminished. As a result, the
number of combinations of predictor variables which can be
used is limited. When Census data were used, the range of
predictor variables was limited by the public use tables
available from Statistics Canada. The lack of microdata at
the health unit level (i.e., individual responses to items)
precluded the construction of additional tables beyond those
provided. All of these practical limitations were used to

guide the selection of predictor variables.

Comparison of the socio-demographic variables available from
the OHS and the Census resulted in the selection of
following variables for this investigation:

age

gender

marital status

home language

level of completed education

occupation
household composition

as all Census data were aggregated, operationalization of
these variables was limited by the number of categories

available from both the Census tables and the OHS. Where



possible, the maximum number of categories available from
both sources were used. The specifics regarding each
variable are presented below.

(a) Age: 15-24
25-34
35-44
45-54
55-64
65 and over

(b) gender: male
female

(c) marital status:
married
single
widowed
separated/divorced

{d} home language:
English
French
other European
Asian
other

{e) level of completed education:
primary only
some seccndary
completed secondary
college
some university
completed university

(£) occupation:
managerial/professional
clerical
sales
services
primary occupations
processing
construction
transportation
materials handling
other

not applicable (i.e., not in paid labour force)
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(g) household composition:
couple with or without children
single parent
individual alone
individual and others
other and non-family households
The Basic Summary Tables were used as the source of Census
data. The crosstabulations they offered included age and/or
gender with many of the other predictor variables identified
above. As such, the types of distributions and joint
distributions used in this investigation included:
(1) age
(2) gender
{3} age and gender
{(4) marital status
(5) age and marital status
(6) age, gender and marital status
(7) home language
(8) completed education
(9) age and completed education
(10) age, gender and completed education

(11) occupation
(12) gender and occupation

(13) household composition

To each Census table used in this investigation a health
unit identifier was added. This was done using a list
provided by the Ontarioc Ministry of Health specifying the
Census divisions and sub-divisions included in each public

health unit.
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(D) Missing Vvalues

Census data did not have missing values (i.e., missing
values were already imputed). The Census uses "donor"
records for imputation®. Donor records are selected at
random from among a group of consistent records which are
similar to the record with a missing value in terms of a

number of related characteristics. Given the large number

of records the error from imputation is thought to extremely

small.

For all variables, records from the OHS with a ﬁissing value
were excluded from the calculations. Table 1 shows the
level of non-response for each variable. A comparison of
the responders versus the non-responders was done using a
number of demographic variables (i.e., age, gender, marital
status, home language and education). For all high non-
response variables, results showed that non-responders

tended to be older and have completed less education than

responders,

The options for dealing with missing values for the targets

include:

(1) delete a record with missing values completely
from analysis involving that variable
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(2) assign the same respcnse to each record with a
missing value (i.e., create a new value or assign
a pre-existing value)

(3) impute a value for the missing records

The assumption for option 2 is that each respondent with a
missing value for a particular variable is the same as all
others with missing values and also the same as all
respondents who actually gave the response chosen for

imputation.

The assumptions for option 3 would deﬁend on the type of
imputation employed. For instance, if imputation was based
on the age-sex-household composition of a person, this would
assume that all people with a certain socio-demographic
background would likely show the same behaviour/
characteristic. Options 2 and 3 were thought to introduce
additional error on top of the error from the missing values

alone and as such, option 1 was utilized.

Through exclusion, the standardization procedure will
produce results which assume that the association between
the target and predictor variables for cases with missing
variables is the same as that found for the records with
complete data. For each estimation procedure, only those
records with missing values for the variables being used
were excluded. For example, the number of records used to

estimate sedentary lifestyle was smaller than the number
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used to estimate chronic health problems because the number

of missing values differed.



Table 1 : Percent missing values, target and predictor
variables, ages 15 and over, OHS

percent
age 0.00
sex 0.00
marital status 0.40
education 0.80
home language 0.00
occupation 0.02
household composition 0.00
Excess consumption of fat 7.50
Chronic health problems 0.00
Sedentary lifestyle 18.80
Excess consumption of calories 7.50
Smoking status 3.30
High BMI 11.30
Hypertension 1.00
Two-week disability 1.20
Excess consumption of alcohol 15.30
Self-rated health 1.00
Seatbelt usage: passenger 7.30
Activity limitation 0.40
Heart disease 1.00
Hearing prcblems 0.10
Seatbelt usage: driver 15.90
ADL: personal affairs 0.40
ADL: persoconal care 0.30
Self-rated happiness 0.10
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RESULT

1. Root Mean Sguare Error

Estimates for each health unit {(total=42), target variable
(total=18), and combination of predictor variables
(total=12) are not presented because the total number of
estimates (8568) was thought to be too lengthy. However, an
example of the estimates and true values for excess
consumption of fat predicted by home language (CHS) is

presented in Table 2.

Initially, predictor variables were drawn from the OHS and
all selected combinations of variables were used. Table 3
presents the "best" (smallest RMSE) and "worst" {largest
RMSE) estimates for each target variables. For all targets
the error associated with the largest RMSE was at least 5%
and no more than 67% greater than the smallest RMSE (Table
3). For 10 of the target variables, there was less than a
25% improvement in the error from worst to best sets of
estimates. For variables with a small ratio, the different
types and combinations of predictor variables resulted in

few differences in the magnitude of the error.



Table 2: True, provincial and estimated percentage of
excess consumption of fat (OHS)

PHU TRUE PROV ESTIMATE
1 ALGOMA 93.4 86.2 87.6
2 BRANT COUNTY 88.5 86.2 87.3
3 BRUCE-GREY-OWEN 93.4 B6.2 87.8
4 DURHAM REGIONAL 1.2 86.2 87.2
5 EASTERN ONTARIO 50.8 86.2 88.8
6 ELGIN-ST. THOMAS 90.9 86.2 87.5
7 WINDSOR-ESSEX 83.9 86.2 86.5
8 HALDIMAND-NORFOLK 91.6 86.2 87.7
8 HALIBURTON-KAWARTHA 94.4 86.2 87.9
10 HALTON REGIONAL 88.5 86.2 87.5
11 HAMILTON-WENTWORTH 87.4 86.2 86.3
12 HASTINGS + 91.0 86.2 87.9
13 HURON COUNTY §3.3 86.2 87.7
14 KENT-CHATHAM 92.7 86.2 87.4
15 KINGSTON + 88.3 86.2 87.3
16 SARNIA-LAMBTON 86.2 86.2 87.7
17 LEEDS, GRENVILLE + gl.6 86.2 87.9
18 MIDDLESEX-LONDON 86.5 86.2 86.7
19 MUSKOKA + 91.8 86.2 87.9
20 NIAGARA REGIONAL 89.5 86.2 87.1
21 NORTH BAY 990.8 86.2 88.3
22 NORTHWESTERN 90.2 86.2 87.6
23 OTTAWA-CARLETON 86.8 86.2 88.0
24 OXFORD COUNTY 80.8 86.2 87.8
25 PEEL REGIONAL 83.5 86.2 84.5
26 PERTH DISTRICT 91.4 86.2 87.7
27 PETERBORQUGH 93.0 86.2 87.9
28 PORCUPINE g2.1 86.2 89.5
29 RENFREW COUNTY 92.6 86.2 87.9
30° SIMCOE COUNTY 30.3 86.2 87.9
31 SUDBURY 91.0 86.2 88.3
32 THUNDER BAY 87.8 86.2 87 .4
33 TIMISKAMING 91.6 86.2 88.5
34 EAST YCORK 82.2 86.2 85.4
35 ETOBIKOKE 80.7 86.2 85.5
36 NORTH YORK 71.9 86.2 83.1
7 SCARBOROUGH 81.7 86.2 83.1
38 TORCNTO 80.5 86.2 83.5
39 YORK 79.2 86.2 84.0
40 WATERLOO 88.4 86.2 86.3
41 WELLINGTON + 90.3 86.2 87.4
42 YORK REGIONAL 85.3 86.2 85.8
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Conversely, for target variables with larger ratios, the
choice of predictor variables had a more substantial impact

on the error and hence the estimates themselves.

Of the predictor variables, age, gender and education as a
group produced 5 of the best sets of estimates, followed by
home language (4 sets) and education (4 sets). Age,
household composition and gender each produced 3 of the
worst sets of estimates. Only the "best" estimates are
presented in the remainder of the thesis. The best set
refers to those shown to have the smallest RMSE. These

"best" estimates are repeated drawing predictors from the

Census.

As stated earlier, the RMSE/X.. (nean allows for comparison
across variables. The lowest RMSE/X.imeany WaS Obtained for
excess consumption of fat for both OHS (.043) and Census
(.044) estimates (Table 4). Self-rated happiness, for both

OHS (.478) and Census {.444), showed the largest amount of

error.
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Takle 3: Comparison of OHS estimates with smallest and largest RMSE
for each target variable
Predictoer RMSE Ratio
variables smalliest (s) (1) /
largest (1) (s}
Excess consumption Home language 3.770 1.50
of fat Occupation 5.661
Chronic health Home language 3.623 1.14
problems Education 4.13¢9
Sedentary Age,gender,education 2.511 1.47
lifestyle Household composition  3.690
Excess consumption Gender, occupation 4,032 1.30
of calories Household composition 5.250
Smoking Language 3.024 1.28
Age 3.891
High BMI Age,gender,education 2.513 1.31
Age 3.314
Hypertension Age, education 1.097 1.35
Home language 1.473
Two-week disability Heme language 2.102 1.07
Age,gender,education 2.246
Excess consumption Age, marital status 1.546 1.54
of alcohol Education 2.361
Self-rated health Educaticon 2.037 1.67
Marital status 3.385
Seatbelt usage: Qccupation 7.486 1.12
passenger Marital status §.429
hetivity limitation Education 1.960 1.18
Gender 2.312
Heart disease Age,gender,education 1.059 1.23
Gender 1.301
Hearing problems Age,gender, education 1.322 1.20
Age,gender 1.600
Seatbelt usage: driver Occupation 7.879 1.14
Age 8.915
ADL: personal affairs  Education 0.987 1.16
Gender 1.079
ADL: personal care Age,gender, education 0.565 1.086
Home language 0,602
Self-rated happiness Education 0.292 1.05
Household composition  0.306



For eight variables (i.e., alcohol, self-rated health,
seatbelt usage:passenger, activity limitation, adl:personal
affairs, adl:personal care, seatbelt usage: driver and self-
rated happiness) the RMSE/X. neany a@mong the Census estimates
was smaller than that for the comparable OHS set of
estimates. For the other 10 variables the Census estimate
was associated with greater error than the OHS. Examination
of the ratio of the OHS RMSE/X.. meay £© the Census

RMSE/Xeq: (meamy Showed that for most variables, the differences
in the RMSE/X...mesny Petween the OHS and Census were small.
For variables such as excess consumption of calories the
ratio was larger than others. In this case, OHS estimates
of excess consumption of calories were shown to be

appreciably better than Census estimates.

Comparison between the OHS and Census estimates revealed
that for 9 variables the ranking of the RMSE/X.uinean s from
lowest to highest was not the same for the Census as that
for the OHS (Table 4). The difference in rank was as small

as +1 and as large as %3 (e.g.,calories, BMI}.

Correlations between the OHS estimates and Census estimates
(Table 4) were high with Pearson correlations renging from
.663 (seatbelt usage:passenger) to .380 (excess consumption
of calories). Spearman correlations ranged from .668

(seatbelt usage:passenger) to .9%65 (Hypertension). Overall,
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Pearson correlations tended to be higher than the comparable

Spearman correlations.
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2. Dispersion

Scatterplots for each target variable are not presented.
However, the example of excess consumption of fat (OHS) is
presented in Figure 2. The reader should note the smaller
dispersion for the estimates in comparison to the true

values.

As expected, not one of the ranges of the best estimates was
as large as those for the true values (Table 5). With cne
exception (hypertension), OHS estimates showed a dispersion
less than 50% that of the true values. ﬁypertension
estimates (.84} showed the greatest amount of dispersion in
comparison to the true values while seatbelt usage:

passenger (.12) had the smallest relative dispersion.

Among the Census estimates, hypertension (.94) showed the
greatest dispersion in comparison to the true values. The
least amount of relative dispersion was found for self-rated
happiness (.14). Ten of the Census estimates were more

greatly dispersed than the OHS.

For the OHS estimates, the smallest amounts of relative
dispersion were shown for the 2 variables with the largest
true dispersion. This suggests that for target variables

with the greatest dispersion, estimation produces a
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substantially reduced dispersicns. However, the same was not
true among the Census estimates. Closer inspection shows
that the variables with the largest absolute dispersion
(i.e., seatbelt usage: passenger and seatbelt usage: driver)
did not have the smallest relative dispersions. As well,
for variables such as fat and calories, which alsc had large
absolute dispersions, the reduction in the dispersion among
the estimates was not as large as that for seatbelt usage

(passenger or driver).
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3. Correlation Coefficients

Pearson correlation coefficients between true values and OHS
best estimates (Table 6) ranged from .264 (self-rated
happiness) to .885 (excess consumption of fat). A total of
11 target variables had r values in excess of .500. For
Census estimates, the Pearson correlations ranged from .153
(ADL:personal care) to .804 (fat). In total, 10 target
variables had a correlation of .500 or better. Comparison
between the OHS and Census estimates showed that for 4
variables (alcohol, hearing, seatbelt usage:driver, and
‘self-rated happiness), the Census Pearson correlation was

greater than the comparable QHS correlation.

Spearman correlations showed similar but slightly lower
results ranging from .186 (excess consumption of alcohol) to
-787 (excess consumption of calories) among the OHS
estimates, with eight in excess of .500. For the Census
estimates, the correlation ranged from .215 (ADL:personal
care) to .762 {excess consumption of fat) with nine in
excess of .500, Six Census Spearman correlations were

greater than those for the OHS.
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Overall, the correlaticons reveals mixed results. The linear
association between the true values and the estimates is
quite good for scme variables, but quite poor for others.
Spearman correlations show that the ranking of the estimates

is good for some variables, but quite poor for others.
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Table & : Pearson and Spearman correlation coefficients for each
target variable, between true value and OHS best
estimates and Census estimates

Pearson Spearman
OHS Census OHS Census

Excess consumption of fat .885%* .804 .742 V762
Chronic health problems L4894+ .439 .408~* .386
Sedentary lifestyle LA70* .351 .490* .316
Excess consumption of .803* .745 LT8T* . 647
calories

Smoking .650% .565 L5571+ .523
High BMI L712% .607 .681* .587
Two-week disability L374* .372 .482* .364
Excess consumption of alcchol .302 .316* .186 .288*
Self-rated health .531* .524 .402 .497*
Hypertension .591~ .503 .577* .500
Seatbelt usage: passenger .663* .639 .668"* .604
Activity limitation .591+ .568 .564* .541
Heart disease 517 .467 L432% . 347
Hearing problems .523 .543* L460 .506*
Seatbelt usage: driver .650 .666* .602 L6811
ADL: personal affairs .363 471~ .446% .443
ADL: personal care 302+ .153 .282* . 215
Self-rated happiness .264 .309* .264 .320%
Total * 13 5 12 6

* Flags better value



€3

4. Quintiles

The number of estimates placed in the correct gquintile was
low (Table 7). In fact, for both OHS and Census estimates,
fewer than half were placed in the correct quintile. The
largest number of correct classifications was 20 {(calories)
for the OHS and also 20 (hypeitension) for the Census, out
of 42 Health units. Both alcohol and adl:personal care from
the OHS had only 11 of 42 estimates placed in the correct
gquintile. Among Census estimates, adl:personal affairs and
ADL:personal cars placed 6 health units in the correct

quintile.

For six variables (i.e., hypertension, alcochol, self-rated
health, activity limitation, hearing problems and seatbelt
usage:driver), the number of Census estimates in the correct

guintile exceeded the number for the QHS.

By chance alone, 8 of 42 estimates would be expected to be
in the correct guintile. From the table, it can be seen
that overall, the correct classification was sometimes less
than what would be expected from chance and at best not much

better than chance alone.

Comparison with Pearson correlation coefficients shows some

consistency between r and the number in the correct
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quintile, for variables with the highest and lowest values.
Specifically, variables with the highest and lowest r values
tended to have the highest and lowest number of estimates in
the correct quintile. However, for mid-range results, the

results are less consistent.

Comparison between the quintiles and the Spearman
correlations shows similar results, in that higher Spearman
correlations are associated with a larger number of correct
classifications. However, examination of the quintiles
reveals an overall poor classification into ranks, while the
Spearman correlations reveal from poor to good preservation
of the ranks. The quintiles and Spearman measure different
facets of estimation. While quintiles examine the estimates
in terms of 5 groups, Spearman correlations examine the

estimates as a whele group.
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Table 7 : Number of estimates in the correct quintile for

each target variable,

Census estimates

OHS best estimates and

OHS Census

{(#) (#)
Excess consumption of 19 19
fat
Chronic health problems 16* 14
Sedentary lifestyle 13~ 11
Excess consumption of 20* 18
calories
Smoking status 13+ 11
High BMI 13+ 10
Hypertension 16 20%*
Two week disability 14+* 8
Excess consumption 11 12*
of alcohol
Self-rated health 14 17*
Seatbelt use:passenger 18~* 13
Activity limitation 12 15*
Heart Disease 17* 16
Hearing problems 13 le~
Seatbelt use:driver 15 16>
ADL:personal affairs 15+ 6
ADL:personal care 11~ 6
Self-rated happiness 14> 11
Total * 11 6 1 tie

* Flags greater number in correct quintile
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5. Provincial Index

Comparison of the error associated with estimates to the
error associated with using the provincial value as a
substitute for a particular health unit value, showed that
for all OHS estimates, the error from using the estimates
was less than that from using the provincial value (Table
8). The index values for the OHS estimates ranged from .70
(fat) to .98 (alcohol). This indicates that for fat there
was a 30% reduction, on average, in the error when using the
estimates for excess fat consumption, but only a 2%

improvement, on average, when using the alcohol estimates.

While 15 of the index values for the Census estimates were
less than 1, for 3 variables (i.e., sedentary lifestyle,
calories and seatbelt usage:passenger) the index exceeded 1.
The index ranged from .74 (fat) to 1.12 (calories). This
shows that there was, on average, a 26% improvement in error
when using the census estimates of fat. However, for
calories, the index value shows that the provincial value
is, on average, closer to the true values than are the

estimates.



For 3 variables (i.e., tws-week disability, alcoheol, and
seatbelt usage:driver), the Census index was smaller than
the comparable OHS index. In many cases, the improvement

was less than 10% (8 cases).

For the most part, the estimates were shown to be better
than using the provincial value as a substitute. However,

the improvement, at best, was only 30%.

67
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Table 8 : Estimates versus provincial value index for each
target variable, OHS best estimates and Census

estimates
OHS Census

Excess consumption of fat 70+ .74
Chronic health problems .88* .90
Sedentary lifestyle .90* 1.10
Excess consumption of calories .75%* 1.12
Smoking status .78* .82
High BMI LT .80
Hypertension LT1* .81
Two~week disability . .97 .96
Excess consumption of alcohol .98 L97*
Self-rated health .89 .89
Seatbelt usage: passenger .90~* 1.04
Activity limitation .84% .86
Heart disease .86%* .89
Hearing problems .85 .85
Seatbelt usage: driver .92 .82
ADL: personal affairs .90~ .92
ADL: personal care .94~ .97
Self-rated happiness .90+ .93
Total * 13 3 2 ties

* Flags smaller index value
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6. Public Health Unit Specific Error

The results of this investigation have been somewhat poor.
Previous research has shown that estimates for areas with
smaller populations tend to be associated with more error
than estimates for areas with laryer populations. Table 9
presents for each target variable the correlation between
the mean deviation and the health unit population. With one
exception (Census calories) all the OHS and Census
correlations were low. As well, for some targets, the
correlations were in the opposite direction from that
expected. This suggests that for this investigation,
estimates for small populations do not tend to be associated

with more error.

A reason for poor results may be that the estimates for some
health units or regions were substantially poorer than for
other health units or regicons. This hypothesis is examined
in Tables 10 to 13, which present results across target

variables for each health unit.

Inspection of Tables 10 and 11 reveals that no one health
unit had consistently the best or the worst estimates.
Comparison between the OHS and Census reveals that for two-
week disability and excess consumption of alcohol, the same
health units {(Sarnia-Lambton and Kent-Chatham, respectively)

had the smallest mean percent value. Comparison of the
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largest values shows that for 12 of 18 variables, the same
health unit had the largest mean proportion deviation for

both OHS and Census estimates.

The mean relative deviation for the OHS estimates ({Table 12}
ranged from .092 (Elgin St-Thomas) to .509 (Etobicoke). For
most health units mean deviations were between .100 and .190
of the size of the true value. Among the Census estimates,
the mean deviation ranged from .091 (Kent-Chatham) to .549
(Etobicoke) with most having a mean deviation of .100 to
.180 (Table 13). Most medians were smaller than the means,
suggesting a positive skewness in the distribution of the
deviations. The larger means are in fact explained by some
unusually large deviations. For example, the largest mean,
obtained for Etobicoke, is explained by the large deviation
of the estimate for self-rated happiness. This is due to
the low prevalence of this variable. The true value was
.070, the estimate .549 and the provincial value .578. 1In
this case, it may be that the gold standard was poor,
contributing to the larger deviation. Because the
dispersion of the estimates is not as great as that of the
true values, for variables with a low prevalence, this
tendency can result in an unusually high mean deviation

value.
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Comparison between the OHS and Census revealed that the
Census estimates tended to have larger mean deviations than
the comparable OHS estimates. However, for 16 of the 42
health units, the Census mean deviation was smaller than
that for the OHS. This finding is consistent with that for
the RMSE, in that Census estimates tended to show more error

than did CHS estimates.

Examination of the mean deviations does not show a striking
pattern by provincial region. However, the northern health
units (i.e., Algoma, Muskoka, North Bay, North Western,
Porcupine, Sudbury, Thundef Bay and Timiskaming) tended to
have mid to high range mean deviation values. This suggests
that for these health units the relationship between the
target and predictor variables may be different from the

relationships for the province as a whole.
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Table 8 : Correlation between the mean relative deviation of
estimates and PHU populations, for each target
variable, OHS best estimates and Census estimates

OHS Census
Excess consumption of fat -.0391 .0674
Chronic health problems -.0586 -.0133
Sedentary lifestyle -.0684 -.2280
Excess consumption of calories -.0339 -.5364
Smoking status .0578 .0954
High BMI -.1129 -.0967
Hypertension | -.0476 -.1206
Two-week disability .0781 .1008
Excess consumption of alcohol . 0605 L0670
Self-rated health L0031 -.0183
Seatbelt usage: passenger -.0003 .0244
Activity limitation .0491 .0829
Heart disease .0560 ~.0100
Hearing problems . 2297 1791
Seatbelt usage: driver .2672 .1869
ADL: personal affairs -.0055 L0295
ADL: personal care -.0692 -.0568

Self-rated happiness . 0457 .0655
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Table 12 : Mean and median proportion deviation of
estimates from true values, for each PHU, OHS
best estimates

Mean Median
Elgin-St.Thomas .082 .096
Kent -Chatham .098 .052
Renfrew County 101 .083
Wellington .104 092
Leeds,Grenville .108 .091
Eastern Ontario .109 .059
Peel Regional .117 .062
Simcoe County .122 .085
Niagara Regional .124 .102
East York .125 .081
Hamilton Regional .126 .063
Middlesex-London 131 .042
Windsor-Essex .134 .084
Oxford County .135 .081
Sarnia-Lambton .136 094
North Bay .136 .112
Kingston .138 .109
Muskoka 141 .115
Peterborough .145 .130
Timiskaming .146 .102
Bruce-Grey-Owen .148 .114
Haliburton-Kawartha .150 .089
Haldimand-Norfolk .153 076
Durham Regional .153 .098
Toronto .155 .089
York .155 .164
Algoma .158 .123
Waterloo .164 077
North Western 172 112
Cttawa-Carleton .176 106
North York .186 .121
Porcupine .187 .174
Sudbury .187 .184
Hastings .191 .105
Thunder Bay 221 .125
Scarborough 222 .143
York Regional .224 .098
Brant County 229 .080
Perch District .239 .134
Halton Regional L2896 .135
Huron County .301 .168

Etobicoke .509 077



Table 13 : Mean and median proportion deviation of
estimates from true values, for each PHU,
Census estimates

Mean Median
Elgin-St.Thomas .103 .094
Kent -Chatham .091 . 063
Renfrew County .116 L1258
Wellington 111 .091
Leeds,Grenville .131 L1190
Eastern Ontario .114 .053
Peel Regional .114 .062
Simcoe County L1112 .083
Niagara Regional .130 - .100
East York .129 .109
Hamilton Regional .142 .085
Middlesex-~London .154 .085
Windsor-Essex .164 101
Oxford County 131 .084
Sarnia-Lambton .126 .095
North Ray .122 .097
Kingston .147 .103
Muskoka .127 .073
Peterborough .154 .160
Timiskaming .146 .141
Bruce-Grey-0wen .158 .118
Haliburton-Kawartha .171 .094
Haldimand-Norfolk .150 .101
Durham Regional .164 .063
Toronto .117 .086
York .130 .087
Algoma .183 .154
Waterloo L1757 .081
North Western .183 .149
Ottawa-Carleton .185 .098
North York 172 .102
Porcupine .202 .201
Sudbury .178 .149
Hastings .236 .152
Thunder Bay .210 .139
Scarborough .226 .147
York Regional .198 .071
Brant County 241 . 087
Perth District .244 .144
Halton Regional .346 .181
Huron County .287 .165

Etobicoke .549 L113
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7. Addition of north/south distinction

In view of the foregoing, each target variable was estimated
again using the predictor variables associated with the
smallest RMSE, but adding a north/south identifier. The
purpose of this procedure was to determine the impact of
regional differences on the estimation, given that the
northern health units had somewhat poorer results than did

other regions of Ontario.

Mean relative deviations of estimates from true values were
reduced for 5 of 7 northern health units and for 22 of the
35 remaining health units (Table 14). The addition of
north/south to the estimation scheme resulted in a reduction
of the RMSE for all target variables with the exception of
BMI and hypertension (Table 13) but the reduction in error
was usually small. Only 10 of 18 variables had an increased
correlation cosfficient (Table 16). As well, the number of
estimates in the correct quintile was improved fér 9 of 18
variables. However, the total correctly classified was
still low, suggesting that the placement into the correct

guintile was not much better than chance alone.
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Table 14 : Mean and median relative deviation of
estimates from true values including and
excluding north/south distinctions, for each
PHU, OHS best estimates

Mean Median Mean Median

(n/s) (n/s)
Elgin-St.Thomas .092 .096 .107 .101
Kent-Chatham .091 .063 L105 .062
Renfrew County .116 .12% .121 .114
Wellington L1111 .091 .114 .107
Leeds,Grenville .131 L1190 L1112 101
Eastern Ontario .114 .053 .102 L0863
Peel Regional 114 - .062 .105 .069
Simcoe County .11z .083 L1156 .089
Niagara Regional .130 .100 .134 .107
EBast York .129 .109 .114 .066
Hamilton Regional .142 .085 .130 .083
Middlesex-London .154 .085 .128 .048
Windsor-Essex .164 .101 .138 .075
Oxford County .131 .094 .152 .098
Sarnia-Lambton .126 .095% .139 .096
North Bay .122 .097 .102 .085
Kingston .147 .103 .145 L1190
Muskoka 127 .073 .082 .071
Peterborough .154 .160 .155 .141
Timiskaming .146 .141 .125 .075
Bruce-Grey-Owen .158 .118 .144 .095
Haliburton-Kawartha .171 .094 .141 .083
Haldimand-Nortolk .150 .101 .164 .104
Durham Regional .le4d .063 L152 .116
Toronto 117 .086 .149 .088
York .130 .087 .154 .05%
Algoma .183 .154 .241 .092
Waterloo .175 .081 .150 L0863
North Western L1583 .149 .198 .101
Ottawa-Carleton .185 .098 .169 .120
North York 172 .102 .165 .095
Porcupine .202 .201 .072 .056
sudbury .178 .149 117 .067
Hastings .236 .152 .186 .091
Thunder Bay L2190 .139 .141 .079
Scarborough .226 .147 L2111 .155%
York Regional .198 .071 .219 .109
Brant County 241 . 087 .224 .086
Perth District .244 .144 .221 .104
Halton Regional .346 .181 .295 L1116
Huron County .287 .165 .28¢ .157

Etobicoke .549 .113 .498 .087
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Table 15: Root mean square error and rcot mean square error divided by
the mean of the estimates correspending to the CHS bhest
estimate for each target variable, ineluding and exciuding a
north/south distinction

RMSE RMSE Ratio
in/a} RMSE(n/s)/
RMSE

Excess consumption of fat 3.770 3.636 .96
chronic health problems 3.623 3.601 .99
sedentary lifestyle 2.511 2.341 .93
Excass consumption of 4.032 3.88% .96
calories
Smeking status 3.024 2.609 .86
High BMI 2.513 2.296 1.18
Hypertensiocn 1.097 1.133 1.03
Two-week disability 2.102 2.039 .97
Excess consumption of 1.546 1.538 .99
aleohol
Self-rated health 2.037 1.890 .92
Seatbelt usage: passenger 7.486 5.947 .79
Activity limitation 1.960 1.6590 .86
Heart disease 1.059 0.75¢% .72
Hearing problems 1.322 1.174 .88
Seatbelt usage: driver 7.879 6.698 .85
ADL: personal affairs 0.987 0.%19 .83
ADL: personal care 0.565 0.550 .97

Self-rated happiness 0.292 0.290 .99
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Table 16 : Pearson correlation coefficient, number of
estimates in the correct quintile, for each
target variable, including and excluding
north/south distinction, OHS best estimates

r r quintile gquintile
{n/s) (n/s)

Excess consumption of .885* .700 19 21+
fat
Chronic health problems .494 561 16+ 9
Sedentary lifestyle .470 .639~* 13 15*
Excess consumption of .830* .720 20 24~
calories
Smoking status .650 .700* 13 15*
High BMI L712% .639 13 17~
Hypertension .374 .554~* 16* 13
Two week disability .302 L419* 14* 12
Excess consumption LB31* .302 11 13~*
of alcohol
Self-rated health .591 .623* 14 14
Seatbhelt use:passenger .663* .652 18 i8
Activity limitation .591 .647* 12 15*
Heart Disease .517 L779* 17+ 16
Hearing problems .523 .622* i3 14~
Seatbelt use:driver .650* .580 15 . l6*
ADL:personal affairs .363 .484% 15* i4
ADL:personal care .302 L3311 11+ 10
Self-rated happiness .264 L271* 14*. 12
Total * 6 12 7 9

* Flags larger number



81

1 TON

This study has shown that the choice of predictor variables
used for estimation can have a substantial impact on the

error associated with a set of estimates. As a consequence,
the ratio of largest to smallest error detected ranged from
a low of 1.05 to a high of 1.67. However, the magnitude of

the impact was shown to vary between predictor variables.

As well, the dispersion of the estimates was shown to be
reduced in comparison to the true values, and the validity
of the ranking of the estimates from lowest té highest
prevalence was shown to be poor and not much better than
chance. Both OHS and Census estimates had greatly reduced
dispersions in comparison to the true values. Specifically,
health units with high and low prevalences tended to be
under and over-estimated, respectively. This is consistent
with the results presented by Mackenzie et al, Schaible et
al and Namekata et al. Unusually low and high prevalences
may indicate that for these units, the nature of the
association between target and predictor variables is
different from that for other health units (i.e., that other
factors may be acting). It may also be due to a large
amount of unexplained variation. Differences in population
structures may also account for variations in prevalence,

however, given that indirect standardization takes these
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variations into account, differences in the associations may

be a better explanation of this tendency.

Overall, the estimates produced were shown to be better than
assuming that the provincial value is close enough to the
health unit value. However the estimates are not
overwhelmingly better. In fact, for the best set of
estimates, there was only 30% improvement in error over

using the provincial value alone.

Comparison of the results from all validation indices showed
that Census estimates were usually poorer than OHS
estimates. None of the sets of Census estimates showed
better results for all validation indices; however, Census
estimates of alcohol and seatbelt utilization: driver did
show better results for 4 of 5 indices. Census estimates of

hearing outperformed OHS estimates for 3 of 5 indices.

It was expected that Census estimates would be more valid,
given that population counts for the health units would be
more accurate. However, this expectation was based on the
assumption that there would be stability in the associations
over time. That OHS estimates were for the most part better
than Census estimates calls this assumption into question.
Changes in patterns of behaviour (e.g., reduced smoking

rates) and changes in the population structure (e.g., aging
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of the population) may account for instability in the
associations. Thus, the validity of the assumption 1is
guestionable, and we may need to use data sources from the

same year or closer to each other in time.

Another explanation for the poorer quality of the Census
estimates may be that the gold standards were poor, so that
the Census estimates are actually of better quality than
shown. This may be the case, but it is difficult to prove
since these are the only estimates for the target variables

available at the health unit level.

For the most part, consistent differencés in the mean
deviations for health units were not shown for regions.
However, estimates for northern regions had somewhalt more
error than estimates for other regions. Addition of
north/south into the estimation procedure resulted in a
reduction of the RMSE for most northern health units for
most target variables. As well, r values were improved for
some variables, as were the numbers of estimates in the
correct quintile. These results show that the nature of the
association between target and predictor is somewhat
different in the northern health units than in other regions

of Ontario.
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Although results were improved, using a regional identifier
assumes that the data set from which the associations of
target and predictor variables are drawn will also be able
to provide the geographic distinction., This was the case
for the OHS, but the sample sizes and types of data
available from other surveys (e.g., Health Promotion Survey,
Health and Welfare Canada) may prove insufficient and this

type of distinction may not be available again.

conzalez and Waksberg found that counties with smaller
populations had poorer estimates than counties with large
populations. Comparison of the deviations by pbpulation
size in this investigation did not show poorer estimates for
smaller health units. The reasons for this are not clear.
One difference between the investigations was the reliance
on only one set of predictor variables by Gonzalez and
Waksberg. It may be that this finding is due to the types
of predictor variables employed and not a property of

indirect standardization.

some of the correlations were low and the number of
estimates placed in the correct quintile was low. This
reveals that the procedure does not preserve the ranking of
the health units from lowest to highest prevalence for these
target variables. As such, if the primary interest of an

investigation is to identify areas of particularly high/low
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prevalence of a particular factor, indirect standardization
has been shown to produce inaccurate results. 1In addition,
this investigation also found that variables with the least
amount of error do not necessarily produce the highest
correlation coefficients. This finding is consistent with

that of Schaible et al.

all validation indices utilized the point estimate as the
true value, but the point estimate is subject to error. It
the point estimate was under or over-estimated, the amount
of error detected will be under/over-estimated for each
health ﬁnit. As such, some variables may actually have been
more poorly or better estimated than shown by this

investigation.
Limitations and Error

This study was limited by the types of predictor variables
available. It may be that other predictor variables would
be more closely associated with the target varlables, and
would produce estimates with less error and a more accurate

ranking of health units.

The error and bias introduced into the estimates came from
many sources. It was expected that the error introduced

into the estimates would be low for the OHS and almost or
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completely negligible for the Census. The tendency of the
estimates to gravitate toward the mean, together with any
error from the data sources would further increase the
discrepancy between the estimates and true values. As well,
this procedure was based on the assumption that there would
be strong and stable associations between the predictors
chosen and the target variables. The extent to which this
assumption is not valid is difficult to guantify.
Nonetheless, given the poor quality of the estimates, the

validity of this assumption may be gquestionable.

As stated earlier, the projeét was limited by the types and
combinations of predictor variables available. This
limitation is likely to be the most important area where
error was introduced. The amount of variation in the target
variables explained by the predictor variables was obviously

low given the reduced dispersion of the estimates.

CONCLUSIONS

Overall, the validity of the estimates has been shown to be
questionable. This is particularly true for the Census
estimates. Dispersions were greatly reduced. Consequently,
for areas with prevalences similar to that of the larger
area from which stratum specific proportions are drawn, the

estimates tended to be closer to the true values than for
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other areas. Thus, this type of methodology is limited to
small areas with prevalences similar to the larger area.
This being the case, the utility of indirect standardization
ie limited as previous knowledge of the prevalence of a
particular factor is necessary in order to determine whether
or not this type of methodology would be useful to a
particular health unit. Attempts to estimate prevalences
for risk factors or health status indicators without a prior
estimate would result in estimates for which the user would
be uncertain of their validity. As such, this type of
methodology does not appear to be adequate to meet the
information needs for health units. Use of regression’ may
prove to be a more valid method of estimation for small

areas.
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