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ABSTRACT

Background: Census-based methods are often used to estimate socioeconomic status. We
assessed the agreement between Forward Sortation Area (FSA) and Enumeration Area (EA)
derived income levels for all patients undergoing cardiac catheterization in Alberta,
Canada, from 1995-1998.

Methods: Income quintiles were calculated from census data for FSA and EA level. FSA-
and EA-derived income measures were compared for misclassification. Both methods were
then applied to the data to determine 4-year survival by income grouping in 21,446
patients following catheterization.

Results: The variability in EA-derived incomes for any given FSA-derived income is large.
Only 40% of income quintiles are in agreement between the methods. For EA-based
analyses, there is a linear relationship between higher income and lower mortality across
all quintiles, while for FSA-based analyses, only the lowest income quintile had
significantly higher mortality.

Discussion: Assuming that FSA-based methods are more likely to misclassify income
compared to EA-based measures, the results for the FSA-based analyses are more likely to
be erroneous. EA-derived measures should therefore be used when individual data are not
available.

La traduction du résumé se trouve a la fin de Iarticle.
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G W =

n most administrative databases, research-

ers do not have access to individual-

level socio-economic data. This often
makes it necessary to use aggregated census
data to fill in missing socio-economic sta-
tus (SES) information,’** despite the
potential for an ‘ecological fallacy’.""*

In Canada, there are various levels of
census geography and postal geography
that researchers need to know about when
linking to census data. Postal geography
within most provinces begins with forward
sortation areas (FSA), defined by the first
three digits of the postal code, each with a
median of about 20,000 households. FSAs
are then further divided into local delivery
units, each with a median of about 10
households in urban areas and roughly 500
households in rural areas. These are geo-
graphical units created by Canada Post
Corporation to facilitate delivery of the
mail. Census geography is based on enu-
meration areas (EA), each of which con-
sists of about 300 households and are the
smallest geographic unit for which census
data are reported. EAs aggregate to census
subdivisions (municipalities) and census
division (country-level geographic units).
Within the larger census agglomerations
and census metropolitan areas, EAs may
also be aggregated into census tracts (CT),
each with about 8 EAs or roughly 2,400
households. Despite the widespread avail-
ability of EA data in Canada,*** numer-
ous studies still use large units like FSAs,
CTs or census divisions.>”

Using data on 21,446 cardiac catheteri-
zation patients from the Alberta Provincial
Project for Outcome Assessment in
Coronary Heart Disease (APPROACH),
our objectives were 1) to assess the agree-
ment between FSA- and EA-based income
quintiles and look for evidence of misclas-
sification between the two methods, and
2) to apply FSA- and EA-based income
quintiles to analyses in our research team’s
ongoing research into survival after cardiac
catheterization.

METHODS

Data sources

The study population used was from
APPROACH, an inception cohort data-
base that includes all patients in Alberta,
Canada undergoing cardiac catheteriza-
tion. Patients are followed longitudinally,
with survival and time from enrollment
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catheterization until death ascertained
through semi-annual linkage to death
records from the Alberta Bureau of Vital
Statistics. We analyzed data on 21,812
patients enrolled in APPROACH for cal-
endar years 1995-1998, with complete
follow-up of patients through December
31, 1999.%

Information on individual income
Statistics Canada Census data from 1996
were used as the source of the median indi-
vidual income for each FSA and EA.?”
Alberta has a total of 137 FSAs and 4,746
EAs. The Statistics Canada Postal Code
Conversion File (PCCF)* for May 1999
postal codes contained all 767,381
Canadian postal codes ever used by
Canada Post Corporation since 1983
(including many which are now retired).
Each postal code in this file is linked to
one or more EAs. When there is more than
one EA for a postal code, Statistics Canada
provides a single link indicator (SLI) to
select the most representative EA. After
merging the APPROACH data with the
PCCEF, using only the SLI, we merged the
new file with the Census data files contain-
ing EA and FSA median individual
income. Median individual income was
then used to divide the Alberta population
into quintiles by both FSA and EA
method. Though the same method was
used to define quintiles (i.e., percentile
cuts of the population), the cut points were
different for EA- and FSA-derived quintiles,
because the underlying distribution of
incomes differed across methods.

Comparison of FSA- and EA-based
income levels

We first prepared a scatterplot of individ-
ual median income for EA-derived income
(y-axis) plotted against FSA-derived
income (x-axis). We then used a 5X5 table
of EA income quintiles by FSA income
quintiles to determine the misclassification
of FSA. Sensitivity was calculated using
EA-based quintiles as a ‘criterion standard’.
The kappa statistic was used to measure

the degree of nonrandom agreement
between FSA and EA.

Application of FSA- and EA-based
income levels in survival analyses
We used survival analyses to produce
Kaplan Meier plots for the proportion of

TABLE |

Characteristics of APPROACH Population and FSA and EA-based Samples

Data Source

Full Data FSA-linked EA-linked Botlh Ii(A{jFSA
Inke
Characteristics ~ (N=21,812) (N=21,731) (N=21,664) (N=21,446)
Age (years)
<65 11,803 (54.1) 11,751 (54.1) 11,726 (54.1) 11,591 (54.0)
65-74 6885 (31.6) 68,661 (31.6) 6834 (31.6) 6781 (31.6)
75+ 3124 (14.3) 3114 (14.3) 3104 (14.3) 3074 (14.4)
Male 15,406 (70.6) 15,344 (70.6) 15,303 (70.6) 15,140 (70.6)
Rural 4506 (20.7) 4506 (20.7) 4381 (20.2) 4357 (20.3)
|
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Figure 1.  Scatterplot of EA-based individual median income by FSA-based

individual median income.

those surviving over a 4-year period by
both EA-based and FSA-based income
measures. Univariate proportional hazards
models including income quintiles (with
the highest income quintile as the baseline
category) were also used to derive hazard
ratios for both methods for determining
income levels.

RESULTS

Characteristics of study sample

Our starting point for analyses was an
APPROACH ‘analysis file’ containing
21,812 patients that has been subjected to
a data cleaning and management process
described elsewhere.?”” Following linkage to
EA- and FSA-based income measures, our
dataset contained 21,664 patients with
complete EA income measures and 21,731
patients with complete FSA income mea-
sures. For the analyses that follow, we used
only data on 21,446 patients for whom
both sources of income levels were avail-

able. The characteristics of the data sources
defined by these linkages were essentially
identical across datasets (Table I).

The ranges of median individual
incomes derived from FSA and EA were
$12,115-$37,396 and $2,919-$43,963, for
FSAs and EAs respectively. For FSA-based
quintiles, the medians of the lowest to the
highest quintile were $16,190, $17,768,
$20,279, $23,271 and $28,984, respec-
tively. For EA-based quintiles, the medians
of the lowest to highest quintiles were
$14,870, $17,234, $19,433, $22,091 and
$26,518 respectively.

Agreement between FSA- and EA-
based income levels

Figure 1 is a scatterplot of individual medi-
an income for the EA by FSA methods.
The data are not tightly clustered along a
diagonal line; rather, there is significant
variability in the EA-based median individ-
ual incomes for any given FSA-based
median individual income. For example,
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TABLE Il

APPROACH Population 1995-1998 by FSA- and EA-based Income Quintiles

EA Income Quintiles

FSA Income Quintiles 1 2 3 4 5 Total
Lowest quintile 2956 1828 924 322 144 6174
Second lowest quintile 1069 1581 1390 453 234 4727
Middle quintile 334 780 1182 1243 462 4001
Fourth quintile 120 380 813 1557 1545 4415
Highest quintile 0 96 75 552 1406 2129
Total 4479 4665 4384 4127 3791 21,446
% Agreement with EA-based

Income quintile (sensitivity) ~ 66.0% 33.9% 27.0% 37.7% 37.1%

Simple Kappa=0.25 (95% Cl 0.24, 0.26)

Weighted Kappa=0.48 (95% CI 0.47, 0.49) - (the higher weighted kappa value accounts for partial

agreement).

Proportion of Patients Surviving

Proportion of Patients Surviving

PANEL A — FSA-derived Income
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Figure 2.

Kaplan-Meier plot of crude proportion surviving up to 4 years by
income quintiles derived from FSA (Panel A) and EA (Panel B).

for an FSA income of $20,000, the EA-
based median income ranges from approxi-
mately $15,000 to about $42,500, a range
of over $25,000.

The cross-tabulation of EA by FSA-
based income quintiles is shown in Table
II. The assignments of income quintile
were in agreement for only 40% of cases.
Another 43% of assignments were within
one level of the diagonal, 12.3% within
two levels, 3.6% within 3 levels, and 0.7%
within the maximum 4 levels of disagree-
ment. The simple and weighted kappa val-
ues (the latter accounts for partial agree-
ment) were 0.25 (0.24-0.26) and 0.48
(0.47-0.49), respectively.

Next, we assumed that EA was less
prone to misclassification given the smaller
size and therefore used EA as a ‘criterion
standard’ in an analysis of the sensitivity of
the FSA-based income quintiles. The
results show generally low sensitivity for
FSA-derived incomes (Table II).

Application to analyses of

4-year survival

The relationship of income quintiles
derived from FSA versus EA to survival
after cardiac catheterization differs across
methodologies. Figure 2 presents crude
Kaplan-Meier plots for survival extending
to 4 years by income quintiles derived
from FSA (Panel A) and EA (Panel B).
Though the difference between the lowest
and highest quintiles across methods is not
very large, the middle income quintiles
show a notable difference across methods,
with a clustering of FSA-derived survival
curves that does not occur for EA-derived
curves.

Corresponding hazards ratios for death
following cardiac catheterization from Cox
proportional hazards analyses are shown in
Figure 3. Notable hazard ratio differences
were seen for the second, third and fourth
income quintiles (1.48 vs. 1.32, 1.42 vs.
1.24 and 1.31 vs. 1.10, for FSA and EA
respectively). Again these findings suggest a
clustering of survival rates across the mid-
dle FSA quintiles that is not seen for the
EA-derived quintiles, where a graded pro-
gression of risk is seen across quintiles.

DISCUSSION

When the EA-based quintile is taken as the
gold standard, FSA methods misclassify
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the income quintile for over 50% of the
subjects of our study. We also see a
remarkable difference across methods in
analyses of survival to 4 years. The pattern
of linear increases in survival across
increasing EA-derived income quintiles is
not seen when using FSA-based methods.

Many authors have argued that individual-
level income data should be used whenever
possible.”®7% Although this is ideal,
census-based aggregate measures will
continue to be needed in health research
since individual level data are often not
available. Furthermore, even when avail-
able, individual income data can often be
incomplete due to non-response that
relates to the sensitivity of questions on
incomes. Sin et al.?> compared FSA to
individual-based measures in Alberta, but
these authors excluded seniors and natives
from their analysis because they did not
have income data on such individuals. Our
analyses have permitted the study of a larg-
er number of patients over 65 (45.9% of
cases) and therefore the EA measures used
may provide advantages over the approach
used by Sin et al.

Optimizing methods of assessing census-
derived socio-economic status remains an
important research priority. Our work
adds to the knowledge base on how to
infer SES from Canadian sources. Our
findings of probable misclassification of
income quintiles by the FSA method com-
plements an Australian study'® comparing
results of analyses based on 4-digit
Australian postcode (approximately equiv-
alent to Canadian FSAs) and collector’s
district (EA equivalent). The investigators
found that postcode-based measures mis-
classified more than half the patients com-
pared to the collector’s district-based mea-
sures. In addition, the Australian postcode
classification underestimated the relation-
ship between SES and health-related mea-
sures. The authors conclude that all coun-
tries should use collector’s district or equiv-
alent small area units (i.e., EA in Canada).

Many have argued that small area statis-
tics can be used to approximate SES.!0-1222
EA is the smallest unit for which census
darta are collected and thus is likely to be
more homogeneous than other units (i.e.,
ESA, CT). Statistics Canada updates the
PCCEF frequently so that even new postal
codes may be matched with EAs. Postal
codes are constantly added and retired,

Quintile Increasing
Income
One '_:_'
Two '_‘_,' .
Three '_._; i
Four '__.—; i
. T

1

2.5

Hazard Ratio

(Relative to Highest Quintile)

EA
FSA

Figure 3.
incomes.

4-year Crude Hazard Ratios (HR) by EA and FSA-based quintile

and FSAs are occasionally added, whereas
census data are frozen for five years. When
working with EA-based measures, the
updated PCCF allows old or discontinued
postal codes to match with the EAs. When
working with FSA-based measures, newly
created FSAs (fortunately a relatively rare
occurrence in most parts of Canada) will
not match with census income data and
will thus have to be dropped from the
analysis. This is why 21,731 individuals
were available in our FSA analysis, where-
as only 21,664 were available for EA
analysis.

There still are times when FSA-based
analyses can be justified, such as in studies
making US-Canada comparisons where
US data are only available for Zip Code
rather than census tract or US block group
level; or when the database includes a large
population of institutionalized patients, a
subgroup normally excluded by EA-based
methods since income data would not be
available for the institutional EAs.

Several studies in the literature examine
the validity of using area-based measures

1,22,23 and

relative to individual level data
some compared area-based measures to
smaller area-based measures (i.e., CT to
EA, postcodes to EA).671%12 These studies
uniformly conclude that aggregate mea-
sures should not be used without acknowl-
edging the potential biases that occur when
estimates of SES are used regardless of the
size of geographical units studied. Mustard
et al. concluded that the use of ecologic-
level measures of income is valid when
individual-level data are not available.?
Geronimus et al. found that there was very
little gain from using smaller area-based
measures.” In contrast, Soobader et al.
argue that measures from smaller geo-
graphic units may produce results that are
slightly less biased.® Krieger found that
using CT and census block group (equiva-
lent to EA) derived levels was a valid and
useful approach to overcoming the absence
of individual level data and also argued
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that small area data can be used to con-
struct population-based incidence and
prevalence rates stratified by social class.
The denominators for incidence or preva-
lence rates are census derived and therefore
can be characterized by the same census-

based social class measures as the numera-

tor data.!l"?

In summary, when EA-based income is
taken as the criterion standard, the use of
ESA-derived income may misclassify
income quintiles for over half of the
patients studied. The results from the
method comparison of 4-year survival
showed a large difference and suggest that
the use of EA may reduce some of the
potential bias introduced when not using
individual level data for SES. We recom-
mend that all Canadian researchers using
area-based SES measures use EA rather
than FSA to define their measures when-
ever possible.
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RESUME

Contexte : Les méthodes fondées sur le recensement sont souvent utilisées pour I’estimation du
statut socio-économique. Nous avons examiné la concordance entre les revenus dérivés des
régions de tri d’acheminement (RTA) et ceux dérivés des secteurs de dénombrement (SD) chez tous
les patients ayant bénéficié d’un cathétérisme cardiaque en Alberta entre 1995 et 1998.

Méthodes : Nous avons comparé les mesures du revenu dérivées des RTA et des SD pour cerner
d’éventuelles erreurs de classement. Ensuite, nous avons appliqué les deux méthodes aux données
de 21 446 patients post-cathétérisme cardiaque afin de déterminer leur survie sur quatre ans.

Résultats : Pour toute valeur donnée des revenus dérivés des RTA, la variabilité des revenus dérivés
des SD était grande, les revenus ne concordant d’'une méthode a I’autre que dans 40 % des cas.
Ceci a des conséquences majeures dans I’analyse de I’association entre la survie et les quintiles de
revenus : I’estimation de survie du quintile de revenus moyen selon les deux méthodes présente

des différences significatives.

Interprétation : Les méthodes dérivées des RTA classifient mal les mesures du revenu et ménent a
des résultats incorrects dans I’analyse de survie. Pour cette raison, nous proposons d’utiliser les
mesures dérivées des SD si les données individuelles ne sont pas disponibles.
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