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Abstract

Background: A crucia part of a case-control study is the selection of a sample of controls that represent the base-popula
tion from which cases were drawn. Controls may be matched to cases by one or more potentially important confounding
variables, such as socioeconomic status. In the United Kingdom, one method for control selection has been based on the pa-
tient list of the General Practice with whom the cases were registered, which we refer to as GP-matching. We aimed to ex-
plore whether GP-matching adequately control for the potential confounding effect of socioeconomic status.

Methods: The Townsend index of deprivation was calculated for different two national census geography levels of Elec-
toral ward/Postcode Sector and Enumeration District/Output area for the three study areas of Dundee, Leeds and Y ork. Con-
ditional logistic regression was used to estimate the association of cases with deprivation (based on the Townsend index)
compared with that of matched controls for the two geographical scales.

Results: At the largest geographical level (Electoral ward/Postcode Sector) there was no evidence of a difference in the dis-
tribution of deprivation scores between cases and controls. However, anaysis at the smallest level (Enumeration Dis-
trict/Output area) showed that, despite GP matching, cases were more likely to live in deprived areas than matched controls.

Conclusion: Using Genera Practice lists for the selection of controls for controlling the confounding effect of socioeco-
nomic status might not be an appropriate method for case-control studies conducted in the United Kingdom.
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Introduction

Valid inference about disease aetiology from a
case-control study requires the controls to rep-
resent the population from which cases were se-
lected. An unrepresentative sample of controls
might lead to a biased estimation of the associa-
tion between exposure and risk of disease, known
as selection bias (1). Controls are often matched
to cases by one or more potentidly important con-
founding variables, which results in reducing the
effect of those variables on the estimated risk of
disease for the target exposure.

Matching is much used in case control studies.
There are some sources for control series: Popu-
lation based study, the cases are a representa-
tive sample of all cases in a defined and identi-
fied population and controls should be randomly

selected from the disease free members of the
same population. If we can not identify the source
population, simple random sampling is not pos-
sible and asareault it is better to use other source
of control selection (1). Neighbourhood controls
method sdlects controls through sampling of resi-
dences but people living in the same area are
likely to be similar in many respects. Moreover
some times this method is not easy to use because
usually al geographic address of residences is
not available. In this condition, one can decide
to sample controls that are individually matched
to the cases from the same neighbourhood. The
third source of control seection is hospital-based
controls. When using hospital-based cases, it may
not be possible to determine source population, be-
cause not all cases refer to the hospitd and those
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referred might be selected regarding some spe-
cific criteria. Inthisstuation based population con-
trols are the better choice. On the advantages of
this method is that the effect of many selective
factors that bring people to hospitals such as
financid standing area of residence, ethnicity will
be reduced. Moreover, they reply to questions
more accurately because of having hospitalisation
and illness. On the other hand the most advan-
tage of thiskind of control selection is that some
their illness may share relating exposure with the
study disease. It means they may have a lower,
higher exposure prevalence compared to the popu-
lation from which the cases arise (1).

For nominal variables such as neighbourhood,
which contains awide range of environmental fac-
tors certain variables, if matching were not ap-
plied in the design part of the study, there would
not be a sufficient number of individuals in the
study groups who were alike with respect to
these confounding factors to alow for any type
of controlling in the analysis.

Having said that, in our case-control study (2-3),
which conducted to investigate the association
between environmenta factors and genetic poly-
morphisms on therisk of colorecta cancer, we se-
lected controls through the patient’s General Prac-
tice (GP) list. The rationale was to select con-
trols with a similar socioeconomic status (SES)
and geographical area of residence to cases. It
was assumed that patients registered to the same
GP were from the same geographical area with
some similarity in socioeconomic profiles.
Thus, the main research question in this study
was to show how successful the GP-matching ap-
proach was to control for the potential con-
founding effect of SES.

Materials and Methods

Study design

The datafor this andysis were taken from a multi-
centre case-control study, which was conducted
to investigate the association between environ-
mental factors and genetic polymorphisms and the
risk of colorecta cancer. The study was approved

by the local research Ethics Committees, and
signed informed consent was obtained from all
participants. Further details of study design are
given elsawhere (2-3). Briefly, cases were be-
tween 45 and 80 yr of age when diagnosed with
colorectal cancer between 1997 and 2001 from
hospitals in Leeds, Dundee and York. Hedthy
population-based controls (GP controls), with no
history of previous cancer, were recruited from
the patient’'s GP practice list. An age (within one
year), and sex matched control was identified for
each consented case. Multiple GP controls were
recruited for some cases, while no matching con-
trol was available for aminority of cases. Contact
was made initially by post, including a standard
letter of invitation by, or behaf of, their GP. The
controls who most closely matched their case
were approached. They could be divided into two
main groups: a) those who agreed to be inter-
viewed and were interviewed (Interviewed Con-
trols= 397); b) those who were approached but
refused or faled to reply to invitation letter (Re-
fused Controls= 57). The refused controls were
then replaced by the aternative controls.
Linkage to the census of Great Britain

In Great Britain the censusis a count of all house-
holds and persons, which is carried out every 10
yr. The 1991 census contained questions on hous-
ing, ethnic group, car ownership, and occupation
(4). In order to maintain confidentiaity census in-
formation at household level aggregated to an
area level. The smallest census geography in
England and Wales is the Enumeration District
(ED) and in Scotland is the Output Area (OA).
Theseareascan be aggregated into Electoral Wards
(EW) in England and Wales and Postcode Sec-
tors (PS) in Scotland. The postcode for the
residential address of cases and controls was
checked using a postal address directory avail-
able from the Royal Mail. Cases and matched
controls were then linked through their residen-
tial postcodes to the 1991 census.

Townsend deprivation index

The Townsend deprivation index (5), ameasure
of SES, was calculated for each ED/OA and
EW/PS leve using data for the three populations
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of the sudy-area (Dundee, Leeds, and Y ork) com-
bined. The Townsend score was based on four
pieces of information: the percentages of (I) un-
employed economically active persons (age 16
and over), (I1) households with more than one
person per room, (I11) households not owner
occupied and (1V) households without a car. Un-
employment and Overcrowding were transformed
using alogarithmic transformation, allowing the
variablesto be symmetricaly distributed. Each of
the four percentages was standardized to a mean
of zero with astandard deviation of onein order
to make all four factors contribute equal weight
to the Townsend score. These standardised scores
were added to obtain the Townsend score. A
high positive value represents an area with high
deprivation and a high negative value represents
an affluent area.

Statistical analyses

The evaluation of GP matching for ED/OA and
EW/PS levels was performed first based on the
comparison of the mean deprivation index of
cases with those of matched controls using the
paired t-tests. The Townsend scores were then
divided into five equaly-sized groups according
to study-area population quintiles of the score.
In next step being case or control was chosen as
dependent variable and deprivation quintile as in-
dependent variable and then using conditional lo-
gistic regression, the association of disease risk
with deprivation was estimated for the two geo-
graphical scaes (ED/OA and EW/PS). The least
deprived quintile was considered as baseline for
this analyss. The analyses were carried out using
STATA (Stata Statistical Software: Release 7.0.
College Station, TX: Stata Corporation).

Results

In total, 500 cases and 742 controls were re-
cruited to the original study, of whom 484 cases
and 738 controls were interviewed. Overall 461
matched case-control pairs (922 individuas) were
available for this secondary study. A valid post-
code was identified for 454 pairs (seven pairs
were excluded because the correct postcodes
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for 13 consented participants were unknown). In
Leeds centre, 57 first choice controls (6), eligible
but who did not consent for interview were re-
placed by 42 second choice and 15 third, fourth
and fifth controls.

Evaluation of matching at the ED/OA level
The paired t-tests showed a significant differ-
ence between the Townsend score in cases and
controls matched by GP at the ED/OA level
(difference= 0.64, 95% CI: 0.30, 0.99) (Table 1).
The distribution of cases and matched controls
at ED/OA levd by deprivation quintile, compared
with the distribution of the study-area popula-
tion was shown in Table 2. In a representative
sample from this population, 20% of the partici-
pants would be in each quintile. There was a
marked difference in deprivation distribution of
the cases and controls and also for al study par-
tici pants and the study-area popul ation with over-
representation of thosein the least deprived quin-
tile for both groups but particularly for controls
(30.5%) compared with the distribution of the
study-area. Caseswere sgnificantly morelikely to
belong to the most deprived fifth than controls
compared to the least deprived fifth (OR=1.80,
95% Cl: 1.18-1.50).

Evaluation of matching at the EW/PS level
The results of the paired t-tests for the Town-
send score at EW/PS level showed no signifi-
cant difference between the mean index in cases
and their matched controls (difference: 0.16, Cl: -
0.13,0.44) (Tablel). There was no major differ-
ence in distribution of deprivation quintile be-
tween cases and controls at EW/PS level (Table
2). Cases and controls were similarly likely to
live in the most deprived compared to the least
deprived areas (OR= 1.05, 95% CI: 0.73-1.50).
A marked gradient was observed in cases and
controls with over-representation of thosein the
least deprived quintiles (39.1% and 38.7% re-
spectively) compared with the distribution of the
study-area population (Table 2).
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Table 1: Summary of deprivation index for cases and controls and the result of paired t-test at ED/OA and EW/PS level

. Standard 95% Confidence . Maximum
Observation Mean L Minimum
Deviation Interval

ED/OA level

Case 454 -0.34 331 -0.65, -0.04 -7.66 7.17
Control 454 -0.99 314 -1.28, -0.7 -7.03 7.21
Difference 454 0.64 374 0.30, 0.99 -11.15 11.05
EWI/PS level

Case 454 1.00 3.66 0.66, 1.33 -7.26 841
Control 454 0.84 3.56 0.50, 1.17 --6.75 841
Difference 454 0.16 0.15 -0.13,0.44 -10.99 10.99

Table 2: Distribution of cases and matched controls, and odds ratios, by Townsend deprivation index fifth based on the
study-area population distribution shown at ED/OA and EW/PS level

Deprivation fifth g?gjs Crc:rgg/rocils Odds ratio®>  95%Confidence Interval 2
ED/OA level !

1(least deprived) 107 (23.6) 138 (30.5) 1.00 ;

2 109 (24.0) 96 (21.0) 146 1.01-2.13
3 72 (15.9) 102 (22.5) 0.91 0.61-1.35
4 84 (18.5) 59 (13.0) 1.84 1.21-2.79
5(most deprived) 82 (18.0) 59 (13.0) 1.80 1.18-2.73
EW/PS level !

1(least deprived) 178 (39.1) 176 (38.7) 1.00 -

2 44.(9.70) 59 (13.0) 0.74 0.74-1.15
3 60 (13.2) 53 (11.7) 112 073171
4 81(17.8) 80 (17.6) 1.00 0.69-1.45
5(most deprived) 92 (20.2) 86 (19.0) 1.05 0.73-1.50
Total 454 (100) 454 (100)

! ED/OA Enumeration District/Output area and EW/PS Electoral Ward/ Postal Sector- see text for further details.
2 Conditional logistic regressions

Table 3: Mean difference of Townsend deprivation index between cases and two types of controls at ED/OA scalein
L eeds centre

Mean of Townsend deprivation index

Controls .
Cases Mean difference P
Including second , third and forth Including the first
choices choices
-0.08 -0.59 - -0.50 0.02
-0.08 - -0.42 -0.35 0.10
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Discussion

Our findings show that at the ED/OA level, the
smallest census geography available compared
to the cases, the controls that were selected from
the same GP's list had a much more skewed
distribution in the least deprived quintile.

The findings also identify and provide a warn-
ing against, a particular sort of methodological
"bad practice". However, one would hope that
socia researchersin the UK would typically have
a sufficiently awareness of the possible impact
of underlying socioeconomic differences on re-
search findings to avoid this form of bad prac-
tice. It is possible that medical researchers are
less dert to this kind of issue, though one would
imagine that a practical awareness of the nature
GP practices would lead to recognition of the
flaws in such an approach.

Regarding the differential participation of cases
and controls, where aproportion of thefirst choice
controls in this study refused to participate, se-
lection bias may be a possible explanation for
this significant difference between cases and con-
trols. For example, in the Leeds centre, when 57
second and other next choice controls were re-
placed by non-participating first choice controls
there was no sgnificant difference between cases
and controls in terms of deprivation at ED/OA
scale (Table 3). It shows that those controls liv-
ing in the most deprived areas were less likely
to participate in this study.

In contrast, when the Townsend deprivation in-
dex at EW/PS scale was used, the lack of ho-
mogeneity in the area covered by a GP was not
evident. The lack of significant difference be-
tween cases and controls in terms of deprivation
distribution at thislevel demonstratesthat general
practices cover afadse homogenous area with re-
spect to SES. Since the aim of matching is to
makethedistribution of potential confounding fac-
tors smilar between cases and contrals, it is nec-
essary that cases be matched to controls as ac-
curately as possiblefor the relevant confounders.
Using the Carstairs score as a deprivation index
at the ED levd, a case-control study of heart at-
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tacks in young women of GB found similar re-
sults to these (7). It was shown that cases had a
skewed deprivation distribution, with more than
35% in the most deprived quintile compared with
the distribution of the British population. The con-
trols who were selected from the same general
practices showed a much less skewed distribu-
tion. Cases and matched controls with different
SES might have similar Townsend scores at the
EWI/PS level while their scores at ED/OA level
differ. Electord Ward and Postcode Sector usu-
ally cover around 2000 households with poss-
bly wide variation in SES, while Enumeration Dis-
trict and Output Area cover 200 and 50 house-
holds respectively (8) with more homogeneity in
SES than households covered by EW/PS and GP.
In terms of the role of participation bias in the
validity and generdisability of the study, in a case-
control study of acute leukemia in England it
was shown that the controls who participated
differed markedly from those who did not (9).
Those who could not be contacted tended to live
in the most deprived areas followed by those
whose GP refused contact and those who were
contacted but declined to participate.

We understand that the ecological fallacy might
be alimitation for our study asaresult of working
on aggregated data. The SES of cases and con-
trols was estimated based on aggregated level in
place of individual level (ecological falacy) which
might have distorted the findings.

In conclusion, the area covered by a genera
practiceislikely to cover a population with het-
erogeneous SES and as a result using a genera
practice might not be a very gppropriate approach
as to matching characterigtics between cases and
controls. However, participation bias should be
considered as a possible explanation for differ-
ent deprivation distribution of cases and con-
trols in case-control studies conducted in the UK.
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