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Abstract

Background

A single cycle of the Canadian Community
Health Survey (CCHS) may not meet
researchers' analytical needs. This article
presents methods of combining CCHS cycles
and discusses issues to consider if these data
are to be combined. An empirical example
illustrates the proposed methods.

Data and methods

Two methods can be used to combine CCHS
cycles: the separate approach and the pooled
approach. With the separate approach,
estimates are calculated for each cycle
separately and then combined. The pooled

approach combines data at the micro-data level,

and the resulting dataset is treated as if it is a
sample from one population.

Results

For the separate approach, it is recommended
that the simple average of the estimates be
used. For the pooled approach, it is
recommended that weights be scaled by a
constant factor where a period estimate
covering the time periods of the individual
cycles can be created. The choice of method
depends on the aim of the analysis and the
availability of data.

Interpretation
Combining cycles should be considered only if

the most current period estimates do not suffice.

Both methods will obscure cycle-to-cycle trends
and will not reveal changing behaviours related
to public health initiatives.
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he Canadian Community Health Survey

(CCHYS) consists of two cross-sectional
sample surveys. The .1 cycle collects general
health information from more than 120 health
regions, while the .2 cycle focuses on specific
health topics and collects data for estimation at

the provincial level.

Despite large sample sizes, a single
CCHS cycle may not meet users' needs.
For instance, researchers may be
interested in studying arare population
defined by detailed geography or by
relatively rare socio-demographic or
health characteristics. Becauseasingle
cycle may yield few observations for
such a population, combining cycles
may be considered. For example, this
option was used by Tremblay et al.1
in an examination of the relationship
between body massindex and ethnicity,
and by Tjepkema? in astudy of health
careuse among gay, leshian and bisexual
Canadians.

The possibility of combining cycles
exists because data for the same
characteristics have generally been
collected in all .1 cycles, and some
of the same information is collected
in.2 cycles. Nonetheless, asthe CCHS
has evolved, differences have emerged
from cycle to cycle that may mean
combining cycles is not feasible, or
if still possible, may affect the results,
depending on the analytical objectives
of the study.

This article explains methods of
combining CCHS cycles and offers
guidelinesfor interpreting the results.
Although the information pertains
specifically to the CCHS, many of the
issues have broader applicability. A
case study illustrates the methods and
shows that satisfactory estimates can
be produced from combined cycles.

Starting in 2007, the CCHS
implemented continuous collection with
the intention of producing annual files
as well as two-year combined files.
This introduces different “period
estimates,” which will be the topic of
arelated article. Thisarticlefocuses
on the methodol ogy and considerations
for combining past cycles of the CCHS.

An evolving survey

The CCHSwasnot designed asarolling
sample,34 expressly constructed to allow
the different samples collected over
time to be combined. Consequently,
combining should be undertaken only
after it has been determined that the
estimates from a single cycle do not
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meet analytical needs, and also, that
the combined results will be relevant
and interpretable.

Since its inception in 2000/2001,
the CCHS hasevolved. Consequently,
the estimates derived from different
cycles may not be comparable. To
determineif combining cyclesisfeasible,
changesin questionnaire content, survey
coverage, geography, and mode of
collection must be considered.

Changes in content

The CCHS questionnaire has undergone
continual modification, including the
introduction of new modules and
removal of old ones. When content
modifications are substantial, variable
names usually change. Nonetheless,
the same variable name does not
necessarily indicate that exactly the
same question was asked, so thewording
of questions should be verified before
cyclesare combined. Userscan consult
CCHS documentation, notably the data
dictionariesand questionnairesavailable
from Statistics Canada's website
(surveysand statistical programswithin
Definitions, Data Sources and Methods
at http://www.statcan.ca/english/
concepts/index.htm). Revisions to
guestion wording, module structure,
and response categories may mean that
combining is not appropriate.

Changes in coverage

The populations targeted by certain
modules of the CCHS questionnaire
may differ from cycle to cycle. The
most obvious exampleisthe optional
content that health regions/provinces
can choose. Asaresult, the modules
administered to the residents of a
particular area in one cycle may be
asked of the residents of an entirely
different area in the next.

Another possibility is a change in
the target population of amodule. For
instance, in cycle 1.1, the sexual
behaviour module was asked of people
aged 15 to 59, but in cycle 2.1, the
target age group was narrowed to 15
to 49.

Changes in geography

The data file for each CCHS cycle
contains geography coding and
identifiers for the health regions as
they were when the data were
disseminated. However, health regions
can change from one cycle to another.
While these may be as minor as changes
in names or codes, it is also possible
for boundaries to be redrawn. If this
has occurred, the files must be updated
to a common geography (usually the
most recent) before cycles can be
combined. More information about
boundary changesis available in the
Internet publication, Health Indicators
(health regions and peer group section,
health region changes subsection) at
http://www.statcan.ca/bsol c/english/
bsolc?catno=82-221-XIE. If updated
health region boundaries are required,
correspondence files providing the
relationship between Dissemination
Areas (DA) or EnumerationAreas (EA)
and the health regions for a given
reference period are available in the
Internet publication, Health Regions:
Boundaries and correspondence
with census geography, at http://
www.statcan.ca/bsolc/english/
bsolc?catno=82-402-X & CHROPG=1.

Changes in mode

The “mode effect” is the impact the
method of collection has on the way
respondents answer survey questions.
CCHS interviews are conducted both
by telephone and in person. The
information that respondents provide
can differ depending on the mode used
for their interview. A 2004 study®found
that several CCHS variables are
susceptibleto the mode effect, including,
but not limited to, height and weight,
physical activity, contact with doctors,
and unmet health care needs.

To secure consistent estimates, efforts
are made to maintain the same mix
of telephone and personal interviews
from one cycleto the next. However,
large supplementary additions to the
survey (buy-in samples) can affect the
telephone/personal interview balance,
because these supplementary interviews

are usually conducted by telephone.
For cycle 1.1, the proportion of telephone
interviews was quite low, afactor that
should be recognized when considering
combining that cycle with others.

Combining different surveys

For the reasons outlined above, the
results of different cross-sectional health
surveys may not be comparable, and
in most situations, should not be
combined. Therefore, itisrecommended
that the regional component of the CCHS
(.1 cycles) not be combined with the
provincial components (.2 cycles —
Mental Health (2002) and Nutrition
(2004)).

An evolving population

The feasibility of combining CCHS
cycles derives from the fact that if
random samples are taken from a
population, the accumulated samples
can be considered as one large random
sample from the same population.
However, if the population changes
significantly between cycles, the samples
cannot be treated as though they came
from the same population. Inthe case
of the CCHS, the samples for the
successive cycles are drawn from an
evolving population. Consequently,
the combined sampleis not necessarily
representative of any of the populations
represented by one cycle alone, but
rather, the combined population.

Differencesthat emerge from cycle
to cycle may stem from the reasons
mentioned above—changes in the
questionnaire, coverage and collection
mode—or from sampling variability.
However, changes from one cycle to
another may reflect actual changesin
the parameter under study. In such
situations, combining cycles is still
possible, but interpretation of the results
requires an understanding of the effect
of the time periods covered by the
combined sample estimate. Itisalso
important to be aware that, when
combined in a single estimate, such
trends will be obscured.



M ethods for combining

Methods for combining data from
different surveys can be divided into
two broad categories: the separate
approach and the pooled approach. The
separate approach employs composite
estimation techniques, whereby
estimates are calculated for each survey
separately and then combined. The
pool ed approach combines sample data
at the micro-datalevel, and theresulting
dataset is treated as if it is a sample
from one population.

The separate approach

The separate approach creates an average
of estimates calculated from the different
CCHScycles. The advantageisthat,
with some assumptions, the combined
result is easy to interpret. As well,
an average can be calculated from
existing tables, which makes the
approach appealing to users of the Public
Use Microdata Files (PUMFs) and to
those who rely on existing tables of
estimates.

The disadvantage of the separate
approach isthat it can be cumbersome.
If the required estimates are not
published or do not include the
variances, estimates must be cal culated
from each survey separately before
being integrated. PUMF users will
belimited by the information contained
on the PUMF, and users relying on
tables will have to gain access to the
microdata. 1f many estimatesare needed,
the process is time-consuming.

In the case of the CCHS, estimates
of a population parameter 6 (which
can be any statistic such as a mean,
total or ratio) can be calculated separately
for each cycle, 6, 6,, ..., 6 ,where k
is the number of cycles available. A
simple average can then be calcul ated
as. K

.4

é‘avg — -1

¢ k

For varianceto be estimated relatively
easily, the samples must beindependent,
which is true for most CCHS cycles.
The exceptionsare 2.1 and 2.2, where
cycle 2.1 respondents were used as a
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framefor cycle 2.2. Therefore, cycles
2.1 and 2.2 cannot be easily combined
with the separate approach.

Based on the assumption of
independence between the cycles, an
estimate of the variance of the simple
average of the three .1 cycles can be
calculated as:

V(6) = v[

% (‘91)+ (92)+V(‘93)]
It is evident that the estimated
variance of the average of the three
cycles is roughly one-third of the
estimated variance of an estimate from
one cycle alone. Standard errors can
be calculated by taking the square-

root of the variance, and estimates of
the CV can be calculated as:

WG

629

In someinstances, it may be desirable
to estimate a weighted average rather
than the simple average, with more
weight given to one estimate than
another. Assuming that a researcher
isinterested in estimating for the same
parameter 6 asdescribed withthesimple
average, separate estimates 6,, 6,, ...,
6, can be calculated, and a composite
estimate or a weighted average can
then be calculated as:

=26

k
i-1

6,+0,+6,
3

V() =

k

where 2{ o =1,
If each eﬂiquateéisan unbiased estimate
of 6, then 6, will also be unbiased, for
any choices of o;. That is, if each
cycle correctly estimates the same
constant statistic for the same population,
the combined result will correctly
estimate the same statistic.

Depending on the analysis, there
areseveral choicesfor o;. Some choices
include an increasing weight function
with more weight given to more current
cycles, or aweight function based on
variances, which results in a more

efficient estimate of the population
parameter (that is, lower variance).
More information about these methods
isavailablein Chu, Brick and Kalton®
and Korn and Graubard.”

Once the composite estimate has been
computed using the appropriate value
of i, an estimate of the variance can
be calculated asafunction of theoriginal
variances, and standard errorsand CV's
can be estimated. Assuming thecycles
are independent, the variance can be
estimated as:

\7(@0) = VA(Zk:aléj
- YaNE)

For the separate approach to yield
an unbiased estimate of a population
parameter, the estimates being combined
must each be unbiased estimates of
the same population parameter. As
noted earlier, this is problematic for
the CCHS, the purpose of which is
to measure the characteristics of an
evolving population at different points
in time. Because the assumption of
a constant statistic is questionable,
thereby making a weighted average
difficult tointerpret, it isrecommended
that users interested in the separate
approach employ the simple average,
where this assumption is not required,
and the result is easier to interpret.

The pooled approach

The pooled approach consists of
combining different CCHS cycles at
the micro-datalevel to obtain adataset
that can be analysed as a single sample
from apopulation. The pooled approach
is an attractive option because of the
power of the increased sample size,
and because, once combined, it is not
necessary to return to the individual
datasets.

The disadvantages are that more
technical expertisein the manipulation
of datafilesisrequired, and it is not
an option for users who do not have
access to the microdata files. PUMF
users are able to calculate an estimate
using the pooled approach, but cannot
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calculate the variance because CV tables
are not available for the combined data
file.

In its most basic form, pooling
involvestaking theindividual datafiles
with the corresponding weights and
using asimple merge or set statement
in SASto create one datafile. Atthe
same time, the bootstrap weight files
must be combined for variance
estimation. Oncethesefilesare created,
the resulting data file and bootstrap
weight file can be treated asif it was
one sample from one population.
Estimates of rates and proportions, as
well as statistical models, can be created
with thefilesand any statistical program
capable of estimating variances using
the bootstrap method, such as Statistics
Canada’'s Bootvar program.

The approach described above may
not be appropriate for estimating totals.
For example, to estimate the number
of diabetes cases from two independent
surveys of a common population, it
isnot possibleto sum the sampleweights
from both surveysfor respondents with
diabetes—thiswould overestimate the
total by a factor of two.7 An option
is to rescale the original sampling
weights W, by thefactor o, to represent
the population of interest, aswas done
with the separate approach.

There are several choices of o;.8
Because the assumption that each CCHS
cycle can be used to estimate the same
population parameter is questionable,
it isrecommended that weightsbe scaled
by a constant factor, o =1/k. If two
cycles are combined, this means that
0a=0.5; in the case of three cycles,
0.=0.33. The resulting estimates can
be interpreted as representing the
characteristics of the average population
(or a period estimate), which covers
the combined time periods of the
individual cycles. Thisdoesnot require
the assumption that each cycle estimates
the same parameter.

It isnot always necessary to adjust
the weights when pooling the data.
When weights are adjusted, the
assumption is that they are being
adjusted to properly represent a

population. The problemisthat when
weights from different time periods
are combined, the resulting weights
do not represent the current population,
but rather, an average population that
doesnot exist. Conseguently, creating
totals with a combined file may not
be appropriate, whether or not the
weights are adjusted. On the other
hand, ratios, proportions and means
can beregarded as useful statisticswhen
considered as period estimates. For
these types of statistics, theresultsusing
the original weights or the weightsthat
have been adjusted using a common
o, =Lk will givethe sameresult. This
also holds for regression parameters,
where weights are used in the model
in order to take the survey design into
account rather than to make estimates
for some finite population.

One of the main applications of the
pooled approach isin complex analysis
using regression models.1.2 With the
increased sample size available from
combined data, more detailed regression
models can be studied. Aswell, the
cycle/time effect can be considered
in the model, and if significant,
controlled. Other factors such as the
mode effect can also be considered/
controlled in such models, thereby
making it possible to combine results
from different cycles that would
otherwise not be comparable.

Comparing approaches

The separate approach and the pooled
approach do not alwaysyield the same
estimate. Asanillustration, the separate
approach of taking a simple average
of two ratios, a/b and c/d, is not equal
to the pooled approach, where a period
estimateiscalculated. Thisisbecause,
generally speaking

(%+%)¢(a+%)+d)

Therefore, while both methods are
valid, the choice depends on the goal
of theanalysis. Using aCanadaestimate
as an example, some researchers may
chooseto study the average of provincial
estimates, which gives equal weight
to each province (separate approach),

whileothersareinterested in the national
estimate (pooled approach), whichis
influenced more by larger provinces.

For ratios such as a proportion, the
two approaches will generally yield
the sameresults aslong as the parameter
being estimated remains constant
between the two occurrences, or the
populations remain unchanged. For
statistics such as regression parameters,
it may be preferable to use a pooled
approach to calculate the parameters
instead of taking an average of the
regression parameters cal culated from
the different cycles.

The Durham project

In 2007, the Durham (Ontario) health
unit proposed producing a report on
the health of Durham’s adolescents,
using combined CCHS data. The
Adolescent Health Snapshot would
target the 12-to-19 age group, and when
possible, ages 12 to 14 and 15 to 19
separately. Based on combined CCHS
data, Durham rates would be compared
with provincial ratesto revea differences
that were not evident from one cycle
alone.
Thevariables of interest (typically,
low-prevalence characteristics) were:
e daily smokers
* daily and occasional smokers
* current alcohol drinkers
* heavy drinkers
* sexual activity
* level of physical activity
* physical inactivity
« fruit and vegetable consumption
« use of protective gear ( helmets
while biking)
« overweight and obesity (youth body
mass index - BMI)
After initial analysis to ensure that
comparable datawere available from
more than one CCHS cycle, two
variables were dropped:
* protective equipment, because of
guestionnaire changes across cycles
* BMI, because the derived variable
created for cycle 3.1 was not
available for cycles 1.1 and 2.1.
Several other potential variables could
not be included because they had not



been selected consistently as optional
content by Durham region: suicidal
thoughts, food insecurity, and illicit
drug use. (Anancillary benefit of this
project was that the value of combining
cycles became evident and may
influenceregions’ selection of optional
content in the future.)

Thedaily smokersvariableillustrates
the process of combining cycles. For
any analysis, it is recommended that
there be at |east 10 observations with
the characteristic under study before
an estimate is calculated. Even with
combined data, analysis of the 12-to-
14 age group was not possible because
of thelimited sample size and the small
number of respondents who were daily
smokers. However, it was possible
to examine daily smoking among 15-
to 19-year-oldsin the Durham region.

Preliminary analysis of the entire
12-t0-19 age group consisted of
calculating the estimatesfor each cycle
alone. It was clear that for the total
age group combining cycles was not
necessary: the estimates of daily
smokers from each cycle were
publishable, with coefficients of
variation below the recommended 33%
cutoff (Table 1). It was also clear
that the proportion of daily smokers
inthe 12-to-19 age group fell sharply
fromjust over 12%incycle1.1toaround
7% incycles 2.1 and 3.1. Therefore,
it would have been erroneous to
conclude that the rates were the same
from cycle to cycle, rendering some
of the methods of combining outlined
above inappropriate. Aswell, thedrop
in the smoking rate suggested that it
may not have been appropriate to
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combine datafrom cycle 1.1 with the
other cycles. If thedeclinereflectsa
major policy initiative, it would be
preferable to analyze combined data
for only those periods (cycles 2.1 and
3.1) when the policy was in place.

The separate approach of calculating
a simple average and the pooled
approach of calculating aperiod estimate
were both used to combine all three
cycles of data. The combined data
masked changesin behaviour, notably
the sharp declinein teen smoking. As
well, theresulting estimate is confusing,
sinceit differsfrom the latest published
rates. Thisillustratesthat the estimates
must be interpreted asthe average over
the period rather than as an estimate
of the current smoking rate.

With the separate approach, estimates
of the percentage of daily smokerswere
averaged:

(12.37% + 6.91% + 7.26%) / 3 =

8.67%.

To estimate the variance, the estimated
variancesfor each cyclewere calculated.
The estimated variance for cycle 1.1
was calculated by:

Estimated Variance = (CV* Estimate)?

= (.2233*.1238)2 = 0.0008

Similar estimates were calculated
for cycles2.1and 3.1: .0004 and .0005,
respectively. These variance estimates
were then used to estimate the variance
of the combined estimate with

Estimated Combined Variance =

(0.0008 +0.0004 + 0.0005) / 9=0.0002

A CV for the combined estimate was
calculated by

Combined CV = sqgrt(.0002) / .0867

= 16.3%,

which was an improvement over the
CVsforonecycleaoneandisacceptable
for release under the publication
guidelines.

With the pooled approach, a period
estimate was cal cul ated:

(7,577 + 4,598 + 5,110) / (61,220

+ 66,523 + 70,380) = 17,285/ 198,123

= 8.72%.

Therewas asmall difference between
the simple average and the period
estimate, mainly dueto changesin the
population size and the smoking rate.

Weights could have been adjusted
for the pooled approach by dividing
the original weights by 3, but the result
would have been the same:

5,761/ 66,041 = 8.72%.

However, in the case of totals, the
estimated population was 198,123 with
the unadjusted weights, which was
roughly three times the estimate for
each cycle. The pooled estimate with
the adjusted weightswas 66,041, which
wasthe average of the population counts
for each cycle.

To estimate the variances with the
pooled approach, Bootvar was used
to calculate the estimates using the
bootstrap method. Thevarianceestimate
for the pooled estimate was .0002, with
acorresponding CV of 15.3%. Aswas
shown with the separate approach, this
isan improvement over the estimates
when each cycleistreated independently.

Finally, a comparison of pooled
Durham rates with the provincial rate
was expected to reveal statistically
significant differences because of the
improved precision of the increased
sample size. This was generally not
the case. Differences between Ontario

Table 1
Estimates of daily smokersaged 12 to 19, Canadian Community Health Survey, cycles 1.1 to 3.1, Durham Health Region
Cycle 1.1 Cycle 2.1 Cycle 3.1
Sample Coefficient Sample Coefficient Sample Coefficient
count Estimate of variation count Estimate of variation count Estimate of variation

Total aged 12 to 19 187 61,220 210 66,523 214 70,380
Daily smokers 27 7,577 22.33% 18 4,598 29.30% 16 5,110 30.26%
Proportion 12.38% 22.33% 6.91% 29.30% 7.26% 30.26%
... not applicable

Source: 2000/2001 Canadian Community Health Survey, cycle 1.1; 2003 Canadian Community Health Survey, cycle 2.1; 2005 Canadian Community Health Survey, cycle 3.1.
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and Durham were so small that they
could not be detected, even with the
larger sample sizes.

Conclusion

Combining CCHS cyclesyieldslarger
sample sizes for analysis, and the
resulting estimates are of higher quality
than those from one cycle alone.
Nonetheless, it cannot be assumed that
the resulting estimates represent the
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