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Abstract

Introduction
When designing longitudinal cohort studies, investigators must make decisions about study duration
(i.e. length of follow-up) and frequency of outcome measurement. This research explores these
design decisions for longitudinal cohort studies constructed using routinely-collected administrative
data.

Objectives
To illustrate the effects of varying study duration and frequency of outcome measurement in lon-
gitudinal cohort studies conducted using routinely-collected administrative data using a numeric
example.

Methods
Linked administrative data from Manitoba, Canada were used. The cohort included mothers who
experienced the death of an infant between April 1, 1999 and March 31, 2012 and a matched
(three:one) group of mothers who did not experience an infant death. A generalized linear model
was used to test for differences between groups in the non-linear (i.e. quadratic) and linear trend
over time for the number of healthcare contacts. Holding sample size constant, models were fit
to the data for various combinations of study duration and measurement frequency. Regression
coefficient estimates and their standard errors were compared.

Results
A total of 2576 mothers were included; 644 experienced an infant death and 1932 were matches.
Thirteen combinations of measurement frequency (one, two, three, four periods/year) and study
duration (one, two, three, four years) were investigated. As frequency increased from one to four
periods/year, the standard errors of the regression coefficients for the group difference in the non-
linear trend (i.e. group-time-time interaction) decreased up to 98.9%. As duration increased from
one to fours years, the standard errors decreased up to 96.9%. As frequency and duration increased,
the estimated regression coefficients trended toward zero. Similar results were observed for the linear
trend model.

Conclusion
Longitudinal cohort studies based on administrative data offer flexibility in time-related design ele-
ments, but present potential challenges. Recommendations about how to select and report design
decisions in studies should be included in reporting guidelines.

Introduction

Routinely-collected administrative data, such as physician
billing claims, hospital discharge records, and family services
records, have been used to construct information-rich environ-

ments worldwide. These data, which are collected for purposes
other than research (i.e. for secondary purposes), typically
capture information for entire populations and can be linked at
the individual-level to create longitudinal profiles for studying
a wide range of health and social issues [1]. Population-based
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cohorts to examine the long-term effects of various events and
interventions are regularly created from administrative data.
Using routinely-collected administrative data for longitudinal
cohort studies requires thoughtful attention to various ele-
ments of the study design.

In this study, we focus specifically on decisions about the
study duration (i.e. length of follow-up) and the frequency of
outcome measurement. For longitudinal cohort studies that
involve primary data collection, previous studies have demon-
strated how decisions about these design elements can impact
statistical power and the precision of regression coefficient es-
timates [2–4]. Raudenbush and Liu [2] and Moerbeek [3] ob-
served that the impact of increasing study duration (holding
frequency constant) on statistical power was larger than the
impact of increasing the frequency of outcome measurement
(holding duration constant) by the same multiplicative fac-
tor. Increasing study duration enables the capture of poten-
tial lag-effects [5], while increasing the frequency of outcome
measurement allows for detection of nonlinear trends [2,3,5].

When collecting primary data for longitudinal cohort stud-
ies, there can be trade-offs between the benefits and costs of
increasing study duration and frequency of outcome measure-
ment. Increasing the frequency of outcome measurement can
be costly in terms of staff time and resources and can place
a substantial burden on study participants in terms of their
time commitment and potential for response fatigue [2,3,5].
A longer duration also increases study costs because partici-
pants will be followed for longer periods. There is the potential
for increased participant attrition when study duration is in-
creased; this may be due to illness, death or loss of interest in
continued participation [2,3,5].

In longitudinal cohort studies that use routinely-collected
administrative data there are some different considerations
with respect to study duration and the frequency of outcome
measurement than in studies that use primary data collection.
The costs of data collection (i.e. extraction of records from
a data repository) are unlikely to change as study duration
increases. Participant response burden is no longer a relevant
issue. However, increasing study duration may result in a de-
creased cohort size as individuals are lost to follow up because
of death, migration, and/or loss of health insurance coverage
[1]; this could also introduce selection bias into the study [6].
Decreased cohort size may negatively impact statistical power
and precision of estimates of change. In some cases, such as
where an increased number of outcome events results from a
longer study duration, precision may improve even when co-
hort size decreases. In addition, a greater number of outcome
measurements in a fixed time window may result in sparse
event counts at each measurement occasion, which in turn
can lead to challenges when modelling binary and count data.

To our knowledge, little, if any, research has described the
considerations about study duration and frequency of outcome
measurement for longitudinal cohort studies using routinely-
collected administrative data. This paper examines the im-
pact and potential challenges associated with these design de-
cisions. This is accomplished with a numeric example that
uses routinely-collected administrative data from Manitoba,
Canada.

Methods

The numeric example illustrates the impact of varying the
study duration and frequency of outcome measurement on
the ability to detect differences in change over time in the
number of healthcare system contacts for two groups. Follow-
ing from the literature [2–4], we expected that while holding
sample size constant, increasing the study duration (holding
frequency constant) and increasing the frequency of outcome
measurement (holding duration constant) would decrease the
standard errors of the estimated model parameters, resulting
in more precise effect estimates.

Administrative data from the Population Research Data
Repository housed at the Manitoba Centre for Health Pol-
icy were used for the numeric example. The Repository con-
tains anonymized individual-level data routinely collected over
time for virtually all residents of the province of Manitoba,
Canada; these data can be linked using a de-identified (scram-
bled) unique personal health number [7]. Population registry
data were linked with physician claims, hospital discharge ab-
stracts, and pharmaceutical dispensation records. Children can
be linked to their mothers using hospital abstract information
captured at the time of birth [8].

The data were from a previously-published study [9]. The
cohort included all Manitoba women whose first child was born
between April 1, 1999 and March 31, 2012. The cohort was
comprised of two groups. Group 1 included all women who ex-
perienced the death of an infant (< one year old) before March
31, 2012. The index date for Group 1 was defined as the date
the infant died. Group 2 included a matched (three:one) group
of mothers who did not experience the death of a child. More
detailed information on the matching procedure, as well as
cohort formation and exclusion criteria are provided elsewhere
[9].

The outcome of interest was the total number of healthcare
contacts for any reason (i.e. sum of the number of physician
visits, hospitalizations, and pharmaceutical dispensations) for
the mother. Given that the total number of contacts was high,
the distribution was approximately normal in shape. A gener-
alized linear model with generalized estimating equations was
used to model the trend in the number of healthcare contacts
over time. We initially fit the following model to the data:

E(Y ) = β0 + β1Group+ β2Time+ β3(Time× Time)+

β3(Group× Time) + β3(Group× Time× Time)

where E(Y) denotes the expected value of the outcome
and the β coefficients denote the fixed effect parameters for
the main and interaction effects.

Linear and quadratic effects for time were included in the
model because preliminary descriptive analyses suggested the
potential presence of a non-linear trend. The three-way group-
time-time interaction was included in the model to test for a
difference between groups in the magnitude of the non-linear
trend over time. We also fit a second, more parsimonious
model to the data that included only the main effects of group
and time and the two-way group-time interaction. This model
was used to test the difference between groups in the linear
trend over time; it was selected because it is a plausible follow-
up model if there is no statistically significant evidence of a
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non-linear trend, which was the case for some models fit to
these data. A compound symmetric covariance structure was
specified to account for the correlation introduced by the re-
peated measurements.

Models were fit to the data for various combinations of
study duration and frequency of outcome measurement. Study
duration was defined as the number of follow-up years after
the index date (i.e. one year, two years, three years, and four
years). Frequency of outcome measurement was defined as
the number of observation periods in each year of follow-up.
Frequencies of one period per year, two periods per year, three
periods per year, and four periods per year were included; this
corresponds to observation periods of 12 months, six months,
four months, and three months duration, respectively. When
estimating the quadratic term for time, only combinations with
at least three outcome measurement occasions were used.

Regression coefficients and their standard errors were esti-
mated for each model. All analyses were performed using SAS
version 9.4. This research was approved by the University
of Manitoba Health Research Ethics Board (H2013-164) and
access to the anonymized administrative data was approved
by the Health Information Privacy Committee at Manitoba
Health, Seniors and Active Living (HIPC# 2013/2014-04).

Results

In total, 2576 mothers were included in the analyses; 644 of
the mothers experienced the death of an infant (Group 1) and
1932 mothers who had not experienced an infant death were
matched to this group (Group 2). The sample size was held
constant for all combinations of study duration and outcome
measurement frequency in the models that were fit to the data.

Table 1 contains the estimated regression coefficients and
standard errors for each combination of study duration and
outcome measurement frequency for the model that included
the quadratic time effect. The highest-order interaction, the
group-time-time interaction, was statistically significant for all
models, with the exception of the models that were fit to three
years of data and included one or two measurement periods per
year. The magnitude of the estimated regression coefficients
for the three-way interaction decreased as the frequency of the
outcome measurements increased, holding duration constant.
However, the sign of the estimated regression coefficients for
the group-time-time interaction also changed. For example,
with a single year of data and either three or four measure-
ment periods per year, the estimated regression coefficients for
the group-time-time interaction were positive, indicating that
Group 1 had a higher estimated non-linear (i.e. quadratic)
rate of increase in the mean number of healthcare contacts
over time than Group 2. Additionally, the time-time interac-
tion term was positive and statistically significant, indicating
that the rate of increase was greater at periods further from
the index date than those closer to the index date. However,
when study duration increased to two years, the estimated re-
gression coefficients for the group-time-time interaction were
always negative, indicating that Group 1 had a lower esti-
mated non-linear (i.e. quadratic) rate of increase than Group
2. When the study duration was three years, the estimated re-
gression coefficients for the group-time-time interaction could
be either positive or negative depending on the frequency of

outcome measurements, while a study duration of four years
resulted in negative estimates.

A similar pattern is evident in Table 2, which contains
the estimated regression coefficients and standard errors for
each combination of study duration and frequency of outcome
measurement for the parsimonious model with the linear time
effect. The estimated regression coefficients for the two-way
group-time interaction were always statistically significant, but
were positive for a study duration of one year and negative for
a study duration greater than one year, regardless of the fre-
quency of outcome measurements.

Figure 1 displays the standard errors for the estimated re-
gression coefficients of the group-time-time interaction in the
generalized linear model that included the quadratic time ef-
fect for the various combinations of study duration and out-
come measurement frequency. As the frequency increased
(moving across horizontal axis), the standard error decreased.
Increasing the frequency of outcome measurements from one
period per year to four periods per year decreased the stan-
dard error by 98.9% and 98.7% when study duration was held
constant at three years and four years, respectively. Similarly,
as study duration increased (moving down vertical axis), the
standard error also decreased. Increasing the study duration
from one year to four years decreased the standard error of the
group-time-time interaction term by 96.9% and 96.5% hold-
ing constant the frequency of outcome measurement and using
three periods per year and four periods per year, respectively.

Figure 1 also reveals that the reductions in the standard er-
rors diminished as duration and frequency increased. This sug-
gests that at some point increasing study duration or frequency
of outcome measurement may not add substantial value in
terms of reducing standard errors, although these factors may
still be important for capturing lag-effects and nonlinear trends
and for other substantive reasons. The standard errors of the
remaining terms in the model also displayed a similar pattern
to that shown in Figure 1.

Figure 2 depicts the estimated regression coefficients of
the group-time-time interaction in the generalized linear model
that included the quadratic time effect for various combina-
tions of study duration and frequency of outcome measure-
ment, while holding sample size constant. As the number of
time points increased by increasing study duration or frequency
of outcome measurement, the estimated regression coefficient
tended towards the null value. The largest change in the esti-
mated coefficient occurred between one and two periods per
year. This pattern was also evident for the remaining linear
and quadratic terms in the model.

Discussion

The numeric example illustrates the impact that varying either
the study duration or the frequency of outcome measurement
has on both the estimated regression coefficients and their
standard errors in a longitudinal cohort study using routinely-
collected, secondary administrative data. Researchers must
carefully plan their study design to ensure it is best suited
to their objective(s). Using routinely-collected administrative
data provides flexibility in choosing and comparing duration
and frequency design elements. However, researchers need to
be cautious of data snooping or “cherry-picking” to find results

3



Feely, A et al. / International Journal of Population Data Science (2020) 5:1:30

Table 1: Estimated regression coefficients (standard errors) for a generalized linear model applied to administrative health data for
combinations of study duration and frequency of outcome measurements per year; model contained coefficients to estimate the
quadratic trend over time

Duration (years) Freq Estimated Regression Coefficients (Standard Errors)

Group Time Time-Time Group-Time Group-Time-Time

1 3 2.39 (0.61) -2.73 (0.27) 0.59 (0.07) -0.76 (0.67) 0.35 (0.16)
4 1.98 (0.36) -1.67 (0.12) 0.29 (0.02) -0.70 (0.30) 0.22 (0.06)

2
2 0.13 (0.62) -1.28 (0.21) 0.27 (0.04) 3.77 (0.56) -0.84 (0.11)
3 0.98 (0.34) -0.61 (0.08) 0.09 (0.01) 1.18 (0.22) -0.19 (0.03)
4 0.80 (0.24) -0.38 (0.04) 0.04 (<0.00) 0.66 (0.11) -0.08 (0.01)

3

1 9.76 (1.55) 0.20 (0.64) 0.10 (0.16) -2.28 (1.66) 0.10 (0.41)
2 3.71 (0.46) -0.20 (0.11) 0.04 (0.02) 0.03 (0.26) -0.06 (0.04)
3 2.42 (0.28) -0.12 (0.04) 0.02 (0.00) 0.03 (0.11) -0.02 (0.01)
4 1.80 (0.20) -0.08 (0.02) 0.01 (0.00) 0.02 (0.06) -0.01 (0.00)

4

1 11.04 (1.09) 1.86 (0.38) -0.34 (0.08) -3.90 (0.86) 0.52 (0.17)
2 4.62 (0.41) 0.28 (0.07) -0.03 (0.01) -0.71 (0.16) 0.04 (0.02)
3 2.94 (0.26) 0.10 (0.03) -0.01 (<0.00) -0.28 (0.07) 0.01 (<0.00)
4 2.16 (0.19) 0.05 (0.02) <0.00 (<0.00) -0.15 (0.04) <0.00 (<0.00)

Note: Bold values are statistically significant at α=0.05

Table 2: Estimated regression coefficients (standard errors) for a generalized linear model applied to administrative data for com-
binations of study duration and frequency of outcome measurements per year; model contained coefficients to estimate the linear
trend over time

Duration (years) Freq Estimated Regression Coefficients (Standard Errors)

Group Time Group-Time

1 3 1.21 (0.30) -0.37 (0.04) 0.66 (0.13)
4 0.87 (0.21) -0.23 (0.02) 0.41 (0.07)

2
2 4.31 (0.38) 0.05 (0.04) -0.41 (0.10)
3 2.77 (0.24) 0.01 (0.02) -0.16 (0.04)
4 2.05 (0.18) <0.00 (0.01) -0.09 (0.02)

3

1 9.44 (0.77) 0.58 (0.11) -1.89 (0.27)
2 4.32 (0.35) 0.12 (0.03) -0.43 (0.06)
3 2.82 (0.23) 0.05 (0.01) -0.19 (0.03)
4 2.08 (0.17) 0.03 (0.01) -0.10 (0.02)

4

1 8.42 (0.70) 0.15 (0.08) -1.28 (0.19)
2 3.93 (0.33) 0.03 (0.02) -0.30 (0.04)
3 2.58 (0.22) 0.01 (0.01) -0.13 (0.02)
4 1.92 (0.16) <0.00 (<0.00) -0.07 (0.01)

Note: Bold values are statistically significant at α=0.05
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Figure 1: Standard errors for the estimated regression coefficients of the Group-Time-Time interaction term for combinations of
study duration and frequency of outcome measurement
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Figure 2: Estimated coefficients of the Group-Time-Time interaction term for combinations of study duration and frequency of
outcome measurement

−1.0

−0.5

0.0

0.5

1.0

1 2 3 4

Frequency (periods/year)

C
oe

ffi
ci

en
t E

st
im

at
e Duration

(years)

1

2

3

4

6



Feely, A et al. / International Journal of Population Data Science (2020) 5:1:30

that strongly support their research hypotheses. These prac-
tices raise ethical concerns and could produce biased results
[10].

We have illustrated the effects of varying the frequency of
measurement of the outcome of interest and study duration on
the magnitude of time-related coefficients and their standard
errors. However, we emphasize the importance of designing a
longitudinal cohort study in consultation with experts in the
substantive area of the research, to ensure the relevance of the
study duration and frequency of measurements to the study
objectives and the anticipated nature of change in the outcome
of interest.

In this numerical example, we selected a marginal model
to fit to the data. However, a random effects model could
have also been applied to the data. The marginal model ex-
presses population averaged relationships, whereas the random
effects model expresses relationships conditional on having cer-
tain individual characteristics modelled by the random effects.
Regardless of the choice of models, the same considerations
about study duration and frequency of outcome measurement
must be made.

Guidelines to ensure transparency in the reporting of re-
search studies include the REporting of studies Conducted us-
ing Observational Routinely collected health Data (RECORD)
statement, a checklist of reporting guidelines for observational
studies using routinely-collected data, such as administrative
data [11]. The RECORD statement includes many items re-
lated to study design, but does not include explicit reporting
guidelines for time-related design elements in longitudinal co-
hort designs.

Collins and Graham [5] discuss the importance of explicitly
justifying a study’s temporal design (i.e. study duration and
frequency of outcome measurement) based on the features of
the phenomena of interest, which should include how the de-
sign choices may affect the analytic results. However, they
note that unlike other aspects of study design, researchers do
not generally report the underlying rationale for their temporal
design decisions.

Given the influence that variations in study duration and
frequency of outcome measurement can have on the results of
longitudinal cohort studies, recommendations regarding how
to make and report time-related design decisions in longitudi-
nal cohort studies using routinely-collected administrative data
should be added to reporting guidelines. These decisions need
to be clearly described so the research community can evalu-
ate whether there is adequate justification for the time-related
design choices that have been made.

We recognize that our study has limitations. This research
relied on a single numeric example to identify the effect of
time-related design decisions on study outcomes. Computer
simulation could also have been used to illustrate these effects
across a variety of data-analytic conditions. A matched co-
hort design was used in the numeric example to illustrate the
effects of varying study duration and frequency of outcome
measurement. This design was chosen because it was consis-
tent with the design used in the original study for which the
data were derived [9]. Depending on the research question,
other observational study designs can be applied to adminis-
trative data. For example, if a rare outcome is of interest,
a case-control design may be appropriate [12]. Differences in
how time-related design decisions affect the results of different

observational study designs could be further explored.

Conclusion

In summary, our numeric example illustrates that decisions
about study duration and frequency of outcome measurement
can impact the findings of longitudinal cohort studies con-
ducted using routinely-collected administrative data. Longi-
tudinal cohort studies that use administrative data offer flexi-
bility in many aspects of study design, including time-related
design elements. However, time-related design decisions could
present potential challenges in terms of study biases and statis-
tical modelling. Design decisions in longitudinal cohort stud-
ies using routinely-collected administrative data should be in-
cluded in reporting guidelines for research results.
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