
Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and Practice 143 Vol 36, No 8, August 2016

Author references:

1. Department of Public Health Sciences, Queen’s University, Kingston, Ontario, Canada
2. Kingston General Hospital Research Institute, Kingston, Ontario, Canada
3. Department of Mathematics and Statistics, Queen’s University, Kingston, Ontario, Canada

Correspondence: Michael A. McIsaac, Assistant Professor, Department of Public Health Sciences, Queen’s University, Carruthers Hall, Kingston, ON  K7L 3N6;  
Tel: 613-533-6000 x 77460; Fax: 613-548-1381; Email: mcisaacm@queensu.ca

Masking in reports of “most serious” events: bias in  
estimators of sports injury incidence in Canadian children
A. Gupta, BSc (1); C. M. Davison, PhD (1,2); M. A. McIsaac, PhD (1,3)

This article has been peer reviewed. Tweet this article

Abstract

Introduction: Surveys that collect information on injuries often focus on the single 
“most serious” event to help limit recall error and reduce survey length. However, this 
can mask less serious injuries and result in biased incidence estimates for specific 
injury subcategories.

Methods: Data from the 2002 Health Behaviour in School-aged Children (HBSC) survey 
and from the Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP) 
were used to compare estimates of sports injury incidence in Canadian children.

Results: HBSC data indicate that 6.7% of children report sustaining a sports injury that 
required an emergency department (ED) visit. However, details were only collected on a 
child’s “most serious” injury, so children who had multiple injuries requiring an  
ED visit may have had sports injuries that went unreported. The rate of 6.7% can be 
seen to be an underestimate by as much as 4.3%. Corresponding CHIRPP surveillance 
data indicate an incidence of 9.9%. Potential masking bias is also highlighted in our 
analysis of injuries attended by other health care providers.

Conclusion: The “one most serious injury” line of questioning induces potentially  
substantial masking bias in the estimation of sports injury incidence, which limits 
researchers’ ability to quantify the burden of sports injury. Longer survey recall periods 
naturally lead to greater masking. The design of future surveys should take these issues 
into account. In order to accurately inform policy decisions and the direction of future 
research, researchers must be aware of these limitations.

Keywords: adolescent, athletic injury, biostatistics, epidemiology, most serious injury, 
sports injury, surveillance, survey

Highlights

•	 Surveys often collect information 
on only the most serious injury 
event within a recall period, which 
can reduce recall bias and shorten 
the survey length. However, this 
line of questioning can also mask 
less serious injuries, leading to an 
underestimation of the incidence 
of specific injury subtypes, such as 
those that occur during physical 
activity or sports.

•	 In this study, data from the 2002 
Health Behaviour in School-aged 
Children (HBSC) survey and from 
the Canadian Hospitals Injury 
Reporting and Prevention Program 
(CHIRPP) were used to compare 
estimates of sports injury  
incidence in Canadian children, 
and evidence of masking bias  
was found.

•	 Without an accurate estimation of 
the incidence of injury subtypes, 
our ability to quantify injury  
burden and the impact of interven-
tions is limited.

•	 Potential masking must be taken 
into consideration during the 
design of a survey as well as  
during the analysis and interpreta-
tion of survey data.

Introduction

Unintentional injuries cause acute health 

problems and are considered a leading 

cause of youth mortality worldwide.1,2  

A significant portion of pediatric injuries 

occur while playing or training for a sport 

or physical activity (“sports injuries”).3,4,5 

Unbiased information about sports  

injuries may help direct public health 

resources and evaluate the effectiveness 

of injury prevention efforts. Inaccurate 

estimates of the prevalence of specific 

injury subtypes make it impossible to 

weigh, for example, the health benefits of 

physical activity promotion programs 

against the increased risk of sports 

injuries.

Health measurement surveys such as the 

Health Behaviour in School-aged Children 

(HBSC) study,2 the Global School-Based 

Student Health Survey (GSHS),6 the 

Canadian Community Health Survey 

(CCHS),5 the National Longitudinal Survey 

of Children and Youth (NLSCY)7 and the 

National Population Health Survey 
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(NPHS) have utilized a line of questioning 
that investigates the circumstances  
surrounding respondents’ “one most  
serious injury.”8 In general, injuries are 
defined as those that limit daily  
activities5,8,9 or require treatment from a 
doctor or nurse.2,6,8 However, of the  
surveys we considered, only the HBSC 
explicitly defines what is meant by the 
one “most serious” injury: the injury that 
“took the most time to get better.”2 The 
GSHS asks respondents, “During the past 
12 months, what was the most serious 
injury that happened to you?” (with 
responses such as “I had a broken bone or 
a dislocated joint,” etc.).8 The CCHS asks 
respondents who sustained multiple  
injuries to think “about the most serious 
injury” and answer contextual questions, 
including the month, year, nature of and 
location where the most serious injury 
was sustained.9 Similarly, the NLSCY asks, 
“For the most serious injury, what type of 
injury did he have?” (in this case, proxy 
reports from parents were used) prior to 
asking questions about the nature, context 
and location of the most serious injury.10

Recall bias poses a significant threat to 
validity in injury survey data. Recall error 
can result when a respondent’s response 
is incomplete due to memory decay (for-
getting as a result of time passing). The 
accuracy of estimators from surveys that 
use longer recall periods are more affected 
by limitations of memory and recall.11 
Since memory decay decreases with 
increasing severity of injuries,12-13 the “one 
most serious injury” line of questioning 
should help reduce recall bias; in addi-
tion, the respondent only has to remem-
ber and report the contextual variables to 
do with a single injury event, which could 
greatly reduce the time needed to com-
plete the questionnaire and increase the 
accuracy and completeness of response.

However, gathering in-depth data on only 
the single most serious injury does pres-
ent an important shortcoming: if someone 
reports a fighting-related injury as their 
“most serious” in the past 12 months, any 
“less serious” sports injuries sustained 
during that period would go unreported. 
This line of questioning results in 

underestimating the incidence of specific 
injury categories whenever a respondent  
sustains more than one injury during the 
same recall period. This issue is often 
overlooked, and the magnitude of this 
bias in sports injury incidence estimators 
has not been explored. Published esti-
mates, such as the one stating that 66% of 
pediatric injuries are sports-related,5 are 
biased because they are based on only 
“most serious” injuries. Billette and Janz5 
state in their introduction that their data 
do not reflect all injuries, but do not 
acknowledge this masking bias in their 
summary (“Highlights”) section.5 Tozija et 
al.14 relied on GSHS data to claim that 
29.3% of injuries sustained by adoles-
cents occurred at school, and Jildeh et 
al.15 used HBSC data to justify their claim 
that 78.5% of injuries occur at home;  
neither of these studies acknowledged the 
potential masking bias arising from  
collecting data on only the “most  
serious” injury.

Methods

In order to explore the potential extent of 
the masking and bias arising from a “one 
most serious injury” line of survey  
questioning, we estimated sports injury 
incidence rates in Canadian children using 
the 2002 cycle of the HBSC survey data 
and the 2001/2002 Canadian Hospitals 
Injury Reporting and Prevention Program 
(CHIRPP) surveillance data. We chose this 
period for the analysis because current 
HBSC and CHIRPP data are not as directly 
comparable. Like Pickett et al.,16 we used 
rates from two CHIRPP hospitals in 
Frontenac County, Ontario to calculate 
rates. These sites have been relatively 
good indicators of national surveillance 
trends in the past; together they represent 
the only CHIRPP sites with full commu-
nity coverage.16

CHIRPP captures injury data for all people 
who present with an injury to an emer-
gency department (ED) of a participating 
hospital; the HBSC survey captures the 
“most serious” injury to be treated by a 
doctor or nurse in a family doctor’s office, 
a health clinic, a hospital, a school health 
service, etc. and, since 2002, data on 

whether the reported injury was treated in 
an ED (see Table 1 for an overview of the 
demographics of those with reported 
sports injuries in the two data sets).  
This means that HBSC data can be used to 
estimate the incidence of all treated sports 
injuries in Canadian children through the 
percentage of HBSC respondents who 
reported sustaining any sports injury; the 
data can also be used to estimate  
incidence of ED-treated sports injuries. 
The rate of ED-treated sports injuries 
should be more directly comparable with 
the surveillance-based incidence estimate, 
which is calculated as the number of  
pediatric sports injuries presenting to the 
ED per 100 children in the at-risk popula-
tion. In the CHIRPP data, a sports injury 
was defined as any injury sustained dur-
ing sports (organized, practice, lessons 
and coaching), recreational activities 
(including tobogganing, trampoline, 
brownies, scouts, etc.), dancing in the 
home, playing or climbing.

The HBSC data include the “one most 
serious injury” line of questioning, which 
(as pointed out earlier) can lead to incom-
plete reporting of sports injuries, so  
a “naive” survey-based estimate is really a 
lower limit on the range of plausible  
estimates of sports injury incidence. By 
using additional HBSC data to determine 
whether respondents sustained multiple 
injuries within the recall period, we can 
determine the potential extent of the 
masking of less serious injuries including 
less serious sports injuries. This informa-
tion can be used to identify a possible 
upper limit for the sports injury incidence 
estimate. This upper limit is calculated as 
the percentage of HBSC respondents who 
(1) reported a sports injury as their one most 
serious injury, or (2) reported multiple 
injuries and thus may have sustained a 
“less serious” sports injury that went 
unreported.

The CHIRPP data set was restricted to 
those aged 11 to 15 years at the time of the 
ED visit in order to match the target age 
group of the HBSC. Table 2 shows a  
comparison of the injury data reported in 
these data sources.
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Results

Of the 6688 individuals who responded to 
the HBSC survey in 2001–2002, 1766 
(26.4%) reported that their most serious 
injury was sustained while playing or 
training for sports / during a recreational 
activity (Table 2). However, 1994 children 
reported multiple injuries and only 1047 
of those reported a sports injury as their 
most serious. Since it is possible that the 
other 947 children had less serious sports 
injuries, 14.2% of children may have had 
sports injuries that went unreported (i.e. 

they were masked) due to this “one most 
serious injury” line of questioning. Valid 
sports injury incidence rate estimates 
from the HBSC survey, therefore, lie 
between 26.4 and 40.6 injured children 
per 100 per year, depending on the extent 
of masking (Table 3).

If we restrict data to injuries that required 
ED treatment, we can estimate incidence 
separately using survey and surveillance 
data and get a better sense of the true 
extent of masking. In the 12-month recall 
period, 896 children (13.4% of the HBSC 

sample) sustained injuries that required 
ED treatment; 445 of these children 
reported a sports injury as their most seri-
ous injury (6.7% overall). Of the 451 who 
described their most serious injury as 
from another subcategory, 287 (4.3% 
overall) indicated they had had multiple 
injuries. This means that 4.3% of children 
could have had masked sports injury  
incidents (the rate of masking could theo-
retically be even greater if a child thought 
an injury that did not require an ED visit 
was “more serious” than one that did). 
Valid estimates of the incidence of sports 

TABLE 1  
Demographic information for those with reported sports injuries in each data source

HBSC 
(n = 1766)

HBSC EDa 

(n = 445)
CHIRPP 

(n = 884)

Count,  
n

Percentage,  
%

Count,  
n

Percentage,  
%b

Count,  
n

Percentage,  
%

Sex

Male 861 48.8 223 50.1 562 63.6

Age, years

11 237 13.4 48 10.8 152 17.2

12 409 23.2 112 25.2 172 19.5

13 384 21.7 105 23.6 203 23.0

14 379 21.5 83 18.7 186 21.0

15 357 20.2 97 21.8 171 19.3

Abbreviations: CHIRPP, Canadian Hospitals Injury Reporting and Prevention Program; ED, emergency department; HBSC, Health Behaviour in School-Aged Children.

a HBSC ED refers to the set of injuries for which the respondent sought ED treatment.

b The percentage of individuals who sought ED treatment.

TABLE 2  
Comparison of injury data as reported in the three data sources

Injury report HBSC 
(n = 6688)

HBSC EDa 

(n = 6688)
CHIRPP 

(n = 8896)

Count % Count %b Count %

Injured in the 12-month recall period 3652 54.6 896 13.4 1453 16.3

Sports injuryc 1766 26.4 445 6.7 884 9.9

Multiple injuriesd 1994 29.8 559 8.4 — —

Multiple injuries where the most serious injury was not a sports injuryd 947 14.2 287 4.3 — —

Abbreviations: CHIRPP, Canadian Hospitals Injury Reporting and Prevention Program; ED, emergency department; HBSC, Health Behaviour in School-Aged Children.

a HBSC ED refers to the set with injuries for which the respondent sought ED treatment only.

b Here this is the percentage within all HBSC respondents (not just those who sought ED treatment).

c Most serious in the HBSC study and the reason for visit for CHIRPP surveillance.

d There is no equivalent reporting of “most serious” injuries among the surveillance data.
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injuries requiring ED visits, therefore, lie 
anywhere between 6.7 and 11.0 (or more) 
children per 100 per year (Table 3).

There were 884 visits to the ED as a result 
of pediatric sports injury from among the 
8896 children living in the restricted 
CHIRPP catchment area—approximately 
60.8% (n = 884/1453) of all injuries 
reported (Table 2). Therefore, our surveil-
lance-based sports injury incidence esti-
mate is 9.9 children per 100 per year, 
which is larger than the naive survey-
based estimate of 6.8, but within the 
range produced when we recognize the 
potential masking arising from the “one 
most serious injury” line of questioning 
(Table 3). In fact, this larger surveillance-
based estimate may still be an underesti-
mation of the true incidence rate, since 
sports injuries can only be identified in 
those children whose guardians consent 
to the collection of detailed information 
about the injury event.

Discussion

The purpose of this paper is to highlight 
the existence of masking bias in surveys 
that gather data on only the “most seri-
ous” injury event. The potential impact of 
masking arising from the “one most seri-
ous injury” line of questioning is evident 
in our estimates of sports injury incidence. 
In particular, the estimate produced  
by CHIRPP (9.9 sports injuries per  
100 children per year) falls near the top of 
the range produced by the HBSC ED  
survey data (6.7–11.0 sports injuries per 
100 children per year). This suggests that 
masking is a potentially serious concern. 
Using this line of questioning in surveys 
may reduce recall bias, but incidence rate 
estimates of injury subcategories will be 
underestimated due to the masking of less 
serious injuries; regression estimators and 
estimators of the percent of injuries falling 
in a particular subcategory could be 
biased in either direction as a result of this 
masking. The extent of the masking  
and bias will depend on the incidence, 
relative severity and likelihood of the  
co-occurrence of specific injury subtypes, 
as well as on the likelihood of multiple 
injury occurrences within the recall 
period.

These factors indicate that data from  
the “one most serious injury” line of ques-
tioning is not appropriate when compar-
ing incidence estimates between 
subgroups (for example, males versus 
females) that may have varying degrees of 
masking. Researchers should consider the 
potential impact of this masking bias 
when designing or analyzing injury  
surveys. Questions about whether other 
“less serious” injuries were experienced 
during the recall period could be used to 
produce a range of injury incidence  
estimates. Shorter recall periods would 
capture fewer individuals with multiple 
injuries, which would lead to fewer events 
being masked and to less bias. Collecting 
information on all injury events would 
eliminate masking entirely. However, this 
benefit needs to be weighed against the 
potential drawbacks of such changes to 
the study design including loss of power 
and increased recall bias.

In this article, we focus on the circum-
stances surrounding injury events and 
demonstrate a clear, but often overlooked, 
bias associated with estimating incidences 
when using data from the “one most seri-
ous injury” line of questioning. A similar 
bias occurs when estimating incidence of 
injury effects (e.g. concussion, broken 
bone, etc.), however, comparing survey 
and surveillance data would be more  
challenging because HBSC respondents 
can report up to five injury effects while 
CHIRPP surveillance captures at most 
three. Note that the direction of bias  
of incidence estimates is known: the 
masking bias results in an underestima-
tion of the incidence of injury subgroups. 
However, studies of association or of rela-

tive rates could be biased in either  
direction if the amount of masking differs 
in the different exposure groups.

Limitations

The data used for our analyses are from 
2001/2002, when comparable survey and 
surveillance data were readily available. 
As a result, the sports injury incidence 
estimates are not current.

The CHIRPP surveillance captures all  
people presenting to the ED with an 
injury; detailed information, including the 
context of the injury, is recorded only for 
children whose parents consent to be part of 
the study (overall consent rates at the two 
sites were 85% at site 1 and 60% for site 2).

The target demographic of the HBSC was 
students aged 11 to 15 years based on 
grade, but in actuality children aged  
9 years and 19 years are included.  
To improve comparability, we limited both 
our CHIRPP and HBSC datasets to just  
11- to 15-year-olds.

As CHIRPP surveillance only provides 
community coverage for Frontenac 
County, comparing the CHIRPP results to 
the HBSC national survey is problematic. 
The demographics captured in our 
CHIRPP Frontenac County and HBSC 
national datasets differ in some regards. 
Specifically, the CHIRPP data had a higher 
percentage of males (63.6% versus 48.8% 
in HBSC) and a slightly different age 
breakdown than the HBSC data  
(e.g. 17.2% of 11 year olds versus 13.4% 
in HBSC). Because we know that injury 
varies by age and sex, this may have some 

TABLE 3 
Sports injury incidence estimates

Sports injury incidence rate 
(children per 100 per year)

All injuries requiring medical treatment

HBSC 26.4–40.6

Serious injuries requiring ED treatment

HBSC 6.7–11.0

CHIRPP 9.9

Abbreviations: CHIRPP, Canadian Hospitals Injury Reporting and Prevention Program; HBSC, Health Behaviour in 
School-Aged Children.
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implications for the results. However, the 
differences are not so significant as to 
influence our overall finding that sports 
injury incidence estimates are likely 
biased and underestimate true incidence if 
they are underpinned by data derived 
from survey questions asking about the 
“one most serious” injury.

Conclusion

In order to design intervention programs 
and public policy that address key risk 
behaviours and outcomes in youth, 
researchers and policy makers must be 
able to rely on accurate estimates of injury 
incidence. As the results suggest, the  
difference between the HBSC study and 
the CHIRPP surveillance estimates of  
incidence rates is substantial if we do not 
account for potential masking in the  
survey data. The “one most serious 
injury” line of questioning may overcome 
some of the traditional biases associated 
with survey data, but estimates of sports 
injuries (or any specific subcategory  
of injuries) should only be used if the 
inherent masking and potential biases are 
recognized. Incidences of specific sports 
injuries will be underestimated by naive 
analyses of surveys that collect informa-
tion on only the “one most serious event.” 
Such analyses should instead report 
ranges of plausible incidence estimates 
that account for the potential levels of 
masking. Masking from the “one most 
serious” line of questioning should be 
considered alongside issues such as recall 
bias when designing future surveys.  
We also strongly encourage collecting data 
on whether survey participants experi-
enced other “less serious” events to allow 
for an exploration of the potential extent 
of masking.
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