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Validation studies about self-reported motor vehicle craskes and related work leave are scarce. The Seguimiento
Universidad de Navarra (SUN) is a mulli-purpose cohort study undertaken in Spain. Motor vehicle crash risk
factors are assessed within it. The objective of this study was to validate the incidents of self-reported molor vehicle
crashes (MVC) and related work leave through mailing and clinical notes” review. The method included questions in
the coherUs questionnaire regarding motor vehicle crash incident and work leave. We made both a re-test and a
criterion validity study for self-reported answers. The results show a moderate x Cohen's correlation coeficient for
both events. Re-test reliability x for MVC was 0.53, for MV C-related work Jeave it was 0.53. Criterion validity i was
0.25 for MVC and 0.25 for MVC-related work leave. These results show a moderate agreement for re-lest both for
MVC and MVC-related work leave. For criterion validily, the results show a fair agreement. The magnitude of the

agreement is similar to ether similar studies and allows the use of these data in epidemiological studies.
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}.  Introduction

Among the multiple purposes of a cohort study in the
Seguimiento Universidad de Navarra (SUN). Spain, is
the assecssment of risk factors associated with the
incidence of motor vehicle-related injuries. This study
is managed from Pamplona, Spain and its participants
are university graduates from all over Spain. Recruit-
ment and follow-up are made through mailed ques-
tionnaires. The open enroiment survey started in year
1999, The baseline questionnaire (Q_0) included
amongst others. questions on molor vehicle crashes
(MVC), as do all follow-up biennial questionnaires
(Scgui-Gomez, de la Fuente, Vizquez, de Irala, &
Martinez-Gonzalez, 2006).

Validation of other event-related questions such as
hypertension and physical activity has already been
done and the results are encouraging {Alonso, Beunza,
Delgado-Rodriguez, & Martinez-Gonzalez,  2003:
Martinez-Gonzalez, Léopez-Fontana, Varo, Sinchez-
Villegas, & Marlinez, 20035), as are validation exercises
of other questions in other cohort studies (Barr,
Herbstman, Speizer, & Camargo, 2002; Hu et al,
1999; Salvini et al., 1989, Willett et al, 2000).
Yet, there are fow studies assessing (he reliability of

seif-reported information in motor vehicle-related
injuries (Arthur et al, 2005; Begg, Langley, &
Williams, 1999; Koziol-McLain, Brand, Morgan,
Lefl, & Lowenstein, 2000; Norrish, North, Kirkman,
& Jackson, 1994), including our previously pubilished
reliability study on the question in the writien survey
regarding motor vehicle crash injuries with telephone
interviews (Alonso, Laguna, & Segul-Gomez, 2006).
Vatidity of information sources regarding MVC is
generally less than optimal. Ahim, Eriksson, Lekander,
and Bjdrnstig analysed 580 officially registered traffic
deaths in Sweden in 1999, they found that 490 were
truc accidental deaths, while 18 were suicides, 12 were
deaths due to indeterminate causes, 59 were natural
deaths and [ case was not possible o evaluate duc
to missing data. Thus, only 84% of the officially
registered ‘accidental traflic deaths’ were bona fide
accidents (Ahlm et al,, 2001). Landeira et al. compared
the official coding of underlying cause of death on
Death Certificates with coding based on primary data
obtained from five hospitais and accident reports. Data
showed an underreporting of deaths by traflic acci-
dents, as 32% of the 50 deaths were coded as non-
specific accidents (Ladeira & Gimardcs, 1998). Grant,
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Gregor, Beck, and Maio conducted a cross-sectional,
observational study. Ninety-one patients transported
by ambulance to an emergency department directly
from the scene of & MVC were analysed. Agreement
using x between the crash investigation and different
data sources was (1.58 for the police report, ¢.33 for the
ambulance report and 0.4% for the emergency depart-
ment report {Grant et al., 2000). Similar probiems exist
in sclf-reported MVC. McGwin, Owsley, and Ball
studied the agreement between self-reported MVC
and state records, finding a « index of 0.45 (McGwin,
Owsley, & Ball, 1998). Anstety et al. found that the x
between retrospective self-reporied crashes and retro-
spective state crashes was 0.18 and the « for agreement
between self-reported prospective crashes and prospec-
tive state crashes was 0.01 (Anstey, Wood, Caldwell,
Kerr, & Lord, 2009).

Thus, the aim of this study was 1o continue our
cohort data quality evaluation wosk, testing the
retiability of the MVC.related questions in our
cohort's questionnaire in a ihreefold manner: (a) re-
assessing the reliability of seif-reported MVC with
a larger sample size and a longer follow-up period;
(b) assessing the reliability of self-reported work
leave related 1o MVC; and (¢} investigating the
criterion validity of MVC and work leave by compar-
ing the questions included in the questionnaire with
the cohort pariicipantl’s clinical notes (used as gold
standard).

2. Methods

This study is based on the SUN cohort. This is an
open-enrelment study of university graduates. A wide
ranging qucslionnaire asscssing cxposures relaied to
nutritional habits, physical exercise, road traffic and
other factors is answered by participants of the study.
Every 2 years participants are asked to answer short
follow-up questionnaires asking aboutl changes in
exposure and health-related events (Segui-Goémez
el al,, 2000) Participant’s follow-up was done through
mailed questionnaires. Information about previous
MVC was gathered both from the baseline (Q_0) and
the first two follow-up questionnaires (Q_2 and Q_4);
this is, 2 and 4 years after the baseline questionnaire.
The fellow-up questionnaires included MVC-related
questions, specifically in Q_2 two questions were
posed: ‘Since you answered the first questionnaire in
this study, have you suflered any of these circum-
stances” (1} a MVC requiring hospilalisation of at
least 24 h, {2) other MVC withoul hospitalisation? In
Q_4 the questions were (1) the same as in Q_2 and (2)
‘have you suffered other MVC without hospitalisation
but with work leave? Incidence of MVC and work
leave was derived out of these guestions. As of 3rd

May 2005, 3507 participants had completed the second
follow-up questionnaire {Q_4).

Far this re-test reliability and criterion validity study
we chose as inclusion eriteria: {1) residents of Pamplo-
na’s metropolitan area, (2) participants who had stated
not to have had any MVC hospitalisation in the baseline
queslionnaire {lo aveid MV(C's occwring prior 1o
enrolment in the cohort), (3) participants who had not
left blank the questions regarding MVC ineither Q 2 or
Q_4 follow-up questionnaires and (4) participants who
had not left blank the question regarding MVC-related
work leave in Q_4. There were 842 participants who
fulfiled the selection criteria,

We invited the selected participants (o participate
in this reliabiiity and validity study through letters (up
to three consecutive letters were sent in case we had no
answer 1o the first one). These leters were sent during
2005, In these letters, we asked them again about MVC
and work leave 10 assess repeatability, specifically they
had to check —if appropriate - the statement ‘I confirm
I had an MVC since T participated in the SUN study’
and also they had to say for how long they had been on
work leave. Patients were also asked for their consent
to access their clinical notes, which we considered the
gold standard, to validate their answers,

Surveiliance of MVC can be done through different
data sources. In any case it must be kept in mind that
there is no perfect agreement between an evenl and the
different information sources (self-reports, on-road
assessment, ambulance records, emergency department
records, hospital records, or state crash databases) and
whatl actually happens. This is because some of the
data sources are not necessarily involved in the process
that evolves after an MVC and that some of them fail
to register the mechanism of injury, National data
sources provide the most thorough data for the general
population. On the other hand, targeted cohorts on
MVC allow for a deeper insight into events, risk
factors and oulcomes. There is a duly to study the
validity of the source information of MVC events, as it
can be concluded from the variability of agreement
between different sources. Regarding self-reported
MVC, the question is whether it really happened.
The first way to assess this is 1o test-relest the
participani asking him ihe same question twice. A
second way is to assess whether the participant is really
answering what is intended to be asked in the question
(criterion validity) is coantrasting the self-reported
information to that of a gold standard. In this second
aspect, there are several options whiclh depend on what
is taken as the gold standard. In this study, we took the
clinical notes as our source of information.

We mitially thought that the health centre’s clinical
notes would be the reference standard as Primary
Health Care is a well established institution in Spain, a
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country with a National Health Insurance system in
place for several decades. The information system in
most regions, including Navarra, where Pampiona is
located, is integrated and electronic, making telemetric
access available both to cutpatient and in-hospital
clinical notes and documents from 1999 onwards. In
addition, sick {and maternity) leaves have to be signed
by the primary health physician (or similar if the
patient has work insurance). This is the case for both
employees and sell-employed workers. Therefore, it
was expected that a patient’s work leave would bhe
recorded in the clinical notes, with the caveat that it
should have been sclf-stated by the patient to the
primary heaith care physician.

MVC, before a search through clinical notes, was
defined in this study as any crash sustained as an
occupant of a motor vehicle or as a pedestrian or
cyclist being struck by a motor vehicle occurring
during the same time frame in which the patienl was
participating in the cohort study. Before scarching
through chinical notes for evidence of MVC-related
swork leave, we defined it as an occupant of a motor
vehicle or as a pedesirian or cyclist being struck by a
motor vehicle and requiring at least a 1-day work leave
permit.

Two trained research assistants working on a blind
sample made a4 manual and systematic assessment of
the clinical notes of those who gave consent,

Subjects lost to foliow-up were excluded from the
analysis. Diflerences between those who consented and
these who did not were analysed with independent
means’ comparison and Pearson’s z* as convenienl.
We compared answers between written questionnaires
and answers (o this study’s invitation lelter, and
between the former and the clinical notes in those
who gave consent, Repeatability and criterion validity
were assessed using Cohen's x statistics. x coelficients
were Jabeiled as suggested by Landis & Koch (1977),
We calculated sensitivity, specificily and positive or
negalive values for the mailed questionnaire using the
clinical notes as the goid standard. Resulls are
graphically plotted as suggested by Bangdiwala,
Haedo, Natal, & Villaveces (2008).

All statistical analyses were done using STATA/
SE 9.

3. Results

As of June 3rd 2005, there were 4331 patients eligible
for d4-year foliow-up, from these 3507 had completed
the second follow-up questionnaire (Q_4) (retention
rate 80.9%) and 842 out of these fuifilled the selection
criteria. From these, 119 had reported to have had an
MVC after the beginning of the observation. Of the
723 that reported not having had an MVC a random

sample of 264 was selected for this study (sampling ratce
36.5%).

All of them were invited to enroll in the study
(Figure [). From these, 312 answered the letter (81.4%
response rate) and 263 of these gave consent Lo access
their clinical notes. Of those who consented, we were
able to find clinical notes for 223 participants. Four
participants returned their consent too late and are not
included in our study (Figure 1),

Comparison between patients who answered the
letter and those who did not shows that the proportion
of patients who reported having had an MVC in the
follow-up questionnaires was not different (Tabie 1).

Tabie 2 shows a similar comparison, but for those
participants who answered the letter by stratifying
whether they consented to the clinical note search.
There were no differences in age or sex distribution,
The proportion of patients who reperted having had
an MVC in the questionnaire was not diflerent
between those who gave consent and those who did
not (Table 2).

Members of SUN cohort
fultilling selection criteria
no= 542

}
| )

Without MVC With MVC
n-723 n=1i9

¥

36.5% elecled 160% elected
n =264 n= 19

!

Elected
nom 383
b | Didn’tamswer
n- 71
h 4
Answered
n=3j2

Lo | DidN’t give pesmission
n~-49
h 4

Gave permission to check
clinical records
w263

Clinieal records not found
e — | I 1]

Y

Clinieal records found
n- 223

SUN = Seguimicnto Universidad de Navarra,
MVC = Motor vehicle ¢rash

Figure 1. Study participation flow chart,
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Re-test and criterion validily caiculations were
done weighting those who hadn’t had an MVC or
work leave as to represent the 100% of the originai
cohort’s participants reporting not to have had this
egvent. [For re-test calculations the final weighted
population was 696 for the MVC question and 620
for the work-leave question. For the criterion-validity
analysis, the final weighted population was 497 for the
MVC question and 446 for the work-leave question,
Re-test reliability of the questionnaire with respect 1o
the answer in the letier regarding MVC is summarised

Table 1. Sociodemographic characteristics of participanis
stratified between those participants who answered to the
invitation letter and those who did not (n = 383).

Did not
answer, Answered,
n= T} no== 312 7 {lwo-sided)
Age, mean (S} 36.5 (1.09)  39.1 {0.5) 0.008
Gender
Male 24 124 0.35
Female 47 188
MVC
No 43 221 0.09
Yes 28 91
Table 2. Sociedemographic characteristics of participants
stratified between those participants who consented to give
access Lo their clinical notes and those who did nol {n = 312).
Did not
consent, Consented,
n =49 no= 263 P {lwo-sided)
Age, mean (8D 37.3 (9.0) 38009 0.27
Gender
Male 14 10 0.082
Female 35 153
MVC
No 38 183 0.26
Yes il 80

Table 3. Re-test assessment to the question in the invilation
letter regarding MYC on all participani{s who answered to
the vitation letler ~ weighted sample,

Answer 1o the study invita-
ton lelter

in Table 3. The percentage of agreement was $8.6%,
with = 0.55. Sensitivity was 55.2%, specificity
95.3%. The positive predictive value was 70.3% and
negative the predictive value was 91.4% (Table 3).

Table 4 summarises re-lest reliability of the
questionnaire with respect to the answer in the Jetler
regarding work leave. The percentage of agreement
was 97.1%, with x = 0.53. Sensitivity was 45.8%,
spectficity 99.2%. Positive predictive value was 68.8%
and negative predictive value was 97.8% (Table 4).

Criterion validity for MVC-related is detailed in
Table 5. Percenlage of agreement is 86.3% and
Cohen’s x value 1s 0.25. Sensitivily was 45.7%,
specificity §9.4%, positive predictive value was 24.6%
and necgative predictive value was 95.6% (Table 3).

Table 6 details the criterion validity for work
leave, Percentage of agreement is 96.4% and Cohen'’s i«
value is 0.25. Sensitivity was 37.5%, specificity 97.5%,
posilive predictive value was 21.4% and negative
predictive value was 98.8% (Table 6).

These results are graphically represented in
Figures 2 and 3. The agreement chart provides a visual
assessiment of agreement by comparing areas based on
the ceil frequencies from contingency tables. The row
and column marginai totals determine rectangles
within the larger square determined by the sample
size. The larger the darkened arca within the

Table 4. Re-test assessment to the guestion in the invitation
letter regarding MVCerelated work leave on all participants
who answered 1o the letter (within those reaching the 4-year
follow-up) -~ weighted sample,

Answer o the study
invitalion letter

Answer to cohort questionnaire No Yes Total
No 391 13 604
Yes 5 1 16
Total 596 24 620

Percentage of agreement: 97.1%, «: 0.53. Scasitivity: 45.8%,
Specificity: 99.2%. Predictive value of positive: 68.8%, Predictive
valuc of negative: 97.8%.

Table 5. Criterion validity assessment of cohorl guestion-
naire answers to MVYC question in the follow-up question-
naires (Q_2 and Q_4}) - weightled sample.

Answer from clinical noltes

Answer Lo questionnaire No Yes Total Answer to questionnaise No Yes Total
No 553 52 605 No 413 19 432
Yes 27 64 91 Yes 49 16 65
Tozal 580 116 696 Total 442 35 457

Percentage ol agreement: 88.6%, w 0.550 Sensitivity: 55.2%,
Specificity: 95.3%, Predictive value of positive: 70.3%, Predictive
value of negative: 91.4%.

Percentage of agreement: 86.3%, x: (.25, Sensitivity: 45.7%,
Specificity: 89.4%., Predictive value of positive: 24.6%, Prediclive
value of negative: 95.6%.
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Table 6. Critcrion validity assessment of gquestionnaire
answers o MVCerelated work leave question, within
those who reached the 4-year follow-up — weighted sample.

Answer from clinical notes

Answer Lo queslionnatre No Yes Total
No 427 5 432
Yes 13 3 14
Total 438 8 446

Percentage of agreement: 96.4%, w1 0.25, Sensitivity; 37.5%,
Specificity: 97.5%, Predictive value of positiver 21.4%, Predictive
vitlue of negative: 98.8%.,

Answer invitation letter

+ -
(a) Answer to questionnaire

Figure 2.

rectangles, the larger the degree of agreement belween
the diagnostic test and the correct diagnosis.

4, Discussion

Given the administrative structure of medical electronic
records, only parlicipants living in Pamplona’s metro-
politan arca were selected because direct access to their
clinical notes was otherwise not possible. This selection
could have been spread Lo other regions but we found
this selection criteria provided encugh subset sample
for a re-test reliability and a criterion validity study.

Answer to invitation letter

(b) Answer to questionnaire

Test-retest study. (a) Agreement-diagnostic chart for the questicnnaire answers to MV C (iuvitation letter answer as

gold standard) {(cf. Table 3). (b) Agreement-diagnostic chart for the queslionnaire answers (o MV C-related work leave (invilation

letter answer as gold standard) {cf. Table 4).

Answer from clinical notes

(a) Answiel to questionnaire

Figure 3.

Answer from clinical notes

(b) Answer to questionnaire

Criterion validation study, (a) Agreement-diagnostic chart for the questionnaire answers to MVC (clinical notes as

aold standard) (cf. Table 3). (b} Agreement-diagnostic chart for the questionnaire answers to MVC-related work leave (clinical

notes as goid standard) (cf. Table 6).
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The proportion of reported MVC in the original
cohort questionnaires was not statistically different
belween patients whoe answered the letter inviling
them to join our data quality study and those
who didn’t answer (Table 1). Only one participant
who had not answered the letter had abandoned the
study,

The agreement charts are designed so that the
frequencies in the diagonal cells from the contingency
table delermine darkened areas of perfect agreement
within the reclangles and the unshaded areas within
the rectangles represent the off-diagonal cells entries of
disagreement (Bangdiwala et al., 2008). Thus, regard-
ing test-retest calculations, there is more agreement in
questions regarding work leave than in questions
regarding MVC (Figure 2). The same happens in the
crilerion study (Figure 3).

However seemingly low the agreement values, these
findings need to be put in perspective with others in the
literature, Our repeatability findings on MVC are
slightly lower, but consistent with (hose previously
reporled by us (Alonso, Laguna, & Segui-Gomez,
2006) in a study where a subset of participants of the
SUN cohort were assessed using a telephone interview.
In this previously published study, we only included
cases followed up for 2 years. The two questions
assessed were ‘Since you answered the first guestion-
naire in this study, have you suffered one of these
circumstances: (1) a MVC injury requiring hospitalisa-
tion of at icast 24 h (yes/no, if yes, tell us month and
year}; (2) other MVC injury not requiring hospitalisa-
tion (yes/no, if yes, tell us month and year)’. Qur group
found a Cohen’s i statistic of 0.63. Sensitivity was
83%, specificity 77%, positive prediclive value 74%
and negative predictive value 89%. Our current
findings over a longer follow-up period yield slightly
lower agreement values, possibly in  relation to
forgetfulness of the event with a longer follow-up
period and the different source of information,

Interestingly, our current criterion validity findings
are not that different from those published by others,
Norrish et al. assessed validity of self-reported hospital
admission with an admission computerised database.
They found that only 58% of patients recalled all of
their admissions and 16% rcealled none of their
admissions (Norrish et ad., 1994). Arthur et al. pre-
sented data regarding self-reported MVC. x index
calculated from the data provided in the article is 0.25,
a value not far from ours (Arthur et al, 2005). We
found only two studics showing better values: Begg
et al. found thal 86% of the participants in their study
were able to recall unintentional injury in the previous

3 years, having the health gystem database as their gold

standard (Begg et al, 1999). Koziol-McLain et al.
assessed re-test reliability of self-reported injury and

found a Cohen's x coeflicient of 0.80 (95% CI 0.52—~
1.0) {Koziol-McLain el al., 2000).

Validation exercises in other exposures and events
reveal interesting numbers and interpretations. For
example, validation studies for other health topics
within the SUN cohort present results simitar to ours.
Alonso et al. found an intraclass correlation coefficient
of 0.35 when validating scif-reported high-biood
pressure (Alonso et al., 2000). Martinez-Gonzalez
et al. found a » index of 0.25 for self-reported physical
activity during ieisure time (Martinez-Gonzélez et al.,
2005}, Only self-reported weight yiclded very satisfac-
tory results, with a » index of .91 (Bes-Rastrollo,
Pérez Valdivieso, Sanchez-Villegas, Alonso, & Marti-
nez Gonzalez, 2003).

Validalion studics in the Nurses’ Heaith Study for
a dietary questionnaire yieided a mean of correlation
coeflicienl between the dietary records and a ques-
tionnaire of .52 (Salvini et al., 1989). The same range
of values is reported in the health professionals follow-
up study, where they studied that correlations between
two food-frequency questionnaires and dict records
ranged from 0,45 (0 0.74 (Hu et al.,, 1999),

Our current findings reveal that pariicipants are
not perfectly consistent in their reporting of (suppo-
sedly) major events, such as an MVC, Very interes(-
ingly, the sell-report and official data sources do not
agree perfectly either. This may be due to different
factors worthy of debate.

The vatidily of the clinical notes should alse be
assessed. The fact that there is no perfect agreement
between self-reported answers and reviewed clinical
notes may be because health centre’s clinical notes are
indecd not a good gold standard. Interestingly, in
Spain less than 50% of hospital admissions have E
codes for mechanism of infury (Work Group on Traffic
Accidenis Impact Measure on Heaith in Spain, 2004),
the WHO coding system meant {o identify these events.
Information on motor vehicle crash involvement is
supposedly recorded in an adminisiralive variable
related to the source of payment {medical care for
crash victims is meant to be covered by vehicle
insurance instead of the national health system
funds). Yet, this administrative variable is not included
in the clectronically available files that represent the
medical history of a patient. Yet, hospitalisation data
is, in principle, one of the very few data sources we can
rely on to document this type of events. These facts
emphasise the importance of registering hospital
discharges as a means for further research,

Agreement between cohort parlicipanis and clinical
noles is worse regarding work leave, Possible factors
leading to this include that the primary healith
physician was not in charge of the participant’s work
feave paperwork or that self-employed participants
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take ‘official’ work leave but actually go to work and
this is what they report in their answers Lo us.
Interestingly, many health intlerviews around the world
use the work leave-related question (o measure
incidence of injurics in the popuiation (Warner,
Schenker, Heinen, & Fingerhut, 2005), aithough we
are nol aware of any specific validation exercisc on
these questions.

Ancther issue regarding validation of self-reported
health events is the recall period. 1t has been previously
thoroughly disclosed that the percentage of recali
declines as time incrcases belween cvent-time and
recall-time (Harel ot al, 1994; Warner et al., 2005).
Yet, we would like fo highlight that the longest recali
period for all of our participants was 4 years.

[t should be noted that the magnitude of x is
influenced by two factors. One is the prevelence index,
which is the absolute difference proportion (between
positive and negative) of agreeded classifications. If the
prevaience index is high, chance agreement is also high,
and x is reduced accordingly. The effect of prevalence
is greater for large values of x than for small values.
Second, the bias index, whicl is the difference pro-
portion of disagreeded classifications. When there is a
large bias index, r is higher than when bias is low or
absent. The effect of bias i1s greater when x is small
than when it is large (Byri. Bishop, & Carlin, 1993,
Feinstein & Cicchetti, 1990). In the present case, as
scen in Table 7, there are both large prevalence indexes
and low bias indexes, which should back a more
oplimistic inferpretation of the x values obtained.
Furthermore, this conclusion is also suported by the
difference between tha x values and the maximum
attainable x values (Dunn, 1989).

In conclusion, even though our findings regarding
x and posilive predictive values are below what one
may have preferred, they seem (o be within the
bulk part of other validation and repeatability items
often cited in the scientific literature. Thus, for the
time being we propose to include this information
in cpidemiological studies to identify motor vehicle
injury risk factors. Motor vehicle injuries amount to a
targe heaith burden to our society; pending future

Table 7. Agrecment related measures for contingency
Tables 3-6.

Prevalence
K index (%) Bias index (%) K
Table 3 .55 70.2 35 0.85
Table 4 0.53 935 1.2 0.79
Table 5 .25 79.8 6.0 0.67
Table 6 0.25 95.0 1.3 0.72

Kome = Maximum attainable & vatue.

evidence that demonstrates a more eflicient system to
characterise and investigale them, we must rely on
a combination of methods, including seif-reported
events, administrative databases and others.
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