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ABSTRACT

Key words

Objective.

To assess the feasibility of semiautomated linking of road traffic injury (RTI)

cases in different data sets in low- and middle-income countries.

Methods.

The study population consisted of RTI cases in the Dominican Republic in 2010

and were identified in police and health insurance data sets. After duplicates were removed
and fatality reporting was corrected by using forensic data, police and health insurance RTI
records were linked if they had the same province, collision date, and gender of RTI cases and
similar age within five years. A multinomial logistic regression model assessed the likelihood
of being in only one of the data sets.

Results. One of five records was a duplicate, including 21.1% of 6 396 police and 16.2%
of 6 178 insurance records. Health insurance data recorded 43 of 417 deaths as only injured.
Capture—recapture estimated that both data sets recorded one of five RTI cases. Characteristics
associated with increased likelihood (P < 0.05) of being only in the police data set were female
gender [adjusted odds ratio (OR) = 2.5], age > 16 years (OR = 1.7), collision in the regions
of Cibao Northeast (OR = 4.1) and Valdesia (OR = 6.4), day of occurrence from Tuesday to
Saturday (ORs from 1.5 to 2.9), month of occurrence from October to December (ORs from

1.6 to 4.5), and occupant of four-wheeled vehicles (OR = 5.4) or trucks (OR = 5.3).

Conclusions.

Consistent semiautomated linking procedures were feasible to ascertain the

RTI burden in the Dominican Republic and could be improved by standardized coding of

police and health insurance RTI reporting.

Data analysis; accidents, traffic; wounds and injuries; safety; insurance, health; Do-

minican Republic.

Road traffic injuries (RTIs) are a ma-
jor public health problem, particularly
in low- and middle-income countries
(LMICs) where they result in about 1.2
million deaths annually (1). According to
the World Health Organization (WHO), a
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major limitation to decrease this burden
is the lack of data systems to provide
comprehensive, accurate, and reliable in-
formation (2, 3). Previous work in LMICs
consistently showed that police records,
the most cited source of RTI statistics in-
ternationally, hugely underreported RTIs
(4, 5). Underreporting and inadequate
information on local risk factors are con-
sidered major obstacles in implementing
RTT prevention and control measures in
LMICs (1-5).

Several studies responded to this gap
by linking police records with health care
data sets such as emergency and ambu-

lance records and using capture-recap-
ture methods to document the extent of
underreporting (6, 7). The main limitation
of these efforts was the manual linking
of records, which resulted in an inability
to integrate these methods in RTI sur-
veillance beyond the study period (6-8).
Semiautomated linking of RTI records in
a LMIC setting could be a powerful tool
to develop an integrative cost-effective
RTI surveillance system and overcome
the above-mentioned limitations, but this
tool has rarely been tested in LMICs (8).
The Dominican Republic (DR) is a
middle-income country of the Latin
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America and Caribbean region, with
a population of slightly under 10 mil-
lion inhabitants distributed in 31 prov-
inces (9). Developed regions and large
cities concentrate more than 60% of the
population (9, 10). Like other LMICs, its
economy has grown significantly over
the past decade; road transport plays an
essential role in this growth, and more
than 2.5 million vehicles were registered
in 2010 (10). Traffic laws are compa-
rable to those in high-income countries,
although undisciplined driving is com-
mon because adequate traffic controls
are insufficient. Consequently, the RTI
situation in the DR, with a RTI mor-
tality rate estimated at 41 per 100 000
inhabitants (11), does not differ from
other LMICs. Multiple authorities, such
as police (the official source), health,
insurance, forensic, and transport, are
involved in RTI data collection for their
specific purposes. Regional reports from
the WHO confirmed underreporting of
road traffic fatalities (RTFs) in the DR
and clearly indicated the need for more
comprehensive RTI surveillance, as no
single data set was complete (12). Yet
the feasibility of integrating existing data
sets was never assessed (12). The objec-
tives of this study were to evaluate the
quality and availability in the two main
data sets—police and health insurance—
of characteristics that could be used for
linking RTI records, test the feasibility
of a semiautomated linking process, and
compare reporting of RTI-related charac-
teristics among different data sets.

MATERIALS AND METHODS

Approval was obtained from the Au-
tonomous University of Santo Domingo
Institutional Review Board. For reasons
of confidentiality, identity variables were
assessed in linking procedures only. This
report does not allow identification of
any injured person.

Study population and design

The study population consisted of RTI
cases (injury or fatality) reported in the
DR in 2010. Two data sets recording
RTI—namely, police and health insur-
ance—were assessed for the availability
of internationally recommended char-
acteristics (13, 14). By using multiple
characteristics, records were linked to
assess their level of ascertainment by
capture-recapture methods (15). Finally,

42

Puello et al. ® Road traffic injury surveillance integrating police and health insurance data sets

potential limits in ascertainment were
assessed by comparing reporting of
characteristics among data sets using
multivariate analyses.

Case definitions

A RTI was defined as a person who
had sustained physical damage as a
result of a road traffic collision (RTC) in
the DR in 2010. It included RTFs, defined
as any person who died immediately or
within 30 days as a result of a RTC. Sui-
cides were excluded from RTFs.

Data sets

When a RTC occurs in the DR, the
police are contacted, go on site, and com-
plete a standardized RTC report. The re-
ports are computerized on a spreadsheet
as a national data set maintained by the
National Authority of Transport. This
data set has information on each RTI
case characteristics and crash details.

In 2009, the Superintendence of Health
and Work Risks started to register sys-
tematic data on medical services related
to RTIs occurring among 2.3 million
insured residents of the DR. This system
is updated daily through a standard-
ized online declaration of all requests
for reimbursement of medical pharmacy
services and payments. The correspon-
dent of insurance companies transcribes
information from the patient record, in-
cluding injury diagnosis according to the
International Classification of Diseases,
10th edition.

Identification of duplicates and data
cleansing

As a first step, the quality of data sets
was checked for variable format, classes,
and codes; for instance, whether the RTC
date was recorded with the same format
for all entries was verified. A semiauto-
mated search of duplicate records was
conducted using Microsoft Office Access
2010 by linking all common characteris-
tics, such as the national identity number
(NIN), names, date, gender, province,
type of collision, age, admission diag-
nosis, and hospital where the person re-
ceived medical care (5, 6). Variables with
a similar format and manually unfor-
matted or free-text variables were auto-
matically linked (i.e., family names and
street names). A duplicate record was
defined as an instance of the same per-

son being counted twice. All identified
duplicate records were verified manu-
ally and merged into the oldest record if
NIN, gender, and province were identi-
cal or if any of the above were the same
and name, date, and age were similar.
An additional correction for fatality was
performed as a previous study indicated
that fatality might not be accurately re-
ported in police- and health-based data
sets (16). Therefore, both data sets were
compared with forensic medicine data
and those reported as injured in both
data sets but registered as dead in the fo-
rensic medicine database were corrected.

Assessment of variable availability

We verified whether police and health
insurance data sets included core char-
acteristics recommended in the WHO
injury surveillance guidelines: identifier,
age, gender, intent, activity, place of oc-
currence, nature of injury, mechanism
of injury, mode of transport, road user,
and counterpart. The list was extended to
include characteristics identified in the re-
cent WHO and Centers for Disease Con-
trol and Prevention guidelines (13, 14).

Linking of data sets and statistical
analyses

Duplicate records were characterized
as proportions of total records regis-
tered. The availability of variables was
characterized by the proportion of RTI
records with each variable documented
after removal of duplicates. RTI case
records in police and insurance data
sets were linked by using a semiauto-
mated linking procedure. As gender and
province were found to be the two most
consistently coded variables, we devised
two linking strategies: a less restrictive
strategy required province and gender
to be identical, RTC dates to be similar
(within two days of each other), ages to
be similar (within five years), and any
two of the other variables to be similar; a
more restrictive strategy required prov-
ince, gender, and date to be identical and
age and any three of the other variables
to be similar. The RTI case characteristics
associated with appearing in only one
data set were assessed by multinomial
logistic regression analyses. For these
analyses, RTI cases were coded as “0”
for linked, “1” for only in police records,
and “2” for only in insurance records.
Microsoft Access was used for the link-
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ing procedure, and SAS version 9.1 was
used for all statistical analyses.

RESULTS
Duplicate removal and fatality reporting

Of the 6 396 police records, 21.1% were
double entries, which led to a final count
of 5 047 police-reported RTIs. Similarly,
the insurance data set initially included
6 178 records but, after removal of dou-
ble entries (16.2%), 5 176 RTI records
were available for linking. Police records
had 2 156 entry errors on characteris-
tics such as age, date, hour, and name.
Patients who died numbered 417 in the
insurance data, including 43 who were
correctly identified and 374 who were
identified only as injuries. Police data
were relatively complete and concordant
as 97.1% (n = 1 631) of forensic records
were reported by the police data set as
dead. An additional 54 fatalities in the
police data set could not be verified be-
cause of a lack of any personal identifier.

Data availability

The completeness of the insurance
data set with regard to RTI-related char-
acteristics was high (100%) compared
with police records (Table 1). Insurance
data sets contained collision details, RTI
case information, and care-related in-
formation but lacked information about
collision sites. The NIN was available in
only 30% of the police data set.

Linking and ascertainment

The less restrictive linking identified
5 855 unique records, including 37.0%
linked, 12.0% unlinked police, and 51.0%
unlinked insurance records. The more
strict criteria identified 8 517 records,
including 17.0% linked records, 39.5% un-
linked police records, and 43.5% unlinked
insurance records (Table 2). The ascer-
tainment of RTI cases was comparable
for police and insurance data sets with
less restrictive (39.8% vs. 40.8%) as well as
with more strict (19.8% vs. 21.4%) linking.

Characteristics associated with linking

Characteristics associated with success-
ful linking results were age, gender, type
of road user, vehicle type, province or
region, day, month, and hour of collision
occurrence (Table 3). Characteristics as-
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TABLE 1. Characteristics available for linking of road traffic injury cases in police and insurance

data sets, Dominican Republic, 2010

Insurance Police
(n=5176) (n=5047)
Characteristic No. % No. %
Used in linking
Collision date/hour 5176 100 5047 100
Collision type 5176 100 4889 97
Name 5176 100 4910 97
National identity number 5176 100 1513 30
Age 5176 100 4352 86
Gender 5176 100 5047 100
Injury outcome 5176 100 5047 100
Road user type 5176 100 4602 91
Road type 5176 100 4200 83
State 5176 100 5034 99
Vehicle type 5176 100 4 864 96
Not used in linking
Citizenship 5176 100 5047 100
Vehicle brand 5176 100 2819 56
Vehicle model 5176 100 1171 23
Date in medical services 5176 100 0 0
Date out of medical services 5176 100 0 0
Initial diagnosis 5176 100 0 0
Medical services type 5176 100 0 0
Final diagnosis 5176 100 0 0

TABLE 2. Semiautomatic linking and ascertainment of road traffic injury cases in police,
insurance, and linked data sets, Dominican Republic, 2010

Number of unique records

Capture—recapture estimates

Ascertainment (%)?2

Linking Only Only

standard® Linked police  insurance No. 95% Cl° Police  Insurance
Low 2170 701 2984 12674 12 566-12 782 39.8 40.8
High 1439 3367 3709 24224 23 643-24 805 19.8 214

2 Dividing total estimated by total police (n =5 047) and total insurance (n =5 176).

b Low is less restrictive: province and gender are identical, and four characteristics are similar (collision date within two days,
age within five years, and any two other). High is stricter: province, gender, and date of collision are identical, and four
characteristics are similar (age within five years and any of three others).

¢ Cl: confidence interval.

sociated with the likelihood of appearing
only in the health insurance data set were
female gender [odds ratio (OR) = 6.7],
day of collision from Monday to Friday
(OR = 1.7-2.7), and hour of collision from
6:00 am to 11:59 am (OR = 1.3) (Table 4).
Similarly, characteristics associated with
the likelihood of appearing only in the
police data set were female gender (OR =
2.5), age 2 16 years (OR = 1.7), collision in
the region of Cibao Northeast (OR = 4.1)
or Valdesia (OR = 6.4), day of collision
from Tuesday to Saturday (OR = 1.5-2.9),
month of collision from October to De-
cember (OR = 1.6-4.5), and occupant of
four-wheeled vehicle (OR = 5.4) or truck
(OR =5.3).

DISCUSSION

This is the first nationwide study that
assessed the feasibility of a semiauto-

mated linkage of RTI cases in the DR
or in the Central American region (8).
It identified several problems in record
keeping and linking that could ham-
per development of an integrated RTI
surveillance system in the DR. For in-
stance, initial data cleansing showed that
one of five records were duplicates in
each data set. Similarly, health insurance
data recorded many fatalities as injuries,
whereas the police records were more
accurate regarding fatality reporting. Po-
lice records were incomplete for many
characteristics—notably the NIN, which
could be the most useful variable in
linking the data sets. Unexpectedly, and
contrary to previous work in LMICs (8),
capture-recapture estimations showed
that ascertainments of both police and
insurance data sets were comparable—
both accounted for about two of five
RTIs. It was also possible to identify RTI
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TABLE 3. Characteristics of road traffic injury cases in police only, insurance only, and linked
police and insurance data sets, Dominican Republic, 20102

Insurance only Police only Linked
Characteristic No. % No. % No. % P
Total (n) 3709 100 3367 100 1439 100
Gender <10*
Male 2592 69.9 2582 77.3 1333 92.6
Female 1117 30.1 757 22.7 106 8
Age group (years) <10
0-14 397 10.7 352 8.2 112 7.8
15-24 944 255 1300 30.3 362 25.2
25-49 1940 52.3 2002 46.7 793 55.1
50-74 408 11.0 565 13.2 165 115
>75 20 0.5 70 1.6 7 0.5
Region of occurrence <10
Cibao North 834 22.6 262 7.8 351 24.4
Cibao Northeast 340 9.2 455 13.6 27 1.9
Cibao Northwest 158 4.3 399 11.9 17 1.2
Cibao South 377 10.2 221 6.6 166 115
Del Valle 83 2.3 158 4.7 18 1.3
Enriquillo 55 1.5 391 1.7 26 1.8
Higuamo 134 3.6 291 8.7 34 2.4
Metropolitan 1065 28.9 240 7.2 584 40.6
Valdesia 272 7.4 588 175 127 8.8
Yuma 370 10 349 10.4 89 6.2
Type of vehicle <10
Motorcycle 2504 67.5 1783 55.1 988 68.7
Four-wheeled vehicle 501 13.5 615 19 213 14.8
Bicycle 31 0.8 605 18.7 11 0.8
Truck 41 1.1 233 7.2 18 1.3
Other 632 17 2 0.1 209 14.5
Road user <10
Rider/driver 2011 54.2 1490 48.6 875 60.8
Occupant 667 18 1126 36.7 205 14.2
Pedestrian 427 115 453 14.8 137 9.5
Other 604 16.3 0 0 222 15.4

@ Unique records from linking procedure between police and insurance.

characteristics that were associated with
limited linking of police and insurance
data sets in the DR.

This study illustrates several strengths
of applying capture-recapture methods
in a LMIC setting (8, 17). First, it is a
nationwide study on an island country
with a considerable population. It uses
new nationwide health insurance data,
which was not the case in most studies
originating from LMICs that included
only major urban areas (8). Furthermore,
police records were more complete in
terms of RTC description, whereas hos-
pital records included detailed informa-
tion about the injury and care provided.
This characteristic could be useful in de-
veloping a cost-effective integrated RTI
surveillance system in the DR.

Nonetheless, this study identified
some notable discrepancies that have
to be taken into consideration when de-
veloping an integrated RTI surveillance
system. The foremost problem in both
police and health insurance data sets
was the considerable amount of dupli-
cate records. These problems have rarely
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been highlighted in previous capture-re-
capture studies that focused on estimat-
ing RTI case burden (8, 18). Use of mul-
tiple forms while being treated appeared
to be the logical reason for duplicate re-
porting in the health insurance data set.
One hypothesis is that there might be
some intentional overreporting, as there
is a limit of maximum reimbursement
per collision, and some RTI cases might
be encouraged to register as related to a
new event. Our methods suggested that
these errors were correctable provided
that name, date, and province of colli-
sion, admission diagnosis, and hospital
were linked while new data were be-
ing entered. Clearly, data cleansing is a
prerequisite before construction of an
integrated surveillance system. For the
police data set, correct registration of the
NIN, available in only one-third of po-
lice records, could also reduce duplicate
reporting and facilitate linking of the
two data sets.

Both police and health insurance data
sets included WHO recommended mini-
mum characteristics (11). Nevertheless,

a large number of potentially important
characteristics related to human and risk
factors, such as alcohol consumption,
seat-belt wearing, and helmet use or
traffic volume, were not recorded. These
characteristics could be added inexpen-
sively to the current police data set.
Furthermore, while police data were
uninformative about severity and di-
agnosis, the insurance data set under-
reported fatality as an outcome. The
study showed that semiautomatic link-
ing could improve the availability of
such information if linking characteris-
tics were standardized across different
data sets (19, 20). Regular data update
and RTI case follow-up procedures be-
tween data sets could also improve the
quality of official statistics (21). Forensic
data could be systematically and inex-
pensively accessed as a gold standard to
confirm RTI fatalities (8, 22).

Previous capture-recapture studies in
Latin American and Caribbean coun-
tries, such as Brazil, Colombia, and Ar-
gentina, focused on noncommunicable
and infectious diseases (8). Only one
study (Nicaragua) assessed reporting
of RTI, rail, and other traffic injuries (8,
23). It showed that police records were
more complete than hospital records in
terms of death reporting. Police records
accounted for 1 of 2 deaths but only 1
of 38 injuries, whereas hospital records
accounted for 1 of 5 RTIs and fatalities
(23). This information is consistent with
previous work on RTI estimation us-
ing capture-recapture methods (8). This
study showed that police and insurance
ascertainment of RTI was comparable
in the DR, suggesting sufficient over-
lap required for capture-recapture (8,
17). Nonetheless, underreporting of RTI
needs to be addressed in both police
and hospital data-recording procedures
in the DR. While some RTI cases were
more likely to be found in any of the
data sets alone, it is possible that popu-
lations in rural or low socioeconomic
areas are not adequately represented in
police and hospital records, a potential
limitation in consistently ascertaining
RTI burden.

This study showed that the RTI under-
reporting problem in official statistics
from the DR could be dealt with by
using semiautomated data-linking pro-
cedures. These procedures, which ap-
peared feasible in the DR, could be use-
ful in assessing the quality of data and in
identifying coding and reporting issues
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TABLE 4. Characteristics associated with road traffic injury records in police only and in
insurance only data sets, compared with linked records, Dominican Republic, 2010

Insurance only Police only
Variable (reference category) OR? 95% ClIP OR 95% Cl

Gender (male)

Female 6.7 4.8-9.3 25 1.7-35
Age group, years (0-16)

> 16 0.8 0.6-1.0 1.7 1.2-2.3
Region of occurrence (Cibao North)©

Cibao Northeast 0.9 0.6-1.2 4.1 2.9-5.8

Metropolitan 0.6 0.4-0.7 0.4 0.3-0.5

Valdesia 0.8 0.6-1.2 6.4 4.5-9.1
Day of collision (Sunday)

Monday 1.7 1.3-2.3 1.1 0.8-15

Tuesday 2.7 1.9-3.8 1.5 1.0-2.3

Wednesday 2.7 1.9-3.8 2.1 1.4-3.0

Thursday 2.6 1.9-3.6 29 2.0-4.2

Friday 2.4 1.8-3.3 2.6 1.8-3.6

Saturday 1.1 0.8-1.5 1.6 1.2-2.2
Hour of collision (00:01 am to 5:59 am)

6:00 am to 11:59 am 1.3 1.0-1.7 0.9 0.7-1.2

00:01 pm to 5:59 pm 1.0 0.7-1.3 0.4 0.3-0.5

6:00 pm to 11:59 pm 1.1 0.9-1.5 0.5 0.4-0.7
Month of collision (January)?

February 1.2 0.7-1.8 0.5 0.3-0.9

June 1.2 0.7-2.0 0.8 0.5-1.4

October 1.0 0.6-1.7 1.6 1.0-2.7

November 0.8 0.5-1.4 1.7 1.0-2.8

December 1.4 0.7-2.7 4.5 2.3-8.5
Type of vehicle (motorcycle)

Four-wheeled vehicle 1.0 0.9-1.3 5.0 3.8-6.6

Truck 0.9 0.4-2.0 5.3 2.6-11.0
Road user group (rider/driver)

Occupant 0.8 0.7-1.1 24 1.9-3.1

Pedestrian 0.9 0.6-1.2 0.9 0.6-1.3

2 Adjusted odds ratio.

b Confidence interval.

¢ Showed only most populated country regions.

d Selected months (others months have similar numbers).

in other LMICs, which still rely mostly
on manual information linking (18, 19).
These results could also be useful in
improving awareness of coding-related
problems among police and health pro-
fessionals involved in RTC data col-
lection (20, 21). Nonetheless, we have
concerns about the capture homogeneity
of the population, which is required
for the capture-recapture method to be
valid (17). As RTI cases reported in the
health insurance data set strongly de-

1. Peden M, Scurfield R, Sleet D, Mohan D,
Hyder AA, Jarawan E, et al., eds. World
report on road traffic injury prevention.
Geneva: WHO; 2004. Available from:
http://whqlibdoc.who.int/publica-
tions/2004/9241562609.pdf Accessed 28
March 2011.
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pend on whether they are registered, all
the population might not have the same
probability of being captured by the in-
surance companies. Therefore, we might
have underestimated the actual RTI bur-
den (18). Further, not all characteristics
were coded uniformly; transcription of
Dominican names (usually including
two given and two family names) might
have resulted in an inability to identify
all unique records in the linking process
with the commonly used software as is
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RESUMEN

Factibilidad de la vigilancia de
las lesiones por accidentes

de transito mediante la
integracion de los conjuntos
de datos de la policia y del
seguro nacional de salud en la
Republica Dominicana

Palabras clave

Objetivo. Evaluar la factibilidad de la vinculacion semiautomatica de los registros
de casos de lesiones por accidentes de transito (LAT) de diferentes conjuntos de datos
en paises de ingresos bajos y medianos.

Meétodos. La poblacion de estudio la constitufan los casos de LAT ocurridos en la
Reptblica Dominicana en el 2010 y registrados en los conjuntos de datos de la policia
y del seguro nacional de salud. Después de eliminar los casos duplicados y corregir
la notificacién de defunciones a partir de los datos forenses, se vincularon los regis-
tros de LAT de la policia y el seguro de enfermedad si los casos correspondian a la
misma provincia, fecha de colisién y sexo, y la edad era similar con una diferencia no
superior a cinco afos. Se evalu6 la probabilidad de aparecer inicamente en uno de los
conjuntos de datos mediante un modelo de regresién logistica polinédmica.
Resultados. Uno de cada cinco registros estaba duplicado (21,1% de los 6 396 regis-
tros de la policia y 16,2% de los 6 178 registros del seguro). En el conjunto de datos del
seguro nacional de salud se registraron 43 de las 417 defunciones como tinicamente
lesionados. Mediante el método de captura-recaptura se calculé6 que en ambos con-
juntos de datos se registraban uno de cada cinco casos de LAT. Las caracteristicas aso-
ciadas con una mayor probabilidad (P < 0,05) de aparecer iinicamente en el conjunto
de datos de la policia fueron el sexo femenino (razén de posibilidades ajustada [OR]
=2,5),1a edad > 16 afios (OR = 1,7), la colisién en las regiones del nordeste de Cibao
(OR =4,1) y Valdesia (OR = 6,4), el dia del accidente de martes a sdbado (OR de 1,5 a
2,9), el mes del accidente de octubre a diciembre (OR de 1,6 a 4,5) y los ocupantes de
vehiculos de cuatro ruedas (OR = 5,4) o camiones (OR = 5,3).

Conclusiones. Los procedimientos sistematicos de vinculacién semiautomatizada se
mostraron factibles para evaluar la carga de LAT en la Republica Dominicana, y se
podrian mejorar mediante la codificacion estandarizada de las notificaciones de LAT
de la policia y del seguro nacional de salud.

Andlisis de datos; accidentes de transito; heridas y traumatismos; seguridad; seguro
de salud; Reptblica Dominicana.
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