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Background: Family characteristics have been described as risk factors for child pedestrian and motor
vehicle collision. Research results come mainly from developed countries, where family relationships
could be different than in developing ones.
Objective: To examine family characteristics as risk factors for pedestrian injury in children living in
Guadalajara City, Mexico.
Methods: Case-control study of injuries among children 1–14 years of age involved in
pedestrian-motor vehicle collisions. Cases resulting in death or injuries that required hospitalization or
medical attention were included and identified through police reports and/or emergency room regis-
tries. Two neighborhood matched controls were selected randomly and compared with cases to esti-
mate odds ratios (OR) and 95% confidence intervals (CI).
Results: Significant risk factors were: male (OR 2.3, 95% CI 1.2 to 4.4), number of siblings in house-
hold (two siblings, OR 3.2, 95% CI 1.4 to 6.6; three siblings, OR 4.5, 95% CI 1.9 to 11.0; four or
more siblings, OR 3.7, 95% CI 1.1 to 12.9), and number of non-siblings/non-parents in household
(four or more, OR 6.2, 95% CI 1.5 to 26.6). Children of a sole mother, working mother, or
grandmother living in house did not show increased risk after adjusting for socioeconomic conditions.
Conclusion: Household size has implications for child pedestrian and motor vehicle collision preven-
tion efforts and is relatively easy to identify. Also, the lack of risk association with working mothers may
indicate that grandmothers are not part of the social support network that cares for children of working
mothers.

Few studies have examined the relationship between fam-
ily characteristics and child pedestrian injuries. Risk
factors that have been identified include crowding,1–3

number of children at home,4 sole parenthood,1 4 mother’s age,
and being a working mother.3 For at least one risk factor, sole
parenthood, an effect modification by ethnic group has been
reported,5 highlighting the need for multicultural research.
The present study was designed to examine the effect of fam-
ily structure characteristics on child pedestrian injury in
Guadalajara Metropolitan Area, Mexico, where pedestrian and
motor vehicle collision is the main cause of injury death in
children 1–14 years of age.6

METHODS
A case-control study of child pedestrian injuries was
conducted in the Metropolitan Area of Guadalajara (counties
of Guadalajara, Zapopan, Tlaquepaque, and Tonala) during
1999. Cases were children 1–14 years old who were killed or
injured and admitted to a hospital or emergency room as a
result of a pedestrian-motor vehicle collision. The Attorney
General Office of Jalisco and emergency care posts registries
were used to identify children who met these criteria.

Two controls were chosen for each case within the same
neighborhood using the following method. Upon leaving the
house of each case, the interviewer knocked at the door of the
house located immediately to the left asking whether a child
1–14 years old lived there; if the answer was positive,
authorization was requested to conduct the interview. If more
than one child lived in the house, one of them was chosen
randomly as the control. If there were no children living in
the house, or permission was denied to conduct the
interview, the next house to the left was approached in the
same manner. If no one was home, the interviewer asked

neighbors whether any children 1–14 years old lived in the
house. If so, three additional attempts were made to get the
interview. If unsuccessful, the next house to the left was tried
until the controls were obtained for the case.

Interviews for cases were conducted within the first 30 days
after the injury event. Both case and control information was
obtained from the parents by direct interview in the house. All
characteristics investigated were pertinent to the children, the
family, and the house. Child variables included gender, age in
years, and time on street playing (hours/week). Family
questions included home presence of parents, school educa-
tion, working employment (yes, no), age, and relation to the
case/control of other persons living in the house. Housing
conditions included type of construction material, house type
(separate house, apartment, other type), and ownership (self
owned, rented, borrowed).

Relative risk for fatal and non-fatal injury was estimated
using crude and adjusted odds ratios (OR). Statistical
inference included 95% confidence intervals (CI). Multivariate
OR were calculated by conditional logistic regression, match-
ing by neighborhood. Residual socioeconomic confounding
was adjusted by floor material as a proxy for income. In the
Metropolitan Area of Guadalajara, monthly household income
for families living in a house with a floor surface made of dirt,
cement, or concrete is US$532, while for those living in a
house with a floor surface made with tile or other material is
US$822 (data from the 2000 year Mexican census data base,
tabulated by AC).
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RESULTS
A total of 131 fatal and non-fatal child pedestrian injuries
were identified during the study period. Interviews were con-
ducted with 86 of the eligible cases (66%); missing cases
included 31 false addresses (23.7%), nine refused to partici-
pate (6.9%), four moved out (3.0%), and one was not found
after three visits (0.8%). Neighborhoods did not differ between
missing and completed cases. Among potential controls, 11
refused to participate (6.4%), and they were substituted by
neighbors.

Despite matching by neighborhood, socioeconomic differ-
ences existed between cases and controls (table 1). Cases were
more likely to live in houses with dirt, cement or concrete
floors, in apartments, and borrowed places. Cases also more
frequently had a mother working (OR 2.1, 95% CI 1.1 to 4.0).

Parent age and education and father working did not show
significant differences.

Regarding child characteristics (table 2), cases were more
likely males (OR 1.6; 95% CI 0.4 to 1.1), younger than 10 years
old (OR 1–4 years old 1.4, 95% CI 0.7 to 3.0; 5–9 years old 1.5,
95% CI 0.8 to 3.0), and spent more time on the street playing
(trend χ2 , p<0.05).

Table 3 shows the risk associated with persons living in the
house. Sole motherhood was not associated with increased
risk. However, the risk for pedestrian injury increased as the
number of siblings increased (trend χ2 , p<0.05). Likewise, the
risk for children living in houses shared with five or more
non-siblings/non-parents is higher (OR 2.0, 95% CI 0.7 to 5.9)
than those living in houses shared with four or fewer
non-siblings/non-parents. Some of these non-siblings/non-
parents include the grandmother and the grandfather, which

Table 1 Risk of child pedestrian injury associated with sociodemographic variables

Variable

No (%) in group

OR 95% CICases Controls

Floor material
Dirt, cement, or concrete 18 (20.9) 21 (12.2) 1.9 0.9 to 4.0
Tile or other 68 (79.1) 151 (87.8) 1.0

Housing type
Separated house 73 (84.9) 151 (87.8) 1.0
Apartment 8 (9.3) 12 (7.0) 1.4 0.5 to 3.8
Other type of housing 5 (5.8) 9 (5.2) 1.1 0.3 to 4.0

House ownership
Self owned 51 (59.3) 100 (58.1) 1.0
Rented 22 (25.6) 57 (33.1) 0.8 0.4 to 1.4
Borrowed 13 (15.1) 15 (8.7) 1.7 0.7 to 4.2

Father’s age (years)*
17–24 3 (4.3) 6 (4.3) 0.8 0.1 to 4.1
25–34 22 (31.9) 60 (43.5) 0.6 0.3 to 1.2
>35 44 (63.8) 72 (52.2) 1.0

Father’s education (years of school)*
Elementary or less (<6 years) 41 (59.4) 86 (62.3) 0.9 0.5 to 1.7
More than elementary (>6 years) 28 (40.6) 52 (37.7) 1.0

Working father*
No 4 (5.8) 6 (4.3) 1.4 0.3 to 5.9
Yes 65 (94.2) 132 (95.7) 1.0

Mother’s age (years)†
17–24 5 (6.0) 20 (11.7) 0.4 0.1 to 1.2
25–34 36 (42.9) 83 (48.5) 0.7 0.4 to 1.2
>35 43 (51.2) 68 (39.8) 1.0

Working mother†
No 59 (70.2) 142 (83.0) 1.0
Yes 25 (29.8) 29 (17.0) 2.1 1.1 to 4.0

Mother’s education (years of school)†
Elementary or less (<6 years) 47 (56.0) 101 (59.1) 0.9 0.5 to 1.6
More than elementary (>6 years) 37 (44.0) 70 (40.9) 1.0

*Seventeen cases and 34 controls did not report father in the family.
†Two cases and one control did not report mother in the family.

Table 2 Risk of child pedestrian injury associated with child variables

Variable

No (%) in group

OR 95% CICases Controls

Gender
Female 30 (34.9) 80 (46.5) 1.0
Male 56 (65.1) 92 (53.5) 1.6 0.4 to 1.1

Age group (years)
1–4 24 (27.9) 44 (25.6) 1.4 0.7 to 3.0
5–9 38 (44.2) 65 (37.8) 1.5 0.8 to 3.0
10–14 24 (27.9) 63 (36.6) 1.0

Time on street playing (hours/week)
0 37 (43.0) 96 (55.8) 1.0
1–5 23 (26.7) 41 (23.8) 1.5 0.7 to 2.9
6–10 13 (15.1) 21 (12.2) 1.6 0.7 to 3.8
>11 13 (15.1) 14 (8.1) 2.4 0.9 to 6.1
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showed a weak association with child pedestrian injury (OR
1.9, 95% CI 0.8 to 4.4; OR 1.4, 95% CI 0.5 to 3.8; respectively).

Multivariate analyses were conducted adjusting by floor
material (a proxy of socioeconomic condition) and time play-
ing on the street (table 4). Statistically significant associations
are found for male gender (OR 2.3, 95% CI 1.2 to 4.4), number
of siblings in the house (two siblings, OR 3.1, 95% CI 1.4 to 6.6;
three siblings, OR 4.6, 95% CI 1.9 to 11.0; four or more siblings,
OR 3.7, 95% CI 1.1 to 12.9), and four or more non-siblings/
non-parents living in the house (OR 6.2, 95% CI 1.5 to 26.6).
At this time we were interested in looking at non-siblings/
non-parents who were aged 15 or over. When four or more are
taken into account, the adjusted OR is 6.7, 95% CI l.5 to 29.2
(result not show in table). No association with sole
motherhood or grandmother living in the same house was
found.

DISCUSSION
Results from this study confirm previous reports that
associate crowding in a house with an increase risk of pedes-
trian and motor vehicle collision for children 1–14 years old.
This association is independent from socioeconomic condition
and time playing on the street. This could be explained by two
different causal mechanisms: one related to the number of
siblings and another with the number of non-siblings/non-
parents living in the same house. Morrongiello and Bradley

explored the influence of older siblings on younger siblings,
highlighting the potential power to influence them in certain
behaviors.7 It would seem believable in a household with a
greater number of siblings that one of them would undertake
greater risk behaviors with certain frequency. This child would
influence the decision making process of his brothers or
sisters. This might explain why there is a relationship between
the number of brothers/sisters and injury in pedestrian and
motor vehicle collisions. On the other hand, we do not know of
any association already reported between number of non-
siblings/non-parents living in the same house and the risk of
pedestrian injury. Agran et al explored the relationship that
might exist between no, one, and two or more related adults
living in the same house and risk of injury, finding a very
slight association, statistically non-significant.1 We also found
increased risk with four or more non-siblings/non-parents liv-
ing in the same house; however some of them were not related
to the cases. Additionally, this association persisted when only
those 15 or more years of age were taken into account. One
potential explanation for this is that with so many people liv-
ing in the same house, the responsibility for care of children
falls on several of them, but nobody in particular complies.

In contrast to other studies we did not find a greater risk for
children living only with one parent.1 4 5 Roberts reported that
this association was modified by ethnic group, remarking that
the risk was different depending upon the origin of the fam-
ily: European, Maori, or Pacific Islander.5 Later, Roberts and
Pless pointed out that the association between “lone
parenthood and childhood injury could be explained in terms
of . . . poverty, poor housing, and social isolation”, which are
frequent characteristics of lone mothers.8 Our study supports
this conclusion as case-control matching by neighborhood
eliminated confounding by socioeconomic factors.

Crude analysis showed an increased risk for children whose
mothers had to work outside the home, but this risk did not
hold after adjusting by material of the floors (proxy of house-
hold income) and by time playing on the street. This result
differs from that reported by others.3 We also assumed that if
there was a support network for child care, the grandmother
could be part of it. However, the crude analysis showed the
grandmother increased the risk of injury by 90%. This makes
sense if a grandmother’s age and health affect the level of
attention and care required by a child less than 15 years old.

A strength of this study was the willingness of subjects to be
interviewed. The majority of cases and controls participated

Table 3 Risk of child pedestrian injury associated with persons living in the house

Variable

No (%) in group

OR 95% CICases Controls

Parents in the house
Both parents 68 (79.1) 138 (80.2) 1.0
Sole father 1 (1.2) 0
Sole mother 16 (18.6) 33 (19.2) 1.0 0.5 to 2.0
None 1 (1.2) 1 (0.6) 2.0

Number of siblings in the house
0 or 1 28 (32.6) 92 (53.5) 1.0
2 27 (31.4) 42 (24.4) 2.1 1.5 to 4.2
3 22 (25.6) 23 (13.4) 3.1 1.4 to 6.9
>4 9 (10.5) 15 (8.7) 2.0 0.7 to 5.4

Number of non-siblings/non-parents in the house
0 70 (81.4) 138 (80.2) 1.0
1–4 7 (8.1) 25 (14.5) 0.6 0.2 to 1.4
>5 9 (10.5) 9 (5.2) 2.0 0.7 to 5.9

Grandmother in the house
No 73 (84.9) 157 (45.6) 1.0
Yes 13 (15.1) 15 (4.4) 1.9 0.8 to 4.4

Grandfather in the house
No 78 (90.7) 160 (31.0) 1.0
Yes 8 (9.3) 12 (2.3) 1.4 0.5 to 3.8

Table 4 Adjusted odd ratios and 95% confidence
intervals for selected variables

Variable OR (adjusted)* 95% CI

Sex
Female 1.0
Male 2.3 1.2 to 4.4

Number of siblings in the house
0 or 1 1.0
2 3.1 1.4 to 6.6
3 4.6 1.9 to 11.0
>4 3.7 1.1 to 12.9

Number of non-siblings/non-parents in the house
<3 1.0
>4 6.2 1.5 to 26.6

*Estimators adjusted reciprocally by floor material and time of
on-street playing.
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(refusal rates below 7%). Study limitations include the inabil-
ity to locate all potential cases, primarily because of false
addresses (23.7%). Another study in this region reported
similar problems with false addresses (20.0%).9 However, we
have no evidence to support any association between false
addresses and studied risk factors. If there is a bias, we believe
it would be non-differential.

A second limitation is the questionnaire. While it was
structured with short questions and closed answers, it was not
validated. Since the same questionnaire was used for both
cases and controls, bias would likely be towards the null.
Memory bias is also a concern for case-control studies. Since
interviews were conducted within one month after the event,
and almost all explored risk factors have a very low change
rate, memory would have little impact. Of major concern,
however, is the time on-street playing. Since this variable was
used only to adjust for odds ratios in the multivariate analysis,
we do not know if this introduced a differential bias between
cases and controls.

IMPLICATIONS FOR PREVENTION
Although family size is not likely to be a modifiable risk factor,
it could be used to identify children at greater risk for injuries
as pedestrians and direct preventive measures such as home

visits.10 It is clear that increased numbers of household mem-
bers put children at risk of pedestrian injuries, and this
association is independent of socioeconomic condition and
time playing on the street. Because it seems that closer super-
vision for children with high numbers of household members
decreases rather than increases, preventive actions to reduced
risk must be supported by environmental rather than
educational interventions. Finally, identifying whether large
households contain family or non-family members is neces-
sary when developing strategies to reduce child pedestrian
and motor vehicle collision.
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Key points

• Household size is a key risk factor.
• Crowding as a risk factor could be explained by at least

two different etiologic paths: one related to the number of
siblings living in the house and the other with the number of
non-siblings/non-parents living at home.

• In the Guadalajara Metropolitan Area, sole motherhood
and being a working mother are not risk factors.

• Presence of a grandmother living in the house does not
change risk.
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