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Abstract
OBJECTIVES—Overweight children are at increased risk for many medical problems. Trauma is
the leading etiology of childhood morbidity and mortality. No previous study has evaluated the
association between overweight and acute ankle injuries in children. We hypothesized that being
overweight is associated with an increased risk of ankle injury in children.

METHODS—We conducted a case-control study in an urban pediatric emergency department.
Subjects aged 5 to 19 years were recruited from June 2005 through July 2006. Children with acute
ankle trauma were enrolled as cases. A convenience sample of children with a chief complaint of
fever, headache, or sore throat was enrolled as controls. Demographic information and
anthropometric measurements were obtained. Age- and gender-specific body mass index percentiles
(BMI-Ps) were calculated using pediatric norms.

Multivariate unconditional logistic regression was used to assess the relationship between overweight
and ankle injury, adjusting for demographic variables. Through medical records, we obtained
demographic information and weight, but not height, of all cases who were not enrolled. This allowed
us to conduct a sensitivity analysis in which we combined the enrolled and non-enrolled cases into
a single case group and made increasingly more unlikely assumptions about the height percentiles
of the non-enrolled cases.

RESULTS—There were 180 cases and 180 controls enrolled in the study. We observed a significant
association between overweight and ankle injury (multivariate-adjusted OR: 3.26; 95% CI: 1.86–
5.72; P value for trend <.0001). Although this result may be an overestimate of the magnitude of the
association due to a possible bias in the selection of cases, sensitivity analysis demonstrated the
robustness of the statistical significance of the finding.

CONCLUSIONS—Overweight children may be at increased risk of ankle injury.
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INTRODUCTION
Childhood obesity has become a global epidemic with more than 155 million overweight
children worldwide.1 In the United States, 34% of children are categorized as being overweight
(body mass index percentile [BMI-P] ≥95) or at risk for overweight (BMI-P ≥85 to <95). 2
Moreover, the prevalence of overweight among children and adolescents has nearly tripled
over the past two decades.3 Overweight children are at increased risk for many medical
problems, which may continue through adulthood.4

Trauma is the most common cause of childhood morbidity and mortality. In the United States
more children die from injuries than from all other conditions combined. In 2004 more than 9
million non-fatal injuries occurred in children and adolescents,5 4% of which were ankle
injuries.6 Ankle injuries can result in more long-term lifestyle-limiting disability than
commonly perceived.7, 8

Despite the increase in childhood obesity and the high prevalence of trauma in childhood,
relatively few studies have been conducted to assess the relationship between the two. A cross-
sectional survey of 9 to 17 year old children based on self-report showed an association between
obesity and the occurrence of injuries,9 and a chart review of the records of children and
adolescents found an association between overweight orthopedic difficulties, including
musculoskeletal discomfort and impaired mobility.10 The combination of increased body mass
and previous ankle sprain is associated with a higher risk of subsequent sprains in high school
athletes.11 Both adults and children who sustain an ankle injury and are obese are likely to
have greater long-term ankle morbidity than their normal weight counterparts.12, 13 The
current literature demonstrates a clear increased risk for the occurrence and morbidity of many
different injuries in obese individuals.

We hypothesize that children who are overweight have an increased risk of ankle injury. To
our knowledge, no previous study has examined the relationship between overweight and the
occurrence of ankle injury in a general population of children.

METHODS
Study Design

This was a case-control study, which was approved by our institution’s Human Investigation
Committee. The need for written informed consent was waived. Verbal consent was obtained
from caretakers (or patients 18 years or older), and verbal assent was obtained from patients
younger than age 18 years, at the time of enrollment. The families were told that we were
conducting a study looking at the relationship between ankle injuries and obesity.

Study Setting and Population
This study was conducted from June 2005 to July 2006. Cases and controls were children aged
5 to 19 years presenting to an urban pediatric emergency department (PED) with approximately
31,000 yearly visits. Cases were children with a chief complaint of acute ankle injury, defined
by any musculoskeletal trauma to the ankle while ambulatory. PED physicians were asked to
recruit cases consecutively, twenty-four hours a day. Controls were children who presented
during this same time period with a chief complaint of fever, headache, or sore throat. Controls
were enrolled consecutively as a convenience sample during shifts (between 8am and midnight)
when a research associate was available in the PED. Exclusion criteria for cases and controls
included inability to obtain weight or height, previous enrollment, and primary language other
than English or Spanish. Exclusion criteria for the cases included non-accidental trauma and
final diagnosis other than an ankle injury.
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Study Protocol
Information was collected for all recruited subjects on gender, age, race/ethnicity, and
insurance status. Weight and height were measured using an electronic scale and stadiometer
with study participants in street clothes. Age- and gender-specific BMI-Ps, weight percentiles
(Wt-Ps), and height percentiles (Ht-Ps) were calculated using the Centers for Disease Control
and Prevention pediatric growth charts.14, 15

Our intent was to approach for recruitment all ankle injury patients. However, in practice, many
patients were not approached during times when the emergency department was particularly
busy. Consequently, we used our computerized medical record system (Lynx, Lynx Medical
Systems, Bellevue, WA) to identify all nonparticipant cases (patients with ankle injuries who
were not recruited into the study). Through chart review, we collected information for these
nonparticipants on gender, age, race/ethnicity, insurance status, and weight, but information
on height was not available. Wt-Ps, but not Ht-Ps or BMI-Ps (due to the lack of information
about height), were calculated for these nonparticipants.

Data Analysis
We used the standard categorizations of BMI-P ≥95% as overweight, BMI-P ≥85 to <95 as at
risk for overweight, and BMI-P <85 as normal weight.2

Characteristics of cases and controls, as well as cases and nonparticant cases, were compared
using frequency distributions (chi-square test) and means (t-test). Multivariate unconditional
logistic regression was used to calculate multivariate-adjusted odds ratios (ORs) as estimates
of relative risk, along with the corresponding 95% confidence intervals (CIs), for ankle injury
cases compared with controls in relation to overweight and at risk for overweight, using normal
weight children as the reference group. The adjustment variables in the models were age,
gender, race/ethnicity, insurance status, and month of admission. Month of admission was
included as an adjustment variable because there was some imbalance in the month of
admission of cases compared to controls, and we were concerned that BMI-P might be
associated with season. To test for the significance of the linear trend, we included BMI-P
category as an ordinal variable (the three levels being normal weight, at risk for overweight,
and overweight) in a multivariate logistic regression model. The P value for trend was derived
from the likelihood ratio statistic. We considered P values < .05 to be statistically significant.

We compared the prevalences of overweight and at risk for overweight among the controls
with those expected according to national estimates by calculating standardized prevalence
ratios (SPRs) using age-, gender-, and race/ethnicity-specific prevalence estimates for 2003–
2004 from the National Health and Nutrition Examination Survey2 as the standard. A SPR of
1.0 indicates that the prevalence among the controls was the same as the national prevalence.

RESULTS
Participants

During the study period, 323 unique patients with ankle injuries due to accidental trauma were
seen at the PED. Of those, 180 cases (55.7%) were recruited by physicians to participate in the
study. There were 180 controls recruited, with only two refusals. The case group was similar
to the control group with respect to race/ethnicity and month of admission (Table 1). However,
cases were older than (P < .0001), more frequently male than (P = .09), and more likely to
have private insurance than (P = .06) controls (Table 1).
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The prevalences of overweight and at risk for overweight among the controls were similar to
the expected prevalences based on national estimates (SPR = 1.04 for overweight and 1.09 for
at risk for overweight).

Outcomes
Cases were significantly more overweight than controls, as measured by mean BMI-P (P =.
0001) and by BMI-P category distribution (P < .001) (Table 1). The multivariate analysis
demonstrated a significant association between overweight and ankle injury (multivariate-
adjusted OR: 3.26; 95% CI: 1.86–5.72) and a significant trend of increasing risk of ankle injury
with increasing BMI-P category (P < .0001) (Table 2).

The mean weight percentile of cases was higher than that of the nonparticipant cases identified
through medical records (79.4±23.9 versus 74.0±25.2; P =.05), suggesting a possible bias
toward selection of overweight children into the participant case group. (We are not certain
that such a bias occurred because we did not know the heights of the nonparticipant cases.)

To assess this possible bias, we combined the 180 participant cases and the 143 nonparticipant
cases into a single case group (N = 323). We then performed a sensitivity analysis in which
we calculated multivariate-adjusted ORs for overweight in relation to ankle injury using
increasingly more unlikely assumptions about the height percentiles of the nonparticipant cases
in the direction that would attenuate the association. Thus, if we assumed that the all the
nonparticipant cases were in the 58th height percentile (similar to the participant cases and
controls – Table 1), the multivariate-adjusted OR was 2.63 (95% CI: 1.63–4.24; P value for
trend < .0001). The following are the results for increasingly more unlikely assumptions:
75th height percentile (multivariate-adjusted OR: 2.23; 95% CI: 1.38–3.61; P value for trend
< .001); 85th height percentile (multivariate-adjusted OR: 2.07; 95% CI: 1.28–3.34; P value
for trend = .003); 90th height percentile (multivariate-adjusted OR: 1.97; 95% CI: 1.22–3.18;
P value for trend = .006); and 95th height percentile (multivariate-adjusted OR: 1.79; 95% CI:
1.11–2.89; P value for trend = .02).

DISCUSSION
We observed a significant association between overweight and ankle injury (multivariate-
adjusted OR: 3.26; 95% CI: 1.86–5.72; P value for trend <.0001). Although this result may be
an overestimate of the magnitude of the association due to a possible bias toward selection of
overweight cases (presumably due to the physician recruiters knowing the study hypothesis),
sensitivity analysis demonstrated the robustness of the statistical significance of the finding.
Thus, even under the highly unlikely assumption that all the nonparticipant cases were in the
95th height percentile, the multivariate-adjusted OR would have been 1.79, with a 95% CI of
1.11–2.89 and P value for trend of .02. Because we did not know the heights of the
nonparticipant cases, we are not certain that a selection bias did occur. However, we
conservatively estimate that the risk of ankle injury in overweight children is at least two-fold
greater than the risk in normal weight children.

It does not appear that this result could be explained by any other bias. Bias in the selection of
the control group is unlikely because the prevalences of overweight and at risk for overweight
among the controls were similar to the prevalences expected according to national estimates.
Because controls were not recruited from midnight to 8 am, there may have been a difference
between cases and controls with regard to time of day of emergency department visit. However,
most ankle injuries occur and are triaged during ‘waking hours,’ suggesting that this difference
would have been small. Finally, although it is possible that children with ankle injuries who
present to the emergency department are more overweight than those who do not, we know of
no evidence in favor of this hypothesis.
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There are a few possible mechanisms that could explain the increased risk of ankle injuries in
overweight children. That the ankle bears more weight in overweight compared to normal
weight children may increase the risk of ankle injury among the overweight. In addition, poor
balance, objectively measured as unstable postural sway, has been identified as a risk factor in
ankle injuries,16 and overweight male adolescents have poorer single-limb stance balance than
normal weight individuals.17 However, the exact biomechanics of childhood injuries in the
overweight is largely unknown and requires further investigation.18 In particular, it may be
useful to study the association of overweight with other known risk factors for ankle injuries,
such as limited dorsiflexion and impaired proprioception.19 Additionally, it may be useful to
examine the association of overweight and ankle injury severity. However, this is difficult as
pediatric ankle injuries are complex and difficult to classify objectively.20

CONCLUSIONS
This is the first study in an emergency department setting to describe that overweight children
may have an increased risk of ankle injuries. Additional studies should explore the risk of other
specific childhood injuries in overweight children, the association of overweight and injury
severity, and the biomechanics of these associations. Our new findings may have implications
for prevention and management of minor childhood trauma and obesity in the emergency
department.
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Table 1
Baseline Characteristics of Cases and Controls

Characteristic Cases (N = 180) Controls (N = 180) P value

Male sex, n (%) 105 (58.3) 89 (49.4) .09
Age in years, mean (SD) 13.7 (3.0) 11.6 (4.1) <.0001
Race/ethnicity, n (%) .82
 White 58 (32.2) 63 (35.0)
 Black 67 (37.2) 70 (38.9)
 Hispanic 51 (28.3) 44 (24.4)
 Other 4 (2.2) 3 (1.7)
Insurance*, n (%) .06
 Private 84 (46.7) 62 (34.6)
 Medicaid 80 (44.4) 94 (52.5)
 Other 16 (8.9) 23 (12.8)
Month of admission, n (%) .29
 January – March 35 (19.4) 48 (26.7)
 April – June 37 (20.6) 28 (15.6)
 July – September 65 (36.1) 67 (37.2)
 October – December 43 (23.9) 37 (20.6)
BMI percentile† <.001
 <85 75 (41.7) 109 (60.6)
 ≥85 – <95‡ 40 (22.2) 35 (19.4)
 ≥95§ 65 (36.1) 36 (20.0)
BMI percentile, mean (SD) 80.1 (23.2) 69.7 (26.6) .0001
Weight percentile .001
 <85 73 (40.6) 105 (58.3)
 ≥85 – <95 46 (25.6) 41 (22.8)
 ≥95 61 (33.9) 34 (18.9)
Weight percentile, mean (SD) 79.4 (23.9) 70.3 (26.3) <.001
Height percentile .78
 <85 128 (71.1) 133 (73.9)
 ≥ 85 – <95 29 (16.1) 28 (15.6)
 ≥ 95 23 (12.8) 19 (10.6)
Height percentile, mean (SD) 57.2 (30.7) 57.8 (29.8) .84

*
N = 179 for controls due to a missing value.

‡
At risk for overweight.

§
Overweight.
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Table 2
Multivariate-adjusted odds ratios for ankle injuries in relation to overweight and at risk for overweight

BMI Percentile Cases (N=180) Controls (N=180)† Multivariate-adjusted odds
Ratio (95% CI)

<85 (Normal weight) 75 109 1.00
≥ 85 - <95 (At risk for overweight) 40 35 1.73 (0.95–3.14)

≥ 95 (Overweight) 65 36 3.26 (1.86–5.72)

P-value for trend <.0001

*
Adjusted for age, gender, race/ethnicity, insurance status and month of visit.

†
N=179 controls in the multivariate analysis due to a missing value for insurance status.
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