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Summary
Objective: To test the association between obesity and 
specific types and anatomical sites of unintentional in-
juries in older adults. Methods: Participants consisted of 
52,857 men and women aged ≥65 years from the 2003 
and 2005 Canadian Community Health Survey. Weight, 
height, and details on injuries occurring in the past year 
were obtained by survey. Results: Obese individuals had 
a higher risk for sprains/strains occurring at any anatom-
ical site (odds ratio, 95% confidence interval: men 1.48, 
1.48–1.62; women 1.14, 1.10–1.27). Conversely, obese 
individuals were less likely to have a fracture at any ana-
tomical location (men 0.56, 0.50–0.63; women 0.66, 0.51–
0.92) or at the hip (men 0.31, 0.12–0.53; women 0.42, 
0.29–0.92). Finally, obese older adults did not experience 
more superficial injuries than normal-weight individuals. 
Conclusion: Among this large sample of older adults, 
obesity provided some protection against fractures but 
was associated with higher odds for sprains/strains.

Introduction

The average age of Canadians is increasing [1] as is the pro-
portion of older adults who are overweight or obese [2]. 
Obesity is a well established risk factor for several chronic 
 disorders [3] and physical disability [4] in older adults. There 
is also emerging evidence that obesity is associated with unin-

tentional injury [5–8], defined as injuries that do not involve 
violence or neglect. Unintentional injuries are a potentially 
important outcome of obesity to study in the elderly given 
that they account for 34% of deaths in this age group [9]. 

The majority of research examining the relationship be-
tween obesity and unintentional injuries within older adults 
has examined fracture and sprain/strain injury subtypes that 
have occurred at varying anatomical sites [5, 7, 8, 10]. Studies 
that have considered a specific anatomical site have focused 
primarily on hip fractures [11–14], an injury that is associated 
with a loss of independence and premature mortality [15, 16]. 
Interestingly, obese older adults have a reduced risk of hip 
fracture [17, 18], potentially due to their higher bone mineral 
density [19] and increased fat mass [20] the latter of which 
would act as a cushion upon impact during a fall. Although 
hip fractures are clearly an important injury to consider, other 
types and anatomical sites are also worthy of study. For in-
stance, sprains/strains are the most frequent injuries in older 
adults [21], are extremely costly [22], and are associated with 
muscle pain and a decrease in flexibility [23], which in turn 
may influence ambulation and independent living [24]. 

In addition to the scarcity of studies outside of hip fracture, 
existing studies evaluating the association between obesity 
and injury have seldom been based on any underlying theo-
retical framework. A theoretical framework helps guide the 
research questions and determines what variables and statisti-
cal relationships would be important to study. Development 
of such a framework could help guide injury control research 
and prognostic studies in obesity research. 

Therefore, the objectives of this study were to i) develop a 
theoretical framework linking obesity to specific types of in-
jury occurring in different anatomical sites within older adults 
and ii) test the newly developed framework within a nation-
ally representative sample of older adults. 

http://dx.doi.org/10.1159%2F000322873
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Material and Methods

Objective 1: Development of Framework on Obesity and Injury Risk 
We used the risk and protective factor theory approach to develop our 
framework [25]. This approach is based on the identification and balanc-
ing of risk and protective factors for a specific outcome [26] and has been 
used extensively in the field of psychology to determine strategies to 
 decrease negative behaviors [27]. In our study we conducted literature 
reviews to identify biological and biomechanical factors that may increase 
or decrease the risk for the most common types and locations of injuries 
in obese and overweight older persons. After completing the literature 
reviews, discussions were held amongst the authors to refine the list of 
potential protective and risk factors identified, and to consider the magni-
tude of protection or risk caused by these factors.

Objective 2: Testing of Framework on Obesity and Injury Risk 

Study Sample
The study sample used to test the framework consisted of men and 
women aged 65 and older who participated in the 2003 and 2005 cycles of 
the Canadian Community Health Survey (CCHS) [28]. For this study 
data from 52,857 adults were analyzed. CCHS is a nationally representa-
tive cross-sectional survey conducted every 2 years across Canada. 
Briefly, it consists of a detailed home or telephone interview and requests 
information on disability, diseases, health services performance, injuries, 
mental health and well-being. Extensive details about the questionnaire 
items, methodology, data accuracy and documentation are available on 
the Statistics Canada website [28]. 

Overweight and Obesity
BMI (= weight/height2) was calculated based on self-reported weight (kg) 
and height (m). Standard BMI thresholds [29] were used to create 
 normal-weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese 
(≥30 kg/m2) categories. Underweight individuals (≤18.49 kg/m2), who rep-
resented 1.2% of the study sample, were excluded because the mecha-
nisms linking a low weight to injury risk are different from the mecha-
nisms that link excessive weight and injury risk.

Unintentional Injury
Unintentional injury includes injuries that are mostly preventable and do 
not involve violence or neglect [30]. In this study, injured individuals were 
characterized as such if they provided a positive response to the question 
‘Not counting repetitive strain injuries, in the past 12 months, were you 
injured?’ Injured participants then completed a series of questions aimed 
at obtaining information on the nature, anatomical site, need for hospital 
admission, external cause and activity limitations of their most serious 
 injury. The natures of injuries listed were: multiple injuries, fractured 
bones, burn/scalds, dislocations, sprains/strains, cuts, scrapes/bruises/blis-
ters, brain injuries or other. The locations of injuries listed were: hip mul-
tiple, eye(s), head, neck, shoulder, elbow, wrist, hand, hip, thigh, knee, 
ankle, upper back, lower back, chest and abdomen. Fractured bones and 
dislocation were combined together for analyses and are presented as 
fractures in the article. Scrapes/bruises/blisters are identified in the 
present article as superficial injuries.

Confounding Variables
Based on past research and theoretical considerations, an array of poten-
tial confounders was included in the analyses: age, sex, ethnicity, physical 
activity level, smoking status, alcohol intake and current medical condi-
tion. Age was considered as a continuous variable. Ethnicity was catego-
rized in two groups (Caucasian and other). Moderate-to-vigorous intensity 
physical activity was self-reported for 16 common activities. Typical fre-
quencies and duration of these activities were used to calculate a weekly 

mean time devoted to physical activity, and participants were categorized 
as ‘sedentary’ (<15 min/week), ‘slightly active’ (15–149 min/week), or ‘ac-
tive’ (≥150 min/week). The lower cut-point of activity in the ‘active’ group 
corresponds to the public health guidelines for physical activity [31]. Alco-
hol intake was calculated based on the frequency of consumption (never, 
monthly, weekly or daily). Participants were considered ‘current smokers’ 
if they smoked cigarettes at the time of the survey, ‘former smokers’ if 
they were not currently smoking but had smoked more than 100 cigarettes 
in their life, and ‘non-smokers’ if they smoked less than 100 cigarettes in 
their lifetime. Chronic medical conditions were self-reported and re-
grouped in six different categories: diabetes, cardiovascular disease (hy-
pertension, stroke, and/or heart disease), arthritis, lung disease (asthma, 
chronic obstructive pulmonary disease, and/or bronchitis), chronic fatigue 

Table 1. Injury prevalence of the study characteristicsa

Total, N Injured χ2 test p value

N %

All participants 52,857 4,425  8.4

Age, years
 65–74 29,043 2,307  7.9 <0.001
 75–84 24,652 1,641  6.7
 ≥85 11,860 477  4.0

Sex
 Men 31,001 1,527  4.9 <0.001
 Women 21,856 2898 13.3

BMI category
 Normal 23,080 2,027  8.8 <0.01
 Overweight 21,018 1,656  7.9
 Obese  8,759 742  8.5

Ethnicity
 White 39,192 3,297  8.4 0.841
 Other or not reported 13,665 1,128  8.3

Physical activity
 Sedentary 19,289 1,689  8.8 0.049
 Slightly active 30,378 2,500  8.2
 Active  2,845 233  8.2

Alcohol intake
 Non-drinker 17,934 1,492  8.3 0.045
 Monthly drinker 17,408 1,437  8.2
 Weekly drinker 10,295 872  8.5
 Daily drinker  6,510 573  8.8

Smoking status
 Never smoke 23,702 2,009  8.5 0.082
 Former smoker 22,973 1,921  8.4
 Current smoker  6,059 486  8.0

Medical conditions
 Diabetes  7,696 708  9.2 0.01
 Cardiovascular disease 22,092 1,976  8.9 <0.01
 Arthritis 26,199 2,544  9.7 <0.01
 Lungs disease  6,811 657  9.6 <0.01
 Chronic fatigue or pain 14,977 1,726 11.6 <0.01
 Visual impairment 13,532 1,318  9.7 <0.01

aData presented as unweighted N.
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or pain (fibromyalgia, back problem, migraine, and/or fatigue) and visual 
impairment (glaucoma and/or cataracts). 

Statistical Analysis
Possible protective and risk factors for unintentional injury in obese older 
adults were identified by creating a theoretical framework. These risk and 
protective factors were then tested in the statistical analyses. Because 
there are known sex differences in the type and mechanism of injury and 
body composition in older adults, all analyses were stratified by sex. Some 
of the analyses were also stratified by age group (≤75 vs. >75 years). Dif-
ferences in the prevalence of different types and anatomical sites of injury 
identified by the theoretical framework according to BMI category and 
the different covariates were assessed by χ2. Associations between BMI 
status and injury were also assessed with logistic regression models that 
were adjusted for age, ethnicity, physical activity, smoking, alcohol and 
chronic conditions. Statistics accounted for the sample weights, complex 
survey design, and the use of a combined sample from the 2003 and 2005 
CCHS surveys [32]. Bootstrap techniques were used to estimate the 95% 
confidence intervals. Significance was accepted at p ≤ 0.05. Data manage-
ment and statistical analyses were performed using SAS version 9.1 (SAS 
Institute, Carry, NC, USA).

Table 2. Description of the most serious injury in the last 12 monthsa

% of total 
population

% of injured 
individuals

General description of injury
Any injury 8.4  –
Hospital admission following injury 4.1 48.8
Result of a fall 4.7 55.9
Activity limiting 7.7 91.7

External cause 
Sports or leisure 5.4 64.3
Other 3.0 35.7

Environment where injured
Home 5.6 66.7
Other 2.8 33.3

Type and anatomical site of injury
Fractures 
 Any anatomical site 2.7 32.1
 Hip 0.3 3.6
 Ankle/foot 0.5 5.9
 Wrist/hand 0.5 5.9
 Shoulder/elbow 0.4 4.8
 Other 1.1 13.1
Sprains or strains
 Any anatomical site 2.4 28.6
 Knee 0.5 5.9
 Ankle/foot 0.5 5.9
 Lower back 0.5 5.9
 Wrist/hand 0.2 2.4
 Other 0.7 8.3
Superficial (scrape/bruise/blister)
 Any anatomical site 1.0 11.9
  Lower limbs (hip, knee, thigh,  

ankle, foot) 
0.4 3.4

Other injury 2.3 27.4

aPrevalence presented as weighted%
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medication use and iii) altered gait (walking pattern) and 
 balance. By increasing the risk of falls, these three risk factors 
could influence fractures, sprains/strains and superficial inju-
ries. The remaining three possible risk factors for uninten-
tional injury were related to the greater fat mass in an obese 
person. This added fat mass would lead to a greater force on 
impact during a fall and could lead to diseases (e.g. type 2 dia-
betes, peripheral neuropathy and peripheral vascular disease) 
that might lower neural sensitivity and thus might increase 
friction in the extremities when moving. These risk factors 
could influence sprains/strains and superficial injuries. 

We considered the potential magnitude of each of these 
potential protective and risk factors for each of the most prev-
alent types and anatomical sites of injury that were identified 
in the study sample. Based on the combined effect of these 
various protective and risk factors, we predicted the direction 
and magnitude of association between obesity and each of the 
primary types and anatomical sites of injury. The developed 
framework, which we have labeled the biomechanical frame-
work given the types of protective and risk factors identified, 
is summarized in table 3.

Objective 2: Testing of Framework on Obesity and Injury Risk
The associations between BMI, both as a continuous and cat-
egorical (normal weight, overweight, obese) variable, and dif-
ferent types and anatomical sites of injury are shown in table 
4. Based on the biomechanical framework, we expected the 
likelihood of hip fracture to be lower in obese individuals 

Results

Descriptive Characteristics of Sample
Within the 52,857 study participants, 8.4% reported being 
 injured within the 12 months prior to the survey. As shown in 
table 1, the proportion of participants who reported an injury 
within the previous 12 months varied by age, sex, BMI level, 
physical activity level and alcohol intake (p ≤ 0.05). Almost 
half of these injuries resulted in a hospital admission, 55.9% 
were the result of a fall, and 91.6% were activity limiting 
(table 2). Most injuries happened at home and occurred while 
participating in sports or other leisure activities (table 2). The 
most common injuries by type and anatomical site are de-
scribed in table 2. The framework was developed around 
these most common injuries. 

Objective 1: Development of Framework on Obesity and 
 Injury Risk (table 3)
Two possible protective factors for unintentional injury in 
obese older adults emerged from the literature. These protec-
tive factors consisted of an increased bone mineral density, 
which would offer protection against fractures, and an in-
creased fat mass, which would provide added cushioning dur-
ing a fall in some anatomical sites, thereby providing protec-
tion against fractures. Six possible risk factors for uninten-
tional injury in obese older adults emerged from the litera-
ture. Three of these risk factors were related to increasing the 
risk of falling and stumbling: i) more comorbidities, ii) greater 

Table 4. Associations between BMI category and different types and anatomical sites of injurya 

Men (N = 21,856) Women (N = 31,001)

 BMI overweight  
(N = 9,775)

obese  
(N = 3,472)

BMI overweight  
(N = 11,243)

obese  
(N = 5,287)

Fractures 
 Any anatomical site 0.94 (0.93–0.95) 0.57 (0.51–0.62) 0.56 (0.50–0.63) 0.96 (0.94–0.98) 0.73 (0.71–0.82) 0.66 (0.51–0.92)
 Hip 0.89 (0.86–0.91) 0.20 (0.02–0.57) 0.31 (0.12–0.53) 0.83 (0.77–0.91) 0.52 (0.31–0.92) 0.42 (0.29–0.92)
 Wrist/hand 1.00 (0.99–1.03) 1.19 (0.62–2.55) 0.83 (0.28–0.95) 0.95 (0.94–0.96) 0.76 (0.58–1.36) 0.98 (0.68–1.44)
 Shoulder/elbow 0.95 (0.92–1.02) 0.74 (0.32–1.73) 0.38 (0.15–2.73) 0.97 (0.93–1.03) 0.77 (0.47–1.43) 1.05 (0.52–2.38)
 Other 0.92 (0.89–0.94) 0.34 (0.32–0.93) 0.47 (0.34–0.93) 0.96 (0.95–0.97) 1.12 (0.87–1.72) 0.71 (0.48–1.96)

Sprains/strains
 Any anatomical site 1.03 (1.01–1.05) 1.05 (0.98–1.23) 1.48 (1.41–1.62) 1.01 (1.00–1.02) 1.02 (0.78–1.43) 1.14 (1.10–1.27)
 Knee 1.04 (1.02–1.08) 1.32 (0.92–1.28) 1.84 (0.63–5.98) 1.01 (1.00–1.02) 1.11 (0.65–1.98) 1.23 (0.76–2.46)
 Ankle/foot 1.05 (0.97–1.14) 1.53 (0.77–3.87) 2.33 (0.95–1.14) 1.01 (1.00–1.02) 1.02 (0.68–1.63) 1.12 (0.62–1.92)
 Lower back 0.99 (0.93–1.07) 1.08 (0.87–1.37) 1.18 (0.62–2.98) 1.01 (1.00–1.03) 1.02 (0.68–1.42) 1.59 (0.85–2.99)
 Other 1.04 (1.01–1.06) 1.32 (0.93–2.27) 1.81 (0.82–4.33) 1.01 (0.99–1.02) 2.10 (1.23–3.25) 1.67 (0.92–2.05)

Superficial 
 Any anatomical site 1.00 (0.99–1.03) 1.21 (0.75–2.09) 1.35 (0.86–2.69) 0.98 (0.95–1.01) 0.97 (0.78–1.57) 1.01 (0.52–1.93)
 Lower limbs 0.98 (0.97–1.03) 0.53 (0.38–1.10) 0.65 (0.27–1.07) 0.98 (0.96–1.01) 0.92 (0.41–2.05) 1.18 (0.51–2.73)

Other injury 1.00 (0.97–1.04) 0.90 (0.72–1.18) 0.95 (0.77–1.32) 0.98 (0.97–0.99) 0.92 (0.91–1.07) 0.83 (0.88–0.96)

aData presented as odd ratio (95% confidence interval). Odds ratios were adjusted for age, ethnicity, physical activity, smoking, alcohol, and chronic 
conditions. Reference group for BMI groups analyses: normal-weight men (N = 8,609) and normal-weight women (N = 14,471); OR = 1.
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at any anatomical site or specifically in the hip. Conversely, 
higher BMI values were associated with higher rates of 
sprains/strains occurring at any anatomical site, and within 
men, with higher rates of sprains/strains in the knee. 

Comparison to Previous Literature 
Although not theory driven, several previous studies, which 
included adults of all ages, have examined the association be-
tween obesity and fractures occurring at any anatomical loca-
tion [5–8]. The results from these studies indicate that obese 
adults have a greater fracture risk than their normal-weight 
counterparts. Studies limited to post-menopausal women re-
port a lower prevalence or no association between obesity and 
fractures [33–35]. Consistent with these observations and our 
newly developed biomechanical framework in older adults, 
we observed lower relative odds for fractures occurring at any 
anatomical location within both overweight and obese older 
adults. Therefore, irrespective of the fact that overweight and 
obese older adults experience a higher number of falls [36], 
possibly because of greater morbidity [37] and medication use 
[38] and an altered walking pattern [39] as identified by the 
biomechanical framework, they do not have a greater overall 
risk of fractures.

As with overall fracture risk, an extensive body of literature 
has demonstrated that obese individuals have a reduced risk of 
hip fracture [11, 12, 18, 20, 40, 41]. Our results were consistent 
with this finding. In the biomechanical framework, we hypoth-
esized that the excessive fat in the hip region would offer con-
siderable protection for obese individuals when falling, mostly 
because of a greater cushioning. We did not expect the same to 
occur in many other regions of the body, such as the wrist and 
elbow, as the amount of subcutaneous fat in these regions is 
limited. However, to our surprise, obese men had lower rela-
tive odds of fractures in the wrist/hand and shoulder/elbow. 
Thus, while obesity may increase the fall force, it may not in-
crease the fall force reaching the bone. Other studies have re-
ported that there is no association between obesity status and 
wrist fracture [34, 42]. We are unaware of previous studies that 
have examined this association for specific regions outside of 
the hip and wrist. One of the reasons why we did not find the 
expected associations between obesity and some specific inju-
ries in our study may be due to the fact that we were not able 
to fully account for the activities and circumstances (other ex-
posures) that lead to these injuries. For example, we were not 
able to control for the propensity for obese versus non-obese 
people to stay homebound [43] and the risks that come with 
such an exposure.

Our results for sprains/strains are in line with others who, 
regardless of the age group studied, report an increased risk 
for overall sprains and strains in obese individuals [5–7]. This 
finding is also consistent with our framework which suggests 
that the excessive weight in obese persons may increase the 
odds for sprains and strains possibly by increasing the stress 
on the musculoskeletal system [44]. To our knowledge, no 

than in normal-weight individuals, and this was supported by 
our findings in both men (OR 0.31, 95% CI 0.12–0.53) and 
women (OR 0.42, 95% CI 0.29–0.92). A similar pattern was 
observed in overweight men and women. Furthermore, for 
every increase of one BMI unit, men would have 11% and 
women 17% lower rates of hip fracture. Based on the biome-
chanical framework, we expected obese individuals to have an 
increased likelihood of fractures in the wrist/hand and shoul-
der/arm (table 3). However, this was not the case (table 4). In 
fact, obese men had significantly lower odds of wrist/hand 
fractures (OR 0.83, 95% CI 0.28–0.95), and in women every 
increase of one BMI unit increase was associated with a 5% 
lower odds of wrist/hand fractures. Finally, there was a notice-
ably albeit not significantly lower odds of should/elbow frac-
tures in obese men (OR 0.38, 95% CI 0.15–2.73) relative to 
normal-weight men. 

A greater relative odds of sprains/strains in the ankle/foot, 
knee, and lower back was expected in obese persons (table 3). 
These expectations were observed to some extent (table 4). 
The odds ratio for sprains/strains at each anatomical site were 
higher for obese (range 1.12–2.33) and overweight (range 
1.02–2.10) men and women when compared with their nor-
mal-weight counterparts; however, these odds ratios did not 
reach statistical significance. When based on continuous BMI 
measures, there was a significant increase in the odds for 
sprains/strains in the knee in men and in the knee, ankle/foot 
and lower back in women. Furthermore, the odds ratios for 
sprains/strains occurring at any anatomical site were statisti-
cally higher in obese men (OR 1.48, 95% CI 1.41–1.62) and 
women (OR 1.14, 95% CI 1.10–1.27) in comparison to men 
and women with normal weight. 

As for superficial injuries (scrapes/bruises/blisters), a 
greater relative odds for superficial injuries in the lower limbs 
was expected in obese persons (table 4). These expectations 
were not observed, regardless of whether BMI was consid-
ered as a continuous or categorical variable.

Additional analyses stratified by age group (≤75 years vs. 
>75 years) demonstrated that there was no distinguishable 
moderating impact of age on the observed relationships (data 
not shown). 

Discussion 

The aim of this study was to develop and test a biomechanical 
framework that explains the relationship between obesity and 
different types of injury occurring at different anatomical 
 locations within older adults. Despite the promise that theo-
retical frameworks offer for informed study of the etiology of 
injury and despite the role of obesity as a determinant of 
health, the evidence discovered in the current study was only 
partially supportive of our biomechanical framework. Within 
the large and representative sample of older adults, obese 
men and women reported lower rates of fractures (occurring 
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weights [50], such measures are subject to misclassification 
 errors that would make the BMI exposure groups more alike. 
This is likely to bias true estimates of effect towards the null. 
Second, as only 6.3% of the obese individuals and 1.0% of the 
whole sample reported a BMI over 35 kg/m2 (class II or III 
obesity), we were unable to examine differences in injury risk 
at different levels of obesity. Third, injuries are also subject to 
misclassification errors. Many of the reported injuries may 
have been of a less serious nature and. hence. more likely to 
have etiological origins that are based upon random causes. 
Furthermore, as the CCHS only collected detailed informa-
tion on the one most serious injury experienced during the 
past 12 months, this practice would contribute to non-differ-
ential errors in outcome classification and bias the results 
 towards no effect. Finally, the cross-sectional design did not 
allow us to ascertain the temporal sequence of the variables 
studied. 

Conclusions
In order to address an identified gap in the biomedical litera-
ture, this study proposed and tested a theoretical framework 
for the etiological study of relations between obesity and in-
jury among older people. It was hoped that development of 
such a framework could be used in the future to help guide 
injury control research and prognostic studies in obesity re-
search. Unfortunately, a number of the relationships that we 
examined in a robust sample of older adults were not fully 
supportive of the framework. Nonetheless, the results of this 
study could be used to further refine and develop a more 
complete and valid framework. 
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previous studies have examined the association between obes-
ity and sprains/strains occurring at specific anatomical sites. 
Thus, our study provides new information in this area. Specifi-
cally, although not significantly elevated, the trend in results 
suggests that older adults have higher injury rates in several 
regions such as the knee, foot and back. These results are in 
line with others who have already noted a positive association 
between BMI and pain in the knee, hip and lower back, espe-
cially in older women [45]. 

Although obese individuals are more likely to have an im-
paired neural sensitivity [46] and encounter a greater friction 
between their legs when walking [47], they did not have more 
superficial injuries (overall or in specific regions) in the 
present study or in two previous reports [6, 7]. Again, this 
might be explained by the fact that older adults are more 
homebound and sedentary than their lean counterparts [43, 
48], and hence less exposed to having these types of injury. 

Strengths and Limitations
Foundations for the framework that we developed included 
existing risk and protective factor approaches [25] and biome-
chanical principles such as the difficulty in mobility for obese 
older individuals because of an increased risk of falling [36], 
more comorbidities, greater medication use and an altered 
walking pattern and balance. We view this as a novel contri-
bution to the obesity and injury control literatures. Through 
the use of a national and robust database, we also had the op-
portunity to examine very specific types and anatomical sites 
of injury suggested by our background research. Most studies 
in this field focus on a limited number of injury outcomes, es-
pecially in older adults where the focus is on hip injury [11, 12, 
14, 49]. Limitations of this study also warrant comment. First, 
the CCHS relied upon self-reported assessments of height and 
weight to calculate BMI status. Although strong correlations 
have been observed between self-reported and measured 
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