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Abstract
Background—This study characterizes the walking limitations of bariatric surgery candidates
by age and body mass index (BMI) and determines factors independently associated with walking
capacity.

Setting—Multi-institutional at research university hospitals in the United States.

Methods—2458 participants of the Longitudinal Assessment of Bariatric Surgery study (age:
18-78 y, BMI: 33-94 kg/m2) attended a pre-operative research visit. Walking capacity was
measured via self-report and the 400 meter Long Distance Corridor Walk (LDCW).

Results—Almost two-thirds (64%) of subjects reported limitations walking several blocks, 48%
had an objectively-defined mobility deficit, and 16% reported at least some walking aid use. In
multivariable analysis, BMI, older age, lower income and greater bodily pain were independently
associated (p<.05) with walking aid use, physical discomfort during the LDCW, inability to
complete the LDCW, and slower time to complete the LDCW. Female sex, Hispanic ethnicity (but
not race), higher resting heart rate, history of smoking, several comoribidities (history of stroke,
ischemic heart disease, diabetes, asthma, sleep apnea, venous edema with ulcerations), and
depressive symptoms were also independently related (p<.05) to at least one measure of reduced
walking capacity.
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Conclusions—Walking limitations are common in bariatric surgery candidates, even among the
least severely obese and youngest patients. Physical activity counseling must be tailored to
individuals' abilities. While several factors identified in this study (e.g., BMI, age, pain,
comorbidities) should be considered, directly assessing walking capacity will facilitate appropriate
goal-setting.

Keywords
mobility disability; walking capacity; functional limitation; body composition; severe obesity;
bariatric surgery

Introduction
Walking is essential to performing many activities of daily living, such as doing light
housework, crossing a street, and grocery shopping. In addition, walking limitations are a
precursor to dependency in more basic activities of daily living, such as getting in or out of
bed, bathing, and dressing.(1) Thus, walking is often prescribed to retain and improve
physical function.(2) Walking is also promoted, especially among obese adults, as a practical
and convenient way to meet national physical activity guidelines for health and weight
loss.(3) However, walking capacity is often impaired as a direct consequence of obesity,
through excess weight bearing, and reduced flexibility of movement. Obesity can also
impact walking capacity indirectly via musculoskeletal pain,(4) destructive joint disease,(5;6)

and loss of muscle mass due to the pro-inflammatory state associated with adiposity and
related comorbidities.(5) Severe obesity (BMI ≥ 40 kg/m2) may magnify these problems, and
contribute to additional problems such as increased friction from excess gluteal fat, and
insufficient exercise capacity (VO2max) leading to rapid exhaustion, making walking even
more difficult or unpleasant.(7;8)

An analysis from the Longitudinal Assessment of Bariatric Surgery (LABS)-1 study showed
that inability to walk 200 feet (approximately 61 m) prior to surgery was independently
associated with a more than doubling in the odds of a major adverse outcome within 30 days
of surgery.(9) Similarly, McCullough and colleagues found that reduced cardiorespiratory
fitness, which limits walking capacity, was associated with increased short-term post-
surgical complications following Roux-en-Y Gastric Bypass (RYGB).(10) Limited walking
capacity may also contribute to the low levels of physical activity among bariatric surgery
candidates, the majority of whom are sedentary or insufficiently active.(11;12)

Over the last two decades functional limitations (i.e., restriction in basic movement ability)
among obese adults appear to have increased,(13) perhaps due to the shift in weight
distribution towards higher body mass index (BMI).(14) Several studies have shown that
walking limitations(15) and declines in activities of daily living(16) are greater in adults with
class 2 (BMI 35-<40 kg/m2) and severe obesity compared to adults with class 1 obesity
(BMI 30-<35 kg/m2). However, little is known about the prevalence of walking limitations
in bariatric surgery candidates, and in particular, what factors are related to reduced walking
capacity. Therefore, this study describes self-reported and objectively-measured walking
limitations of obese and severely obese adults preceding bariatric surgery by severity of
obesity and by age group. In addition, this study identifies factors independently associated
with walking aid use, physical discomfort from walking, inability to walk 400 meters, and
400 meter walk time. Finally, this study examines the contribution of walking limitations to
variance in physical activity level.
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Methods
Subjects

The Longitudinal Assessment of Bariatric Surgery (LABS-2) is an observational study
designed to assess the risks and benefits of bariatric surgery.(17) Between February 1, 2006
and February 17, 2009 patients at least 18 years old seeking bariatric surgery by
participating surgeons at ten locations throughout the United States were asked to participate
if they had not had previous weight loss surgery. Of those consenting, 2458 participants
proceeded to surgery before the end of recruitment. Within 30 days prior to scheduled
surgery, participants attended a research visit. All centers had institutional review board
approval and all participants provided informed consent. The study is registered at
www.clinicaltrials.gov.

Measures
Self-reported walking ability—Participants self-reported ability to walk 200 feet
(approximately 61 meters) and type and frequency of walking aid (cane, walker, scooter or
wheel chair) use. They also self-reported walking limitations (walking one block, several
blocks, and more than a mile) due to health as part of the Medical Outcomes Study 36-item
Short-Form Health Survey, a widely used instrument with well-established validity and
reliability.(18)

Objective walk test—Walking capacity was measured objectively with the 400 meter
Long Distance Corridor Walk (LDCW).(19) Similar to the 6 Minute Walk Test (6MWT), the
LDCW was developed to estimate exercise capacity as an alternative to treadmill testing in
those unable to maintain pace or balance. Exclusion criteria were conservative because a
physician could not be present during the LDCW to assess and treat symptomatic
participants. Participants were ineligible for the LDCW if they had a contraindication to
exertion defined as having any of several cardiovascular risk factors or needing a walking
aid other than a straight cane. In addition, eligible participants who did not feel safe to
attempt the LDCW could elect not to participate. A heart rate monitor (Polar Fitness
Monitor, Model 60908; Polar Electro, Oy, Finland) was used to assess heart rate before the
LDCW after a five minute seated rest, during the walk, and immediately following the walk
while the participant remained upright. To minimize risk participants were instructed to
walk the 400 meter course “at your usual pace” rather than as fast as they could, as has been
done in other studies.(19) After 160 meters and 320 meters, coordinators asked participants
how hard they were working. If they reported “hard” or “very hard,” they were reminded to
“walk your usual pace without overexerting yourself.” In addition, participants were asked
to slow down if their heart rate reached 135 beats per minute (bpm). Testing could be
terminated for various safety reasons (e.g. heart rate remained at or above 135 bpm for more
than five minutes, debilitating pain, syncope). Completion time and ending heart rate were
recorded. At the end of the walk, participants were asked if they had experienced chest pain,
shortness of breath, back, hip, knee or foot pain, muscle pain, numbness or tingling in legs
or feet, or other symptoms during the LDCW, and whether they had any discomfort after
stopping the LDCW. Participants were categorized as having a mobility deficit if they a) met
LDCW exclusion criteria, indicating a contraindication to exertion, or refused to attempt the
LDCW, b) met stopping criteria for the LDCW, or c) took more than seven minutes to
complete the LDCW, which equates to a cardiorespiratory fitness level of <12mL O2/kg/
min, the minimum level deemed necessary to cross a traffic intersection.(20)

Physical activity—Physical activity assessment in LABS-2 has been previously
described.(12) Briefly, participants were asked to wear the StepWatch™ 3 Activity Monitor
(SAM, OrthoCare Innovations, Washington, D.C.)(21) for up to seven days prior to surgery.
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Forty-six percent of participants were not given a Stepwatch due to lack of monitors (n=917)
or fewer than three day between the pre-operative assessment and surgery (n=208).

Another 104 participants were excluded from physical activity assessment for other reasons
(e.g., refused, use of a wheel chair). Step counts at the minute level were used to calculate
mean daily steps and mean daily high cadence minutes, i.e., the number of minutes with
more than 80 steps, for the 929 participants (76% of those given a monitor) who wore the
monitor for at least ten hours per day for at least three days.

Body composition—Anthropometric measurements were made by trained personnel.
Given the difficulty in identifying the narrowest point of the torso on adults with severe
obesity, waist circumference (WC) was measured at the midpoint between the highest point
of the iliac crest and lowest part of the costal margin in the mid-axillary line with a
fiberglass retractable tape measure to the nearest tenth of a centimeter. Height in bare feet
was measured to the nearest inch with a wall-mounted stadiometer. Weight, to the nearest
pound, and percent body fat, to the nearest tenth of a percent, were measured with a
calibrated Body Composition Analyzer (Tanita, Model TBF-310, Arlington Heights,
Illinois), which has been validated in severely obese adults.(22) When a study scale was not
available (n=388), weight was determined with a medical office scale and percent body fat
was not assessed. Body mass index (BMI) was calculated as weight (kg) divided by height
squared (m2). Fat mass was calculated as weight (kg) multiplied by percent body fat. Fat-
free mass was calculated as weight minus fat mass. The fat-free-to-fat ratio was calculated
as fat-free mass divided by fat mass.

Demographics and health—Age, sex, race, ethnicity, marital status, education,
employment status, household income and smoking status were assessed by questionnaire.
Resting heart rate, used as a proxy for cardiovascular fitness,(23) was measured after a
minimum of five minutes seated rest. Chronic medical conditions and medication use were
determined with a combination of self-report, clinical assessment and medical chart review.
An index of comorbidity was created as the number of the following 10 comorbidities
(range 0 ∼ 10): diabetes, hypertension, ischemic heart disease, congestive heart failure,
history of stroke, sleep apnea, pulmonary hypertension, asthma, history of deep vein
thrombosis or pulmonary embolism (DVT/PE), and venous edema with ulcerations.

Depressive symptoms were assessed with the Beck Depression Inventory (BDI), version
1.(24) BDI scores were used to categorize participants as not depressed (0-9), or having mild
to moderate (10-18), moderate to severe (19-29) or severe (30-63) depressive symptoms.
Functional health and well-being was assessed with the Medical Outcomes Study 36-item
Short-Form Health Survey.(18) This analysis utilized the bodily pain and vitality subscale
scores, as both might influence walking capacity. In addition, the physical functioning and
role limitations due to physical problems subscales were utilized as descriptive measures of
function. Norm-based methods were used to transform scores to a mean of 50 and standard
deviations of 10, in the general U.S. population.(25) Higher scores imply less pain or better
function.

Analysis
The statistical significance (p<0.05) of differences in walking limitations were assessed
across BMI and age groups with the Mantel-Haenszel chi-square test for trend. The
association between self-reported limitations walking several blocks and objectively-defined
mobility deficit was tested with the Pearson's chi-square test for association. Multivariable
logistic regression was used to determine factors significantly related to walking aid use.
Characteristics of participants who were ineligible for the LDCW, elected not to participate,
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started but did not complete, and completed the LDCW were compared with Pearson's chi-
square test for categorical variables and Kruskal-Wallis test for continuous variables.
Among those who started the LDCW, multivariable logistic regression was used to identify
factors significantly related to 1) physical discomfort during the LDCW and 2) inability to
complete the LDCW. Among those who completed the LDCW, multivariable linear
regression was used to identify factors significantly associated with the natural log of walk
time (used in place of walk time to obtain normally distributed errors). Finally, multivariable
linear regression was used to test the association between each walking limitation measure
(walking aid use, inability to walk 200 feet, limitations walking a block, a few blocks, and a
mile, and mobility disability) and physical activity among the subsample with valid physical
activity data; the natural log of steps/day and high-cadence minutes/week were used to
obtain normally distributed errors. Variables considered in all models were: age, sex (forced
in all models), race, ethnicity, education, household income, marital status, severity of
obesity, resting heart rate, smoking status, medical comorbidities, depressive symptoms,
vitality, and pain. Height and change in heart rate were also considered in the model
predicting walk time. Continuous variables were centered. To ascertain the significance of
association of walking limitations with severity of obesity, separate models were run
incorporating, as independent variables, various measures of adiposity: BMI, percent body
fat, fat mass, fat-free-to-fat ratio, and WC. Also, in one set of models, the number of
comorbidities was substituted for individual comorbidities. Two way interactions of sex,
age, pain, vitality, and severity of obesity were evaluated. Independent variables were
retained in the final model if the p-value testing whether the associated coefficient was equal
to zero was <0.05. Data analyses were conducted using SAS, version 9.1 (SAS Institute Inc.,
Cary NC, 2000).

Results
Walking Limitations by BMI and Age Groups

While only 7% of participants reported the inability to walk 200 ft (approximately 61 m)
unassisted, 16% reported at least some use of a walking aid, and 64% reported limitations
walking several blocks. Almost half of participants (48%) had an objectively-defined
mobility deficit. There was a significant (p<0.0001) trend with BMI group and with age
group for each walking limitations measure (table 1), such that more obese and older adults
reported more walking limitations compared to less obese and younger adults, respectively.
However, walking limitations were common among all BMI and age groups; more than two-
thirds of adults with a BMI less than 40 kg/m2 and almost three-fourths of adults 18-34
years old reported that their health limits walking more than a mile.

Self-reported vs. Objectively-Measured Walking Limitations
Self-reported limitation walking several blocks was significantly associated with
objectively-defined mobility deficit (p<.0001); 72% of those who reported “limited a lot”
had mobility deficit vs. 47% of those who reported “limited a little,” and 29% of those who
reported “not limited.” However, these measures identified different people; 41% of those
who self-reported limitations walking several blocks did not have an objectively-defined
mobility deficit, and 29% of those who self-reported no limitations walking several blocks
had an objectively-defined mobility deficit.

Walking Aid Use
In multivariable analysis, higher BMI and older age were both independently associated
with higher odds of walking aid use (OR=2.11 per 10 kg/m2; p<.0001, OR=2.43 per 10
years; p<.0001), as was history of stroke (OR=3.41; p=.03), greater bodily pain (OR=1.66
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per 10 point decrease in SF-36 pain score; p<.0001), and lower income (e.g., OR=7.99 for <
$25,000 compared to ≥$100,000; p<.0001).

LDCW Screening Results
LDCW screening results are shown in Figure 1. Participant characteristics of those who
were ineligible for (n=312), elected not to participate in (n=356), stopped (n=74), and
completed the LDCW (n=1610) are shown in table 2. Adults who were ineligible for or
stopped the LDCW tended to be older, less educated, had a higher BMI, more comorbidities,
higher resting heart rate, more pain, worse physical function and worse physical-role scores,
compared to those who completed the LDCW. Those who elected not to participate were
similar to completers with regards to BMI and several health indicators. However, compared
to completers, a higher proportion were black/African American and tended to be older, less
educated, with a lower income, higher resting heart rate, more pain and worse physical
function and physical-role scores.

Physical Discomfort during LDCW
Over half (n=941; 56%) of those who started the LDCW (n=1684) reported physical
discomfort during the LDCW. Foot, knee or hip pain was the most common complaint
(n=684; 41%), followed by shortness of breath (n=440; 26%), back pain (n=285; 17%),
muscle pain (n=150; 9%), numbness or tingling in legs/feet (n=115; 7%), and chest pain
(n=13; 1%). After controlling for bodily pain reported before the LDCW walk, higher BMI
(OR=1.93 per 10 kg/m2; p<.0001), older age (OR=1.45 per 10 years; p<.0001), Hispanic
ethnicity (OR=1.86; p=.02), lower household income (OR=1.50 for <$25,000; p=.02),
having ever smoked (OR=1.35; p=.01), asthma (OR=1.89; p<.0001), ischemic heart disease
(OR=1.73; p=.04), and moderate to severe depressive symptoms (OR=2.22 for BDI ≥19; p=.
0031) were independently associated with higher odds of physical discomfort during the
LDCW. Most symptoms resolved after stopping the LDCW. However, 6% (n=103) of those
who started the LDCW reported discomfort following the LDCW; the most common
complaints were joint or muscle pain (n=76; 5%) and shortness of breath (n=24; 1%)

Ability and Time to Complete LDCW
Nearly everyone (96%) who started the LDCW was able to complete it. Higher BMI
(OR=3.09 per 10 kg/m2; p<.0001), older age (OR=2.42 per 10 years; p<.0001), female sex
(OR=3.61; p<.0001), lower household income (OR=2.39 for <$25,000; p=.0045), higher
resting heart rate (OR=1.33 per 10 bpm; p=.02), diabetes (OR=2.09; p.0096), venous edema
with ulcerations (OR=2.28; p<.04), and more bodily pain (OR=1.75 per 10 point decrease in
SF-36 pain score; p=.0005) were independently associated with higher odds of inability to
complete the LDCW.

For those who completed the 400 meter LDCW (n=1610), the median completion time was
six minutes (min), 13 seconds (s) (pace= 1.07 m/s). There was a 10 min range between the
minimum and maximum times (three min 22 s to 13 min 22 s). 384 (24%) participants
needed more than 7 minutes to walk 400 m. The best fit multivariable linear regression
model predicting natural log of walk time is shown in table 3; a 10 point increase in BMI
was independently associated with a 10% slower time and a 10 year increase in age was
independently associated with a 4% slower time. More pain, a smaller change in heart rate,
female sex, Hispanic ethnicity, lower household income, sleep apnea, asthma, diabetes and a
history of stroke were also independently associated with slower time.
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Walking Limitations by Different Measures of Adiposity
Multivariable logistic regression models for walking aid use, physical discomfort and
inability to complete the LDCW for which BMI was replaced as an independent variable by
either percent body fat, fat mass, fat-free-to-fat ratio, or WC, were very similar; Hosmer-
Lemeshow tests showed no evidence of lack of fit and predictive accuracy was the same for
all models predicting physical discomfort (C-statistics=.77), and similar for all models
predicting walking aid use (C-statistics=.87-.88) and inability to complete the LDCW(C-
statistics=.86-.88). However, in multivariable linear regression, BMI explained 6-9% more
of the variance in walk time than did other measures of adiposity. In all models, subsets of
individual medical comorbidities explained a larger percentage of variance than did the
index of comorbidities (data not shown).

Walking Limitations and Physical Activity
As previously reported, those with physical activity data were for the most part similar to
those without.(12) However, fewer of those with physical activity data had severe walking
limitations (e.g., inability to walk 200 feet, wheel chair use) per physical activity assessment
exclusion criteria. Still, walking limitations were independently associated with physical
activity parameters. Specifically, walking aid use was independently associated with 17%
fewer steps/day (p<.0001) and 29% fewer high cadence minutes/day controlling for
significant covariates. When other walking limitation measures replaced walking aid use in
multivariable models, results were very similar (e.g., health limits ability to walk a mile was
independently associated with 15% fewer steps/day (p<.0001) and 36% fewer high cadence
minutes (p<.0001); objectively-defined mobility deficit was independently associated with
13% fewer steps/day (p<.0001) and 36% fewer high cadence minutes (p<.0001); data not
shown).

Discussion
Walking Limitations

This study presents a grave profile of the walking capacity of bariatric surgery candidates,
with four out of five participants reporting that their health limits their ability to walk more
than a mile and the majority of participants who attempted to walk 400 meters reporting
physical discomfort from walking at their usual pace. A major strength of this study is that it
included both self-reported and objective measures of walking capacity. An advantage to
objective assessment is it allows for a comparison among participants free from individual
biases. In addition, because many adults do not walk regularly, they may be unaware of
walking limitations, especially for distances of 400 m or longer.(26) However, self-reported
walking limitations may reflect pain or difficulty with the challenges of walking in the
community (e.g., uneven surfaces, inclines, obstacles, poor lighting, need to change
directions) which are not always reflected in clinical tests. This may explain why close to
two-thirds (64%) of participants self-reported limitations walking several blocks, while
roughly half of participants (48%) exhibited evidence of mobility deficits as determined
with the LDCW.

Given the conservative exclusion criteria, it was not surprising that 13% of participants were
unable to participate in the LDCW. However, it was not anticipated that an even greater
percentage of participants (15%) would elect not to attempt the LDCW. While several of the
reasons participants reported were quite reasonable (e.g., afraid of falling), it is possible that
the majority of these participants were capable of completing the LDCW safely but did not
want to expend the effort or time, or experience anticipated physical discomfort.
Nonetheless, it is noteworthy that almost a third (32%) of participants did not start or were
unable to walk 400 meters at their usual walking pace on a straight, level, uncluttered, and
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well-lit walking course, and that an additional 16% of participants (n=384) could not
complete the walk in 7 minutes or less, a risk factor for future “newly recognized” walking
limitations in older adults.(20)

The median walking speed for LABS-2 participants who completed the walk was 1.07 m/s
(or 2.4 mph), which is probably well over the walking pace at which moderate-intensity
physical activity is achieved in this population(27) as walking elicits a higher physiologic
response in obese and severely obese adults than in non-obese adults.(28) However, this
median walking pace is considerably slower than reference values for age and sex group-
specific “comfortable” walking speeds, which range from 1.27 m/s for women in their
seventies to 1.46 m/s for men in their forties.(29) LABS-2 participants who completed the
walk were slower, on average, than two other pre-surgical samples who completed the
6MWT; 25 RYGB patients had a mean walking pace of 1.15 m/s,(30) and 15 adjustable
gastric band patients without musculoskeletal disorders had a mean walking pace of 1.32 m/
s.(31) In contrast, a study of 17 adults undergoing RYGB who were recruited as consecutive
patients, reported a similar mean walking pace (1.09 m/s)(32) during the 6MWT, as did a
sample of 51 adults undergoing RYGB (pace=1.06 m/s).(33) However, comparisons across
samples should be interpreted with caution given the differences between the walk tests (i.e.,
fixed distance at “usual” pace (LDCW) vs. fixed time “at your own pace to cover as much
ground as possible” (6MWT)).

BMI and Other Measures of Adiposity
Within this obese sample, severity of obesity (whether measured by BMI, percent body fat,
fat mass, fat-free-to-fat ratio or WC) was independently associated with self-report and
objectively-defined walking limitations. While some studies have found that BMI and WC
or other adiposity measures corresponded similarly to mobility disability,(34-36) several
studies of older adults have found that WC out-performs BMI.(37-39) In this study, all
measures performed similarly in models predicting walking aid use, discomfort during the
LDCW, and inability to complete the LDCW, while BMI explained more of the variance in
walk time compared to other measures of adiposity, and in fact was the most important
predictor of walking time. However, it should be noted that to improve accuracy and
comparability of measurements over time, in LABS-2 WC was measured at the midpoint
between the highest point of the iliac crest and lowest part of the costal margin in the mid-
axillary line, which is not the standard reference point in the field. In addition, percent body
fat was measured via bioelectrical impedance which is not as precise as assessment of body
density. Given the limited number of studies aimed at determining whether one body
composition assessment is superior to others in explaining the relationship between excess
adiposity and walking capacity, future work should continue to compare the utility of
multiple measures.(40)

Age
This study sample, ranging in age from 18 to 78 years, enabled examination of walking
limitations from young adulthood to older age. As expected, age was positively associated
with walking limitations. However, many young bariatric candidates experience walking
limitations generally associated with older age. For instance, almost three-fourths of 18-34
year olds reported limitations walking a mile, more than a third demonstrated an objectively-
defined mobility deficit and 4% reported walking aid use.

Sex
Sex was not significantly associated with higher odds of walking aid use or reporting
physical discomfort during the LDCW. However, women had a greater odds of inability to
complete the LDCW (OR=3.61), and on average, took 5% longer to complete the LDCW
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than men, which is consistent with several studies of older adults showing a higher
prevalence of walking limitations and slower gait speed in women than men.(29;37;41)

Race and Ethnicity
Although several studies have found a significant relationship between race and walking
capacity, this study did not. However, Hispanic ethnicity was independently related to
higher odds of physical discomfort during the LDCW and slower walk time. Further work
should be done to determine if cultural differences between Hispanics and non-Hispanics
might be responsible for a reporting bias with regards to reporting discomfort, or influencing
how directions to walk at “usual pace” are interpreted, or whether there are other
explanations for these findings.

Comorbidities
The index of comorbidities was significantly related to discomfort during the LDCW and all
measures of walking capacity. However, models including specific comorbidities (history of
stroke, ischemic heart disease, diabetes, asthma, sleep apnea, venous edema with
ulcerations) performed slightly better than the index. These findings support the concept that
various comorbidities may play a role in both feelings towards, and ability for, walking.

Pain
It is notable that over half (56%) of participants who started the LDCW reported physical
discomfort from walking 400 meters or less when instructed to walk at their usual pace,
given that they reported less baseline bodily pain compared to those who were ineligible or
unwilling to attempt it. However, this finding is in line with a study using similar exclusion
criteria for the 6MWT, which found that 58% of women (n= 133 women; 18-65 years) with
severe obesity (mean BMI=40.7 kg/m2) reported physical complaints or discomforts from
walking.(15) In both studies participants were asked to walk at their “usual” or at a
“comfortable” walking pace. In addition, in this study, researchers asked participants to slow
down if they reported working “hard” or if their heart rate reached 135 bpm. However, it is
possible that some participants exerted themselves beyond their usual walking pace, leading
to greater reporting of symptoms and discomfort.

Not surprisingly, higher bodily pain was significantly associated with higher odds of
reporting discomfort during the LDCW. Higher bodily pain was also independently
associated with increased odds of walking aid use, inability to complete the LDCW, and
slower walking time. These findings are consistent with other studies relating pain to
walking limitations in middle-age and older adults,(42-44) and underscore the importance of
addressing pain when counseling patients to start a walking program or increase their
physical activity level.

Walking limitations and physical activity
Walking limitations, whether characterized by walking aid use, self-reported inability to
walk 200 feet, limitations walking a few blocks, or limitations walking a mile, or
objectively-defined mobility deficit, were associated with fewer steps/day (i.e., total
ambulatory physical activity), and fewer high-cadence minutes/week (i.e., moderate or
vigorous intensity ambulatory physical activity. Walking limitations explained more
variance in high-cadence minutes compared to steps, possibly reflecting the greater effect of
walking limitations on ability to ambulate at a faster, compared to a slower, walking pace.
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Implications for clinical care
Using pre-operative activity monitor data from LABS-2, we previously reported that 20% of
participants (n=757; mean BMI=47.8 kg/m2) were sedentary (i.e., <5000 steps/day) and an
additional 34% were low-active (i.e., 5000-7499 steps/day).(12) In addition, in a comparison
of pre-op to post-op PA (n=310)(45) we found that 61 % of participants did not accumulate
any 10-minute bouts of high-cadence minutes pre-operatively; in other words, during their
physical activity assessment period they did not ambulate at a moderate or high intensity for
at least 10 continuous minutes. Likewise, a recent study with accelerometer data from 38
bariatric surgery candidates found that most participants were inactive or insufficiently
active (e.g., over two-thirds did not engage in any bouts of (moderate or vigorous physical
activity (MVPA) and only 5% accumulated at least 150 minutes per week of MVPA).(11)

Thus, there is a need for pre-operative physical activity counseling. Performing an
assessment of walking capacity will provide the clinician with a starting point for physical
activity recommendations(46) and provide the clinician with a better sense of the patients'
risk-profile prior to surgery(9;10)

While this study found a significant association between self-reported walking limitations
and objectively-determined mobility deficit, it should be noted that if only one of the two
assessment methods were utilized, over a quarter of participants would not be recognized.
Thus, when possible, using both subjective and objective assessment is worthwhile. Patients
experiencing some level of limitations should be referred to physical therapy to help ensure
that they are successful in their attempts to improve their walking capacity and increase their
physical activity level.(30) Patients may need to work up to a walking routine by starting
with alternative activities, such as chair-based or water-based exercises that are more
tolerable.(46)

Limitations
A limitation of this study is that it is cross sectional precluding examination of whether
excess adiposity was the cause or the effect of onset or worsening of walking limitations. In
addition, we did not determine length of time that participants had been obese or severely
obese, which might impact walking capacity(41) via increased number of years with greater
wear and tear on the joints and weight-related comorbidities. As discussed above,
anthropometric measurement methods (i.e. body fat via bioelectrical impedance) may have
affected study findings. In addition, the time of day of the LDCW was not recorded so we
were unable to test whether reporting of discomfort from walking differed by time of day.
Finally, the generalizability of these results is limited to obese and severely obese adults
seeking surgical treatment. However, it is likely that many of the factors associated with
walking limitations in bariatric surgery candidates are also associated with walking
limitations in other obese populations.

Conclusions
This study provides evidence that, as a group, bariatric surgery candidates experience
compromised walking capacity, and highlights that within this population severity of obesity
is associated with greater walking limitations. In addition, it is one of the first studies to
show this relationship holds true among younger obese adults. The degree of impairment in
younger adults and the most obese adults is particularly discouraging for a society that is
experiencing both earlier onset of obesity and greater degrees of obesity than ever before.(14)

Given the benefits of physical activity medical care providers should encourage all obese
and severely obese patients to increase their physical activity level, including those
proceeding to surgery. However, recommendations must be individualized to patients'
abilities, especially when walking capacity is limited. Thus, routine assessment of walking
capacity is indicated. Our findings suggest if walking capacity cannot be directly assessed,
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in addition to patient's age and BMI, exercise recommendations should be reflective of
patients' bodily pain and comorbidities (in particular, history of stroke, ischemic heart
disease, diabetes, asthma, sleep apnea, and venous edema with ulcerations) that may affect
their walking capacity.
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Figure 1. Long Distance Corridor Walk Status
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Table 3

Factors Associated with Natural Log of LDCW Time (N=1452a).

Beta (SE) Model R2 p value % increase in timeb

Intercept 5.964 (0.021) <.0001

BMI (per 10 kg/m2) 0.094 (0.006) .09 <.0001 10%

Age (10 years) 0.038 (0.004) .17 <.0001 4%

Pain (per 10 points SF-36 score) -0.023 (0.004) .20 <.0001 2%

Change in heart rate (per 10 bpm) -0.023 (0.003) .23 <.0001 2%

Female 0.048 (0.009) .24 <.0001 5%

Household income (ref ≥$50,000)

 <$25,000 0.048 (0.011) .25 <.0001 5%

 $25,000-<$50,000 0.029 (0.009) .25 <.01 3%

Sleep apnea 0.028 (0.008) .26 <.0001 3%

Asthma 0.023 (0.009) .26 <.01 2%

Hispanic ethnicity 0.043 (0.017) .27 .01 4%

Diabetes 0.020 (0.008) .27 .02 2%

History of stroke 0.093 (0.045) .27 .04 10%

Model R2=27

a
158 of 1610 participants who completed the LDCW were excluded from this analysis due to missing data points.

b
The percentage increase in completion time associated with each factor is calculated by taking the anti-log of Beta. Results for continuous

variables are based on a change in the unit indicated next to each factor, e.g., 10 points for BMI, 10 years for age. To calculate the percentage
increase in completion time associated with a multiple of that unit, multiply Beta before taking the anti-log. For example, a change in 30 BMI
points is calculated as exp(0.094*3) = 1.33, or 33% increase.

kg=kilograms, m=meters, bpm=beats per minute, LDCW=Long Distance Corridor Walk, SF-36=Short Form-36.
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