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Summary

Mobility disability is becoming prevalent in the obese older population (260 years
of age). We included a total of 13 cross-sectional and 15 longitudinal studies based
on actual physical assessments of mobility in the obese older population in this
review. We systematically examined existing evidence of which adiposity estimate
best predicted mobility disability. Cross-sectional studies (82—4000 participants)
showed poorer lower extremity mobility with increasing obesity severity in both
men and women. All longitudinal studies (1-22 years) except for one, reported
relationships between adiposity and declining mobility. While different physical
tests made interpretation challenging, a consistent finding was that walking, stair
climbing and chair rise ability were compromised with obesity, especially if the
body mass index (BMI) exceeded 35 kg m~2, More studies found that obese women
were at an increased risk for mobility impairment than men. Existing evidence
suggests that BMI and waist circumference are emerging as the more consistent
predictors of the onset or worsening of mobility disability. Limited interventional
evidence shows that weight loss is related with increased mobility and lower
extremity function. Additional longitudinal studies are warranted that address
overall body composition fat and muscle mass or change on future disability.
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Introduction

impossible for the severely obese older adult. An enormous
personal and healthcare burden ensues. In this review,

The prevalence of obesity is increasing in the elderly (1),
and the incidence of musculoskeletal disease is also rising
in this population. The relationship between obesity and
musculoskeletal-related disability is strengthening. The
likelihood of functional impairment increased by 43% in
obese elderly adults during the time frame of 1988-2004
(2). Disability rates are projected to increase dramatically
by 2012 (3). Among the spectrum of physical tasks, mobil-
ity is critical in minimizing risk of disability, cardiovascular
disease and mortality (4). Mobility is defined as the ability
to walk, climb stairs, transfer body weight and generate
moderate walking speed; mobility is important for many
activities that are necessary for independent life, and is an
important outcome for quality of life and survival (5,6).
Daily activities such as travelling, self-care, or manoeuvring
within public spaces are therefore physically difficult or
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we summarize the existing evidence of obesity effects on
mobility disability, and that body composition are most
closely associated with mobility disability in the obese older
adult. A hypothesis of how obesity leads to mobility dis-
ability in old age and future directions are presented.

Methods and procedures

We conducted a literature search from 1965 to September
of 2009 in Medline, Cochrane Controlled Trials Register,
CINAHL, Scopus and Web of Science. The search strategy
identified studies in English that examined the relationships
between obesity and mobility impairment in older adults.
Given the strong association of mobility impairment to
future disease risk and mortality, this review focused on
studies that examined mobility disability in the obese older
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Figure 1 Flow chart describing the article
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mobility disability
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included for review for
obesity effect cn mobility

search process.

adult. While some studies used global functional scores as
a main outcome measure (incorporating several activities
including non-mobility-related tasks such as balance or
upper body activities), these global scores could not be used
to represent actual mobility. Because it was not possible to
separate out individual effects of obesity on given tasks of
mobility, we did not include these studies in the tables.
Studies included in the tables reported at least one of the
following: walk time, walk distance, transfers, chair rise or
timed-up-and-go (TUG) test or stair climb. Body fat or
volume estimates must have been reported including body
mass index {BMI), body fat percentage or fat mass. Medical
subject headings/keywords with all subheadings and as free
text included obesity, obese, disability, mobility, functional
limitation, body fat, adiposity, older adult, old age and
elderly. The lists of references of retrieved publications
were manually checked to add any citations missed by the
electronic searches. An older adult was considered to be
=60 years of age. Obesity was defined as BMI =30 kg m~2
(1) and/or the presence of excessive body fat compared
with muscle mass volume (7). While sarcopenic obesity is
related with functional disability, we focused the review on
the effect of obesity alone by eliminating studies that used
definitions of sarcopenic obesity alone as the characteristic
by which study groups were stratified. The strength of
the evidence was determined using scales endorsed by the
National Center for the Dissemination of Disability
Research (5 = randomized controlled trials [RCTs] or sys-
tematic reviews; 4 =supporting evidence using mixed
method designs or small RCTs; 3 = qualitative or quanti-
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tative research, non-randomized, controlled, cohort-based,
cross-sectional, survey or descriptive; 2 = expert opinion;
1 = evidence is based on author opinion) (8). Figure 1 dem-
onstrates the flow of the article search used for this review.

Prevalence of mobility impairment in obese older
men and women

Functional decline due to obesity in aging has been
reported in populations from Sweden (9), England (10},
Finland (11), Japan (12), China (13), Italy (14), Spain (15)
and Australia {16). Obesity-related mobility disability also
afflicts several ethnicities within the American population,
including Hispanic (17), African-~American (18) and Pacific
Islander (19). While both men and women succumb to
declines in mobility across the lifespan, maintaining mobil-
ity is more challenging for women (14,15,18,20-25). The
odds ratios (OR) and 95% confidence intervals (CI) of
lower extremity limitations were higher for women than
for men (OR = 4.3 [3.0-6.2, 95% CI] for women vs. 1.5
[1.0-2.3 CI] for men (20)). Also, women have more preva-
lent stair climb disability (14), and need more assistance
with walking, chair rises and lower body functional activi-
ties than men (23,24). Slow gait speed and poorer walking
performance are also more prevalent in women than men
(11,26,27). White and African-American women demon-
strate 30-40% higher disability than White or African—
American men in cross-sectional studies (18) and in 20-year
longitudinal studies (22). In contrast, other evidence shows
that morbidly obese men may attain equal or higher self-
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reported disability scores than women (28). Based on
annual weight change, men had greater odds risk for mobil-
ity disability than women. Some studies report similar
prevalence of mobility disabilities between genders across
the BMI spectrum (29), irrespective of BMI or waist cir-
cumference (WC) (30). Sternfeld ez al. (31) found obesity-
related slowing of gait speed and self-reported functional
limication in older men and women. Overall, evidence
favours higher mobility disability in women than men in
older age. Factors underlying this finding could include
lower muscle mass volume (21), elevated perceptions of
functional limitations in women compared with men (32),
and less lifetime physical activity in women (33). This may
also be due to a survivor effect of the persons studied (21);
women generally live longer, and the older men participat-
ing in these studies may be a selectively healthier group
than what is observed nationally.

Mobility disability in the older obese adult

The literature search identified 790 articles that contained
combinations of the specified key words. The eligible 13
cross-sectional studies and 15 longitudinal studies that
examined the relationship of obesity on objective measures
of mobility disability are described below. These studies
represent the associative evidence that both short duration
physical activities involving generating walking velocity
and transferring body weight, and long duration mobility
activity such as walking endurance are influenced by
obesity in the older adult.

Cross-sectional studies

Cross-sectional studies show increased incidence of
mobility disability in older adults with high BMlIs
{9,11,13,19,26,31,34-40). (Table 1). Study sample sizes
ranged from 82 (40) to 4000 (13}, with the evidence level of
3 and one study with a level of 4. BMI brackets were used
to stratify participants (9,13,25,37,40-42), or a single BMI
cut-off was used to identify non-obese and obese (35,38).
Some high quality studies were not included due to the lack
of specific participant grouping by obesity measures, or the
usage of functional test battery scores rather than specific
mobility tests (including standing balance, walking, chair
rise all grouped into a single score) (29,43-46).

Walking ability. Short distance walking tests (7-m; 6-m;
4-m; 20-foot; 8-foot) are commonly used to measure
mobility. In one study, a total of 14.5% of non-obese men
had slow gait speed, compared with 21.3% of obese men
with BMI > 30 kg m™. Slow gait speed was also more
prevalent in obese women compared with non-obese
women (31.7% and 14.6%, respectively) (26). Studies
examined the BMI effect on 6-m walking speed. One
showed that severely obese individuals had slower average

walking speeds {0.9 m s~ vs. 1.04 m s7!) and a 13% longer
time to complete the 6-m walk {13). Other studies found
that for every standard deviation increase of BMI, a 4.9%
(3.5-6.3, 95% CI) to 5.4% (4.0-6.8 95% CI) reduction in
usual and peak walk speeds occurred (P < 0.05) (19), or a
BMI > 35 kg m™ increases the prevalence of walking limi-
tation (11). When severe knee joint pain was present, the
odds risks for slowing walking speed compared with no
pain was 7.6 (2.6-23.0, 95% CI; P < 0.05) and for slowing
peak walking speed during a 4-m walk test was 9.0 (3.0-
29.7 CI; P <0.05) (35). In women, 7-m walking speed
was correlated with relative per cent body fat (r=0.38;
P <0.01) (39). Only one study did not find any relationship
between abdominal obesity and gait speed decline (37); this
was likely due to different definitions of walking impair-
ment among studies.

Longer walking tests (50-foot; distance covered in
the 60-s walk; 15-min walk) and daily distance walked
are also useful indicators of mobility. Older adults were
separated by BMI bracket (22-27 kg m™2, 27 < 30 kg m™,
230 kg m2), and 50-foot walk time was recorded (34).
The median score of the walking test time increased from
17.0 5 (15.1-18.1, 95% CI) to 19.1 5 (17.3-20.0, 95% ClI)
with increasing BMI. During a 60-s walk test, large WC
and high fat percentage were inversely related with walk-
ing speed (31). Yamakawa et al. {40) compared velocity
and stride length during a 15-min walk test in partici-
pants stratified into three BMI groups (<25 kgm?,
25<30kgm™ and 30 kg m™); a progressive decline in
walking velocity (4.2-3.5kmh™!; P=0.05) and stride
length (80.8-71.7 cm; P =0.07) occurred for each BMI
increase, while distance walked within a day (6.1-2.4 km;
P <0.0001) and steps taken decreased (7385-3325 steps,
respectively; P < 0.0001).

Stair climbing, chair rise time-chair stands, timed-up-and-
go. Lower body tasks have been used to demonstrate func-
tional limitations with transferring body weight, including
chair stands {single or repeated), TUG tests and stair climb-
ing. Median times for climbing a standard set of stairs
was 29% higher in individuals with BMI values exceeding
30 kg m compared with non-obese individuals (34.4 s vs.
26.7 s) (34). For every increase in standard deviation of
BMI, TUG test times and chair rise time scores were
increased by 5.0% and 6.4%, respectively (P < 0.05) (19).
TUG times are also correlated with body fat per cent
(r range = 0.29-0.33), and stair climb times were related
to body fat per cent only in women (r=0.24 women
[P < 0.05] vs. r=0.07 men} {39). A 7.9% increase in chair
rise time was found for each standard deviation increase in
BMI (19). Lamb et al. (35) demonstrated that the odds risk
of limited chair rise ability increased in obese persons with
moderate (4.2 [1.0-20.0, 95% ClI]) to severe knee pain
{7.1 [1.5-33.0 CIJ; both P < 0.05) compared with normal
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Table 1 Cross-sectional studies examining mobility disability in obese older individuals

Authors N Patients Evidence leve! Functional assessment Main Outcomes
Angleman et al. (26} 1918  Longitudinal Study of Health 3 Self-report {difficulty walking, mobility); In all subjocts, T BMI to >30 kg m™2 was related with T difficulty with mobility, and slow gait
(2006) Survey For England; men and Cross-sectional physical performance test (timed gait speed: a T proportion of subjects seli-reported difficulty with ADL and IADL with high BMI
women (55-74 years) speed) than lower BMI.
Apovian et al, (34) 90 Geisinger Clinic palients; women 3 Physical Performance Test tasks: ADLs: Obese women had greater dificulty performing upper and lower body activities (eating,
(2002) {71 = 5 years) Cross-sectional balance tasks, stairs, 50-foot walk dressing, writing, walking, standing, climbing) than women with BMI < 27.
Davis et al. (19) 705  HOS Study women (55-93 years) 3 6-m walking speed: ge! up and go test; For every increase in BMI bracket, walking and ?el up and go test scores were ! 5-6% and
(1998) Cohort self-report (difficulty with mobility and ADL)  chair stand scores L by 7%; dul!ucuizy wilh ADL T walking, yard work, steps, shopping and
car fers ranged i d with obesit
Hemmingsson and 278 Outpatients from an obesity unit; 3 Physical activity capture (accelerometer) Physical activity is a barrier for obese indeuaIs. vigorous physical activity is inversely
Ekelund (9) (2007) Swedish men, women (20-69 Comparative related with BMI (R? quadratic = 0.131).
years)
Lamb et al. (35} 769  WHAS study women 3 Muscle strength 4-m walking velocity, chair Women with BMI > 31.58 reported severe pain with walking and chair rise aclivily at a odd
(2000} {65-101 years) Cross-sectional rise time, seff-reported pain, walking risk ratios of 2.2-3 (1.3-5.0 Cl) compared with non-obese women.
survey
Lang e! al. (36) 1507 ELSA study men, women (50-69 3 Chair rise test, balance tests; sef-reported The incidence of measured functiona! impairment in persons with BMI = 30 who did not
(2007) years) Survey function exercise regularly was 31.6 (27.5-35.6 Cl) compared with those who had BMI <4.9 21.1
(17.4-24.7).
Okoro et al. (17) 835 NHANES men and women (62-64 3 Maximal walking speed in a 20-foot walk Abdominal obesity was not related with gait speed impairment of <0.713m s™' in men or
years) Cohort test women.
Stenho!m et al. (11) 3392  Finnish men and women 3 Maximat walking speed during a 6.1-m W itations d with severe obesily in men and women OR = 4.33 (2.2-8.52 Ci)
{2007) (>55 years) Poputation-based walk; self-reported difficully in walking and 5. 80 (3.52-9.54 Cl) respectively Obesity T risk if walking limitation independent from
500 m other comorbidities.
Stenholm et al. (38} 3392 Finnish men and women (>55 4 Maxima! walking speed during 6.1-m walk; Persons with a history of obesity over 30 years had an OR = 8.97 (3.06-26.29 Cl) of
(2007) years) Population-based self-reported difficulty in walking 0.5 km developing walking limilations compared with persons who had a shorter history of obesity.
without rest
Sternfeld et af. (31) 2092 Men and women (=56 years) 3 Walking distance in 60 s; self-reported T Fat mass level was associated with poorer walking ability and self-reported functional
(2002) Cohort functiona! limitation with ADL specific tasks limitation with selected physical tasks.
Valentine et al. (39) 134 Men and women 3 7-m walk test, TUG stair climb, obstacle % Body fat was correlated with all functional test scores in women (r range 0.24-0.38) but
(2009) {69.6-70.3 years} Descriptive walk only for the TUG test in men (r=0.29).
Woo et af. (13) (2007) 4000  Chinese men, women 3 6-m walk test, self-report (difficulty with Walking speed was lowest in persons with BMI > 30 kg m~2 and IADL disability compared
(=65 years) {ADL and leve! of physical aclivity) with lower BMI groups.

Yamakawa et al. (40} 82
(2004)

American men, women (55-79
years)

Population-based

3
Retrospective

Distance walked/day: steps walked/day,

assessed by pedometer

Average walking distance was lower in 230 kg m= group than 525 group (2.4 km d™ vs.
6.1 km d™'); steps walked per day was lowest in the =30 kg m2 group (3325 vs. 5362 or
7385 steps).

All conhdence intervals (Cl) are 95% Cli values.

level (see

ADL, activities of daily living; BMI body mass index; ELSA, English Longitudinal Study of Aging: HOS, Hawaii Osteoporosis Study; IADL, instrumenta! activities of daily living; NHANES, Nationa! Health and Nutrition Examination Survey:
NS, not specified; OR, odds ratio; TUG, timed-up-and-go test; WHAS study, Women's Health and Aging Study.
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weight individuals. These reports collectively indicate a
consistent association between obesity and compromised
ability to perform mobility tasks. These findings have
implications for obesity-related avoidance of daily exercise,
inability to complete functional tasks around the home,
and reliance on assistive devices or personnel to ambulate
in the older adult.

Longitudinal studies

Longitudinal studies were identified that examined the
long-term effect of obesity on mobility-related activities
(17,25,27,47-53) (see Table 2). While cross-sectional data
provide important associative relationships, evidence is
mounting that show the chronic adverse effects of obesity
on impairment of mobility-related tasks. Some of the fol-
lowing studies capture the relationships berween weight
changes over time and the onset of mobility limitations.
Among these studies, five RCTs were identified that
assessed weight loss effects on mobility-related tasks in
older obese adults with knee pain (54-57) or stair climb
time in obese adults (58). Sample sizes ranged from 24 (55)
to 6833 participants (48}, with the evidence level ranging
from 3 to 5. Study follow-up periods ranged from 3 weeks
(58) to 29 years (50). Some studies grouped participants
into BMI brackets (36,48,49,51,53), or based on weight
gain or loss (17), or included BMI as a factor in regression
procedures (27,47,50) for mobility impairment. Some
studies also examined the influence of obesity history on
current level of mobility.

Walking ability. Several studies walking ability in cohorts
with differing adiposity levels. Measurements included
short distances such as 8-foot, 20-m walk and 6.1-m walk.
Three studies assessed walking time during the 8-foot walk
test, and repeated this test out to 1-7 years of follow-up
(17,49,51). Two-year weight gain (>5 pounds) increased
the OR of a walking limitation to 1.24 (0.91-1.70, 95%
CI) (17). Similarly, a second study found that the OR of
experiencing deterioration of walking performance at
1-year follow-up was 5.17 {1.94-13.81, 95% CI; P < 0.01)
with severe obesity (51). In contrast, Mendes deLeon et al.
{49) found that BMI was curvilinearly related with mobility
performance at baseline, but not with a change by follow-
up. The discrepancy among these studies could be due to
the fact that the first study may have included participants
with more illness or socioeconomic challenges compared
with the latter study. Gait speed was measured during a
20-m walk test in The Health, Aging and Body Composi-
tion Study at baseline and the 3-year follow-up (47); BMI
was identified as one factor related to gait speed decline.
Stenholm et al. (27) tracked the ability of participants to
walk a speed of >1.2 m s™' during a 6.1-m walk test over 22
years. The OR of developing walking speed impairments
were increased in the overweight individual with two or

more comorbidities (4.43 [1.72-11.36, 95% CI)). Addi-
tionally, walking speed deterioration is exacerbated in
obese older adults who have low muscle strength (52).

Two studies measured walking capacity using the 6-
min walk (50) and the 800-m walk test (5§3). The Finnish
Twin Cohort Study included 217 monozygotic and dizygotic
female twin pairs, and health and functional assessments
completed at baseline and a varying follow-up time out to 29
years (walking tests were captured at follow-up, but not at
baseline). BMI and genetic factors contributed to mobility
loss over time. In a 2-year follow-up study of Veronese men
and women {53), BMI values >25 kg m™ in women and
>27 kg m in men were associated with a risk of developing
800-m walking disability (OR in women=3.54 [1.09-
11.49, 95% CI] and men=2.33 [0.57-9.51, 95% CI)).
Disability was associated with high fat mass, independent of
appendicular skeletal muscle mass.

Chair rise time-chair stands, stair climbing. Long-term evi-
dence is limited for the tasks of chair rise and stair climb.
Repeated chair rise time was assessed by Sharkey et al. (51)
and a progressive increase in the prevalence of inability to
complete the chair rise test from 72.8% to 87.8% occurred
when BMI increased from <25kgm™ to >35 kg m
(P =0.09). The odds risk of chair rise debility was 5.95
(1.59-22.29, 95% CI; P <0.05) in severely obese com-
pared with normal weight controls. Multinomial regression
revealed that obese older adults were more likely to have
deteriorating chair rise ability than non-obese counterparts
by 1 year. Zoico et al. (53) found that for both men and
women, deterioration of stair climb time was more likely to
occur in women with BMI > 25 kg m™ and in men with a
BMI > 27 kg m~2 (OR = 3.96 women OR = 2.36 men). The
collective longitudinal data indicate that weight gain and
increased BMI over time contribute to decline in walking
and body transfer ability; while genetic factors or multiple
comorbidities may increase the susceptibility to mobility
loss, it is likely that obesity combined with these factors
accelerates this functional impairment in older age.

RCT evidence. RCT evidence is limited regarding the
impact of obesity on functional mobility in the older adult.
However, weight loss interventions have been used to dem-
onstrate the relationship between weight and mobility.
Studies shorter than 1 month out to 6 months show that
loss of body weight is related with rapid restoration of
mobility. For example, a small, non-controlled interven-
tional study found that a 3-week aggressive exercise and
diet intervention decreased stair climb time (58). One
small study determined the effects of 6 months of exercise
or exercise + diet on functional measures (6-min walk, stair
climb time, gait) (55) whereas the remaining three studies
were analyses from the RCT, Arthritis, Diet and Activity
Promotion Trial (ADAPT) (54,56,57). ADAPT tested three

© 2010 The Authors
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Table 2 Longitudinal studies examining mobility disability in obese older individuals

Authors Duration N Patients Evidence level Functiona! assessment Main outcomes
Al Snih et al. (17) Longitudinal 2 years 1737  Hispanic EPESE; men 3 8-foot walk difficulty and time; Weight gain or loss {5%) over 2 years was associated with T risk of walking
{2005) Women (>65 years) Prospective cohort difficulty with ADL limitation, OR = 1.24 (0.91-1.70 Cl) and 1.28 (0.93-1.76 Cl) compared with norma!
weight.
Atkinson et al. (47) Longitudinal 3 years 2349 Healthy Aging and Body 3 20-m walk; self-report {difficulty Walking speed was | by 0.006 m s™' when BM! was an influence in nested models
(2007} Composition Study; men, Prospective cohort walking, 10 stairs, basic ADL} of gait speed reduction.
women (75.6 = 2.9 years) P
Ferraro ot al. (48) Longitudinal 20 years 6833 NHANES I-1ll men, 3 Self-reported SHAQD survey; Lower body disability (chair rise, walking, errands, carrying groceries, toileting) was
(2002) women (24-77 years) Cohort upper and lower body aclivities significantly T at 20 years of follow-up in obese compared with normal weight
persons.
Focht et al. (2005) Longitudinal 18 316 ADAPT study men, 5 6-min walk test, stair climb time: Stair climb time and 6-min walk test time and distances were most improved in the
months women (260 years) large RCT WOMAC score diet + exercise group compared with remaining groups; self-efficacy of these tasks
predicted changes in these functional scores.
(control, diet, exercise,
diet + exercise)
Lang et al. (25) Longitudinal 5 years 3793  ELSA study; men, women 3 Physical battery chair sland test The proportions of men and women with measured disability with BMI > 35 were
(2008) (=65 years) Population-based stud balance test; self-reported difficulty  36.8 (22.8-53.5 Cl) and 49.0 (40.9-57.1 Cl), respectively; functiona! impairment T
op Y with functional tests with T BMI by year 5 in men and women.
Mendes de Leon Longitudinal 6 years 4195 CHAP study men, women 3 8-foot walk test: self-reported Curvilinear response existed between BM| and self-reported mobility {concave) at
&t al. (49) (2006) (=65 years) Population-based difficulty with walking, stairs and baseline; BMI was not related 1o a 1 mobility over time.
observation walking ¥ mile
Messier et al. (55) Longitudinal 6 24 men, women (=60 years) 4 6-min walk lest, stair climb time, All participanis made funclionat gains in tasks with no difference between groups;
(2000) months Small RT (exercise vs gait analysis self-reported disability the exercise + diet group showed greater improvements in gait-related braking
exercise + diet) no control force and loading rate.
group
Messier et al. (56) Longitudinal outto 18 316  ADAPT study men, 5 6-min walk test stair climb, Weight loss was highest in the exercise and exercise + diet groups (4.9-5.7% body
(2004) months of follow-up women {=60 years) Large RCT (control, diet WOMAC scores weight); greatest change in walk test and stair climb scores occurred in the
exercise, diet + exércise') exercise and exercise + diet groups: 11-15% improvement in walk and 15-23%
' improvement in stair climb in these groups, respeclively.
Miller et af. (57{2006) Longitudinal 6 87 PAIBCT study men, 5 6-min walk test, stair climb time The weight loss group lost 8.5% weight; walk test distance T by 2.3% and 16.6% in
months women (=60 years) RCT the weight stable and loss groups; stair climb time changed by +7% and -16% in
) these groups, respectively, mods [ ion: bety functional
Waeight stable changes and body weight and fat loss (r=0.157 to -0.528, all P <0.05).
Weight loss groups
Ortega-Alsonso etal.  Longitudinal 29 years 217 Women, twin study 3 6-min walk test Average BMI T 17% over the 29-year follow-up; BMI gain predicted walking
(50) (2009) (68.6 = 3.2 years) Cohont stud decrements in late life; genes that T predisposition to BM! in midlife refated to L
Y mobility in late life.
Sartorio et al. (58) Longitudinal 3 weeks 1273 Men, women (250 years) 3 Stair climb test Body weight | 4.2% over 3 weeks; stair climb time 1 by 9.42% and leg power T by
(2004) Prospective study, 8.7%.
non-controlled
exercise + diet condition
Sharkey et al. {51} Longitudinal 1 year 253 Physica! Function Study; 3 8-foot walk test, chair rise time, Overall lower extremity function scores were poorest in =35 kg m2 (70.7 vs.
(2006) men, women (=60 years) Cohort stud dynamic pivot-turn test of 360° a 32.1-41.5 points), where high scores indicate longer times to do the task; severe
Y lower extremily function score was  obesity predicted declines in abilities to perform all tasks.
calculated
Stenholm et al. (27) Longitudinal 22 years 840 Mini-Finland Foliow-up 3 Squatting difficulty; self-rated After 22 years of tollow-up, 28% of overweight/obese persons devel walking
(2007) Survey men, women Survey stud difficulty with running >0.5 km; limitation compared with 15% of non-obese persons; excessive BM! 1 the odds
(>S5 years) Y study 6.1-m wak speed ratio of walking limitations to 1.53 (1.27-1.85 Cl).
Stenholm et al. {52) Longitudinal 6 years 930 InCHIANTI men, women 3 4-m walking speed; seli-reported At year 6, walking speed progressively { across the age spectrum, with the
(2009) {=65 years) Population-based stud difficulty with ADL greatest incidence of walking speed decreases occurring in obese persons with
Y low muscle sirength.
Zoico et al. (53) Longitudinal 2 years 145 ltalian men and women 3 800-m walk, stair climb; At 2 years, the OR of total disability, lower body ability, stair climbing T were
(2007) (66-78 years) Cohort study self-reported difficulty with ADL 1.69-3.96 (0.69-12.99 Cl) in women who were overweight; in men the OR were

2.33-2.36 (0.53-10.61 Cl) for lower body abilities and stairs.

ADAPT, Arthritis, Diet and Activity Promotion Trial; ADL, activities of daily living: BMI, body mass index; CHAP, Chicago Health and Aging Project; Cl, confidence intervals; ELSA, English Longitudinal Study of Aging; EPESE,
Epidemiologic Study of the Elderly: INCHIANTI, Invecchiare, Aging in the Chianiti area; NHANES I-l}, National Health and Nutrition Examination Survey phases I-lll; OR, odds ratio; PAIBCT, Physica! Activity, Inflammation and Body

Composition Trigl; RCT, randomized controlled trial; RT, randomized trial; WOMAC, Wi
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interventions of diet, exercise and diet + exercise against
the control, non-intervention group; the greatest weight
and body fat loss occurred in the exercise and
diet + exercise groups; correspondingly, walking distance
and stair climb time improved most in these same groups.
This might be due to the shift in lean mass per unit body
weight with a concomitant body fat loss {59). The resultant
increased muscle quality would likely contribute to
increased power and endurance necessary for stair climb
and walking distance. For the obese older adult, these
findings are promising. Regardless of the weight loss
approach, weight loss increased mobility. The findings
suggest, however, that the optimal approach to reducing
body weight and combating mobility disability is to
combine exercise and nutritional modification, both of
which act to reduce fat mass and retain lean mass.

Of direct relevance particularly to the RCTs, is that both
overall musculoskeletal pain and lower extremity pain
{especially in the knee, ankle) contributes to mobility dis-
ability in obese individuals (35,60). There may be additive
effects of obesity and lower body joint pain that contribute
to mobility disability and deterioration of normal gait (61).
Although not addressed in these reviewed studies, joint
pain may trigger fear of movement and activity avoidance
or adaptation behaviours; examples include avoidance of
weight bearing tasks (household chores, walking or trans-
fers) that trigger pain (62). Over time, discontinuation of
physical activity worsens weight gain. A corollary of this
concept that weight loss improves joint pain symptoms,
and pain reduction is related with improved physical func-
tion (56). The RCTs indicate that reduction of body weight
can improve joint pain and physical disability in older
adules (55,56,63,64). A 10% loss of body weight increased
self-reported physical function by 28% (64). Favourable
changes in body composition, weight loss and joint pain are
also associated with improved stair climb time and walk
distance (57) and more steps taken per day (63). Weight
loss reduces joint forces through the knee (for every pound
of body weight lost, knee forces are reduced 4 pounds)
{65), thereby reducing painful stimuli and potentially low-
ering fear of physical activity. A recent meta-analysis of
weight loss and joint pain in obese adults recommends that
a weight loss of 5.1% will provide symptomatic relief from
joint pain, but a 10% weight loss will correspond to a
moderate to large clinical effect on lower extremity joint
pain (66). The importance of controlling joint pain through
weight loss has strong implications for the maintenance of
independent living and mobility in advanced age.

Limitations to the literature

There are limitations and unanswered questions that
deserve comment. Cross-sectional studies were largely evi-
dence level 3 and this precludes the determination of the
progressive effect of obesity on mobility impairment over

time. Longitudinal studies ranged in evidence level from 3
to 5, with only five randomized trials. There was no con-
sistent, functional assessment tool from which to compare
study populations. The effect of muscle strength relative to
body weight and adiposity on mobility impairment was not
clear. Prospective data are critical to determine the contri-
bution of muscle strength loss on mobility changes. Despite
these limitations, there was a consistent, robust association
between obesity and mobility impairment across studies.

Body composition and prediction of
functional disability

Variations in body composition and fat distribution may
differentially impair lower body functional ability. The
reviewed studies used a variety of obesity assessments to
stratify participants. An intriguing question arises, is one
assessment more sensitive than the others in capturing
effects on mobility in the older adult? Arguably, each
assessment has merit for this purpose: high BMI increases
lower limb joint forces (67) and knee adduction (68). Both
alterations contribute to development of joint disease espe-
cially in the knee and may lead to compromised mobility.
Central adiposity, estimated by high WC (2102 cm men,
=88 cm women), may adversely impact joint mechanics
of the individual, increase postural instability (69) and
increase the risk for functional impairment. High fat mass/
fat percentage reflects the relative lack of appendicular
muscle mass for the increased weight burden. Presently,
it is not clear which estimate of body composition is
most closely associated with mobility disability. Numerous
cross-sectional and longitudinal studies used self-reported
disability as the proxy for actual disability when examining
the relationship between obesity and lower body function
(10,14-16,18,20,21,25,28,34,53,70-72), and others used
actual objective measures of disability {(11,26,34,57). These
studies are shown in Table 3.

Several studies report increased risk for mobility
impairment with an elevated BMI value (threshold for
increased risk is BMI >30->35 kg m??) (10,11,14,18,20-
22,25,26,72). BMI is a significant contributor to lower
body functional impairment in women (R?=0.050 to the
regression model, P =0.032) (34). Some evidence shows
this relationship occurs in women but not men (28). In a
biracial national cohort (22), BMI =30 kg m™ at 25 years
of age was associated with onset of functional limitations
over time, with a higher impairment risk occurring in
White and Black women than men. Other studies show that
irrespective of ethnicity, based on BMI rather than WC,
women have a slightly higher risk for onset of mobility
limitation than men (18).

Some studies that included BMI and WC found that both
measures corresponded similarly to onset of mobility limi-
tations (26,71,72), regardless of ethnicity or gender (72).

© 2010 The Authors
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Table 3 Body composition variables and relationships to mobility disability

BMI Waist Body fat per cent or mass Fat-free mass

Men Women Men Women Men Women Men Women
Angleman et al. (26) X X X X
Apovian et al. (34) X
Bannerman et al. {16) X X X X
Chen et a!. (28) o} X X X
Chen et al. (20) X X X X
Davison et al. (21) X X X X (o] (e}
Fantin et al. {70) X X
Guallar-Castillon et al. (15) (o] (o] X X
Houston et al. (72) X X X X
Houston et al. (22) X X
Koster et al. (18) X X X X X X
Lang et al. (25) X X
Lidstone et al. (10} X X
Miller et al. (57) X X X X
Okoro et al. (37) (o} o}
Ramsay et al. (71) X X X X
Sartorio et al. (58) X X
Stenholm et al. (11) X X
Valentine et al. (39) X (o] X (o]
Visser et al. (73) X X (o] 0
Zoico et al. (14) X X

An ‘X' denotes that the variable was found to be significantly related to, or associated with a higher prevalence of mobiity impairment than

non-obese counterparts.

An ‘O’ represents that the study did not find a significant relationship between the variable and mobility disability.

For example, there were no differences in the proportions
of individuals with slow gait speed based on high BMI
{21.7-31.7% of men and women with BMI >30 kg m™)
or large WC (23.2-35.4% of men and women with WC
>75% percentile). One study found both BMI and WC
increased the hazard ratio of onset of mobility limitation,
with the highest ratios in White and Black women of high
BMI (18). BMI increased the OR of 2-year mobility limi-
tation in men and women more than WC (2.14 [1.38-3.32,
95% CI) vs. 1.43 [0.99-2.08, 95% CI]) (16). In contrast,
some evidence supports stronger predictive ability of WC
than BMI on mobility disability (20). This was especially
evident in women with WC > 109.3 cm {BMI > 35 kg m2)
compared with men (28). In a 2-year longitudinal study
(15), the odds risk of developing mobility disability with
high WC (but not high BMI) increased by 60% in both men
and women. One study did not find an increased probabil-
ity of reduced walking speed with large compared with
small WC (37).

Several studies examined relationships between body fat
mass/percentage or fat-free mass/percentage (determined
by dual X-ray absorptiometry, bioelectrical impedance)
and mobility disability (14,18,21,39,42,57,70,71,73).
High body fat percentage (>40%), but not fat-free mass or
per cent, increased the odd ratio of developing mobility-
related impairment in women and men by 4.81 (2.33-9.91,

© 2010 The Authors

95% CI) and 2.26 (1.04-4.94) (21). High fat mass in men
and women (>31.3% and >43.7%, respectively) was inde-
pendently related with higher hazard of mobility limitation,
with the highest limitations occurring in Black women
(hazard ratios ranged from 3.79 (1.94-7.39, 95% CI) to
5.45 (2.71-10.96, 95% CI)} (18). The interaction between
physical activity level and per cent body fat was significant
in Black women (P = 0.01). Other studies also show stron-
ger predictive ability with fat mass compared with far-free
mass to mobility limitation in men (71), women (14) and
in both genders (73). Changes in fat mass/per cent and
fat-free mass were all correlated in changes in 6-min walk
time but not stair climb time in men and women
(r-values = —0.331 - —=0.352; all P < 0.05) (57). One study
showed that leg fat-free mass and per cent body fat were
consistently correlated with poorer physical ability (stairs,
TUG, walking, gait) in women compared with men (39).
This finding was supported by the fact that high fat mass/
per cent and relatively lower fat-free mass/per cent were
related to composite lower extremity functional deteriora-
tion (42). In contrast, loss of leg and appendicular muscle
mass, but not fat mass, was related with a worsening of
physical disability scores (regression coefficients r = 0.70-
0.71; P =0.03) (70).

More published studies therefore have identified higher
risk of developing mobility disability with BMI and WC

Journal compilation ©® 2010 International Association for the Study of Obesity. obeslty reviews 11, 568-579
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than with fat per cent or fatr mass estimates. Existing data
suggest that fat mass may be more predictive than fat-free
mass on lower body mobility, and that obese women (irre-
spective of measurement) might be more susceptible to
development of mobility disability. A caution, however, is
that few of these studies are longitudinal. In future studies,
the true impact of changes in various estimates of adiposity
should be followed over the long term to discern whether
we need to assess disability risk by using both BMI/WC and
shifts in far and fat-free mass. It would be highly useful to
report all obesity assessments in future studies so that this
issue can continue to be refined.

Future directions

The trend for obesity-related disability is worsening.
NHANES III data show that lower body functional impair-
ment is becoming more prevalent in obese individuals;
among obese persons, 36.8% reported disability in 1994,
whereas 42.2% reported disability and functional impair-
ment in 2004 (2). The mechanisms underlying obesity-
related disability are not entirely clear at the present time.
Longitudinal examination of skeletal muscle strength, phe-
notypic and contractile changes in relation to adiposity
over time is critical. A standardized battery of functional
tests of lower extremity mobility should be a part of all
mobility outcomes-related research to help develop predic-
tive models of functional success across studies; monitoring
muscle strength with simple tests such as the handgrip
strength test can predict future disability (74). Compari-
sons of systemic inflammatory and biochemical parameters
that can influence strength and body composition in old age

Figure 2 A hypothetical model of the
development of obesity-related mobility
disability in the older adult.

are also critical. Personality, psychiatric (75) and psycho-
social (76) and behavioural traits (77) or genetic pheno-
types associated with development of severe obesity should
be factors to track in future outcomes studies. Finally, there
is a dire need for identification of specific exercise, psycho-
social, pain management and nutritional interventions that
are most effective in combating the body composition shift
and loss of function in the obese older adult.

We propose a model for the development of mobility
disability into old age in Fig. 2. Aging is related with a
progressive loss of muscle mass and increase of fat mass
(78). Storage of adipose tissue between organs and in the
viscera increases the overall body mass the obese individual
needs to move (79); accumulation of fat within muscle
tissue creates marbled (7), lower quality muscle capable of
generating less strength and power for mobility tasks (61).
Poor lifestyle choices coupled with accelerated hip/knee/
ankle joint degeneration cause the older individual to be
less able to perform mobility-related tasks. Joint pain
worsens with increased weight gain over time. Disablement
is the end result of this process.

Conclusion

Obesity is consistently associated with mobility disability in
the older adult. Available evidence indicates that increased
adiposity combined with the relative or absolute reduction
in skeletal muscle influences the development of mobility
and functional impairments. The threshold for which
mobility limitations appears to develop is between
30 kg m™ and 35 kg m™, and impairment is magnified in

© 2010 The Authors
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women compared with men. Weight loss improves lower
body function and mobility, even in as short as 3 weeks.
Multidisciplinary approaches that combine medical, nutri-
tional and exercise-based interventions are needed to
reduce the potential impact of obesity on mobility impair-
ment in old age.
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