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Abstract

Objectives—To determine the extent to which the impact of obesity on disability and physical
function is mediated by bodily pain.

Design—Cross-sectional analysis
Setting—Population-based sample of residents in the Greater Boson area
Participants—736 community-dwelling adults, aged 70 years and older

Measurements—Weight status, obtained from measured height and weight, was categorized:
normal weight — BMI 19-25 kg/m?, overweight — BMI 25-29.9 kg/m?2, obese — BMI =30 kg/m.2
Main outcome measures were the Physical Component Score of the SF12 (PCS), activities of daily
living (ADL) disability and Short Physical Performance Battery score (SPPB). Chronic pain was
assessed as the number of weight-bearing joint pain sites (hips, knees, feet and pain all over).

Results—Older, obese adults had greater ADL disability and lower SPPB and PCS scores
compared with their non-obese counterparts. However in sex-stratified adjusted analyses, obesity
was adversely associated with outcomes only in women. Obesity was associated with greater
number of pain sites; and lower body pain was associated with greater odds of disability.
Mediation analysis suggests that pain is a significant mediator (22% to 44%) of the adverse impact
of obesity on disability and physical function in women.

Conclusion—Baodily pain may be an important, treatable mediator of the adverse impact of
obesity on disability and physical function in women.
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INTRODUCTION

It is estimated that 37% of men and 34% of women aged 60 years and older are obese.! The
high prevalence of obesity in older adults is concerning as obesity is associated with a
number of adverse health outcomes, including physical disability.2=® Physical disability is a
substantial public health issue for the older adult population. Disability is associated with
increased mortality, lower quality of life, lower family resources, loss of independence and
increased health care costs.%” The hazard of physical disability is particularly relevant in
older populations as the risk of functional problems increases with advancing age.

Several prior studies have demonstrated an association of obesity with increased future risk
of physical disability.>8-10 However, the pathways linking obesity with increased disability
are not entirely understood. Obesity is associated with increased risk of several medical
conditions, such as diabetes, cardiovascular disease and lower extremity osteoarthritis,
which could be contributing factors in the development of physical disability associated with
obesity. Obesity may also induce biomechanical stresses that lead to mobility
difficulties.11~13 Another factor that could partially mediate the adverse impact of obesity on
physical function is bodily pain. Previous work has suggested that obese persons could be
disproportionately affected by pain, both pain related to osteoarthritis as well as and non-
arthritic pain.1#15 The extent to which pain may contribute to obesity-related physical
disability is not known. If pain is a significant mediator of obesity-related disability and
poorer physical function in older adults, then pain management might be an effective target
to mitigate this problem.

The intersection of the aging of the U.S population with the currently high prevalence of
obesity means that research elucidating mechanisms linking obesity and disability and that
helps to identify populations at highest risk for obesity-related disability, will be critically
important for the development of effective public health and clinical management strategies
to reduce disability in older adults. The objectives of our study were to understand how pain
may mediate the association of obesity with physical disability, performance and function.
We hypothesized that pain would partially mediate any observed relationship between
obesity and poorer physical function and disability.

METHODS

Study population

We used data from the MOBILIZE Boston Study (MBS), a population-based study of older
persons residing in the Boston area. MBS is a National Institute of Aging funded study with
the primary aim of identifying novel risk factors for falls in the elderly.18 Eligible
participants were 70 years and older, living within a five mile radius of the study’s
coordinating center, the Institute for Aging Research, Hebrew SeniorL.ife, Boston,
Massachusetts. Spouses or companions aged 64 or older of participants were also eligible to
join the study. The study was initiated in 2005 with 765 people enrolled at baseline.
Participants underwent baseline assessments both, at their own home and also at a clinical
research center located at the Institute for Aging Research. Together, these baseline
assessments collected information related to a number of domains including demographics,
health measures, and measured and self assessed physical and mental functioning. For this
cross-sectional analysis, we used the baseline assessment data. Participants eligible for our
study had weight and height data available at baseline. (n=744) We excluded 8 participants
with very low BMI (<19), because these seniors were thought more likely to have complex
health problems that might complicate our observation of the relationships of interest;
therefore our analytic sample included 736 participants.
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Disability and Physical Performance

We used three outcome measures of disability and physical function. Activities of daily
living (ADL), are considered basic self care activities.1” ADLs measured in MBS were
bathing, dressing, transferring, using the toilet, and eating. Participants were asked to
identify their level of difficulty performing each ADL by responding with one of the
following options: no difficulty, a little difficulty, a lot of difficulty or inability to perform.
In our analysis, participants who reported any difficulty or inability to perform any of the
five ADLs were classified as having ADL disability and all others were classified as not
having ADL disability (dichotomous variable).

The Short Physical Performance Battery (SPPB) is a commonly used instrument to measure
lower extremity mobility performance.1® The SPPB includes tests of standing balance, 4-
meter usual-paced walking speed, and ability and time to rise from a chair 5 times.
Participant performance on each of these three maneuvers is graded categorically on a scale
of 1 to 4; inability to perform any of the maneuvers results in a score of 0. Thus, summary
scores for the SPPB range from 0 to 12; SPPB was analyzed as a continuous variable.

The third functional outcome was the Physical Component Score (PCS), of the Short Form
-12 (SF-12).1° The SF-12 is a well validated, multipurpose short form survey with 12
questions that measure eight domains of health. The PCS measures physical health,
including physical functioning and evaluation of the ability to perform physical activity.
PCS is derived from all eight health domains measures in the SF-12; scores are calibrated
such that 50 is the average score or norm and the standard deviation is 10. This measure was
included in our analyses as a continuous measure.

Weight status

Pain

Weight was measured without shoes using a calibrated balance beam scale; height was
measured without shoes using a stadiometer. Body mass index (BMI) was calculated as
weight in kilograms divided by height in squared meters. BMI was then analyzed in three
categories in accordance with the classification schema proposed by the NIH20: normal
weight — BMI 19-24.9 kg/m?, overweight — BMI 25-29.9 kg/m?2, obese - BMI =30 kg/m.2

Pain was assessed using the joint pain questionnaire from the Women’s Health and Aging
Study, assessing presence of chronic pain in musculoskeletal sites.2! For the purposes of the
present analysis, we were interested in pain in weight-bearing joints (hips, knees, feet) and
widespread pain, as we felt that pain symptoms in these areas would be more likely to be
related to obesity and contribute to disability. Participants were asked whether they had pain
in their hips, knees, feet or all-over on most days for at least 3 months of the previous year.
They were also asked whether they had bodily pain (any location) within the past month.
We combined the responses to these questions to categorize pain. If a participant responded
that they had pain in a given bodily location on most days in the past three months and also
had bodily pain within the past month, they were classified as having chronic pain in that
location. We then counted the number of weight-bearing sites a participant noted having
pain. For example, if a participant had pain in their hips and knees, they had two pain sites.
If a participant reported pain in all three bodily locations or had all-over pain, they had three
or more pain sites. Number of pain sites was used in our main analysis. In secondary
analyses, we separately analyzed the effect of pain intensity using the 4-item Brief Pain
Inventory (BP1) which has been validated for use in musculoskeletal pain.22
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Statistical analysis

We used descriptive statistics to characterize participant’s demographic and clinical
characteristics at baseline. Descriptive statistics were also used to examine the unadjusted
relationship between weight status and both disability and physical function, as well as with
pain prevalence.

We then conducted a mediation analysis to understand how much of the measured effect of
the independent variable (obesity) on the dependent variables (physical performance/
function/disability) is attributable to a potential mediator variable (pain). In this model
(Figure 1), the observed effect of the independent variable on the dependent variable is
called the total effect (pathway C). The total effects are comprised of a direct effect pathway
(pathway C’) of the independent variable on the dependent variable, and a total indirect
pathway (mediated: pathway A + B) of the independent variable on the dependent variable
through the mediator. We approached this mediation analysis using two methods. The Baron
and Kenny proposed a four step approach in which several regression analyses are
conducted and the relevant coefficients are examined at each step.23 Using the Baron and
Kenny method, mediation can be said to be present when the following conditions hold in
sequential regression analyses: 1) The independent variable (obesity) is associated with the
dependent variable (physical performance/function/disability) in the absence of the putative
mediator variable (pain);.2) The independent variable (obesity) is associated with the
mediator variable (pain); 3) The mediator (number of pain sites) is associated with the
dependent variable (physical performance/function/disability); 4) the observed effect of the
independent variable on the outcome shrinks when the mediator is added to the model. Full
mediation occurs if inclusion of the mediation variable shrinks the observed relationship
between the independent variable and dependent variable to zero. However, full mediation
rarely occurs. Partial mediation occurs when the observed relationship between the
independent and dependent variable is weaker with the inclusion of the mediation effect.
The multivariable regression models used for these analyses were logistic regression for
dichotomous outcomes (i.e. ADL disability) and linear regression for continuous outcomes
(SPPB, PCS scores).

We also used statistically based methods to asses for statistical significance of the mediation
pathway.24 We used a series of regression modeling to estimate the coefficient for the
indirect effect by calculating the product of the standardized regression coefficient (path A)
of the independent variable on the mediator with the regression coefficient (path B) of the
mediator variable on the dependent variable (A * B). Thus, the regression coefficient for the
indirect effect represents the change in the dependent variable for every unit change in the
independent variable that is mediated by the mediator. Bootstrapping methods were used to
calculate the 95% confidence intervals for the coefficients for the total, indirect, and direct
effect.2 Coefficients were considered statistically significant if the confidence intervals did
not cross zero.

We conducted analyses stratified by sex, as prior research suggests that the effects of obesity
on disability and physical function may vary with sex. Final models controlled for covariates
that could confound the relationship between obesity and disability including age, sex, race
(black, white), education level (less than high school, high school completion, more than
high school), smoking status (never, former, current), physical activity (Physical Activity
Scale for the Elderly, continuous) and self-reported physician diagnosis of chronic medical
conditions, including diabetes, heart disease, congestive heart failure, hypertension and
stroke (yes/no).

All analyses were conducted using Stata v12.
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Forty percent of our sample was overweight and 29% were obese. Obese participants were
more likely to be female, Black and with less education. (Table 1) Overweight and obese
participants were also more likely to have medical morbidities such as diabetes,
hypertension and stroke. The number of lower body joint pain sites increased across weight
categories with obese persons reporting more sites of pain.

We first used the Baron and Kenny method of sequential regression modeling to assess for
the mediating effect of pain. We found that obesity was associated with each of the three
measures of disability/physical performance. Unadjusted results suggested that overweight
and obesity were associated with lower PCS and SPPB scores, and higher likelihood of ADL
disability compared to the normal weight participants. (Table 1) In adjusted analyses
including both men and women, obesity but not overweight, was significantly adversely
associated with two of the measures of physical performance, SPPB and PCS. (Table 2) For
example, older adults with obesity had mean PCS and SPPB scores that were significantly
lower (3 points and 0.6 points respectively) than their normal weight counterparts. However,
sex stratified analyses suggest substantial differences according to sex. In both unadjusted
and adjusted analyses in men, overweight and obesity had null effect on physical outcomes.
For women, obesity, but not overweight, was significantly associated with disability and
poor physical function, as measured by all three outcomes in adjusted analyses. (Table 2)

In the unadjusted analyses, we found that obesity is significantly associated with number of
pain sites — greater number of pain sites was associated with greater disability and worse
physical functioning. (Table 1) Adjusted analysis for both men and women showed that
bodily pain is significantly associated with disability, performance and physical function
(Table 2). These associations were similar across sex. The adjusted analyses with models
including both weight status and pain, suggest that there is an independent effect of pain on
our physical outcomes. (Table 2)

Given that our initial analyses found that obesity was not associated with disability or
physical function in men, (Table 2) the first condition of Baron and Kenny mediation was
not met in this group. However, for women obesity was significantly associated with
disability and poorer function, as measured by all three outcomes, in analyses adjusted for
covariates other than pain. When pain is included in these models, the observed impact of
obesity on disability and functional outcomes in women shrinks substantially. These data
suggest partial mediation of the observed adverse impact of obesity on disability and
function in women by bodily pain.

We also used modeling techniques to estimate the coefficient for the indirect effect using the
product of standardized coefficients and to estimate how much of the total effect of obesity
is mediated by bodily pain in women only. We found that for each of our measures of
disability and physical functioning, the estimate of the coefficient for the indirect effect was
statistically significant. (Table 3) Our analyses suggest that bodily pain mediates
approximately 22 to 44% of the total observed adverse effect of obesity on disability and
physical function in women.

In secondary analyses, we examined the potential impact of pain severity (BPI). While pain
severity was associated with increased ADL disability and lower PCS scores in women (not
men), obesity was not associated with pain severity (data not shown). Thus, in mediation
analyses pain severity did not mediate the effect of obesity on any of our outcomes (data not
shown). Additionally, we conducted sensitivity analyses employing BMI as a continuous
(rather than categorical) measure. While some of the point estimates of effect were
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modestly different than the estimates from models using BMI in categories, this did not
change the interpretation of our results.

DISCUSSION

Physical disability is increasingly recognized as an important adverse outcome of obesity in
older adults. Our analysis of a population-based sample of community-dwelling older adults
finds that obesity is associated with increased ADL disability and worse physical
functioning. We also found that obesity is associated with increased distribution of pain
sites. Additionally, pain was found to be independently associated with poorer physical
function. Finally, our data suggests that number of pain sites appears to be an important
mediator of the association between obesity and poorer physical function in obese, older
women, but not obese, older men. Intensity of pain was not associated with weight category
and did not mediate the relationship between obesity and physical function or disability.

Only a relatively small number of studies examine factors that may mediate the association
of obesity with disability in older adults. The main objective of our study was to understand
how pain may mediate the increased risk of disability associated with obesity. Both obesity
and disability are complex conditions and thus, the pathogenesis of obesity-related disability
is likely to be complex and multifactorial. Obesity leads to chronic medical conditions such
as diabetes and coronary artery disease;18-2 these conditions may be mediators of obesity-
related disability. Obesity may also cause gait and balance disturbances that lead to mobility
difficulties.2324 Additionally, there is emerging evidence that inflammation associated with
the excess adipose tissue of the obese state may lead to muscle and bone loss, thus
contributing to functional decline.25:26

We postulated that pain could be an important, under-recognized mechanism by which
obesity leads to disability. Examination of prior research supports the framework for our
hypothesis. Previous work has demonstrated an association of higher BMI with increased
bodily pain, both arthritic and non-arthritic. 22 In one study of middle-aged male military
veterans, both overweight and obesity were associated with a significantly higher prevalence
of bodily pain.2> Another study of older men and women found that moderate obesity was
associated with twice the odds of chronic pain compared to normal weight peers; severely
obese subjects had more than four times the odds of having chronic pain.26 Our work also
confirms this association between obesity and greater likelihood and distribution of pain.
Pain has also been found to be associated with increased risk of developing physical
disability in seniors.2”28 A study of community dwelling older adults found that
musculoskeletal pain in one or two body areas was associated with a 30% increased risk of
mobility limitations; pain in three or more areas was associated with an 80% greater risk of
mobility limitations.2” Similarly, another study found that the adjusted risk of developing
ADL disability increased significantly by about by 20% for each area of bodily pain
reported.?® We observed that up to 44% of the obesity-disability/function relationship could
be related to chronic pain in older women. Thus, while the magnitude of the mediating effect
of pain on the negative physical outcomes associated with obesity in older women appears
substantial, further work is needed to understand the optimal management approach to
reduce functional decline in this vulnerable population.

Our work has extended the scientific understanding of the association between obesity and
disability by establishing that bodily pain could be an important mediator of this relationship
in older women. We are not aware of prior work that estimates how much of the adverse
impact of obesity on disability might be mediated by pain. However, one prior study using
national data of adults of all ages found that pain and medical comorbidities were mediators
of the adverse impact of obesity on health-related quality of life.30 Further research is
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warranted to determine whether effective treatment of bodily pain may be a useful strategy
to reduce the negative impact of obesity on physical function in women.

Results from our study confirmed the previously observed association between obesity and
disability. Additionally, we found that the impact of obesity on physical function depends on
gender. Obese, older women have poorer physical function than their normal weight
counterparts; whereas for older men, obesity did not increase the likelihood of disability or
poorer function. Others have observed the differential impact of obesity by sex, however the
reasons for this difference are not clear. A study by LaCroix et al. found that women with
higher BMI had greater risk of mobility problems, but this was not true in men.31 Another
study by Friedmann et al. observed that women in the highest quintile of BMI had higher
prevalence of disability in activities of daily living or instrumental activities of daily living;
whereas this was not true in men.32 Some have suggested that women are more sensitive to
somatic symptoms and also may be more likely than men to report physical difficulties.2’
Further, the higher skeletal muscle mass in men may allow for better strategies to
compensate for the excess body weight compared to obese women.30 These data suggest
that weight-loss related interventions to prevent functional decline may be best targeted
towards women.

Our study has several strengths including analysis of a multiethnic, population-based
sample. We also analyzed several measures of disability and physical functioning, including
both performance-based and self-reported function. We also utilized measures of pain at
multiple sites. However, some limitations of our study have to be considered. The cross-
sectional design does not allow us to establish temporality of our factors of interest. We
postulate that obesity develops initially, which subsequently leads to more pain and
disability. However, in this study we cannot definitively establish causal inference between
the association of obesity and disability. We cannot rule out the possibility that seniors
initially develop pain and disability, and then develop and obesity secondarily. Additionally,
we did not have measures of body composition which may have enhanced the interpretation
of our findings.

In conclusion, as the increasing prevalence and severity of obesity intersects with the aging
of the population in the coming years, it is feared that these combined trends may produce
severe strain on the medical infrastructure and health care funding related to disability. It is
important to understand which populations are at particular risk of developing obesity-
related disability and which factors might mediate this association in order to better target
interventions that might mitigate this problem. Women seem to be more vulnerable to
functional problems associated with obesity; therefore, interventions to prevent obesity-
related disability should target obese women. Further, bodily pain may be an important
mediator of the disability associated with obesity in women. Bodily pain is potentially
treatable and could represent an effective target of interventions designed to reduce the
morbidity of obesity in seniors.
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