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Abstract
OBJECTIVES—To examine the association between the use of compensatory strategies to
successfully complete common daily activities — an indicator of pre-clinical disability— and
body mass in pre-clinically disabled older adults.

DESIGN—Cross-sectional observational study.

PARTICIPANTS—Two-hundred and fifty-nine pre-clinically disabled older adults defined as
having changed the frequency or manner of performing daily tasks without reporting any
difficulty.

MEASUREMENTS—The use of compensatory strategies were objectively evaluated using the
MOD scale — a reliable and valid scale for assessing the manner in which common daily
activities were completed. Height and weight were measured to classify participants into the
following body mass index (BMI) categories: 1) normal: 18.5–24.9kg/m2, 2) overweight: 25.0–
29.9kg/m2, 3) obese class I: 30.0–34.9kg/m2, and 4) obese class II: 35.0–39.9kg/m2.

RESULTS—Compared to other BMI categories, individuals with class II obesity demonstrated a
significantly higher probability of using ≥ 1 compensatory strategies when rising from a chair
(30cm height), kneel to stand, stair ascent, stair descent, and supine to stand tasks. When
summarized over all tasks, individuals with class II obesity were 18 times more likely to use
extensive compensatory strategies (≥ 6 on MOD scale) compared to normal weight older adults.
Similar trends at a lesser magnitude were found in obese and overweight compared to normal
weight older adults.

CONCLUSION—Obesity is associated with extensive use of compensatory strategies when
performing common daily tasks prior to the onset of perceived difficulty, thus placing them at
higher risk of disability compared to their peers with lower body mass.
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1. Introduction
As life expectancy in the United States continues to rise, the maintenance of physical
independence among older adults has emerged as a major public health priority. Obesity in
older adults has consistently been found to increase the risk for functional decline and the
development of mobility disability in aging populations (Ferraro et al., 2002; Peeters et al.,
2004). Additionally, obesity-related disability is associated with significant burden in terms
of both quality of life and healthcare costs (Fontaine and Barofsky, 2001). Alarmingly, the
number and proportion of older, obese adults has increased dramatically over the past two
decades (Flegal et al., 2010). Recent estimates indicate that a disturbing 35% of older adults
are obese and another 33% are overweight, placing them at risk for obesity (Flegal et al.,
2010). This rise in an older, obese adult population and associated risk of physical disability
has led to increased efforts to identify high risk individuals that are ideal recipients for
strategies to prevent the onset of disability.

Physical disability in older adults typically occurs through two pathways: catastrophic
events (e.g., ischemic stroke, accidents and fractures) or gradual progression over time.
Regarding the latter, recent evidence suggests that subtle, but measurable transitions occur
prior to the onset of outright disability (Fried et al., 1991; Fried et al., 2001; Petrella and
Cress, 2004; Wolinsky et al., 2005). These subtle transitions are signified by the adoption of
compensatory strategies to cope with environmental demands (e.g. using the handrail on the
stairs or arm rests on a chair to push off). As such, using compensatory strategies marks an
initial step that denotes how underlying functional impairments eventually manifest into
disabling conditions realized in the environment. Fried and colleagues were the first to
describe this transition and labeled it pre-clinical disability – as it provides an early warning
sign in the disablement process. Adults who are pre clinically disabled are characterized as
individuals who do not perceive difficulty but report modifying the method or frequency of
daily tasks (Fried et al., 1996; Fried et al., 1991; Petrella and Cress, 2004). Previous research
has demonstrated that older adults who are pre-clinically disabled have significantly lower
physical function and are at high risk for outright disability (Fried et al., 2000; Manty et al.,
2007; Petrella and Cress, 2004; West et al., 2005).

Before moving forward, there are some semantic issues regarding the term “pre-clinical”
disability. Throughout the literature, researchers have use the terms “pre-clinical” and “sub-
clinical” interchangeably. Such semantic differences have led to disputes regarding the
appropriate terminology, as the use of “pre-“ and “sub-“ have important distinctions.
Traditionally, pre-clinical disease refers to a disease that is not yet clinically apparent, but is
designed to progress to clinical disease. However, the term subclinical disease is typically
reserved for a condition that is not yet clinically apparent and is not destined to become
clinically apparent. Based on these descriptions, arguably the term sub-clinical disability is
better suited for the stage of disablement under discussion, considering that progression to
disability is not inevitable. However, while we acknowledge these terminology distinctions,
we choose to use “pre-clinical” disability throughout the current article as it has been
historically used in the literature.

Researchers most commonly assess pre-clinical disability using self-report (Fried et al.,
2000; Fried et al., 1996; Fried et al., 2001; Petrella and Cress, 2004; Wolinsky et al., 2005).
To improve the objective measurement of compensatory strategies, Manini and colleagues
developed and validated the Modification (MOD) scale — a semi-Gutman rating scale to
categorize the severity of compensatory strategies used during common daily tasks (Manini
et al., 2006). Specifically, the MOD scale uses an index designed to quantify the number of
task modifications used to facilitate performance during chair rising from different heights,
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stair ascending and descending, rising from a kneeling and supine position, and lifting and
carrying a weighted basket. MOD scale scores are associated with objective measures of
physical function and self-reported physical function (Manini et al., 2006). Importantly, the
MOD scale, when used in combination with self-report measures, can serve to
comprehensively assess the use of compensatory strategies and help to identify persons who
are pre-clinically disabled.

The purpose of the current study was to examine the association between the use of
compensatory strategies— an indicator of pre-clinical disability— and body mass.
Expanding knowledge on this topic would provide an understanding of the increased risk on
physical disability that obesity imposes. Due to physical limitations imposed by increased
body mass, obesity likely plays an influential role in whether older adults require
compensatory strategies to navigate their environment. Therefore, we hypothesize that body
mass index will be positively associated with the use of compensatory strategies to
successfully complete a battery of common daily tasks.

2. Materials and Methods
2.1 Participants

The data in this report is ancillary to an intervention study with the purpose of recruiting
adults who are pre-clinically disabled > 60 years of age. Potential participants were
independently living community dwellers recruited through advertisements posted in local
newspapers and mass mailings sent to residents over the age of 60 years within a 50-mile
radius of the center. Four hundred forty-six participants responded and were screened by
telephone. To isolate the influence of the independent variable, obesity, as much as possible
and its association with the performance of daily tasks, inclusion and exclusion criteria were
identified to best rule out factors that might contribute to the need for participants to use
compensatory strategies when performing daily tasks. Thus, during the telephone screen,
participants were asked whether a doctor had told them they had any of the following
conditions in the last six months: coronary, myocardial infarction, heart attack, valvular
disease, or stroke. Additionally, participants were asked whether they currently had any of
the following conditions: chronic hepatitis, inflammation of the liver, cirrhosis, neurological
condition, symptomatic rheumatoid arthritis or osteoarthritis that limits mobility, anemia,
serious emotional problems or mental illness, chronic kidney disease, and fracture and joint
replacement in the past 6 months. Twenty-six participants were excluded because they had
one or more of the aforementioned conditions. Eighty-four participants were excluded for
other reasons including: exercising more than 125 minutes/week (i.e., to rule out the effects
of chronic exercise behaviors), moving out of area, and not willing to participate in all of
study procedures.

The presence of pre-clinical disability status was determined on the telephone using
established criteria originally developed by Fried et al (Fried et al., 1996; Fried et al., 1991;
Miller et al., 2006). We defined pre-clinical disability as a change in frequency or
modification of daily task performance without having overt difficulty completing a
particular task. During the phone interview potential participants were asked “Do you have
any difficulty performing …” five tasks, including: walking half a mile, climbing a flight of
stairs, stooping, crouching, or kneeling, getting up off the floor, or lifting something as
heavy as 10 pounds. Those who reported a little, some or a lot of difficulty were excluded
because they had surpassed what we considered a stage of pre-clinical disability and were
defined in this study as having a disability. Therefore, potential participants reporting any
difficulty walking half a mile, climbing a flight of stairs, stooping, crouching, or kneeling,
getting up off the floor, or lifting something as heavy as 10 pounds were not invited for
testing (n = 52). For participants not reporting difficulty a follow-up question asked
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“Compared to when you were 40 years of age, have you modified or changed the frequency
in which you…” performed the same five tasks. Individuals who reported modifying or
changing the frequency of any the tasks performed were considered to have pre-clinical
disability. Fourteen participants had no difficulty and did not change the frequency or
modify daily tasks. Two hundred-seventy participants reported no difficulty and changed the
frequency or modified daily tasks, and thus were considered to have pre-clinical disability
and be eligible for laboratory assessments. The University of Florida Institutional Review
Board reviewed and approved the protocol. All participants gave written informed consent
prior to their enrollment in the study.

2.2. Objective measures of compensatory strategies
We objectively measured modifications in a laboratory setting using a reliable and valid
performance scale developed to specifically rank the severity of compensatory strategies
used during a battery of 8 tasks – The MOD scale (full details of the MOD scale are
described in Manini et al 2006, 2007 (Manini et al., 2006; Manini et al., 2007). Participants
performed a chair rise from three different seat pan heights (43cm, 38cm, and 30cm), a
kneel to stand, stair ascent, stair descent, a supine to stand, and lifting and carrying a laundry
basket filled with 10% of a participant’s body mass. The MOD scale ranked participants’
performance on each task from 0–5 according to the severity of compensatory strategy to
complete the task. Previous research has demonstrated that the MOD scale has good test-
retest reliability (interclass correlation coefficient > 0.90), compares well with established
measures of functional and muscular performance (Manini et al., 2006), and is sensitive to
change during a behavioral intervention (Manini et al., 2007).

Scores on the MOD scale were summed and expressed descriptively from 0 to 40 where a
higher total MOD score represented greater use of compensatory strategies to complete the
tasks or inability to perform the tasks. For analysis purposes, we also dichotomized
individuals at a total MOD ≥ 6, which represents a MOD score at the highest third of the
sample (N=82). This cutoff score highlights individuals using severe modifications on at
least two tasks or consistently using less severe modifications on several tasks.

2.3. Measurement of BMI
Height and weight were measured with participants wearing light clothing and without
shoes. A wall-mounted stadiometer (Seca Inc Hanover, MD) graduated in centimeters with a
horizontal measuring block was used to measure height recorded to the nearest 0.1 cm as
participants stood erect looking forward. Weight was measured in kilograms using a
standard certified scale (Detecto Inc. Webb City, Missouri). BMI was calculated with
following formula: kilograms/(height in meters)2. According to standards of the World
Health Organization, participants were classified into the following BMI categories: 1)
normal: 18.5–24.9 kg/m2, 2) overweight: 25.0–29.9 kg/m2, 3) obese class I: 30.0–34.9 kg/
m2, and 4) obese class II: 35.0–39.9 kg/m2.

2.4. Data Analysis
Comparisons of baseline characteristics across groups were evaluated using Chi-square for
categorical variables (gender, race) and analysis of variance (ANOVA) for continuous
variables (age). Comparisons in MOD scores between BMI categories for each task were
performed using one-way ANOVAs. The predicted probability (adjusted age, race and
gender) for having a MOD score ≥ 1 was calculated for each BMI category across all tasks
performed. Next, we examined the association between MOD scale score and BMI using
multivariate regressions. Logistic regression was used to examine 1) the association between
BMI expressed in kg/m2 and total MOD score that ranged from 0 to 40 and 2) the
dichotomized total MOD score (MOD ≥ 6), which represented the highest third (coded as
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one) or lowest two-thirds (coded as zero) of the total MOD distribution. Models were
acquired with and without adjustments for covariates which included age, gender, and race.
Statistical significance for all analyses was set at p ≤ 0.05. Statistical analyses were done
using STATA SE (Version 10.0; College Station, TX).

3. Results
Eleven participants did not undertake some tasks and the results reflect only those who
completed all tasks (N=259). Table 1 summarizes data across each BMI category. There
were no significant differences in gender or race groups across BMI categories. However,
obese class I and class II adults were younger than other BMI categories (p < 0.001).
Additionally, MOD scores were generally higher with increasing BMI on the kneel to stand,
stair ascent, stair descent, and supine to stand. On average, individuals with class II obesity
exhibited approximately 3 additional compensatory strategies when compared to other BMI
categories.

Figure 1 illustrates the adjusted probability of using ≥ 1 compensatory strategy on the MOD
scale. As demonstrated by Figure 1, individuals with class II obesity were more likely to use
compensatory strategies when rising from a chair with a seat height of 30 cm than
individuals categorized normal weight (p = 0.001), overweight (p = 0.008) and obese class I
(p = 0.029). For the kneel rise, class II obesity was associated with a higher probability of
using one or more compensatory strategies compared to individuals categorized as normal
weight (p < 0.001) overweight (p < 0.001) and obese class I (p = 0.008). Additionally, class
I obesity had a higher probability of using one or more compensatory strategies than the
normal weight group (p = 0.027). Individuals categorized as obese class II were more likely
to use compensatory strategies while ascending and descending the stairs compared to
normal (p < 0.02), overweight (p < 0.02) and obese class I (p < 0.02) groups. The obese
class II group had a higher likelihood of using one or more compensatory strategies while
rising from a supine position on the floor than all other groups (all p-values < 0.04).
Individuals categorized as overweight and obese class I were more likely to use
compensatory strategies rising from the floor than the normal weight group (p values <
0.05). No significant differences were noted for rising from chairs with a height of 42 cm
and 38 cm, and lifting then carrying a weighted basket.

Table 2 illustrates the results from logistic regression analyses. In the adjusted model, each
unit of BMI was associated with an increase in 0.16 MOD score (p < 0.001). Logistic
regression analyses revealed that having class II obesity was significantly associated with a
high probability of using ≥ 6 compensatory strategies (all p values were < .001). Following
adjustments for age, gender, and race, participants in the class II obesity category were
18.69 times more likely to use ≥ 6 compensatory strategies compared to participants in the
normal BMI category. In the adjusted model, being overweight (p=.056) or class I obese
(p=.065) conferred a higher odds of using ≥ 6 compensatory strategies that approached
statistical significance. Additional analyses found no interaction between BMI category and
age, gender, or race on the probability of using ≥ 6 compensatory strategies.

4. Discussion
The results from this study provide novel information and support our hypothesis regarding
the relationship between obesity and using compensatory strategies on common daily tasks
in older adults who are pre-clinically disabled. The data indicate that class II obesity in this
population is an important predictor for using compensatory strategies to complete a
physical task even after accounting for age, gender, and race. In particular, compensatory
strategies were most prevalent among this group when performing the low chair rise, kneel
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to stand, stair ascent and descent, and supine to stand tasks. Importantly, we observed that
obese individuals need to perform numerous compensatory strategies despite their report of
having no difficulty performing the same tasks. Moreover, these individuals were
thoroughly screened for several potentially disabling disease conditions (e.g., severe
osteoarthritis, cardiovascular disease) and represented relatively healthy older adults.
Furthermore, adults with class I and II obesity were younger than the overweight and normal
weight adults indicating that age-related changes were unlikely to explain the findings.
Overall, the data suggest that obese individuals who report no outright difficulty executing
physical tasks are successfully performing these tasks in a manner that predisposes them to a
high risk of future disability.

The present findings corroborate previous evidence demonstrating a consistent association
between heightened body mass and compromised ability to perform mobility tasks,
particularly those involving the lower body or transferring body weight (Vincent et al.,
2010b; Sharkey et al., 2006; Apovian et al., 2002). For example, Sharkey et al. found that
higher BMIs were associated with a progressive increase for the inability to perform a
repeated chair rise test (Sharkey et al., 2006). Additionally, Apovian and colleagues found
that the median time for climbing a standard set of stairs was almost 30% higher among
individuals with class I or II obesity compared to normal weight individuals (Apovian et al.,
2002). Prospective longitudinal studies have also supported the notion that disability risk is
higher for obese compared to non-obese persons (Ferraro et al., 2002; Peeters et al., 2004).
Adding to this body of knowledge, the current study documented for the first time the
association between obesity and the earliest signs of functional limitations becoming
apparent in a variety of environmental situations that involve completing daily tasks. These
results suggest that obesity class I and II result in an extensive use of compensatory
strategies on common daily tasks prior to the onset of perceived difficulty performing those
tasks, thus placing obese older adults with class I and II at higher risk of disablement
compared to their peers with lower BMIs.

Several mechanisms might account for why obesity is closely related to using compensatory
strategies. First, as body mass increases, the energy and strength required to position the
body increases correspondingly (Ko et al., 2010; Messier et al., 2011). In particular, excess
body mass produces biomechanical burden to the lower extremity joints (Ko et al., 2010; Lai
et al., 2008). For example, Browning et al. demonstrated that total knee generative
mechanical work expenditure is higher in older obese adults compared to non-obese older
adults (Browning and Kram, 2007). The exacerbated load and energy burdens placed on the
lower limb joints likely trigger activity avoidance or modification of daily task performance.
Additionally, as aging is generally associated with progressive muscle weakness and
increased muscular fat infiltration (Delmonico et al., 2009), the combination of obesity and
age-related muscle weakness may encourage task modification in older adults (Manini and
Clark, 2011).

Interestingly, the current study found no relationship between obesity and the upper-body
related task: the lift and carry of a weighted basket. This finding is in line with previous
work showing that obese individuals have a higher likelihood of experiencing lower-
extremity mobility difficulties than upper-extremity mobility difficulties (Weil et al., 2002).
Additional research has suggested that across the spectrum of physical tasks, activities
involving the lower-extremities are significantly more difficult to maintain during the
progression of disability compared to activities primarily involving the upper-extremities
(Ferrucci et al., 1998). Data from the current study support these notions and suggest that
class I and II obesity is especially detrimental to performing tasks that require the lower-
extremity region even in older adults who report no difficulty performing common daily
tasks.
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This study has a number of limitations. First, because the current study was cross-sectional,
the findings cannot establish whether obesity is a cause or consequence of increased use of
compensatory strategies during common daily tasks. Second, compensatory strategies can
involve not only modifying the method, but also the frequency of daily task performance —
the current study only examined alterations in the method of performance. Given that excess
weight could also trigger a fear of movement leading to task avoidance (Vincent et al.,
2010a), a relationship might also exist between obesity and frequency of performing daily
tasks in adults who are pre-clinically disabled. Finally, the study population was
predominantly healthy Caucasians between 60 and 100 years of age, which limits
generalizability to other age and ethnic groups.

In conclusion, the findings from the current study demonstrate that obesity represents a key
factor involved in whether compensatory strategies are used to facilitate successful
completion of physical tasks in older adults who report no signs of difficulty. This finding
was most pronounced in older adults with class II obesity and was magnified in lower-
extremity tasks that included the kneel to stand, stair ascent/descent, and supine to stand
tasks. Additional research is necessary to determine the mechanisms underlying the
association between extensive use of compensatory strategies and obesity in pre-clinical
disability.
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Figure 1.
The adjusted (adjusted for age, gender and race) probability of using ≥ 1 compensatory
strategy on each task of the MOD scale across BMI categories. Statistically significant
differences are expressed with letters: A = significant difference compared to Normal (p <
0.05). B = significant difference compared to Overweight (p < 0.05). C = significant
difference compared to Obese class 1 (p < 0.05).
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Table 2

Odds Ratio of Logistic Regression Models

Odds Ratio (95% CI) Odds Ratio (95% CI)

Unadjusted Adjusteda

Per unit BMIb 1.07 (1.03–1.13) 1.16 (1.09–1.23)

BMI categories

 <24.9 kg/m2 1.0 1.0

 25.0–29.9 kg/m2 1.47 (0.71–3.04) 2.28 (0.98–5.31)

 30.0–34.9 kg/m2 1.15 (0.501–2.64) 2.48 (0.94–6.54)

 >35 kg/m2 4.71 (2.04–10.89 18.69 (6.44–54.19)

p-value for trend 0.002 <0.001

a
Adjusted for age, gender, and race

b
BMI is used a continuous variable in the model.

BMI = Body Mass Index
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