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BACKGROUND: In older persons with heart failure (HF), body composi-
tion may influence physical function and treatment effectiveness. There is
a lack of research concerning the associations between waist circumference
(WC) or body mass index (BMI) and physical function in this population.
OBJECTIVE: To determine whether BMI and WC are associated with
physical function in older men and women with HE

METHODS: Seventy-one men and 36 women 65 years of age and older
living with HF completed two surveys spaced three months apart. Height,
weight, WC, time since diagnosis, edema, comorbidities and physical func-
tion were self-reported at baseline and follow-up. Physical function was
determined using the physical component score of the Short Form-12 and
the physical limitation domain (PLD) of the Kansas City Cardiomyopathy
Questionnaire. Multivariate linear regression and analysis of covariance
were used to evaluate the relationships between WC and BMI, as well as
cross-classifications of WC and BMI with physical function, after adjusting
for confounders and interactions.

RESULTS: The cross-sectional and short-term follow-up analyses did not
detect an association between WC or BMI and physical function, with the
exception of changes in the PLD, which were significantly different across
WC categories. Persons with a moderate WC experienced the greatest
improvement in function. The physical component and PLD scores were
lower than those reported by Canadians 75 years of age and older and sta-
ble HF patients, respectively. Women reported lower physical function
scores than men.

CONCLUSION: Findings from the present study indicate that older
persons with HE, especially women, have poor physical functioning regard-

less of their WC or BMI.
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Linfluence de I'indice de masse corporelle et du
tour de taille sur la fonction physique des
personnes Agées atteintes d’insuffisance cardiaque

HISTORIQUEE : Chez les personnes agées atteintes d’insuffisance cardiaque
(IF), la composition corporelle peut influer sur la fonction physique et
lefficacité du traitement. Il n’y a pas assez de recherches sur les associations
entre le tour de taille (TT) ou lindice de masse corporelle (IMC) et la
fonction physique au sein de cette population.

OBJECTIF : Déterminer si 'IMC et le TT s’associent a la fonction physique
chez les hommes et les femmes Agés atteints d'IE

METHODOLOGIE : Soixante et onze hommes et 36 femmes de 65 ans et
plus atteints d'IF ont rempli deux sondages a trois mois d'intervalle. Ils ont
fourni leur taille, leur poids, leur TT, la période depuis le diagnostic, l'cedeme,
leurs comorbidités et leur fonction physique au début de étude et au suivi. Les
auteurs ont déterminé leur fonction physique a l'aide de l'indice d’élément
physique du formulaire court de 12 questions et du domaine de limitations
physiques (DLP) du questionnaire sur la myocardiopathie de Kansas City. Ils
ont utilisé la régression linéaire multivariée et I'analyse de covariance pour
évaluer le lien entre le TT et 'IMC, ainsi que les classifications croisées du TT
et de 'IMC avec la fonction physique apres rajustement des variables
confusionnelles et des interactions.

RESULTATS : Les analyses transversales et & court terme n’ont permis de
déceler aucune association entre le TT ou 'IMC et la fonction physique, a
exception des changements de DLP, dont les différences étaient significatives
selon les catégories de TT. Les personnes au TT modéré présentaient la plus
grande amélioration de la fonction physique. Les indices d’élément physique
et de DLP étaient plus faibles que ceux déclarés par des Canadiens de 75 ans
et plus et par des patients stables atteints d'IE respectivement. Les femmes ont
déclaré des indices de fonction physique plus faibles que les hommes.
CONCLUSION : D’apres les observations de la présente étude, les personnes
agées atteintes d’IC, notamment les femmes, ont une mauvaise fonction
physique, quel que soit leur TT ou leur IMC.

In Canada, the proportion of elderly (65 years of age and older) indi-
viduals is rising, with a projected increase of 14% by the year 2011
(1). With the growth in the proportion of elderly individuals, the
prevalence of chronic illness, such as heart disease, diabetes and
stroke, will increase. Heart failure (HF) currently affects approxi-
mately 400,000 Canadians (2). Older persons with chronic illness
such as HF are at a greater risk for functional decline due to factors
associated with their disease and the natural aging process. Those with
HF often have symptoms that limit performance of regular activities of
daily living and generally have a poor health-related quality of life.
Advancing age is associated with gains in fat mass and losses in
skeletal muscle mass. In the elderly, a large waist circumference (WC)
(3,4) and a high body mass index (BMI) (5) are independently associ-
ated with decreased physical function. For older persons with chronic

health conditions such as HF, body composition may influence their
level of function and treatment effectiveness. Obesity and muscle loss
may precede or compound HE and HF may, in turn, confound the
normal decline in muscle tissue that occurs with aging (6,7).

Current evidence is emerging with regard to the relationships
between body composition and physical function as they pertain to
older persons with heart disease. In a longitudinal study of postmeno-
pausal women with coronary artery disease (including HF) (8), it was
found that after accounting for both WC and BMI, a large WC was
associated with an increased risk of mortality, while a high BMI was
associated with a decreased risk. It was subsequently postulated that
because BMI is a measure of total body mass, after adjusting for WC,
it may be an indicator of lean body mass (8-10). A number of cross-
sectional studies have shown that older men and women with low
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Figure 1) Flow diagram of study participant selection

muscle mass or high fat mass experience lower levels of physical func-
tion than those with normal muscle and fat mass (11-13). There has
been little longitudinal evidence to establish temporality between the
onset of muscle loss and fat gain and the decline of physical function.
Results have been conflicting, with a causal relationship identified in
some (14) and not seen in others (15).

Sex differences exist with regard to the amount and distribution of
skeletal muscle mass and fat mass, as well as the effects on physical
function. Women with high fat mass and/or low muscle mass generally
experience lower levels of physical function than their male peers. As
a result, low muscle mass and obesity are hypothesized to be greater
public health concerns in women due to a ‘survivor effect’, because
women generally tend to live longer, have higher rates of disability,
have lower lifetime levels of physical activity, and because older men
represent a selectively healthier group (3,16).

To date, there have been very few studies examining the associa-
tion between low muscle mass or low BMI combined with high fat
mass or large WC and physical functioning in older persons. The lit-
erature has generally reinforced the idea that a combination of a loss
in muscle mass and strength and the gain of excess fat mass reinforce
each other and act synergistically to create greater reductions in
physical function than either condition alone (11,17). Individuals
with HF can experience rapid changes in their physical function (18).
Few studies have examined the combined effects of WC and BMI
longitudinally in the elderly population and none have looked at its
effects on physical function in older persons with HE

Optimizing functional well-being and quality of life is a treatment
goal for HF; however, there is little understanding of the factors that
influence physical function in this population. It was hypothesized
that a large WC and a high WC to BMI ratio are associated with low
levels of physical function, and that short-term changes, if they occur,
correspond to declines in function. As a result, the objectives of the
present study were to cross-sectionally determine the associations
between BMI and WC with physical function, and determine
whether the changes in HF symptoms and physical function, if pres-
ent, were influenced by BMI and WC over a short-term (three-
month) follow-up in a cohort of older persons living with HE

METHODS
Study population
Participants in the present study included adults 65 years of age and
older with a diagnosis of HE In brief, 187 men and women were
recruited from five emergency departments in southeastern Ontario
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following an exacerbation of their HF symptoms. Eligible partici-
pants were noninstitutionalized, able to communicate in English,
have access to a phone and able to provide informed consent. The
diagnosis of HF was validated using the Framingham criteria for the
clinical diagnosis of HF (19) or a documented ejection fraction of
less than 40%. Of the 187 eligible to participate in the present study,
107 completed the baseline questionnaire and 84 completed the
three-month follow-up. Figure 1 illustrates the participant flow in
the study. The Queen’s Health Sciences Research Ethics Board
approved the project and each study site received ethics approval
through their respective board. Written, informed consent was
obtained from all participants.

Exposure variables

WC: WC was used as a measure of obesity, analyzed as a continuous
variable and categorized using Lean et al’s (20) WC action levels:
small WC (less than 94 cm in men and less than 80 cm in women);
moderate WC (94 ¢cm to 101 c¢cm in men and 80 cm to 87 cm in
women); and large WC (102 cm or more in men, and 88 cm or more
in women). Participants received written instruction on how to mea-
sure their WC, including an illustration and a MyoTape tape measure
(AccuFitness, USA). The MyoTape forms a complete loop and lies
firmly around the waist using a spring-lock mechanism, making it
appropriate for frail individuals and those with large waists. Instructions
for waist measurement directed participants to measure their WC to
the closest one-quarter inch at one-half the distance between the last
rib and the iliac crest. Measurements were later converted to cm.
Participants self-measured their WC for seven days in the morning
before breakfast, and an average of the seven measurements was used.
BMI: BMI was calculated using self-reported weight divided by height
squared; height was self-reported at baseline. Weight was collected at
baseline and follow-up. Participants were asked to weigh themselves
in the morning before breakfast for seven days in a row and record this
information in a log sheet. An average of the seven days was used to
calculate BMI. BMI was analyzed as a continuous variable and catego-
rized according to the following World Health Organization (21) and
Health Canada (22) categories: underweight (less than 18.5 kg/m?),
normal weight (18.5 kg/m? to 24.9 kg/m?), overweight (25.0 kg/m? to
29.9 kg/m?) and obese (30 kg/m? or more). The relationship between
BMI and physical function was also examined using tertiles of BMI.
On its own, BMI is a recognized correlate of total fat and measure of
obesity status (22). However, after controlling for WC, it has been
postulated by a number of researchers (9,10) that BMI is a marker of
lean mass and skeletal muscle content. In the present study, a lower
BMI was considered to represent less muscle mass than a high BMI
after controlling for WC.

Cross-classification of BMI and WC: Cross-classifications of WC
action levels and BMI categories (eg, high-risk WC and normal
weight BMI) were performed. Cross-classifications provide a means of
comparing individuals who possess greater central obesity relative to
their total body mass (a large WC with a normal BMI) with those who
had lower central obesity relative to their total body mass (low-risk

WC and overweight BMI).

Outcome measures

The physical component scale (PCS) of the Short Form-12 (SF-12)
and the physical limitation domain (PLD) of the Kansas City
Cardiomyopathy Questionnaire (KCCQ) were collected as measures
of physical function. The SF-12 provides a generic measure of physical
function that provides a basis of comparison with other nonclinical
populations, and the KCCQ is an HF-specific measure sensitive to
changes in clinical status. During the baseline and follow-up examina-
tions, participants completed the brief, self-administered SF-12 and
KCCQ.

PCS of the SF-12: The SF-12 measures functioning and well-
being in two health status domains — physical functioning and
emotional functioning (23,24). Items from the physical function
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domain were scored to form the PCS. The PCS of the SF-12 has
been validated and shown to be a reliable measure of physical func-
tion (25). The PCS of the SF-12 is transformed into scores of O to
100, with an average score for the Canadian population previously
identified as 42 in those 75 years of age and older (26). The score
was analyzed as a continuous variable, and a change score was cal-
culated as the difference between baseline and follow-up. A change
in the PCS of greater than two points in either direction was con-
sidered meaningful (24).

Eight participants were missing items from the SF-12, the major-

ity missing one or two items. Missing item-level data and PCS scores
were imputed using a single imputation and the Markov chain
Monte Carlo method (27). Imputation fills in missing data with a set
of plausible values that represent the uncertainty about the correct
value. Several imputations were analyzed and it was deemed that a
single imputation gave very similar results to multiple imputations.
This is a valid means of imputation when six items or fewer are miss-
ing from the SF-12 (28).
PLD of the KCCQ: The KCCQ consists of 23 items that quantify the
following domains: physical limitation, symptoms, quality of life,
social interference and self-efficacy (29). The PLD of the KCCQ is a
valid and reliable measure of physical function (29). KCCQ responses
are transformed into scores from 0 to 100, a higher score indicating
better physical function. A Canadian norm has not been identified;
however, in stable HF patients, the mean domain scores have been
reported to be 64 (29). The domain was analyzed as a continuous vari-
able, and a change score was calculated using the difference between
the follow-up and baseline scores. A clinically significant change is
defined as a change greater than five points in either direction (30).
One participant was missing baseline items and two were missing
follow-up items; those missing more than three items from the domain
were not used in the analyses.

Covariates

Variables that were independently associated with the exposure and
outcome measures in the literature were analyzed as potential con-
founding variables and effect modifiers.

Age and sex: Age was included in the multivariate analysis as a con-
tinuous variable. Sex was coded as 0 for men and 1 for women.

Time since diagnosis: Time since diagnosis was self-reported at base-
line and categorized as ‘less than one month’, ‘greater than one month
but less than six months’, ‘greater than six months but less than one
year’, ‘one to five years’ or ‘greater than five years’.

Edema: Edema was self-assessed using a self-report descriptor method
and recorded using a seven-day log to control for the effects of edema
on weight and WC. The descriptor method uses a scale adopted by the
Canadian Congestive Heart Failure Clinics Network (31) and uses a
0 to 4 scale, with O representing no edema and 4 representing edema
above the thigh (increased severity).

Comorbidity: Comorbid diagnoses were obtained by a self-reported
functional comorbidity index (FCI) designed to predict physical func-
tional capacity (32,33). The FCI contains diagnoses associated with
physical function and has been validated on a cross-sectional database
of 9423 Canadian adults, using the SF-36 physical function subscale as
the outcome (32). An FCI score of 0 indicates no comorbidity and
increases up to 18 with the addition of each comorbidity. BMI higher
than 30 kg/m? was not used in the score.

Smoking: At baseline, participants were asked to classify themselves
as a ‘current smoker’, a ‘recent quitter’ (more than four weeks, but less
than five years), a ‘remote quitter’ (five years or more) or ‘never a
smoker’.

Statistical analysis

All analyses were conducted using SAS version 9.1 (SAS Institute
Inc, USA). Baseline and change score descriptive statistics were per-
formed. Paired t tests were used to identify significant changes in the
anthropometric measures and physical function scores.
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Multivariate linear regression was used to assess relationships
between continuous baseline BMI and WC, and the PCS and PLD at
baseline (n=107). Potential confounders were identified through their
associations with the dependent and independent variables of interest.
Stepwise selection was performed using a significance level of 0.25. Age
and sex showed colinearity with many of the anthropometric variables,
and were subsequently centred to increase the predictive ability of the
models. Parameter estimates and P values were calculated for each of the
independent variables, and R? was calculated for each model.

Analysis of covariance (ANCOVA) was used to assess whether the
relationships between the anthropometric measurements and physical
function differed across BMI (controlling for WC) and WC at baseline
(n=107) and whether differences between the categories were present
for the PCS or PLD (n=84). Two-way ANCOVA was used to assess the
cross-classification of WC and BMI and was also performed using cross-
sectional data and follow-up changes in the PCS and PLD. Effect modi-
fiers were identified by significant interaction terms. Potential
confounders were identified by their ability to change the regression
slopes by a minimum of a 10%. Respective confounders and effect
modifiers were tested for in each ANCOVA model. P values for each
category were calculated to determine whether statistical differences in
physical function scores occurred between categories. Changes in WC
and BMI were not examined because a preliminary study in this popula-
tion reported large limits of agreement between self-measured and
technician-measured BMI (34) and WC (35), suggesting that self-
report of these variables is not sensitive enough for monitoring small,
individual changes.

RESULTS

Participant characteristics

Baseline sample characteristics for the 107 participants are shown in
Table 1. The age range was 65 to 93 years, and participants reported
between one and 10 comorbidities. The most reported comorbidities
included visual impairment (53%), arthritis (51%), angina (51%),
hearing impairment (36%) and diabetes (36%). Those who participated
in the baseline study did not differ significantly from those who did
not participate by age (mean of 77.9 years versus 78.8 years; P=0.41)
or ejection fraction (43% versus 45%; P=0.43). However, those who
did participate were more likely to be male (34% versus 23%; P=0.04).
Respondents and nonrespondents of the short-term, three-month
follow-up were not statistically significantly different by age, sex,
weight, comorbidity, smoking status, WC, BMI, PCS or PLD.
However, respondents were more likely to engage in current physical
activity than nonrespondents (P=0.03). Only two participants were
enrolled in cardiac rehabilitation, and of those who did participate in
physical activity, almost all were doing so on their own. One individ-
ual was placed in the underweight BMI category, 37 (35%) were con-
sidered to be of normal weight, 41 (38%) were overweight and
27 (25%) were obese. As a result of the small cell size, the under-
weight category was not further examined in the present study. Using
the WC action levels, 30 participants (28%) at low risk, 26 partici-
pants (24%) at moderate risk and 51 participants (48%) at high risk
were identified. The mean PCS was well below the Canadian norm of
42 for those 75 years of age and older (26), and the mean PLD was
below 64, a previously reported mean in a group of stable HF patients
(29). Mean physical function scores were significantly different
between men and women; men reported higher levels of physical
function than women using the PCS (34.6 versus 29.6, respectively;
P=0.01) and the PLD (60.0 versus 48.2, respectively; P=0.03).

Cross-sectional (baseline) analyses

Bivariate results of continuous BMI and WC variables showed no sig-
nificant associations between BMI or WC, or the PCS and the PLD,
suggesting that the relationships may not be linear. Bivariate results for
BMI and WC categories demonstrate the variation in the PCS and
PLD, although not significant, between cross-classification categories.
Results from the multivariate linear regression analyses identified no
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TABLE 1
Baseline participant characteristics

Characteristics Total (n=107)

Male sex, n (%) 71 (66)
Age, years 78.5+6.7
Weight, kg 78.8+18.3
Body mass index, kg/m2 27.315.6
Waist circumference, cm 98.4+15.1
Functional Comorbidity Index score (range) 5.2+2.1 (1-10)
Level of edema (range) 0.6+1.1 (0-4)

Physical component score of SF-12 (range) 32.949.6 (15.3-55.5)

Physical limitation domain of KCCQ* (range) 56.0+26.7 (0—100)

Smoking status, n (%)

Current smoker 2(2)
Quit recently (>4 weeks, <5 years) 4 (4)
Quit remotely (>5 years) 64 (60)
Never a smoker 37 (34)
Prediagnosis physical activity level, n (%)
Much more active than friends 24 (22)
Slightly more active than friends 24 (22)
Same as friends 39 (37)
Slightly less active than friends 8(8)
Much less active than friends 12 (11)
Current exercise program, n (%)
Organized exercise program 2(2)
Cardiac rehabilitation 2(2)
On their own >3 times per week 48 (45)
None 55 (51)
Time since diagnosis, n (%)
<1 month 8(8)
1 to 6 months 24 (22)
>6 months to <1 year 13 (12)
1to 5 years 31 (29)
>5 years 31 (29)

Data are presented as mean + SD unless otherwise stated. *n=106. KCCQ
Kansas City Cardiomyopathy Questionnaire; SF-12 Short Form-12

significant associations between WC or BMI (adjusting for WC), or
the PCS and the PLD, confirming that the relationships are not linear.
Power was calculated based on the multivariate linear regression model
using WC as the key exposure of interest and the PCS as the outcome
of interest. This model achieved 8% power to detect a linear associa-
tion between baseline WC and PCS scores.

Results from ANCOVA (Table 2) identified no statistically sig-
nificant differences in the PCS or PLD across BMI (controlling for
WC) or WC categories. Two-way ANCOVA results showed no statis-
tical differences between BMI and WC cross-classifications (Table 3).
It is noteworthy that the PCS and PLD were lower than the mean
scores reported for older Canadians (26) and HF patients (29), respec-
tively, irrespective of BMI and WC categories.

Short-term follow-up analyses

Mean changes from baseline to follow-up were not significantly differ-
ent for BMI (0.04+0.67 kg/m?), WC (0.29+3.84 cm), the PCS
(0.29+7.89) or the PLD (2.74+20.01). The majority of participants
experienced either an absolute increase or decrease in their physical
function scores; one individual experienced no change in PCS and
11 experienced no change in PLD. Seventy-one per cent of partici-
pants experienced a clinically significant change in the PCS and 69%
experienced a clinically significant change in the PLD. Of those who
experienced a clinically significant change in either physical function
score, the sample was split evenly, with one-half experiencing an
increase and one-half experiencing a decrease.
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Multivariate linear regression results indicated no associations
between baseline BMI or WC and changes in either of the physical
function scores after adjusting for confounders and effect modifiers.
Results using baseline categories of the anthropometric measures and
mean change scores for physical function saw no statistically signifi-
cant differences across BMI or WC and BMI cross-classification cate-
gories (Tables 2 and 3). However, there was a difference in PLD
change scores across the WC action levels. Individuals with a
moderate-risk WC saw a 20-point greater increase in their PLD over
the three months than those with a low-risk WC (P<0.01). Those
with a high-risk WC did not, however, see a significant increase over
the three months compared with the low-risk group (P=0.63).
Controlling for age, comorbidity, changes in exercise, prediagnosis
physical activity, time since diagnosis and average edema levels did
not impact the differences between the levels (P=0.01).

Results were consistent for the cross-sectional and follow-up analy-
ses when tertiles of BMI and WC were held in place of predefined
BMI and WC categories.

DISCUSSION

Our sample consisted of older men and women with HF for whom
physical function is an important component of daily living. We
assessed the influences of WC and BMI on physical function in this
group as a key outcome for individuals living with the condition. The
primary finding of the present study was that older persons with HF
experience poor physical function irrespective of their body composi-
tion, with women reporting lower levels than men. Most participants
were considered to be overweight or obese based on either BMI (64%)
or WC (72%), and experienced clinically significant changes in
physical function over the short study period. Furthermore, in this
group, a moderate WC was associated with an increase in physical
function above those with a low WC.

The prevalence of obesity in our sample was higher than that
reported for age-similar Canadians (48% versus 24%) (36). This dif-
ference may be partially explained by the biological relationship
between obesity and the development of HE, as well as the use of WC
action levels in lieu of BMI to identify obesity. In the elderly, WC may
be better able to diagnose obesity as a result of an age-related redistri-
bution of fat from the periphery to the abdomen (37). Therefore, the
use of WC for detection, in combination with the fact that obesity is
a risk factor for the development of HF (38,39), might have resulted
in the higher rates seen in this sample.

Both the cross-sectional and follow-up analyses did not detect a
relationship between WC or BMI and physical function when examin-
ing WC and BMI continuously or using categories. In general, previ-
ous cross-sectional and longitudinal studies have reported that older
adults with a high WC (40,41) or those with an obese BMI (30 kg/m?
or more) (5,41,42) are at a two to three times greater risk of func-
tional impairment. The findings of the present study suggest that in
older persons with HEF, the effects of obesity may not influence physi-
cal function to the same degree as in older adults without this chronic
illness. High body fat is likely an important factor, but the symptoms
and disease condition of HF may overshadow their effects.

Our findings also identified that individuals with a moderate WC
had significantly greater improvements in their PLD than those with
a low WGC; this relationship was absent in those with a large WC. It is
likely that we were able to see a difference in the PLD and not the
PCS because it is a disease-specific measure of physical function and is
therefore more sensitive to changes related to HE This suggests that
HF symptoms, such as shortness of breath and fatigue, may be more
sensitive to changes in body composition, although this requires fur-
ther study. Findings in the present study differ from those reported by
Lean et al (43), who found a linear negative relationship between WC
action levels and physical function. Differences between study find-
ings may be attributed to the differences in the study samples. The
previous study involved participants who were younger than 60 years
of age, whereas our sample consisted of older persons with HE
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TABLE 2

BMI, waist circumference and physical function in HF

Mean physical function scores at baseline and change scores across body mass index categories and waist circumference

action levels

Mean PCS Mean PLD Mean change Mean change
at baseline at baseline in PCS in PLD
(n=107) p* (n=106) p* (n=84) P* (n=78) P*
Body mass index category’
Normal 34.0+10.6 55.1+30.8 —0.02+8.4 8.1+20.3
Overweight 33.0£9.3 0.72 59.9+24.3 0.39 1.4+8.0 0.62 —0.73+21.4 0.26
Obese 31.4+9.1 51.7424.6 -0.3+7.2 -1.1+19.3
Waist circumference action level
Low 33.1+9.2 62.1+24.4 -0.1+7.5 —0.4+20.1
Moderate 34.0+9.7 0.99 50.7+33.4 0.36 0.3+9.1 0.67 12.9+25.8 0.01
High 32.3+9.7 55.1+23.8 1.5+7.7 —2.1+13.7

*P for independent variable category from one-way analysis of covariance models; fControlling for waist circumference. PCS Physical component score;

PLD Physical limitation domain

TABLE 3

Mean physical function scores at baseline and change scores across body mass index and waist circumference

cross-classification categories

Body mass index category (kg/m2) P
Normal Overweight Obese Waist circumference  Body mass index p*
Mean physical component score at baseline (n=106)
Low 33.82+10.17 30.27+4.83 N/A
Moderate 34.68+12.53 34.20+6.56 23.64" 0.54 0.3 0.47
High 31.68+7.29 32.95+11.33 31.66+9.11
Mean physical limitation domain at baseline (n=105)
Low 62.68+25.99 63.20+£19.62 N/A
Moderate 42.71+37.22 61.09+27.45 12.50f 0.75 0.99 0.9
High 41.67+23.57 58.30+24.38 53.23+23.71
Mean change in physical component score (n=84)
Low 2.16+8.08 0.62+6.94 —-0.7148.01
Moderate —3.99+8.42 4.44+8.45 0.65" 0.56 0.58 0.15
High 0.32f 0.19+7.98 —0.38+7.36
Mean change in physical limitation domain (n=78)
Low 0.69+14.09 —10.97+10.01 -0.94+15.80
Moderate 23.70+23.66 3.25+24.77 N/A 0.01 0.09 0.73
High N/A 0.35+21.97 -1.14+19.29

*Interaction between waist circumference action levels and body mass index categories from two-way analysis of covariance models; TSD data for these participants

were not available (N/A)

We used BMI while controlling for WC as a marker of lean body
mass content and observed no significant relationships with physical
function. Our findings are consistent with those previously reported
using data from the Cardiovascular Health Study (15), which identi-
fied that the lowest quintile of muscle mass was not associated with an
increased likelihood of reporting difficulty in instrumental activities of
daily living in cross-sectional and longitudinal analyses. However,
there is also a large contingency of literature reporting that older men
and women with low skeletal muscle mass experience lower levels of
physical function compared with those with a normal muscle mass
(11,13,14,44,45). Discrepancies between study findings may largely be
explained by differences in definitions and measurement of lean mass
and physical function, as well as the populations studied. In the pres-
ent sample of older persons with HE we estimated lean body mass
using a combination of BMI and WC. The use of BMI, while account-
ing for WC, does not accurately account for lean body mass, but pro-
vides a raw estimate. Therefore, our method may have introduced
misclassification as a result of the inaccuracy of BMI after controlling
for WC as a measure of lean mass.

Previous studies generally support the hypothesis that low muscle
mass combined with high fat mass is associated with decreased
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physical function (11,17). However, the cross-sectional and follow-up
analyses of the present study found no differences in physical function
scores across WC and BMI cross-classification categories. The present
findings may be accounted for by the fact that very few participants
were identified as having a low lean-to-fat mass content, thereby not
allowing us to see any associations that might have existed.

Our results generally showed a lack of association between BMI or
WC and physical function, which is contrary to what is reported in the
literature. The study sample consisted of elderly persons with HF that
self-reported low physical function compared with similar populations.
It is postulated that obesity, which might have preceded the develop-
ment of HE had the potential to lower physical function, and HE, with
its clinical manifestations, led to further losses in this already compro-
mised group. Given the low scores in our study, it would have been
difficult for BMI and/or WC to have an additional effect. We saw a
significant increase in HF-related physical function in the moderate
WC group compared with those with a low WC. At baseline, this
group possessed the lowest PLD score and had the greatest room for
improvement. Our findings identified that in this older group of per-
sons with HE the impact of body composition on physical function is
questionable, perhaps due to the low levels of function experienced as
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a result of their chronic condition. A further explanation for our find-
ings, and a very concerning trend, was the negligible participation in
cardiac rehabilitation — a program aimed at increasing physical function
in cardiac populations. It is important to realize that a number of other
factors that were not measured here (eg, other health behaviours, nutri-
tion, inflammatory markers, disease severity and access to resources) can
alter the associations between WC, BMI and physical function.

Limitations

Our study has limitations that should be recognized. First, the study’s
sample size was likely too small to identify possible differences between
the anthropometric categories and physical function scores. Second,
because we relied on self-measured anthropometric variables and self-
reported physical function, the variables are subject to error. However,
self-measured WC and body weight have been shown to be both reli-
able and valid methods in epidemiological settings (unpublished data;
46), and the physical function measures have shown to be accurate
reflections of measured physical function (25,29). Third, our method
for defining lean mass and fat mass body content involved some inter-
pretation. Due to the nature of the population, we used simple anthro-
pometric measures to estimate body composition. WC has been shown
to be a better measure of visceral adipose tissue than BMI (10), and
with age, fat redistributes to the abdominal region, rendering BMI a
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