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OBJECTIVES: To determine whether obesity is associated
with the frailty phenotype and, if so, whether comorbid
conditions or inflammatory markers explain this associa-
tion.

DESIGN: Cross-sectional analysis of baseline data from
the Women’s Health and Aging Studies I (1992) and 1I
(1994), complementary population-based studies.
SETTING: Twelve contiguous ZIP code areas in Balti-
more, Maryland.

PARTICIPANTS: Five hundred ninety-nine community-
dwelling women aged 70 to 79 with a body mass index
(BMI) greater than 18.5 kg/m?.

MEASUREMENTS: The dependent variables were the
frailty syndrome, including prefrailty, defined as presence
of one or two of five frailty indicators (weakness, slowness,
weight loss, low physical activity, exhaustion), and frailty,
defined as three or more indicators. Independent variables
included BMI, categorized using World Health Organiza-
tion criteria as normal (18.5 to <25 kg/m?), overweight (25
to <30kg/m?), and obese ( >30kg/m?); chronic diseases;
C-reactive protein; and serum carotenoids.

RESULTS: Being overweight was significantly associated
with prefrailty, and obesity was associated with prefrailty
and frailty. In all frail women, regardless of BMI group, a
similar pattern of three defining frailty indicators was
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found: slowness, weakness, and low activity (with the ad-
dition of weight loss in the normal weight group.) In mul-
tinomial regression models, obesity was significantly
associated with prefrailty (odds ratio (OR)=2.23, 95%
confidence interval (CI)=1.29-3.84) and frailty (OR =
3.52,95% CI = 1.34-9.13), even when controlling for co-
variates.

CONCLUSION: Obesity is associated with the frailty syn-
drome in older women in cross-sectional data. This asso-
ciation remains significant even when multiple conditions
associated with frailty are considered. Prospective studies
are needed to confirm this finding. J] Am Geriatr Soc
53:927-934, 2005.
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he geriatric syndrome of frailty is a syndrome of phys-

ical vulnerability characterized by multisystem dys-
function and lack of physiological reserve.'™ It is
associated with medical comorbidities and with increased
risk of disability, increased health services usage, and mor-
tality.>® An empirical definition of the frailty phenotype,
which includes weight loss, slowness, exhaustion, poor ex-
ercise tolerance, and weakness, has been proposed.? Three
of these frailty indicators were considered to define the full
frailty syndrome, whereas the presence of one or two was
considered prefrail syndrome, associated with increased
risk of frailty. Using this definition, it was demonstrated
that older adults with frailty had a greater prevalence of
multiple diseases, including heart failure, atherosclerotic
diseases, and diabetes mellitus.

Although obesity is well known to be associated with
disability,” its association with the frailty syndrome is less
obvious, particularly because frailty is considered a wasting
disorder,®? and weight loss is a possible but not necessary
component of the syndrome of frailty. Additionally, there is
concern about confounding, because being overweight may
directly cause slowness and poor exercise tolerance. How-
ever, there are several reasons to hypothesize a physiolog-
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ically based association between obesity and frailty. First,
several researchers have described a distinct syndrome of
“sarcopenic obesity”1%-13 in obese people with a mismatch
between fat and muscle. This syndrome is known to be
strongly associated with decreased strength and increased
mobility disability.'® Second, biochemical markers associ-
ated with frailty are higher in overweight people, particu-
larly inflammatory markers such as C-reactive protein
(CRP) and interleukin-6."* Recent information has also
shown that overweight/obese people have low ca-
rotenoids.!> Because of these associations, a syndrome of
“obese frailty” can be hypothesized, although there have
been few empirical data available to test this hypothesis. In
a preliminary description of some physiological parameters
associated with the frailty phenotype, an unexpectedly
higher BMI was noted in frail older adults than in those who
were not frail or were prefrail.'®

The goal of the current research was to investigate po-
tential cross-sectional associations between the frailty syn-
drome and obesity in older women. The frailty syndrome
was defined using criteria defined empirically in the Cardi-
ovascular Health Study (CHS) that were recently pro-
posed.®1617 These criteria were applied in baseline data
from the Women’s Health and Aging Studies (WHAS) I'8-1°
and I1,2° complementary population-based epidemiological
studies of older women in Baltimore which included the
measures needed to define the frailty syndrome and study its
association with obesity. Two hypotheses were evaluated:
that obesity in older women is associated with the frailty
syndrome and that the association between obesity and co-
morbid conditions and increased inflammation previously
shown to be associated with frailty would largely explain
this relationship.317

METHODS

Study Design

Cross-sectional secondary data analysis of the baseline
rounds of related, population-based studies of older women
was performed.

Study Participants

Participants in this study were women aged 70 to 79 who
participated in WHAS I and II, two complementary, pop-
ulation-based studies designed to evaluate the causes and
course of physical disability in older women living in the
community.'$29 WHAS 1 consisted of an age-stratified
random sample of women aged 65 and older selected from
Medicare enrollees residing in 12 contiguous ZIP code areas
in Baltimore.?" Eligible individuals were screened to iden-
tify self-reported physical disability, and WHAS I enrolled
the one-third most-disabled women aged 65 and older. Of
the 1,409 women who met study eligibility criteria, 1,002
agreed to participate in the study in 1992 to 1994. Stand-
ardized questionnaires, physical performance measures,
and directed physical examination were administered in the
participants’ homes. Approximately 75% of the women
also consented to phlebotomy.

WHAS II, begun in 1994, was specifically designed to
be a companion study for WHAS I and includes a cohort of
women aged 70 to 79 selected to be representative of the

two-thirds least-disabled women living in the community.
Participants (n=436) were selected from age-stratified
random samples from the same sampling frame as in WHAS
I and were screened using the same methods. An interview,
physical performance measures and directed physical ex-
amination standardized to that performed in WHAS I was
administered in the Johns Hopkins Functional Status Lab-
oratory. Phlebotomy was performed in 93% of WHAS II
participants following the same protocol as that used in
WHAS 1. Details on the study methods and sampling design
of the WHAS studies have been previously published.?%-2!

Analyses used a combined sample linking the two
WHAS studies using a methodology that the WHAS re-
search team developed.?? The sample consists of women
participating in WHAS I or WHAS II who were aged 70 to
79 (WHAS I, n=399; WHAS II, n = 430, N = 829). Of
these, 732 had at least one blood draw, although for the
analyses, women were selected who had had blood drawn
within 90 days of the baseline examination and a normal or
higher BMI according to World Health Organization
(WHO) criteria (rationale discussed in detail below,
n=1599, 72%). Weights have been calculated to account
for sampling probability and response rates. This pooled
sample has been used in published studies of the association
between mobility disability and insulin-like growth factor
levels and between serum carotenoids and sarcopenia.!-22

Variables and Their Measurement

Defining Frailty: Application of the CHS Frailty
Phenotype in WHAS

The empirical measure of the prefrail/frailty syndrome is a
composite variable recently described in CHS based on five
indicators: weight loss, weakness, exhaustion, slowness,
and low physical activity.? The frailty phenotype is con-
sidered present if three or more of the indicators are present;
the presence of one or two indicates a prefrail state. The five
indicators of the frailty syndrome can also be studied in-
dividually.

Although the original measures were developed in the
CHS study, similar or identical measures are present in
WHAS I and II. The CHS phenotype® was applied to the
WHAS sample at baseline as closely as possible, given the
measures available in WHAS. The following description
will begin with the most comparable measure and proceed
to the least comparable. Table 1 compares the WHAS frailty
criteria measures with those of the CHS.

Grip strength was measured in WHAS according to the
CHS protocol: level of maximal grip strength in the stronger
hand. Speed in WHAS was based on a 4-m measured walk
at usual pace. The subject could use a walking aid, but not
the aid of another person. The slowness criterion merely
rescaled the CHS criterion (15 feet) to apply to distance
measured in WHAS. To measure energy expenditure,
WHAS used a subset of the Minnesota Leisure Time Ac-
tivities Questionnaire used in CHS,?? which was condensed
from the original 18 activities to assess participation in six:
walking, doing strenuous household chores, doing strenu-
ous outdoor chores, dancing, bowling, and exercise.>* The
WHAS threshold for defining low energy expenditure
was therefore set at one-third of the CHS kcal threshold.
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Table 1. Frailty Defining Criteria: Women’s Health and Aging Studies (WHAS) and Cardiovascular Health Study (CHS)

Characteristic WHAS CHS
Weight loss BMI <18.5 or Weight at age 60 minus Lost > 10 pounds unintentionally in last year
weight at exam >10% of weight at age 60

Exhaustion Any of: Either of:
Low usual energy level (<3) Felt that everything | did was an effort in last week
Felt unusually tired in last month
Felt unusually weak in last month Could not get going in last week

Slowness Walking 4 m (speed) in: Walking 15 feet (time) in:

<0.65 m/s for height <159cm
<0.76 m/s for height >159cm
Low activity level
scale (6 items™)
Grip strength of the dominant hand:
<17 kg for BMI <23
<17.3kg for 23< BMI 26
<18kg for 26 < BMI 29
<21kg for BMI >29

Weakness

<90 kcal of physical expenditure on activity

<7 seconds for height <159cm
<6 seconds for height >159cm
<270 kcal of physical expenditure on
activity scale (18 items®)
Grip strength of the dominant hand:
<17 kg for BMI <23
<17.3kg for 23< BMI <26
<18kg for 26 < BMI <29
<21kg for BMI >29

* Walking for exercise, moderately strenuous household chores, moderately strenuous outdoor chores, bowling, regular exercise, dancing.
"Walking for exercise, moderately strenuous household chores, mowing the lawn, raking the lawn, gardening, hiking, jogging, biking, exercise cycle, dancing,
aerobics, bowling, golf, singles tennis, doubles tennis, racquetball, calisthenics, swimming.

BMI = body mass index; exam = examination.

Although this choice has limitations, there was no obvious
alternative.

Questions relating to exhaustion differed in the two
studies, as summarized in Table 1. Exhaustion in WHAS
was defined as an indicative response to at least one of three
relevant questions: felt unusually tired in the previous
month, felt unusually weak in the previous month, or had
an unusually low energy level.

Weight loss is arguably the criterion that differs most
across the studies. In CHS, participants were asked whether
they had unintentionally lost more than 10 pounds in the
previous year. This question was not asked at baseline of
WHAS participants; rather, weight at age 60 was self-re-
ported. (Future rounds of the WHAS studies ask about un-
intentional weight loss.) Frailty-eligible weight-loss criteria
were applied if a woman’s weight as measured at baseline
represented a decrease of at least 10% relative to weight at
age 60 or if a women’s baseline measured BMI was less than
18.5 kg/m?, the lowest WHO BMI risk category. Only 27
women in this sample had a BMI less than 18.5 kg/m?; these
women therefore had one frailty criterion by definition, and
all had at least two more criteria and were thus frail. Be-
cause of the confounding by definition in this group, these
27 women were dropped from further analyses.

BMI Categorization

The research staff measured weight and height according to
standardized protocols (these protocols were identical in
WHAS I and 2) and BMI was calculated. BMI was cate-
gorized according to the WHO criteria as normal (18.5 to
<25kg/m?), overweight (25 to <30kg/m?), and obese
(>30 kg/m?).25:26

Comorbid Diseases

WHAS 1 and II determined the prevalence of the major
chronic diseases of aging, including heart failure, coronary

artery disease, and diabetes mellitus, in older women at
baseline. WHAS investigators adjudicated these diseases
based on the questionnaire, physical examination measures,
physician contact, and medical records.?” At the interview,
a history of physician disease diagnoses was obtained. This
information was validated using a combination of infor-
mation obtained at the examination (medications used,
symptoms, signs) and from the women’s personal physi-
cians and medical records. Qualified, trained clinicians then
adjudicated the presence of disease according to a decision
algorithm. Seventeen diseases have been ascertained; the
methodology and algorithms have been published.?”

Biochemical Variables

Nonfasting blood samples were obtained using venipunc-
ture between 9:00 a.m. and 2:00 p.m. Processing, aliquot-
ing, and freezing were performed at the Core Genetics
Laboratory of The Johns Hopkins University School of
Medicine following a standardized protocol. Serum ca-
rotenoids were determined using high-performance liquid
chromatography in the laboratory of one of the investiga-
tors (RDS). Serum carotenoids were calculated as the sum
of a-carotene, B-carotene, B-cryptoxanthin, lutein/zeaxan-
thin, and lycopene in mmol/L. Low serum carotenoids were
defined as the lowest tertile of carotenoid level. Quest Di-
agnostics Laboratories (Teterboro, NJ) performed the other
serum biochemical measurements. Total cholesterol, high-
density lipoprotein cholesterol, triglycerides, glycosylated
hemoglobin and albumin, and low-sensitivity CRP were
sent the same day to Quest Diagnostic Laboratories after
processing. High CRP was defined as the highest tertile of
CRP level.

Analytical Plan

First, the characteristics of the women in the study sample are
described, including demographic characteristics, diseases
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and conditions, biochemical characteristics, individual
frailty indicators, and frailty status according to three
WHO BMI categories?>>?® (underweight group was
dropped). Crude frequencies and means + standard devia-
tions were calculated; statistical tests for trend were per-
formed using logistic regression for categorical variables
(race, education, clinical conditions, frailty indicators) and
ordinary least-square regression for continuous variables
(age, BMI, biochemical variables). The variable for the
evaluation of serum carotenoids was log-transformed to
correct for skewed distribution. Frequency analysis also
described the pattern of frailty criteria of women in the BMI
categories that resulted in their being classified as frail.
Frequency analysis was also used to describe the baseline
relationship between the frailty syndrome and demographic
and clinical characteristics of the participating women.
Age-adjusted logistic regression models were used to deter-
mine whether there was a statistically significant trend in
the increasing proportions of women with a given charac-
teristic (e.g., low education) who were nonfrail, prefrail,
and frail.

Multinomial logistic regression”® was used to study the
cross-sectional association between obesity and the frailty
syndrome, allowing the modeling of the prefrail and frail
states (reference group = not frail). A series of multinomial
logistic regression models were sequentially adjusted for all
variables hypothesized as potential confounders of the as-
sociation between the frailty syndrome and obesity or sug-
gested by available literature.>?® The covariate of interest,
BMI, was analyzed in categories, using BMI of 25 kg/m? to
less than 30kg/m? as the reference. Other covariates in-
cluded age, low education, race, comorbid conditions, and
biochemical indicators of inflammatory and antioxidant
status. Comorbid conditions chosen were those associated
with the frailty syndrome in the CHS cohort: diabetes mel-
litus, coronary artery disease (a composite variable con-
sidered present if angina pectoris or myocardial infarction
was present), congestive heart failure (CHF), peripheral
vascular occlusive disease (PVOD), chronic obstructive
pulmonary disease and osteoarthritis. Many of these con-
ditions are also related to obesity, for example, osteoar-
thritis and diabetes mellitus, and can potentially confound
or mediate the relationship between obesity and frailty. Fi-
nally, low CRP and low serum carotenoids were added to
the model. Low CRP was added because of the association
between obesity and inflammation'* and between inflam-
mation and frailty.3° Serum carotenoids were added be-
cause recent research has demonstrated the relationship
between low antioxidant levels and frailty.!® The rationale
for the three sequential models is that the first model in-
cludes potential demographic confounders of the relation-
ship between obesity and frailty, the second model adds the
comorbid conditions, and the third model adds the bio-
chemical indicators of inflammation and antioxidant levels.
Thus, Models 2 and 3 allow the hypothesis to be tested that
comorbid conditions (Model 2) or inflammatory or anti-
oxidant status (Model 3), because they are confounders or
mediators of the relationship between obesity and frailty,
account for the apparent crude association found in de-
scriptive analyses.

To appropriately interpret inferences derived from the
combined data back to the sampling population of com-
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munity-dwelling women, aged 70 to 79, study-specific
probability weights were used for all analyses. Construction
of the weights has been detailed previously.'® Probability
weights were incorporated into all the descriptive and re-
gression analyses. Statistical programs used were SAS, ver-
sion 8 (SAS Institute, Inc., Cary, NC) and Stata, version 8
(Stata Corp., College Station, TX).

RESULTS

Table 2 shows the characteristics of the women according to
their BMI category. Some characteristics, as expected,
showed a consistent increasing trend from lowest BMI cat-
egory analyzed (18.5 to <25kg/m? (as discussed, women
with BMI <18.5 kg/m? were excluded)) to highest (obese,
>30kg/m?), including diabetes mellitus, osteoarthritis of
the knees, PVOD, and difficulty with activities of daily liv-
ing and instrumental activities of daily living. CRP and tri-
glyceride levels increased with increasing BMI; serum
carotenoid and high-density lipoprotein cholesterol levels
decreased. Frailty phenotype indicators of exhaustion and
low physical activity had greater frequencies at low and
high BMI levels. Weight loss decreased as BMI increased,
whereas the prevalence of slowness and weakness increased
with increasing BMI category.

Figure 1 illustrates the association between BMI cate-
gory with being nonfrail, prefrail, and frail. The overall
prevalence of frailty in the sample was 8%; with 43% of
women having prefrail status and 49% being nonfrail. The
proportion of women who were nonfrail decreased with
increasing BMI, the proportion of women who were pre-
frail increased with increasing BMI, and the proportion of
women who were frail was lowest for women with a BMI of
25 kg/m? to less than 30 kg/m? and highest for women with
a BMI of 30 kg/m? and higher.

The pattern of frailty criteria was examined in each of
the BMI categories. For BMI of 18.5kg/m? to less than
25kg/m?, the most common criteria pattern was low ac-
tivity, weakness, slowness, and weight loss. Low activity,
weakness, and slowness was the most common criteria
pattern for the other two BMI categories. The second most
common criteria pattern for all BMI groups was exhaus-
tion, low activity, and slowness.

Table 3 shows the univariate association between frail-
ty and other covariates hypothesized or suggested by the
literature to be associated with frailty: low education, Af-
rican-American race, comorbid conditions, high CRP, and
low serum carotenoids. A significant and consistent trend
for all covariates except race was that the proportion of
women with a condition increased going from nonfrail to
prefrail to frail.

Table 4 shows the results of sequential multinomial
logistic regression models investigating the association be-
tween obesity and prefrail and frail (reference group
was the nonfrail group), adjusting for covariates. In Mod-
el 3, obesity was significantly associated with prefrail and
frail status, even after adjustment for all covariates con-
sidered. BMI of 18.5 kg/m? to less than 25 kg/m? was not
significantly associated with prefrail or frail status. (BMI
of 25 to <30kg/m? was chosen as the reference group be-
cause it had the lowest proportion of frail women.) Age was
significantly associated only with frailty; low education
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Table 2. Characteristics of Women Aged 70 to 79 by Body Mass Index (BMI): Women’s Health and Aging Study I and II

Combined
BMI
18.5to 25 to
<25kg/m? <30kg/m? >30kg/m?
Characteristic All (n=200) (n=224) (n=175)
Demographic
Age, mean + SD* 74.0 £ 2.7 744+ 27 73.9+28 73.7+26
African American, % 20.3 13.8 14.5 32.9
Less than high school education, %* 22.6 14.2 19.3 34.4
Clinical
Body mass index, mean 4 SD* 279+ 5.6 22.3+1.8 275+ 15 34.6 +4.6
Diabetes mellitus %* 14.0 9.3 11.7 20.4
Congestive heart failure, % 12.5 10.8 9.0 17.6
Chronic obstructive pulmonary disease, % 38.3 45.5 35.8 33.7
Peripheral vascular occlusive disease, %" 171 134 151 23.8
Coronary artery disease, % 27.3 29.2 26.2 27.7
Osteoarthritis of knees, %* 43.0 31.3 40.7 60.2
Difficulty with >1 activities of daily living, %** 23.3 14.9 211 32.3
Difficulty with >1 instrumental activities of daily living, %*S  14.8 9.0 11.2 22.2
Biochemical, mean + SD
C-reactive protein, mg/L* 6.0 6.8 49 +6.3 5.6 +£6.1 78+78
Total cholesterol, mg/dL 233.2+39.1 2320+412 2358+38.1 233.2+39.2
High-density lipoprotein, mg/dL* 55.5+15.9 59.8 + 18.0 55.3 +14.7 50.6 + 13.3
Triglycerides, mg/dL* 164.8 £+ 975 1499+89.9 168.9+98.9 176.0+99.1
Albumin, g/L 42 +0.3 42+0.3 42+0.3 41+0.3
Total carotenoids, mmol/L* 0.52 + 0.50 0.62 + 0.52 0.53 + 0.48 0.41 +0.46
Frailty indicators, %
Self-reported weight loss* 84 12.1 5.5 5.2
Self-reported exhaustion 13.2 14.6 9.0 13.9
Weakness, low grip strength * 19.8 10.4 16.2 31.0
Slow walking speed™ 32.2 17.5 22.7 47.4
Decreased activity level, kcall 22.0 16.0 14.2 29.3

*P<.001; "P<.01.

{Transferring, bathing, dressing, eating, using the toilet.

S Preparing meals, shopping, using the telephone, doing light housework.
I'Less than 90 kcal expenditure of physical activity per week.

was significantly associated with prefrailty and frailty. Of
the comorbid conditions considered, diabetes mellitus,
PVOD, and CHF were significantly associated with pre-
frailty and frailty; coronary artery disease with prefrailty
only; and chronic obstructive pulmonary disease and os-
teoarthritis with frailty only. CRP was not associated
with either, and low carotenoid level was associated with
frailty only.

DISCUSSION

This research demonstrates that obesity is associated with a
described frailty phenotype in multiple ways, consistent
with the first hypothesis. High BMI and obesity are asso-
ciated with several frailty phenotype indicators. High BMI
is also associated with increasing likelihood of a prefrail
state, although overweight status (BMI of 25 to <30kg/
m?) is least associated with frailty. Obesity (BMI of >30kg/
m?) is associated with full-blown clinical frailty, and this
association is not decreased when demographic character-

istics, comorbidities, increased inflammation, or low anti-
oxidant capacity are considered.

Frailty has often been considered a wasting disorder,
but data from the CHS have also linked frailty to higher
BMIL.'® The current study focuses on the association be-
tween the CHS-described frailty phenotype and increasing
BMI; therefore, underweight women were not studied.
However, after the obese group, the normal BMI group
included the second highest percentage of frail women. The
most common pattern for the normal BMI group was four
indicators—the same pattern as for the other two BMI
groups, with the addition of the weight loss criterion. Sim-
ilar patterns of criteria leading to the frailty assignment in
all BMI groups suggests that the hypothesis that mecha-
nisms leading to frailty may be more common in those with
high BMI but may not depend on BMI. Weight loss may be
an exception to this because it is an important indicator in
lower-weight women but was not reported by higher-
weight women.

Although an association between obesity and frailty
appears to be present, the biomechanical burden of fat in
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Proportion of Women Classified as Prefrail and
Frail according to Body Mass Index Category!
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Figure 1. This figure shows the association between body mass
index (BMI) and being nonfrail, prefrail, and frail. Nonfrail was
associated with lower BMI, and prefrail was associated with
higher BMI. The lower and higher BMI groups had a larger
percentage of frail women than the middle groups.

overweight and obese people could confound this finding.
However, a substantial amount of current research has
demonstrated that obesity is associated with several phys-
iological markers that have also been associated with frail-
ty, most notably increased levels of inflammatory
markers'®3° and low antioxidant capacity.3? These data
showed a significant crude association between high CRP
and low carotenoids and high BMI. However, high CRP
was not associated with prefrail or frail status in a multi-
variate model that included BMI and comorbid diseases as
covariates. These findings give physiological plausibility to

the frailty-obesity association, but with these cross-section-
al data, it is not possible to ascribe a causal association
between obesity and frailty. Longitudinal information and
further pathophysiological study are needed to sort out
causation.

Research concerning “sarcopenic obesity” provides a
key insight into the association between frailty and obesity.
A syndrome has been described in older adults defined by a
mismatch of fat mass to muscle mass.'®!! They have dem-
onstrated a convincing association between disability, par-
ticularly mobility and strength-based disabilities, in older
adults and sarcopenic obesity. Sarcopenic obesity has not
yet been associated with inflammatory dysregulation,
which might be hypothesized, given the association be-
tween increased inflammation and increased fat and de-
creased muscle mass. No data yet available link sarcopenic
obesity with the syndrome of frailty. These data do not
include body composition or information regarding region-
al fat deposition. It is possible that characteristics such as
ratio of fat mass to muscle mass or amount of visceral ver-
sus peripheral fat are more strongly related to the presence
or absence of the frailty syndrome than just BMI.

In addition to its association with obesity, this research
demonstrated that frailty was associated with diabetes
mellitus, CHE, PVOD, and osteoarthritis. Coronary artery
disease, although significantly associated with prefrail sta-
tus, was not associated with frail status in the WHAS sam-
ple. Because obesity is also associated with diabetes
mellitus, atherosclerotic diseases, and osteoarthritis, it
was hypothesized that these diseases would confound the
association between the frailty syndrome and obesity, but
contrary to this hypothesis, obesity was related independ-
ently to prefrail and frail status, even after controlling for
comorbid chronic diseases.

This research has several limitations. Some important
variables are not available, including variables about nu-
tritional intake; body composition, including muscle and

Table 3. Baseline Association of Demographic and Health Characteristics with Frailty

Not Frail Prefrail Frail
(n=293) (n=258) (n=48)
Characteristic % P-value

Low education 11.66 28.55 45.76 <.001
African American 15.66 23.31 28.44 0.003
Diabetes mellitus 7.11 18.52 27.74 <.001
Peripheral vascular occlusive disease 8.62 22.66 35.93 <.001
Coronary artery disease 18.16 35.12 37.46 <.001
Congestive heart failure 4.68 15.57 40.70 <.001
Chronic obstructive pulmonary disease 33.77 40.40 55.43 .004
Osteoarthritis of knees 34.47 50.20 56.07 <.001
High CRP* 30.91 38.81 46.21 .01
Low serum carotenoids’ 25.25 40.33 50.99 <.001
Difficulty with >1 activity of daily living tasks! 7.47 33.34 63.30 <.001
Difficulty with >1 instrumental activity of daily living tasks$ 3.97 20.18 48.34 <.001

* Highest tertile in high-sensitivity C-reactive protein (CRP) (mg/L).
TLowest tertile in sum of total carotenoids (mmol/L).

Transferring, bathing, dressing, eating, using the toilet.

S Preparing meals, shopping, using the telephone, doing light housework.
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fat mass; and intentional/unintentional weight loss. The
measure of frailty confounded the measures of low weight
and physical activity and thus cannot be satisfactorily in-
vestigated. In addition, the cross-sectional study design
cannot answer important questions about the association
between obesity and frailty. Longitudinal data are critical to
understanding the relationship between weight loss—un-
intentional and intentional—and frailty in obese older
adults. Similarly, the contribution of physical activity level
cannot be related to weight changes or frailty. For example,
it is not possible to disentangle whether some obese people
become frail from whether frail people have low activity
and gain weight.

Another important limitation of this study is that using
an all-female sample does not allow generalizability of the
current findings to men. In addition, frailty is a relatively
uncommon condition, so despite use of data from a large,
population-based study, the sample size available for the
study of several important associations is small. However,
few larger studies are available that are population based
and also have the variables available to study relationships
between frailty and comorbidities.

This research has demonstrated a clear relationship
between obesity and frailty. It also suggests that people with
higher weight and obesity are more likely to be prefrail.
This finding is consistent with results from the CHS,> which
demonstrated that prefrail people have a markedly greater
risk than those who are not frail of becoming frail. Al-
though frailty is not yet defined clinically, the finding of a
high prevalence of prefrailty in older populations suggests
an underlying risk of poor outcomes in some older people
that can potentially be favorably modified. Clinically ori-
ented prospective studies of frailty are needed to evaluate
the importance of diagnosing prefrailty or frailty and to
study potential interventions to decrease risks and poor
health outcomes.

If the increasing levels of obesity in American adults
lead to greater numbers of older obese people, these older
obese people may have greater risk for frailty in addition to
their greater risks of obesity-related diseases and disabilities.
To better understand the association between obesity and
frailty and whether it constitutes another adverse outcome
of obesity, future prospective research is critical. In addition,
given the difficulty of disentangling some of the key vari-
ables, research involving exercise interventions may be
needed. However, as obesity rates increase in middle-aged
and older adults, a better understanding of obesity and
frailty, as well as the roles of physical activity and weight
loss, may be important to improve the health of older adults.
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