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Abstract

Background This study aimed to determine if greater variability in body mass index (BMI) is associated with declines
in physical functioning and incident disability in older adults.
Methods Included were participants from the Health, Aging and Body Composition Study who had semi-annual BMI
data during the first 3 years of follow-up. Participants were categorized into quintiles of BMI variability, using two
methods. The first method used average successive variability, whereas the second method adjusted these values to
remove the variability due to net change in BMI over the 3-year period. Linear regression was used to assess the rela-
tionship between the two measures of BMI variability and net changes in BMI, fat mass index, appendicular lean mass
index, and Health, Aging and Body Composition Physical Performance Score during the first 3 years of the study. Cox
proportional hazard models were used to assess the relationship of BMI variability with the subsequent incidence of
new disability, adjusting for confounding factors.
Results Among 2121 participants, those in the highest BMI variability quintile were more likely to lose both body mass
(β: �0.086 [95% confidence interval, CI: �0.133, �0.040], P < 0.01) and fat mass (β: �0.059 [95% CI: �0.117,
�0.002], P = 0.04) and had greater declines in physical performance score (β: �0.094 [95% CI: �0.162, �0.026],
P < 0.01) compared to participants with the least variability in BMI. Participants with high BMI variability also had
higher rates of incident disability (hazard ratio: 1.36 [95% CI: 1.07, 1.72], P = 0.01), independent of net BMI change.
Conclusions BMI variability in older adults is associated with decline in physical performance and incident disability.
This relationship cannot be explained by net weight loss alone, supporting it as an independent feature of frailty.
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Introduction

Frailty is a common syndrome associated with an increased
risk of new-onset disability and adverse health outcomes
among older adults. It has been broadly defined as a systemic
decline in physiological reserves and resilience associated
with ageing and accelerated by disease.1 Clinically, frailty
presents as a combination of weakness, exhaustion, uninten-
tional weight loss, slowness and/or low physical activity. A

prominent feature is sarcopenia, or loss of muscle mass or
function, which naturally occurs with ageing but can be
heightened by nutritional deficits, disease and inflammation,
inactivity, and hormonal and metabolic changes. Frailty
affects a sizable proportion of older adults and increases
the risk of incident physical disability,2,3 cognitive decline,4

falls and fractures,5 heart failure6 and overall mortality.7

However, evidence suggests that early intervention can limit
the progression of frailty to disability or even reverse the
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syndrome.8,9 Therefore, identifying those at greatest risk of
becoming frail and developing comorbidities is a worthwhile
clinical objective.

Frailty is often associated with a long-term decrease in
body mass, and gains in weight over time may also increase
the risk for poor physical function and disability. However, it
is unclear how fluctuations in weight over time might be
associated with the development of frailty, disability and
other long-term outcomes independent from the net overall
changes in weight during the same period. Previous studies
have defined body weight cycling in various ways and shown
associations with adverse changes in body composition and
adverse health effects. For example, Murphy et al. found that
the presence of both weight gain and loss of 5% of weight in
the first 4 years of the Health, Aging and Body Composition
(Health ABC) Study was associated with an increased risk of
disability, as was unidirectional weight loss.3 More recently,
Bangalore et al. showed that patients with cardiovascular dis-
ease who had average successive body weight fluctuations
greater than one standard deviation above the mean had sig-
nificantly increased risk of cardiovascular events and death.10

Other studies have shown that weight fluctuation was associ-
ated with increased rates of cancer11 in older women, as well
as other types of incident disease (myocardial infarction,
stroke, diabetes and hip fracture).12–14

Given the strong association between frailty, body compo-
sition and metabolism, it is plausible that high body weight
variability and related metabolic dysregulation could be an
important marker of the risk of frailty among older adults.
Because weight variability may occur prior to or independent
of significant net weight loss, it is also of interest to investi-
gate weight variability as a clinical predictor of adverse
long-term outcomes. The observation of fluctuating weight
could be used to identify those at greatest risk and to target
interventions early in the disease process. In addition to
enabling early intervention, the investigation of body weight
variability will help address the current knowledge gap sur-
rounding the complex aetiology of frailty.

To elucidate the relationship between body weight
variability and frailty, we conducted a novel analysis of an
existing longitudinal cohort of older, community-dwelling
adults, from the Health ABC Study. We hypothesized that
people who experience the greatest variability in body mass
index (BMI) over time, after adjusting for net change in
BMI, would be at the highest risk of incident disability.
Specifically, we aimed to (1) determine if BMI variability over
a 3-year period is independently associated with a decline in
physical functioning and/or declines in BMI, appendicular
lean mass index (ALMI) and fat mass index (FMI) among older
adults over the same period and (2) determine if older adults
who have experienced more BMI variability are at greater risk
of incident disability over the following decade. To accom-
plish these aims, we built upon prior observations by advanc-
ing the methods of quantifying BMI variability in order to

assess prediction of incident disability independent of base-
line BMI and net change in BMI change over the same time
period.

Methods

Study setting

The study design is illustrated in Figure S1. We analysed data
from the Health ABC Study, a prospective observational study
focused on decline of function and changes in body composi-
tion of well-functioning older persons. The study enrolled
3075 community-dwelling men and women aged 70–79 at
baseline, beginning in 1997. The participants were recruited
from a random sample of Medicare beneficiaries living within
1 h of two sites: Pittsburgh, PA (41%), and Memphis, TN
(59%). The Black participant sample was augmented by
recruitment from age-eligible community-dwelling older
adults who were not Medicare recipients, resulting in a
sample that was 33% Black and 67% White. All participants
reported being able to walk a quarter of a mile, climb stairs
and perform all activities of daily living without difficulty at
baseline and did not have known life-threatening cancer diag-
noses. Annual clinical examinations were conducted for
6 years as well as follow-up exams at Years 8 and 10.
Additionally, semi-annual phone calls to update health and
functional status were conducted throughout and were con-
tinued for up to 16 years. Individuals who were followed at
least to Year 4 and had semi-annual assessments of weight
were included in this analysis (N = 2121). We excluded partic-
ipants if they were lost to follow-up or missing any weight
values (n = 952) in the first 3 years of the study. We required
the presence of all seven BMI values because the participants
whose BMI variabilities were calculated with fewer measures
had systematically higher BMI variability than those with all
values present. We also excluded participants with any re-
corded weight that appeared erroneous based on any single
6-month change in BMI of >6.0 kg/m2 from that participant’s
nearest BMI value (n = 70).

Exposure: Body mass index variability

At annual in-person visits, body weight was measured annu-
ally to the nearest 0.1 kg with participants wearing clinical
gowns without shoes or heavy jewellery, using a calibrated
balance beam scale. Additionally, self-reported body weights
were recorded semi-annually during phone interviews. We
calculated BMI throughout the study period using the height
measured at the first clinic visit.

We used two methods to quantify BMI variability. In the
first method, we calculated average successive variability
(ASV) of BMI for each participant over the first 3 years of
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the study as described by Bangalore et al. and others.10,15–17

Successive variability was defined as the absolute value of the
difference between consecutive BMI values. Each 6-month
difference was then averaged over the first 3 years of the
study. This method was used to capture all weight gain
and loss that occurred over the 6-month intervals of the
exposure period. For example, a participant whose BMI
changed between every measurement with recorded values
of [30, 32, 30, 32, 30, 32, 30] would have an ASV of 2,
whereas a participant with the same values whose BMI only
changed once [30, 30, 30, 30, 32, 32, 32] would yield an
ASV of 0.3. Participants were then sorted into quintiles from
the lowest to highest BMI variability.

BMI variability is highly influenced by baseline BMI and net
change in BMI over the same time period. We used a second
method to isolate the effect of variability in the form of
weight ‘cycling’, or oscillation around a stable mean, from
variability due to net weight change. We used linear regres-
sion to estimate the amount of variability in BMI that was
attributable to initial BMI and net change in BMI over the
3-year period for each participant. In these models, BMI
change was categorized as (1) loss of 10% or more, (2) loss
of 5–10%, (3) <5% change (gain or loss), (4) gain of 5–10%
or (5) gain of >10% of their initial BMI, measured over the
whole 3-year interval.

In this linear regression model, baseline BMI category
(<18.5, 18.5–24.9, 25–29.9, 30–34.9 and ≥35 kg/m2) and
BMI change category were independent variables, with ASV
as the dependent variable. The predicted or expected ASV
for each participant was derived from these models. We then
calculated the observed � expected for each individual. This
left us with residuals that represented the excess of BMI
variability compared to what would be expected for an indi-
vidual with a similar baseline BMI and similar net change in
BMI at 3 years. Thus, this measure was independent of the
expected effects of baseline BMI and overall changes in BMI
over this time period. We sorted participants into quintiles
based on these residual values, which we refer to as residual
ASV (rASV). This method differs from Method 1 in that a
participant who gains weight consistently every 6 months
over the 3-year period would be considered to have less
variability than a participant who alternated gaining and
losing weight. For example, a participant with BMI values of
[30, 29, 28, 27, 26, 25, 24] would have an ASV of 1 but an
rASV of 0. Tests for multicollinearity between BMI change
or initial BMI and the rASV quintiles were not significant.

Outcomes: Body composition

Whole-body dual-energy X-ray absorptiometry (DXA) was
performed at both the Pittsburgh and the Memphis field
centres (Hologic 4500A, Version 9.03; Hologic, Inc., Waltham,
MA, USA) annually. In addition, bone mineral-free appendicu-

lar lean mass and fat mass were derived from the whole-body
scan. ALMI and FMI were calculated by taking the estimated
weight in kilograms of muscle and fat mass from whole-body
DXA and converting to an index to remove the influence of
height by dividing by height squared, similar to the calcula-
tion of BMI. DXA quality-assurance measurements were
performed at both study sites to ensure scanner reliability,
and identical patient scan protocols were used for all
participants. For soft tissue, the coefficients of variation
(CVs) were 1.0% and 2.1% for whole-body lean mass and
fat mass, respectively. Total FMI and ALMI were determined
from whole-body DXA and converted to age-, sex- and
race-specific Z scores as previously described18 using pub-
lished nationally representative reference ranges from the
National Health and Nutrition Examination Survey
(NHANES19). We determined changes in BMI, ALMI and FMI
Z scores from Year 1 (baseline) to Year 4.

Outcomes: Physical functioning

We also investigated physical performance as measured by
the Health ABC Physical Performance Score (Health ABC
Score) during the same 3-year period. Details of this validated
measure have been previously described.20 In brief, this
battery includes five repeated chair stands, progressively
more challenging tests of standing balance, a 6-m walk to
determine usual gait speed and a narrow walk in which par-
ticipants are instructed to walk between lines of coloured
tape 20 cm apart at their usual pace. Performance on each
test is scored as a ratio to the maximum possible perfor-
mance for older adults. These four scores are summed to
generate a continuous scale ranging from 0 to 4, with a lower
score indicating poorer function.

Outcomes: Incident disability

We also analysed adjudicated self-report data on incident
physical disability from interviewer-administered question-
naires every 6 months. For incident disability, the outcome
of interest was the time from baseline to any self-reported
disability at a subsequent visit, which was defined as severe
difficulty or inability to walk 1/4 mile and/or climb 10 steps,
needing equipment to ambulate or having any difficulty per-
forming activities of daily living (i.e., getting in and out of bed
or chairs, bathing or showering, and dressing). Incident dis-
ability was self-reported in 6-month intervals, and time was
measured in days from Year 4 to the reported onset.

Statistical analysis

One-way analysis of variance (ANOVA) and Kruskal–Wallis
tests were used to compare the characteristics between
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participants in different quintiles of BMI variability (for both
ASV and rASV methods). We analysed variance between
potential confounding factors including age, race, sex, height,
study site, income, education level, smoking status, alcohol
use, height, time spent exercising per week, baseline BMI,
FMI, ALMI, grip strength, walking speed, ability to walk
400 m, Health ABC Score and systolic blood pressure. We in-
cluded those factors that were associated with BMI variability
quintiles as covariates in each model. Grip strength was mea-
sured twice for each hand using a Jamar hydraulic dynamom-
eter as has been previously described.21 Maximum grip
strength at each time point was used for analyses.

We used multivariable linear regression to assess the
relationship between BMI variability and changes in body
mass and composition over 3 years. Three models were used
to determine associations between BMI variability and the
net change in BMI, ALMI and FMI, adjusting for potential con-
founders. We adjusted for age, height, race, sex, study site,
smoking, alcohol use, grip strength, family income, education
level, baseline Health ABC Score and baseline ability to walk
400 m. Additionally, we adjusted for baseline BMI category
in the BMI change model and both baseline ALMI and base-
line FMI in the ALMI and FMI change models.

To assess the relationship between BMI variability and
change in Health ABC Score over 3 years, we again used a
multivariate linear regression and adjusted for age, height,
race, sex, study site, smoking and drinking status, family
income, education level, baseline Health ABC Score, baseline
ability to walk 400 m and baseline BMI category. Additionally,
we adjusted for net change in BMI from Year 1 to Year 4.

Lastly, we conducted a survival analysis using Cox propor-
tional hazard models to investigate the relationship between
BMI variability and incident disability adjusting for potential
confounders identified in prior analyses.

All statistical analyses were performed using STATA 16.0
and were conducted for both methods of BMI variability
quintiles.

Results

The details of the study population have been previously
published.22 We included 2121 of the 3075 participants, after
applying the exclusions described, whose characteristics are
shown in Table S1. Of the 954 excluded participants, 190 died
during the first 3 years of the study.

Factors associated with body mass index variability

Associations between baseline factors and BMI variability
quintile are presented in Table S1 (ASV) and Table S2 (rASV).
Those with higher variability, using either method, were ob-
served to have higher Year 1 BMI, FMI and ALMI and lower

education level, family income, and Health ABC Score and
were more likely to report Black race and more likely to be
unable to complete a 400-m walk. Study site and grip
strength were also associated with weight fluctuation
measured by the rASV method, whereas drinking history
was associated only with the ASV method.

Year 4 associations were similar to those observed at Year
1. Greater BMI variability was associated with greater Year 4
BMI, FMI and ALMI, lower Year 4 Health ABC Score and
inability to complete a 400-m walk at Year 4. Year 4 grip
strength was not significantly associated with quintiles using
either method.

Association of body mass index variability with
changes in body composition

Associations between BMI variability quintile and changes in
body composition over the same 3-year period are presented
in Table 1. Participants in the highest quintile of BMI
variability according to the ASV method had greater loss of
body mass (β: �0.086 [95% confidence interval, CI: �0.133,
�0.040], P < 0.01) and fat mass (β: �0.059 [95% CI:
�0.117, �0.002], P = 0.04), on average, compared to those
in the lowest quintile. As expected, variability measured by
the rASV method, which adjusted for overall change in
weight, was not significantly associated with the 3-year
change in BMI. There was also no association with change
in FMI or ALMI Z scores.

Association of body mass index variability with
changes in physical functioning

Of our sample of 2121 participants, 91 were missing Year 4
Health ABC scores and were excluded only from the physical
functioning analysis (n = 2030).

Associations between BMI variability quintile and changes
in Health ABC Score over the same 3-year period are pre-
sented in Table 2. Participants in the highest quintile of BMI
variability had larger declines in physical functioning over
the first 3 years of the study compared to those in the lowest
quintile using the ASV method (β: �0.094 [95% CI: �0.16,
�0.03], P < 0.01). Participants in the highest quintile had
an unadjusted median change in Health ABC Score of �0.21
(inter-quartile range [IQR]: �0.47 to 0.06), whereas those in
the lowest variability quintile had a median change of
�0.10 (IQR: �0.37 to 0.11) (P < 0.01).

The results were similar, though more modest, using the
rASV method, with participants in the highest quintile having
significantly greater decline in Health ABC Score over 3 years
(β:�0.0674 [95% CI:�0.13, 0.00], P = 0.04). Participants with
the greatest BMI variability had an unadjusted median
change in Health ABC Score of �0.20 (IQR: �0.44 to
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�0.07), whereas those in the lowest quintile had a median
change of �0.10 (IQR: �0.41 to +0.10) (P = 0.07 for compar-
ison of Quintile 1 to Quintile 5).

Of the 952 participants who met our exclusion criteria, 307
had Year 4 Health ABC scores recorded. Of these, there was
no significant difference in median decline in Health ABC
Score (�0.16, IQR: �0.51 to 0.08) compared to those that
were included (�0.15, IQR: �0.42 to 0.09) with a P value of
0.06.

Association of body mass index variability with
incident disability

Of the 2121 participants in our study, 731 had incidence of
disability during the first 3 years and were excluded from
the survival analysis. The excluded participants had greater
BMI variability on average with median ASV of 0.75 (0.51,
1.04) and rASV of �0.03 (�0.22, 0.24) compared to median
ASV of 0.62 (0.43, 0.90) and rASV of �0.11 (�0.28, 0.16) in
those who remained disability free after 3 years.

Associations between BMI variability quintile and time to
incident disability during the follow-up period are presented
in Table 3. Greater BMI variability over 3 years was associated
with a significantly higher risk of incident disability during the
subsequent observation period. Using the ASV method, those
in the highest quintile were at significantly greater risk than
those in the lowest quintile (hazard ratio [HR]: 1.36 [95% CI:
1.07, 1.72], P = 0.01). The third and fourth quintiles were also
associated with greater risk, with the greatest risk observed
in the fourth quintile (HR: 1.56 [95% CI: 1.25, 1.94], P< 0.01).

Using the rASV method, participants in the highest BMI
variability also had a higher risk of incident disability com-
pared to participants in the lowest quintile (HR: 1.38 [95%
CI: 1.11, 1.72], P < 0.01). Kaplan–Meier survival curves for
the ASV and rASV methods are shown in Figures 1 and 2,
respectively.

There was a significantly shorter median time to disability
in participants who were excluded from our analysis due to
BMI missing values (1473, IQR: 408 to 2978) compared to
those that were included (2179, IQR: 1012 to 3617) with a
P value <0.01.

Table 2 Three-year change in Health ABC Score by BMI variability quintile

Quintile

ASV method rASV method

β (95% CI) P β (95% CI) P

1 0 (reference) — 0 (reference) —

2 �0.01 (�0.07, 0.05) 0.73 0.018 (�0.044, 0.080) 0.58
3 0.00 (�0.063, 0.063) 0.99 �0.038 (�0.101, 0.024) 0.23
4 �0.034 (�0.098, 0.030) 0.29 �0.016 (�0.079, 0.048) 0.63
5 �0.094 (�0.162, �0.026) <0.01 �0.067 (�0.132, �0.003) 0.04

Note: Greater reductions in Health ABC Score are observed in the highest quintile of BMI variability. Abbreviations: ABC, Aging and Body
Composition; ASV, average successive variability; BMI, body mass index; CI, confidence interval; rASV, residual average successive
variability.

Table 1 Three-year change in body composition and BMI variability quintile

Quintile

ASV method rASV method

β (95% CI) P β (95% CI) P

ΔBMI Z score 1 0 (reference) — 0 (reference) —

2 0.019 (�0.026, 0.054) 0.41 �0.011 (�0.055, 0.034) 0.64
3 �0.009 (�0.054, 0.036) 0.69 �0.021 (�0.066, 0.024) 0.35
4 �0.034 (�0.079, 0.011) 0.14 �0.008 (�0.053, 0.038) 0.74
5 �0.086 (�0.133, �0.040) <0.01 �0.021 (�0.066, 0.024) 0.35

ΔFMI Z score 1 0 (reference) — 0 (reference) —

2 0.012 (�0.043, 0.066) 0.68 �0.017 (�0.070, 0.036) 0.54
3 �0.002 (�0.057, 0.053) 0.95 �0.017 (�0.070, 0.037) 0.54
4 0.003 (�0.052, 0.058) 0.91 0.023 (�0.031, 0.077) 0.40
5 �0.059 (�0.117, �0.002) 0.04 �0.004 (�0.058, 0.050) 0.89

ΔALMI Z score 1 0 (reference) — 0 (reference) —

2 0.010 (�0.046, 0.065) 0.74 0.003 (�0.053, 0.060) 0.91
3 �0.006 (�0.046, 0.065) 0.84 �0.016 (�0.727, 0.042) 0.46
4 �0.037 (�0.093, 0.019) 0.20 �0.004 (�0.061, 0.053) 0.88
5 �0.044 (�0.102, 0.015) 0.15 0.023 (�0.035, 0.080) 0.44

Note: Greater loss of BMI and FMI is observed among those with greater BMI variability by the ASV method, but not the rASV method.
Abbreviations: ALMI, appendicular lean mass index; ASV, average successive variability; BMI, body mass index; CI, confidence interval;
FMI, fat mass index; rASV, residual average successive variability.
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Sensitivity analyses

We performed several sensitivity and subgroup analyses.
There were no significant interactions by sex (not shown).
For interactions by baseline (Year 4) BMI, a numerically
greater association between BMI variability (rASV) and the
risk of incident disability was observed in non-obese partici-
pants, but this interaction was not statistically significant
(Table S3).

Discussion

We quantified body weight variability over 3 years among
older adults and demonstrated an association with declines
in physical performance and incidence of physical disability.
The data presented here support the hypothesis that body
weight variability in older persons is associated with a concur-
rent decline in physical functioning and may be a biomarker

Figure 1 Kaplan–Meier curve showing the time to incident disability by body mass index variability quintile according to the average successive var-
iability (ASV) method.

Figure 2 Kaplan–Meier curve showing the time to incident disability by body mass index variability quintile according to the residual average succes-
sive variability (rASV) method.

Table 3 Incident disability after Year 4 by BMI variability quintile

Quintile

ASV method rASV method

HR (95% CI) P HR (95% CI) P

1 1 (reference) — 1 (reference) —

2 1.20 (0.97, 1.47) 0.09 1.19 (0.96, 1.47) 0.11
3 1.25 (1.01, 1.5) 0.04 1.17 (0.94, 1.45) 0.17
4 1.56 (1.25, 1.939) <0.01 1.23 (0.99, 1.53) 0.06
5 1.36 (1.07, 1.72) 0.01 1.38 (1.11, 1.72) <0.01

Note: Those with higher BMI variability were more likely to experience incident disability by both the ASV and rASV methods. Abbrevia-
tions: ASV, average successive variability; BMI, body mass index; CI, confidence interval; HR, hazard ratio; rASV, residual average successive
variability.
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of the metabolic processes that contribute to frailty. Impor-
tantly, the main advance of our study is to demonstrate that
the association between weight variability and disability was
independent net weight change and baseline weight.

These analyses show that participants with the greatest
absolute BMI variability (as assessed by the ASV method)
tend to also experience weight loss over the same time pe-
riod. These results suggest that a primary driver of weight
variability in older persons is weight loss, which is a known
risk factor for frailty. We hypothesized that previous associa-
tions between weight variability and long-term outcomes
might be explained by an association between weight fluctu-
ation and net weight loss. However, our novel rASV method
of classifying participants’ weight variability, which was de-
signed to be independent of net BMI change and baseline
BMI, still demonstrates a relationship with decline in physical
performance and incident disability. This observation sug-
gests that weight fluctuation can be informative even inde-
pendent of the information provided by following an individ-
ual’s simple BMI trajectory over time.

Our study is one of the few studies to quantify weight var-
iability in order to evaluate dose-dependent effects. It is also
the first study to quantify weight variability independent of
net weight change over the same period. The quantification
of weight variability in this cohort builds upon previous work
showing correlation between the presence of weight loss and
re-gain in the Health ABC population and decreased physical
performance.3 Although our study largely corroborates
prior findings, it also builds on this prior work by utilizing
previously defined approaches to the quantification of weight
variability and by further considering net weight change and
baseline weight in the analysis. Our results suggest that
weight variability affects disability independent of baseline
weight and net weight change, a novel observation.
Additionally, the results of the rASV method suggest a
dose-dependent effect, though they do not prove it as we
did statistically evaluate for trend.

Unintentional weight loss has been associated with frailty
and adverse long-term outcomes, perhaps by identifying pa-
tients with adverse metabolic changes related to comorbidity
and poor health status. Weight fluctuations may similarly re-
flect underlying metabolic changes that have occurred that,
themselves, predict adverse outcomes. However, some have
hypothesized that weight fluctuation may also directly affect
metabolism, adversely to long-term health. Following periods
of significant weight loss, fat mass reconstitution has been
demonstrated to occur disproportionately faster than that
of lean mass perhaps as the result of changes in cellular effi-
ciency that are part of the physiological response to
starvation.23 However, these adaptive metabolic changes
may become maladaptive, resulting in excess adiposity, insu-
lin resistance and sympathetic hyperactivity over time.23,24

More recently, immune cell accumulation and inflammation
in adipose tissue has been implicated in metabolic dysfunc-

tion following weight fluctuation.25,26 Excess adiposity, meta-
bolic syndrome, insulin resistance and inflammation may con-
tribute to metabolic breakdown of skeletal muscle and have
each been associated with frailty and disability in older
adults.27,28

Although not statistically significant, there was a numeri-
cally greater association between weight fluctuation and
the risk of disability among non-obese participants. This
may be intuitive, because we expect weight fluctuation to
occur in parallel with features of frailty; however, these
observations should be considered hypothesis generating
and more work is needed in this area. A previous study in
rheumatoid arthritis observed similar trends, with a greater
association between weight fluctuation and cardiovascular
events occurring among thinner participants.29

Limitations of the current study include temporally
constrained data and a reliance on self-reported data for
some BMI measures. In this study, self-reported measures
of weight were similar to in-person measures; however, liter-
ature supports underestimation of weight by self-report in
some settings.30,31 Our measures of weight variability could
not identify changes in weight that may have occurred over
periods of <6 months. Our results therefore may not be gen-
eralizable to variability measured between shorter or longer
time points. As noted, self-reported weight may underesti-
mate directly assessed weight in some settings, though
studies have suggested that these measures are generally
highly accurate among older adults.32,33 In addition, our
analyses did not identify systematic differences between
self-reported values and in-person weight measurements. It
stands to reason that bias introduced through the use of
self-reported data would be non-differential in nature. Lastly,
the Health ABC Study population consisted of healthy older
adults who may not be entirely representative of the general
population. Weight variability could have a different relation-
ship with physical performance in older persons with addi-
tional underlying health conditions or who are already lim-
ited by physical disability. Additionally, it was necessary to
exclude participants who were missing any weight values
during the first 3 years of the study, which we acknowledge
may have been due to illness and introduced a selection bias.
We cannot predict how this might affect the association of
weight variability and our health outcomes, as we did not ex-
haustively assess the impact of comorbid conditions that may
serve as important confounders or effect modifiers. However,
we suspect that our sample was somewhat healthier than the
underlying population, given the increased rate of incident
disability in the excluded participants.

In summary, body weight variability in older persons is as-
sociated with decline in physical performance and incident
disability, and this relationship cannot be explained by initial
body weight or weight loss alone. Body weight variability may
therefore represent a valuable biomarker of the underlying
processes leading to frailty.
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