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Abstract

Background: Individuals are often counseled to use behavioral weight loss strategies to reduce risk for cardiovascular disease (CVD). We 
examined whether any benefits for CVD risk from weight loss intervention extend uniformly to individuals across a range of underlying health 
states.
Methods: The time until first occurrence of a composite of fatal and nonfatal myocardial infarction and stroke, hospitalized angina, or CVD 
death was analyzed from 8 to 11 years of follow-up of 4,859 adults who were overweight or obese, aged 45–76 years with Type 2 diabetes. 
Individuals had been randomly assigned to either an intensive lifestyle intervention (ILI) or diabetes support and education (DSE). Participants 
were grouped by intervention assignment and a frailty index (FI) based on deficit accumulation, ordered from fewer (first tertile) to more (third 
tertile) deficits.
Results: Baseline FI scores were unrelated to intervention-induced weight losses and increased physical activity. The relative effectiveness of 
ILI on CVD incidence was inversely related to baseline FI in a graded fashion (p = .01), with relative benefit (hazard ratio = 0.73 [95% CI 
0.55,0.98]) for individuals in the first FI tertile to no benefit (hazard ratio = 1.15 [0.94,1.42]) among those in the third FI tertile. This graded 
relationship was not seen for individuals ordered by age tertile (p = .52), and was stronger among participants aged 45–59 years (three-way 
interaction p = .04).
Conclusions: In overweight/obese adults with diabetes, multidomain lifestyle interventions may be most effective in reducing CVD if 
administered before individuals have accrued many age-related health deficits. However, these exploratory analyses require confirmation by 
other studies.
Clinical Trial Registration: NCT00017953
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There is controversy whether behavioral weight loss programs 
should be prescribed to older adults with obesity to reduce risks 
for cardiovascular disease (CVD). While benefits might be expected 
based on improvements in cardiovascular risk factors (1), meta-
analyses pooled across all ages find little evidence of benefit for 
CVD morbidity and mortality (2). There are concerns that inten-
tional weight loss may have serious consequences later in life such 
as sarcopenia, osteopenia, and nutritional deficiencies, in general 
(3), and, in particular, for those with diabetes (4). Such concerns 
must be weighed against expected benefits, including improved 
physical functioning, reduced risks for neuropathy and nephrop-
athy, and lower overall healthcare costs (5–8). There may be con-
siderable heterogeneity in the risk to benefit balance for behavioral 
weight loss. Understanding the biological basis of this heterogen-
eity may facilitate personalized therapeutic interventions (9).

Geroscience is a field in which researchers explore individual’s 
progress along biological, functional, and phenotypical trajec-
tories, viewing these age-related processes as related to but dis-
tinct from chronological age (10). From this perspective, it may be 
better to define opportunities for targeted interventions based on an 
individual’s underlying age-related health status than chronological 
age. However, it is not clear how best to characterize the construct 
of age-related health. We adopt the geroscience-based Rockwood 
frailty index (FI) (11,12), sometimes referred to as a deficit accu-
mulation frailty index (13). This should not be confused with other 
frailty indices or the frailty phenotype (14,15).

FIs are typically composed of ≥30 symptoms, signs, and condi-
tions associated with aging. Scores are sums of deficits ascribed to 
these components (with each deficit graded from 0 to 1) divided by 
the total number of assessed components, potentially ranging from 
0 to 1 (16). FI scores are predictive of adverse health outcomes and 
increased healthcare utilization (17–19).

We previously have calculated FI scores for the Action for Health 
in Diabetes (Look AHEAD) randomized controlled clinical trial (20), 
and reported that its behavioral weight loss intervention, relative to 
a control condition, induced a significant buffer against 8-year FI 
increases.

The motivating hypothesis for our current analyses is that 
age-related health status, operationalized by deficit accumulation FI 
scores, identifies individuals for whom behavioral weight loss inter-
vention differentially affects the development of CVD. To test this, 
we conducted exploratory analyses of data Look AHEAD.

Method

The Look AHEAD design, methods, and CONSORT diagram have 
been published previously (21,22). Look AHEAD was a multisite, 
single-masked randomized controlled clinical trial that recruited 
5,145 individuals (during 2001–2004) from 16 U.S.  centers. All 
participants had Type 2 diabetes and met the following criteria: 
45–76  years of age, body mass index (BMI) >25  kg/m2 (>27  kg/
m2 if on insulin), glycated hemoglobin (HbA1c) < 97  mmol/mol 
(11%), systolic/diastolic blood pressure <160/<100  mmHg, trigly-
cerides <600 mg/dL, and successful passing of a maximum graded 
exercise test. Protocols and consent forms were approved by local 
Institutional Review Boards.

Interventions
Participants were randomly assigned to intensive lifestyle interven-
tion (ILI) or diabetes support and education (DSE). The multidomain 

ILI targeted reducing caloric intake and increasing physical activity 
to induce weight loss to average >7% at year 1 and to maintain this 
over time (23). Consumption of 1,200–1,800 kilocalories/d based on 
initial weight was targeted. Physical activity of >175 min/wk through 
activities similar in intensity to brisk walking was also targeted, as 
was improved diet (<30% calories from fat, <10% calories from sat-
urated fat, and >15% calories from protein). Cardiometabolic risk 
factors (lipids, HbA1c, and blood pressure) were monitored: par-
ticipants were provided results and these were shared with their 
clinicians (with participant’s consent). During the first 6 mo, ILI par-
ticipants attended three group meetings and one individual session 
per month. For the remainder of the first year, they were provided 
two group and one individual meeting per month. The intensity of 
the intervention gradually decreased thereafter (23).

DSE participants were invited to attend group sessions focused 
on diet, physical activity, and social support (24). Four meetings 
were offered during year 1, three per year in years 2–4, and one an-
nually thereafter. Participants did not receive specific diet, activity, or 
weight goals or information on behavioral strategies; however, the 
protocol for sharing risk factor information with participants and 
their physicians was the same as for ILI.

Interventions were terminated September 2012, when all partici-
pants’ planned follow-up was at least 8 years.

Weight and Fitness
Measures were obtained by certified staff, masked to intervention as-
signment (23). Weights were measured annually. A maximal graded 
exercise test was administered at baseline and a submaximal test at 
years 1 and 4 (25). Changes in fitness were computed as differences 
between estimated metabolic equivalents (METS) when the parti-
cipants achieved or exceeded 80% of age-predicted maximal heart 
rate or Borg Rating of Perceived Exertion of >16, at baseline and 
subsequently.

Frailty Index
We constructed a 38-item FI for Look AHEAD participants modeled 
after the index of the Systolic Blood Pressure Intervention Trial (17) 
and augmented to include nine additional deficits related to diabetes 
and obesity (Supplemental Exhibit S1) (20).

Cardiovascular Disease Events
The primary outcome for the Look AHEAD trial was the first 
postrandomization occurrence of a composite CVD outcome (fatal 
and nonfatal myocardial infarction and stroke, hospitalized angina, 
or CVD death) (22). A masked expert panel centrally adjudicated 
events based on hospital records, death certificates, and study data.

Baseline Risk Factors
Blood pressure was measured in duplicate using an automated de-
vice. Blood specimens were collected after ≥12-h of fasting and ana-
lyzed centrally (Northwest Lipid Research Laboratories, University 
of Washington) using standard procedures. Other self-reported char-
acteristics and conditions were assessed with questionnaires and staff 
interviews. Baseline CVD history was self-report of prior myocardial 
infarction, coronary artery bypass, angioplasty/stent procedures, 
peripheral vascular disease, stroke, stable angina, or class I/II heart 
failure. Hypertension was defined by current treatment or measured 
blood pressure >140/90 mmHg. Depression symptoms were assessed 
with the Beck Depression Index.
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Statistical Analysis
We analyzed de-identified data developed for investigators outside 
the core Look AHEAD study group. We adopted an intention-to-
treat approach, and used data from all evaluable participants who 
were grouped by random intervention assignment (intention-to-treat). 
Of the 5,145 Look AHEAD participants, 4,901 (95.3%) provided 
consent for data sharing; data were sufficient to compute baseline 
FI scores for 4,859 (99.1%) of these participants. We grouped par-
ticipants into tertiles based on baseline FI, with participants ranked 
from least to greatest numbers of accrued deficits, an approach we 
prespecified in an analysis plan. Baseline characteristics among tertiles 
were compared using chi-squared tests and analyses of variance.

We adopted the approach used for the Look AHEAD primary 
results paper, in which follow-up was censored as of September 11, 
2012 (22). For our cohort, this resulted in an average [range] of 
planned follow-up time of 9.8 [8.4,11.1] years. Outcomes were as-
sessed by phone calls every 6 mo and at the end of follow-up. The 
percentages of individuals for whom outcome status had not been 
ascertained within the past 6 mo and who had not earlier reached 
the endpoint were 8.7% (tertile 1), 10.3% (tertile 2), and 11.6% 
(tertile 3). These percentages differed significantly among the tertiles 
(p = .03), but not between intervention groups (p = .11) or by age 
(p = .20), and there was not a significant interaction between tertiles 
and intervention groups (p = .60). A CONSORT diagram for the full 
cohort has been previously published providing greater detail (22).

Within each intervention group, we modeled longitudinal trajec-
tories for percent change in BMI and change in fitness (METS from 
graded exercise tests), using mixed-effects models, with interaction 
terms to compare intervention effects across baseline FI tertiles. We 
used proportional hazards regression and interaction terms to as-
sess the consistency of intervention effects on CVD incidence among 
baseline FI tertiles. We repeated this approach among participants 
grouped by tertile of chronological age. The consistency of inter-
vention effects on CVD incidence among predefined subgroups (sex 
and age group) and by baseline FI was evaluated using proportional 
hazards regression and interactions terms.

Sensitivity Analyses
We examined whether omitting self-reported history of myocardial 
infarction and stroke from the FI impacted our results, repeating the 
proportional hazards regression with the reduced FI.

Results

Baseline Characteristics by FI
FI scores at baseline ranged from 0.066 to 0.588, with median 0.202. 
The upper boundaries of the first and second tertiles were 0.178 and 
0.230, respectively. Supplemental Exhibit S2 describes baseline char-
acteristics of the cohort by FI tertile. While some differences among 
tertiles reflect contributions of individual components (eg, obesity, 
hypertension, and smoking), the overall patterns are not unexpected. 
Higher FI scores were associated with male sex, current smoking, 
CVD history, and greater mean BMI, systolic blood pressure, trigly-
cerides levels, HbA1c, and diabetes durations. Intervention assign-
ment was balanced across tertiles of FI.

Intervention-Related Changes in Weight and Fitness 
by FI Tertile
Figure 1 portrays mean percent changes from baseline of BMI over 
time by FI tertile and intervention assignment. ILI participants 

had significantly greater reductions in BMI than DSE participants 
(overall p < .0001). Within the ILI cohort, the mean BMI dropped 
markedly from baseline to year 1 and rose gradually through the 
remainder of follow-up. There were no statistically significant dif-
ferences in the percent change in BMI over follow-up by FI tertile 
groups for ILI participants (p = .38). BMI gradually declined for DSE 
participants in all three FI tertiles, with slightly (but not significantly) 
less decline among those in the first tertile (p = .08). Supplement S3 
provides a similar portrayal of mean percent weight changes.

Figure 1 also portrays mean changes over time in fitness by FI 
tertile. Compared to DSE, fitness increased significantly in ILI parti-
cipants in all FI tertiles (overall p < .001). The largest increases were 
at year 1, which were partially attenuated at year 4. There was little 
difference in average changes in fitness for ILI participants across 
the FI tertiles (p = .18). Among DSE participants, there were also no 
differences in changes in fitness over time among FI tertiles (p = .76).

Intervention-Related CVD Event Rates by FI Tertile
Figure  2 portrays the incidence of the CVD composite outcome 
over time, stratified by intervention assignment and baseline FI 
tertile. Compared to those in the first FI tertile, CVD incidence was 
greater for participants in the second tertile (HR = 1.48 [95% confi-
dence interval 1.23, 1.79]) and third tertile (HR = 2.18 [1.83, 2.62]) 
groups, with significant overall differences among the FI tertiles after 
adjustment for age, sex, and race/ethnicity (p < .0001).

Differences in the incidence of CVD across intervention groups 
varied by FI tertile in a graded manner (interaction p < .0001). As 
seen in Table 1, the relative impact of random assignment to ILI on 
CVD incidence trended toward relative benefit among individuals 

Figure 1. Mean percent changes in body mass index (kg/m2) and fitness 
(METS) by baseline frailty index tertile over time, with adjustment for age, 
gender, and race/ethnicity.

Journals of Gerontology: Medical ScienceS, 2021, Vol. 76, No. 2 341



in the first FI tertile (HR = 0.73 [0.55, 0.98]) to no benefit among 
individuals in the third tertile (HR = 1.15 [0.94, 1.42] (interaction 
p = .01). Also in Table 1 are results from separate analyses for each 
component of the composite outcome. While none are statistically 
significant, the trends for benefit of ILI for those with lowest FI 
scores are seen for each component except CVD death, which oc-
curred infrequently. Including percent weight loss at 1 year, which 
may potentially serve as an imprecise marker for intentionality of 
longer term weight loss, did not alter findings (the interaction p value 
remains = .01).

We performed a parallel analysis, grouping individuals according 
to tertile of baseline age (Table 2). There was no evidence that dif-
ferences between ILI and DSE on the incidence of composite CVD 
varied by age (p = .52).

The interaction between FI and intervention assignment remained 
significant (p  =  .04) after adjustment for an interaction between 
baseline CVD history and intervention assignment. Omitting history 
of myocardial infarction and stroke from the FI did not materially 
alter results. With the FI recalculated without these two components, 
proportional hazards regression yielded HR [95% confidence inter-
vals] HR=0.74 [0.56,0.98] for the first tertile; HR = 0.88 [0.68,1.13] 
for the second tertile; and HR = 1.20 [0.97,1.48] for the third tertile 
(interaction p = .004), thus a slightly more significant finding than 
from the full FI.

Interactions Between Intervention Assignment, FI, 
and Sex or Age
Table 3 portrays differences in intervention effects by baseline FI for 
participants grouped by sex and age. There was a significant graded 
inverse relationship in the intervention-related HR for CVD events 
among women (p = .01) and younger participants (p < .01), but not 
for men (p = .29) or older participants (p = .79). The three-way inter-
action among sex, intervention assignment, and FI was not statistic-
ally significant (p = .39). However, the three-way interaction among 
age, intervention assignment, and FI was (p = .04). For participants 

aged 45–59 years at baseline, 95% confidence intervals for relative 
ILI benefit for individuals with the lowest FI scores and for relative 
harm for individuals with the highest FI scores both excluded 1.0.

Discussion

We hypothesized that deficit accumulation, a geroscience-guided 
construct of age-related health status, would be useful for identifying 
individuals for whom behavioral weight loss interventions may be 
most effective lowering the CVD risk. We further hypothesized 
that a deficit accumulation FI would be a better metric for tailoring 
intervention prescription than chronological age. We discuss three 
principle findings. First, individuals assigned to ILI achieved rela-
tively similar decreases in weight and increases in physical fitness, 
irrespective of baseline FI score. Second, the effect of ILI versus DSE 
on CVD varied depending on participant’s baseline frailty level, ran-
ging from reduced risk among individuals with low baseline FI to 
no benefit among those with the highest FI scores. Even through FI 
and age were correlated, chronological age did not show this inverse 
relationship. Third, the interaction between FI and the intervention 
appeared to be stronger among relatively younger participants and 
potentially among women.

Deficit Accumulation, Weight Loss, and Increases in 
Physical Activity
There is considerable evidence that adults with health-related deficits 
can successfully adhere to lifestyle interventions. Bibas, and col-
leagues systematically reviewed clinical trials conducted in older 
cohorts with deficits in physical function and health (26). Targeted 
outcomes included lean body mass, strength, physical performance, 
and bone mineral density; interventions included exercise training 
and nutritional supplements. While none of the inclusion criteria 
of trials they examined were based specifically on FIs, they found 
general support that individuals with age-related health deficits were 
able to adhere to physical activity and dietary regimens, which re-
sulted in weight loss and overall improvements in physical function. 
For example, Villareal, and colleagues conducted a randomized clin-
ical trial of weight loss and physical activity interventions in 107 in-
dividuals with obesity, aged ≥65 and older, who were frail, sedentary, 
and had deficits in at least two of the following: physical perform-
ance tasks, two or more activities of daily living, or one activity of 
daily living and peak oxygen consumption (27,28). Over 1 year, indi-
viduals assigned to active interventions achieved marked increases in 
physical activity and weight loss that were associated with improve-
ments in components of the cardiometabolic syndrome.

We previously reported that relatively older Look AHEAD ILI 
participants achieved at least as large weight losses and increases in 
physical activity and fitness as younger participants (29,30). Their 
success in this was independent of measures of general and physical 
health, CVD history, and hypertension (30). Our current finding that 
the impact of the intervention on weight loss and fitness gain was 
independent of FI builds on these prior results.

Age-Related Health Status and CVD Risk Reduction
Greater baseline FI scores were strongly associated with increased 
risk for CVD incidence. The hazard for CVD was more than doubled 
for participants in the third compared with first FI tertile. This under-
scores the clinical significance of FIs as prognostic factors.

To the best of our knowledge, few randomized trials have exam-
ined whether the efficacy of interventions designed to reduce CVD 

Figure 2. Kaplan–Meier plots of times until incidence of the Look AHEAD 
primary cardiovascular outcome by intervention assignment and baseline 
frailty index tertile. Ranges: First tertile [0.066,0.178], Second tertile 
[0.178,0.230], and Third tertile [0.230,0.588].
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morbidity and mortality varies according to frailty measured by def-
icit accumulation. Previous studies have focused on pharmacological 
interventions and cohorts older than the Look AHEAD participants. 
In The Hypertension in the Very Elderly Trial of adults 80 years or 
older, baseline FI levels did not moderate the association between 
antihypertensive therapy and CVD incidence among individuals 
with hypertension, in a cohort with 50% individuals who were over-
weight or obese. Only 4% of these individuals had diabetes (31). 
Similarly, in a subgroup of participants 75 years or older who were 
free of diabetes in the Systolic Blood Pressure Intervention Trial, there 
was no evidence of heterogeneity in the effect of antihypertensive 
therapy on incident CVD by FI (32). In the Treatment of Preserved 
Cardiac Function Heart Failure with an Aldosterone Antagonist 
(TOPCAT) trial, baseline FI did not moderate the impact of pharma-
cological treatment of heart failure in a cohort of predominantly 
older adults with obesity (mean age 72 years; 45% with diabetes) 
(33). Our finding that the Look AHEAD multidomain intervention 
may only reduce CVD risk for individuals with lower FI is unprece-
dented. While evidence that ILI may increase CVD risks among indi-
viduals with greater baseline FI burdens is not strong, it is of concern 
and requires additional study.

De Vries and colleagues also examined factors associated with 
differences in how the Look AHEAD ILI was associated with risks 
for CVD (34). Their approach was data-driven, and involved fitting a 
proportional hazards model for CVD incidence that simultaneously 
included many risk factors and their interactions with intervention 
assignment. Their resulting model, which predicted individual’s 

overall risks well, was then used to rank participants according to 
predicted differences in risks had they been assigned to ILI versus 
DSE, that is, the estimated treatment effect they were predicted to re-
ceive from ILI relative to DSE. These differences ranged from positive 
to negative, and were conceptualized to reflect potential benefit or 
harm. Characteristics among individuals grouped according to where 
they fell along the distribution of predicted treatment effects, from 
benefit to harm, were examined. The characteristics most strongly as-
sociated with predicted treatment effect included sociodemographic 
(age, sex, race/ethnicity, and income), medical (CVD history, duration 

Table 1. Relative Intervention Effects by Baseline Frailty Index Tertile on the Overall and Component-Specific Incidence of the Look AHEAD 
Primary Composite Cardiovascular Outcome: Results from Proportional Hazards Regression with Adjustment for Age, Gender, and Race/
Ethnicity

Outcome FI Tertile

Number of Events

Hazard Ratio [95% CI] Interaction p valueDSE (N = 2,324) ILI (N = 2,427)

Composite First 106 80 0.73 [0.55,0.98]  
Second 136 124 0.97 [0.72,1.17] .01
Third 164 186 1.15 [0.94,1.42]  

CVD Death First 8 10 1.24 [0.49,3.15]  
Second 22 18 0.82 [0.44,1.53] .67
Third 26 22 0.98 [0.50,1.56]  

MI First 49 33 0.67 [0.40,1.14]  
Second 66 53 0.82 [0.57,1.17] .15
Third 72 70 1.00 [0.72,1.39]  

Stroke First 16 13 0.79 [0.38,1.64]  
Second 21 25 1.23 [0.69,2.20] .41
Third 38 44 1.20 [0.78,1.86]  

Hospitalized Angina First 18 12 0.66 [0.32,1.37]  
Second 29 28 0.98 [0.58,1.64] .88
Third 69 55 0.80 [0.56,1.14]  

Table 2. Graded Relationships of Relative Intervention Effect, Intensive Lifestyle Intervention (ILI) versus Diabetes Support and Education 
(DSE) on CVD risk for Participants Grouped by Tertiles of Deficit Accumulation Frailty Index and Chronological Age

Tertile

Deficit Accumulation Frailty Index Chronological Age

Hazard Ratio: ILI vs DSE 95% Confidence Interval p Value Hazard Ratio: ILI vs DSE 95% Confidence Interval p Value

First 0.73 [0.55,0.98]*  1.12 [0.83,1.53]  
Second 1.00 [0.72,1.17] .01 0.92 [0.72,1.18] .32
Third 1.29 [0.94,1.42]  0.92 [0.75,1.12]  

*95% confidence interval excludes 1.0.

Table 3. Differences in Relative Intervention Effects by Baseline 
Frailty Index According to Gender and Age: Intensive Lifestyle 
Intervention (ILI) versus Diabetes Support and Education (DSE)

FI Tertile Hazard Ratio [95% Confidence Interval]

 Females Males
First 0.62 [0.38,1.02] 0.81 [0.56,1.15]
Second 1.00 [0.68,1.48] 0.86 [0.63,1.18]
Third 1.29 [0.95,1.78] 1.05 [0.79,1.40]
 p = .01 p = .23
 Age 45–59 y Age 60–76 y
First 0.54 [0.34,0.86]* 0.91 [0.62,1.32]
Second 0.96 [0.65,1.42] 0.89 [0.65,1.21]
Third 1.46 [1.05,2.03]* 0.97 [0.73,1.79]
 p < .01 p = .75

*95% confidence interval excludes 1.
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of diabetes, and insulin use), physical (weight, waist girth, and blood 
pressure), and blood-based (HbA1c and lipid levels) factors. The pri-
mary limitation with this approach is that the CVD outcome is used 
twice, both to derive the initial model and to examine CVD incidence 
by the predicted difference in risk. This raises concerns about over-
fitting and limitations to external validity. Another limitation with 
this work (shared by our current study) is that CVD is examined in 
isolation. We recognize that clinical treatment decisions with respect 
to weight loss are not solely based on CVD risk.

Our hypothesis-based analyses point to a more personalized rec-
ommendation for intentional weight loss in older individuals that 
draws from geroscience, which builds on the paradigm of deficit ac-
cumulation. Our results suggest that some individuals may lower 
their risk for CVD through lifestyle intervention whereas others may 
not, and that age-related health status may be one of the factors 
that predict the likelihood of cardiovascular benefit. There is con-
siderable literature questioning whether weight loss reduces CVD 
risk in older individuals or persons with diabetes (35). Our findings 
add nuance to this, suggesting that for adults with Type 2 diabetes 
intentional weight loss may reduce CVD risk for those with fewer 
health deficits.

The finding that the interaction between FI and intervention as-
signment was independent of CVD history suggests that FI captures 
an underlying construct distinct from CVD.

Findings for Age and Gender
We found no evidence that CVD risk reduction from lifestyle inter-
vention varied by chronological age. Geroscientists posit that bio-
logical aging is very different from chronological aging, and can 
depend on many factors including genetics, exposures, resilience, 
and healthcare (10).

The relationship between intervention effects and baseline FI ap-
peared to be stronger among women compared with men (however, 
the three-way interaction was not statistically significant). It was, 
however, significantly stronger among relatively younger compared 
with older participants. Overall, FI scores tended to be lower among 
women and individuals who were relatively younger, which suggests 
that lifestyle intervention may be most effective in women and those 
individuals who are 60 years of age or younger (before significant 
deficits in age-related health status have occurred).

Limitations
Our analyses are exploratory and post hoc, and should be inter-
preted with caution. While the interaction between the FI and 
the Look AHEAD lifestyle intervention was statistically signifi-
cant, our estimates were not sufficiently precise. For example, we 
should not exclude potential benefit for participants in middle 
and highest FI tertiles. We grouped individuals by baseline FI 
tertiles; other cutpoints could be adopted and may yield different 
results. Deficit accumulation is a dynamic process, and it may be 
that relationships vary depending on its current composition and 
one’s chronological age. The Look AHEAD cohort, as comprised 
of volunteers for a clinical trial of a behavioral intervention, 
may not represent general clinical populations, and it is not clear 
whether our results may extend to older adults without diabetes. 
It is possible that the relationship between frailty and CVD risk is 
driven by the components of CVD that are known risk factors for 
CVD rather than by aging; however, it is difficult to assess this. 
At baseline, the FI components most strongly and independently 

associated with history of CVD included both traditional risk 
factors (angina, sleep apnea, and cholesterol) and others not in-
cluded in traditional risk factor models (hearing loss, vision loss, 
and chronic pain).

Summary

Our findings support the importance of administering lifestyle inter-
ventions to reduce risks for CVD events early in the process of 
age-related declines in overall health.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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