
Received: 9 June 2023 Revised: 5 September 2023 Accepted: 26 September 2023

DOI: 10.1002/trc2.12430

R E S E A RCH ART I C L E

Rationale, design, and cohort characteristics of the Action for
Health in Diabetes Aging study

Mark A. Espeland1,2 Denise K. Houston1 KathleenM. Hayden3 Judy L. Bahnson2

Peter J. Huckfeldt4 Haiying Chen2 Michael P.Walkup2 Rebecca H. Neiberg2

Mia Yang1 Tara Beckner2 Lynne E.Wagenknecht5 for the Look AHEADAging

Study Group

1Section on Gerontology and Geriatric

Medicine, Department of InternalMedicine,

Wake Forest University School ofMedicine,

Winston-Salem, North Carolina, USA

2Department of Biostatistics andData Science,

Wake Forest University School ofMedicine,

Winston-Salem, North Carolina, USA

3Department of Social Sciences andHealth

Policy,Wake Forest University School of

Medicine,Winston-Salem, North Carolina,

USA

4Division of Health Policy &Management,

University ofMinnesota School of Public

Health, Minneapolis, Minnesota, USA

5Division of Public Health Sciences,Wake

Forest University School ofMedicine,

Winston-Salem, North Carolina, USA

Correspondence

Mark A. Espeland, PhD, Sticht Center for

Healthy Aging and Alzheimer’s Prevention,

Wake Forest School ofMedicine,

Winston-Salem, NC 27101, USA.

Email: mespelan@wakehealth.edu

Funding information

National Institute on Aging, Grant/Award

Numbers: U01AG073697, P30AG049638

Abstract

INTRODUCTION: Diabetes and overweight/obesity are described as accelerating

aging processes, yetmany individualswith these conditionsmaintain high levels of cog-

nitive and physical function and independence late into life. The Look AHEAD Aging

study is designed to identify 20-year trajectories of behaviors, risk factors, and med-

ical history associated with resilience against geriatric syndromes and aging-related

cognitive and physical functional deficits among individuals with these conditions.

METHODS: Look AHEADAging extends follow-up of the cohort of the former 10-year

Look AHEAD trial. The original cohort (N = 5145) was enrolled in 2001 to 2004 when

participants were aged 45 to 76 years and randomly assigned to a multidomain inten-

sive lifestyle intervention (ILI) or a diabetes support and education (DSE) condition.

The trial interventions ceased in2012.Clinic-based follow-upcontinued through2020.

In 2021, the cohort was invited to enroll in Look AHEAD Aging, an additional 4-year

telephone-based follow-up (every 6 months) enhanced with Medicare linkage. Stan-

dardized protocols assess multimorbidity, physical and cognitive function, health care

utilization, and health-related quality of life.

RESULTS: Of the original N = 5145 Look AHEAD participants, N = 1552 active sur-

vivors agreed to participate in Look AHEAD Aging. At consent, the cohort’s mean age

was 76 (range 63 to 94) years and participants had been followed for a mean of 20

years. Of the original Look AHEAD enrollees, those whowere younger, female, or with

no history of cardiovascular disease were more likely to be represented in the Look

AHEAD Aging cohort. Intervention groups were comparable with respect to age, dia-

betes duration, bodymass index, insulin use, hypertension, cardiovascular disease, and

cognitive function. ILI participants had significantly lower deficit accumulation index

scores.
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DISCUSSION: By continuing the long-term follow-up of an extensively characterized

cohort of older individuals with type 2 diabetes, Look AHEAD Aging is well positioned

to identify factors associated with resilience against aging-related conditions.
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1 INTRODUCTION

Type2diabetesmellitus andoverweight/obesity are often described as

accelerators of aging processes, for example, as increasing the rate in

which geriatric syndromes and age-related chronic diseases develop,

due to associations with decreased lifespan, increased disability risk,

and reduced health-related quality of life.1,2 Yet, not all individuals

with these conditions face the same prognosis in later life, and some

continue to maintain relatively high levels of cognitive and physical

functionand independence. This suggests that strategies couldbe iden-

tified to promote healthier later-life experiences in these individuals. It

is natural to hypothesize that behavioral interventions to promote and

maintain weight loss may mitigate against the consequences of aging.

Many short term (≤18 months) trials of behavioral interventions have

beenconducted inolder adultswithobesity and somewithdiabetes,3–9

but longer-term trials are necessary for age-related outcomes.

The Action for Health in Diabetes (Look AHEAD) randomized con-

trolled clinical trial was designed to assess whether a multidomain

intensive lifestyle intervention (ILI) targeting weight loss (including

counseling on caloric restriction, increased physical activity, improved

diet, and metabolic risk factor monitoring) versus a control condition

(diabetes support and education [DSE]) would, a reduce risks for major

cardiovascular disease events (primary outcome) and benefit many

other aging-relatedoutcomes.10,11 From the initial enrollment (in 2001

to 2004), of individuals aged 45 to 76 with established type 2 diabetes

and overweight or obesity, through the end of its 10-year intervention

(in 2012), and as observed through extended follow-up (through2020),

its intervention was shown to have successfully induced and main-

tained long-term weight loss and to have provided benefits for many

age-related health conditions (eg, chronic kidney disease, depression,

mobility, frailty indices, disability-free life years).12

It is unknown whether or not these benefits are maintained and

translate to better later-life experiences and long-term associations

with cognitive function and geriatric syndromes. Individuals in the

cohort are now reaching ages when risks for age-related health issues

markedly increase. The Action for Health in Diabetes Aging (Look

AHEAD Aging) observational study initiated 4 years of additional

follow-up of the cohort, beginning in 2022. It provides an unprece-

dented opportunity to characterize the long-term aging processes in a

well-characterized cohort that represents an understudied but grow-

ing segment of the population, that is, older individuals with type

2 diabetes and obesity. The Look AHEAD Aging study features a

change from the clinic-based assessment used throughout prior study

follow-up to assessment based on telephone interviews and Medicare

linkage. This manuscript is organized to (1) provide a rationale for the

Look AHEAD Aging study; and (2) describe its protocol, recruitment

approach, enrollment rates, and characteristics of its participants.

2 BACKGROUND

The Look AHEAD trial enrolled 5145 adults, aged 45 to 76 years,

with established type 2 diabetes.11 All participants met the follow-

ing criteria: 45 to 76 years of age, body mass index (BMI) > 25 kg/m2

(>27 kg/m2 if on insulin), glycated hemoglobin (HbA1c)< 97mmol/mol

(11%), systolic/diastolic blood pressure < 160/<100 mmHg, triglyc-

erides < 600 mg/dl, and successful passing of a maximum graded

exercise test. The trial contrasted an ILI to induce and maintain ≥7%

weight loss with an intervention featuring DSE.13,14 The Look AHEAD

trial’s primary measure of effectiveness was achieved weight loss.

Additional measures were changes in fitness based on a graded exer-

cise test and intervention session attendance. ILI participants achieved

ameanweight reduction of 8.6% at year 1 and sustained relative lower

weights compared with DSE participants throughout follow-up.11,15

After the intervention phase of the trial ended in 2012, participants

were enrolled in an observational follow-up ending in 2020.

The Look AHEAD Aging study has as its primary objective the iden-

tification of long-term effects of a multidomain ILI compared to a DSE

in five areas: (1) multimorbidity and geriatric syndromes, (2) physical

function, (3) cognitive function, (4) health care utilization and costs, and

(5) health-related quality of life. Shorter-term benefits of ILI have been

reported for multimorbidity,16 physical function,17,18 health care costs

and medication use,19,20 and some aspects of health-related quality of

life.21

Cognitive outcomes are an important component of the Look

AHEAD Aging study because the impact of ILI on cognitive func-

tion may be variable depending on an individual’s obesity status

and medical history, with potential benefits for those without obe-

sity or cardiovascular disease and potential harm for others.22,23 In

the Look AHEAD cohort, cognitive function appeared to be relatively

preserved among individuals maintaining relatively better diabetes

control and those without severe obesity.24,25 There have been incon-

sistent reports of cognitive benefits from other major clinical trials

of lifestyle interventions,26,27 but none have fostered the substan-

tial long-term weight losses that were achieved in the Look AHEAD

program.



ESPELAND ET AL. 3 of 11

The secondary objectives of the Look AHEAD Aging study include

evaluating whether any long-term differences in its primary outcomes

between intervention groups might be attributable to differences in

the nearly two decades of longitudinal trajectories in clinical measures

(eg, HbA1c, blood pressure, depressive symptoms, weight), medication

use (eg, metformin, insulin, statins), and behaviors (eg, physical activ-

ity, weight control practices). They also include evaluating whether

intervention groupdifferences vary amongbaseline subgroups defined

by sex, race/ethnicity, age, obesity, and health status. Other objec-

tives include continuing to assess aging-related measures of function

and abilities (ie, gait speed, balance, strength, activities of daily liv-

ing, instrumental activities of daily living, independent living) over

time and examining the interplay between stressors (diabetes, obe-

sity/overweight, and chronological aging) and resilience against the

development of physical and cognitive deficits, geriatric syndromes,

and expanding health care needs adopting the paradigm described by

Ferrucci, et al.28 The study also will maintain its cohort as a source of

discovery by promoting ancillary studies, dissemination, and distribu-

tionofwell-documentedpublic usedata, and through scientific interest

groups.

The overarching goal of Look AHEAD Aging is to provide informa-

tion that is vital for improving the care of older individuals with type 2

diabetes who are overweight or obese and to identify strategies that, if

applied inmid-life, yield better later life experiences.

3 ENROLLMENT IN THE Look AHEAD AGING
STUDY

All individuals who participated in the Look AHEAD program and who

had given permission for further contact by a central unit (Wake For-

est University School of Medicine) were eligible for inclusion in the

Look AHEAD Aging study. Of the original 5145 Look AHEAD partici-

pants, 641 had dropped from the study, 1279 had died, and 495 of the

remaining had not provided permission (this included 174 participants

for whom their tribal leadership had prohibited further engagement).

Excluding the 32 participants of those remaining who had previously

been classified with dementia, this resulted in a pool of 2698 poten-

tial participants. Look AHEAD Aging adopted the following inclusion

criteria:

∙ Hearing ability adequate to complete a telephone interview.

∙ Adequate comprehension of the consent process, based on a con-

sent comprehension tool.

∙ Fluency in English or Spanish.

Look AHEAD Aging recruitment was based on mailings followed

by scheduled telephone interviews to obtain consent and to ascertain

outcomes. Figure 1 diagrams the recruitment of participants. Of the

2698 potential enrollees, 1606 (60%) eventually provided informed

consent, and of these 54 withdrew or died prior to being contacted for

assessments, yielding an evaluable cohort of 1552. Of these evaluable

participants, baseline cognitive testing was completed on 1437 (93%).

RESEARCH INCONTEXT

1. Systematic Review: The Look AHEADAging study builds

on the 20 years of deep phenotyping of a large cohort of

adults with diabetes and overweight or obesity, the many

research findings from the study group, and an exten-

sive review of geriatric literature related to diabetes and

obesity.

2. Interpretation: Type 2 diabetes and overweight/obesity

are often described as accelerators of aging due to asso-

ciations with cognitive impairment, decreased lifespan,

increased disability risk, and reduced health-related qual-

ity of life. More information is required to understand

the characteristics and behaviors that are associated

with better health and functional profiles in later life for

individuals with these conditions.

3. Future Directions: The Look AHEAD Aging study will

identify factors associated with resilience against the

development of functional deficits in cognition and phys-

ical function, geriatric syndromes, and the expanding

health care utilization that are associated with aging. We

view diabetes, obesity/overweight, and chronological age

as stressors challenging resilience.

F IGURE 1 Look AHEADAging enrollment.

4 CONSENT STATEMENT

All participants provided informed consent prior to enrollment.
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TABLE 1 Comparison of ILI and DSE sociodemographic characteristics among the Look AHEAD cohort at baseline with the characteristics of
the Look AHEADAging Cohort at Look AHEAD baseline:N and (percent).

Look AHEAD baseline,N=
5145, enrolled 2001–2004

Look AHEADAging,N=
1552, enrolled 2022–2023 Comparisons (p-values)

Characteristics of Look

AHEAD at baseline

DSE

N= 2575

ILI

N= 2570

DSE

N= 739

ILI

N= 813

Look AHEAD versus

look AHEADAging

Consistency of look

AHEADAging

enrollment across

intervention groups

Age at Look AHEAD

Enrollment

45–54 600 (23%) 642 (25%) 216 (29%) 272 (33%) p< 0.001 p= 0.18

55–64 1422 (55%) 1428 (56%) 457 (62%) 467 (57%)

65–76 553 (22%) 500 (19%) 66 (9%) 74 (9%)

Gender

Female 1537 (60%) 1526 (59%) 452 (61%) 517 (64%) p= 0.005 p= 0.17

Male 1038 (40%) 1044 (41%) 287 (39%) 296 (36%)

Education

HS or less 1482 (59%) 1454 (58%) 374 (52%) 388 (49%) p< 0.001 p= 0.22

College 542 (22%) 576 (23%) 168 (23%) 221 (28%)

Post college 485 (19%) 491 (19%) 179 (25%) 190 (24%)

Race and ethnicity

African American 404 (16%) 400 (16%) 124 (17%) 137 (17%) p< 0.001 p= 0.17

Native American 128 (5%) 130 (5%) 2 (0%) 4 (0%)

Asian/Pacific Islander 21 (1%) 29 (1%) 7 (1%) 13 (2%)

Hispanic/Latino 340 (13%) 340 (13%) 79 (11%) 112 (14%)

Non-HispanicWhite 1631 (63%) 1621 (63%) 513 (69%) 526 (65%)

Other/Multiple 51 (2%) 50 (2%) 15 (2%) 21 (3%)

BMI, kg/m2

25–29 362 (14%) 403 (16%) 106 (14%) 135 (17%) p= 0.70 p= 0.68

30–39 1639 (64%) 1592 (62%) 475 (64%) 494 (61%)

>40 574 (22%) 575 (22%) 158 (21%) 184 (23%)

CVD history

No 2228 (87%) 2205 (86%) 682 (92%) 749 (92%) p< 0.001 p= 0.72

Yes 347 (13%) 365 (14%) 57 (8%) 64 (8%)

Abbreviations: BMI, bodymass index; CVD, cardiovascular disease; DSE, diabetes support and education; HS, high school; ILI, intensive lifestyle intervention;

Look AHEAD, Action for Health in Diabetes.

5 COHORT CHARCTERISTICS

The Look AHEAD Aging cohort has been altered from the original

Look AHEAD study group by attrition, mortality, the reconsenting

process, and the above inclusion criteria. Table 1 compares the dis-

tribution of the original cohort with respect to characteristics at the

Look AHEAD baseline in 2001 to 2004 with those of the Look AHEAD

Aging cohort in 2022 to 2023, both overall and by intervention assign-

ment. Those enrolling in Look AHEAD Aging tended to be younger,

women, more highly educated, and to not have had a history of car-

diovascular disease. As noted above, the clinical sites that contributed

the majority of Native American participants declined to participate

in Look AHEAD Aging, leading to very few of these individuals being

enrolled and resulting in overall differences in the racial/ethnic distri-

bution. African-American and Hispanic/Latino participants continued

to be well represented in the Look AHEAD Aging cohort. Impor-

tantly, enrollment rates were consistent across intervention groups,

that is, prior intervention assignment appeared to be unrelated to par-

ticipants’ enrollment in Look AHEAD Aging, both overall and among

important subgroups.

When the interventions were terminated on September 14, 2012,

there were differences between treatment arms for key measures

among the subset of participants who were to later enroll in Look

AHEAD Aging. The most recent mean (SE) percent changes in BMI

from baseline for ILI participants was −5.45 (0.33)% and for DSE

participants it was −3.79 (0.38)%, p < 0.001. There were differences
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F IGURE 2 Assessment schedule for Look AHEADAging: example for two potential participants. 3MS,ModifiedMini-Mental State
Examination; Look AHEAD, Action for Health in Diabetes; RALT, Rey Auditory Verbal Learning Test; SF-36, 36-Item Short Form Survey; TICSm,
Modified Telephone Interview for Cognitive Status.

in 400 m gait speed: 1.015 (0.007) m/s for ILI versus 0.982 (0.008) m/s

for DSE, p = 0.002. There were also differences for increases in multi-

morbidity from baseline: 0.79 (0.04) for ILI versus 0.90 (0.04) for DSE,

p = 0.049. However, there were no differences in composite cognitive

function: 0.125 (0.024) for ILI versus 0.115 (0.023) for DSE, p= 0.78.

6 Look AHEAD AGING PROTOCOL

Data collection for the LookAHEADAging study is conducted via stan-

dardized telephone interviews approximately every 6 months (calls

of <1h), as well as Medicare linkage. The transition from the prior

clinic-based assessments conducted in the Look AHEAD program to

remote assessmentswas necessitated by the closing of the study’s clin-

ical sites. We drew from past experience in transitioning from clinic-

to telephone-based assessments and used rigorous central training of

interviewers designed to enhance rigor and reliability. All interviews

start with a standardized brief hearing assessment. The study team

has extensive experience in telephone-based data collection, including

measures of cognition and physical function.

Telephone-based interviews consist of one panel (A) that is admin-

istered annually (4 times) and two panels (M1 and M2) that are

administered at alternate mid-years (2 times each) in a random order

(see Figure 2 for details). Participants are asked to weigh themselves

at home the morning of the call, or for those without home scales

to provide their weight (and date) from their last physician visit.

Participants confirm (or provide for the first time) their Medicare

Beneficiary Number for assessment of health care utilization and cost.

Look AHEADAging is designed to address the following hypotheses.

Multimorbidity. The primary hypothesis related to multimorbidity

is that random assignment to 10 years of ILI versus DSE results in a

mean difference in a 9-component multimorbidity index—comprising

cancer, cardiac arrhythmia, chronic kidney disease, congestive heart

failure, coronary artery disease, depression, dyslipidemia, hyperten-

sion, and stroke—over Look AHEAD Aging follow-up. A secondary

hypothesis is that the mean rate of change in the multimorbidity
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index over the follow-up since the original randomization will vary

between ILI andDSE. Supporting analyseswill compare theprevalence,

severity, and change in the following geriatric syndromes: depres-

sion, pain, vision impairment, hearing impairment, nutritional risk,

urinary incontinence, falls, fractures, sleep, polypharmacy, and weight

and unintentional weight loss. Look AHEAD Aging will also describe

differences between ILI and DSE in a frailty index based on deficit

accumulation, modeled after the indices previously developed in Look

AHEAD.29,30

Physical function. The primary hypothesis related to physical func-

tion is that random assignment to 10 years of ILI versus DSE results in

a mean difference in the 36-Item Short Form Survey (SF-36) physical

functioning subscale over Look AHEAD Aging follow-up. A secondary

hypothesis is that the mean rate of change in this scale over the full

Look AHEAD follow-up varies between participants who had been

assigned to ILI versusDSE. Supporting analyseswill compare thepreva-

lence, severity, and change in self-reported mobility, activities of daily

living, abilities, and physical activity.

Cognitive function. The primary hypothesis related to cognitive

function is that randomassignment to10yearsof ILI versusDSE results

in mean differences in a composite score of cognitive function over

LookAHEADAging follow-up. A secondary hypothesis is that themean

rate of change in this score over the full Look AHEAD follow-up varies

between ILI and DSE. Supporting analyses will compare scores for the

cognitive domains of memory, executive function, and global cognitive

function and in subjectivememory complaints.

The cognitive battery has been harmonized with the National

Alzheimer Coordinating Center (NACC) Uniform Dataset Version 3

(UDS v3)31 and assesses global cognitive function, memory, attention,

executive function, and language. It is modeled after the validated

telephone-based Women’s Health Initiative Memory Study that has

been administered successfully since 2008.32 The battery was slightly

modified for Look AHEAD Aging. It includes the Modified Telephone

Interview for Cognitive Status (TICSm)33,34 instead of the Montreal

Cognitive Assessment (MoCA)35 and the Rey Verbal Learning Test

(RAVLT).36 Telephone-administered versions of other tests have been

used.37,38 Proxy questionnaires that were previously administered in

Look AHEAD have been continued: the Functional Activity Question-

naire (FAQ)39 and Dementia Questionnaire (DQ).40,41 The battery

provides anchors for harmonization with the prior Look AHEAD cog-

nitive protocol to allow the assessment of cognitive decline over time.

An ancillary study provides standardized adjudication ofmild cognitive

impairment and dementia.

Assessing depressive symptoms is important for supporting the

interpretation of cognitive function data. Depression was previously

assessed in LookAHEADwith the PatientHealthQuestionnaire (PHQ-

9), a 9-item self-report measure of depressive symptoms in adults that

corresponds directly with Diagnostic and Statistical Manual of Men-

tal Disorders (DSM) criteria for a major depressive episode, which will

continue to be administered by telephone.42,43

Health care utilization and costs. The primary hypothesis related

to health care utilization and costs is that random assignment to 10

years of ILI versus DSE results in a mean difference in total costs of

health care over Look AHEAD Aging follow-up. A secondary hypoth-

esis is that the mean rate of change in these costs over the full Look

AHEAD follow-up varies between ILI and DSE. Supporting analyses

will compare associated costs and rates of hospitalizations, outpatient

care, home caremedications, and procedures.

Health-related quality of life. Each of the above outcomes con-

tribute to overall health-related quality of life. Look AHEAD Aging

will additionally describe differences between ILI and DSE in mean

levels and changes in measures of SF-36 component scores, fatigue,

psychological resilience, social isolation, and loneliness.44–46

Look AHEAD Aging will also investigate the associations that

clinical measures, medication use, and behaviors have with long-term

outcomes. Look AHEAD has collected extensive (for 18 years) data on

clinicalmeasures (HbA1c, blood pressure, lipids, depressive symptoms,

and health-related deficits in abilities and function). There has been

considerable variation in modifiable risk factors such as weight, waist

circumference, fitness, and body composition in the participants.47

There is a vast literature suggesting that medications commonly used

among participants may affect the rate (positively or negatively) of

aging and accrual of age-related chronic diseases. Examples include

metformin, insulin, statins, antihypertensive medications, antidepres-

sants, anti-inflammatories, and many more. From its annual invento-

ries, Look AHEAD provides a rich platform to explore associations

that exposures to drugs and drug combinations have with later-life

outcomes. It has extensive data on weight control practices, alcohol

intake, smoking, physical activity, sleep, and self-care. Also included

are prior measures of psychological resilience and loneliness,45,46

which are extended to Look AHEAD Aging. These resources allow us

to retrospectively examine trajectories related to the preservation

of function, independence, and better overall health later in life.

Look AHEAD Aging will also describe incidence and trajectories of

outcomes across the 20 to 24 year span of combined Look AHEAD

and Look AHEAD Aging follow-up. It will share these data resources

for other investigators to mine as we continue to publish public use

databases.

7 COHORT CHARACTERISTICS AT Look AHEAD
AGING ENROLLMENT

Table 2 describes the characteristics of participants at the time when

they were enrolled in the Look AHEAD Aging study based on cur-

rent self-report or themost recent Look AHEAD clinic-basedmeasure.

Eight percent of participants were aged 85 years or older and nearly

half had durations of diabetes of at least 25 years. Fifteen percent

had BMI values of 40 kg/m2 or more. The two intervention groups

had similar distributions with respect to age, diabetes duration, BMI,

and prevalence of hypertension and cardiovascular disease. The most

marked difference between groups was with respect to deficit accu-

mulation frailty,29 which averaged about 14% lower among former ILI

versus DSE participants.

Table 3 listsmean cognitive test scores by intervention group. There

was no evidence of overall differences in cognitive function between
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TABLE 2 Characteristics of the Look AHEADAging cohort by ILI
and DSE at last assessment: current age, bodymass index, diabetes
duration, insulin use, hypertension, and cardiovascular disease history
(updated throughout Look AHEAD),N (percent) or mean (standard
deviation).

DSE

N= 739

ILI

N= 813 p-value

Age

65–74 248 (34%) 288 (35%) 0.76

75–84 431 (58%) 461 (57%)

≥85 60 (8%) 64 (8%)

Diabetes duration, years

18–24 419 (57%) 462 (57%) 0.40

25–29 207 (28%) 211 (26%)

30–34 65 (9%) 91 (11%)

≥35 43 (6%) 45 (6%)

BMI, kg/m2a

<25 24 (3%) 39 (5%) 0.36

25–29 182 (25%) 208 (26%)

30–39 413 (56%) 449 (55%)

≥40 119 (16%) 117 (14%)

Insulin usea

No 380 (51%) 463 (57%) 0.03

Yes 359 (49%) 350 (43%)

Hypertensiona

No 55 (7%) 74 (9%) 0.23

Yes 684 (93%) 739 (91%)

Cardiovascular diseasea

No 587 (79%) 664 (82%) 0.27

Yes 152 (21%) 149 (18%)

Deficit accumulation FIa 0.14 (0.06) 0.12 (0.06) <0.001

Multimorbidity Indexa 1.77 (1.02) 1.68 (1.04) 0.09

ModifiedMini-Mental

State Score

90.5 (7.4) 90.6 (7.4) 0.68

Abbreviations: BMI, bodymass index;DSE, diabetes support and education;

FI, frailty index; ILI, intensive lifestyle intervention; LookAHEAD, Action for

Health in Diabetes.
aLast assessed during years 16 to 18.

groups,with perhaps slightly higher phonemic fluency scores among ILI

comparedwith DSE participants.

8 MEASURES AND STATISTICAL
CONSIDERATIONS

The primary aims of Look AHEAD Aging are to identify the long-term

effects of ILI compared to DSE in five domains of outcomes. Look

AHEAD Aging will also identify factors and behaviors (eg, exposure to

obesity, risk factor control, and physical activity) that are associated

TABLE 3 Cognitive test scores at Look AHEADAging entry: mean
(SD) and results from t-tests.

Cognitive test DSEN= 781 ILIN= 820 p-value

TICSm 34.5 (4.9) 34.4 (4.7) 0.87

Craft Story

Immediate 21.0 (6.4) 21.2 (6.3) 0.90

Delayed 17.7 (6.7) 17.9 (6.5) 0.61

RAVLTDelayed 7.01 (3.96) 6.94 (3.96) 0.71

Number Span–F 7.15 (2.33) 7.08 (2.33) 0.59

Number Span–B 6.33 (2.32) 6.32 (2.33) 0.91

Oral Trails–A 13.8 (4.9) 13.8 (5.5) 0.79a

Oral Trails–B 84.4 (88.3) 83.6 (88.6) 0.54a

Semantic Fluency–Animal 18.1 (5.3) 18.3 (5.4) 0.72

Semantic Fluency–Vegetable 13.0 (4.1) 13.0 (4.0) 0.79

Phonemic Fluency–L/F 20.7 (8.1) 21.5 (8.2) 0.08

Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle

intervention; Look AHEAD, Action for Health in Diabetes; RALT, Rey

Auditory Verbal Learning Test; TICSm, Modified Telephone Interview for

Cognitive Status.
aBased on log-transformed data.

with better late-life health-related profiles. In general, analyses will

use data collected during Look AHEAD Aging follow-up. All data avail-

able since randomization will be used to examine changes over time as

supporting analysis.

Multimorbidity. A generalized Poisson or negative binomial dis-

tribution model will be used to address the overdispersion that is

likely present when summing over several different Poisson processes

contributing to multimorbidity. A similar approach will be used when

analyzing claims-based measures of multimorbidity. One challenge is

that there are incomplete records due to death or lost follow-up.

Additionally, multimorbidity can influence death and dropout, which

subsequently censor the observation of multimorbidity. Therefore, a

jointmodeling of the longitudinal and survival processeswill be used to

account for potential informative censoring and allow valid statistical

inferences for multimorbidity.48 A general linear model for the count

data and a proportional hazards model for survival data will be fitted

with subject-specific random effects to link the two submodels.

Physical function. The physical functioning score from SF-36 is a

simple, effective measure of mobility disability in older people44 and

has been collected regularly since the beginning of Look AHEAD. For

these continuous outcomes, linear mixed effects models will be used

to estimate the intervention effect. The basic model will include inter-

vention assignment, time, and their interaction term. Contrasts will

be used to estimate the mean difference between ILI and DSE across

Look AHEAD Aging follow-up. Similar to the analysis of multimorbid-

ity index, analyses will account for death by adopting a joint modeling

approach that links the linear mixed models and the survival model

with a latent bivariate normal process.49,50

Cognitive function. Cognitive assessment includes global cogni-

tive function, attention, memory, language, and executive function. For
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participants who score below a validated cutoff on global cognitive

function, a questionnaire will be administered to a proxy informant

with questions about the participant’s memory and function. Cognitive

status will be adjudicated by an expert consensus panel and classifi-

cations of normal, mild cognitive impairment, and probable dementia

will be assigned. Z-scores will be created for individual cognitive tests,

aggregated to create domain-specific z-scores, and averaged to get

a measure of composite cognitive function, similar to what we have

done for the earlier Look AHEAD cognitive data. Linear mixed models

will be used to assess differences between ILI and DSE with respect

to means (primary) and slopes (secondary). Supporting analyses will

describe differences for each individual domain.

Total health care utilization and costs. These data will be collected

with Medicare claims linkage. The distribution of annual health care

use and costs is often positively skewed. General linear models that

account for skewness in two ways will be used, allowing specification

of (1) a “link” function (specifically the functional form for the out-

come variable that best matches a linear combination of covariates),

and (2) the appropriate distributional family of the outcome variable

(eg, gamma, Poisson, inverse Gaussian).51 The link function will be

determined using a Box-Cox test and the appropriate distribution fam-

ily by employing modified Park tests.52 Logistic models will be used

for binary outcomes. Independent variables include intervention (the

coefficient provides a measure of the difference in cost or use associ-

ated with the intervention), original clinic site, and baseline participant

characteristics.

Health-related quality of life. Differences between intervention

groups will be described for the levels and changes in measures of

fatigue, psychological resilience, social isolation, loneliness, and the

SF-36 scales using linear mixedmodels.

Supporting analyses will use longitudinal trajectories in measures

collected during earlier follow-up to describe relationships with

longer-term health outcomes and assess whether any intervention

effects on outcomes differ among pre-specified subgroups formed

at baseline (race/ethnicity, age, obesity, health status, and sex as a

biological variable). We are interested in understanding whether the

long-term exposure to lower weight over the course of Look AHEAD

follow-up is associatedwith health-relatedbenefits. Exploratory analy-

seswillmine the richdata resources todescribe long-term intervention

effects on other outcomes, to characterize aging trajectories, and to

identify factors related topreservedhealth and function.Abroad range

of analytical techniques will be used: survival analysis, generalized

linearmodels (ie, logistic regression, Poisson regression, negative bino-

mial regression), generalized estimating equations models for binary

data, andmixed-model analysis of variance and covariance.

9 STATISTICAL POWER

Our power projections are based on the 1552 participants enrolled in

Look AHEAD Aging, with the assumption that attrition will accrue at

5%/year over its 4 years of follow-up. We adopt a two-sided Type 1

error for each of the primary outcomes.

Multimorbidity. In Look AHEAD participants aged ≥65 years, the

meandifference in rate ofmultimorbidity expansionbetween interven-

tion groups was 0.02/year.15 For N = 1552 and the standard deviation

seen in Look AHEAD, this projects to 90% power to detect a mean

difference of 0.022/year.

Physical function. The SF-36 will be collected annually in Look

AHEAD Aging. The estimated variance and correlation among

repeated measures for the SF-36 physical function score is 130 and

0.64, respectively, using current Look AHEAD data. For N = 1552 we

will have 90% power to detect a difference of 1.4 units in the SF-36

physical function scores.

Cognitive function. Longitudinal sequences of composite cogni-

tive scores from the Women’s Health Initiative Memory Study of the

Epidemiology of Cognitive Health Outcomes (WHIMS-ECHO) annual

telephone assessments were used to calculate the longitudinal covari-

ance of measures for a simulation analysis.53 With loss-to-follow-up

at 5%/year, N = 1437 is projected to provide >90% power to detect a

mean difference of 0.13 standard deviation.

Total health care costs. We anticipate collecting Medicare claims

data on approximately 1395 participants. The standard deviation of

Log(total health care costs) from the Look AHEAD cohort has been

1.10. Based on this, we project 90% power to detect a 21% difference

in total health care costs from cross-sectional data. Repeated data over

years of follow-upwill increase power.

10 CLINIC VERSUS TELEPHONE-BASED
ASSESSMENTS

Many studies have transitioned from clinic-based assessments to

telephone-based assessments53 and this transition has recently

become more frequent with the social distancing triggered by the

COVD-19 pandemic.54 Changes in assessmentmodes can threaten the

validity of longitudinal analyses spanning transitions. An analytical goal

of Look AHEAD Aging is to bridge differences in ascertainment modes

and domains from the current assessments to previous assessments

collected by the Look AHEAD program.

11 DISCUSSION

The original Look AHEAD cohort was shaped by recruitment practices

(eg,massmailing, registries), eligibility criteria (eg, gradedexercise test-

ing, diabetes control, overweight/obesity), and recruitment targets (eg,

>35% persons of color, <25% insulin users).10 The influence of these

design characteristics has likely faded over time as the forces of mor-

tality and attrition have shaped the current LookAHEADAging cohort.

Thus, while the original cohort was developed to reflect moderately

well controlled,middle-aged individualswith type 2 diabeteswhowere

good candidates for a multidomain lifestyle intervention, the current

cohort is thought to more adequately reflect older individuals with

long-term exposure to diabetes and overweight or obesity. The char-

acteristics of this cohort that are described in this manuscript frame



ESPELAND ET AL. 9 of 11

an opportunity to study aging in representatives of an important and

understudied population.

Look AHEAD Aging lacks direct objective geroscience-based mea-

sures of function, a limitation related to its remote data collection.

There has been recent progress in identifying blood-based biomark-

ers of aging55; this raises the possibility of expanding the Look AHEAD

Aging breadth through the development of ancillary studies involving a

(mail-based) collection of biospecimens.

Look AHEAD Aging also provides the opportunity to study the

legacy effects of a 10-year multidomain lifestyle intervention on later-

life trajectories of health, function, health care, and quality of life. It

is designed to address important research questions. How are differ-

ent trajectories ofweight, physical activity, risk factors, and health care

associated with the health-related experiences of adults with diabetes

and obesity later in life? Should mid-life behavioral changes be recom-

mended as a cost-effectivemeans to improve the health andwell-being

of adults with diabetes and obesity as they age?What accounts for the

remarkable range of function and health-related quality of life among

older individuals with diabetes? These questions can only be answered

with continued observation as the Look AHEAD cohort enters this

critical phase of the life course.

12 SUMMARY

Type 2 diabetes and both overweight and obesity are known to accel-

erate aging processes, increasing the rate atwhich geriatric syndromes

and age-related chronic diseases occur; however, there remains much

to be learned about how this unfolds in later life. Look AHEAD Aging

is designed to draw from the long-term follow-up and extensive char-

acterization of the Look AHEAD cohort to describe trajectories of

aging-related outcomes and how these may be related to changes

in lifestyle and risk factors over time. The study will identify factors

related to resilience against the development of geriatric syndromes,

which preserves independence and quality of life in later life.
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