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A B S T R A C T

Aims: Type 2 diabetes and obesity accelerate cognitive decline. Maintaining salutary levels of multiple lifestyle 
and clinical risk factors might be expected to protect against this. We examined whether healthier levels of 
adiposity, cardiorespiratory fitness, physical activity, and diabetes control were associated with better cognitive 
functioning.
Methods: Data are from the Action for Health in Diabetes clinical trial of adults with type 2 diabetes and over
weight or obesity. Standardized measures of body mass indices, percent body fat, objective and self-reported 
physical activity, cardiorespiratory fitness, and HbA1c were collected across 4 and 8 years. Associations be
tween healthier versus less healthy levels (categorized based on ± one standard deviation from the cohort mean) 
of these measures with subsequent standardized (z-scores) assessments of cognitive function were assessed using 
linear regression.
Results: Among 3723 participants, high versus low cardiorespiratory fitness was associated with 0.08 to 0.13 
standard deviation better global cognitive function, executive function, and attention (p < 0.001). Lower versus 
high HbA1c was associated with 0.17 to 0.22 standard deviation better cognitive function for all domains (p <
0.001). Associations that fitness and HbA1c had with cognitive function were independent and additive. No 
significant associations with cognitive function were found for physical activity or adiposity.
Conclusions: Maintaining greater cardiorespiratory fitness and better diabetes control may protect cognitive 
function in type 2 diabetes.
ClinicalTrials.gov Identifier: NCT00017953

1. Introduction

Type 2 diabetes is an established risk factor for accelerated cognitive 
decline and cognitive impairment in older adults.1 Guidelines for the 
clinical care of individuals with type 2 diabetes recommend that these 
individuals may improve their overall health and function by 1) con
trolling their weight and adiposity; 2) undertaking physical activity, 

especially aerobic physical activity, and 3) controlling their HbA1c 
levels.2 Longer-term exposure to adiposity, suboptimal levels of physical 
activity and cardiorespiratory fitness, and poorly controlled diabetes 
would be expected to compromise health and, in particular, increase 
risks for cognitive decline.

The Action for Health in Diabetes (Look AHEAD) clinical trial 
compared an intensive multidomain lifestyle intervention (ILI) to a 
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condition of diabetes support and education (DSE) on health outcomes 
among adults with established type 2 diabetes and overweight or 
obesity.3 The ILI targeted caloric restriction and increased physical ac
tivity and provided nutritional counseling and cardiometabolic risk 
factor monitoring.4 The ILI surpassed benchmarks for inducing and 
maintaining relative decreases weight and increases in cardiorespiratory 
fitness and also led to increased physical activity, improved diabetes 
control, and lower adiposity.5–7 Despite this, Look AHEAD ILI did not 
provide long-term benefits on cognitive function relative to the 
DSE.8–10 This parallels the findings of similar multidomain lifestyle 
interventions in cohorts with pre-diabetes, which also found no long- 
term cognitive benefits.11,12 However, other multidomain lifestyle in
terventions have more recently been shown to benefit cognitive 
function.12–17 These differed from the Look AHEAD in that they did not 
include a focus on caloric restriction, were relatively short (i.e., 3 years 
or less) and, with one exception,15 did not target the enrollment of in
dividuals with type 2 diabetes.

An overarching goal of this manuscript is to explore whether there 
are aspects of the Look AHEAD ILI that may be associated with relative 
cognitive benefits despite the lack of benefit for the full intervention 
program. We note that there are many risk factors that have been re
ported to be related to cognitive impairment (e.g. duration of diabetes, 
cardiovascular disease, etc.).18 Our approach is to focus on four do
mains of the Look AHEAD ILI: adiposity as captured by body mass index 
and percent body fat, physical activity as captured by self-report and 
objective measures, cardiorespiratory fitness as captured by a submax
imal graded exercise treadmill test, and glucoregulatory control as 
captured by HbA1c levels. Our driving question is whether there is ev
idence that sustained maintenances of these healthy attributes, 
compared with low maintenances, are associated with better long-term 
cognitive functioning and, if so, which domains appear to be most 
important toward this benefit. We also describe whether associations are 
additive and whether they vary according to Look AHEAD intervention 
assignment, sex, and baseline age, obesity status, and diabetes duration.

2. Methods

The Look AHEAD randomized controlled clinical trial's design and 
methods have been published previously.3 Major eligibility criteria 
included: age 45 to 76, type 2 diabetes, BMI ≥25 kg/m2 (≥27 if taking 
insulin), ability to complete a maximal exercise treadmill test, and 
having a primary care provider. Several reduced the likelihood that 
enrollees had cognitive impairment: individuals were excluded if they 
had a current diagnosis of schizophrenia, other psychotic disorders, or 
bipolar disorder, hospitalization for depression in past six months, self- 
report of alcohol or substance abuse within the past twelve months, 
current consumption of more than 14 alcoholic drinks per week, and/or 
current acute treatment or rehabilitation program for these problems. In 
addition, potential participants were interviewed by a behavioralist who 
assessed whether there were barriers to intervention adherence and 
participants were required to successfully complete diaries for two 
weeks to report diet and physical activity: these likely excluded in
dividuals with cognitive impairment.

Our analyses do not include participants from the Look AHEAD 
Native American sites, for whom approval from an institutional review 
board has lapsed. We limit our analyses to participants who underwent 
at least one cognitive assessment.

2.1. Obesity and adiposity

Weight and height to determine BMI were measured in duplicate 
using a digital scale and stadiometer. Body composition was assessed by 
dual-energy x-ray absorptiometry (DXA) at four Look AHEAD sites 
(Baton Rouge, Houston, Boston, Seattle) with Hologic (QDR-4500 A) fan 
beam densitometers at baseline and years 1, 4, and 8.6 Participants 
weighing more than 300 pounds were not scanned due to DXA scanner 

weight limits. We used the total percent fat as the DXA-based measure of 
adiposity.

2.2. Physical activity

Physical activity was assessed in a subset of participants with the RT3 
triaxial accelerometer.7 Participants were instructed to wear the device 
during the waking hours for 7 consecutive days and log device usage in 
diaries to validate wear time. Physical activity intensity was expressed in 
metabolic equivalents (METs). METS was calculated by dividing esti
mated energy expenditure per minute by resting energy expenditure, 
using proprietary software from StayHealthy. Moderate-to-vigorous 
activity was defined as ≥3 METs. We use the minutes per week 
engaged in moderate-to-vigorous activity for ≥10 min.

Minutes of moderate-to-vigorous physical activity was assessed using 
the Paffenbarger Physical Activity Questionnaire at baseline, 1, and 4 
years in a subset of participants and at 8 years in the full cohort.3 Weekly 
energy expenditure (kcal/week) from leisure-time physical activity was 
calculated based on self-reported average distance walked, flights of 
stairs climbed, and participation in fitness and recreational activities.

2.3. Cardiorespiratory fitness

A graded exercise treadmill test was used to assess cardiorespiratory 
fitness at baseline and years 1 and 4.19 Cardiorespiratory fitness was 
defined as the estimated metabolic equivalent (MET) level based on the 
treadmill workload (speed and grade) using the criteria of attaining 80 
% of maximal heart rate for participants not taking a β-blocker or the 
criteria of attaining a rating of 16 on the rating of perceived exertion 
(RPE) scale. To be eligible for participation in Look AHEAD, participants 
had to have achieve ≥4 METs on a maximal graded exercise treadmill 
test, where one MET is equal to 3.5mlkg− 1 per min of oxygen uptake. 
During follow-up cardiorespiratory fitness was based on a submaximal 
test, performed at the same walking speed as the baseline assessment.

2.4. Diabetes control

HbA1c was assessed after at least a 12-h fast and was analyzed by the 
Central Biochemistry Laboratory (Northwest Lipid Research Labora
tories, University of Washington, Seattle, WA) using standardized lab
oratory procedures. Assays were conducted annually through the first 
four years of follow-up and biennially thereafter.

2.5. Interventions

Participants were randomly assigned with equal probability to the 
ILI and DSE interventions. The goal of ILI was to produce and maintain a 
mean 7 % weight loss by reducing caloric intake (goal of 1200 to 1800 
kcal/d) and increasing physical activity (goal of 175 min/wk. of mod
erate intensity activity).20 It included both group and individual ses
sions: weekly during months 1 to 6 and then gradually decreasing but 
remaining at least monthly throughout. In years 2–8, the ILI focused on 
maintaining weight loss and the duration of physical activity achieved 
during year 1 and helping unsuccessful individuals reach study goals.4
DSE participants received three sessions per year, focused on diet, 
physical activity, and social support.21 They did not receive the 
comprehensive components of the intervention of specific strategies for 
weight loss. We pool data from both intervention groups because all 
participants were encouraged to lose weight and increase physical ac
tivity. We separately assessed whether associations differed between 
intervention groups.

2.6. Cognitive function

Cognitive function (expressed as z-scores) was assessed by a team of 
centrally trained, certified staff using standardized measures targeting 
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memory, attention, executive function, and global cognition.8 Addi
tional details are provided in Supplemental Exhibit SE.1. Assessments 
were made in the subset of participants during year 8 and 9 post- 
randomization among 945 participants (5 clinical sites) enrolled in the 
Look AHEAD Movement and Memory ancillary study,8 from 311 par
ticipants enrolled in the Look AHEAD Brain MRI ancillary study con
ducted at 3 clinics during years 10–12,22 and on the full Look AHEAD 
cohort years 11–13.9

2.7. Statistical analysis

As seen in Supplemental Exhibit SE.1, the measures of health-related 
attributes/behaviors that we consider were collected according to 
different schedules and on varying subsets of participants. We accu
mulated and averaged these risk factor measures over two spans of time: 
the first four years of the trial when overall intervention effects were 
greater and across the full eight years during which all participants 
experienced intervention delivery. Based on this approach, the precision 
of these averages varies among individuals depending on the number of 
contributing assessments, however the description is simplified. Simi
larly, we averaged cognitive assessment scores across all that were 
collected from years 8 to 13. Because repeated assessments demon
strated “practice effects” with scores tending to increase with the 
number of assessments,23 we used this number as a covariate in 
analyses.

We provide descriptive statistics and correlations for the risk factors. 
We use regression analyses to project the relative association of “high” 
(1 standard deviation above the domain-specific mean) relative to “low” 
(1 standard deviation below the mean) risk factor levels to subsequent 
standardized cognitive test scores (with covariate adjustment for the 
number of cognitive assessments). The choice of “high” and “low” based 
on standard deviations enhances the ability to compare the strength of 
associations among domains.

We used scatterplots to justify the use of linear models: associations 
appeared roughly linear within the mid-range of distributions. In these 
analyses, we covaried for age, sex (self-reported as female or male), 
education, and race/ethnicity. We used tests of interaction to assess 
whether associations between health-related domain measures and 
cognitive function varied according to intervention assignment, sex, and 
baseline age, obesity status, and diabetes duration.

3. Results

Look AHEAD provided at least one cognitive assessment during years 
8–13 of follow-up on the N = 3723 participants contributing to our 
analyses: N = 2634 underwent a single assessment, N = 772 underwent 
two, and N = 317 underwent three. Assessments occurred 7.8 to 13.2 
years from randomization and − 3.0 to 2.3 years from the termination of 
the Look AHEAD trial (September 11, 2012) during on-trial and post- 
trial follow-up. Included in the analytical cohort are N = 983 who 
participated in the 4-year DXA substudy and N = 1928 who participated 
in the 4-year accelerometry substudy. Supplemental Exhibit SE.2 pro
vides additional details on the number of assessments and mean levels of 
measures used in analyses.

Table 1 describes characteristics of the cohorts at entry to Look 
AHEAD, overall and separately for the DXA and accelerometry sub
studies. In each cohort, 50 % of the participants were assigned to each 
intervention.

Table 2 summarizes the average risk factor levels used as predictors 
in models through 4 and 8 years respectively. There was little difference 
in the 4- versus 8-year averages. Supplemental Exhibit SE.3 lists the 
pairwise correlations among risk factor levels during both time spans. 
Percent body fat and BMI were highly correlated (r > 0.6) over both time 
spans. Self-reported physical activity and accelerometry measures were 
significantly, but less strongly correlated (r = 0.47). Fitness was 
moderately correlated with self-reported and objectively measured 

physical activity (r > 0.3). HbA1c was weakly correlated or uncorrelated 
with measures of physical activity and fitness.

Supplemental Exhibit SE.4 lists mean cognitive function scores. Re
sults from linear regression models relating risk factor levels with 
composite and domain-specific cognitive function are listed in Table 3. 
The mean differences in cognitive function scores associated with a two 
standard deviation difference in risk factor measures are tabulated 
across the 4- and 8-year spans of follow-up. For neither span of time was 
there evidence that percent body fat was linked to cognitive function 
scores, however greater BMI was modestly correlated with better 

Table 1 
Characteristics of participants at baseline grouped by participation in the DXA 
and accelerometry substudies*: mean (standard deviation) or N (percent).

All 
participants 
N = 3723

DXA 
Substudy 
N = 983

Accelerometry 
Substudy 
N = 1928

Sex
Female 2234 (60 %) 635 (65 

%)
1115 (58 %)

Male 1489 (40 %) 348 (35 
%)

813 (42 %)

Age (years)
45–54 897 (24 %) 246 (25 

%)
472 (24 %)

55–64 2157 (58 %) 572 (58 
%)

1102 (57 %)

65–76 669 (18 %) 165 (17 
%)

354 (18 %)

Mean (SD) 58.4 (6.5) 58.6 
(6.6)

58.5 (6.8)

Body mass index (kg/m2)
25–29 575 (15 %) 173 (18 

%)
267 (14 %)

30–39 2331 (63 %) 632 (64 
%)

1214 (63 %)

≥40 817 (22 %) 178 (18 
%)

447 (23 %)

Mean (SD) 35.8 (5.9) 31.1 
(5.2)

36.1 (6.0)

Education
High school grad or less 2055 (55 %) 616 (63 

%)
1036 (54 %)

College graduate 850 (23 %) 192 (20 
%)

459 (24 %)

Post college 730 (20 %) 148 (15 
%)

387 (20 %)

Other 88 (2 %) 27 (3 %) 46 (2 %)
Race/ethnicity

Africa-American 649 (17 %) 106 (12 
%)

410 (21 %)

Hispanic 512 (14 %) 263 (27 
%)

95 (5 %)

Non-Hispanic white 2421 (65 %) 572 (57 
%)

1347 (70 %)

Multiple or other 141 (4 %) 42 (4 %) 76 (4 %)
Total body fat on DXA scan (%) 41.5 (6.8) 41.5 

(6.8)
41.8 (7.2)

Cardiorespiratory fitness (METS) 5.21 (1.52) 5.33 
(1.49)

5.15 (1.48)

Self-reported physical activity 
(MET-min/wk)

849 (990) 661 
(962)

853 (994)

Bouts of moderate to vigorous 
physical activity (MVPA) ≥10 
min (MET-min/wk)

406 (582) 343 
(520)

406 (582)

HbA1c (%) 7.23 (1.15) 7.25 
(1.17)

7.19 (1.11)

Insulin use (Missing = 129) 542 (15 %) 156 (16 
%)

258 (15 %)

Intervention assignment
Diabetes support and 
education

1849 (50 %) 487 (50 
%)

967 (50 %)

Intensive lifestyle intervention 1874 (50 %) 496 (50 
%)

961 (50 %)

* N = 429 participants participated in both substudies.
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performance on memory tests. There was little evidence that the mea
sures of physical activity levels were related to cognitive function. 
Cardiorespiratory fitness as measured by the submaximal exercise 
treadmill test was significantly (positively) associated with composite 
cognitive function over both time spans and the domains of executive 
function and attention (all p < 0.001) at year 4. HbA1c was significantly 
(negatively) associated with all cognitive function measures (all p <
0.001). The relationship that fitness and HbA1c had with cognitive 
function remained statistically significant when both were included in 
the models (all p < 0.05 Table 4).

We examined the consistency that the measures of fitness and HbA1c 
had with composite cognitive function across subgroups based on 
intervention assignment, sex, baseline obesity status, age, and diabetes 
duration using tests of interactions (Table 5). For no risk factors was 
there any statistically significant evidence that associations varied by 
subgroup. The lack of significant interactions among the other risk factor 
measures provide evidence that relationships generalized across 
important clinical groups.

4. Discussion

Our analyses led to three key findings that we discuss in turn. First, in 
the Look AHEAD cohort maintenance of relatively greater levels of 
cardiorespiratory fitness and diabetes control over time, as evidenced by 
better performance on a submaximal graded exercise treadmill test and 
by lower levels of HbA1c, were associated with better subsequent 
cognitive function, particularly in the domains of executive function and 
attention. In contrast, maintenances of lower adiposity as measured by 
DXA scan and greater physical activity were not associated with better 
cognitive function, and there was evidence that maintaining relatively 
higher BMI levels was associated with better memory. We did not find 
evidence of other associations with physical activity. Second, the asso
ciations that better fitness and diabetes control had with better cognition 
appeared to be complementary and additive. Third, these associations 
were not altered by the Look AHEAD intervention and were consistent 
across groups based on sex, age, baseline obesity status, and diabetes 
duration. However, it must be noted that this analysis is on a subgroup of 
all randomized participants and thus interpretations of the effect of the 
Look AHEAD intervention should be made with caution.

Control of type 2 diabetes is thought to benefit cognitive function by 
preventing neuroinflammation and vascular damage. Chronic hyper
glycemia impairs glucose transport and metabolism in the brain, leading 
to increased oxidative stress, inflammation, and ultimately neuronal 
death.24,25 Sustained high blood glucose levels can damage the cere
bral vasculature, increasing the risk of vascular events such as hemor
rhages and infarctions which reduce blood flow to the brain.25 These 
metabolic and vascular insults contribute to structural brain changes 
associated with cognitive decline. Therefore, maintaining glycemic 
control may help prevent these adverse outcomes and preserve cognitive 
functioning. Within the Look AHEAD cohort, we have previously re
ported that reductions in HbA1c and glucose levels were associated with 
better subsequent performance on cognitive tests.26 More generally, 

Table 2 
Mean (standard deviation) for measures of adiposity, cardiorespiratory fitness, 
physical activity, and diabetes control across the first 4 years of follow-up and 
across all 8 years.

Baseline Through Year 4 Baseline Through 
Year 8

N Mean (SD) N Mean 
(SD)

Total body fat (%) 983 41.0 (7.0) 719 41.0 
(7.2)

Body mass index (kg/m2) 3723 34.8 (5.9) 3708 34.7 
(5.8)

Cardiorespiratory fitness 
(METS)

3712 5.42 (1.54) NA

Self-reported physical 
activity (MET-min/wk)

1980 1091 (939) 3567 1036 
(1033)

MVPA in bouts >10 min 
(Met-min/wk)

1928 419 (526) NA

HbA1c (%) 3723 7.04 (1.03) 3687 7.08 
(1.02)

Table 3 
Mean cognitive function scores associated with a 2 standard deviation difference 
in measures of adiposity, cardiorespiratory fitness, physical activity, and dia
betes control across the first 4 and 8 years of follow-up.

Risk factor measure Mean cognitive function z-score associated with 2 
standard deviation difference in average risk factor 
measure over 4 years*

Composite Memory Executive 
Function

Attention

Total percent fat 0.060 
(0.066) 
P = 0.36

0.068 
(0.078) 
P = 0.39

0.016 
(0.089) 
P = 0.86

0.039 
(0.081) 
P = 0.63

Body mass index (kg/ 
m2)

0.018 
(0.022) 
P = 0.42

0.067 
(0.028) 
P = 0.02

− 0.021 
(0.029) 
P = 0.46

− 0.008 
(0.028) 
P = 0.78

Cardiorespiratory 
fitness (METS)

0.082 
(0.024) 
P < 0.001

0.037 
(0.031) 
P = 0.22

0.103 
(0.031) 
P < 0.001

0.128 
(0.031) 
P < 0.001

Self-reported physical 
activity (MET-min/ 
wk)

− 0.027 
(0.029) 
P = 0.35

− 0.028 
(0.038) 
P = 0.46

− 0.025 
(0.037) 
P = 0.49

0.013 
(0.038) 
P = 0.74

MVPA in bouts >10 min 
(Met-min/wk)

− 0.025 
(0.030) 
P = 0.40

− 0.057 
(0.039) 
P = 0.14

0.002 
(0.038) 
P = 0.97

− 0.012 
(0.039) 
P = 0.76

HbA1c (%) − 0.170 
(0.022) 
P < 0.001

− 0.141 
(0.028) 
P < 0.001

− 0.174 
(0.028) 
P < 0.001

− 0.225 
(0.028) 
P < 0.001

Risk factor measure Mean cognitive function z-score associated with 2 
standard deviation difference in average risk factor over 
8 years*

Composite Memory Executive 
Function

Attention

Total percent fat − 0.051 
(0.072) 
P = 0.48

0.065 
(0.093) 
P = 0.48

− 0.110 
(0.098) 
P = 0.26

− 0.161 
(0.094) 
P = 0.09

Body mass index (kg/ 
m2)

0.021 
(0.022) 
P = 0.33

0.071 
(0.028) 
P = 0.01

− 0.018 
(0.028) 
P = 0.52

− 0.012 
(0.028) 
P = 0.67

Cardiorespiratory 
fitness (METS)

NA NA NA NA

Self-reported physical 
activity (MET-min/ 
wk)

− 0.024 
(0.022) 
P = 0.29

− 0.003 
(0.029) 
P = 0.92

− 0.004 
(0.029) 
P = 0.89

0.004 
(0.024) 
P = 0.89

MVPA in bouts >10 min 
(Met-min/wk)

NA NA NA NA

HbA1c (%) − 0.160 
(0.022) 
P < 0.001

− 0.128 
(0.028) 
P < 0.001

− 0.170 
(0.029) 
P < 0.001

− 0.226 
(0.028) 
P < 0.001

* Covariate adjustment for age, education, sex, and race/ethnicity.
* Covariate adjustment for age, education, sex, and race/ethnicity.

Table 4 
Consistency of associations between individual risk factors and cognitive func
tion after covariate adjustment for other risk factors.

Mean cognitive function z-score associated with 
2 standard deviation difference in average risk 
factor measure over 4 years*

Mean (SE) Nominal p-value

Cardiorespiratory fitness (METS)
Without covariate adjustment 0.082 (0.024) P < 0.001
Adjustment for 4-year HbA1c 0.057 (0.024) P = 0.01

HbA1c
Without covariate adjustment − 0.170 (0.022) P < 0.001
Adjustment for 4-year fitness − 0.160 (0.022) P < 0.001

A. Golchin et al.                                                                                                                                                                                                                                 Journal of Diabetes and Its Complications 40 (2026) 109227 

4 



elevated HbA1c levels have been shown to be related to increased risks 
for cognitive decline and impairment.27,28 However, we note that the 
large, well-powered Memory in Diabetes (ACCORD-MIND) clinical trial 
found intensive pharmacological lowering of HbA1c did not provide 
significant cognitive benefit.29 It may be that maintenance of lower 
levels of HbA1c is key toward preserving cognitive function, however it 
is important to avoid cases of hypoglycemia which may lead to cognitive 
deficits.

High levels of cardiorespiratory fitness achieved through regular 
exercise exert neuroprotective effects by improving cerebral blood flow 
and reducing inflammation, both of which support brain health and 
cognitive performance.30 However, we observed only modest correla
tions between physical activity and fitness. Aerobic exercise interven
tion with sufficient dose to increase cardiorespiratory fitness among 
older adults with pre- or recent onset-diabetes has been demonstrated to 
provide cognitive benefits.31

There are many reports that obesity and greater adiposity are asso
ciated with relative deficits in cognitive functioning, overall and in the 
domains of memory, executive function, and attention, and increased 
risk for dementia.32–35 These are thought to arise from mechanisms 
such as chronic inflammation, oxidative stress, vascular dysfunction, 
and reduced neural integrity.33 Among older individuals with type 2 
diabetes, however, there is some controversy whether adiposity may 
provide some protection against cognitive deficits, with some reporting 
evidence of harm36,37 and some reporting evidence for protective ef
fects.38 In fact, there was a modest positive association between higher 
BMI and better memory. Others have reported that mid- and later-life 
exposure to adiposity have little or even positive associations with 
cognitive function.38,39 Adiposity is associated with lower risks for 

cognitive impairment among older individuals.40 Proposed mechanisms 
for this potential benefit include 1) increased leg fat mass, which can 
enhance glucose metabolism, improve nutritional status and energy 
reserves and 2) higher leptin levels, which may exert neuroprotective 
effects on the brain.40 However, Look AHEAD found no associations 
between cognitive function and leptin levels and changes in leptin 
levels.41

There are a number of reports that greater physical activity is asso
ciated with better cognitive functioning and lower risk for dementia 
among individuals with diabetes.42–44 We find the lack of an associa
tion in the Look AHEAD cohort surprising. Meta-analyses assessing the 
impact of physical activity interventions on cognitive function have 
mixed findings: some report benefits,45,46 while others report 
none.47,48 Multidomain interventions combining physical activity with 
caloric restriction, such as in Look AHEAD, have failed to find benefit 
among individuals with pre-diabetes in large well-powered clinical tri
als.11,12 However, there is a recent report that a multidomain inter
vention that targeted increased physical activity, improved nutrition, 
cognitive stimulation, and risk factor monitoring benefited cognitive 
function in a cohort enriched for diabetes.15

The Look AHEAD ILI relative to DSE led to relatively higher mean 
levels of cardiorespiratory fitness (by 15 % at year 1 and 6 % at year 4) 
with mean HbA1c levels among the ILI participants ranged from 0.6 % to 
0.1 % lower across intervention delivery.5,49 For both outcomes, dif
ferences between intervention groups waned over time.

Taken together with prior studies, our findings suggest that glycemic 
control and cardiorespiratory fitness may be more reliable targets for the 
prevention of cognitive decline in individuals with type 2 diabetes than 
physical activity and weight loss. However, evidence remains mixed 
given the null findings on cognitive function from the ACCORD-Mind 
trial for aggressive pharmacological lowering of HbA1c (albeit some 
benefit against brain atrophy, as also seen in Look AHEAD).41 In 
addition, care must be taken to prevent hypoglycemia.

The magnitude of differences we see in composite cognitive function 
associated with increased cardiorespiratory fitness and lower HbA1c, 
ranging from 0.08 to 0.17 standard deviations, may appear modest. One 
approach to judge their clinical significance is to use the backdrop of 
what might be expected in terms of age-related cognitive decline among 
Look AHEAD participants. This cannot be gauged accurately based on 
observed changes over time due to the well-known phenomenon of 
practice effects, which is that test scores tend to increase with repeat 
assessments as individuals become more accustomed. An indirect com
parison may be generated by examining the regression slope of scores 
from the initial assessment versus age.50 Among participants in our 
analyses, this slope is − 0.049 (standard error 0.001) SD/year. Thus, the 
relative benefits we see roughly correspond to what might be expected 
across 1.6 to 3.5 years of aging.

4.1. Limitations

Our findings are strengthened by standardized assessments, the long- 
term follow-up, and the large sample. We note several limitations. As 
individuals meeting eligibility criteria for a clinical trial of lifestyle in
terventions and who were willing to undergo randomization, our cohort 
may not be representative of general clinical populations. While rates of 
lost-follow-up were overall low, we cannot rule out that biases may have 
been introduced by differential missingness. The assessment schedules 
varied among risk factor measures, which may have introduced some 
variability. DXA was not performed on anyone who weighed more than 
300 pounds. Cognitive function was not assessed at baseline so that we 
cannot assess change.

4.2. Summary

Maintenance of greater levels of cardiorespiratory fitness and dia
betes control were associated with better cognitive function among 

Table 5 
Consistency of associations that fitness and HbA1c have with cognitive function 
across subgroups: with covariate adjustment for education, race/ethnicity, ed
ucation, and age.

4-Year Cardiorespiratory 
Fitness

4-Year 
HbA1c

8-Year 
HbA1c

Intervention 
Assignment
DSE 0.098 (0.034) − 0.205 

(0.030)
− 0.194 
(0.031)

ILI 0.076 (0.030) 
P = 0.62

− 0.141 
(0.030) 
P = 0.13

− 0.133 
(0.030) 
P = 0.32

Sex
Female 0.086 (0.032) − 0.154 

(0.035)
− 0.138 
(0.037)

Male 0.079 (0.034) 
P = 0.89

− 0.178 
(0.027) 
P = 0.58

− 0.171 
(0.027) 
P = 0.46

Baseline BMI
25–29 0.090 (0.013) − 0.173 

(0.023)
− 0.164 
(0.023)

30–39 0.100 (0.013) − 0.172 
(0.022)

− 0.163 
(0.022)

40–49 0.148 (0.016) 
P = 0.37

− 0.160 
(0.022) 
P = 0.70

− 0151 
(0.023) 
P = 0.73

Age
45–54 0.057 (0.046) − 0.097 

(0.040)
− 0.088 
(0.040)

55–64 0.161 (0.030) − 0.199 
(0.029)

− 0.189 
(0.029)

65–76 0.068 (0.054) 
P = 0.08

− 0.115 
(0.068) 
P = 0.09

− 0.064 
(0.070) 
p = 0.06

Diabetes duration
<5 years 0.086 (0.033) − 0.136 

(0.034)
− 0.112 
(0.033)

≥ 5 years 0.067 (0.031) 
P = 0.66

− 0.173 
(0.029) 
P = 0.40

− 0.179 
(0.030) 
P = 0.21
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adults with type 2 diabetes and overweight/obesity, however further 
work is needed to establish these benefits.
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