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Abstract

Background: Lifestyle interventions to reduce weight and increase activity may preserve higher-order cognitive abilities in overweight/obese 
adults with type 2 diabetes (T2D).
Methods: Adults (N = 5,084) with T2D who enrolled in a randomized clinical trial of a 10-year intensive lifestyle intervention (ILI) compared 
with diabetes support and education were queried at baseline and repeatedly during follow-up for complaints about difficulties in memory, 
problem-solving, and decision-making abilities.
Results: For those without baseline complaints, assignment to ILI was associated with lower odds that complaints would emerge during 
follow-up for decision-making ability (odds ratio [OR]=0.851, [95% CI, 0.748,0.967], p=0.014), and, among individuals who were not obese, 
lower odds that complaints would emerge about problem-solving ability (OR=0.694 [0.510,0.946]). No cognitive benefits from ILI were seen 
for individuals with baseline complaints about cognitive abilities. ILI may have exacerbated the severity of complaints about problem-solving 
ability during follow-up among individuals with baseline complaints and cardiovascular disease (OR=2.949 [1.378,6.311]).
Conclusions: A long-term multidomain ILI may reduce the likelihood that complaints about difficulties in higher-order cognitive abilities 
will emerge in T2D adults without pre-existing complaints. Among those with pre-existing complaints, the ILI did not prevent increases in 
complaint severity.
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Type 2 diabetes (T2D) increases adults’ risk for developing cognitive 
deficits (1). Individuals are aware of these changes: those with diabe-
tes report greater rates of difficulties in cognitive abilities than age-
matched controls (2,3). Domains associated with complex cognitive 
abilities, such as memory, executive function, and processing speed, 
are among those that are affected (4). These are important for every 
day functioning and, for those with diabetes, are critical to its man-
agement (5–7). Older adults who report declines in cognitive abilities 
are at increased risk for progression to dementia (8,9), and for mark-
ers of Alzheimer’s disease such as gray matter volume loss (10–12), 
cerebral hypoperfusion (13), and amyloid deposition (14,15), even 
in the absence of objective cognitive deficits. Self-assessed difficul-
ties in cognitive abilities are included as a diagnostic criterion for 
Alzheimer’s dementia (16), highlighting their importance.

More than 80% of U.S. adults with T2D are overweight or obese 
(17) and the majority are sedentary (18). Mid-life obesity and seden-
tary lifestyle are risk factors for cognitive decline (19,20). Therefore, 
behavioral intervention to counteract these factors may be expected 
to protect cognitive abilities in T2D.

We have recently reported the legacy of a 10-year behavioral 
weight loss intervention on objective measures of cognitive function 
(ie, scores from cognitive function tests) among adults with T2D 
mellitus within the context of a large randomized controlled clinical 
trial, the Action for Health in Diabetes (Look AHEAD) (21–23). The 
intensive lifestyle intervention (ILI) to decrease energy intake and 
increase physical activity appeared to have a differential impact on 
cognitive function depending on individual’s weight and history of 
cardiovascular disease at baseline. For those who were overweight 
[body mass index (BMI) 25–29 kg/m2] but not obese, and for those 
with no history of cardiovascular disease, random assignment to 
ILI compared to a control condition appeared to leave a legacy 
(8–13  years post-randomization) of slightly better cognitive func-
tion. In contrast, assignment to the intervention appeared to leave 
a legacy of slightly worse cognitive function for those with Class 
3 obesity (BMI ≥ 40 kg/m2) or a history of cardiovascular disease. 
A  limitation of these prior reports, however, is that no objective 
assessments of cognitive function were obtained until at least 8 years 
after ILI began, which raises concerns about the potential of differ-
ential follow-up and leaves unanswered what differences may have 
emerged earlier during the intervention.

Although the Look AHEAD trial did not objectively assess cogni-
tive function until late during follow-up, complaints about difficulties 
with cognitive abilities were queried throughout. This manuscript 
makes use of these self-reports to examine whether ILI reduced the 
odds that these complaints emerged throughout follow-up, begin-
ning at Year 1, and for those complaining of some difficulties at 
baseline, whether it reduced the odds that the severity of complaints 
increased. We also examine whether the differential intervention 
effects on cognitive function among subgroups based on obesity and 
cardiovascular disease history observed for cognitive test beginning 
in year 8 were seen earlier in these complaints. Because cognitive 
ability and depression are linked in diabetes (24) and ILI-reduced 
depressive symptoms (25), we also assess the degree to which any 
intervention effects on cognitive complaints were attenuated with 
covariate adjustment for a measure of depressive symptom severity 
in sensitivity analyses.

Methods

The design and methods of Look AHEAD have been published pre-
viously (26), as have its CONSORT diagram and primary results 

(27). It was a randomized controlled trial that recruited 5,145 indi-
viduals (during 2001–2004) who were overweight or obese and 
had T2D. Enrollees were aged 45–76 years, with BMI > 25 kg/m2 
(>27 kg/m2 if on insulin), glycated hemoglobin (HbA1c) < 11%, sys-
tolic/diastolic blood pressure < 160/100 mmHg, and triglycerides < 
600 mg/dL. Prior to enrollment, each prospective participant com-
pleted a 2-week run-in during which they were required to success-
fully record information daily about diet and physical activity. Each 
met with a behavioral psychologist or interventionist to confirm that 
they understood intervention requirements and to exclude those 
with significant issues (eg, depression or alcohol abuse) that might 
impair adherence. These requirements likely screened out individuals 
with major cognitive deficits. Participants provided informed con-
sent. Local Institutional Review Boards approved protocols.

Interventions
Participants were randomly assigned with equal probability to the 
multidomain ILI or a control condition of diabetes support and edu-
cation (DSE). ILI included diet modification and physical activity 
designed to induce weight loss to average ≥7% at year 1 and main-
tain this over time (28). ILI participants were assigned a daily calorie 
goal (1200–1800 based on initial weight), with <30% of total calo-
ries from fat (<10% from saturated fat) and ≥15% of total calories 
from protein. The physical activity goal was ≥175 min/week through 
activities similar in intensity to brisk walking.

DSE participants were invited to attend three group sessions each 
year focused on diet, physical activity, and social support (29). They 
did not receive specific diet, activity, or weight goals or information 
on behavioral strategies.

Interventions were terminated September, 2012. The mean 
(range) length of intervention for both ILI and DSE participants we 
study was 9.8 (8.4, 11.1) years.

Self-Assessed Cognitive Ability
Participants were queried about difficulties with three cognitive abil-
ities at baseline and repeatedly over time. The Health Utilities Index, 
a measure of preference-weighted quality of life (30,31), included 
two questions related to memory and problem-solving that define its 
cognition utility function (32):

How would you describe your ability to remember things during 
the past 4 weeks?

• 1 = Able to remember most things
• 2 = Somewhat forgetful
• 3 = Very forgetful
• 4 = Unable to remember anything at all

How would you describe your ability to think and solve day-to-day 
problems, during the past 4 weeks?

• 1 = Able to think clearly and solve problems
• 2 = Had a little difficulty
• 3 = Had some difficulty
• 4 = Had a great deal of difficulty
• 5 = Unable to think or solve problems

The Health Utilities Index was administered at baseline and at 
annual visits through 10–13 years of planned follow-up, depending 
on the timing of randomization.

The Beck Depression Index-II (BDI-2), a measure of the severity 
of depressive symptoms (33), included the following query about 
decision-making in reference to the prior 7 days:
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• 1 = I make decisions about as well as I ever could.
• 2 = I put off making decisions more than I used to.
• 3 = I have greater difficulty in making decisions than before.
• 4 = I can’t make decisions at all anymore.

BDI-2 questionnaires were administered at baseline, annually 
through year 4, again at year 8, and once between years 10 and 13, 
depending on the timing of randomization, following the termina-
tion of the ILI.

All questionnaires to register these cognitive complaints were 
collected and processed by staff that was unaware of intervention 
assignment.

Baseline assessment of risk factors for cognitive decline
Other self-reported characteristics and conditions were assessed 
using standardized questionnaires. Blood pressure was measured 
in duplicate using a Dinamap Monitor Pro 100 automated device. 
Blood specimens were collected after a 12-h fast and analyzed using 
standardized laboratory procedures for HbA1c. Weight was obtained 
using digital scales (27). Baseline history of cardiovascular disease 
was based on self-report of prior myocardial infarction, coronary 
artery bypass, angioplasty/stent procedures, peripheral vascular dis-
ease, stroke, stable angina, and classes I/II heart failure. Prescription 
medications were brought to annual clinic visits for recording.

Statistical Analysis
Baseline characteristics of intervention groups were compared with 
chi-squared and t-tests. Our primary goals were, in parallel analyses, 
to compare the burden over time of complaints about cognitive dif-
ficulties for individuals free of baseline complaints and the burden 
over time of increased severity in complaints for those with baseline 
complaints. Because of this, we analyzed the prevalence of cognitive 
complaints over follow-up, rather than adopting approaches based 
on times-to-events or Markov models. Odds ratios for the prevalence 
of complaints about cognitive ability over time for those with no 
baseline complaints were assessed using generalized estimating equa-
tions with logit parameters and covariate adjustment for sex, edu-
cation, and baseline age. For those with baseline complaints, odds 
ratios for the prevalence of more severe complaints than reported at 
baseline were similarly assessed. To examine whether associations 
were attributable to general effects on depressive symptoms, we 
included the BDI-2 scores minus the contribution of the decision-
making item as a covariate in supporting analyses. Based on evidence 
that the effect of the Look AHEAD intervention varied depending on 
baseline obesity status and cardiovascular disease history (21–23), 
we examined whether there was similar evidence for these with the 
cognitive complaints, using formal tests for interactions.

Results

Of the 5,145 Look AHEAD enrollees, 5,084 (98.8%) provided at least 
one self-assessment of difficulties in cognitive ability during follow-up. 
Table 1 portrays the distributions of their risk factors for cognitive 
decline and the three self-reported complaints at baseline. Overall, 
23% of participants reported at least some difficulty with memory, 
12% reported some difficulty with problem-solving, and 16% 
reported some difficulty with decision-making at baseline. Spearman 
correlations among the three ordinal measures were all highly signifi-
cant (p < .0001): r = 0.42 for memory versus problem-solving com-
plaints, r = 0.22 for memory versus decision-making complaints, and 
r = 0.31 for problem-solving versus decision-making complaints.

Supplemental Table 1 summarizes changes in weight by interven-
tion assignment. Significant differences in percent weight changes 
from baseline between intervention groups were maintained over 
time for the full cohort and for subgroups defined by baseline obe-
sity and cardiovascular disease history. However, the magnitude of 
differences tended to decline over time.

Self-reported complaints were collected at year 1 from 98.5% 
of participants; 82.3% provided at least one assessment 10 or more 
years from baseline. Table 2 lists odds ratios between intervention 
groups for cognitive complaints among participants with no com-
plaint about each ability at baseline, with covariate adjustment 
for age, education, and sex. There were not significant differences 
between intervention groups for the incidence of complaints about 
memory and problem-solving ability. However, random assignment 
to ILI compared with DSE was associated with significantly lower 
odds for complaints about difficulties in decision-making: odds ratio 
0.851 (p = .014). Figure 1 portrays the prevalence of decision-mak-
ing complaints over time for those without complaints at baseline, 
by intervention assignment. This prevalence increased over time 
in both groups, however at each time, it was greater among DSE 
participants.

Table  2 includes separate analyses for participants stratified 
by baseline obesity and cardiovascular disease history. There were 
no differences between intervention groups for the emergence of 
complaints about memory for subgroups based on obesity status 
or cardiovascular disease history. Differences between intervention 
groups in the emergence of complaints about problem-solving varied 
according to obesity status (p = .033). For participants who were ini-
tially overweight, the odds ratio [95% confidence interval] for prob-
lem-solving complaints was 0.694 [0.510,0.946]; for participants 
who were initially obese, it was 1.001 [0.878,1.140]. Similarly, for 
the emergence of decision-making complaints, intervention effects 
were marginally stronger among overweight participants (p = .072): 
odds ratios 0.635 [0.449,0.898] and 0.894 [0.779,1.027], respec-
tively. Differences between intervention groups in the emergence of 
complaints about cognitive abilities did not vary markedly by car-
diovascular disease history.

Table 3 examines whether the severity of cognitive complaints 
across the ordinal categories increased during follow-up among 
those who reported at least some difficulty at baseline. Overall, there 
were no significant differences between intervention groups for the 
increasing severity of any of the three cognitive complaints. This 
finding was consistent regardless of baseline obesity status. However, 
there was evidence that odds of increasing severity of complaints 
problem-solving ability were greater among ILI compared to DSE 
participants with cardiovascular disease history: odds ratio 2.949 
[1.378,6.331], with interaction p  =  .007. Supplementary Figure  1 
portrays the prevalence of increased severity in complaints about 
problem-solving ability over time between intervention groups for 
participants with cardiovascular disease history. Differences between 
groups emerged early and were maintained over time.

We examined whether intervention group differences in cog-
nitive complaints among those without baseline complaints 
(Supplementary Table 2) might be accounted for by differences in 
depressive symptoms, as measured by adjusted BDI-2 score (after 
subtracting the contribution of self-reported decision-making abil-
ity from this score). We included mean BDI-2 scores across follow-
up as a covariate in analyses. This attenuated the odds ratio for 
decision-making complaints in the overall sample: odds ratio 0.941 
[0.818,1.082], p = 0.394 (Supplementary Table 2). Similarly, includ-
ing interactions between the mean adjusted BDI-2 scores and obesity 

1562 Journals of Gerontology: MEDICAL SCIENCES, 2018, Vol. 73, No. 11

http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/gly124#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/gly124#supplementary-data
https://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/gly124#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/gly124#supplementary-data


attenuated interactions between intervention assignment and obesity 
for complaints about problem-solving (p = .088) and decision-mak-
ing (p = .508) abilities.

We also examined whether the interaction observed between 
cardiovascular disease history and the odds of increasing severity 
of problem-solving complaints among participants with baseline 
complaints might be explained by adjusted BDI-2 score. Including 
adjusted BDI-2 as an interaction term did not attenuate interactions 
between intervention assignment and cardiovascular disease history 
on the increasing severity of problem-solving complaints (adjusted 
OR = 2.510; interaction p = .013).

Supplementary Table  3 examines associations that the sever-
ity of cognitive complaints most distal from randomization (mean 
10.7 years post-randomization) had with the first objective measures 
(collected from years 8 to 13, mean 10.4 years). Presented are both 
mean standardized cognitive function tests scores for participants 
grouped by self-report of no difficulty versus at least some difficulty 

and Spearman correlations between reported difficulty severity and 
test scores. All relationships were highly significant (p < .002) and in 
the expected direction, however relationships were not strong.

Discussion

In a large cohort of individuals with T2D mellitus, a multidomain 
ILI to limit dietary energy intake, improve diet, and increase physical 
activity reduced the incidence of complaints about decision-making 
ability, with some evidence that this benefit was greatest among 
individuals who were overweight but not obese. It also appeared 
to lower the incidence of complaints about problem-solving ability, 
but only among individuals who were initially nonobese. The ILI 
appeared to have no overall impact on the development of com-
plaints about memory ability.

Among individuals who reported some difficulties in cogni-
tive ability at baseline, ILI appeared to offer no benefits towards 

Table 1. Characteristics at the Time of Enrolment of Participants Who Had Follow-up Self-Reports of Cognitive Abilities: Mean (Standard 
Deviation), Percent, or N (Percent)

DSE
N = 2544

ILI
N = 2540 p-value

Age 58.85 (6.88) 58.58 (6.81) .15
Female 59.8% 59.3% .76
Race/Ethnicity
 African-American 15.7% 15.5%
 American Indian 5.0% 5.1% .96
 Hispanic 13.2% 13.2%
 Non-Hispanic White 63.4% 63.0%
 Other, multiple 2.8% 3.1%
Education
 High school 51.2% 49.9%
 College graduate 21.1% 22.4% .60
 Post college 18.7% 19.1%
 Other 9.1% 8.6%
BMI, kg/m2 36.0 (5.8) 35.9 (6.0) .24
HbA1c, % 7.31 (1.20) 7.25 (1.14) .07
Insulin use, missing = 178 16.4% 15.5% .38
Diabetes duration, years 6.85 (6.45) 6.77 (6.64) .67
Hypertension 82.7% 83.7% .34
Smoking
 Never 50.9% 49.6%
 Former 44.9% 45.8% .57
 Current 4.3% 4.7%
History of cardiovascular disease 13.4% 14.2% .43
Beck Depression Inventory 2 5.33 (0.09) 5.51 (0.10) .17
Memory, Missing = 13
 1 = Able to remember most things 1952 (76.9%) 1969 (77.7%)
 2 = Somewhat forgetful 549 (21.6%) 530 (20.9%) .70
 3 = Very forgetful 35 (1.4%) 35 (1.4%)
 4 = Unable to remember anything 1 (0.0%) 0 (0.0%)
Problem-Solving, Missing = 14
 1 = No difficulty 2227 (87.8%) 2228 (88.0%)
 2 = Little difficulty 250 (9.8%) 239 (9.4%)
 3 = Some difficulty 53 (2.1%) 59 (2.3%) .79
 4 = Great deal of difficulty 7 (0.3%) 4 (0.2%)
 5 = Unable 1 (0.0%) 2 (0.1%)
Decision-Making, Missing=1
 1 = As well as ever 2140 (84.2%) 2126 (83.7%)
 2 = Put off making decisions 356 (14.0%) 344 (13.5%) .09
 3 = Greater difficulty than before 47 (1.8%) 70 (2.8%)
 4 = Unable 0 (0.0%) 0 (0.0%)
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reducing rates at which complaints became more severe. In fact, ILI 
may have differentially increased the severity of complaints about 
problem-solving ability among individuals with cardiovascular dis-
ease history.

Complaints about cognitive abilities were significantly (but 
not strongly) related to later scores from objective tests of cogni-
tive function, providing some internal validation that the findings 
on cognitive complaints may resonate with Look AHEAD findings 
from the cognitive assessments, which were only administered later 
during follow-up.

Maintaining Cognitive Abilities
Decision-making and problem-solving are complex tasks requir-
ing higher order cognitive functioning. Within Look AHEAD, self-
reported abilities in decision-making and problem-solving were most 
highly correlated with measures of executive function and processing 

speed, although correlations were modest. ILI appeared to reduce 
the incidence of complaints about decision-making ability and the 
rate that they occurred throughout follow-up, beginning in year 
1. While subgroup differences did not reach statistical significance 
(p =  .072), there was some evidence that benefits for self-reported 
decision-making ability were most evident for participants who were 
initially nonobese. These results are consistent with the intervention 
benefits seen at years 8–9 postrandomization in processing speed 
(interaction p = .008) and executive function (interaction p = .11), 
which were limited to nonobese participants (21,23). The incidence 
of complaints about problem-solving ability also appeared to be 
slowed by ILI, but only for nonobese participants.

Together, these findings suggest that multidomain lifestyle inter-
vention may provide some cognitive benefits within 1 year, which 
may be maintained long-term, among adults with T2D with high 
cognitive functioning. These included fewer complaints about deci-
sion-making and problem-solving abilities and were most strong 
for, and possibly limited to, those who were nonobese. The Look 
AHEAD ILI improved many risk factors for cognitive deficits, 
including markers of diabetes and blood pressure control and levels 
of lipids and inflammation markers, symptoms of depression, and 
sleep apnea severity (24), which may have fostered these benefits.

Colombe and Kramer, in a meta-analysis of short-term interven-
tions targeting increased aerobic activity, reported general benefits 
across four cognitive domains, with the largest benefits for executive 
function (34). The multidomain (diet, physical activity, risk factor 
management, and cognitive training) FINGER randomized con-
trolled clinical trial found cognitive benefits over 2 years for higher 
order cognitive functions (executive function and processing speed), 
but not memory, in adults with normal cognition at increased risk 
for cognitive declines (35). Baker et al. found that a 6-month aerobic 
exercise intervention in adults with newly diagnosed diabetes or pre-
diabetes increased executive function but not memory (32). Siervo 
et  al. conducted a meta-analysis of short-term (≤2  years) clinical 

Table  2. Odds Ratio Over Time for Complaints About Difficulties in Cognitive Abilities: Participants with No Complaints at Baseline 
(Covariate Adjustment for Sex, Education, and Baseline Age) 

Odds Ratio [95% Confidence Interval]
Interaction p-Value

Memory Problem-Solving Decision-Making

Overall (N = 3867)
0.978
[0.876,1.093]
p = .699

(N = 4387)
0.948
[0.841,1.069]
p = .387

(N = 4207)
0.851
[0.748,0.967]*
p = .014

Obesity Level†

 Nonobese (N = 542)
0.925 [0.683,1.225]

(N = 629)
0.694 [0.510,0.946]*

(N = 620)
0.635 [0.449,0.898]*

 Obese (N = 3325)
0.985 [0.874,1.110]
p = .707

(N = 3758)
1.001 [0.878,1.140]
p = .033

(N = 3587)
0.894 [0.779,1.027]
p = .072

History of CVD‡

 No (N = 3359)
0.962 [0.853,1.084]

(N = 3797)
0.952 [0.834,1.086]

(N = 3644)
0.841 [0.732,0.967]*

 Yes (N = 508)
1.076 [0.807,1.436]
p = .477

(N = 590)
0.903 [0.677,1.206]
p = .746

(N = 563)
0.898 [0.640,1.258]
p = .728

Notes: *95% confidence interval excludes 1.
†Overweight is BMI <30 kg/m2; Obese is BMI ≥ 30 kg/m2.
‡CVD is cardiovascular disease based on self-report of prior myocardial infarction, coronary artery bypass, angioplasty/stent procedures, peripheral vascular 

disease, stroke, stable angina, and classes I/II heart failure.

Figure 1. Prevalence of complaints about decision-making ability over time 
by intervention assignment for participants with no baseline complaints. 
Included are prevalence rates and covariate (age, sex, education) adjusted 
odds ratios with 95% confidence intervals to compare intervention groups. 
Post-intervention assessments were made during years 10–13. 
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trials of weight loss interventions in general cohorts (ie, not limited 
to those with diabetes) and found evidence for modest benefits in 
executive function and memory domains (36). These studies gener-
ally support findings from the Look AHEAD intervention for cogni-
tive abilities, predominantly those related to higher-order functions. 
However, Espeland et  al. (37) reported that a 2-year intervention 
to increase physical activity, leg strength, flexibility, and balance in 
sedentary older adults benefited the memory of individuals with dia-
betes, but not executive functioning or processing speed.

ILI did not prevent further worsening of cognitive complaints 
among those with baseline complaints. Of concern, it may have 
exacerbated the severity of complaints about problem-solving 
for those with cardiovascular disease history. This finding is con-
sistent with the objective cognitive assessments conducted later 
in Look AHEAD, which found that intervention was associated 
with relatively worse performance on tests of executive function 
and processing speed among individuals with cardiovascular dis-
ease history (22). It also resonates with findings that, compared 
with the control condition, cerebral blood flow was lower among 
obese intervention participants who had relatively poorer cogni-
tive functioning and thus, perhaps, increased levels of vascular 
disease (38).

Our findings are strengthened by randomization, standardized 
intervention, extended follow-up, and robust retention. Some limi-
tations should be noted. As volunteers, participants may not align 
with general clinical populations. Screening procedures may have 
excluded those with baseline cognitive impairment. The single-
item queries for complaints about difficulties in cognitive ability 
are not validated measures and the severity of these complaints did 
not correlate highly with objective cognitive function measures, 
which were not available at baseline. However, the two HUI items 
comprise its cognition score (39) and the individual BDI item on 

decision-making has been analyzed separately elsewhere (eg, (40)). 
While our analyses were motivated by Look AHEAD publications 
of its objective cognitive function assessments, we have not con-
trolled type 1 error across inferences and thus findings may be con-
sidered exploratory.

Supplementary Material

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

Funding
This work and the Action for Health in Diabetes are supported through 
the following cooperative agreements from the National Institutes of 
Health: DK57136, DK57149, DK56990, DK57177, DK57171, DK57151, 
DK57182, DK57131, DK57002, DK57078, DK57154, DK57178, 
DK57219, DK57008, DK57135, and DK56992. The following federal agen-
cies have contributed support: National Institute of Diabetes and Digestive 
and Kidney Diseases; National Heart, Lung, and Blood Institute; National 
Institute of Nursing Research; National Center on Minority Health and 
Health Disparities; Office of Research on Women’s Health; the Centers for 
Disease Control and Prevention; and the Department of Veterans Affairs. 
This research was supported in part by the Intramural Research Program of 
the National Institute of Diabetes and Digestive and Kidney Diseases. The 
Indian Health Service (I.H.S.) provided personnel, medical oversight, and use 
of facilities. The opinions expressed in this paper are those of the authors and 
do not necessarily reflect the views of the I.H.S. or other funding sources.

Additional support was received from the University of Pittsburgh General 
Clinical Research Center (GCRC) (M01RR000056), the Clinical Translational 
Research Center (CTRC) funded by the Clinical & Translational Science 
Award (UL1 RR 024153) and NIH grant (DK 046204); Frederic C. Bartter 
General Clinical Research Center (M01RR01346); and the Wake Forest 
Alzheimer’s Disease Core Center (P30AG049638-01A1).

Table 3. Odds Ratio Over Time for Increased Severity of Cognitive Complaints Among Participants with Baseline Complaints (Covariate 
Adjustment for Sex, Education, and Baseline Age)

Odds Ratio [95% Confidence Interval]
Interaction p-Value

Memory Problem-Solving* Decision-Making

Overall (N = 1127)
1.012
[0.754,1.359]
p = .935

(N = 604)
1.102
[0.798,1.522]
p = .555

(N = 800)
1.273
[0.862,1.880]
p = .225

Obesity Level†

 Nonobese (N = 193)
1.082 [0.530,2.212]

(N = 105)
1.357 [0.650,2.832]

(N = 120)
0.903 [0.281,2.902]

 Obese (N = 935)
1.000 [0.724,1.383]
p = .844

(N = 499)
1.054 [0.737,1.508]
p = .545

(N = 680)
1.321 [0.871,2.002]
p = .548

History of CVD‡

 No (N = 951)
0.952 [0.689,1.316]

(N = 510)
0.922 [0.648,1.310]

(N = 677)
1.241 [0.817,1.886]

 Yes (N = 177)
1.319 [0.669,2.603]
p = .394

(N = 94)
2.949 [1.378,6.311]§

p = .007

(N = 123)
1.362 [0.492,3.770]
p = .868

Notes: *The three participants who reported they were unable to solve problems at baseline were excluded from this analysis in that they could not progress 
to a more severe category.

†Overweight is BMI <30 kg/m2; Obese is BMI ≥ 30 kg/m2.
‡CVD is cardiovascular disease based on self-report of prior myocardial infarction, coronary artery bypass, angioplasty/stent procedures, peripheral vascular 

disease, stroke, stable angina, and classes I/II heart failure.
§95% confidence interval excludes 1.
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