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Abstract

Introduction: Type 2 diabetes mellitus and obesity may increase risks for cognitive decline as 

individuals age. It is unknown whether this results in different prevalences of cognitive impairment 

for women and men.

Methods: The Action for Health in Diabetes, a randomized controlled clinical trial of a 10-year 

intensive lifestyle intervention, adjudicated cases of cross-sectional cognitive impairment (mild 

cognitive impairment or dementia) 10–13 years after enrollment in 3802 individuals (61% 

women).

Results: The cross-sectional prevalences of cognitive impairment were 8.3% (women) and 

14.8% (men): adjusted odds ratio 0.55, 95% confidence interval [0.43, 0.71], P < .001. 

Demographic, clinical, and lifestyle risk factors varied between women and men but did not 
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account for this difference, which was limited to individuals without apolipoprotein E (APOE)-ε4 

alleles (interaction P =.034).

Conclusions: Among overweight and obese adults with type 2 diabetes mellitus, traditional risk 

factors did not account for the lower prevalence of cognitive impairment observed in women 

compared with men.
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1. Background

In both women and men, type 2 diabetes (T2DM) and midlife overweight and obesity 

increase long-term risks for cognitive decline and cognitive impairment. Studies disagree, 

however, whether these effects vary by sex and, if so, whether this may be attributable to 

differences in risk factor distributions or strengths of risk factor relationships [1–8].

The Action for Health in Diabetes (Look AHEAD) enrolled overweight and obese 

individuals with T2DM, aged 45–76 years, in a randomized controlled clinical trial of a 10-

year multidomain behavioral intervention. When their cognitive impairment status (mild 

cognitive impairment [MCI] or dementia) was ascertained after intervention, its prevalence 

was 30% lower in women than in men (P = .006) [9]. Here, we explore factors that might 

account for this striking finding: whether it could be attributed to differences between 

women and men in demography, lifestyle, medical care, and genotype and whether its 

magnitude varied across risk factors. We also examined whether markers related to 

intervention adherence (weight, waist girth, and physical activity) and markers of diabetes 

treatment and control over time (fasting glucose, glycated hemoglobin (HbA1c), and 

medications) might have differentially affected risks for cognitive impairment. Identification 

of sex-specific differences may aid in developing better strategies to prevent cognitive 

decline and dementia.

2. Methods

The design, Consolidated Standard of Reporting Trials diagram, and primary results of Look 

AHEAD have been published [10,11]. It was a single-masked randomized controlled trial 

that recruited 5145 individuals during 2001–2004 with body mass index (BMI) > 25 kg/m2 

(>27 kg/m2 if on insulin), HbA1c < 11%, systolic/diastolic blood pressure <160/100 mm 

Hg, and triglycerides <600 mg/dL. During screening, each participant completed a 2-week 

run-in, during which they successfully recorded information about diet and physical activity. 

Each met a behavioral psychologist or interventionist to confirm whether they understood 

intervention requirements and exclude those with issues likely to impair adherence. 

Participants provided written informed consent. Local institutional review boards approved 

protocols.
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2.1. Interventions

Participants were randomly assigned with equal probability to Intensive Lifestyle 

Intervention (ILI) or Diabetes Support and Education (DSE). The ILI included diet 

modification and physical activity designed to induce weight loss to average ≥ 7% at 1 year 

and maintain this over time [12]. ILI participants were assigned a daily calorie goal (1200–

1800 based on initial weight), with <30% of total calories from fat (<10% from saturated 

fat) and ≥15% from protein. The physical activity goal was ≥175 min/week through 

activities similar in intensity to brisk walking.

DSE participants were invited (but not required) to attend three annual group sessions 

focused on diet, physical activity, and social support [13]. They received no specific diet, 

activity, or weight goals or information on behavioral strategies.

Interventions ended in September 2012. The mean (range) lengths of intervention for ILI 

and DSE participants reported in this article were both 9.8 (8.4 to 11.1) years.

2.2. Risk factors for cognitive decline

Certified clinic staff, masked to intervention assignment, collected data [10]. Digital scales 

recoded annual measures of weight. BMI and waist girths were obtained with standard 

protocols. The Paffenbarger Physical Activity Questionnaire was used to estimate weekly 

minutes of moderate-to-vigorous physical activity [14]. Participants’ current prescription 

medication use was recorded. At enrollment, women were asked whether they had used 

hormone therapy previously; however, age at use and its duration were not queried. The 

Beck Depression Inventory-II assessed depression symptoms [15]. Blood specimens were 

collected after a ≥ 12-hour fast and analyzed centrally for HbA1c and glucose. A maximal 

graded exercise test was administered during screening. For participants who provided 

consent (80% of women; 86% of men, P < .001), TaqMan genotyping for apolipoprotein E 

(APOE)-ε4 (the rs7412 allele) was performed.

2.3. Cognitive function

Cross-sectional standardized assessments of cognitive function in the full cohort occurred 

between August 2013 and December 2014 [16]. The Rey Auditory Verbal Learning Test 

evaluated verbal learning. The Digit Symbol Coding test evaluated speed of processing and 

working memory. The modified Stroop Color and Word Test and the Trail Making Test-Part 

B evaluated executive function. The Modified Mini–Mental State Examination evaluated 

global cognitive functioning. Test results were standardized, using z-scores and ordered so 

that higher scores reflected better performance [16]. The primary cognitive measure for 

Look AHEAD was an average of these z-scores (composite cognitive function).

2.4. Cognitive impairment adjudication

A masked expert panel adjudicated cognitive status to identify cognitive impairment and 

dementia [9]. Participants whose modified Mini–Mental State Examination scores fell below 

age- and education-specific cutpoints underwent review, which was supplemented by 

telephone administration of the Functional Assessment Questionnaire to a friend or family 

member to query functional status and instrumental activities of daily living [17]. Additional 
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cases were identified through adjudicating Functional Assessment Questionnaire scores 

from participants who had died before cognitive testing.

Two adjudicators independently reviewed all cognitive tests and Functional Assessment 

Questionnaire scores, and all relevant data (physical function, medications, depression, and 

hospitalizations) to make their primary classification (no impairment, MCI, and probable 

dementia), using a successful protocol from other multicenter trials [18]. When MCI was 

identified, they made a secondary classification of sub-type: amnestic single domain, 

amnestic multidomain, nonamnestic single domain, or nonamnestic multiple domain. 

Adjudicators used classification of “cannot classify” if they could not make a confident 

classification.

2.5. Statistical analysis

Differences between women and men in risk factors for cognitive impairment (markers of 

demography, lifestyle, clinical care, and disease) at enrollment were evaluated with chi-

squared and t-tests. Mean differences in changes in weight, waist girth, and physical activity, 

averaged across 4-year spans during follow-up were compared between women and men 

with t-tests. We assessed whether women or men had greater cross-sectional odds of MCI 

and dementia using logistic regression. We examined whether sex-related differences varied 

across risk factors using tests for interactions in models. To explore whether sex differences 

in the odds of MCI and dementia could be accounted for by differences in risk factor 

profiles, we used stepwise selection (backward and forward) to develop a risk factor 

prediction model and then examined whether sex-related differences in the odds of MCI and 

dementia remained after adjustment for estimates from the model. We also assessed sex-

related differences in cognitive test scores using analyses of covariance (adjusting for age, 

education, race/ethnicity, and intervention assignment) overall and for normal and 

cognitively impaired subgroups. Inverse probability weighting was used to assess the 

sensitivity of findings to differential retention [19].

3. Results

As described in Table 1, 3802 Look AHEAD participants who underwent cognitive 

assessments (N = 3771; 99%) and/or whose proxies were interviewed for adjudication of 

cognitive impairment were included in analyses. At enrollment, compared with men (39% of 

the cohort), women were significantly younger, less fit, and had higher BMI (all P < .001). 

Women were also significantly more likely than men to be from a minority racial/ethnic 

group, to have less formal education, to have shorter durations of diabetes, and to report 

more symptoms of depressed mood. Compared with men, women were significantly less 

likely to have a history of cardiovascular disease or smoking and reported less alcohol 

intake.

Table 2 summarizes changes in weight, waist girth, and physical activity from enrollment 

throughout follow-up before cognitive status ascertainment. At enrollment, women tended to 

weigh less, have smaller waist girths, and reported less physical activity than men (all P < .

05). Within the ILI group, changes in weight and physical activity were initially smaller 

among women; however, these differences attenuated during follow-up.
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Cognitive status was assessed an average [range] of 11.4[9.5, 13.5] years after enrollment. 

Central adjudication classified 159 (6.9%) women as meeting criteria for MCI and 32 

(1.4%) women as meeting criteria for dementia. Among men, 179 (12.3%) met criteria for 

MCI and 36 (2.5%) met criteria for dementia. The odds ratio (OR) [95% confidence 

interval] for MCI or dementia in women compared with men, after adjusting for age, race/

ethnicity, education, and intervention assignment, was 0.55 [0.43, 0.71] (P < .001). With 

similar covariate adjustment, the OR for dementia was 0.79 [0.47, 1.33] (P = .37). Among 

the 159 women classified as MCI, subtypes were assigned to 111 (70%). Of these 111 cases, 

22 (20%) were subtyped as amnestic single domain, 39 (35%) as amnestic multiple domain, 

44 (40%) as nonamnestic single domain, and 6 (6%) as nonamnestic multiple domain. 

Among the 179 men classified as MCI, subtypes were assigned to 135 (75%). Of these 135 

cases, 37 (27%) were subtyped as amnestic single domain, 63 (47%) were subtyped as 

amnestic multiple domain, 31 (23%) were subtyped as nonamnestic single domain, and 4 

(1%) were subtyped as nonamnestic multiple domain.

Sex-specific differences in intervention response did not explain the higher odds of cognitive 

impairment among men. With adjustment for age, education, and race/ethnicity, the ORs for 

cognitive impairment among women compared with men was 0.50 [0.35, 0.70] among DSE 

participants and0.61 [0.43, 0.86] among ILI participants (interaction P = .450). Additional 

adjustment for baseline markers related to intervention adherence or change from baseline 

(Table 2) did not attenuate these differences. We explored whether sex-related differences in 

diabetes treatment and control over time could account for differences in the prevalence of 

cognitive impairment, focusing on HbA1c, fasting glucose, and use of insulin and biguanide 

therapy. In models including measures of intervention adherence (Table 2) and diabetes 

treatment and control (Supplementary Table 1) as covariates, sex-related differences in 

cognitive impairment remained highly significant (all P < .001), and the ORs varied little 

among models (range 0.48 to 0.56).

Women significantly (P < .05) outperformed men in all cognitive tests except the Stroop test 

of executive function (Table 3). The largest mean difference was for measures of verbal 

learning and memory. Among cognitively normal participants, women outperformed men in 

verbal learning and memory, processing speed, and global cognitive function. Among those 

classified as cognitively impaired, only sex-related differences in verbal learning and 

memory were evident.

Fig. 1 portrays the prevalence of cognitive impairment (either MCI or dementia) for women 

and men grouped by age at assessment. The lower prevalence among women compared was 

evident for all age categories, and the interaction between age and sex was not significant (P 
= .669).

We also examined whether risk factor relationships with cognitive impairment, for each 

factor in Table 1, varied by sex using tests of interaction in logistic regression models with 

covariate adjustment for age, education, race/ethnicity, and intervention assignment. There 

was modest evidence for an interaction (nominal P <.05) only for APOE-ε4 (interaction P 
= .034). The OR for cognitive impairment in women compared with men who were not 

APOE-ε4 carriers was 0.49 [0.36, 0.68]. There was little difference in odds of cognitive 

Espeland et al. Page 5

Alzheimers Dement. Author manuscript; available in PMC 2019 January 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



impairment for women and men among APOE-ε4 allele carriers: OR = 0.92 [0.35, 1.50]. A 

3-way interaction for sex, APOE-ε4 allele, and intervention assignment was not significant 

(P = .453).

Next, we used stepwise logistic regression to develop, from among the risk factors in Table 

1, a multivariable risk factor model (selection based on nominal P < .05). We did not include 

APOE-ε4 initially, due to the large amount (12%) of missing data. Both forward and 

backward algorithms yielded the same set of predictors: age (OR = 1.13/year [1.11, 1.15]); 

history of cardiovascular disease (OR = 1.79 [1.33, 2.43]); education (relative to post college 

education) high school or less (OR = 1.84, [1.29, 2.62] and college graduate (OR = 1.42, 

[0.94, 2.16]); and symptoms of depressed mood, that is, Beck Depression Inventory-II ≥11 

(OR = 1.44,[1.03, 2.02]). An interaction between intervention assignment and baseline BMI 

was forced into the model based on prior publication [9] and reached nominal significance 

(P = .059).

Overall, women had lower scores from this risk factor model: P < .0001 (Fig. 2). However, 

after controlling for these scores, sex-related differences remained statistically significant: 

OR = 0.60 [0.47, 0.76], P < .001. When changes in weight and physical activity at each time 

period in Table 2 were also included in the model, sex-related differences remained: OR = 

0.54 [0.36, 0.83], P = .004. Finally, among individuals with genotyping, including APOE-ε4 

as a covariate did not diminish the sex-related differences: OR = 0.60 [0.39, 0.92], P = .020.

Because our findings are based on a subset of the original Look AHEAD enrollees, there is a 

potential for bias due to differential retention by sex. This subset contains 54.7% of the 3063 

women and 45.3% of the 2082 men originally enrolled in Look AHEAD (P < .001). Those 

lost included 239 women (7.8%) and 290 (13.9%) men who died before cognitive 

assessment. To gauge the potential influence of this lost follow-up, we applied inverse 

probability weighing, using logistic regression to model the probability of lost follow-up, 

utilizing predictors from Table 1, baseline diabetes medication use, and clinical site. This 

had little effect on estimates. For example, the OR for sex differences in the prevalence of 

cognitive impairment with inverse probability weighting was 0.56 compared with the 

unweighted value reported above 0.55.

4. Discussion

In this large cohort of adults with T2DM, there was a markedly lower prevalence of 

cognitive impairment (MCI or dementia) among women compared with men and 

correspondingly better performance in tests of cognitive function, especially memory. These 

sex-related differences did not appear to attenuate with age. The only risk factor we 

examined that moderated these sex-related differences was APOE genotype: they were 

attenuated among APOE-e4 carriers. Sex-related differences could not be explained by 

differences in risk factor profiles, intervention assignment or adherence, or how T2DM was 

treated and controlled over time.

At least two other studies have found evidence that obesity accelerates cognitive decline 

more in men than women. The Three City Study in France followed a large cohort aged ≥65 
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years for 4 years. Obesity was related to an increased incidence of MCI among men, but not 

among women [4]. Rodriguez-Fernandez, et al. [20], in the large US National Health and 

Aging Trends Study cohort aged ≥65 years, found that higher BMI was protective of 

cognitive decline over 3 years among women but not among men. However, others have not 

found sex differences in the association between obesity and cognitive decline [3,21].

It is not clear whether T2DM accelerates cognitive decline more in men than women. Kim et 

al. [8], in a large Korean cohort, found that T2DM was an independent risk factor for 

dementia only in women. Sherzai et al. [22], in the large US Nationwide Inpatient Sample, 

found no sex-related difference in the association between T2DM and non-Alzheimer’s 

dementia (AD), but a stronger association of T2DM with increased risk for AD among 

women than men. Wang et al. [23], in a large Taiwanese study of medical claims data, found 

that the association between T2DM and increased risk for AD was similar between sexes. A 

large meta-analysis found no sex-related differences between diabetes and nonvascular 

dementias, but a 19% increased risk for vascular-related dementia among women compared 

with men [7]. In the Three City Study, T2DM was independently related to the prevalence of 

MCI in men, but not in women [4]. Others have found no sex-related differences in the 

association of T2DM with MCI [6].

The prevalence of many risk factors for cognitive impairment differed between women and 

men in Look AHEAD. Some differences, such as lower age, shorter duration of diabetes, 

less cardiovascular disease, and fewer smokers would be expected to benefit women. Others, 

such as lower educational attainment, greater membership in racial/ethnic groups at 

increased risk, greater obesity, and more symptoms of depression might be expected to put 

women at greater risk. However, we found no evidence that any of these individual 

differences in risk factor distributions accounted for the lower prevalence of cognitive 

impairment among women. When accumulated in a multivariable prediction model, overall 

differences in risk factor profiles similarly did not account for the sex-related differences in 

prevalence.

We found no evidence that the sex-related differences were associated with intervention 

assignment or adherence, or with how T2DM was treated or controlled over time. The 

overall long-term impact of the ILI on cognitive function and cognitive impairment has been 

documented elsewhere [9,16,24]. Relative to the control condition, the intervention appeared 

to benefit cognitive function among individuals who weighed less and who had less vascular 

disease, but to not benefit, and perhaps harm, cognitive function among the heaviest 

individuals with vascular disease. There is no evidence that these relative intervention effects 

on cognitive impairment varied by sex.

It has been shown that the increased risk for dementia associated with the APOE-ε4 allele is 

elevated more among women than men [2,25,26]. APOE-ε4 alleles are associated with an 

increase in β-amyloidosis that is expressed later in life and which is separable from adverse 

effects related to brain structure and vascularization [27]. In Look AHEAD, presence of 

APOE-e4 alleles appeared to eliminate any sex-related advantages for women.
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No risk factor other than APOE-ε4 carrier status appeared to affect the magnitude of the sex-

related difference. In other cohorts, some such interactions have been described. For 

example, in a population-based cohort (28% diabetes), midlife hypertension was associated 

with an increased risk of dementia for women but not for men [28]. In the Rotterdam cohort, 

smoking was more associated with risk of AD for men than women [29]. Overall, the 

similarity in sex-related differences across many risk factors in Look AHEAD signals that 

strategies targeting risk factor reduction in such a cohort might impact outcomes for both 

sexes comparably.

There are many potential mechanisms that may differentially affect risks between women 

and men that Look AHEAD did not assess directly, such as those related to neuroanatomy, 

brain connectivity, brain metabolism, sex chromosomes, and early life course exposures 

[25,26,30]. As one example, we speculate on the potential role of sex hormones.

Endogenous estrogens are important for maintaining vascular function, repair of vascular 

damage, and promoting neurogenesis [31] and may preserve cognitive functioning in older 

women [32]. The deleterious impact of insulin resistance on brain function may begin to 

occur relatively early in the disease process, during insulin resistance before diabetes [33–

35] and thus may have been ongoing for some time, both before and after menopause among 

Look AHEAD women. It is possible that before menopause, endogenous estrogens provided 

a buffer against brain aging that translated to a lower rate of cognitive impairment later in 

life compared with men. As noted earlier, there is some evidence that obesity may be 

protective against cognitive decline and cognitive impairment in older women but not in men 

[4,20]. This may be linked to increased production of endogenous estrogens in adipose 

tissue [36]. Even as estrogen levels decline with age, females may compensate for T2DM-

related neurodegeneration by maintaining estrogen receptor signaling in the brain that may 

protect against the accumulation of neuropathology [37].

Prior use of postmenopausal hormone therapy was queried at baseline, and current use of 

prescription medications was assessed annually. Based on these data, 62% of women had at 

least some exposure to hormone therapy. With covariate adjustment for current age, 

intervention assignment, education, and race/ethnicity, hormone therapy exposure was 

associated with a lower odds of cognitive impairment: OR = 0.55 [0.39, 0.78]. To date, all 

well-powered clinical trials across a variety of regimens have found no evidence that random 

assignment to hormone therapy provides cognitive benefits [38–42], and among older 

women, particularly those with diabetes, hormone therapy may increase risks for atrophy 

and cognitive impairment through mechanisms related to energy metabolism [43,44]. 

However, the lower prevalence of cognitive impairment among women with a history of 

using hormone therapy in the Look AHEAD cohort is intriguing and warrants further 

scrutiny, as there are prior findings in some, but not all, studies that women who use these 

therapies to treat menopausal symptoms have better cognitive functioning[45]. This finding 

resonates with a potentially protective effect of endogenous estrogens discussed previously.

Testosterone may also have a role in fostering sex-related differences in cognitive 

impairment. T2DM lowers testosterone levels in older men, most markedly among those 

who are overweight or obese [46]. Lower testosterone levels are associated with losses in 
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neuroprotection and with increased plasma levels of amyloid β in men [47]. It is possible 

that an accelerated loss of testosterone in the cohort males left them more vulnerable to 

cognitive impairment than women.

We note several strengths, including a large, diverse, and richly phenotyped cohort, 

standardized cognitive assessments, and central adjudication of cognitive impairment. There 

are also potential limitations of this cross-sectional study. As volunteers for whom ILI was 

safe, participants may not represent general populations. Eligibility criteria related to weight, 

fitness, and risk factor control may have differentially screened participants by gender. No 

baseline cognitive assessments were made; however, screening enhanced the likelihood that 

enrollees were cognitively intact. While analyses suggest that differential retention of 

women versus men did not markedly bias findings, we cannot rule out that unmeasured 

imbalances or biases related to mortality may have existed. The accuracy for classifying 

cognitive impairment may have been affected by the lack longitudinal cognitive measures 

and neuroimaging. We have no information on the timing and duration of pretrial hormone 

therapy.

We found a lower prevalence of MCI and dementia in women compared with men and that 

differences were evident across age, and only evident among APOE-ε4 non-carriers. 

Although there were differences in the frequencies of common risk factors for cognitive 

impairment between sexes, these did not account for differences in the prevalence of 

cognitive impairment. This suggests that how diabetes accelerates the development of 

cognitive impairment, in the context of obesity, is related, at least in part, to male sex, 

independent of conventional risk factor relationships. The future research necessary to 

identify mechanisms that underlie this finding may lead to new targets for prevention and 

treatment, including the development of tailored interventions to reduce risks for cognitive 

impairment.
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RESEARCH IN CONTEXT

1. Systematic review: A rich literature identifies type 2 diabetes mellitus and 

midlife obesity as potent risk factors that increase individual’s risks for 

cognitive impairment later in life. Less is known, however, whether this leads 

to differences in the prevalence of cognitive impairment between women and 

men with these conditions.

2. Interpretation: Our findings that, in a large cohort defined by these conditions, 

the prevalence of cognitive impairment was markedly lower in women than 

men across an over 20-year age range later is novel. Furthermore, we could 

not account for this sex-related difference despite extensive risk factor 

adjustment.

3. Future directions: This suggests that how diabetes accelerates the 

development of cognitive impairment, in the context of obesity, is related, at 

least in part, to male sex. The future research needed to identify mechanisms 

that underlie this finding may lead to new targets for prevention and 

treatment, including the development of tailored interventions to reduce risks 

for cognitive impairment.
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Fig. 1. 
Prevalence of cognitive impairment (mild cognitive impairment or dementia) by age and sex 

(interaction P = .669).
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Fig. 2. 
Probability estimates from a multivariable logistic regression model for cognitive 

impairment (mild cognitive impairment or dementia) that includes age, history of 

cardiovascular disease, education, and depression symptoms as predictors.
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Table 1

Characteristics at the time of Look AHEAD enrollment of participants who had cognitive assessments: mean 

(standard deviation) or N (percent)

Women Men

Baseline characteristic N = 2323 N = 1479 P value

Age at enrollment <.001

 45–54 684 (29.4) 303 (20.5)

 55–64 1327 (57.1) 839 (56.7)

 65–76 312 (13.4) 337 (22.8)

Race/ethnicity <.001

 African-American 476 (20.5) 148 (10.0)

 American Indian 169 (7.3) 43 (2.9)

 Hispanic 381 (16.4) 130 (8.8)

 Non-Hispanic white 1222 (52.6) 1112 (75.2)

 Other, multiple 75 (3.2) 46 (3.1)

Education, miss = 94 <.001

 High school or less 1501 (66.6) 646 (44.4)

 College graduate 417 (18.5) 425 (29.2)

 Post college 335 (14.9) 384 (26.4)

Body mass index, kg/m2 <.001

 25–29 333 (14.3) 258 (17.4)

 30–39 1403 (60.4) 971 (65.6)

 ≥40 587 (25.3) 250 (16.9)

HbAlc, percent .070

 <7.0 1074 (46.2) 731 (49.4)

 7.0–8.9 1031 (44.4) 634 (42.9)

 ≥9.0 218 (9.4) 114 (7.7)

Diabetes duration, years, miss = 27 .017

 <5 1116 (48.4) 654 (44.5)

 ≥5 1188 (51.6) 817 (55.5)

Hypertension 1902 (81.9) 1223 (82.7) .520

History of cardiovascular disease 174 (7.5) 267 (18.0) <.001

Smoking, miss = 8 <.001

 Never 1399 (60.3) 577 (39.1)

 Former 829 (35.7) 834 (56.5)

 Current 93 (4.0) 64 (4.3)

Alcohol intake <.001

 None 1840 (79.2) 756 (51.1)

 <1/day 442 (19.0) 551 (37.2)

 ≥1/day 41 (1.8) 172 (11.6)

Fitness from graded exercise testing <.001

 <7.5 METS/day 1621 (69.8) 599 (40.5)
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Women Men

Baseline characteristic N = 2323 N = 1479 P value

 ≥7.5 METS/day 702 (30.2) 880 (59.5)

APOE genotype, miss = 671 .793

 No ε4 allele 1425 (76.5) 982 (77.4)

 1 ε4 allele 404 (21.7) 263 (20.7)

 2 ε4 alleles 33 (1.8) 24 (1.9)

Beck depression inventory, miss =11 <.001

 0–10 1922 (83.1) 1349 (91.3)

 ≥11 392 (16.9) 128 (8.7)

Intervention assignment .356

 Diabetes Support and Education 1155 (50.2) 719 (48.6)

 Intensive Lifestyle Intervention 1158 (49.8) 760 (51.4)

Abbreviation: HbA1c, glycated hemoglobin.
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Table 3

Cognitive function test scores (transformed into z-scores), with covariate adjustment for age, education, race/

ethnicity, and intervention assignment

Women Men

Cognitive measure N = 2323 N = 1479 P value

Overall

 Composite cognitive function 0.12 (0.02) −0.18 (0.02) <.001

 Rey Auditory Verbal Learning

  Test

  Immediate 0.23 (0.02) −0.36 (0.02) <.001

  Delayed 0.21 (0.02) −0.33 (0.02) <.001

 Trail Making Test, seconds

  Part A 0.03 (0.02) −0.04 (0.02) .032

  Part B 0.03 (0.02) −0.04 (0.02) .031

 Modified Stroop Color and 0.01 (0.02) −0.03 (0.03) .155

  Word Test

 Digit Symbol Coding 0.09 (0.02) −0.15 (0.02) <.001

 Modified Mini-Mental State 0.08 (0.02) −0.12 (0.02) <.001

  Examination

Women Men

N = 2152 N = 1281

Cognitively normal

 Composite cognitive function 0.22 (0.02) −0.02 (0.02) <.001

 Rey Auditory Verbal Learning

  Test

  Immediate 0.30 (0.02) −0.24 (0.02) <.001

  Delayed 0.28 (0.02) −0.22 (0.03) <.001

 Trail Making Test, seconds

  Part A 0.08 (0.02) 0.04 (0.03) .174

  Part B 0.10 (0.02) 0.08 (0.02) .385

 Modified Stroop Color and 0.06 (0.02) 0.04 (0.03) .615

  Word Test

 Digit Symbol Coding 0.15 (0.02) −0.08 (0.02) <.001

 Modified Mini-Mental State 0.22 (0.02) 0.08 (0.02) <.001

  Examination

Women Men

N= 159 N= 179

Cognitively impaired

 Composite cognitive function −1.32 (0.06) −1.43 (0.05) .164

 Rey Auditory Verbal Learning

  Test

  Immediate −0.73 (0.07) −1.23 (0.06) <.001

Alzheimers Dement. Author manuscript; available in PMC 2019 January 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Espeland et al. Page 21

  Delayed −0.79 (0.07) −1.21 (0.07) <.001

 Trail Making Test, seconds

  Part A −0.79 (0.07) −0.67 (0.07) .239

  Part B −1.07 (0.07) −0.96 (0.07) .275

 Modified Stroop Color and −0.75 (0.08) −0.76 (0.08) .924

  Word Test

 Digit Symbol Coding −0.62 (0.07) −0.71 (0.07) .338
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