
Copyright 2014 American Medical Association. All rights reserved.

Cognitive Function and Brain Structure in Persons

With Type 2 DiabetesMellitus After Intensive Lowering

of Blood Pressure and Lipid Levels

A Randomized Clinical Trial

Jeff D. Williamson, MD, MHS; Lenore J. Launer, PhD; R. Nick Bryan, MD; Laura H. Coker, PhD;

Ronald M. Lazar, PhD; Hertzel C. Gerstein, MD; AnneM. Murray, MD; Mark K. Sullivan, MD; Karen R. Horowitz, MD;

Jingzhong Ding, PhD; Santica Marcovina, PhD; Laura Lovato, MS; James Lovato, MS; Karen L. Margolis, MD;

Christos Davatzikos, PhD; Joshua Barzilay, MD; Henry N. Ginsberg, MD; Peter E. Linz, MD; Michael E. Miller, PhD;

for the Action to Control Cardiovascular Risk in Diabetes (ACCORD)Memory in Diabetes (MIND) Investigators

IMPORTANCE Persons with type 2 diabetes mellitus (T2DM) are at increased risk for decline in

cognitive function, reduced brain volume, and increased white matter lesions in the brain.

Poor control of blood pressure (BP) and lipid levels are risk factors for T2DM-related cognitive

decline, but the effect of intensive treatment on brain function and structure is unknown.

OBJECTIVE To examine whether intensive therapy for hypertension and combination therapy

with a statin plus a fibrate reduces the risk of decline in cognitive function and total brain

volume (TBV) in patients with T2DM.

DESIGN, SETTING, AND PARTICIPANTS ANorth Americanmulticenter clinical trial including

2977 participants without baseline clinical evidence of cognitive impairment or dementia and

with hemoglobin A1c (HbA1c) levels less than 7.5% randomized to a systolic BP goal of less

than 120 vs less than 140mmHg (n = 1439) or to a fibrate vs placebo in patients with

low-density lipoprotein cholesterol levels less than 100mg/dL (n = 1538). Participants were

recruited from August 1, 2003, through October 31, 2005, with the final follow-up visit by

June 30, 2009.

MAIN OUTCOMEMEASURES Cognition was assessed at baseline and 20 and 40months. A

subset of 503 participants underwent baseline and 40-month brain magnetic resonance

imaging to assess for change in TBV and other structural measures of brain health.

RESULTS Baseline mean HbA1c level was 8.3%; mean age, 62 years; andmean duration of

T2DM, 10 years. At 40months, no differences in cognitive function were found in the

intensive BP-lowering trial or in the fibrate trial. At 40months, TBV had declinedmore in the

intensive vs standard BP-lowering group (difference, −4.4 [95% CI, −7.8 to −1.1] cm3; P = .01).

Fibrate therapy had no effect on TBV compared with placebo.

CONCLUSIONS AND RELEVANCE In participants with long-standing T2DM and at high risk for

cardiovascular events, intensive BP control and fibrate therapy in the presence of controlled

low-density lipoprotein cholesterol levels did not produce ameasurable effect on cognitive

decline at 40months of follow-up. Intensive BP control was associated with lower decline in

TBV at 40months relative to standard therapy.
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T
heprevalenceof type2diabetesmellitus (T2DM) inolder

adults has risen in recent decades.1Older personswith

T2DM plus hypertension or, to a lesser extent, dyslip-

idemia have an increased likelihood of cognitive impairment

and dementia compared with persons without T2DM or with

T2DM alone.2 Type 2 diabetes mellitus in combination with

these comorbidities is also associated with morphologic

changes in the brain structure, including brain atrophy,3 in-

creases inwhitematter lesions4,5 due to small-vessel andmi-

crovesseldamage,andstrokedueto larger-vesselocclusionand

hemorrhage. These morphologic changes are also important

predictors of impairment in older adults.6,7

Noacceptedprevention strategies exist at present to slow

the effect of hypertension or dyslipidemia on cognitive de-

cline in T2DM. Preliminary studies have suggested hypoth-

eses that intensive therapy to lower blood pressure (BP) and

lipid levels may be effective means of preventing T2DM-

related cognitive decline.8,9 These hypotheses were tested

using measures of cognitive function and magnetic reso-

nance imaging (MRI)–based brain structure in theMemory in

Diabetes (MIND) substudyof theAction toControl Cardiovas-

cular Risk in Diabetes (ACCORD) trial.10-12 The glycemia re-

sults for the MIND aspect of the trial have been published.12

Methods

The ACCORD and ACCORD MIND trial designs have been

described previously.10-12 Briefly, ACCORD was a random-

ized, multicenter, double 2 × 2 factorial trial of 10 251 middle-

aged and older participants with T2DM at high risk for car-

diovascular events because of prevalent cardiovascular

disease (CVD) or additional cardiovascular risk factors. All

participants in the main ACCORD trial were enrolled in the

glycemia trial to compare a therapeutic strategy targeted to a

hemoglobin A1c (HbA1c) level of less than 6.0% (intensive

therapy arm) vs a strategy that targeted HbA1c levels of 7.0%

to 7.9% (standard therapy arm). The lipid trial (53.8% of the

total sample) compared masked administration of placebo or

fenofibrate in persons with low-density lipoprotein choles-

terol (LDL-C) levels of less than 100mg/dL (to convert to mil-

limoles per liter, multiply by 0.0259) achieved through

study-supplied simvastatin. The BP trial included the other

46.2% of participants and compared a therapeutic strategy

targeted to systolic BP (SBP) of less than 120 mm Hg (inten-

sive therapy) to one targeting SBP of less than 140 mm Hg

(standard therapy). Participants meeting inclusion/exclusion

criteria with SBP ranging from 130 to 180 mm Hg and taking

3 or fewer antihypertensives were eligible for the BP trial. All

others were assigned to the lipid trial. Unique randomization

sequences for ACCORD were computer generated centrally

at the coordinating center using permuted blocks of 4, 8, or

12 participants. A physical examination was performed, and

event data and blood samples were collected at annual vis-

its. In February 2008, the intensive glycemic intervention

was stopped because increased risk for mortality was

detected in that group.13 All participants in the intervention

for intensive glycemic control were transitioned to the stan-

dard glycemic intervention protocol. The lipid and BP trials

continued to the planned completion date in June 2009.

TheMINDsubstudywithintheACCORDtrial (targetsample

size, 2800 participants) was approved by the institutional re-

viewboardsof the sponsors andeachclinical site to collect ad-

ditional cognitiveandMRIoutcomesbeginning inAugust2003.

Immediately after randomization to an ACCORD treatment

group, participantswere asked toparticipate in theMINDsub-

study. Willing participants signed informed consent for col-

lection of additional ACCORDMIND outcomes.

Cognitive Function

Cognitive function was assessed at baseline and 20 and 40

months after randomizationusing a test battery targeting cog-

nitive functions typicallyaffected inT2DM.10Thecognitivebat-

tery assessed verbal memory, processing speed, and execu-

tive function.14,15 The primary cognitive outcome was the

number of correctly completed symbols in 120 secondson the

Digit Symbol SubstitutionTest (DSST), anomnibus test of psy-

chomotor function and speed that includes aspects of learn-

ing and working memory.16 Secondary cognitive outcomes

were verbalmemory and executive function. Verbalmemory

was measured with the Rey Auditory Verbal Learning Test17

and reported as the sum of the number of words recalled (0-

15)during the immediate-, short-, anddelayed-recall trials. Ex-

ecutive functioning was measured with the modified Stroop

Color-Word Test18 and is reported as the interference score; a

higher score indicatesworse function. To assess global cogni-

tive function and toprovide ametric to compare theMINDco-

hort with other study groups, the Mini-Mental State

Examination19 was also administered. In addition to the cog-

nitive tests, the Physician’s Health Questionnaire20 was ad-

ministered to screen for depression, a frequent comorbidity

in T2DM and a potential confounder.

Magnetic Resonance Imaging

For theMRI substudy, total brain volume (TBV) (measured in

cubic centimeters), an integratedmeasure of neurodegenera-

tive processes, was the primary outcome. Substantial evi-

dence suggests that brain volume in nondemented individu-

als predicts future cognitive disorders.3

Scans were targeted within 45 days after randomization

andat40months.ThestandardizedMRI scanprotocol and im-

ageanalysiswerepreviouslydescribed.21,22MonthlyMRIqual-

ity control procedures followed the American College of Ra-

diology’sMRIQCProgram (http://www.acr.org/quality-safety

/accreditation/mri). Performanceof theMRIscannerwasstable

across MRI sites and throughout the duration of the study as

reflected by the stability of intracranial volumes (ICVs) over

time (baseline mean ICV, 1132.34 cm3; follow-up mean ICV,

1132.32 cm3; P = .47 by paired t test).

Sample Size

Usingunpublisheddata fromparticipants in theCardiovascu-

larHealthStudyaged65 to75years,23weanticipateda3-point,

40-monthdecline in themeanDSST score amongparticipants

randomized to standard glycemia, standard BP, or placebo fi-

brate therapy. For comparison of cognitive function between
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the intensiveandstandardBPtherapygroups (or the fibrateand

placebo lipid therapy groups) using a .05 two-sided type I er-

ror rate, a sample size of 600 participants per group (300 per

cell) provided approximately 80% power to detect a 3% (1.2

DSST units) difference in 40-month means, assuming an un-

derlying 2.5%difference in40-monthmeans for thosepartici-

pants in the intensive vs standard glycemia therapy groups

(Supplement [eAppendix]). Recruitment was targeted at 350

participants per cell to account for an anticipated nonre-

sponse rate of 15%.We ultimately recruited 2977 randomized

ACCORDparticipants from51 clinics throughout6clinical cen-

ternetworks (CCNs) (745 in the intensiveBPtherapygroup,694

in the standard BP therapy group, 782 in the fibrate therapy

group, and 756 in the placebo group). The Veterans Adminis-

tration CCN opted not to enroll MIND participants.

For theMRI substudy, assuming 200participantswere re-

cruited to each BP intervention, we had 70% power to detect

a 40-monthdifference inmeanTBVof 3.3 cm3under the same

dropout and type I error assumptions. Post hoc power calcu-

lations for the lipid trial indicated that 100 participants with

evaluable data per groupwould provide 70% power to detect

a 40-month difference of 4.1 cm3 in mean TBV.

Statistical Analysis

All analyseswereconductedat theACCORDCoordinatingCen-

ter,WakeForest SchoolofMedicine,usingcommercially avail-

able software (SAS, version 9.2; SAS Institute, Inc). All P val-

uesare reportedas2-sided tests. Participant characteristics are

summarized with means (standard deviations) and percent-

ages. Owing to the requirement to recruit ACCORDMINDpar-

ticipants and obtain consent 1month after ACCORD random-

ization,whichallowedsomerandomizedparticipants tochoose

not to participate inMIND, baseline characteristicswere com-

pared (using 2-sided t tests and χ2 tests) between interven-

tiongroupswithineach2 × 2 factorial trial. Characteristics that

differed between groups at baselinewere adjusted for in post

hoc analyses to explore whether conclusions from unad-

justed analyses resulted from baseline imbalances.

Within theBP and lipid trials, to test the effect of the inter-

ventionsoncognitive function,weusedamixed-effects analy-

sisofcovariancemodelappropriatefor2 × 2factorialstudiesthat

incorporatedthe20-and40-monthoutcomemeasuresandused

an unstructured covariancematrix.24 Each 2 × 2 trial was ana-

lyzed separately. Within each trial, the basic model included

main-effect terms for the glycemia and BP (or lipid) interven-

tions, avisit effect, a glycemia × visit interaction, aBP (or lipid)

× visit interaction, thebaselinevalueof theoutcome,andother

factorsusedtostratify randomization(CCNandhistoryofCVD).

Contrasts were used to test the primary hypothesis of no dif-

ference between BP (or lipid) groups at the 40-month visit.

We investigated the BP and lipid intervention effect on

40-month TBV using analysis of covariance. We analyzed

each 2 × 2 trial separately. The model included main-effect

terms for glycemia and BP (or lipid) interventions, baseline

TBV, ICV (to adjust for head size), and previously described

stratification factors.

Within the BP trial, we investigated the sensitivity of the

TBV results to missing 40-month observations (including

deaths) using multiple-imputation regression methods. The

multiple-imputation regression models imputed missing 40-

monthTBVusingbaselineTBV,glycemiagroupassignment,his-

tory ofCVD,CCN, and ICV.After recommendations for explor-

ing the sensitivityof results todifferentmissingdatamodels,24

weestimated2 regression-based imputationmodels. Inmodel

1, the imputationofmissing40-monthoutcomeswasbasedon

fitting the same regression coefficients in both BP groups; in

model 2, the imputationwas based on allowing the regression

coefficients to be estimated within each BP group.

For cognition and MRI outcomes, prespecified subgroup

analyses were conducted for sex, history of CVD, glycemia

arm in the BP (or lipid) trial, and baseline CCN. We also con-

ducted post hoc exploratory subgroup analyses for baseline

age (<60, 60-69, and ≥70 years), T2DM duration (<5, 6-10,

11-15, and ≥16 years), and baseline DSST score (<47, 47-59, and

≥60). As prespecified, the main treatment effects on the pri-

mary cognitive (DSST) and MRI (TBV) outcomes were each

tested at the .05 significance level. All other hypothesis tests

(interactions, subgroup analyses, and analyses of secondary

outcomes) were considered to be hypothesis generating and

conducted at the .05 level. Because we report 73 tests of sec-

ondary hypotheses each at the .05 level, a 98% chance (ie,

1 − [1 − .05]73) that at least 1 test would be significant at an .05

level, assuming independence between tests.25

Results

Participants

Amongthe10251participants randomizedto theACCORDtrial,

5575were eligible to participate in theMIND substudy. Of the

remaining4676, themajor reasons for ineligibility includeden-

rollment during the vanguard period of the ACCORD trial (an

initial 12-month period when investigators assessed the fea-

sibility of recruiting and treatingparticipants according to the

protocol) or before site institutional reviewboard approval for

the ACCORDMIND substudy (79.4%), being younger than 55

years (13.4%), and enrollment in the lipid trial afterMIND en-

rollment fromthe lipid trial had closed (7.2%). Participants en-

rolled in the ACCORDMIND substudywere similar to eligible

participants who did not enroll (Supplement [eTable 1]). At

baseline, 46.6% of participants were female and 30.3% were

nonwhite; the mean age was 62 years. The mean HbA1c level

was8.3%,andmean (SD)durationofT2DMwas 10.4 (7.4) years

(Supplement [eTable 2]). Baseline characteristics of partici-

pants in the cognitive (n = 2977) andMRI (n = 614) portions of

the ACCORD MIND substudy are presented by intervention

group in the Supplement (eTables 3-6). Baseline characteris-

tics were similar in both arms of the BP (or lipid) trial as illus-

tratedbyour comparisonof baseline characteristics that iden-

tified significant (at α = .05) differences in 4 of 84 baseline

comparisons (Supplement [eTables 3 and4]). This result illus-

trates that despite the opportunity to opt out of the ACCORD

MIND substudy after randomization, intervention group dif-

ferences were consistent with chance alone. Similar results

were found for comparisonsbetweengroups in theMINDMRI

substudy (Supplement [eTables 5 and 6]).
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As in the main trial, the interventions achieved substan-

tial separations in treatment targets in the MIND component

(Supplement [eTable7] listsunadjustedmeans).At40months,

themeanSBPwas 119.0 (14.7) vs 133.2 (14.8)mmHgandmean

diastolic BP was 64.0 (10.1) vs 70.2 (9.9) mm Hg in the inten-

sive vs standard BP therapy groups, respectively. At 3 years,

mean lipid levelswere 156.8 (38.4)vs 152.2 (31.5)mg/dL for total

cholesterol level, 82.3 (26.9) vs 82.8 (25.6) mg/dL for LDL-C

level, and 43.7 (10.0) vs 45.5 (10.8) mg/dL for high-density li-

poprotein cholesterol levels in women and 37.0 (8.0) vs 37.9

(9.5) mg/dL in men for the placebo vs fibrate groups, respec-

tively.Median triglyceride levelswere 150vs 122mg/dL (tocon-

vert to millimoles per liter, multiply by 0.0113). Adverse ef-

fects associated with each intervention have been reported

previously.13,26-28

Cognitive Function Outcomes

Baseline cognitive function scores were similar for partici-

pants in the intensive vs standard BP and fibrate vs placebo

lipid trial groups (Supplement [eTables 3 and4]).Overall, 2957

of the 2977 ACCORD MIND participants (99.3%) had a base-

line DSST (Figure 1) and 2794 (93.9%) had at least 1 (20- or 40-

month) follow-upmeasure. In theBP and lipid trials, 1274 and

1370participants, respectively, completed the40-month cog-

nitive assessment (Figure 1). For both trials, slight differences

existed forbaselinecharacteristics (Supplement [eTables 3and

4]) between those with and without follow-up data (data not

shown). Thoseparticipantsmissing follow-updatawereolder

(meanage, 64.2vs62.4years;P < .001), hadhigherSBP (mean,

140.2 vs 135.3 mm Hg; P < .001), and had lower DSST scores

(mean, 46.7 vs 52.9;P < .001) comparedwithparticipantswith

follow-up data.

The primary outcome, DSST score, declined in the BP

and lipid intervention groups (Table 1). However, we found

no significant difference in the adjusted 40-month DSST

mean scores between intensive vs standard BP therapy (BP

difference between means, −0.26 [95% CI, −1.11 to 0.59];

P = .55) or between the fibrate vs placebo lipid groups (lipid

difference between means, −0.08 [−0.92 to 0.76]; P = .85).

Mean 40-month cognitive function did not differ between

intervention groups in the BP or the lipid trial for any of the

other 3 cognitive tests.

We conducted several participant subgroup analyses for

the DSST, Rey Auditory Verbal Learning Test, and Stroop

Color-Word Test. For the BP and lipid trials, we found no con-

sistent differences in intervention effects on cognition within

the subgroups examined (Supplement [eFigures 1-6]), includ-

ing BP (or lipid) intervention effects within glycemia interven-

tion groups.

MRI Outcomes

Six hundred thirty-two participants enrolled in the MRI sub-

study and 614 (378 BP and 236 lipid) had baseline scans us-

able for analysis (Figure 2). Participants were similar to the

Figure 1. Cohort Participation in the Primary Cognitive Outcome of the Blood Pressure (BP) and Lipid Trials

690 Participants with baseline DSST
included in final analysis
632 With 20- and 40-mo data

41 With 20- and no 40-mo data

17 With 40- and no 20-mo data

659 Participants with baseline DSST
included in final analysis
608 With 20- and 40-mo data

41 With 20- and no 40-mo data

10 With 40- and no 20-mo data

737 Participants with baseline DSST
included in final analysis
685 With 20- and 40-mo data

41 With 20- and no 40-mo data

11 With 40- and no 20-mo data

708 Participants with baseline DSST
included in final analysis
657 With 20- and 40-mo data

42 With 20- and no 40-mo data

9 With 40- and no 20-mo data

2977 Enrolled in MIND at the 1-mo ACCORD follow-up visit

5575 ACCORD participants eligible for the MIND substudy

1439 Enrolled in the ACCORD BP trial
and enrolled in MIND

1538 Enrolled in the ACCORD lipid trial
and enrolled in MIND

40-mo DSST measurement

653 Completed
92 Missing (25 deceased)

40-mo DSST measurement

621 Completed
73 Missing (15 deceased)

40-mo DSST measurement

700 Completed
82 Missing (19 deceased)

40-mo DSST measurement

670 Completed
86 Missing (29 deceased)

20-mo DSST measurement

678 Completed
67 Missing (13 deceased)

20-mo DSST measurement

653 Completed
41 Missing (4 deceased)

20-mo DSST measurement

730 Completed
52 Missing (3 deceased)

20-mo DSST measurement

703 Completed
53 Missing (10 deceased)

Baseline DSST measurement

740 Completed
5 Missing

Baseline DSST measurement

690 Completed
4 Missing

Baseline DSST measurement

777 Completed
5 Missing

Baseline DSST measurement

750 Completed
6 Missing

745 Randomly assigned to intensive
intervention

694 Randomly assigned to standard
intervention

782 Randomly assigned to statin plus
fenofibrate

756 Randomly assigned to statin plus
placebo

Participants were enrolled in theMemory in Diabetes (MIND) substudy of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial. DSST indicates Digit

Symbol Substitution Test.
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ACCORDMINDparticipants not in theMRI substudy (Supple-

ment [eTable 2]). At 40 months, 503 of the 614 original par-

ticipantswith an acceptable baseline scan (81.9%) also had an

acceptable repeatedMRI for the final analysis (Figure 2). Par-

ticipants unable to undergo repeated scanning included 18

(16.2%)whodied, 16 (14.4%)who refused, and27 (24.3%)with

new MRI-related reasons (eg, pacemaker, poor image qual-

ity). The remainder had a variety of other reasons (Supple-

ment [eTable 8]). Unadjusted means for TBV are listed in the

Supplement (eTable 9).

At 40 months, the intensive BP intervention group had a

statistically significant lower TBV compared with the stan-

dard BP intervention group (difference between adjusted

means, −4.4 [95% CI, −7.8 to −1.1] cm3; P = .01) (Table 2). The

fibrate andplacebogroupsdidnotdiffer inTBV (differencebe-

tween adjustedmeans, 1.2 [95%CI, −3.1 to 5.5] cm3) (Table 2).

Analysis of subgroups identified a significant interaction

between BP and glycemia effects on TBV (P = .009). Figure 3

confirms theearlier findingof theglycemic intervention in the

ACCORD MIND substudy12 that the strategy of intensive gly-

cemia control preserved TBV across the BP and lipid trials.

Figure 3 also illustrates that participants receiving the combi-

nationof standardantihypertensive therapyand intensivegly-

cemic control experienced approximately 50% of the decline

in TBV observed in the other BP trial groups. This interaction

P value remained significant or approached significance un-

derboth imputationmodels (model 1,P = .07;model 2,P = .03)

andwhen controlling for baseline covariates that differed be-

tween groups (Supplement [eTables 5 and 6]). Tests for dif-

ferent BP (or lipid) effects on TBV within predefined partici-

pantsubgroupsshowednodifferences (sex,CCN,baselineCVD,

or cognitive function).

Discussion

The previous ACCORD MIND glycemia results12 showed that

intensive glycemia control does not preserve cognitive func-

Table 1. Cognitive Primary and Secondary Outcomes of the BP and Lipid Trials

End
Pointa Time

BP Trial, Adjusted Mean (95% CI) Lipid Trial, Adjusted Mean (95% CI)

INT
Intervention

STD
Intervention

Difference
in Means

P

Valueb Fenofibratec Placeboc
Difference
in Means

P

Valueb

DSSTd Baselinee 52.28 52.28 52.79 52.79

20 mo 50.94
(50.36 to 51.53)

51.00
(50.41 to 51.60)

−0.06
(−0.90 to 0.78)

.89 51.39
(50.82 to 51.97)

51.59
(51.00 to 52.18)

−0.20
(−1.02 to 0.63)

.64

40 mo 50.42
(49.82 to 51.01)

50.67
(50.07 to 51.28)

−0.26
(−1.11 to 0.59)

.55c 50.94
(50.35 to 51.53)

51.02
(50.42 to 51.62)

−0.08
(−0.92 to 0.76)

.85c

40-mo
change

−1.86
(−2.46 to −1.27)

−1.61
(−2.21 to −1.00)

−1.85
(−2.44 to −1.26)

−1.77
(−2.37 to −1.17)

RAVLTf Baselinee 7.51 7.51 7.51 7.51

20 mo 7.77
(7.64 to 7.91)

7.89
(7.75 to 8.02)

−0.12
(−0.31 to 0.08)

.23 7.91
(7.78 to 8.04)

7.86
(7.73 to 7.99)

0.05
(−0.13 to 0.23)

.58

40 mo 7.98
(7.85 to 8.12)

8.04
(7.89 to 8.18)

−0.05
(−0.26 to 0.15)

.58 7.98
(7.86 to 8.11)

7.94
(7.80 to 8.07)

0.05
(−0.14 to 0.23)

.61

40-mo
change

0.47
(0.34 to 0.61)

0.53
(0.39 to 0.67)

0.47
(0.35 to 0.60)

0.43
(0.29 to 0.56)

Stroopg Baselinee 32.60 32.60 31.46 31.46

20 mo 31.50
(30.51 to 32.48)

31.35
(30.35 to 32.36)

0.15
(−1.26 to 1.55)

.84 31.18
(30.20 to 32.16)

30.69
(29.70 to 31.68)

0.48
(−0.91 to 1.88)

.50

40 mo 31.10
(30.08 to 32.12)

32.14
(31.09 to 33.19)

−1.04
(−2.51 to 0.42)

.16 31.62
(30.63 to 32.62)

32.21
(31.19 to 33.22)

−0.59
(−2.01 to 0.84)

.42

40-mo
change

−1.50
(−2.52 to −0.48)

−0.46
(−1.51 to 0.59)

0.16
(−0.83 to 1.16)

0.75
(−0.27 to 1.76)

MMSEh Baselinee 27.25 27.25 27.53 27.53

20 mo 27.06
(26.89 to 27.23)

27.17
(27.00 to 27.35)

−0.11
(−0.35 to 0.13)

.35 27.35
(27.18 to 27.52)

27.47
(27.30 to 27.64)

−0.12
(−0.36 to 0.11)

.31

40 mo 27.00
(26.83 to 27.17)

26.95
(26.77 to 27.11)

0.05
(−0.20 to 0.29)

.70 27.17
(27.00 to 27.34)

27.10
(26.93 to 27.27)

0.07
(−0.17 to 0.31)

.58

40-mo
change

−0.25
(−0.42 to −0.08)

−0.30
(−0.48 to −0.13)

−0.36
(−0.53 to −0.19)

−0.43
(−0.60 to −0.26)

Abbreviations: BP, blood pressure; DSST, Digit Symbol Substitution Test;

INT, intensive; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory

Verbal Learning Test; STD, standard.

a For the DSST, RAVLT, andMMSE, higher values indicate better cognition; a

negative change value, a decline in cognitive score. For the Stroop test, lower

values indicate better cognition and a positive change value represents a

decline in cognitive score.

bCalculated as tests of differences between intervention groupmeans at each

follow-up visit, adjusted for the baseline level of the outcome. The P value for a

comparison of the 40-month change between intervention groups is left

blank because, when controlling for the baseline level, it will be identical to

that provided for the comparison betweenmeans at the 40-month visit.

c Calculated as result of test of prespecified primary outcome.

d Indicates number of correct cells (possible range, 0-90).

e Baseline mean indicates the overall mean for both groups combined as

measured before randomization. This value is used to obtain the adjusted

mean estimates at follow-up.

f Indicates the total number of words recalled (possible range, 0-15).

gMeasured as the interference score.

hPossible range, 0 to 30.
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tionasmeasuredby thesamebatteryused in thepresent study.

The present results extend these findings to show that inten-

sive BP management to a target SBP of less than 120 mm Hg

and fibrate therapy in the context of LDL-C level control are

not effective in reducing cognitive decline in persons with

poorly controlledT2DMathigh risk for CVD.Memory loss and

its most dire consequence, dementia, are proven complica-

tionsofT2DM.We implemented theMINDsubstudywithin the

ACCORD trial because effective treatments for prevention of

cognitive decline in persons with T2DM are lacking, and re-

cent studies suggestedpotential benefit from intensiveBPand

lipid therapy on cognitive decline.29-31

The previous report12 found that maintaining TBV is best

achieved in patients with T2DM by applying a strategy of in-

tensive glycemia therapywith anHbA1c treatment goal of less

than6.0%.These results add to theprevious findingsby show-

ing that preservation of TBV is greatest when used in combi-

nation with treatment to current recommended SBP targets

of 135 to 140 mmHg. Although a greater decline in TBV is as-

sociated with early cognitive impairment, a precursor to

dementia,31 the long-term implications of the imaging find-

ings in the ACCORDMIND substudy are unknown and remain

a focus of ongoing investigation and analyses. The ACCORD

MIND substudy was designed with 2 primary outcomes, cog-

Figure 2. Cohort Participation in the PrimaryMagnetic Resonance Imaging (MRI) Outcome of the Blood Pressure (BP) and Lipid Trials

691 ACCORD participants randomized, enrolled into ACCORD MIND
substudy eligible for MRI substudy, and agreed to MRI procedure a

202 Intensive intervention participants
with baseline MRI

190 Standard intervention participants
with baseline MRI

116 Lipid active treatment
participants with baseline MRI

124 Lipid placebo treatment
participants with baseline MRI

Baseline TBV measurement

193 Completed
9 Missing

Baseline TBV measurement

185 Completed
5 Missing

Baseline TBV measurement

121 Completed
3 Missing

Baseline TBV measurement

115 Completed
1 Missing

40-mo TBV measurement

153 Completed
49 Missing

5 Deceased
44 Lost/refused/other

40-mo TBV measurement

161 Completed
29 Missing

3 Deceased
26 Lost/refused/other

40-mo TBV measurement

100 Completed
24 Missing

6 Deceased
18 Lost/refused/other

40-mo TBV measurement

89 Completed
27 Missing

4 Deceased
23 Lost/refused/other

Used in final MRI analysis

153 Participants with acceptable
baseline and 40-mo scans

Used in final MRI analysis

161 Participants with acceptable
baseline and 40-mo scans

Used in final MRI analysis

100 Participants with acceptable
baseline and 40-mo scans

Used in final MRI analysis

89 Participants with acceptable
baseline and 40-mo scans

392 BP trial participants enrolled
in MIND MRI substudy

240 Lipid trial participants enrolled
in MIND MRI substudy

Participants were enrolled in theMemory in Diabetes (MIND) substudy of the

Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial. Standard and

intensive BP interventions and active and placebo lipid treatments are

described in the legend to Figure 1. TBV indicates total brain volume.

aAgreeing to theMRI procedure indicates that participants signed a consent for

MRI. Enrolled in theMINDMRI substudy indicates that they underwent a

baseline MRI.

Table 2. AdjustedMeans for 40-Month TBV by Blood Pressure and Lipid Trials

Trial Therapy Group
No. of

Participants
Baseline Mean
TBV, cm3a

TBV, Mean (95% CI), cm3b

P Valuec40 mo Change From Baseline

Blood pressure INT 153 921.5 902.6 (900.2 to 905.0) −18.9 (−21.3 to −16.5)

STD 161 921.5 907.0 (904.7 to 909.4) −14.5 (−16.8 to −12.2)

40-mo difference −4.4 (−7.8 to −1.1) .01

Lipid Fenofibrate 89 937.0 924.1 (920.9 to 927.2) −12.9 (−16.1 to −9.8)

Placebo 100 937.0 922.9 (919.9 to 925.9) −14.1 (−17.1 to −11.1)

40-mo difference 1.2 (−3.1 to 5.5) .59

Abbreviations: INT, intensive; STD, standard; TBV, total brain volume.

a Baseline mean is the overall mean for both groups combined as measured

before randomization. This value is used to obtain the adjustedmean

estimates at follow-up.

b Indicates adjustedmean obtained from analysis of covariance.

c Calculated as a test of difference between the intervention groupmeans at the

40-month visit, adjusted for the baseline level of the outcome. When

controlling for the baseline value of the outcome, the P value for a comparison

of the 40-monthmeans between intervention groups will be identical to the P

value for a comparison of change from baseline (controlling for the baseline

level as a covariate) to the 40-month visit.

Research Original Investigation Cognitive Function and Brain Structure in T2DM

E6 JAMA Internal Medicine Published online February 3, 2014 jamainternalmedicine.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by David Perlmutter on 02/04/2014



Copyright 2014 American Medical Association. All rights reserved.

nitionandTBV,andnot to testwhetherMRImeasuresweread-

equate “surrogate markers” for treatment-related preserva-

tionof cognitive function.Our finding, however, suggests that

TBV andwhitematter lesion burden alone cannot, to date, be

used as surrogate markers for cognitive outcomes.

Strengthsof thisstudy include itsprospectivedesignwithin

a randomized clinical trial. This design allows for balance be-

tween randomized groups of factors such as genetics. Other

strengths include thehighdegree of data capture, attainment

of substantialBPseparationbetweenthetreatmentgroups,and

the ability to capture functional and anatomic brain out-

comes. The study also has several limitations. First, cognitive

decline is a slow process, and 40months of follow-upmay be

an inadequate time to ascertain subtle differences in cogni-

tive function.32A 5-year extension of the ACCORDMIND sub-

study with MRI scanning is under way. Second, our findings

are generalizable only to peoplewith long-termT2DMat high

risk of CVD andwith relatively poorly controlled HbA1c levels

(minimal level, 7.5%). These results do not apply to persons

withnewlydiagnosedT2DMor to individualswith longstand-

ing glycemic control to anHbA1c level of less than 7.5%. Third,

the ACCORD trial tested overall strategies for achieving treat-

mentgoals.Dosagesandmedicationsused toachievegoalsdif-

feredwithin interventions; thus, attempts to attribute effects

to individualmedicationsordosesarehamperedbyconfound-

ingbetweenpatient characteristicsandmedicationchoice.28-30

Fourth, some of the advantages of randomization may have

been lost because of thenecessity to obtain consent frompar-

ticipants in theACCORDMINDsubstudy immediatelyafter ran-

domization, thus allowing someparticipants toopt out of par-

ticipation. Last, we acknowledge that with the large number

of hypothesis tests that were performed, these results could

result from chance alone.

Conclusions

During thepast 2decades, thebelief thatmore intensive treat-

ment strategies for controlling T2DM-related comorbidities,

such as hyperglycemia, hyperlipidemia, and hypertension,

would reduce clinical complications has driven large invest-

ment in new medications for this disease syndrome. How-

ever, theseresults fromtheACCORDMINDsubstudy,alongwith

theother recentACCORDresults,makeclear thedecreasing re-

turns of intensive medication-based therapy for advanced

T2DM and add further evidence to the need for increased in-

vestment in disease prevention and early intervention.

These results do not negate other evidence that intensive

strategies to control BP and lipid levels may be indicated for

otherconditionssuchasstrokeorcoronaryheartdisease.How-

ever, this randomized clinical trial in 2977 older adults with a

mean baseline Mini-Mental State Examination score higher

than27,ameanHbA1c levelof8.3%,and long-termT2DMshows

no overall reduction of the rate of T2DM-related cognitive de-

cline through intensive BP therapy or adding a fibrate towell-

controlled LDL-C levels.
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