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Background: A few studies have examined change in
cognitive performance by diabetes status with disparate
results. We examined the 4-year change in cognitive per-
formance among older adults according to glucose tol-
erance status.

Methods: Three cognitive tests (Mini-Mental State Ex-
amination, Verbal Fluency [VF] test, and Trail-Making
Test B) were measured 4 years apart in 999 white men
and women aged 42 to 89 years, who were enrolled in
the Rancho Bernardo Study. Participants were classified
with normal (NGT), impaired (IGT) or diabetic glucose
tolerance. Sex-specific linear regression models ad-
justed for age, education, depression score, apolipopro-
tein E �4 allele, and current estrogen use. We checked
for mediation by further adjusting for total cholesterol,
low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, and triglyceride levels; blood pres-
sure; glycohemoglobin level; and microalbuminuria, reti-
nopathy, stroke, or coronary heart disease.

Results: At baseline, mean cognitive function scores
did not differ between glucose tolerance groups.
Women with diabetes mellitus had a 4-fold increased
risk of a major cognitive decline on the VF test after 4
years compared with nondiabetic women. After multi-
variate adjustment, VF test scores at follow-up for
women were 15.2 ± 0.6 for those with diabetes,
16.7±0.4 for those with IGT, and 17.2±0.2 for those
with NGT (P=.007). Glycohemoglobin attenuated this
effect, but lipid levels, blood pressure, and microvascu-
lar or macrovascular disease did not. Performance on
Mini-Mental State Examination and Trail-Making Test
B did not differ by baseline glucose status.

Conclusions: Elderly white women with diabetes had
a more rapid decline in performance on the VF test com-
pared with women with IGT or NGT. Better glucose con-
trol might ameliorate this decline.
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S EVERAL STUDIES HAVE RE-
ported significant cognitive
impairment among adults
with diabetes mellitus com-
pared with nondiabetic indi-

viduals. However, only 4 studies have mea-
sured change in cognitive function, and
several have inadequately controlled for
depression and education, which are ma-
jor confounders in the relationship be-
tween the predictor variables and cogni-
tive function. Based on a comprehensive
review of the published literature in 1999,
Stewart and Liolitsa1 concluded there were
cross-sectional and prospective associa-
tions between type 2 diabetes and cogni-
tive impairment, affecting both memory
and executive function. In an earlier re-
view, the most commonly affected test of
cognitive ability for those with diabetes was
verbal memory.2

We sought to determine whether
older men or women with diabetes or im-
paired glucose tolerance (IGT) have a

greater 4-year decline on cognitive func-
tion tests results compared with those with
normal glucose tolerance (NGT). Fur-
ther, we examined the potential effect of
glycemic control, blood pressure, lipid lev-
els, and existing microalbuminuria, reti-
nopathy, or coronary heart disease on any
observed change in cognitive function
among those with diabetes.

METHODS

The Rancho Bernardo Study has fol-
lowed a cohort of white, middle or upper-
middle class, community-dwelling adults
in a southern California suburb since 1972.
The present study consists of 999 men and
women who participated in the 1984-
1987 and the 1988-1991 clinical evalua-
tions at the Rancho Bernardo Study re-
search clinic. The study sample was limited
to participants who had been adminis-
tered 3 tests of cognitive function at both
of these visits and who either self-
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reported diabetes or had a 2-hour glucose tolerance test
at the first visit.

Participants were classified into 3 groups by glu-
cose tolerance status using the World Health Organiza-
tion 1998 classification criteria.3 Those with NGT had a
fasting plasma glucose level less than 126 mg/dL (�7.0
mmol/L) and a 2-hour postchallenge glucose level less
than 140 mg/dL (�7.8 mmol/L). Those with IGT had a
2-hour postchallenge result between 140 and 199 mg/dL
(7.8-11.0 mmol/L). Participants were classified with dia-
betes mellitus if they reported a physician’s diagnosis of
diabetes or had a fasting plasma glucose level of 126 mg/dL
or greater (�7.0 mmol/L) or a 2-hour postchallenge glu-
cose level of 200 mg/dL or greater (�11.1 mmol/L).

DATA COLLECTION

All included participants had 3 tests of cognitive function
performed at the first and 4-year follow-up visit: the Mini-
Mental StateExamination(MMSE), theVerbalFluency(VF)
test, and the Trail-Making Test B (Trails B). The MMSE is
a global test with components of orientation, attention, cal-
culation, language, and recall.4 This test has limited sen-
sitivity for change in cognitive function and is used pri-
marily to screen for incipient dementia. The MMSE is scored
on a scale of 0 to 30, with dementia typically suspected for
results lower than 24. The VF test5 is a test of semantic
memory in which participants are asked to name as many
animals as possible in 1 minute. This test is scored with
the number of correctly named animals; repetitions and
variations of words are not counted. Lastly, the Trails B
(from the Halstead-Reitan Neuropsychological Test Bat-
tery)6 is a test of visuomotor tracking and attention in which
a participant identifies alternating patterns of letters and
numbers in sequence over 300 seconds. This test is scored
by the time required to complete the test. For the MMSE
and VF test, lower test results imply worse cognitive func-
tion, while for the Trails B, a lower test result suggests bet-
ter cognitive function.

Other data collected at the 1984-1987 examination
included demographic information (age, sex, and educa-
tion), health-related behaviors (smoking history and num-
ber of alcoholic drinks per week), clinical history (diag-
nosis of diabetes and stroke), and medication use (diabetes
medications and postmenopausal hormone therapy). Dur-
ing the follow-up visit (1988-1991), participants com-
pleted the Rose questionnaire for cardiovascular disease7

and underwent a resting 12-lead electrocardiogram. A di-
agnosis of coronary heart disease was based on Rose ques-
tionnaire criteria, a history of myocardial infarction, elec-
trocardiographic criteria for myocardial infarction, or a
history of percutaneous transluminal coronary angiogra-
phy or coronary artery bypass graft surgery.

Weight and height were measured using standard
protocols, and body mass index was calculated as weight
in kilograms divided by the square of height in meters.
Each subject had 2 resting systolic and diastolic blood
pressure measurements performed with a mercury sphyg-
momanometer. The means of the systolic and diastolic
blood pressures were used for analyses. Information on
depressed mood was obtained using 18 of the 21 items
of the Beck Depression Inventory (BDI) at the first ex-

amination. Scores from the BDI were computed by sum-
ming the responses to the 18 questions and proportion-
ately adjusting the results to correspond to the previously
established 21-item scale. The reliability of this reduced
scale has been reported previously.8

Morning venous blood was collected after a re-
quested 12-hour fast and 2 hours later after a 75-g oral glu-
cose load. Plasma glucose was measured using a glucose
oxidase method. Glycohemoglobin was measured using
high-performance liquid chromatography. Fasting choles-
terol and triglyceride levels were measured by enzymatic
methods with an ABA-200 biochromatic analyzer (Abbott
Laboratories, Abbott Park, Ill); high-density cholesterol level
was assayed by precipitation using a Lipid Research Clinic
protocol,9 and low-density cholesterol level was calcu-
lated by the Friedewald formula.10 Apolipoprotein E �4
(APOE �4) allele was assessed using standard techniques
(Puregene; Gentra, Minneapolis, Minn) from genomic DNA
extracted from whole blood samples. APOE genotype was
determined by gel electrophoresis following polymerase
chain reaction amplification around diagnostic polymor-
phic sites. A participant was classified with APOE if they
had 1 or more �4 alleles present. Morning urine was col-
lected, and protein concentration was measured by a
Quan-T (Quantimetrix, Hawthorne, Calif) assay. Urine cre-
atinine levels were measured by the Jaffe (Beckman, Brea,
Calif) method. Microproteinuria was defined as a urine pro-
tein-creatinine ratio of 0.20 or greater. Retinopathy was de-
tected by grading fundus photographs obtained using a Top-
con (Paramus, NJ) nonmydriatic camera at the baseline
diabetes visit. The grading was done by the Wisconsin Epi-
demiologic Study of Diabetic Retinopathy Center using a
modified Wisconsin 191 classification system in evaluat-
ing the retinal photographs.11

STATISTICAL ANALYSIS

We performed sex-specific separate analyses stratified by
glucose tolerance subgroups. Means and standard devia-
tions of the baseline characteristics were compared by analy-
sis of variance (ANOVA) or �2 test when appropriate. We
also evaluated the correlation between age-adjusted gly-
cohemoglobin level at baseline and performance on cog-
nitive function tests at baseline and follow-up using par-
tial Pearson correlation. Mean scores for each test of
cognitive function at the first and follow-up visits were cal-
culated by linear regression models that adjusted for age
alone or in subsequent models that adjusted for age, edu-
cation, BDI score, presence of the APOE �4 allele, and cur-
rent estrogen use (for women). Scores were compared by
glucose tolerance status using ANOVA. We also calcu-
lated an adjusted change score between the first and fol-
low-up visits. We tested for interaction with presence of
an APOE �4 allele.

We performed analyses of major cognitive decline
for each cognitive test. Major cognitive decline was de-
fined as the greatest 10th-percentile reduction in perfor-
mance from the initial to follow-up score or the change
score. This corresponded to a 2-point or greater de-
crease in scores on the MMSE, a 7-point or greater de-
crease in scores on the VF test, and a 79-second or greater
increase in score on the Trails B. This approach has
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been used previously by other studies.12 We performed
multivariate logistic regression models adjusting for age,
education, BDI score, presence of an APOE �4 allele, base-
line cognitive test score, and current estrogen use in
women to determine the odds of major cognitive de-
cline for each test of cognitive function by glucose tol-
erance subgroup. We used SAS version 8.2 (SAS Insti-
tute Inc, Cary, NC) and S-Plus version 6.1 (Insightful
Corp, Seattle, Wash) for our analyses.

MEDIATION EFFECTS

In adjusted models that included diabetic individuals
alone, we added glycohemoglobin and lipid levels, sys-
tolic and diastolic blood pressure, and body mass index
separately and together to determine whether these fac-
tors mediated the effect of diabetes on change in cogni-
tive function. We also evaluated the effect of existing mi-
croalbuminuria, retinopathy, stroke, and coronary heart
disease on change in cognitive function among those with
diabetes. Statistical differences between the regression es-
timates for diabetes mellitus and IGT that differ by the
inclusion of potential mediators were assessed with an

adaptation of methods originally developed for logistic
regression models.13 Statistical significance of the me-
diation effect was assessed using a Wald test.

RESULTS

Of 999 participants who performed cognitive function tests
at both the first diabetes visit and the 4-year follow-up ex-
amination, 632 had normal glucose tolerance values, 249
had IGT, and 118 met glucose tolerance criteria for diabe-
tes at baseline. Overall, persons with diabetes were older,
less likely toexercise regularly, and less likely to reportheavy
alcohol use or cigarette smoking. Sex-stratified character-
istics are given in Table 1. Compared with men without
diabetes, men with diabetes were more depressed and had
higher systolic blood pressure and lower high-density cho-
lesterol level. Compared with women without diabetes,
women with diabetes had higher body mass index, sys-
tolic blood pressure, and total cholesterol, low-density cho-
lesterol, and triglyceride levels and had lower high-
density cholesterol levels. They were also less likely to be
using estrogen compared with women without diabetes.

Table 1. Characteristics of Men and Women by Glucose Tolerance Status (Rancho Bernardo Study)*

Characteristic

Men

P
Value†

Women

P
Value†

NGT
(n = 268)

IGT
(n = 81)

DM
(n = 53)

NGT
(n = 364)

IGT
(n = 168)

DM
(n = 65)

Age, y* 69.0 ± 8.4 72.5 ± 8.8 72.9 ± 8.5 �.001 69.4 ± 8.9 73.2 ± 8.4 75.1 ± 8.4 �.001
White race 265 (99.3) 81 (100) 53 (100) .60 358 (99.2) 167 (100) 65 (100) .75
Education

�High school graduate 59 (22.3) 8 (10.0) 8 (15.7)
.07

131 (36.4) 65 (39.2) 24 (36.9)
.88

�High school graduate 206 (77.7) 72 (90.0) 43 (84.3) 229 (63.6) 101 (60.8) 41 (63.1)
Smoke tobacco

Never 84 (31.3) 27 (33.3) 21 (39.6)
.76

188 (52.2) 86 (51.5) 33 (52.4)
.95Past 159 (59.3) 46 (56.8) 29 (54.7) 139 (38.6) 65 (38.9) 26 (41.3)

Current 25 (9.3) 8 (9.9) 3 (5.7) 33 (9.2) 16 (9.6) 4 (6.4)
Alcohol use

Heavy 156 (58.2) 44 (54.3) 28 (52.8)
.57

173 (47.5) 74 (44.0) 19 (29.2)
.04Light-moderate 78 (29.1) 21 (25.9) 16 (30.2) 126 (34.6) 54 (32.1) 26 (40.0)

None 34 (12.7) 16 (19.8) 9 (17.0) 65 (17.9) 40 (23.8) 20 (30.8)
Exercise 3 times/wk 214 (79.9) 65 (80.2) 38 (71.7) .39 274 (75.3) 115 (68.4) 41 (63.1) .06
Beck Depression Inventory score 4.0 ± 3.5 4.9 ± 3.5 5.1 ± 3.2 .04 5.6 ± 4.5 6.2 ± 3.7 6.1 ± 3.5 .26
APOE �4 allele 63 (25.9) 16 (21.1) 12 (24.0) .69 74 (22.8) 35 (22.9) 13 (21.7) .98
Estrogen use

Never 96 (26.4) 33 (19.6) 20 (30.8)
.02Past 113 (31.0) 59 (35.1) 29 (44.6)

Current 155 (42.6) 76 (45.2) 16 (24.6)
BMI 26.2 ± 3.2 26.6 ± 3.8 26.4 ± 3.3 .74 24.2 ± 3.3 24.8 ± 4.2 25.6 ± 4.6 .006
SBP, mm Hg 131.3 ± 17.4 137.2 ± 19.0 135.7 ± 18.9 .02 131.3 ± 20.8 138.9 ± 21.5 137.3 ± 16.2 �.001
DBP, mm Hg 78.1 ± 9.2 79.1 ± 8.4 77.2 ± 9.8 .49 74.6 ± 8.1 74.2 ± 9.7 73.0 ± 7.5 .33
Total cholesterol, mg/dL 215.7 ± 37.2 207.6 ± 39.6 215.9 ± 43.0 .24 223.9 ± 37.4 233.9 ± 39.6 246.6 ± 47.7 .006
HDL-C, mg/dL 54.0 ± 13.1 52.1 ± 15.7 50.8 ± 15.1 .07 71.9 ± 17.4 67.6 ± 19.5 64.3 ± 17.0 .001
LDL-C, mg/dL 134.4 ± 36.1 135.6 ± 36.4 146.5 ± 43.0 .21 133.4 ± 37.3 139.5 ± 38.1 154.4 ± 45.0 �.001
Triglycerides, mg/dL 117.1 ± 72.8 122.6 ± 76.1 149.1 ± 107.7 .02 96.1 ± 51.1 136.9 ± 87.2 142.0 ± 76.4 �.001
Fasting glucose, mg/dL 99.0 ± 10.3 101.9 ± 9.8 134.0 ± 41.3 �.001 94.1 ± 9.5 98.8 ± 10.5 120.1 ± 54.1 �.001
Glycohemoglobin, % 5.9 ± 0.7 5.9 ± 0.7 6.5 ± 1.3 �.001 6.0 ± 0.6 6.0 ± 0.8 7.0 ± 2.0 �.001

Abbreviations: APOE �4, apolipoprotein E �4; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); DBP, diastolic
blood pressure; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; IGT, impaired glucose tolerance; LDL-C, low-density lipoprotein cholesterol;
NGT, normal glucose tolerance; SBP, systolic blood pressure.

SI conversions factors: To convert cholesterol, triglycerides, and fasting glucose to millimoles per liter, multiply by 0.0259, 0.0113, and 0.0555, respectively.
*Data are number (percentage) of participants or mean ± SD value.
†P value for comparison by analysis of variance or �2 test where appropriate.
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We evaluated the age-adjusted partial correlation be-
tween glycohemoglobin and each cognitive function test
for men and women separately. Among women only, there
was a marginally significant correlation with glycohe-
moglobin and the baseline VF test (r=−0.08; P= .08) and
a statistically significant correlation of glycohemoglo-
bin with the follow-up VF test (r=−0.10; P=.04).

There was no significant difference in the mean age-
adjusted or multivariate-adjusted scores on the cogni-

tive function tests among the 3 glucose tolerance sub-
groups for either sex at the first visit (Table 2). Four
years later, women with diabetes had a significant de-
cline in the VF test score and had lower scores than those
with IGT or NGT (15.2±0.6 for women with diabetes,
16.7±0.4 for women with IGT, and 17.2±0.2 for women
with NGT; P for trend=.007) (Figure). This finding re-
mained significant after adjusting for multiple compari-
sons (Bonferroni method). Performance on the 3 cogni-
tive function tests or the change scores did not differ
between participants of either sex with or without an
APOE �4 allele.

In adjusted logistic regression models in which ma-
jor cognitive decline (the greatest 10th-percentile decline
in cognitive test score vs the lower 90th-percentile de-
cline) was examined for each glucose tolerance subgroup,
only women with diabetes had significantly increased odds
of major cognitive decline on the VF test score (odds ratio
[OR], 4.46; 95% [confidence interval] CI, 1.72-11.79)
(Table 3). When we used a more liberal cutoff for defin-
ing major cognitive decline, with the greatest 25th-
percentile change in cognitive function score compared with
the lower 75th-percentile change, we found that there were
significantly increased odds for major decline for the VF
test score among women with diabetes (OR, 2.34; 95% CI,
1.06-5.17) and women with IGT (OR, 1.84; 95% CI,
1.07-3.18).

We evaluated whether factors associated with micro-
vascular or macrovascular disease or the existence of con-
current microvascular disease (retinopathy in either or both
eyes or microalbuminuria) or macrovascular disease (stroke
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Adjusted mean Verbal Fluency test score among women enrolled in the
Rancho Bernardo Study at the first and 4-year follow-up visits. Scores are
adjusted by age, education, Beck Depression Inventory score, presence of an
apolipoprotein E �4 allele, and current estrogen use. Follow-up scores were
significantly lower among the normal glucose tolerance (NGT), impaired
glucose tolerance (IGT), and diabetes mellitus (DM) groups compared with
the baseline scores (P for trend= .007).

Table 2. Age- and Multivariate (MV)-Adjusted* Mean Scores on Cognitive Function Tests by Sex and Glucose Tolerance Status†

Cognitive Function Test

Men

P Value

Women

P Value
NGT

(n = 268)
IGT

(n = 81)
DM

(n = 53)
NGT

(n = 364)
IGT

(n = 168)
DM

(n = 65)

MMSE
Baseline

Age adjusted 27.4 ± 0.1 27.2 ± 0.2 27.2 ± 0.3 .70 27.6 ± 0.1 27.6 ± 0.1 27.7 ± 0.2 .79
MV adjusted 27.4 ± 0.1 27.1 ± 0.3 27.2 ± 0.3 .50 27.6 ± 0.1 27.5 ± 0.1 27.7 ± 0.2 .78

Follow-up
Age adjusted 27.6 ± 0.2 27.4 ± 0.3 27.5 ± 0.4 .81 27.9 ± 0.1 27.9 ± 0.1 28.3 ± 0.2 .44
MV adjusted 27.6 ± 0.2 27.3 ± 0.3 27.6 ± 0.4 .77 27.9 ± 0.1 28.0 ± 0.2 28.3 ± 0.3 .53

Verbal Fluency Test
Baseline

Age adjusted 20.0 ± 0.3 19.3 ± 0.5 19.5 ± 0.6 .48 18.1 ± 0.2 17.9 ± 0.3 17.7 ± 0.6 .79
MV adjusted 20.2 ± 0.3 19.1 ± 0.6 19.3 ± 0.7 .19 18.1 ± 0.3 18.0 ± 0.4 18.0 ± 0.6 .96

Follow-up
Age adjusted 18.1 ± 0.3 17.4 ± 0.6 17.5 ± 0.7 .45 17.1 ± 0.2 16.7 ± 0.3 15.2 ± 0.5 .005
MV adjusted 18.1 ± 0.3 17.1 ± 0.6 17.4 ± 0.7 .23 17.2 ± 0.2 16.7 ± 0.4 15.2 ± 0.6 .005

Trails B‡
Baseline

Age adjusted 110.0 ± 2.7 110.6 ± 5.0 105.8 ± 6.1 .80 123.2 ± 2.7 128.6 ± 4.0 121.9 ± 6.4 .49
MV adjusted 106.8 ± 2.7 110.3 ± 5.0 104.2 ± 6.2 .72 123.3 ± 2.9 126.1 ± 4.3 119.3 ± 6.8 .68

Follow-up
Age adjusted 127.0 ± 3.1 129.9 ± 5.6 132.6 ± 7.0 .73 140.3 ± 3.0 146.9 ± 4.3 135.1 ± 6.9 .27
MV adjusted 123.7 ± 3.2 128.5 ± 5.8 132.7 ± 7.3 .48 139.3 ± 3.2 144.4 ± 4.7 137.4 ± 7.4 .61

Abbreviations: DM, diabetes mellitus; IGT, impaired glucose tolerance; MMSE, Mini-Mental State Examination; NGT, normal glucose tolerance; Trails B,
Trail-Making Test B.

*Multivariate models adjust for age, education, Beck Depression Inventory score, presence of apolipoprotein E �4 allele, and current estrogen use for women.
†Data are mean ± SD score.
‡Poorer performance is indicated by a higher score.
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or coronary heart disease) explained the cognitive decline
on the VF test score among women with IGT or diabetes
(Table 4). The only variable that significantly attenuated
the �-coefficient for women with diabetes was glycohe-
moglobin (P= .003). The existence of concurrent micro-
vascular or macrovascular disease did not change the as-
sociation between diabetes and decline in VF test score
among women. Even after adjusting for all potential me-
diators and microvascular or macrovascular disease, women
with diabetes still had a significantly greater change in VF
test score than women without diabetes.

COMMENT

In a cohort of community-dwelling older adults with NGT,
IGT, or diabetes who performed similarly on 3 cognitive

function tests at baseline, women with diabetes had a 4-fold
increased risk of a major cognitive decline on the VF test
after 4 years compared with women without diabetes. Gly-
cemic control may partially mediate the apparent associa-
tion between diabetes and decline in cognitive perfor-
mance on this test. Glycohemoglobin was negatively
correlated with performance on the VF test among women,
but the association by glucose tolerance status was not ma-
terially changed after adjusting for glycohemoglobin. There
was no significant difference in cognitive test perfor-
mance at baseline or follow-up in men regardless of glu-
cose tolerance status or glycohemoglobin level.

Four prior studies have evaluated the effect of diabe-
tes on change in cognitive performance over time. In the
first study, the Baltimore Longitudinal Study of Aging,14 only
men were included and diabetes was defined using the 1979

Table 3. Odds of Major Cognitive Decline by Glucose Tolerance Status*

Cognitive Function Test Men, Odds Ratio (95% CI) P Value Women, Odds Ratio (95% CI) P Value

MMSE
NGT 1.0 (Reference) 1.0 (Reference)
IGT 0.95 (0.42-2.18) .91 0.83 (0.42-1.62) .58
Diabetes 1.33 (0.56-3.13) .52 0.67 (0.26-1.75) .42

Verbal Fluency test
NGT 1.0 (Reference) 1.0 (Reference)
IGT 1.28 (0.58-2.84) .55 0.80 (0.31-2.03) .64
Diabetes 1.07 (0.39-2.90) .90 4.38 (1.71-11.27) .002

Trails B
NGT 1.0 (Reference) 1.0 (Reference)
IGT 1.28 (0.47-3.47) .63 1.41 (0.75-2.63) .28
Diabetes 1.63 (0.55-4.78) .37 0.74 (0.29-1.87) .52

Abbreviations: CI, confidence interval; IGT, impaired glucose tolerance; MMSE, Mini-Mental State Examination; NGT, normal glucose tolerance; Trails B,
Trail-Making Test B.

*Analyses are adjusted for age, education, Beck Depression Inventory score, presence of apolipoprotein E �4 allele, baseline cognitive test score, and current
estrogen use for women.

Table 4. Effect of Potential Mediators on Association Between Diabetes and Impaired Glucose Tolerance on the Change
in Verbal Fluency Score in Women

Mediator*

Diabetes Mellitus Impaired Glucose Tolerance

�-Coefficient P Value �-Coefficient P Value

Change in Verbal Fluency test
Model A alone −1.974 �.001 −0.424 .25

Potential mediators
Model A + glycohemoglobin −1.350 .02 −0.371 .31
Model A + lipids (TC, HDL-C, TG, LDL-C) −1.687 .002 −0.244 .52
Model A + SBP, DBP −2.008 �.001 −0.427 .25
Model A + body mass index −1.958 �.001 −0.414 .26
Model A + all of the above = Model B −1.189 .04 −0.236 .54

Existing microvascular or macrovascular disease
Model A + retinopathy −2.096 �.001 −0.203 .62
Model A + microalbuminuria −1.895 �.001 −0.502 .17
Model A + stroke −2.086 �.001 −0.473 .20
Model A + coronary heart disease −1.952 �.001 −0.413 .27

Fully adjusted model
Model C −1.306 .05 −0.216 .61

Abbreviations: DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglycerides.

*Model A adjusted for age, education, Beck Depression Inventory score, presence of apolipoprotein E �4 allele, baseline Verbal Fluency test score, and current
estrogen use. Model B adjusted for all variables in model A and glycohemoglobin, TC, HDL-C, LDL-C, TG, SBP and DBP, and body mass index. Model C adjusted
for all variables in model B and retinopathy, microalbuminuria, stroke, and coronary heart disease.
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National Diabetes Data Group criteria.15 After 12 years, dia-
betes was unrelated to change in performance on 2 cog-
nitive function tests (the Benton Revised Visual Reten-
tion Test and the vocabulary subset of the Wechsler Adult
Intelligence Scale).14 This study was limited by small num-
bers of subjects with diabetes and loss to follow-up. The
second study examined the 3-year change in MMSE score
in 353 men enrolled in the Zutphen Study in the Nether-
lands.16 In a subgroup analysis, the investigators com-
pared 47 men with diabetes with 282 men without dia-
betes and found no significant difference in decline in score
on the MMSE between the 2 groups (11% vs 14%). How-
ever, 14 men with both diabetes and an APOE �4 allele had
higher risk of decline than those without the allele (29%
vs 3%). The third prospective study of cognitive change
included approximately 9700 white women enrolled in the
Study of Osteoporotic Fractures who were followed-up for
3 to 6 years.12 Diabetes, defined by participant self-report
of the diagnosis, was associated with poor cognitive per-
formance at baseline on 3 tests of cognitive function and
a greater decline in score on 2 tests that examined atten-
tion (the Digit Symbol Substitution test and Trails B). This
change was independent of several confounders includ-
ing heart disease and hypertension. The most recent study
to prospectively examine cognitive change by glycemic cat-
egory was the Epidemiology of Vascular Aging (EVA)
Study,17 in which approximately 1000 men and women
took the MMSE and 8 domain-specific tests 4 years apart.
Diabetes was defined by self-report of the diagnosis or by
the 1997 American Diabetes Association criteria.18 Par-
ticipants with diabetes had poorer performance at fol-
low-up on 4 domain-specific tests assessing memory, psy-
chomotor speed, and attention compared with those with
impaired fasting glucose or normal glucose level. Al-
though adjusting for blood pressure did not alter their re-
sults, body mass index explained the association be-
tween diabetes and cognitive decline for 3 of the 4 tests:
the Auditory Visual Learning test, the Facial Recognition
test, and the Digit Symbol Substitution test, but not the
Finger Tapping test. Men and women in the EVA Study
were on average 7 to 8 years younger and had higher scores
on the MMSE at baseline compared with the Rancho Ber-
nardo Study participants. The EVA Study investigators re-
ported sex-specific results but did not evaluate the effect
of glycemia without diabetes, lipid levels, or concurrent
microvascular or macrovascular disease in their analyses;
however, they suggested that blood glucose level may not
be a strong risk factor since they did not see any in-
creased risk of cognitive decline among subjects with im-
paired fasting glucose level.

There are several theories for cognitive impairment
in individuals with diabetes.19,20 Some pathways by which
diabetes can affect cognition involve glucose or insulin me-
tabolism or the formation of advanced glycation end prod-
ucts.21-23 Increases or decreases in glucose concentrations
can affect cognitive function. Some studies have found an
association between chronically elevated glucose levels and
poor performance on cognitive tests.24,25 Higher fasting in-
sulin levels in older adults with IGT and higher serum in-
sulin concentrations after a 2-hour glucose challenge in
women without diabetes were associated with poorer per-
formance on the MMSE.21,26

Dyslipidemia, especially elevated triglyceride level,
has been associated with cognitive impairment in pa-
tients with or without diabetes.27,28 Hypertension, inde-
pendent of diabetes, has been reported to be a predictor
of poor cognitive test performance.29 This effect may in
part be due to increased risk of cerebrovascular disease
with hypertension.30 Since diabetes coexists with dyslip-
idemia, hyperinsulinemia, and hypertension, several of
these mechanisms could be operating in concert to pro-
duce impaired cognition.

We found that elevated levels of glycohemoglobin
attenuated the association between diabetes and decline
in VF test score among women, while blood pressure and
lipid levels had no effect. This finding is compatible with
the hypothesis that improved glycemic control lessens
cognitive impairment and other data suggesting a pos-
sible microvascular mechanism of cognitive impair-
ment. Although adjustment for other microvascular dis-
eases had no effect on the association between diabetes
and cognitive dysfunction, small and short (�6 months)
clinical trials have reported that improved glycemic con-
trol caused improved cognitive test performance mainly
in the areas of attention, learning, and complex psycho-
motor function.31-33 A large ongoing clinical trial, the Ac-
tion to Control Cardiovascular Risk in Diabetes
(ACCORD), is measuring cognitive function and may be
able to more definitively state whether tight glucose, blood
pressure, or lipid control affects cognitive decline in in-
dividuals with type 2 diabetes mellitus.

We found cognitive decline on only 1 of 3 tests and
only in women with diabetes. One explanation for why the
VF test was the only cognitive test in which diabetic and
prediabetic subjects had greater decline than nondiabetic
participants may be that verbal memory is more affected
by subcortical vascular disease. We may have seen a dif-
ferential result by sex in our study because women with
diabetes were on average 2 years older, had higher BDI
scores, and had lower VF test scores at baseline compared
with men with diabetes. However, even after adjustment
for age, depression score, and baseline VF test score, women
with diabetes had accelerated decline in their adjusted 4-year
VF score and lower follow-up scores compared with those
observed for men with diabetes (15.2±0.6 in women vs
17.3±0.7 in men). We controlled our analyses for several
confounders such as education, depression score, pres-
ence of APOE �4 allele, and oral hormone therapy. We did
not adjust our main analyses for use of sedative or anxio-
lytic drugs, which may be disproportionately represented
in women with diabetes. The addition of retinopathy or
other macrovascular disease outcomes to our models did
not change the results. It is possible that the accelerated
cognitive impairment on VF testing in women with dia-
betes only occurred by chance. However, this finding is sig-
nificant after adjusting for multiple comparisons. The find-
ing of accelerated cognitive decline in women with diabetes
is supported by the strength of the association, a dose-
graded response with women with IGT having an inter-
mediate decline compared with women with diabetes or
NGT, temporality of the association, biological plausibil-
ity, and consistency with limited prior literature.12

We had a limited number of cognitive function tests
performed on a serial basis. However, the 3 tests we used
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examine different domains of cognitive function. We did
not check glucose levels on the days of cognitive test-
ing. There is a potential of acute hypoglycemia or hy-
perglycemia to cause poor performance on cognitive test-
ing among those with diabetes. However, none of the
participants had type 1 diabetes, and the mean ± SD gly-
cohemoglobin level of those with diabetes was 6.8%±1.7%
at baseline, implying well-controlled or less severe dia-
betes, in which daily glycemic fluctuations would be less
extreme. Moreover, only 2 of the 118 subjects with dia-
betes were using insulin and at higher risk for hypogly-
cemia, and excluding them from our analysis did not
change our findings. Finally, since the Rancho Ber-
nardo cohort was mostly white, well educated, and rela-
tively affluent, these findings may not be generalizable
to nonwhite racial/ethnic groups or to older adults of dif-
ferent socioeconomic or educational backgrounds.

In conclusion, women with diabetes had acceler-
ated cognitive decline in a semantic memory test results
in this well-characterized cohort of older, white Ameri-
cans. Chronic hyperglycemia may mediate this effect. Im-
proved glycemic control may prevent cognitive decline
among women with diabetes, but the association also ex-
ists at glycemic levels not diagnostic of diabetes.
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