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Objectives: We explored whether ethnic

differences in type 2 diabetes (T2D) explain

ethnic disparities in cognitive impairment.

Design: Longitudinal study.

Setting: A cohort study of multiethnic com-

munity-dwelling elderly persons in Northern

Manhattan, New York.

Participants: 941 participants aged $65 years

without prevalent cognitive impairment or

dementia (CID) were followed for a median

of 7.1 years.

Main Outcomes Measures: CID was defined

by a clinical dementia rating $.5. CID risk

attributable to T2D was estimated for each

ethnic group using the hazard ratio (HR)

relating T2D and CID and the ethnic preva-

lence of T2D.

Results: 448 participants developed CID; 69

(31.4%) non-Hispanic Whites (Whites); 152

(48.6%) non-Hispanic-Blacks (Blacks); 227

(55.6%) Hispanics, P,.001. T2D prevalence

was 8.2% in Whites, 20.1% in Blacks, and

19.6% in Hispanics, P,.001. Controlling for

age, sex, education, and APOE e4, the HR

relating T2D and CID was 1.63 (95% CI 1.26,

2.09). CID attributable to T2D was higher in

Blacks and Hispanics compared to Whites

(11.4% vs 4.9%; P5.06). We estimated that

reducing the ethnic disparities in diabetes

prevalence could reduce the CID ethnic

disparities by 17%.

Conclusions: Reducing ethnic differences in

T2D prevalence could partially reduce ethnic

differences in incident CID. (Ethn Dis.

2012;22(1):38–44)
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INTRODUCTION

Epidemiologic studies of the elderly
have shown higher prevalence and inci-
dence of dementia in African-Ameri-
cans1–12 and Hispanics3,8,10,13 compared
with non-Hispanic Whites (Whites).
Type 2 diabetes mellitus (T2D) is also
known to be more prevalent in non-
Hispanic Blacks (Blacks) and Hispanics
compared with Whites.14 We previously
reported that T2D is associated with a
higher risk of the major forms of cogni-
tive impairment in the elderly, including
Alzheimer’s disease (AD),15–18 vascular
dementia,19,20 amnestic and non-amnes-
tic mild cognitive impairment,21,22 and
cognitive impairment without demen-
tia.20 Thus, T2D is a risk factor for a
wide spectrum of cognitive impairment
which we term cognitive impairment or
dementia (CID).

Drawing upon these findings, we
examined whether the ethnic differences
in T2D prevalence could explain the
ethnic differences in the incidence of CID
in the elderly in Northern New York
City. We explored the potential impact
on the development of CID of eliminat-
ing ethnic disparities in T2D prevalence.

METHODS

Data

Participants and Setting
Analyses included participants from

the 1992 longitudinal multiethnic co-

hort of the Washington Heights-In-

wood Community Aging Project

(WHICAP), which is a stratified ran-

dom sample of Medicare recipients

aged $65 years residing in northern

Manhattan, New York City. Procedures

for enrollment of patients included in

this study have been reported else-

where.13 Between 1992 and 1994, all

participants underwent baseline assess-

ment, including in-person interviews of

general health and function, medical

history, physical and neurological ex-

amination as well as a neuropsycholog-

ical battery.23 Follow-up data were

collected in approximately 18-month

intervals. Informed consent was ob-

tained from all participants during

study enrollment and at each follow-

up. The Columbia University Institu-

tional Review Board approved this

project.

Data analyzed within this study

include patient information through

December 2006. Of the 2,125 partici-

pants in the study, we first excluded

those without follow-up evaluations

(n5737), then those with prevalent

CID at baseline evaluation (n5408),

and finally those with missing T2D

history as part of the baseline medical

history (n539). Six participants report-
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ed a racial and ethnic group other than

White, Black, or Hispanic and were

grouped with the White group. Thus,

the final sample included 941 partici-

pants for the present study. In compar-

ison with the participants analyzed in

the current study, those excluded from

analysis were older at baseline (median

77.7 years vs 74.0, Kruskal-Wallis test,

P,.0001) and were more likely to have

a history of stroke (14.4% vs 7.3%,

P,.0001) and heart disease (21.6% vs

15.8%, P5.003).

Ascertainment of Medical History
Medical history information was

obtained from baseline visit question-

naires and has been described else-

where.22 Specifically, determination of

T2D was based on self-report, or use of

insulin or oral hypoglycemic medica-

tions.

APOE Genotyping
We performed APOE genotyping

using the method of Hixson and

Vernier24 with slight modification.25

We included APOE-e4 as a covariate

because it increases the risk of Alzhei-

mer disease26 and may modify the

association between vascular risk factors

and CID.27 We classified persons by

presence (homozygeous or heterozy-

geous) or absence of the APOE e4

allele; 47 participants in the final

sample had missing data on APOE

genotype.

Other Covariates
Ethnic group was based on self-

report using the format of the 1990

census.28 Individuals were asked if they

were of Hispanic origin; nearly all

Hispanic subjects in our cohort were

from the Caribbean region. Participants

were then assigned to one of three

groups: Whites, Blacks, and Hispanics.

We examined education both as a

continuous variable (years of education

completed) and in quartiles (0–6 years,

7–12 years, 13–16 years, and .16 years

of education).

Diagnosis of Cognitive Impairment or
Dementia (CID)

The diagnosis of CID was estab-

lished based on information from initial

and follow-up assessments. Cognitive

diagnosis was determined by consensus

at a conference of physicians, neurolo-

gists, neuropsychologists and psychia-

trists. The diagnosis of CID required

evidence of impairment on a neuropsy-

chological test battery with at least mild

impairment in social or occupational

function (clinical dementia rating $.5).

This definition of CID includes demen-

tia due to AD,15–18 vascular demen-

tia,19,20 amnestic and non-amnestic

mild cognitive impairment (MCI),21,22

and cognitive impairment without de-

mentia (CIND)20 used by our group in

previous analyses and other investigators

as well. The rationale for using this

broad definition of cognitive impair-

ment was to capture all forms and stages

of cognitive impairment, and not just

one stage of cognitive impairment (eg,

dementia) or one form of dementia (eg,

AD). Thus, we sought to explore the

entire range of cognitive complications

associated with T2D.

Statistical Methods
We compared demographic charac-

teristics and the distribution of risk

factors among those who developed

CID with those who remained free of

CID. Continuous variables were com-

pared using analysis of variance or by

non-parametric means when not normal-

ly distributed. Categorical variables were

compared using chi-squared tests.29 Cox

proportional-hazards regression models30

were used in multivariate analyses ex-

ploring the association of T2D to

incident CID. The time-to-event variable

was age at diagnosis of CID. Participants

who did not develop CID were censored

at the time of last follow-up.

Several models examined the associ-

ation between T2D and CID. After

univariate analysis, we sequentially con-

trolled for sociodemographic and other

non-modifiable variables. Given that

vascular factors such as hypertension,

dyslipidemia, and heart disease cluster

with T2D31 and may be in the causal

pathway linking T2D with CID,32 for

our final analysis we chose to focus on a

model including significant socioeco-

nomic and non-modifiable variables

only. We present the following models

for the relation between T2D and CID:

adjusted for age only (model A), plus

sex and education (model B), and

additional inclusion of APOE-e4 status

(model C). We used model C for our

estimation of population attributable

risk (PAR).

Assuming a causal relation of T2D

with CID, the risk of CID attributable

to T2D can be calculated using the

following formula:

PAR~p RR{1ð Þ=1zp RR{1ð Þ½ �

where RR is the adjusted hazard ratio
obtained from the multivariate models,
and p is the prevalence of T2D33 for a
given ethnic group in this sample.

Based on contingency tables of T2D

and CID for each ethnic group (where

a5disease and exposure, b5no disease

with exposure, c5disease with no

exposure, d5no disease and no expo-

sure, and t5total participants), the

estimated variance (VARi) of the PAR

for prospective studies33 for T2D and

cognitive impairment for the ith eth-

nicity was calculated:

V âri~ ct ad t{cð Þzbc2ð Þð Þ½ ��

azcð Þ3 czdð Þ3
� �

The P values examining differences

in PAR between ethnic groups were

derived from a Z-score, calculated by

the following equation:

Z~PARA{PARB
� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

V ârAzV ârB

p

SAS version 9.1 was used for all
statistical analyses; two-tailed P values
from Z-scores for PAR differences were
derived from standardized tables for
normal curves.
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Finally, we estimated the potential
absolute and relative impact on CID by
eliminating ethnic disparities in T2D

prevalence. For example, in determining
the impact in Whites vs Blacks, first we
calculated the difference in PAR be-
tween Whites and Blacks. We then

multiplied the PAR difference by the
observed number of CID cases in
Blacks, which provided the expected
difference in CID cases, if PARs for

Whites and Blacks were equal. We then
calculated the new (expected) incidence
of CID in Blacks by subtracting the
difference in CID cases from the

observed number of CID cases in
Blacks. Subtracting the Blacks expected
from observed CID incidence yielded
an absolute CID incidence decrease for

Blacks. We calculated the relative CID
decrease between Blacks and Whites by
dividing the Blacks absolute CID inci-
dence decrease by the difference in CID

incidence between Blacks and Whites.
We repeated these steps for Whites
compared with Hispanics, as well as
Whites compared to all others.

RESULTS

Overall 448 patients developed CID
over 6652.4 person-years of follow-up
(mean 7.1 years [SD 3.9 years]), in-
cluding 69 (31.4%) Whites, 152

(48.6%) Blacks, and 227 (55.6%)
Hispanics. As shown in Table 1, the
prevalence of T2D at baseline was 8.2%

in Whites, 20.1% in Blacks, and 19.6%

in Hispanics, (P,.01). Caribbean His-
panics were younger at baseline, had

more years of follow-up, less years of

education, and a higher incidence of

cognitive impairment or dementia com-
pared to Non-Hispanic Whites. Non-

Hispanic Blacks had less years of

education, a higher prevalence of the

APOE-e4 allele, and a higher incidence
of cognitive impairment or dementia

compared to Non-Hispanic Whites.

Out of the 448 cases of CID, 197

(43.9%) were dementia and 251
(46.1%) were cognitive impairment

without dementia. Of the 197 cases of

dementia, 177 (89.8%) were probable

and possible AD, 17 (8.6%) were

vascular dementia, and 3 (1.5%) cases
were other causes such as Lewy body

dementia. The 177 cases with possible or

probable AD included 12 (6.8%) cases of

possible AD with stroke. Out of the 251
cases of cognitive impairment without

dementia, 134 (53.4%) met criteria for

MCI; 65 (48.5%) of the 134 cases of

MCI had amnestic MCI, and 69

(51.5%) had non-amnestic MCI. The
117 cases of cognitive impairment with-

out dementia that did not meet criteria

for MCI were considered CIND.

Non-modifiable variables associated
with CID in bivariate models (P,.10)

included age at entry into study, ethnic

group, number of years of education

(both as a continuous variable and as
quartiles), and APOE-e4. An interaction

term for T2D and ethnicity in relation

to CID was not statistically significant

(P5.19). Thus, we assumed that the

relation between T2D and CID was

homogeneous across ethnic groups and

used the HR for the whole group in

calculating the PAR.

Four models for the effect of T2D

on incident CID are presented in

Table 2. First, a model adjusted only

for age which had an HR51.85 (95%

CI51.46, 2.35) for the relationship

between T2D and incident CID. Sec-

ond, we created a model which addi-

tionally included sex and education and

yielded a HR51.70 (95% CI51.34,

2.16). Our third model additionally

included APOE genotype and yielded a

HR51.68 (95%CI51.31, 2.15). Final-

ly a fourth model included each of the

variables in the third model plus

ethnicity and yielded a HR51.57

(95% CI51.23, 2.02).

Table 1. Characteristics of the participants included for study (n=941)

Characteristics Overall
Non-Hispanic Whites

(n=220, 23.4%)
Non-Hispanic Blacks

(n=313, 33.2%)
Caribbean Hispanics

(n=408, 43.4%) P

Age, median (IQR) 74.0 (70.4–78.5) 74.8 (71.0–80.2) 74.7 (70.9–79.0) 73.3 (70.2–77.5) .01a

Years of follow-up, median (IQR) 7.1 (3.4–10.2) 5.9 (3.2–9.6) 6.3 (3.3–9.6) 8.4 (3.9–11.0) ,.01a

Women, n (%) 657 (69.8) 143 (65.0) 219 (70.0) 295 (72.3) .16b

Years of education, median (IQR) 9 (6–12) 12 (10–15) 10 (8–12) 6 (3–8.5) ,.01a

APOE 4/4 or 4/-, n (%) (n5894) 258 (28.9) 45 (22.5) 111 (37.8) 102 (25.5) ,.01b

Diabetes, n (%) 161 (17.1) 18 (8.2) 63 (20.1) 80 (19.6) ,.01b

Incident dementia, n (%) 197 (20.9) 20 (9.1) 75 (24.0) 102 (25.0) ,.01b

Incident cognitive impairment or
dementia, n (%) 448 (47.6) 69 (31.4) 152 (48.6) 227 (55.6) ,.01b

P derived from a Kruskal-Wallis Test or b Pearson Chi-Square.

Table 2. Hazard ratios and confidence
intervals from proportional hazards
models relating type 2 diabetes to
incident cognitive impairment or
dementia

Model n HR (95% CI)

A 941 1.85 (1.46, 2.35)
B 941 1.70 (1.34, 2.16)
C 894 1.68 (1.31, 2.15)
D 894 1.57 (1.23, 2.02)

Model A: unadjusted.
Model B: model A plus sex and number of years of

education (quartiles).
Model C: model B plus APOE e4 status.
Model D: model C plus ethnicity.

DISPARITIES IN COGNITIVE IMPAIRMENT - Noble et al

40 Ethnicity & Disease, Volume 22, Winter 2012



For our analysis of PAR we chose to

use the model which included T2D, sex,

education, and APOE e4 status with age

at CID as the time-to-event variable

(model C). The sample size available for

analysis in this group was 894. The

comparison of PARs of Blacks and

Hispanics individually vs Whites was

close to statistical significance (P5.10

and P5.07 respectively). (Table 3)

Given that prevalence of T2D and

the PAR of CID for Blacks and

Hispanics were similar, we compared

Whites vs combined Blacks or Hispan-

ics and the difference in PAR was closer

to statistical significance (P5.06). If the

relation between T2D and CID were

causal, our attributable risk analysis

demonstrates that eliminating ethnic

disparities in T2D could reduce the

absolute incidence of CID in minority

patients by 3.5% and the relative

difference in CID incidence between

Whites and all other patients would

decrease by approximately 17% (Ta-

ble 4).

DISCUSSION

In our study we have shown that

eliminating the ethnic disparities in the

prevalence of T2D may have a mean-

ingful impact on decreasing the ethnic

disparities in CID. Our group previ-

ously reported that the incidence of AD

was higher in Blacks and Hispanics
compared with Whites.10 We also

reported that T2D prevalence was

higher in Blacks and Hispanics com-

pared with Whites,20 and that T2D was

associated with a higher risk of several

forms of cognitive impairment, includ-

ing amnestic and non-amnestic MCI,22

cognitive impairment without demen-

tia,20 AD,20,34 and vascular demen-
tia.19,20 A plausible explanation for the

increased frequency of dementia among

Blacks and Hispanics is over-represen-

tation of risk factors for dementia and

cerebrovascular disease among minority

groups. Minority populations in the

United States have disproportionately

high prevalence of vascular risk factors,
either by clustering,35 or alone, includ-

ing T2D,36–38 hypertension,36,39,40 car-

diovascular disease,41 and cerebrovascu-

lar disease.42 Several vascular risk

factors32 including T2D,17,18,43–45 hy-

perlipidemia,46 hypertension (HTN),47

atrial fibrillation,48 smoking,18,49–51 hy-

perhomocysteinemia,52 and obesity,53–57

have been associated with the develop-

ment of dementia, including Alzheimer

disease and vascular dementia. Most of

these risk factors are potentially modifi-

able, and interventions targeting demen-

tia risk factor disparities could decrease

the relative risk of dementia in minori-

ties. We chose to explore T2D and not

other risk factors because T2D is consis-
tently associated with all major forms of

cognitive impairment we have explored,

whereas other risk factors are not. In

Table 3. Population attributable risk (and 95%CI) for diabetes leading to cognitive impairment by ethnicity using hazard ratios
derived from models outlined in Table 2

Model
Non-Hispanic

White
Non-Hispanic

Black
P Blacks vs

Whites
Caribbean
Hispanic

P Hispanics vs
Whites

All minority
subjects

P minority vs
Whites

A 6.52 (.59, 12.44) 14.59 (8.87, 20.32) .05 14.28 (10.03, 18.53) .04 14.41 (10.96, 17.85) .02
B 5.43 (2.50, 11.35) 12.33 (6.61, 18.06) .10 12.06 (7.82, 16.31) .08 12.17 (8.73, 15.62) .05
C 4.85 (2.78, 10.49) 11.65 (5.80, 17.49) .10 11.31 (7.17, 15.44) .07 11.44 (8.02, 14.86) .06
D 4.10 (21.54, 9.74) 9.95 (4.11, 15.80) .16 9.66 (5.52, 13.79) .12 9.77 (6.35, 13.19) .10

Model A: adjusted for age (as timescale).
Model B: model A plus sex and number of years of education (quartiles).
Model C: model B plus APOE-e4 status.
Model D: model C plus ethnicity.

Table 4. Calculation of absolute and relative decrease in disparities in cognitive
impairment and dementia if the prevalence of diabetes in Blacks and Hispanics was
equalized to that of non-Hispanic Whites

Eq# Equation name values

(1) CID incidence (from Table 1) 379/721 (52.6%)
(2) CID incidence difference 21.2%
(3) PAR difference 6.59%
(4) CID cases difference 25
(5) Projected CID cases 354
(6) New CID incidence 354/721 (49.1%)
(7) Absolute CID incidence decrease 3.5%
(8) Relative CID incidence decrease 16.5%

We have shown that

eliminating the ethnic

disparities in the prevalence of

T2D may have a meaningful

impact on decreasing the

ethnic disparities in CID.
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addition, T2D has the most appreciable

ethnic differences, being twice as preva-

lent in Blacks and Hispanics compared

with Whites. Our results suggest T2D

may explain some of the ethnic dispar-

ities in CID, and we showed how

reducing T2D ethnic disparities could

decrease CID disparities. It is important

to point out that a causal relation

between T2D and CID has not been

definitively established. However, there

is increasing evidence that T2D is

associated with multiple forms of cogni-

tive impairment through biologically

plausible mechanisms that include cere-

brovascular disease and processes that

may affect the amyloid cascade.58–61 It is

also possible that the relationship of T2D

and CID and the ethnic differences

could be explained by residual confound-

ing. Table 1 showed differences between

the racial and ethnic groups in addition

to the differences in T2D, particularly

for years of education. Caribbean His-

panics and Non-Hispanic Blacks had

lower years of education compared to

Non-Hispanic Whites. Lower education-

al attainment is related independently to

both a higher risk of T2D62–66 and a

higher risk of CID.67 Our results were

robust even after adjustment for educa-

tion, but years of education may not

appropriately capture ethnic differences

in quality of education.68 Other mea-

sures such as reading ability seem to

capture ethnic differences in quality of

education better than years of education,

and adjusting for reading ability may

attenuate ethnic differences in CID.68

The main limitation of our study is

ascertainment of T2D by self-report.

Without glycemic measures we could

not ascertain undiagnosed T2D or

glucose intolerance. This likely resulted

in underestimation of T2D prevalence.

Thus, it is likely that our findings

underestimate the true association be-

tween T2D and CID. Type 2 diabetes

prevalence was appreciably higher in our

study compared with others examining

the association between T2D and

cognitive impairment, which may raise

the issue of sampling bias. However, the

high T2D prevalence in our study is

explained by the fact that T2D preva-

lence is twice as high in African

Americans and Hispanic elderly,69,70

who comprised the majority of our

sample in contrast to other predomi-

nantly non-Hispanic white cohorts.43,44

The prevalence of self-reported T2D

has increased at a 3-fold faster rate in

minorities than in Whites.71 Thus, the

high T2D prevalence in our sample is

not unexpected and is in line with

national survey estimates.14 Compared

with the Third National Health and

Nutrition Examination Survey, the

prevalence of T2D in our sample was

lower in Whites (8% vs. 12%) and

Hispanics (19.6% vs. 24%), and very

similar in African Americans (20.1% vs.

21%).14 Most T2D data in Hispanics

from national surveys pertain to Mexi-

can-Hispanics. Our study is one of a few

with T2D data in Caribbean-Hispanics.

Another relative limitation is that

the differences in PAR did not reach the

usual P of .05. However, P values of .1

are commonly considered significant in

the social sciences, and the marked

ethnic differences in the prevalence of

T2D and CID are self-evident in our

data, known from previous reports, and

unlikely to be due to chance. We

grouped together Blacks and Hispanics.

The rationale for doing this is that we

found no evidence that ethnic group

modified the relation between T2D and

CID, and that the disparities in CID

and T2D between Blacks and Whites,

and Hispanics and Whites, were very

similar. The fact that the disparities for

Blacks and Hispanics were similar may

suggest that the differences between

Whites and minorities may be mostly

reflective of socioeconomic differences

and not biologic or genetic differences,

although we can only speculate in this

regard.

Another potential study limitation is

our definition of CID. The main goal of

our study was to capture the impact of

T2D on all forms of cognitive impair-

ment, rather than one particular form.
Thus, we used the most inclusive
definition of CID based on previous
findings. It is possible that some cases of
CDR5.5 do not have significant cog-
nitive impairment and were misclassi-
fied. To the extent that this misclassi-
fication was random it would have
resulted in underestimation of the
relation between T2D and CID, thus
resulting in an underestimation of the
PAR.

The main implication of our find-
ings is that reducing ethnic disparities in
T2D prevalence may partially reduce
ethnic disparities in incident CID.
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