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ABSTRACT

Introduction: Recent findings outline negative effects of brain insulin signaling on memory due to hyper-
insulinemia. We investigated the association between insulin resistance (IR) with AD and dementia.

Methods: Later life Japanese men (N = 1544, mean age = 79.9 years) with normal cognitive function were
followed from exam 4 to 5 of the Kuakini Honolulu Asia Aging Study. Subjects underwent physical exams, blood
draws, and neuropsychological testing. IR status was determined at exam 4 using the McAuley and HOMA
indices. Subjects with prevalent diabetes and dementia were excluded. Incident dementia and AD cases were
determined at exam 5.

Results: IR was associated with decreased odds of AD and dementia using both IR indices. Carriers of the APOE
€4 allele had 15% increased odds of AD and dementia.

Discussion: Our findings provide insight regarding possible inverse relationship between IR and AD in elderly
Japanese men, and support biologic studies showing short term hyperinsulinemia improves memory and cog-

nitive function.

1. Introduction

According to a 2013 report on world population prepared by the
United Nation's Population Division, the population of persons aged
60 years and older will triple from 841 million in 2013, to over two
billion by 2050 [1]. Alzheimer's disease is one of the leading neurologic
diseases diagnosed in older adults and is the most common form of
dementia [2]. Projected prevalence of worldwide AD ranges from 84
million by 2040 to over 100 million by 2050 [3,4]. Type 2 Diabetes
(T2D) has been shown to increase the risk of dementia as well as AD
[5-8], even to the point that AD was considered Type 3 diabetes [9].

The mechanisms through which T2D may increase the risk of de-
mentia and AD are still up for debate. Insulin's role in neuronal sig-
naling is the target of recent investigation. Insulin receptors (IRec) and
insulin growth factors (IGFs) are found in large numbers in parts of the
brain responsible for memory, such as the hippocampus, hypothalamus,
and cerebral cortex [10,11]. Insulin signaling is responsible for neu-
ronal survival, memory formation, memory retrieval, synaptic plasticity
and learning [12].

It is widely known that insulin resistance (IR) is a precursor to T2D
[13]. Although current research focuses on finding relationships be-
tween AD and T2D, very few studies exist that look at IR and AD or
dementia. Two longitudinal studies found that midlife IR was asso-
ciated with a small increased risk of AD [14,15]. The relationship be-
tween later life IR and AD has not yet been examined. The Kuakini
Honolulu-Asia Aging Study (HAAS) allows for examination of the as-
sociation of later life IR and AD.

2. Methods
2.1. Study population

The Kuakini Honolulu Heart Program (HHP) is a longitudinal study
funded by the National Heart, Lung, and Blood Institute that focused on
heart disease and stroke in a cohort of 8006 Japanese-American men
born between 1900 and 1919, who were living on Oahu at the time of
the baseline examination in 1965. Participants were identified using
World War II selective service records. Details of the study have been
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described elsewhere [16].

In 1991, the Kuakini Honolulu-Asia Aging Study (HAAS) was es-
tablished to begin research on risk factors associated with aging and
neurodegenerative disorders. Baseline dementia status was established
at the fourth examination (prevalent phase) on 3734 surviving in-
dividuals. Prevalent dementia cases (n = 226) and other missing CASI
data (n = 111) were excluded. Subjects with other missing data at the
fourth examination (n = 452), who were diagnosed as prevalent type 2
diabetic cases (n = 596), or who did not respond or died before 3-year
follow-up (n = 916) were also excluded from this analysis. A total of
1544 subjects with complete information were used for this study.
Incident dementia and incident AD cases were identified at the fifth
examination, three years following the baseline Kuakini HAAS ex-
amination.

The Institutional Review Board (IRB) of the University of Hawaii at
Manoa and the IRB of Kuakini Medical Center approved the study.

2.2. Diagnosis of dementia and AD

The 100 point Cognitive Abilities Screening Instrument [17] was
administered to all subjects in the fourth examination and all sub-
sequent examinations to screen for dementia cases [18]. The CASI is a
well-recognized instrument and has been validated among Western and
Japanese sample populations [19]. In exam four, CASI score and age
determined a subgroup of participants for further dementia evaluation
using stratified random sampling. During the fifth examination, an
education-adjusted cutoff (79 for those with high education and 77 for
those with low education) or an absolute drop of =9 points were ap-
plied to identify subjects to undergo further dementia examination
[20]. Participants requiring further dementia diagnosis underwent
clinical assessments that included detailed neuropsychological assess-
ment and a proxy interview, and those diagnosed with dementia un-
derwent blood tests and neuroimaging. A consensus committee con-
sisting of the study's neurologist and at least two other physicians with
expertise in geriatric medicine and dementia were responsible for the
final diagnosis of dementia.

Dementia was diagnosed using the DSM-III/R criteria [21]. Criteria
from the National Institute of Neurological and Communicative Dis-
orders and Stroke, and the Alzheimer's Disease and Related Disorders
Association were used to diagnose all possible and probable AD cases
[22]. For the analysis, dementia was grouped as total dementia (in-
cluded all causes of dementia); and AD, with CVD or without CVD.
Based on established neuropathological criteria [23], 65% of clinical
AD cases met the criteria for definite or probable AD [24].

2.3. Assessment of insulin resistance

Insulin resistance was estimated using the Homeostatic Model
Assessment (HOMA) and the McAuley index. HOMA-IR index was cal-
culated as fasting insulin (uU/mL) X fasting blood glucose (mg/dL)/
405 [25]. McAuley Index was calculated as exp.[2.63-0.28 * In fasting
insulin (pU/ml)-0.31 *In fasting triglycerides (mmol/1)] [26]. The
Japan Diabetes Society recommended HOMA values =2.5 as identi-
fying IR and this cutoff has been used in previous Asian Studies, and a
cut off of <5.8 based off the McAuley index were considered IR
[26,27].

2.4. Measure of confounders and mediators

APOE ¢4 allele has been shown to be an effect modifier in the re-
lationship between IR and dementia and AD in Japanese cohorts
[15,28]. APOE ¢4 allele genotyping was performed using PCR ampli-
fication, following the method of Hixson and Vernier [29]. Participants
with at least one copy of the €4 allele were categorized as APOE &4
allele positive. Those with genotype €2e4 were excluded from the
analysis due to possible opposing effect of €2 and ¢4 alleles on dementia
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Later life age, hypertension [31-33], BMI [34-36], smoking
[37,38], alcohol consumption [39] and change in total cholesterol [40]
are possible confounders in this study. In addition to BMI, waist cir-
cumference (WC) was also used as a more accurate measure of visceral
adiposity [41].Prevalent hypertension was defined as systolic blood
pressure = 140 mm HG, diastolic blood pressure = 90 mm HG or use of
hypertensive medication [42]. Smoking status at exam 2 was self-re-
ported and categorized by never, past, or current smoker. Alcohol was
measured in ounces per month consumed, then recoded into non
drinker, < 1 drink a day (up to 3 oz per month), 1-2 drinks per day (3
to 30 oz per month) and =3 drinks per day. An Autoanalyzer 1 N24B
cholesterol method was used to determine total cholesterol values [16].
Stewart et al. [40] found that a decrease in total serum cholesterol from
midlife to later life is associated with dementia and AD. Therefore,
change in total cholesterol is represented by the difference between
Exam 4 and Exam 1 total cholesterol values. BMI (kg/rnz) at exam 4 was
calculated from participant's height and weight. Waist circumference at
exam 4 was measured in cm.

2.5. Statistical analysis

Statistical analysis was conducted using SAS software version 9 (SAS
Institute, Cary, NC). Univariate and bivariate analysis included com-
paring cohort characteristics between AD status, dementia status and IR
status using Pearson Chi Square test or t-test as deemed appropriate. To
account for the non-normal distribution of HOMA, HOMA was recoded
into quartiles. Incident dementia and AD cases from exam 5 and exam 6
were included for this analysis. Because time at risk was not calculated,
odds ratios for dementia and AD associated with later life IR were es-
timated by logistic regression. Dementia and AD are considered rare
diseases, therefore the odds ratios were used to estimate the risk of
disease by IR status. Logistic regression analyses were performed as
crude and adjusted for possible confounders.

In addition to the unadjusted model, three adjusted models were
examined: the first model included age, BMI, alcohol, change in total
cholesterol and smoking; the second model included variables form
model one and prevalent hypertension; the third model utilized WC
instead of BMI.

3. Results

The baseline characteristics of study population are shown in Tables
1 and 2.

Of the 1544 subjects with complete information at baseline, a total
of 132 developed dementia, of which 80 was AD. Subjects divided by
HOMA status significantly differed by age, BMI and prevalent hy-
pertension status. Differences between McAuley index status reflected
those found using HOMA. Additionally, smoking status, and incident
dementia status and incident AD also differed by McAuley and
Combined indices. Subjects who were diagnosed with dementia were
significantly older and had lower BMI; differed by IR using the McAuley
and Combined indices. AD subjects were significantly older than non-
AD subjects, and also differed by their IR status (McAuley and
Combined indices).

In unadjusted logistic regression models, IR subjects had decreased
odds of dementia by both the McAuley index (OR 0.53 95%CI
0.35-0.80) and the Combined index (OR 0.58 95%CI 0.38-0.87)
(Table 3). Subjects who were IR by both McAuley and Combined in-
dices saw a significant reduction in odds of incident AD [43].

After adjusting for potential confounders, including prevalent hy-
pertension, the observed inverse association for dementia remained
statistically significant for subjects who were IR by the McAuley index
(Table 3). In the final adjusted models, regardless of IR index, subjects
who were older had at least a 15% increased odds for dementia and AD.
Subjects with the APOE €4 allele had an increased odds of dementia (OR
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Table 1
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Selected characteristics of Participants by Insulin Resistance status determined by HOMA index, McAuley index, and the Combined index: The Kuakini Honolulu-Asia

Aging Study.

Variables HOMA McAuley Combined
Yes No P-Value Yes No P-Value Yes No P-Value

N = 1544 950 (61.5%) 594 (38.5%) N/A 578 (37.4%) 966 (62.6%) N/A 550 (35.6%)4 994 (65.4%) N/A
Age (years) 76.8 = 3.7 77.4 = 3.9 0.001 76.6 = 3.6 77.2 = 3.9 0.001 76.6 = 3.6 77.2 = 3.9 0.006
APOE ¢4 Yes 169 (17.8%) 105 (17.7%)  0.96 112 (19.4%) 162 (16.8%) 0.19 109 (19.8%) 165 (16.6%)  0.11
BMI at Exam 4 245 *+ 2.8 22.0 = 2.6 < 0.0001 25.0 + 2.8 22.8 = 2.8 <0.0001 25.1 = 2.8 22.8 = 2.8 < 0.0001
Waist circumference at Exam 4 88.5 = 7.8 81.7 = 7.3 < 0.0001 899 76 835 = 7.8 < 0.0001 90.1 = 7.6 83.6 = 7.8 < 0.0001
Prevalent Hypertension ~ Yes 722 (76.0%) 384 (64.7%) < 0.0001 453 (78.4%) 653 (67.6%) < 0.0001 432 (78.6%) 672 (67.8%) < 0.0001
Prevalent CHD Yes 166 (17.5%) 89 (15.0%) 0.20 107 (18.5%) 148 (15.3%) 0.10 106 (19.3%) 149 (15.0%) 0.03
Change in total cholesterol 243 + 351 233 + 360 0.58 242 + 365 23.8 + 348 0.86 24.2 *+ 36.2 23.8 + 350 0.83
Smoking Current 307 (32.3%) 173(29.1%) 0.21 210 (36.3%) 270 (28.0%)  0.001 203 (36.9%) 277 (27.9%)  0.001

Past 305 (32.1%) 186 (31.3%) 179 (31.0%) 312 (32.3%) 166 (30.2%) 325 (32.7%)

Never 338 (35.6%) 235 (39.6%) 189 (32.7%) 384 (39.7%) 181 (32.9%) 392 (39.4%)
Alcohol (Exam 4) >3 a day 159 (16.7%) 103 (17.3%)  0.37 96 (16.6%) 166 (17.2%)  0.82 90 (17.4%) 172 (17.3%)  0.73

1to2aday 298 (31.4%) 209 (35.2%) 186 (32.2%) 321 (33.2%) 176 (32.0%) 331 (33.2%)

<1 aday 90 (9.5%) 52 (8.8%) 58 (10.0%) 84 (8.7%) 56 (10.2%) 86 (8.7%)

Non-Drinker 403 (42.4%) 230 (38.7%) 238 (41.2%) 395 (40.9%) 228 (41.4%) 405 (40.8%)
Incident dementia Yes 71 (7.5%) 61 (10.3%) 0.06 33 (5.7%) 99 (10.3%) 0.002 33 (6.0%) 99 (10.0%) 0.008
Incident AD Yes 42 (4.4%) 38 (6.4%) 0.09 20 (3.5%) 60 (6.2%) 0.02 20 (3.6%) 60 (6.0%) 0.04

1.21 95%CI 0.78-1.89) and AD (OR 1.07 95%CI 0.60-1.90).

The inverse relationship between IR and incident dementia re-
mained after stratification by presence of the APOE &4 allele, hy-
pertension, or CHD (Table 4). Additionally, stratification by those same
variables did not change the relationship between IR and incident AD,
except when stratifying by CHD. Among subjects with CHD, those who
were IR had increased odds of AD. However, the OR estimates for
Table 5 are not statistically significant due to the small number of cases
within the strata.

4. Discussion

This is the first study that looks at possibility of later-life IR as a risk
factor for incident AD and dementia, using two distinct insulin re-
sistance indices. Our data shows an inverse relationship between IR and
AD, using either of the two IR indices. These results conflict with a
previous study in the Kuakini HAAS that looked at fasting insulin and
incident dementia where a U shaped distribution of dementia cases by
fasting insulin level was reported [44]. However, subjects with extreme
levels of fasting insulin were included in that study, which may have
contributed to the right side of their U shaped curve. Consequently, all

Table 2

subjects with extreme fasting insulin levels were eliminated from our
study cohort. Our findings did not show any non-linear association
between IR and incident AD or incident dementia.

Studies investigating the association between IR and AD are less
common. A cross-sectional study conducted in Hisayama, Japan found
that IR subjects had a 64% increased odds of having neuritic plaques
[45] while another cross-sectional study showed greater odds of AD in
subjects with higher fasting insulin levels [46]. Three longitudinal
studies looking at IR and AD had mixed results. Subjects with IR in the
Rotterdam Study had a higher risk of AD up to three years after base-
line. However, that association no longer remained in subsequent ex-
aminations after 3 years [14]. The Uppsala Longitudinal Study of Adult
Men found that IR was associated with AD only in subjects with the
APOE ¢4 allele [15]. The Baltimore Longitudinal Study of Aging utilized
autopsies to identify AD cases and no association was found between
HOMA and AD [47].

Our findings of an inverse relationship between IR and AD may be
explained by a couple of theories. It is widely accepted that the brain
houses many IRec and IGF. Brain insulin signaling results in autopho-
sphorylation of the IRec and triggers downstream tyrosine kinase
pathways which have been shown to affect synaptic plasticity [11].

Selected characteristics of Participants by incident Alzheimer's disease and dementia status: The Kuakini Honolulu-Asia Aging Study.

Variables Dementia Alzheimer's disease
Yes No P-Value Yes No P-Value

N = 1544 132 (8.5%) 1412 (91.5%) N/A 80 (5.2%) 1464 (94.8%) N/A
Age (years) 79.3 = 4.3 76.8 = 3.7 < 0.0001 79.5 = 4.4 76.9 = 3.7 < 0.0001
APOE €4 Yes 27 (20.5%) 247 (17.5%) 0.39 15 (18.8%) 259 (17.7%) 0.80
BMI at Exam 4 229 = 3.1 23.7 = 3.0 0.001 23.0 = 29 23.6 = 3.0 0.05
Waist circumference at Exam 4 84.4 = 8.6 86.1 = 8.3 0.025 84.6 = 8.9 86.0 = 8.3 0.14
Prevalent hypertension Yes 103 (78.0%) 1003 (71.0%) 0.08 59 (73.8%) 1047 (71.5%) 0.67
Prevalent CHD Yes 22 (16.7%) 233 (16.5%) 0.20 10 (12.5%) 245 (16.7%) 0.32
Change in total cholesterol 26.4 = 33.0 23.7 = 35.6 0.41 23.4 = 334 24.0 = 35.5 0.89
Smoking Current 34 (25.8%) 446 (31.6%) 0.15 21 (26.3%) 459 (31.4%) 0.32

Past 39 (29.5%) 452 (32.0%) 23 (28.7%) 468 (32.0%)

Never 59 (44.7%) 514 (36.4%) 36 (45.0%) 537 (36.6%)
Alcohol (Exam 4) >3 a day 21 (15.9%) 241 (17.1%) 0.53 16 (20.0%) 246 (16.8%) 0.41

1 to 2 a day 50 (37.9%) 457 (32.4%) 30 (37.5%) 477 (32.6%)

<1 aday 9 (6.8%) 133 (9.4%) 4 (5.0%) 138 (9.4%)

Non-Drinker 52 (39.4%) 581 (41.2%) 30 (37.5%) 603 (41.2%)
IR (HOMA) Yes 71 (53.8%) 879 (62.3%) 0.06 42 (52.5%) 908 (62.0%) 0.09
IR (McAuley) Yes 33 (25.0%) 545 (38.7%) 0.002 20 (25.0%) 558 (39.1%) 0.02
IR (Combined) Yes 33 (25.0%) 517 (36.6%) 0.008 20 (25.0%) 530 (36.2%) 0.04
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Table 3
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Estimated adjusted associations (Odds Ratios (OR) and 95% confidence intervals (CI)) of incident dementia by insulin resistance status using the HOMA/McAuley/

Combined indices: results of multivariable logistic regression analysis.

Insulin resistance (IR) IR status No. of No. of dementia Unadjusted odds ratios Model 17 odds ratio Model 2° odds ratio Model 3¢ odds ratio

index subjects cases (95% CI) (95% CI) 95% CI) (95% CI)

HOMA Yes 950 71 0.71 (0.49-1.01) 0.86 (0.57-1.29) 0.84 (0.56-1.26) 0.83 (0.55-1.23)
No 594 61 Referent Referent Referent Referent

McAuley Yes 578 33 0.53 (0.35-0.80) 0.61 (0.39-0.94) 0.59 (0.38-0.92) 0.58 (0.37-0.91)
No 966 99 Referent Referent Referent Referent

Combined Yes 550 33 0.58 (0.38-0.87) 0.66 (0.42-1.03) 0.65 (0.41-1.01) 0.64 (0.41-1.0)
No 994 99 Referent Referent Referent Referent

2 Analyses were adjusted for age, BMI, smoking, alcohol, change in total cholesterol.
b Analyses were adjusted for age, BMI, smoking, alcohol, change in total cholesterol, prevalent hypertension at Exam 4.
¢ Analyses were adjusted for age, WC, smoking, alcohol, change in total cholesterol, prevalent hypertension at Exam 4.

Table 4

Estimated adjusted associations (Odds Ratios (OR) and 95% confidence inter-
vals (CD)) of incident dementia by insulin resistance status using the Combined
index: results of stratified multivariable logistic regression analysis by APOE ¢4,
hypertension, and coronary heart disease.

No of
cases

Stratified variables IR status Adjusted odds

ratios” (95% CI)

APOE €4 Yes (n = 274) Yes (n =109) 8 0.70 (0.27-1.85)
No (n=165) 19 Referent

No (n =1270) Yes (n =421) 25 0.63 (0.38-1.04)
No (n=829) 80 Referent

Hypertension Yes (n = 1106) Yes (n = 432) 30 0.70 (0.43-1.13)
No(n=674) 73 Referent

No (n = 438) Yes (n =118) 3 0.39 (0.11-1.47)
No (n=320) 26 Referent

Coronary heart Yes (n = 255) Yes (n =106) 6 0.58 (0.20-1.70)
disease No(n=149) 16 Referent

No (n = 1289) Yes (n =444) 27 0.67 (0.41-1.09)
Yes (n = 845) 83 Referent

2 Analyses were adjusted for age, BMI, smoking, alcohol, change in total
cholesterol.

Table 5

Estimated adjusted associations (Odds Ratios (OR) and 95% confidence inter-
vals (CI)) of Alzheimer's disease by insulin resistance status using the Combined
index: results of stratified multivariable logistic regression analysis by APOE &4,
hypertension, and coronary Heart Disease.

No of
cases

Stratified variables IR status Adjusted odds

ratios” (95% CI)

APOE g4 Yes (n = 274) Yes (n=109) 5 0.79 (0.23-2.74)
No (n=165) 10 Referent

No (n =1270) Yes (n=441) 15 0.63 (0.33-1.19)
No (n=829) 50 Referent

Hypertension Yes (n =1106) Yes (n =432) 18 0.79 (0.43-1.46)
No (n=674) 41 Referent

No (n = 438) Yes (n =118) 2 0.30 (0.06-1.47)
No (n=320) 19 Referent

Coronary heart Yes (n = 253) Yes (n =106) 4 1.40 (0.32-6.14)
disease No(n=149) 6 Referent

No (n =1289) Yes (n=444) 16 0.58 (0.32-1.08)
No (n =845) 54 Referent

@ Analyses were adjusted for age, BMI, smoking, alcohol, change in total
cholesterol.

Impaired insulin signaling in the brain is most strongly thought to affect
the formation of Tau NFTs, aggregation of ABpp and AP, presence of
oxidative stress, endoplasmic reticulum (ER) stress, and metabolic
dysfunction [12,48-53]. However, these conditions exist after many
years of IR conditions. Our restriction of this study cohort by elim-
inating prevalent type 2 diabetics limits studying the effect of long term
insulin resistance. Exams 4 and 5 were separated by 3 years, which may
prove to be insufficient time for IR to negatively affect insulin signaling
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in the brain.

But this short term state of hyperinsulemia can provide a short term
positive effect on memory and brain function. Insulin signaling in the
brain declines with advanced age [54]. Craft et al. showed increased
performance in memory tests in slightly demented AD patients in an
induced hyperinsulemic state through intravenous injection of insulin
[55]. Intra-nasal administration of insulin has also resulted in sig-
nificant memory improvement [56]. This suggested the protective ef-
fect of hyperinsulimia might explain why our IR subjects who were free
of diabetes had an even lower OR of incident dementia and incident AD.

Similar situations with mid and late life cholesterol, blood pressure,
and BMI occur where higher later life levels of those three risk factors
are actually protective for AD and dementia [57,58]. Therefore, hy-
perinsulemia and short term IR may actually be an indicator of better
health status in the elderly. Fujita et al. showed hyperinsulemia is ne-
cessary to stimulate skeletal muscle protein anabolism in the elderly
[59]. Similarly, elevated blood pressure in midlife is considered a risk
factor for dementia, yet blood pressure was lower in demented patients
in older life than non-demented Japanese-American men [32]. Ad-
ditionally, in a study of the oldest-old, patients who developed hy-
pertension between 80 and 89 years of age had a lower dementia risk
(HR 0.58 95% CI 0.34-0.98) compared to subjects without hyperten-
sion [60].

Our subjects with the APOE ¢4 allele had a 15% increase in odds of
dementia and AD, confirming results from previous studies that carriers
of the APOE ¢4 allele are at greater risk of dementia and AD [61,62].
After stratification by APOE ¢4, subjects who did not have the APOE &4
allele had odds ratios that were higher than those who did have the
APOE ¢4 allele (Combined Index), however both OR were still < 1. A
study conducted by Peila et al. [44] in the Kuakini HHP found that
subjects with both type 2 diabetes and the APOE ¢4 allele had increased
risk for AD (RR 5.5 95% CI 2.2-13.7). The existence of contradictory
results show that further research is needed [15,21,63]. Recent studies
are showing a lack of interaction between IR and the APOE &4 allele.
Ragogna et al. [64] concluded no relationship between IR, using mul-
tiple IR indices, and APOE e4. Schrijvers et al. [14] did not find a
multiplicative nor an additive interaction between HOMA and APOE &4,
and a study by Willette et al. [65] failed to find significant interaction
between HOMA and the APOE ¢4 allele.

This study has some important strengths. First, the Kuakini HAAS
was restricted to men of the same age and ethnicity, which reduced
confounding by age, disease, sex-related factors and genetic factors.
While recall bias is still possible, the longitudinal nature of this study
decreases the chances of recall bias. Unlike previous studies that used
HOMA and fasting insulin as indicators of IR, this study utilized the
McAuley Index. The McAuley Index is the IR index best suited for
epidemiological studies and this was the first use of the McAuley Index
to examine IR and incident AD and dementia in a Japanese population
[27]. While HOMA and fasting insulin are easily calculated, those in-
dices do not account for triglyceride levels. Elevated triglycerides is one
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of the criterion for the Metabolic Syndrome (MetS), and MetS is asso-
ciated with increased risk of AD [66,67]. The McAuley index is the only
IR index that uses triglyceride levels, and allows for the adjustment for
the effect of triglycerides on AD.

4.1. Limitations

Some limitations exist in this study. Unfortunately, repeated mea-
surements of IR were not available during subsequent cognitive ex-
aminations. It is possible for subjects with IR to revert back to normal
levels, which may affect the odds estimates. Of the 1544 patients at
exam 4 who were not diabetic, only 39 (2.5%) patients were diagnosed
with diabetes three years later during examination 5. Also, we lacked
the samples needed to study midlife effects of IR on AD to confirm
whether a difference exists between effects of midlife IR and later-life IR
on AD. Although recall bias was greatly minimized due to IR classifi-
cation using results from laboratory testing, recall bias is still possible
regarding alcohol and smoking history. The use of midlife smoking
status limits the effect of non-differential misclassification of AD and
dementiaMisclassification of Alcohol consumption at exam 4 would
also be non-differential with respect to AD and dementia status. Future
studies would benefit from using cotinine and alcohol specific bio-
markers to more accurately determine smoking and alcohol usage.
While the restrictions by age, ethnicity and gender reduces con-
founding, this also limits the generalizability of this study. Additionally,
the possibility of survival bias also exists, but because of the closeness in
age range within our subjects, stratification by age was not feasible.

The use of systemic IR as a proxy for brain IR must be mentioned as
a possible limitation. While a direct causal relationship between sys-
temic and brain IR has not yet been determined, prior studies have
shown that systemic IR does affect the flow of insulin into the brain via
the blood brain barrier, affecting downstream insulin signaling [68].
Finally, while a previous study confirming clinical AD diagnosis with
autopsys analysis found 65% of clinically diagnosed AD cases had
sufficient NP to meet neuropathological criteria in the Kuakini HAAS,
the possibility of misclassification exists.

Further studies are required to elucidate the relationship between
late-life IR and incident AD and dementia and compare them to our
understanding of midlife IR and AD. In the future, the use of multiple IR
indices, including the McAuley Index, may provide increased accuracy
in determining IR status.
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