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IMPORTANCE The causes of late-onset Alzheimer disease (AD) are not yet understood but

likely include a combination of genetic, environmental, and lifestyle factors. Limited

epidemiological studies suggest that occupational pesticide exposures are associated with

AD. Previously, we reported that serum levels of dichlorodiphenyldichloroethylene (DDE), the

metabolite of the pesticide dichlorodiphenyltrichloroethane (DDT), were elevated in a small

number of patients with AD (n=20).

OBJECTIVE To evaluate the association between serum levels of DDE and AD and whether

the apolipoprotein E (APOE) genotypemodifies the association.

DESIGN, SETTING, AND PARTICIPANTS A case-control study consisting of existing samples from

patients with AD and control participants from the Emory University Alzheimer’s Disease

Research Center and the University of Texas Southwestern Medical School’s Alzheimer’s

Disease Center. Serum levels of DDEweremeasured in 79 control and 86 AD cases.

MAIN OUTCOMES ANDMEASURES SerumDDE levels, AD diagnosis, severity of ADmeasured

by theMini-Mental State Examination score, and interaction with APOE4 status.

RESULTS Levels of DDEwere 3.8-fold higher in the serum of those with AD (mean [SEM],

2.64 [0.35] ng/mg cholesterol) when compared with control participants (mean [SEM], 0.69

[0.1] ng/mg cholesterol; P < .001). The highest tertile of DDE levels was associated with an

odds ratio of 4.18 for increased risk for AD (95% CI, 2.54-5.82; P < .001) and lower

Mini-Mental State Examination scores (−1.605; range, −3.095 to −0.114; P < .0001). The

Mini-Mental State Examination scores in the highest tertile of DDEwere −1.753 points lower in

the subpopulation carrying an APOE ε4 allele compared with those carrying an APOE ε3 allele

(P interaction = .04). Serum levels of DDEwere highly correlated with brain levels of DDE

(ρ = 0.95). Exposure of human neuroblastoma cells to DDT or DDE increased levels of

amyloid precursor protein.

CONCLUSIONS AND RELEVANCE Elevated serumDDE levels are associated with an increased

risk for AD and carriers of an APOE4 ε4 allele may bemore susceptible to the effects of DDE.

Both DDT and DDE increase amyloid precursor protein levels, providing mechanistic

plausibility for the association of DDE exposure with AD. Identifying people who have

elevated levels of DDE and carry an APOE ε4 allele may lead to early identification of some

cases of AD.

JAMA Neurol. doi:10.1001/jamaneurol.2013.6030

Published online January 27, 2014.

Editorial

Supplemental content at

jamaneurology.com

Author Affiliations:Author

affiliations are listed at the end of this

article.

Corresponding Author: Jason R.

Richardson, PhD, Department of

Environmental and Occupational

Medicine, Rutgers Robert Wood

JohnsonMedical School and

Environmental and Occupational

Health Sciences Institute, 170

Frelinghuysen Road, EOHSI 340,

Piscataway, NJ 08854

(jricha3@eohsi.rutgers.edu).

Research

Original Investigation

E1

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archneur.jamanetwork.com/ by David Perlmutter on 01/28/2014



Copyright 2014 American Medical Association. All rights reserved.

A
lzheimer disease (AD) is the most common neurode-

generative disease worldwide and cases are expected

to increase 3-fold over the next 40 years.1 The most

common formofAD is the late-onset form,which typicallyde-

velops after 60 years of age. The etiological factors of late-

onset AD are not yet completely understood but include ge-

netic, environmental, and lifestyle factors that influence a

person’s risk for developing the disease.2 Although there is a

growing list of AD susceptibility genes, only having an apoli-

poproteinE4 (APOE4) allelehas a relatively strongeffect (rela-

tive risk approximately 2-3), and, cumulatively, themore than

10 genes identified thus far account for only less than half of

AD cases.3 To our knowledge, few studies have explored the

potential of environmental exposures to contribute to

AD, but occupational exposure to metals, solvents, and

pesticide is reported to be a potential environmental con-

tributor.4,5 Previously, we reported that serum levels of

p,p’-dichlorodiphenyldichloroethylene (DDE), a metabolite

of the organochlorine pesticide dichlorodiphenyltrichloro-

ethane (DDT), were significantly higher in a small cohort

(n = 20) of patients with AD compared with control partici-

pants, and that there was a significant association between

DDE levels and a diagnosis of AD.6 In the present study, we

evaluated the associations between serum DDE levels, AD,

and Mini-Mental State Examination (MMSE) scores in a

larger number of cases and control participants from 2 geo-

graphical sites, and we explored differential susceptibility

by APOE4 genotype status. We also examined the relation-

ship between brain and serum levels of DDE and whether

DDT or DDE alters the expression of the amyloid precursor

protein (APP) in cultured neuronal cells.

Methods

Study Population

Existing serum samples were obtained from control partici-

pants andpatientswithADwhowere evaluated in theAlzhei-

mer’s Disease Research Centers at the University of Texas

Southwestern Medical Center (UTSW) and Emory University

between 2002 and 2008. Participants who provided samples

were diagnosed and assigned to AD or normal control groups

based on consensus diagnosis. Normal control participants

were determined tohavenormal neurological/clinical exami-

nations andneuropsychological functioning findings on stan-

dardized testing. The inclusion criteria were as follows: (1)

MMSEscoreof28 to30 for thecontrolparticipants, (2)nostruc-

tural brain abnormalities indicated by magnetic resonance

imaging; and/or (3) normal general neurological examina-

tion; and (4)normalConsortiumtoEstablishaRegistry forAlz-

heimer’s Disease battery results. Patients with ADwere diag-

nosed by applying National Institute of Neurological and

Communicative Disorders–Alzheimer’s Disease and Related

Disorders Association criteria for probable AD based on neu-

rological and neuropsychological examination results, brain

imaging, and laboratory assessments to rule out other causes

of dementia at both UTSW and Emory University. Blood

samples for serum preparation and genotyping were gener-

ally takenat enrollment alongwithMMSE.All participantshad

APOE genotypedetermined by standardTaqManpolymerase

chain reaction.

Data from 43 control samples and 20 AD samples from

UTSWreported inour first studywere includedinthisanalysis.6

An additional 11 control and 41 AD samples were provided by

UTSW, and 25 control and 25 AD samples were provided by

EmoryUniversity.Serumsampleswererandomlyselectedfrom

existing samples collected between 2002 and 2008, and an

attemptwasmade tomatch these basedonage, sex, and race/

ethnicity.

MatchedbrainandserumsamplesofpatientswithADwere

obtained from the Alzheimer’s Disease Center atWashington

University to determine whether serum levels of DDE corre-

latedwith brain levels. All samples (n = 11; average age = 85.7

years) were from patients diagnosed as having AD by Na-

tional InstituteofNeurological andCommunicativeDisorders–

Alzheimer’s Disease and Related Disorders Association crite-

ria and verified histopathologically following death. Blood

samples were taken an average of 193 days before death and

brain sampleswere obtained after an average postmortem in-

terval of 12 hours.

The institutional reviewboardsofUTSW,WashingtonUni-

versity,EmoryUniversity, and theRobertWoodJohnsonMedi-

cal School approved all of the protocols and procedures. All

participants reviewed and signedwritten approved informed

consent documents.

Assessment of Pesticide Levels

Serum DDE levels were determined by gas chromatography/

mass spectrometry, as described previously,6,7 and ex-

pressed in terms of free cholesterol levels. The limit of detec-

tion forDDEwasapproximately 100pg/mL.Forbrainpesticide

determination, approximately 150mgof temporal cortexwas

sonicated in a 1:1mixture of acetone and hexane containing 5

μLof an internal standard (4-4’-DDT 13C, 1mg/mL). Following

an overnight incubation, the sample was centrifuged for 10

minutes at 3500 rpm and supernatant removed. The extrac-

tion procedure was repeated 4 times and the extract reduced

by evaporation under nitrogen. The dried residue was recon-

stituted in acetone:hexane and applied to a solid-phase ex-

traction column containing 5 g of Florisil and 1.5 g of anhy-

drous sodium sulfate preconditioned with 8 mL of hexane.

Analytes were eluted with methyl tert-butyl ether, evapo-

rated to dryness, and reconstituted in 1.8 mL of hexane for

GC/MS analysis, as described previously.6,7

In Vitro Exposure to DDT/DDE and Analysis of APP Levels

SH-SY5Y cells (ATCC) were differentiated by reducing serum

concentration to 1% and the addition of 1 μM retinoic acid to

culturemedia. Cells were then exposed to DDE or DDT for 48

hours, washed with phosphate-buffered saline, and fixed in

4% paraformaldehyde. Cells were incubated with anti-APP

(SigmaAldrich) andMAP2 (Millipore) primary antibodies, fol-

lowed by species-appropriate fluorescently labeled second-

ary antibodies (Jackson Laboratories). Images were captured

on a Zeiss Observer D1 microscope (Zeiss Inc) with an X-Cite

series 120Qfluorescent illuminator andaJenoptik camerawith
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ProgRes CapturePro 2.8 software (Jenoptik). Optical density

per intensity of fluorescence against APP stain was quanti-

fied in individual cells using Image-Pro Plus 7.0 software (Me-

diaCybernetics Inc).Datawere calculatedasmean (SEM)den-

sity/intensity from3 individual experiments, eachperformed

in triplicate, and data calculated as the percentage of control.

Statistical Analyses

All analyseswere conductedwith SAS software version9 (SAS

Institute Inc)orStataversion12.Weusednonparametric analy-

sis of variance (Kruskal-Wallis) for bivariate analysis to ex-

plore the association betweenDDE, AD, and other covariates.

Correlations between serum and brain levels of DDEwere ex-

amined using the Pearson correlation coefficient.

Unconditional logistic regression, controlling for age, sex,

and location,wasused to estimate odds ratios (ORs) and their

95%CIs for the associationbetween serumDDE levels andAD

diagnosis in the UTSW and Emory study locations. General-

ized estimating equationswereused todetermine the odds of

having AD or decrease in MMSE score per tertile of DDE level

in the full study population, controlling for age, sex, race/

ethnicity, education, and APOE genotype and accounting for

location. Confounders were selected on the basis of biologi-

cal plausibility and 10%change ineffect estimate. For samples

with nondetectable levels of DDE (n=46), we imputed a value

equal to half the limit of detection (0.075 ng/mL), as de-

scribed by Lubin and colleagues8 and corrected for choles-

terol levels. Regression analysis including the nondetects as

zerovaluedidnot significantly change theORestimate. Toex-

plore whether the presence of an ε4 allele of APOEmodified

theassociationbetweenDDElevelsandMMSEscores,weeither

stratified the data by genotype or used an interaction model

(DDE*APOE4) with generalized estimating equations.

Results

Baseline characteristics of the cohort are shown in Table 1.

Therewere a total of 165 samples representing 79 control and

86ADcases.Thecohort comprised94womenand71men,with

womencomprising60%of thecontrol and55%of theADcases.

Thepresenceofat least 1APOE4allelewas found in35%ofcon-

trol and 65% of AD cases.

Dichlorodiphenyldichloroethylene (DDE)wasdetected in

70% of control and 80% of AD cases (Table 1), withmean lev-

els 3.8-foldhigher in the serumofADcases (mean [SEM], 2.64

[0.35] ng/mg cholesterol) comparedwith control participants

(mean [SEM], 0.69 [0.1] ng/mg cholesterol;P < .001;Figure 1).

No other organochlorine pesticide besides DDEwas found to

be elevated in AD samples compared with control partici-

pants (data not shown). The association between serumDDE

levels and AD is presented in Table 2. Levels of DDE were di-

vided into tertiles, with the nondetects designated at half the

limit of detection, and the OR was estimated using general-

ized estimating equations and corrected for age, sex, race/

ethnicity, and location. Comparedwith the first tertile, theOR

for AD diagnosis in the third tertile of DDE level was signifi-

cantly increased (OR, 4.18; 95% CI, 2.54-5.82; P < .0001). The

presence of an APOE ε4 allele alone was associated with in-

creasedADdiagnosis (OR, 3.70; 95%CI, 2.97-4.60; P < .0001).

However, adjustment for APOE genotype did not signifi-

cantly alter the association between DDE levels and AD diag-

nosis (Table 2). Furthermore, DDE levels did not differ based

onAPOE genotype (data not shown). To explore the potential

influence of nondetects of DDE on AD diagnosis, we per-

formed a sensitivity analysis by comparing the highest tertile

ofDDEagainst thenondetects and comparing thehighest ter-

tile against the lowest tertile when nondetects were ex-

cluded. Similar ORs to our original analysis were observed

(eTable 1 in Supplement). Likewise, similar ORs were ob-

Table 1. Description of the Study Population

Characteristic
Control
(n=79)

AD
(n=86)

Age, mean (SD), y 70.2 (8.8) 74.1 (8.4)

Sex, No. (%)

Female 47 (59.5) 47 (54.7)

Male 32 (40.5) 39 (45.3)

Race/ethnicity, No. (%)

White 69 (87.3) 79 (91.9)

African American 10 (12.7) 7 (8.1)

Family history, No. (%) 30 (38.0) 42 (48.8)

Education, mean (SD), y 15.6 (2.4) 14 (3.5)

MMSE score, mean (SD) 28.9 (1.7) 18.9 (8.1)

APOE, No. (%)

ε4 positive 28 (35.4) 56 (65.1)

ε4 negative 51 (64.6) 30 (34.9)

Site, No. (%)

UTSW 54 (68.4) 61 (70.9)

Emory 25 (31.6) 25 (29.1)

DDE nondetects 24 (30.4) 17 (19.8)

Abbreviations: AD, Alzheimer disease; APOE, apolipoprotein E;

DDE, dichlorodiphenyldichloroethylene; MMSE, Mini-Mental State

Examination; UTSW, University of Texas Southwestern Medical Center.

Figure 1. Serum Levels of Dichlorodiphenyldichloroethylene (DDE)
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Serum levels of DDE are elevated in Alzheimer disease (AD). Data were pooled

fromUniversity of Texas Southwestern Medical Center and Emory University.

Levels of DDE are significantly higher in patients with AD (mean [SEM], 2.64

[0.35]) vs control participants (mean [SEM], 0.69 [0.10]; P < .001).
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servedwhen thenondetectswereassignedavalueof zero (OR,

3.60; 95% CI, 1.23-10.57; P < .001).

Mini-Mental State Examination scores were significantly

lower in the highest DDE tertile (−0.841; 95% CI, −1.604 to

−0.079; P = .03) (Table 3). Sensitivity analysis demonstrated

that excluding nondetects (−1.605; 95% CI, −3.095 to −0.114;

P = .04) or designating nondetects as zero (−2.628; 95% CI,

−5.363 to 0.107; P = .06) resulted in similar effect estimates

(eTable 2 in Supplement). There was a significant interaction

betweenAPOE status and DDE levels, where theMMSE score

in thosewithanε4allele andDDE levels in the third tertile (OR,

−1.6995; 95% CI, −3.293 to −0.106; P = .04) was significantly

lower (P interaction = .04) comparedwith thosewithout anε4

allele (OR, −0.5272; 95% CI, −0.623 to −0.432); P < .0001). Se-

rum DDE levels did not differ by genotype, suggesting this is

a functional interaction.

To determine the relationship between serum and brain

levels of DDE, we measured DDE in 11 matched brain and se-

rum samples frompatientswith AD collected from theWash-

ington University Alzheimer’s Disease Center. For these

samples, the serum samples were taken within a year before

death and collection of brain tissue.Mean (SEM) serum levels

of DDE were 2.69 (0.75) ng/mg cholesterol and were not sig-

nificantlydifferent fromandhighlycorrelatedwithmean(SEM)

brain levels (1.89 [0.46] ng/mg cholesterol; ρ = 0.95; eFigure

in Supplement).

Finally, we sought to determine whether DDE, or its par-

ent compoundDDT, has amechanistic associationwithAD. A

recent study reported that altered network activity in a trans-

genic AD model, the APP overexpressing mouse, was associ-

ated with altered sodium channels.9 Because sodium chan-

nels are themolecular target of DDT and APP overexpression

is a causative factor inAD,10wehypothesized thatDDTorDDE

would increaseAPP levels. Todetermine this,weexposedcul-

tured neuronal cells and measured the levels of APP, whose

genetic overexpression is a risk factor for AD. Exposure of dif-

ferentiated SY5Y cells to 1-μM DDE or DDT for 48 hours sig-

nificantly increased APP levels by almost 50% (Figure 2).

Discussion

Few studies to date have explored the potential for environ-

mental exposures to contribute to AD. Here, we demon-

strated that serum levels ofDDE, themetabolite of theorgano-

chlorine pesticide DDT, are associatedwith AD diagnosis and

AD severity, as assessed by MMSE. Furthermore, serum DDE

levels in the third tertile and the presence of an APOE ε4 al-

lele resulted in evengreater cognitive impairment. Finally,we

demonstrated that concentrations ofDDEand its parent com-

poundDDT, similar to those observed in highly exposed indi-

viduals in the general population of the United States,11,12 in-

creasedAPP levels in culturedneuronal cells. Together, these

data identify DDT/DDE exposure as an environmental risk

factor for AD.

Dichlorodiphenyltrichloroethane (DDT) was extensively

used from the 1940s through 1972 in theUnited States both in

agriculture as a broad-spectrum insecticide and for control of

vector-borne diseases including malaria. Although DDT un-

doubtedly led to major public health victories, the Environ-

mental ProtectionAgencybanned theuseofDDT in theUnited

States in 1972 because of concerns regarding its environmen-

tal persistence and potential effects onwildlife. At its peak in

1962, production of DDT in the United States was approxi-

mately82millionkg.13Currently, several countries around the

world continue to use DDT legally and illegally for agricul-

tural purposes, and it is an ingredient in the pesticideDicofol.

Although controversial, the World Health Organization14,15

Table 3.APOE4 PolymorphismModifies the Association Between DDE andMMSE Scoresa

MMSE β (95% CI) P Value
P Value for
Interaction

Independent effects in main effects model

DDE (3rd tertile vs 1st tertile) −0.84 (−1.60 to −0.08) .03

APOE4 −3.56 (−4.59 to −2.54) <.0001

Effect of DDE by APOE genotype–stratified model

APOE4 −1.70 (−3.29 to −0.11) .04

APOE2/E3 −0.53 (−0.62 to −0.43) <.0001 .04

Interaction model

APOE4 −1.80 (−2.30 to −1.28) <.0001

APOE2/3 −1.75 (−3.40 to −0.11) .04

Abbreviations: APOE, apolipoprotein

E; DDE, dichlorodiphenyldichloroeth-

ylene; MMSE, Mini-Mental State

Examination.

a Controlling for age, sex,

race/ethnicity, education, and

location in themodels.

Table 2. Odds of AD per Tertile of DDEDistribution

Variable

Serum DDE Level, ng/mg Cholesterol/Tertile of Distribution

P Valuea0.09-0.26 0.27-1.64 1.66-18.75

Odds (95% CI) of AD diagnosis
(n=160)

Adjusted for age, sex,
race/ethnicity, and location

1 [Reference] 0.70 (0.19-2.55) 4.18 (2.54-5.82) <.001

Adjusted for age, sex,
race/ethnicity, location,
and covariatesb

1 [Reference] 0.54 (0.13-2.18) 3.40 (1.70-6.82) <.001

Abbreviations: AD, Alzheimer

disease; DDE, dichlorodiphenyldi-

chloroethylene.

a P value is for the third tertile

compared with the first.

bCovariates include education and

apolipoprotein E status.
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supported reintroduction of DDT for malaria eradication in

2006. Thus, there is still significant exposure of humanpopu-

lations.

Levels ofDDTandDDEhavedecreased significantly in the

environmentover thepast3decades in theUnitedStates.How-

ever, DDE is still found in 75% to 80% of serum samples from

the Centers for Disease Control and Prevention’s cross-

sectionalNationalHealthandNutritionExaminationSurvey.16

This is likely the resultof theexceptionally longhalf-lifeofDDE

(approximately 8-10 years) and continuing exposure from the

import of food from countrieswhere DDT is still used or from

legacy contamination of soil and waterways in the United

States.17TheserumDDEconcentrations reportedhereare con-

sistent with those reported by the National Health andNutri-

tion Examination Survey, with the highest levels in the same

range as observed in the 95th percentile.16 Serum concentra-

tions of DDE are much higher elsewhere in the world where

DDT was phased out later or is still used such as Spain and

India.18,19 Importantly, we also found that serum levels are

highly correlated with brain levels, which has not been re-

ported before, but is consistent with the high correlation be-

tween serumand adipose tissue.20Thus, serum levels appear

to be an accurate surrogate for DDE levels in the brain.

Although DDT exerts its insecticidal activity through dis-

ruption of the nervous system, neither DDT nor DDE are

particularly toxic (rat oral LD50s = 113 and 880 mg/kg,

respectively).21 Indeed, administration of DDT or DDE to hu-

man individuals for up to 18 months did not cause overt

toxicity.22,23 However, chronic exposure to DDT and DDE has

raised concerns about a variety of potential adverse health

effects.13,14,24Unfortunately, to our knowledge, there are few

human studies that have explored the potential neurotoxic-

ity ofDDT/DDE.Cueto andcolleagues23 exposedvolunteers to

3.5 or 35mgDDT per day for 12 to 18months and observed no

effects on neurological function. However, 2 other studies

found that workers engaged in spraying DDT displayed cog-

nitivedysfunction, althoughnomeasurementsofDDTorDDE

were available for either study.25,26 Likewise, a large commu-

nity-based study identified that occupational exposure to or-

ganochlorinepesticideswasassociatedwithdementiaandAD.5

Figure 2. Dichlorodiphenyltrichloroethane (DDT) and Dichlorodiphenyldichloroethylene (DDE) Increase Levels of Amyloid Precursor Protein (APP)

in Differentiated SH-SY5Y Cells

Control p,p’DDT, 1 μM p,p’DDE, 1 μM

MAP-2 MAP-2 MAP-2

APP APP APP

Merge Merge Merge

SY5Y cells were differentiated with retinoic acid and exposed to 1-μM DDT or DDE for 48 hours. Cells were fixed and stained with antimicrotubule-associated

protein–2 (MAP-2) and anti-APP. Original magnification ×20.
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One small study reported that DDT was found more often in

ADbrains (n= 7) comparedwith control participants (n= 14).27

Recently, we found an association of serumDDE levelswith a

diagnosis ofAD in a small pilot study, and another study in In-

dia found higher serum levels of several organochlorine pes-

ticides, including DDE, in patients with AD.6,28 Taken to-

getherwith these studies, our data provide strong support for

a roleofDDT/DDE inAD.However,wequestionedwhether this

association was mechanistically plausible.

TreatmentofSH-SY5YcellswithconcentrationsofDDTand

DDE in the range of concentrations observed in the serum of

humans administered 5 to 20 mg of DDT or DDE for 2 to 6

months,22 in people from an Alabama community with high

levels of DDTexposure from industrial dumping ofDDT11 and

in people residing in a community near a Superfund site in

Maryland,12 resulted in increased levels of APP, suggesting a

possible mechanism for our epidemiological finding.

Our study had a number of strengths including the larg-

est sample size todate for this typeof studyandtheuseofwell-

characterized clinical populations from2different geographi-

cal locations. The sensitivity analysis ensures that the results

were not driven by differences in sampling site or differences

innondetects between cases and control participants. The se-

rum levels of DDE are consistent with thosemost recently re-

portedby theNationalHealth andNutritionExaminationSur-

vey, suggesting that the cases and control participants were

representative of the general populationof theUnitedStates.2

Additionally,weprovideddatademonstrating that serum lev-

els of DDE are highly correlated with brain levels.

There were also limitations to our study. As with our pre-

vious study and one other thatmeasured pesticides in the se-

rumof patientswith AD,wewere limited to studying the per-

sistentorganochlorinepesticides.6,28Thus, thepossibility that

other nonpersistent pesticides, such as organophosphates,5

may contribute to the development of AD in our cohorts can-

not be ruled out. A recent study from India found that in ad-

dition toDDE,dieldrin andβ-hexachlorocyclohexanewere el-

evated in serum samples from patients with AD.28 However,

no detectable levels of dieldrin were found in this study or in

more than 200 human serum samples we analyzed in previ-

ous studies,6,7 and β-hexachlorocyclohexane levels signifi-

cantly decreased in the United States and were not associ-

atedwithADinthis study.7SomepatientswithADinourcohort

(17 of 86) hadnondetectable levels ofDDEand control partici-

pants were present in the top tertile of DDE levels. This sug-

gests that exposure toDDEmaycontribute toADonly in a sub-

set of cases, perhaps those with genetic polymorphisms that

render themmore susceptible to DDT/DDE exposure.

Conclusions

Our findings support epidemiological studies reporting an

association of AD with occupational exposure to organo-

chlorine pesticides5,28,29 and extend them by identifying

DDT/DDE as a specific organochlorine pesticide linked to AD

in a clinical population from the United States. Indeed, the

OR for the association of elevated serum DDE levels with AD

is as high as that for APOE and the recently reported

TREM2.3,30,31 Because elevated DDE levels were associated

with significantly worse MMSE performance and exacer-

bated by the presence of an APOE ε4 allele, measurement of

serum DDE levels accompanied by APOE genotyping might

be a useful clinical measure to identify individuals who may

be at increased risk for AD. The finding that DDT and DDE

increase APP levels in cells provides a mechanistic plausibil-

ity to the association between these exposures and AD. If

elevation of APP by DDT and/or DDE is confirmed in animal

studies and humans, it may provide an avenue for a tar-

geted treatment of individuals with high levels of DDE, such

as beta-site APP-cleaving enzyme inhibitors, to prevent

cleavage of elevated APP to amyloid-β 42.
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