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Abstract

Introduction:AdultswithDownsyndrome (DS) older than40haveAlzheimer’s disease

(AD) neuropathology and high risk for dementia, but little is known about the relation-

ship of sex to AD risk in this population.

Methods:Usingnonparametricmethods andCoxproportional hazardsmodelsweana-

lyzed differences in incidence of dementia, by sex, presence of an apolipoprotein E

(APOE) ε4 or ε2 allele, and dementia duration and decline in 246 adults over 40 with

DS.

Results: There was no significant sex difference in risk of AD or rate of cognitive

decline. APOE ε4 allele significantly increased risk of AD irrespective of sex. No signif-

icant interactions were found between sex and APOE status on AD risk. Among those

who died, dementia duration was significantly longer in women.

Discussion: This study showed no effect of sex nor interaction between sex and APOE

for risk of AD in adults with DS; however, women had longer dementia duration.
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1 BACKGROUND

Adults with Down syndrome (DS) are at high risk for Alzheimer’s

disease (AD) and virtually all adults develop AD-associated neu-

ropathology by 40 years of age.1 In less than a century, life expectancy

for individuals with DS has increased from an average of 12 years2 to

≈ 60 years of age3 and a large increase in AD among adults with DS

can be expected. The high risk of AD in those with DS is thought to be

Alzheimer’s Dement. 2020;12:e12084. wileyonlinelibrary.com/journal/dad2 1 of 8

https://doi.org/10.1002/dad2.12084

mailto:flai@partners.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/dad2
https://doi.org/10.1002/dad2.12084


2 of 8 LAI ET AL.

due to the early and increased deposition of amyloid beta (Aß) in the

brain from overexpression of the gene for the precursor of Aß, which is

triplicated on chromosome 21.4 Although there are neuropathological,

neurochemical, and neurophysiological parallels between AD in adults

with DS and late-onset AD (LOAD) in the neurotypical population,3

themean age of onset of AD is in the early 50s in adults withDS,5,6 two

to three decades earlier than in the general population. In addition,

there is considerable variation in age at onset of dementia in adults

with DS, ranging from under 40 to over 70 years of age,3 suggesting

that factors other than triplication of the gene for the precursor of

Aß may modify risk or affect clinical progression. These factors may

provide potential targets for intervention to delay or prevent onset of

AD.

Major known risk factors for LOAD are age; the presence of an

Apolipoprotein ε4 allele (APOE ε4), which has been associated with

an increased risk for LOAD;7 and sex, where the risk of AD appears

to be greater in women compared to men, independent of the longer

life expectancy for women.8 The literature is inconsistent with respect

to the differential effects of sex on AD, with several studies find-

ing either no difference between men and women in incidence of

AD9 or a significant effect of age and sex on risk of AD, as the inci-

dence of AD is higher in women in the older age range.10,11 Several

lines of investigation have shown a protective role for estrogen in

LOAD12,13 and the loss of estrogen has been identified as an impor-

tant factor in the increased risk of AD in women after menopause.14,15

Sex may also have an effect on rate of cognitive decline after onset

of AD16 and it appears that women with AD have worse cogni-

tive impairment than men at baseline17 and may decline faster.18

A recent review on the differential effect of sex on AD highlights

knowledge gaps in many aspects of risk factors of progression and

biomarkers for AD in the general population and the need for further

study.19

Several risk factors for AD in DS have also been identified, includ-

ing age and the presence of an APOE ε4;20-22 however, much less is

known about the relationship of sex to risk of AD or to rates of pro-

gression in adults with DS, and the few existing reports have been

inconsistent.23,24 One community-based study of ≈ 100 individuals

withDS23 found thatmenhad an earlier onset and an almost three-fold

greater risk for AD than women; however, another similarly powered

study24 found that females had a higher risk for developing AD. Even

less is known about the interaction of these risk factors and risk for AD

in the DS population.

APOE plays a central role in plasma lipoproteinmetabolism and lipid

transport within tissues, binds to the Aβ peptide, and plays a role in

clearing this peptide from the brain.7 TheAPOE ε4 allele has been asso-
ciated with higher levels of total and low-density lipoprotein (LDL)

cholesterol, andwith increased risk for cardiovascular disease and dia-

betes; the APOE ε2 allele has been associated with decreased risk for

AD.25 The presence of an APOE ε4 allele in the neurotypical popula-

tion is not only a risk factor for AD but may also confer greater risk

of AD to women than men.26-28 This interaction may be further modi-

fied by age, as women in the younger age brackets (65–75 years of age)

have greater risk for AD than men.29 Although the effect of the APOE

HIGHLIGHTS

∙ No sex difference inAlzheimer’s disease (AD) risk in adults

with Down syndrome (DS).

∙ Apolipoprotein ε4 increases risk for AD in DS without sex

difference.

∙ Rate of cognitive decline of AD in adults with DS showed

no sex difference.

∙ WomenwithDShave longer durationofAD thanmenwith

DS.

RESEARCH INCONTEXT

1. Systematic review:Alzheimer’s disease (AD) is prevalent

in adults with Down syndrome (DS) with many parallels

with late onset AD (LOAD) in the neurotypical popula-

tion. Careful review of the literature using traditional (eg,

PubMed) sources indicated that sexdifferences in the risk

for AD in DS are not fully understood. Prior studies had a

mix of prevalent and incident cases ofADor had lownum-

bers of participants.

2. Interpretation: Our study of only incident cases of AD

in a large cohort of adults with DS (N = 246) with long

follow-up (≈8.5 years) demonstrates longer duration of

AD in women versus men with DS, but no sex differences

in risk for ADwhile accounting for the role of apolipopro-

tein E (APOE) genotype and other covariates, including

presence of an APOE ε4 allele.
3. Future directions: The role of genetic, hormonal, and

environmental factors on the longer duration of AD in

womenwith DS deserves further investigation.

ε4 haplotype on risk of AD in adults with DS has been confirmed,20-22

the interaction of sex and APOE ε4 in DS has not been studied.

Therefore, a larger study could provide a more reliable determination

of sex-related risk for AD and any sex-related effect of APOE ε4 in indi-
viduals with DS.

In our analysis of a cohort of adults with DS, we address four ques-

tions related to effects of sex, and the presence of an APOE ε4 or ε2
allele, on risk for AD: (1) Is there a sex difference in the risk for devel-

opment of AD? (2) Is there a sex difference in risk for AD in those who

carry the ε4 or ε2 alleles? (3) Is there a sex difference in the duration of
AD? (4) Is there a sex difference in rate of cognitive decline after the

onset of AD?
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TABLE 1 Demographic characteristics of the cohort by dementia
status

Characteristic N (%)

Total

N= 246

Cognitively

stable

N= 91

(37%)

Demented

N= 155

(63%)

Age at first visit: Mean years

(S.D.)

46.7 (5.2) 45.5 (4.8) 47.3 (5.3)*

Sex: N (%)

Male 151 (61.4) 54 (35.8) 97 (64.2)

Female 95 (38.6) 37 (38.9) 58 (61.1)

Level of intellectual disability N (%)

Mild/moderate 150 (61.0) 55 (60.4) 95 (61.3)

Severe/profound 96 (39.0) 36 (39.6) 60 (38.7)

Apolipoprotein genotypes: N

(%)

N= 184 N= 58 N= 126

APOE ε4 allele 38 (20.7) 9 (15.5) 29 (23.0)

APOE ε2 allele 30 (16.3) 9 (15.5) 21(16.7)

Hypothyroidism: N (%) 139 (57.2) 47 (52.8) 92 (59.7)

High cholesterol: N (%) 75 (30.5) 29 (31.6) 46 (29.7)

BMI (SD) 30.2 (6.6) 30.8 (6.6) 30.2 (6.3)

Diabetes: N (%) 8 (3.3) 5 (5.5) 3 (1.9)

*P< .05

Abbreviations: APOE, apolipoprotein E; BMI, bodymass index; SD, standard

deviation.

2 METHODS

2.1 Study population

The study sample consisted of 246 adults with DS 40 years of age and

older, who were selected from among 758 adults who were consecu-

tively evaluated at a Partners Neurology specialty clinic for adults with

DS, where information was collected from both the patients and care

providers or family members. Individuals were excluded from the anal-

ysis if they had a diagnosis of prevalent dementia, were under 40 years

of age at the first visit, had no follow-up visits after the initial visit,

or lacked standardized testing that was used in the determination of

dementia.

The study population was composed of 95 (38.6%) females and 151

(61.4%) males, who were 40 to 66 years old, and nondemented at

the time of the initial visit (mean 46.7 ± 5.2). The 246 participants

were classified into two main groups by level of intellectual disabil-

ity (LID) before the onset of dementia based on IQ scores, histori-

cal designation, or clinical determination to account for the poten-

tial influence of LID on cognitive scores: (1) N = 150 mild/moderate

(IQ 40–70, at least good activities of daily living [ADL] skills, lan-

guage with at least short sentences) and (2) N = 96 severe/profound

(IQ < 40, at least some help needed for ADL skills, language in short

phrases or nonverbal, Table 1). Institutional Review Board approval for

a medical records review was obtained from Massachusetts General

Hospital.

2.2 Clinical assessments

Regular assessments were conducted every 2 years for those 40 to 50

years old if they did not show any decline from the previous assess-

ment, and yearly for those showing some decline from the previ-

ous visit or anyone over 50. The average duration of follow-up for

the study sample was 8.4 ± 4.9 years. Clinical assessments involved

evaluation of: (1) medical status (including risk factors for dementia

such as body mass index [BMI], LID, hypothyroid status, as well as

risk factors for cerebrovascular disease including diabetes or hyper-

cholesterolemia, which could contribute to cognitive dysfunction; (2)

educational and vocational history, functional ability; and (3) cogni-

tion, including scores on the Test of Severe Impairment (TSI,30 which

includes 24 items assessing language, memory, executive function, and

motor performance), scores on the 1-minute Verbal Fluency Tests (ani-

mals and foods)31 and scoring of cognitive and non-cognitive/social

realms on the Dementia Questionnaire for People with Learning Dis-

abilities (DLD, a50 itemquestionnaire covering the areas of short-term

and long-termmemory, spatial and temporal orientation, speech, prac-

tical skills, mood, activities and interest, and behavioral disturbance).32

Higher scores on the TSI and Verbal Fluency Tests were associated

with better performance; higher scores on the DLD indicated worsen-

ing performance.

2.3 Determination of dementia
of the Alzheimer type

Based on information from all available sources, dementia was deter-

mined based on a decline in function in two ormore areas thatwas sus-

tained for at least 1 year. Decline in scores on the TSI and on the Verbal

Fluency Tests, and worsening function on the DLDwere also factored.

2.4 Apolipoprotein E (APOE) genotyping

APOEgenotypingwas done using standardmethods.33 Of the 246par-

ticipants, 186 had genotyping. As thosewithAPOE ε2 andAPOE ε4 have
opposing effect on risk of AD in the general population, two partici-

pants with APOE ε2/ε4 genotype were excluded.

2.5 Statistical analysis

The Kaplan Meier curve is a non-parametric statistic used to estimate

the time to event (or survival time) from a defined starting point and

is typically used for exploratory analysis before regression models.34

The unadjusted Kaplan Meier curve was used prior to conducting the

Cox regressionmodels, to assess the effect of sex on age at onset of AD

from the age at the initial visit, and the effect of sex on duration from

onset of AD to death. We conducted statistical analyses based on data
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from those individuals who were AD-free at baseline and used age of

AD onset as the outcome variable.

We also conducted a longitudinal data analysis to identify sex dif-

ferences in cognitive decline after onset of AD for the following five

cognitive measures: TSI, Verbal Fluency Test-Animals (VFTA), Ver-

bal Fluency Test-Foods (VFTF). Dementia Questionnaire for People

with Learning Disabilities (DLD) related to cognitive functions (DLD-

Cog) and non-cognitive social domains (DLD-Soc). Using the mixed-

effect model with the cognitive measure as the outcome, we fitted

the model with covariates including onset age of AD, sex, time since

AD onset, and the interaction term of sex and time since AD onset:

Yij= β0+ β1Wi + β2 Xi + β3 tij + β4 Xi tij+ b0i + b1i tij+ εij where
Yij is the outcome variable measured at tij for the ith individual;

Wi = age at onset of AD; Xi= sex indicator; tij= time since age of AD

onset; β0, β1, β2, β3, β4: fixed effects; b0i, b1i:random effects; εij: error
term.

The analyses properly accounted for both left truncation and right

censoring to ensure unbiased analytical results.36 The terminology

“left truncation” refers to a type of sampling bias which occurs when

the data sample includes only individuals who were AD-free at base-

line, as the data sample truncates (excludes) thosewhowere diagnosed

with AD at baseline (prevalent cases). “Right censoring” refers to the

sampling constraint where age of AD onset cannot be observed due to

limited follow-up time.

3 RESULTS

3.1 Baseline characteristics

The mean age of the cohort at the initial assessment was 46.7 ± 5.2

years with no statistical difference between men and women (mean

ages 46.4 ± 4.9 years vs 47.1 ± 5.7 years, P = .26). Among the 246

participants in the study, 91 (37%) remained cognitively stable while

155 (63%) developed dementia over the course of follow-up: 97 men

and 58 women (64.2% vs 61.1%, P = .61). Participants who developed

dementia were significantly older at the initial assessment than those

who remained cognitively stable (mean age 47.3 ± 5.3 vs 45.5 ± 4.8

years, P = .008; Table 1). Although the mean years of follow-up was

8.5 years for the whole group, those with incident dementia were

followed significantly longer than those who remained dementia-free

(9.5 ± 4.7 vs 6.9 ± 4.8 years, P < .01). When the cohort was divided

into a cognitively stable group and a demented group, the following

characteristics were not significant between the two groups: (1)

mild/moderate LID (60.4% vs 61.3%), severe/profound LID (38.6% vs

38.7%;P= .89); (2) history of hypothyroidism (52.8%vs59.7%,P= .14);

(3) hypercholesterolemia (31.6% vs 29.7%, P = .72); (4) BMI (30.7 vs

30.2, P= .52); and (5) diabetes (5.5% vs 1.9%, P= .13).

3.2 Relation of sex to risk for AD

Among the 155 individuals with dementia in the study, there was

no statistical difference in the mean age of AD onset between

F IGURE 1 Risk of developing Alzheimer’s disease inmales (blue)
and females (red) with Down syndrome after age 40. Females had
higher risk thanmales, but the difference was not significant

men and women (53.9 ± 5.7 vs 53.1 ± 5.9, P = .39). The esti-

mated hazard curves for males and females showed that women had

higher risk of developing AD, but the difference was not significant

(Figure 1). Cox regression analyses adjusted for LID were conducted

based on sample size N = 246 to examine the relationship of sex

to risk of developing AD. Overall, there was no significant effect of

sex on risk for AD (hazard ratio [HR] 1.26, confidence interval [CI]:

0.90 to 1.76, P = .18). Although women had a higher incidence of

hypothyroidism than men in the cohort (F 68.1%, M 53.5%, P = .033),

there were no significant differences between men and women in

the incidence of the other medical comorbidities. Similarly, the effect

of sex on risk for AD did not change when the comorbid condi-

tions (hypothyroidism, obesity-BMI > 30, high cholesterol, and dia-

betes were added to the analyses (HR = 1.22, CI: 0.85 to 1.75,

P= .28).

3.3 Relationship of sex to APOE genotype

Among the 246 participants in the study, 184 had APOE genotypes for

analysis after excluding two individuals with the APOE-ε2/ε4 genotype.
Of the 184 adults with DS who were genotyped, 115 (62.5%) were

men and 69 (37.5%) were women. These percentages were very simi-

lar to the sex distribution of the whole cohort (61.4% men and 38.6%

women). When further divided for the subanalyses, 40 individuals car-

ried the APOE ε4 allele: 17 (58.6%) men and 12 (41.4%) women, and

30 carried the APOE ε2 allele: 21 (55.3%) men and 17 (44.7%) women.

Age at onset of AD was significantly lower in those with the APOE ε4
allele compared to those with the reference APOE-ε3/ε3 (50.6 ± 5.1 vs

54.6 ± 5.8, P < .001), and there was no difference between men and

women who carried the APOE ε4 allele with respect to their mean age

of AD onset (M: 50.47± 4.9; F: 50.67± 5.5).
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F IGURE 2 Duration of Alzheimer’s disease (AD) in males (blue)
and females (red) with Down syndrome fromAD onset until death.
Mean duration inmales 51± 3.1 years versus females 6.73± 3.3 years
(P= .02)

We used a Cox regression model that included APOE ε3/ε3 as the

baseline hazard group and examined the effects of APOE ε4, APOE ε2,
and LID on risk of developing AD. Those with APOE ε4were divided by
sex (21 M, 17 F) and further subdivided for “younger” age at first visit

(<45) and “older” age at first visit (>46). There were 14 (66.7%) men

and 10 women (58.8%) in the “younger” group, of whom 12 (85.7%)

men and 7 (70%) women developed AD. In the “older” group at first

visit, 7 (33.3%) men and 5 (71%) women developed AD. Analysis of

the APOE ε4 group with respect to a younger (<45) versus an older

(>46) age at first visit by sex did not show a significant difference in

incidence of AD: 12 of 14 (85.7%) younger men versus 7 of 10 (70%)

younger women; P = .37. The interaction between sex and APOE ε4
was not significant, so the interaction term was not included in this

Cox model. The analysis showed that the presence of APOE ε4 com-

pared to the reference group APOE ε3/ε3 increased the hazard for

developing AD (HR = 1.72, CI: 1.09 to 2.70, P = .02). The presence

of APOE ε2 did not significantly decrease the hazard for developing

AD (HR = 0.88, CI: 0.53 to 1.46, P = .61) and inclusion of LID did

not affect the hazard for developing AD (HR = 0.77, CI: 0.53 to 1.12,

P= .18).

3.4 Relationship of sex to duration of dementia

We used Kaplan-Meier curves to estimate the distribution of duration

of AD formen andwomen fromonset of AD to death (Figure 2). Among

those who died, the mean duration of AD was significantly longer for

females than formales (6.7±3.3 vs 5.1±3.1 years,P= .02). Next, aCox

regressionanalysiswas conducted toanalyze the sexeffect onduration

of AD adjusted for onset age of AD. In the Cox model, women with DS

had significantly longer duration from onset of dementia to death than

men with DS (HR = 0.60, CI: 0.39 to 0.92, P-value = .02). The result of

TABLE 2 Relation of sex to AD onset age, age at death, and
dementia duration among those who died

Characteristic

Males

N= 61

Females

N= 33 P

Age of AD onset:

mean years (SD)

53.5 (5.5) 53.8 (5.9) .39

Age of AD death:

mean years (SD)

58.6 (5.8) 60.0 (5.9) .14

Dementia duration:

mean years (SD)

5.1 (3.1) 6.7 (3.2) .02 *

Abbreviations: AD, Alzheimer’s disease; SD, standard deviation.

these two approaches was highly consistent and both approaches con-

cluded that women tended to have longer duration of AD than men

from onset to death, even though the mean age of AD onset in those

who died showed no significant difference between men and women

(53.5± 5.5 vs 53.7± 5.9 years, P= .89). Although there was a trend for

women to die later than men (60.0 ± 5.9 vs 58.6 ± 5.8 years, P = .14),

this did not reach statistical significance (Table 2).

3.5 Relationship of sex to cognitive decline

When scores on the TSI, VFTA, or VFTF was the outcome marker,

the value of the outcome marker decreased for increasing age of AD

onset and the decrease was significant (P = .001, .000, .000, respec-

tively). The value of these outcome markers decreased significantly

over time from the onset of AD (P = .003, .014, and .003, respec-

tively). However, both the sex effect at onset age of AD and the sex

effect for the rate of change of TSI, VFTA, or VFTF outcome marker

values over time were not significant (0.990, 0.700, 0.590; 0.555,

0.991, 0.713). When either DLD-Cog or DLD-Soc scores was the out-

come marker, the value of the outcome marker increased significantly

with increasing age of AD onset (P = .001 and .002, respectively).

The value of the DLD-Cog or DLD-Soc outcome marker increased

with increasing time from onset of AD and this increase was signif-

icant (P = .005 and .000, respectively). The sex effect at age of AD

onset and the sex effect for rate of change of these marker values

of cognitive and social domains were not significant (0.332, 0.977;

0.337, 0.338).

3.6 Potential contribution of comorbid conditions
to risk of dementia

We evaluated the potential contribution of medical comorbid con-

ditions to the risk for dementia, including LID, hypothyroid status,

BMI as a marker for obesity, hypercholesterolemia, and diabetes. We

did not include hypertension, which is a common comorbid condi-

tion in the neurotypical population, because hypertension is quite

rare in individuals with DS. Although there was a high incidence

of hypothyroidism, the presence of hypothyroidism did not have a
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significant effect on risk for developing AD (HR= 1.26, CI: 0.89 to 1.79,

P = .19), even when adjusting for the other covariates (BMI, LID, and

age).

4 DISCUSSION

In adults with DS, few studies have examined sex as a risk factor for

AD. In our present study of incident AD in adults with DS in which

155 individuals developed dementia, there was no overall sex dif-

ference in the risk for the development of AD. These findings are

consistent with several large studies in the neurotypical population

that showed no difference between men and women in incidence

of AD,9,37,38 even though two thirds of prevalent cases of AD are

women.39 However, other studies of neurotypical AD indicate that age

is a factor in sex differences with females having higher incidence of

AD only over age 80 to 90).10,40,41 The interaction of sex and inci-

dence of dementia was also analyzed in the Framingham Heart Study,

which took selective survival into account; findings indicated simi-

lar cumulative incidence of AD in men and women, but lifetime risk

accounting for the competing risk of death, was higher in women.42

These findings contrast with previous smaller studies in DS. Schupf

et al.,23 showed a higher risk for AD in men with DS, whereas Lai

et al.24 showed the opposite effect. Only one other study has exam-

ined sex differences in adults with DS with respect to AD risk, but

this was a small autopsy study (N = 28)43 in which the onset of AD

was earlier in women than men. Nevertheless, despite the lack of an

apparent sex effect on AD risk in adults with DS, there was a non-

significant, marginal trend, with women showing higher risk in the esti-

mated hazard curve. In our cohort there were fewer females (N = 95)

than males (N = 151); the proportion of incident AD cases is around

60%, so the estimation efficiency might have been affected by the

reduced sample size of cases. If it were possible to increase the sam-

ple size (particularly for females), there could have been a possibility

of significant results. Also, from the hazard plot (Figure 1), the pro-

portionality assumption of the proportional hazard model is not per-

fectly satisfied, whichmay also have contributed to the non-significant

results.

In this study, we also found that women with DS had a significantly

longer duration of dementia by almost 2 years compared to men with

DS from the time ofADonset until death, even thoughwomen andmen

had similar mean ages at onset of AD. These results are most closely

alignedwith the study by Larson et al. in the neurotypical population of

incident AD.43 They foundmen had significantly poorer survival across

all age groups compared towomen. A similar finding of longer duration

of AD in women has been reported in another DS study.44 However, in

that study, the age of onset of dementia was older and duration of AD

was shorter, likely due to the inclusion of both incident and prevalent

cases. We also did not see an effect of sex on the mean age of death,

similar to what has been reported previously by Yang et al. in a mortal-

ity study in DS spanning 14 years.45

As expected, we found that the presence of APOE ε4 allele was a

genetic risk factor for AD in our overall DS cohort with mean age at

onset of AD significantly lower in those with the APOE ε4 allele irre-

spective of sex, compared to thosewith the ε3/ε3 genotype. This is con-
sistentwith two largemeta-analyses in the general population29,46 and

in studies ofDS.47 Other studies in theneurotypical populationdemon-

strated that women with APOE ε4 were at higher risk for AD26,48,49

especially those who were younger.20 We did not find that APOE ε4
women with DS in the younger age bracket had an increased risk for

AD compared to APOE ε4 men. However, the proportionately smaller

number of women in this studymay have contributed to the difference

in findings.When the effect ofAPOE ε2was examined, therewas a non-

significant protective effect on risk for AD in our cohort. Although this

finding differs from the protective APOE ε2 effect on AD risk in the

general population25 and in DS,24,50 this could be due to a relatively

small sample size.We also evaluated the effect of sex on rate of decline

on scored measures that included memory, word retrieval, temporal

and spatial orientation, and behavioral parameters in the 155 adults

who developed dementia and found no significant difference between

men and women. Although Coppus et al.51 showed a significant rate of

decline on a social competence scale in the 53 persons with DS who

developed AD, sex differences were not analyzed.

Comorbid medical conditions such as obesity, diabetes, and hyper-

cholesterolemia are known risk factors for AD in the neurotypical

population.52 In our study, we did not find any contribution from these

comorbid conditions to the risk of AD in our cohort. Likewise the pres-

ence of hypothyroidism and the difference in LID did not contribute to

risk for AD. Similarly, the effect of sex on risk for AD did not change

when comorbid conditions were added to the analyses. This suggests

that AD in DSmay have a somewhat different risk profile compared to

the neurotypical population.

In summary, this is one of the largest studies of individuals with DS

with incident dementia to evaluate sex differences in onset of AD. The

longitudinal nature of our clinically based study with relatively large

numbers of patients who were followed by a limited number of the

same clinicians are strengths.While we did not find any sex differences

in age of AD onset, we did find that women demonstrated longer dura-

tion of dementia compared tomen; thesewere not related to any of the

comorbid conditions studied or to the presence of an APOE ε4 allele,

but does suggest that there may be genetic, environmental, or hor-

monal explanations that deserve further study.
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