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Abstract

Neurotrophins, including nerve-growth factor and brain-derived neurotrophic factor, have been implicated in Alzheimer’s disease (AD). 
Associations between AD and neurotrophin signaling genes have been inconsistent, with few studies examining sex differences in risk. We 
examined four single-nucleotide polymorphisms (SNPs) involved in neurotrophin signaling (rs6265, rs56164415, rs2289656, rs2072446) and 
risk for AD by sex in a population-based sample of older adults. Three thousand four hundred and ninety-nine individuals without dementia 
at baseline [mean (standard deviation) age = 74.64 (6.84), 58% female] underwent dementia screening and assessment over four triennial 
waves. Cox regression was used to examine time to AD or right censoring for each SNP. Female carriers of the minor T allele for rs2072446 
and rs56164415 had a 60% (hazard ratio [HR] = 1.60, 95% confidence interval [CI] = 1.02–2.51) and 93% (HR = 1.93, 95% CI = 1.30–2.84) 
higher hazard for AD, respectively, than male noncarriers of the T allele. Furthermore, male carriers of the T allele of rs2072446 had a 61% 
lower hazard (HR = 0.39, 95% CI = 0.14–1.06) than male noncarriers at trend-level significance (p = .07). The association between certain 
neurotrophin gene polymorphisms and AD differs by sex and may explain inconsistent findings in the literature.
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Alzheimer’s disease (AD) is a pervasive neurodegenerative disease 
that affects an estimated 5.3 million individuals in the United States, 
approximately two-thirds of whom are women (1). Although many 
studies have suggested that the sex discrepancy in rates of AD reflects 
the higher life expectancy of women (2), other research implicates 
sex differences in factors that contribute to the development of AD 
(3). Neurotrophins [e.g., nerve-growth factor (NGF), brain-derived 
neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotro-
phin-4/5 (NT-4/5)] are trophic factors with well-established roles in 
neuronal differentiation, health, and survival in the central nervous 
system across the life span (4). Recent studies suggest an association 
between neurotrophins, neurotrophin-related genes, and the patho-
genesis of AD (5). BDNF serum concentrations have been found to 

be significantly higher in individuals in the early stages of AD com-
pared to those in more advanced stages (6). Additionally, in a study 
of persons with mild-to-moderate AD, mean baseline serum BDNF 
levels were significantly lower for individuals categorized with more 
rapid cognitive decline (>4 points per year) on the Mini-Mental State 
Examination compared to those with slower decline (7). In this sam-
ple, the rate of cognitive decline over a 1-year follow up was signifi-
cantly associated with baseline serum BDNF levels. In the Framingham 
Heart Study, increased serum BDNF levels were associated with a 
35% reduction in AD risk, but only among women (8). With respect 
to AD pathogenesis, disruptions in NGF and BDNF protein synthesis, 
transport, and signaling reportedly contribute to both a cholinergic 
deficit and the formation of plaques and neurofibrillary tangles (9,10). 
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Exogenous administration of neurotrophic factors to neurons in vitro 
or in vivo (infusion into rodent hippocampus), appears to protect 
against, reduce, or reverse degenerative effects and restore function 
(11,12). Taken together, these studies suggest a possible role for neu-
rotrophins in AD risk and rate of progression.

Several single-nucleotide polymorphisms (SNPs) have been 
shown to modulate the synthesis or function of BDNF, NGF, or their 
receptors including rs6265 (BDNF Val66Met), rs56164415 (BDNF 
C270T) rs2289656 (BDNF receptor trkB), and rs2072446 (NGF/
BDNF receptor p75NTR). The Met allele of BDNF Val66Met is associ-
ated with lower BDNF secretion and poor episodic memory (13) and 
lower scores on tests of delayed recall, processing speed, and general 
intelligence (14). However, additional research suggests modifying fac-
tors such as age (15) in that carriers of the Met allele are susceptible 
to reduced brain volume and functioning in early adult life, whereas 
Val/Val homozygotes are susceptible to similar reductions in late life. 
Still other research has found no significant association between the 
Val66Met polymorphism and brain volume or cognitive function 
(16). The BDNF C270T (rs56164415) polymorphism occurs in the 
5’ untranslated region of the BDNF gene. This noncoding region 
has a promotor function and thus C270T is hypothesized to affect 
BDNF translation (17). The minor T allele of rs56164415 was signifi-
cantly associated with a nearly 4-fold increase in risk of late-onset AD 
(LOAD) in both Japanese (18) and Caucasian (19) populations, and 
with executive functions in a sample of Japanese individuals with AD 
(17). It has also been implicated in risk for schizophrenia (20). With 
respect to the p75NTR receptor, the minor T allele of rs2072446 was 
associated with 72% lower risk in familial AD (21). Despite the posi-
tive associations discussed above, other studies have found no asso-
ciation between neurotrophic genes and AD risk (21,22) or rate of 
cognitive decline after the onset of AD (23). Recent studies, however, 
raise the possibility that men and women are differentially susceptible 
to the effects of neurotrophin gene polymorphisms. A meta-analysis 
showed that carriers of the Met allele of Val66Met had increased AD 
risk in Caucasian women, with no significant associations in men (24). 
Sex differences have also been found with neuropsychiatric symp-
toms after AD onset with increased psychosis in male carriers of the 
Met allele, but not in female carriers (25).

The current study examined the relationship between several 
neurotrophin gene polymorphisms (SNPs) and risk for AD in the 
population sample of older adults from the Cache County Study 
on Memory in Aging (CCSMA). The CCSMA consists of a cohort 
of over 5,000 participants followed prospectively and who under-
went dementia screening and evaluation in four triennial waves that 
spanned up to 13  years. Specifically, we investigated the associa-
tion of BDNF SNPs rs6265 and rs56164415, BDNF receptor trkB 
rs2289656, and NGF/BDNF receptor p75NTR rs2072446 in the risk 
for AD, as well as possible sex differences in risk.

Method

Subjects
Data used in these analyses were from participants of the CCSMA 
who were dementia-free in Wave 1 (baseline) but identified with 
AD and those without cognitive impairment (noncases) from three 
subsequent triennial waves of a multistaged dementia screening and 
assessment protocol. The procedures for the CCSMA have been pub-
lished previously (26,27). Briefly, 5,092 (90%) of the 5,657 older 
adult residents of Cache County, Utah, who were aged 65 years or 
older completed baseline cognitive screening with an adapted version 
(28) of the Modified Mini-Mental State Exam (3MS) (29). A  risk 

factor interview (health, educational, occupational, family histories) 
was also completed at that visit. For those unable to complete the 
3MS or who scored less than 60 points on the total or 15 or fewer 
points on the Orientation section, a proxy informant completed the 
Informant Questionnaire for Cognitive Decline (IQCODE) (30), and 
a risk factor interview on behalf of the participant. Participants who 
scored below a sensory-motor and education-adjusted cut point of 
87 on the 3MS or above 3.27 on the IQCODE were recruited for the 
second stage of screening that involved a knowledgeable informant 
who completed a phone interview with the Dementia Questionnaire 
(DQ). As reviewed by study neuropsychologists and geropsychia-
trists, participants whose DQ interview suggested significant cogni-
tive impairment or suspected dementia were asked to complete a 
clinical assessment which consisted of a clinical and health interview 
from a knowledgeable informant and neurological, neuropsycho-
logical, and physical examination of the participant. Additionally, a 
random sample of CCSMA participants, matched to each AD case 
by age and apolipoprotein E (APOE) genotype (the designated sub-
sample), was asked to complete all stages of dementia screening and 
assessment regardless of 3MS scores. Those aged 90 and older were 
automatically sent to the DQ stage (26) which was followed with a 
clinical assessment if rated positive at that stage.

Data from the clinical assessment were reviewed by a study ger-
opsychiatrist and neuropsychologist who assigned preliminary diag-
noses of dementia, its prodrome, or other cognitive syndromes if 
present. Persons who were diagnosed with suspected dementia or 
prodromal AD were asked to complete standard laboratory studies 
for dementia (26), and a brain MRI scan along with a physician visit. 
Participants were also invited to undergo a brain autopsy for neuro-
pathological studies. After completion of the clinical assessment and 
labs, brain MRI, physician visits, and brain autopsy (as available), 
an expert panel of clinicians reviewed all available clinical informa-
tion (with exception of APOE genotype) to assign final study diag-
noses. A diagnosis of dementia was assigned according to criteria 
of the Diagnostic and Statistical Manual of Mental Disorders (3rd 
ed.) Revised (DSM-III-R) (31) and dementia type followed stand-
ard research criteria. For example, dementia of the Alzheimer’s type 
was assigned according to the National Institute of Neurological 
and Communicative Disorders and Stroke and Alzheimer’s Disease 
(NINCDS) and Related Disorders Association (ADRDA) crite-
ria (32). Age of dementia onset was assigned as the age at which 
individuals first met DSM-III-R criteria for dementia based on the 
chronology of symptom onset. Persons with a working diagnosis 
of dementia or prodromal AD were asked to complete a follow-up 
clinical assessment at 18 months to clarify diagnoses.

Subsequent waves (2 through 4)  of dementia screening and 
assessment (and follow-up risk factor interviews) were conducted 
for surviving persons who were not identified with dementia in prior 
waves, using a similar protocol. Exceptions to the protocol included 
an adjustment to the 3MS cut point (including decline of 3 or more 
points) [to identify cases of mild cognitive impairment (MCI) and 
other mild forms of cognitive impairment in Wave 2 (27)] and the 
elimination of the DQ stage in Waves 3 and 4.  All study proce-
dures were approved by the Institutional Review Boards of Duke 
University, Johns Hopkins University, and Utah State University.

As a result of the four waves of screening and evaluation, a total 
of 942 cases of dementia were identified, 359 of which were prev-
alent at Wave 1 and thus excluded from the present analyses. Of 
the remaining 583 cases of dementia, 396 met criteria for possible, 
probable, or definite AD. We retrospectively identified persons with-
out cognitive impairment for comparison via all available cognitive 
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screening and assessment data who met the following criteria at the 
last study wave completed: (a) clinical assessment outcome of non-
case or if lacking, (b) negative on all stages of screening. Persons with 
a final diagnosis of a non-AD dementia, MCI, or cognitive impair-
ment no dementia were excluded from analyses as were those with 
incomplete screening and assessment (“protocol violators” who were 
screened positive but did not complete the next stage of screening or 
assessment). In this way, we identified 396 persons with incident AD 
and 3,272 noncases (without cognitive impairment); 168 individuals 
were missing genotype data from APOE or one of the neurotrophin 
SNPs (see the following) to yield a final sample of 3,499. Figure 1 
displays the individuals included in the present analyses.

Genotyping
At the Wave 1 screening, participants gave a buccal skin sample from 
which DNA was extracted. At Waves 3 and 4, surviving participants 
were asked to donate a sample of blood, which was processed for 
DNA. DNA from buccal cells were processed using polymerase 
chain reaction (33) to identify genotype at APOE. Blood DNA (or 
if missing, buccal DNA) was used to process genotypes using stand-
ard TaqMan Assays (Life Technologies) for the following markers: 
rs6265, rs56164415, rs2289656, and rs2072446.

Data Analysis
Basic associations between each SNP and case–control status were 
examined using logistic regression. Cox proportional hazards 
regression models were used to examine the association of each SNP 
from the neurotrophin panel and time to dementia onset or right 
censoring. The observation time for those who developed dementia 
over the study period was calculated from the time (in years) from 
the age of dementia onset minus the age at Wave 1 screening. For 
those who never developed dementia during the study period, the 
observation time was calculated as the age of last full participa-
tion in designated study stages (i.e., screen negative or diagnosis 
of noncase after the clinical assessment) minus the age at Wave 1 
screening. To examine differential effects of each neurotrophin SNP 
by sex, we coded each SNP by sex using a multilevel categorical 
variable according to the presence or absence of the minor allele to 
produce four dominant-model categories: Male GG; Male Ga/aa, 
Female GG, and Female Ga/aa. In statistical models for each SNP, 
the category of males with the homozygous major allele (Male GG) 
was selected as the reference. Where the sample size allowed, we 
also tested other models of inheritance, for example, log additive, 
recessive, and unrestricted models (34).

Covariates tested in Cox regression models included age at Wave 
1 screening, education, and number of APOE E4 alleles. Because 
death is a competing risk for AD, we also examined whether each 
SNP was associated with the hazard of death in separate Cox regres-
sion models. Proportional hazards assumptions were examined by 
visual inspection of the log-minus-log plots. Statistical significance 
was set at the 95% confidence level in all analyses. All statistical 
models were run using SPSS software version 22.

Results

There were 3,499 individuals (57.8% female) who met inclusion 
criteria. Mean age of the sample was 74.64 years (standard devia-
tion [SD] = 6.8) and mean years of education was 13.3 (SD = 2.88). 
Table  1 depicts additional descriptive statistics of the sample for 
those included in or excluded from analyses due to missing genotype 
data. Years of education differed between those with and without 
SNP data [t(187) = −3.45, p < .01]. No other significant differences 
in demographic factors were found.

Hardy–Weinberg equilibrium (HWE) was calculated using χ2 
goodness-of-fit, using the criterion of p <0.001 as in other large 
scale association studies. In our sample, all SNPs were above the 
established threshold with the exception of rs56164415 (χ2 = 11.99, 
p = .0001). There was very low minor allele frequency of rs56164415 
in the sample, with 381 heterozygotes and no homozygous individu-
als. Genotype frequencies did not vary by sex as depicted in Table 2.

BDNF SNP Associations With AD
Binary logistic regression showed a 71% increase in AD risk for female 
carriers of the minor T allele of rs56164415 [odds ratio (OR) = 1.71, 
95% confidence interval (CI) (1.15–2.53), p =  .008], and a trend of 
61% reduction in risk among male carriers of the minor T allele of 
rs2072446 [OR = 0.38, 95% CI (0.14–1.05), p = .061] (table available 
in Supplementary Material). Analyses using Cox proportional hazards 
regression with the inclusion of covariates showed female minor T 
allele carriers of rs56164415 had a 93% higher hazard of AD [hazard 
ratio (HR) = 1.93, 95% CI (1.30–2.84), p = .001] than male noncar-
riers. Additionally, female minor T allele carriers of rs2072446 had a 
60% higher hazard of AD [HR = 1.60, 95% CI (1.02–2.51), p = .043] 
compared to male noncarriers. For rs2072446, male carriers of the 
minor T allele showed reduced AD risk compared to male noncarri-
ers, although at trend-level significance (p = .066). There were no sig-
nificant associations with AD risk for rs6265 and rs2289656 in either 
males or females. In examining each SNP with all-cause mortality, no 

Figure 1. Flow chart of final sample for analysis. Participants included in analyses (n = 3499) with data on one or more SNPs: AD or noncase as determined in 
Waves 2 through 4 of the CCSMA. Gray boxes represent subjects excluded from analyses at each level. AD = Alzheimer’s disease; CCSMA = Cache County Study 
on Memory in Aging; SNP = single-nucleotide polymorphism.
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significant associations were identified (data not shown). Table 3 dis-
plays the Cox regression models for each SNP. Additionally, Figure 2 
displays the adjusted survival curves for AD from the Cox models for 
rs2072446 and Figure 3 for rs56164415. In examining other models of 
inheritance, only the log additive model was significant for rs2072446 
in females, indicating a 62% increase in the hazard of AD with each 
additional T allele [HR = 1.62, 95% CI (1.07–2.44)]. For rs2289656, 
the recessive model was the most significant, with a 64% lower risk 
of AD in females homozygous for the T allele [HR = 0.36, 95% CI 
(0.15–0.88)]. We were unable to assess other models of inheritance for 
rs56164415 as no individuals were homozygous for the minor allele.

Discussion

In a large population-based sample of 3,499 individuals, we found sig-
nificant sex differences in associations between neurotrophin gene pol-
ymorphisms and AD under a dominant model of inheritance. Female 
carriers of the minor T allele of rs56164415 had a 93% higher risk 
of AD compared to male noncarriers, whereas female carriers of the 
minor T allele of rs2072446 showed a 60% higher risk. Rs2072446, 
which codes for NGF/BDNF receptor p75NTR, has not been studied 
extensively in humans for LOAD; however, the minor allele was associ-
ated with a reduction in risk of familial AD in an Italian sample (21). 
Familial AD in this study was defined as individuals who had at least 
two first-degree relatives in two generations with AD. Sex differences 
were not investigated in that sample. Other differences between that 
study and the current study included the nature of the samples, with 
the former study’s AD cases being nearly 50% familial AD, and the sub-
stantially younger age of participants [mean age of cases and controls 
approximately 65 years (cf. Cache County mean age of approximately 

75 years)]. AD of later onset as in the Cache County Study often occurs 
in the context of comorbid conditions including other forms of demen-
tia or comorbidities such as cerebrovascular disease (35), which also 
may have contributed to divergent results.

Few studies have reported on C270T (rs56164415), and their 
results are mixed. One study found that the presence of the minor 
T allele of C270T was associated with a 3.8-fold increase in risk for 
LOAD in a Japanese population (18). Similar results were found in 
a Caucasian sample (19), with presence of the minor T allele associ-
ated with a 3.8-fold increase in LOAD risk. However, other research 
has found no significant association between C270T and risk for 
AD (36). Our results suggest a sex-dependent effect of SNP C270T 
in risk for AD, which to the best of our knowledge has not been 
examined in other studies.

Val66Met (rs6265) has also been studied in several populations 
with conflicting results. No association between AD and Val66Met 
was found in the Italian sample described previously (21). A  sim-
ilar lack of association was also found in a Korean sample (22). 
However, a meta-analysis showed that female carriers of the minor 
Met allele of Val66Met had increased LOAD risk in Caucasians and 
that these associations were not present in men (24). In the present 
Cache County sample, we found no association between Val66Met 
and risk for AD in either men or women. Although not significant, 
the direction of effect regarding increased AD risk for women carry-
ing the minor A allele was consistent with previous literature (24).

Among the neurotrophins, BDNF is particularly important for 
learning and memory, through its functions in neuronal plasticity 
and synapse formation (37–39). NGF is essential for the survival and 
normal function of the basal forebrain cholinergic neurons projecting 
to the hippocampus and cortex, a population of neurons affected by 

Table 2. Genotype Frequencies by Sex

Male [N, (%)] Female [N, (%)] χ2 (df) p value

rs6265 G/G 963 (66.1) 1,283 (64.2) 1.973 (2) 0.373
G/A 433 (29.7) 617 (30.9)
A/A 60 (4.1) 98 (4.9)

rs56164415 C/C 1,282 (89.2) 1,733 (88.5) 0.468 (1) 0.494
C/T 155 (10.8) 226 (11.5)
T/T 0 (0) 0 (0)

rs2072446 C/C 1,317 (91.2) 1,813 (91.7) 1.562 (2) 0.458
C/T 123 (8.5) 155 (7.8)
T/T 4 (0.3) 10 (0.5)

rs2289656 C/C 964 (66.9) 1,293 (65.9) 1.083 (2) 0.582
C/T 416 (28.9) 596 (30.4)
T/T 60 (4.2) 74 (3.8)

Table 1. Subject Characteristics With and Without Genotype Data

1 or more SNP No SNP data χ2 or t-test p value

Sex, N (%) Males = 1,476 (42.2%) Males = 74 (43.8%) 0.170 .680
Females = 2,023 (57.8%) Females = 95 (56.2%)

Age, M (SD) 74.64 (6.80) 75.42 (6.67) 1.48 .145
Education, M (SD) 13.30 (2.88) 12.56 (2.72) −3.45* .010*
APOE, N (%) 0.184 .668
 1 or more E4 1,011 (29%) 31 (31%)
 No E4 2,472 (71%) 69 (69%)
Cognitive group, N (%) 0.037 .848
 Any AD 377 (10.8%) 19 (11.2%)
 No dementia 3,122 (89.2%) 150 (88.8%)

Note: AD = Alzheimer’s disease; APOE = apolipoprotein E; M = mean; SD = standard deviation; SNP = single-nucleotide polymorphism.
*p value < 0.05.
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pathological processes early in AD (10,40). Besides their importance 
for neuronal physiology, neurotrophins have known roles in neu-
roinflammatory processes (41,42) and neovascularization (43–45) 
which are of great significance for both neurodegenerative diseases 

and stroke. Our results highlight sex differences in the association 
of neurotrophin gene polymorphisms on risk of AD, with carriers of 
the minor alleles of SNPs rs56164415 and rs2072446 showing an 
increased risk in women only. These results may highlight potential 
interactions between neurotrophin signaling and sex-dependent fac-
tors. Gonadal hormones, such as estrogens, progesterone, and andro-
gens have been shown to modulate BDNF production and signaling 
through distinct pathways (46); these hormones may differentially 
influence BDNF production and signaling between sexes.

Based on the literature, future disease-modifying strategies for 
neurodegenerative disorders, including AD, may be oriented toward 
modulating NGF signaling (47) and BDNF-based synaptic repair 
(48). Already new research has identified benefits in preventing 
cognitive impairment in rodent models of AD for a small molecule 
inhibitor of p75NTR (LM11A-31) (49), as well as for a trkB agonist 
(7,8-dihydroxyflavone) (50–52). Further studies are needed to assess 
the efficacy of these molecules in AD, particularly in view of the iden-
tified sex differences in the pathological processes. Lifestyle factors 
may also present potential avenues for intervention. Diets low in fats 
and refined sugars (53) and aerobic physical activity (54) promote 
BDNF levels. Additionally, certain medications [e.g., antidepressants 
(55)] can increase BDNF. Future examination of gene–lifestyle/envi-
ronment interactions for AD risk may reveal significant associations.

The current study’s limitations include the relative homogeneity of 
the study population with 99% being Caucasian and 90% members 
of the Church of Jesus Christ of Latter Day Saints. The Cache County 
population, however, is not a religious isolate unlike the Hutterites, 
Amish, or Mennonites. The state’s population originated from 20,000 
founders, predominantly from the New England and Midwestern 
states, augmented by several waves of immigration from Europe 
(56). The genetic structure of the Utah population has been studied 
extensively and is characterized by low inbreeding coefficients, reflect-
ing the largely unrelated members of the founding pioneers (57–59). 
Furthermore, the Cache County Study subpopulation is similar in eth-
nic diversity to Caucasians in the AD Neuroimaging Initiative sam-
ples from centers across the United States, and less homogeneous than 
the HapMap CEU population (60). Although rs56164415 violated 
HWE, disequilibrium in other SNPs is relatively unusual in the Cache 
County population (61). Finally, identification of cases and controls 
was based on a multistaged dementia screening and assessment pro-
tocol rather than a clinical evaluation of all participants. Although 

Table 3. Cox Regression Results by SNP

SNP
Hazard  
ratio (HR)

95% Confidence  
interval p value

Rs56164415
  Male, no minor allele 

(reference)
— — —

 Male, minor allele 0.68 0.34–1.34 .263
  Female, no minor 

allele
0.90 0.70–1.15 .401

 Female, minor allele 1.93 1.30–2.84 .001*
Rs2072446
  Male, no minor allele 

(reference)
— — —

 Male, minor allele 0.39 0.14–1.06 .066
  Female, no minor 

allele
0.98 0.77–1.25 .898

 Female, minor allele 1.60 1.02–2.51 .043*
Rs6265
  Male, no minor allele 

(reference)
— — —

 Male, minor allele 0.99 0.67–1.47 .959
  Female, no minor 

allele
1.00 0.75–1.35 .977

 Female, minor allele 1.28 0.93–1.75 .131
Rs2289656
  Male, no minor allele 

(reference)
— — —

 Male, minor allele 1.14 0.77–1.69 .521
  Female, no minor 

allele
1.23 0.92–1.65 .171

 Female, minor allele 1.00 0.71–1.40 .985

Note: For all SNPs, the reference category was male, no minor allele. All 
models included covariates of age and APOE genotype. APOE = apolipopro-
tein E; SNP = single-nucleotide polymorphism.

*p value < 0.05.

Figure 2. Survival function for rs2072446 from Cox regression models for 
males and females. Note that the plots for males and females who are not 
carriers of the minor (T) allele show nearly identical survival curves. Female 
carriers of the minor T allele have a significantly higher hazard and shortened 
survival duration for AD. AD = Alzheimer’s disease.

Figure 3. Survival function for rs56164415 from Cox regression models for 
males and females. Female carriers of the minor T allele have a significantly 
higher hazard and shortened survival duration for AD. AD = Alzheimer’s 
disease.

Journals of Gerontology: BIOLOGICAL SCIENCES, 2017, Vol. 00, No. 00 5



this design involved clinical evaluation of all cases of AD, with imper-
fect screening sensitivity, individuals with AD and other dementias 
may have erroneously been categorized as controls. Nonetheless, an 
examination of the screening methods reveals approximately 85% 
sensitivity for prevalent (62) and incident (63) dementia. Augmenting 
these dementia cases were those identified via clinical assessment of 
the designated subsample, which included screen negative individu-
als. Additionally, the repeated, longitudinal screenings and evaluations 
over 12 years of follow-up and the exclusion of indeterminate cases 
(protocol violators) and those with mild cognitive syndromes further 
reduced the possibility of classification error.

Strengths of the study included the high participation rate (90% 
at enrollment) and three waves of follow-up. The study design and 
data on dementia onset allowed for greater precision in statistical 
methods (e.g., using survival analyses as compared to logistic regres-
sion). Furthermore, with the extensive information on mortality data 
(with ages of death), we were able to examine any SNP associations 
with competing risks from death, of which there were none.

Conclusion

Our results indicated several sex differences in the associations 
between neurotrophin SNPs and AD risk, suggesting the possibility 
that sex-dependent effects on neurotrophin signaling modify the risk 
for AD and highlight the importance of investigating sex-dependent 
effects in sexually dimorphic disease, such as AD. Future studies of 
interest include the role of potential modifying factors such as diet, 
exercise, antidepressant medication and hormone-replacement use, 
as well as gene–gene interactions to elucidate the role of neurotro-
phins and risk for AD.

Supplementary Material

Supplementary data is available at Journals of Gerontology, Series A: 
Biological Sciences and Medical Sciences online.
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