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Abstract

Objective—Alzheimer's disease (AD) is a neurodegenerative disease, manifesting in clinically 

observable deficits in memory, thinking, and behavior that disproportionately affects older adults. 

Susceptibility genes, such as apolipoprotein ε4, have long been associated with an increased risk 

of AD diagnosis. Studies have shown associations between depression and increased risk of AD 

development. Furthermore, findings from previous investigations suggest mixed effects in the use 

of psychotropic medication in older adults. The hypothesis for this study is that antidepressant use 

modifies the increased hazard of depression or such that a non-significant hazard will result with 

respect to eventual AD development.

Methods—Utilizing data from the National Alzheimer's Coordinating Center, we examined 

evaluations of 11,443 cognitively intact participants. Survival analysis was used to explore 

relationships between depression, apolipoprotein E, AD diagnosis, and antidepressant use.

Results—An analytical sample of 8732 participants with normal cognition was examined. 

Among users of antidepressant medication, the hazard, in most cases, was no longer statistically 

significant. One generic medication showed protective benefits for users (p < 0.001). In addition, 

there was a statistically significant relationship between recent depression (n = 2083; p < 0.001), 

lifetime depression (n = 2068; p < 0.05), and ε4 carrier status (n = 2470; p < 0.001) and AD 

development.

Conclusions—The findings suggest that a mechanism related to antidepressant use may reduce 

the hazard of eventual AD. Furthermore, the findings reinforce the association between 
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depression, apolipoprotein E (APOE) ε4, and AD diagnosis. This study contributes to the 

emerging literature exploring interventions aimed at decreasing the risk of AD by targeting 

potentially modifiable psychosocial risk factors such as depression.
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Introduction

Affecting more than 46.8 million people worldwide, dementia is an illness with no known 

cure or treatment. This number is expected to double every 20 years (Alzheimer's Disease 

International, 2015). AD pathology is characterized by a progressive decrease in neurons, 

axons, and dendrites in the brain, with progressive impairment in cognitive functioning 

(Sperling et al., 2011). Most theories targeting AD have focused on the role of β-amyloid 

deposition and accumulation in the brain, and subsequent clinically observable 

neurodegeneration (Hardy and Selkoe, 2002). Although the exact role of β-amyloid (Aβ) in 

the pathogenesis of AD is still debated, Aβ is widely believed to be a neurotoxin, inducing 

oxidative stress and accumulating as extracellular deposits (plaque) in the brain (Masters et 
al., 2013). A susceptibility gene, such as apolipoprotein E (APOE), may be influential as a 

catalyst in the pathophysiological progression to AD (Potter and Wisniewski, 2012). In 

healthy individuals, APOE is a key component in the regulation and clearance of Aβ. APOE 

ε3 or ε4 may decrease the rate at which Aβ protein, the precursor to plaques, is cleared from 

the brain, resulting in elevated levels of Aβ (Jiang et al., 2008). APOE ε4 appears to slow 

this process more so than other haplotypes (Castellano et al., 2011). The debate on the 

precise impact of APOE on AD dementia development and progression continues (Brainerd 

et al., 2013).

In addition to the possible relationship between APOE and AD, evidence indicates an 

increased risk of AD development in those with depression (Burke et al., 2016a, 2016b; 

Caraci et al., 2010; Meng and D'Arcy, 2013), although reverse causation concerns remain a 

challenge in determining whether depression is an early symptom of AD or an actual risk 

factor, especially given the long prodromal time course of AD. Depression is a 

neuropsychiatric disorder, generally characterized by melancholic mood, loss of pleasure in 

preferred activities, weight and appetite fluctuations, sleep disruption, psychomotor changes, 

and fatigue (American Psychiatric Association, 2013). A history of depression may decrease 

the age of onset of AD, especially among women (de Oliveira et al., 2014). Empirical 

resarch has identified an increased risk of dementia in those with the APOE ε3, ε4 genotype 

(Burke et al., 2016a), cardiovascular health conditions (Whitmer et al., 2005), and 

depression (Burke et al., 2016a, 2016b; Meng and D'Arcy, 2013). Antidepressants are the 

third most used medication in the USA and the most commonly used medication for adults 

between the ages of 18 and 44. Men and women over the age of 40 are significantly more 

likely to utilize antidepressant medication, and 23% of women between the ages of 40 and 

59 take antidepressant medication (Pratt et al., 2011).
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Through exploration of serotonin signaling, Cirrito et al. (2011) found that a type of 

antidepressant medication (selective serotonin reuptake inhibitors (SSRIs)) reduced β-

amyloid levels in mouse AD dementia models. Five milligrams of citalopram reduced Aβ 
found in interstitial fluid by 16%, while 10 mg of the same SSRI reduced β-amyloid by 

26%. These reductions occurred soon after administration and were sustained for 12 to 14 

hours. As an expansion of this investigation, Cirrito et al. (2011) examined this relationship 

with cognitively impact (n = 186) who underwent positron-emission tomography Pittsburgh 

compound B imaging examined β-amyloid plaques. There was a negative relationship 

between chronic SSRIs users (use of an SSRI in the last 5 years; mean 34.5 months of use) 

and β-amyloid plaques. In fact, the longer a subject had used an SSRI, the lower their β-

amyloid levels. Among those not treated with SSRIs, the increase in β-amyloid plaques was 

found in the same brain regions affected in AD patients (Cirrito et al., 2011).

On the basis of the empirical literature and previous investigations, the current study 

explores the role of antidepressants among adults who have experienced depression and the 

role of antidepressants in decreasing the hazard of AD development among ε4 carriers, with 

or without depression. We hypothesized that the use of antidepressants, despite the presence 

of APOE ε4 and/or depression, will either decrease or neutralize the increased hazard of 

depression and/or ε4, such that a non-significant hazard of AD development will be 

produced.

Methods

Utilizing data from the National Alzheimer's Coordinating Center (NACC) Uniform Data 

Set (UDS), the current study examined the impact of antidepressant use on the hazard of 

eventual AD development among participants with normal cognition at baseline. 

Demographic information, family history, medications used, and health history are gathered 

yearly by trained clinicians. Participants undergo a physical, provide responses to 

psychological and cognitive questionnaires, and may voluntarily provide imaging and 

laboratory specimens at some of the participating Alzheimer's Disease Centers (ADCs). The 

number of visits ranged from 1 to 10 (M = 2.12). The overall sample consisted of 29,913 

participants from 34 ADCs in the USA who entered their data in the NACC repository 

between September 2005 and December 2015. Those with normal cognition in their first 

visit (n = 11,443) were the sample of interest; however, a final analytic sample of 8,732 

older adults who underwent at least two visits was selected to fulfill the time course required 

to perform survival analysis. Time zero was equal to the subject's first observation (visit 

number 1), and time was measured in days. Figure 1 shows the sampling selection process. 

Figure 1 shows the sampling selection process.

The variables utilized for this study were obtained using version 2 of the NACC UDS and 

include normal cognition, probable AD, self-reported depression in the last 2 years, episodes 

of depression more than 2 years prior to baseline, reported use of antidepressants, and 

reported use of specific generic medications targeting depression symptoms. Probable AD is 

the outcome of interest. The creation of this variable accounted for cognitive testing and 

etiology (dementia and probable AD) to rule out dementia due to other causes. Normal 

cognition required a Clinical Dementia Rating score of 0 and cognitive testing within normal 
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limits. On the basis of information obtained at annual observations, diagnoses (including 

normal cognition and probable AD) were assigned by either a consensus team or the 

examining physician (Beekly et al., 2004), following UDS criteria originally set forth by the 

National Institute of Neurological and Communicative Disorders and Stroke and the 

Alzheimer's Disease and Related Disorders Association (McKhann et al., 2011).

Depression was measured in two ways. The first variable, which was categorical, included 

self-reported absence or presence of depression within the last 2 years. This includes 

depressive disorders for which a clinician was consulted, even if treatment or medication 

was not received. The second variable, depression: other episodes, was also categorical and 

includes self-reported absence or presence of episodes prior to the last 2 years. For the 

purpose of this study, depression: other episodes is considered to be the measure of lifetime 

depression.

Apolipoprotein E is indicated here by the presence or absence of ε4, denoted by the terms ε4 

carrier and non-carrier. An ε4 carrier has the potential to possess one or two ε4 alleles, while 

a non-carrier possesses other combinations of APOE, none of which contain ε4. APOE 

genotyping techniques vary by ADC but include either a blood draw or buccal swab and 

subsequent genotyping.

A general prescription antidepressant category was examined, which included SSRI, 

tricyclic, monoamine oxidase inhibitor, phenylpiperazine, tetracyclic, and serotonin–

norepinephrine reuptake inhibitor antidepressant medications. Within this category, these 

medications are combined by the NACC repository. As a result, this category allows for a 

group level analysis, and the medications are not able to be analyzed individually. This is 

discussed as a limitation. Additionally, specific generic medications for the treatment of 

depression were analyzed (broad categories without specific trade names but equivalent 

quality and action), including bupropion, citalopram, escitalopram, fluoxetine, mirtazapine, 

paroxetine, sertraline, and trazodone. These specific generic medications were likely 

included in the general antidepressant category, although individual analyses of these 

medications were included to examine the individual contributions to modification of the 

hazard of AD development. This study received approval from the Simmons College 

Institutional Review Board.

Analysis

Utilizing survival analysis, the hypothesis for the current study is that the use of 

antidepressants, despite the presence of APOE ε4 and depression, either decreases or 

neutralizes the increased hazard of depression and/or ε4, such that a non-significant hazard 

will result with respect to eventual AD development. Survival analysis is used to measure 

the time to an event or outcome of interest and is frequently used to analyze longitudinal 

data (Kleinbaum and Klein, 2012). An event was defined as the diagnosis of probable AD by 

a participant's last evaluation. Outcomes are presented as hazard ratios (HRs). Right 

censoring was utilized to account for the fact that a subject may not receive a diagnosis of 

AD prior to their last observation, or may leave the study prior to completion. True survival 

time is unidentified unless a participant develops and is diagnosed with AD by their last 
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observation. All analyses were conducted utilizing STATA, release 13 (StataCorp, 2015), 

and a p value <0.05 was considered statistically significant.

Univariate analyses calculated frequencies and distributions of predictor variables and 

covariates. Fisher's exact test determined if there were associations between users of each 

type of antidepressant medication. Baseline survival function was determined using log-rank 

tests. The relationship of certain predictor variables was examined relative to the outcome 

variable using the Cox proportional hazards model (Cox, 1972). Main effects are presented 

in the first model, while the second model adjusted for sex, age, education, and race. APOE 

was added as a covariate in the third model, while the use of AD medication was added and 

controlled in the fourth model, in addition to the demographic covariates previously 

mentioned. Additive models were explored in the final two tables, through which the 

combined hazard of ε4 carrier status and either depression condition was stratified across the 

medication condition, using the models previously described. The additive effect 

modification model is preferred by many epidemiologists with regard to public health risk 

analysis (VanderWeele and Knol, 2014). The assumption of proportionality was examined in 

order to determine whether the Cox proportional hazards assumption was met.

Results

Table 1 provides percentages, means, and standard deviations of participants at baseline by 

each predictor. The mean number of visits for those with normal cognition was three, with a 

range of one to nine visits. There were 313 diagnoses of AD by the end of the observation 

period among 8,732 older adults who underwent at least two visits. The minimum amount of 

time under observation for participants was 224 days until the first AD diagnosis, and the 

maximum was 3316 days (M = 1493.94 days). The mean age of subjects with normal 

cognition at visit 1 was 74.51 years (SD = 10.43; Mdn = 72 years of age). At visit 1, 80.72% 

of the sample was White, 13.28% were African-American, and 6.01% were from other 

ethnic groups.

The log-rank test for equality of survivor functions revealed that there was a statistically 

significant difference (p < 0.001) in the survival curves of those who did and did not report 

depression in the last 2 years as well as ε4 carriers and non-carriers. There was a similar 

difference (p < 0.05) in those reporting lifetime depression versus those who did not. In 

addition, there was a statistically significant difference (p < 0.001) in the survival curves of 

those who reported taking citalopram, escitalopram, and mirtazapine, and a statistically 

significant (p < 0.05) difference in the survival curves of users and non-users of paroxetine, 

sertraline, and trazodone. This was verified utilizing Fisher's exact test, which was used to 

determine if statistically significant associations exist between users of each type of 

antidepressant medication. There was a statistically significant difference between all 

prescription medication groups (p < 0.05), except for users of trazodone and mirtazapine (p 
= 0.838), mirtazapine and paroxetine (p = 0.612), and mirtazapine and fluoxetine (p = 

0.321).
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Recent depression

There was a statistically significant relationship between recent depression (p < 0.001) and 

eventual AD development (HR = 2.42 [95% CI = 1.92–3.04]). Among users of 

antidepressant medication, the association between depression and AD was no longer 

significant (HR = 1.25 [95% CI = 0.819–19.91]). When individual generic medications were 

examined, users of the generic drugs with depression experienced a statistically non-

significant hazard of AD development as compared with non-users. The main effects for 

those reporting depression in the last 2 years are displayed in Table 2.

Depression occurring more than 2 years prior to baseline

There was a statistically significant relationship between lifetime depression (p < 0.05) and 

eventual AD development (HR = 1.34 [95% CI = 1.04–1.73]). There was no longer a 

significant association between lifetime depression and AD accounting for the use of 

dementia medication (HR = 1.12 [95% CI = 0.843–1.49]). When examining the broad 

categorization of antidepressant medication, there was not a statistically significant hazard of 

AD development for either users or non-users. When individual generic medications were 

examined, users of the generic drugs did not experience a statistically significant hazard of 

AD development as compared with non-users (p < 0.05), with the exception of citalopram. A 

notable result emerged in the examination of sertraline use among participants experiencing 

lifetime depression. When the hazard of lifetime depression was adjusted for demographic 

factors and again for ε4 carrier status, sertraline exerted a protective effect for users. A 

statistically significant hazard (p < 0.001) of AD development remained for sertraline non-

users. The main effects for those reporting lifetime depression are displayed in Table 3.

APOE ε4 carrier status

There was a statistically significant relationship between ε4 carrier status (p < 0.001) and 

eventual AD development, which persisted despite adjustment for demographic factors and 

dementia medication use. When individual generic medications were examined, there was a 

non-significant relationship between ε4 carriers and AD development as compared with 

those of non-users (p < 0.05). This remained true except for users of citalopram and 

paroxetine, who did not experience the modification of the hazard. Unlike participants 

experiencing recent and lifetime depression, the use of bupropion, escitalopram, 

mirtazapine, sertraline, and trazodone remained statistically significant (p < 0.001) for ε4 

carriers, even when adjusted for AD medication as a confounder. The main effects by APOE 

carrier status are displayed in Table 4.

Additive effects—The hazard of AD development among ε4 carriers reporting recent 

depression was substantially non-significant for users of bupropion, escitalopram, 

paroxetine, sertraline, and trazodone. Notably, non-users of these medications with the same 

carrier status and depression symptoms experienced a statistically significant (p < 0.001) 

association with subsequent AD development. This association continued despite adjustment 

for the use of AD medication. The additive effects for ε4 carriers reporting depression in the 

last 2 years are displayed in Table 5.
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The additive effects model for lifetime depression by ε4 carrier status did not sustain the 

protective effect for sertraline. The hazard of AD development among ε4 carriers reporting 

lifetime depression was no longer statistically significant for the general antidepressant use 

category as well as bupropion, fluoxetine, mirtazapine, paroxetine, and trazodone. Notably, 

non-users of these medications with the same carrier status and depression symptoms 

experienced a statistically significant (p < 0.05) association with eventual AD development. 

The additive effects for ε4 carriers reporting lifetime depression are displayed in Table 6.

Discussion

A number of studies examine the effect of antidepressant medications for depression 

secondary to AD (Peters et al., 2011; Rosenberg et al., 2012). The current study is unique in 

its focus on a baseline, cognitively intact sample with depression, APOE ε4, or both and 

sought to examine the hazard of eventual AD development for users and non-users of 

antidepressants.

Existing research provides mixed findings to better clarify the association between 

depression and AD. APOE ε4 carrier status has been linked to depression symptomology in 

a geriatric population with more severe depression symptoms (Skoog et al., 2015). Further, 

studies suggest that APOE ε4 may play a role in higher cortisol levels for some subjects 

(Peavy et al., 2007). Injury to the hippocampus is a known consequence of high cortisol 

levels, and this injury could occur as the outcome of recurrent stress and untreated 

depression, known to result in impairment to the hypothalamic–pituitary–adrenal (HPA) axis 

(Sheline et al., 2003). A consequence of such damage is decreased hippocampal volume 

(Arnone et al., 2013). The potential interaction between increased stress levels due to 

depression, and heightened cortisol levels due to APOE (and for some participants due to 

depression as well), may impact the HPA axis, which may lead to a higher hazard of AD. 

While this link between the HPA and APOE is under investigation, it offers a theoretical 

framework for understanding the potential mechanistic connection by which depression may 

lead to AD. Furthermore, ongoing investigations are examining whether disturbance in the 

characteristic regulation of the HPA axis is a contributory factor in the development of AD 

or a consequence of the underlying pathophysiological AD progression (Gil-Bea et al., 
2010), which may better elucidate the role of depression as a risk factor for AD or as a 

prodromal symptom of AD.

Our findings reinforce the association between depression, APOE ε4, and AD development 

among a group of cognitively asymptomatic participants at baseline. These findings suggest 

that a mechanism related to antidepressant use may reduce or neutralize the hazard of 

eventual AD outcomes, given that this hazard is no longer significant among antidepressant 

users.

Several strengths to this study exist, including the examination of individual generic 

antidepressant medication. These medications were most often SSRIs, although an atypical 

of the aminoketone class was included (bupropion), as well as a tetracyclic of the serotonin 

antagonist and reuptake inhibitor class (trazodone).
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A limitation of this study is that the UDS is not a nationally representative sample of the US 

population; participation is voluntary. Participants may be required by individual ADCs to 

agree to post-mortem analysis before acceptance into the study. Participation may be 

affected by this requirement. Additionally, forward causal inferences cannot be made in the 

NACC dataset. Reverse causation is a challenge in terms of determining whether a predictor 

is an early symptom of AD or an actual risk factor. For example, psychiatric symptoms may 

be an early sign of underlying pathophysiological degeneration or an existing mental health 

concern that is a risk factor for development of AD. Owing to the nature of secondary 

analysis, there are potentially confounding factors that were not measured in the initial data 

collection and cannot be characterized herein. For instance, we used the variable “depression 

in the past 2 years” to signify current depression episodes, but we used more “depression 

more than 2 years ago” to provide some historical aspect to the depression measures, though 

this is not a precise proxy. The use of these two categorical variables has limitations. For 

instance, a participant may have experienced depressive episodes in the past 10 years, but 

not in the past 2 years. The proper classification would be a remission, but this type of 

categorization was not possible in this dataset. A remission would indicate a different level 

of intensity or persistence in the depressive condition, which is deserving of study. Some 

participants may experience recurrent symptoms with multiple remitting episodes. It is 

difficult to distinguish lifetime depressive episode cases from those individuals with 

symptoms occurring in the past two years in this dataset. It is even more difficult to 

distinguish, if not impossible to identify those those with relapsing symptoms. This is an 

issue that can only be resolved through revision of the data collection instruments to collect 

more detailed depression history information. Participant adherence to antidepressant 

medication regiments was not measured and cannot be characterized in this cohort. 

Participants were assumed to be prescribed with and taking antidepressants for the treatment 

of depression. Other uses for medications besides their intended use were not measured. 

Similarly, other comorbidities may exist beyond the duality of depression and dementia, but 

we chose to limit our study to these two conditions. The history of depression symptoms or 

antidepressant use may play a role in the likelihood of dementia, but we are unable to assess 

this causal association without additional historical information.

Although further study is needed, this exploratory investigation reinforces the notion that a 

delay in AD diagnosis by remediation of a risk factor may be one way to confront the 

startling rate at which this disease progresses. Further research should be initiated regarding 

the role of antidepressant medication in possible delay in AD dementia development and 

clarify the ability of antidepressants to delay time to dementia diagnosis among participants 

at different points in the cognitive decline trajectory. This study contributes to the emerging 

literature by exploring interventions aimed at decreasing the risk of AD by using potentially 

modifiable psychosocial risk factors such as depression.
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Key points

• The current study is unique in its focus on a baseline, cognitively intact 

sample with depression, APOE ε4, or both, and sought to examine the hazard 

of eventual AD development for users and non-users of antidepressants.

• Our findings reinforce the association between depression, APOE ε4, and AD 

development among a group of cognitively asymptomatic participants at 

baseline. These findings suggest that a mechanism related to antidepressant 

use may reduce or neutralize the hazard of eventual AD outcomes, given that 

this hazard is no longer significant among antidepressant users.
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Figure 1. 
Overall eligible sample and sample sizes by predictor variable. NACC, National Alzheimer's 

Coordinating Center; UDS, Uniform Data Set; APOE, apolipoprotein E. [Colour figure can 

be viewed at wileyonlinelibrary.com]
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Table 4
Hazard ratios of probable Alzheimer's disease development among ε4 carriers

Predictor variables Analytic sample size

ε4 carrier Main effects 
(unadjusted) Hazard 
ratio (95% CI)

ε4 carrier Main effects 
adjusteda Hazard ratio 
(95% CI)

ε4 carrier Main effects 
adjusted with AD 
medication use Hazard 
ratio (95% CI)

ε4 carrier 2470 2.07 (1.63–2.64)** 2.77 (2.16–3.56)** 2.19 (1.70–2.82)**

Use of an antidepressant 1713 2.15 (1.43–3.24)** 2.77 (1.80–4.25)** 1.99 (1.29–3.08)*

Did not use antidepressant 1.93 (1.43–2.61)** 2.55 (1.86–3.48)** 2.24 (1.64–3.07)**

 Used bupropion 241 1.69 (0.453–6.33) 2.41 (0.465–12.50) 2.63 (0.394–17.51)

 Did not use bupropion 2.08 (1.63–2.66)** 2.77 (2.15–3.58)** 2.22 (1.71–2.87)**

 Used citalopram 304 3.89 (1.76–8.60)** 5.10 (2.21–11.80)** 2.79 (1.14–6.80)*

 Did not use citalopram 1.94 1.50–2.50)** 2.62 (2.01–3.41)** 2.13 (1.63–2.78)**

 Used escitalopram 233 1.44 (0.537–3.84) 1.93 (0.669–5.58) 0.631 (0.194–2.05)

 Did not use escitalopram 2.10 (1.64–2.70)** 2.79 (2.16–3.62)** 2.26 (1.74–2.93)**

 Used fluoxetine 189 1.55 (0.097–24.78) — —

 Did not use fluoxetine 2.08 (1.63–2.65)** 2.78 (2.16–3.58)** 2.19 (1.70–2.82)**

 Used mirtazapine 98 0.576 (0.136–2.43) 0.877 (0.122–6.30) 6.09 (0.331–112.26)

 Did not use mirtazapine 2.12 (1.66–2.71)** 2.81 (2.1–3.63)** 2.17 (1.68–2.81)**

 Used paroxetine 125 4.76 (1.04–21.83)* 5.66 (1.10–29.14)* 6.21 (1.14–33.91)*

 Did not use paroxetine 2.04 (1.60–2.60)** 2.73 (2.12–3.53)** 2.14 (1.66–2.77)**

 Used sertraline 296 0.694 (0.183–2.62) 0.886 (0.196–4.00) 0.961 (0.194–4.75)

 Did not use sertraline 2.16 (1.69–2.77)** 2.88 (2.23–3.72)** 2.34 (1.80–3.02)**

 Used trazodone 217 2.30 (0.737–7.16) 3.98 (1.03–15.33)* 3.29 (0.694–15.59)

 Did not use trazodone 2.06 (1.61–2.64)** 2.72 (2.11–3.52)** 2.18 (1.68–2.82)**

—
indicates sample size too small for analysis.

a
Adjusted for sex, age, education, and race.

*
Statistical significance at p < 0.05.

**
p < 0.001.
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Table 5
Additive hazard ratios of probable Alzheimer's disease development among ε4 carriers 
reporting depression within the last 2 years of baseline

Predictor variables

Sample size 
with AD 
endpoint

Depression—last 2 years × 
ε4 Main effects 
(unadjusted) Hazard ratio 
(95% CI)

Depression—last 2 years × 
ε4 Main effects adjusteda 

Hazard ratio (95% CI)

Depression last 2 years 
Main effects adjusted with 
AD medication use 
Hazard ratio (95% CI)

Depression—last 2 years × ε4 
carrier 455 4.65 (3.24–6.68)** 6.41 (4.43–9.29)** 3.03 (2.06–4.47)**

Use of antidepressant 90 4.24 (1.95–9.23)** 6.90 (3.02–15.80)** 3.19 (1.37–7.43)*

Did not use antidepressant 3.26 (1.81–5.86)** 3.93 (2.14–7.24)** 2.85 (1.54–5.29)**

 Bupropion use 9 1.68 (0.186–15.16) 4.21 (0.368–48.12) 3.76 (0.233–60.71)

 No bupropion use 4.70 (3.23–6.83)** 6.30 (4.29–9.24)** 3.05 (2.04–4.56)**

 Citalopram use 25 8.77 (1.14–67.28)* 14.78 (1.87–116.63)* 6.84 (0.806–58.08)

 No citalopram use 3.67 (2.44–5.54)** 5.02 (3.30–7.65)** 2.57 (1.66–3.98)**

 Escitalopram use 17 0.841 (0.166–4.27) 1.51 (0.290–7.87) 0.339 (0.050–2.28)

 No escitalopram use 4.79 (3.30–6.96)** 6.52 (4.45–9.55)** 3.22 (2.16–4.79)**

 Fluoxetine use 2 — — —

 No fluoxetine use 4.84 (3.36–6.97)** 6.55 (4.51–9.51)** 3.08 (2.08–4.55)**

 Mirtazapine use 9 — — —

 No mirtazapine use 4.63 (3.21–6.69)** 6.40 (4.39–9.33)** 3.01 (2.03–4.46)**

 Paroxetine use 7 4.44 (0.480–41.01) 3.68 (0.316–42.83) 2.99 (0.245–36.32)

 No paroxetine use 4.38 (3.01–6.37)** 6.08 (4.14–8.97)** 2.83 (1.90–4.22)**

 Sertraline use 10 1.58 (0.143–17.49) — —

 No sertraline use 4.98 (3.44–7.20)** 6.97 (4.78–10.17)** 3.42 (2.31–5.07)**

 Trazodone use 12 5.05 (0.457–55.90) 9.63 (0.819–113.21) 4.62 (0.343–62.18)

 No trazodone use 4.66 (3.22–6.73)** 6.39 (4.38–9.32)** 3.07 (2.07–4.56)**

—
indicates sample size too small for analysis.

a
Adjusted for sex, age, education, and race.

*
Statistical significance at p < 0.05.

**
p < 0.001.
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Table 6
Hazard ratios of probable Alzheimer's disease development among ε4 carriers reporting 
depression more than 2 years prior “lifetime” but without symptoms at baseline

Predictor variables

Sample size 
with AD 
endpoint

Depression—lifetime × ε4 
Main effects (unadjusted) 
Hazard ratio (95% CI)

Depression—lifetime × ε4 
Main effects adjusteda 
Hazard ratio (95% CI)

Depression—lifetime × ε4 
Main effects adjusted with 
AD medication use Hazard 

ratio (95% CI)

Lifetime depression × ε4 445 2.35 (1.52–3.61)** 3.65 (2.35–5.66)** 2.03 (1.30–3.16)*

Use of antidepressant 92 1.41 (0.740–2.67) 2.17 (1.12–4.21)* 1.39 (0.715–2.70)

Did not use antidepressant 1.76 (0.884–3.52) 2.70 (1.34–5.41)* 2.23 (1.11–4.48)*

 Bupropion use 9 2.27 (0.235–21.94) 3.46 (0.252–47.56) 2.70 (0.148–49.44)

 No bupropion use 2.28 (1.44–3.59)** 3.48 (2.19–5.52)** 1.99 (1.25–3.18)*

 Citalopram use 26 4.75 (1.28–17.62)* 9.31 (2.33–37.24)* 3.44 (0.794–14.92)

 No citalopram use 1.70 (1.01–2.84)* 2.63 (1.56–4.43)** 1.66 (0.980–2.82)

 Escitalopram use 17 — — —

 No escitalopram use 2.60 (1.68–4.02)** 4.03 (2.59–6.27)** 2.67 (1.45–3.55)**

 Fluoxetine use 2 2.00 (0.125–31.98) — —

 No fluoxetine use 2.40 (1.54–3.72)** 3.69 (2.36–5.76)** 2.05 (1.30–3.22)*

 Mirtazapine use 9 0.106 (0.007–1.59) 0.321 (0.019–5.40) 3.33 (0.062–179.51)

 No mirtazapine use 2.41 (1.55–3.75)** 3.80 (2.43–5.95)** 2.06 (1.31–3.25)*

 Paroxetine use 7 6.11 (0.494–75.64) 10.18 (0.675–153.47) 12.09 (0.865–169.02)

 No paroxetine use 2.21 (1.41–3.46)** 3.46 (2.20–5.45)** 1.88 (1.19–2.98)*

 Sertraline use 9 — — —

 No sertraline use 2.66 (1.72–4.11)** 4.27 (2.74–6.66)** 2.50 (1.60–3.91)**

 Trazodone use 12 1.51 (0.135–16.76) 4.30 (0.266–69.45) 1.11 (0.073–16.71)

 No trazodone use 2.36 (1.52–3.66)** 3.61 (2.31–5.65)** 2.03 (1.29–3.20)*

—
indicates sample size too small for analysis.

a
Adjusted for sex, age, education, and race.

*
Statistical significance at p < 0.05.

**
p < 0.001.
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