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Abstract

Depression and dementia are common mental health problems and are associated in sev-

eral ways. Early-life depression is associated with increased risk of later life dementia, and

depression can present as a preclinical symptom or consequence of dementia. Despite the

plausible relationship between these two clinical entities, the potential association between

antidepressant medication and dementia has rarely been investigated. We conducted a

9-year retrospective analysis of Taiwan’s National Health Insurance Research Database

(NHIRD), enrolling 5819 cases who had received prescriptions of antidepressants between

2003 and 2006, and 23,276 (with ratio of 1:4) age, sex, and index date-matched controls.

The hazard ratio (HR) of dementia among antidepressant users with depression was 2.42

(95% confidence interval (CI): 1.15–5.10), for those without depression was 4.05 (95% CI:

3.19–5.15), compared to antidepressant non-users respectively. Among the 6 classes of

common antidepressants used in Taiwan, the adjusted HRs were 3.66 (95% CI: 2.62–5.09)

for SSRIs, 4.73 (95% CI: 2.54–8.80) for SNRI, 3.26 (95% CI: 2.30–4.63) for TCAs, 6.62

(95% CI: 3.34–13.13) for TeCA, 4.94 (95% CI: 2.17–11.24) for MAOI, and 4.48 (95% CI:

3.13–6.40) for SARI. Furthermore, the multivariate analysis result showed that the adjusted

HRs of cumulative defined daily doses (cDDDs) were 3.74 (95% CI: 2.91–4.82), 3.73 (95%

CI: 2.39–5.80) and 5.22 (95% CI: 3.35–8.14) for those who had cDDDs of <90, 90–180

and >180 compared to those who had taken no antidepressant medication. This is a retro-

spective study based on secondary data, hence, we could not claim causality between

antidepressant medication and dementia. However, a potential association between antide-

pressant and occurrence of dementia after controlling for the status of depression was

observed. Lack of patients’ data about smoking status and body mass index in NHIRD,
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which are considered related to dementia, was also a limitation in this study. In this study,

we concluded that antidepressant medication is a potential risk factor for dementia, indepen-

dent from any effect of depression itself.

Introduction

Dementia is a neurocognitive disorder characterized by cognitive impairment, mainly in

elderly populations, and it leads to huge economic burdens around the world. Sun et al.

reported that in Taiwan, the age-adjusted prevalence of all-cause cognitive impairment, which

includes mild cognitive impairment (MCI) or very mild dementia (VMD), was 8.04% (95%

confidence interval (CI): 7.47–8.61) [1]. Cognitive impairment is also frequently present in

affective disorders such as depression [2], and the prevalence of depression in elderly was 6%

[3, 4]. Depression and dementia often coexist and are associated in several ways. Overall, there

is accumulating evidence indicating two consensuses that early-life depression is a risk factor

for later life dementia, and depression can be a symptom or consequence of dementia [5–8].

Studies also reported that both entities share similar mechanisms of neurobiological alter-

ations, especially white matter involvement, and proposed that they are comorbidities and

share common risk factors or similar patterns of neuronal injury [8].

Regarding the complex interrelationship between the two clinical conditions, several stud-

ies supported a causative or risk factor hypothesis that depression is a risk factor for dementia

[5, 9–14]. Byers et al. and Butters et al. suggested possible factors connecting depression to

dementia, which include elevated β-amyloid plaques, glucocorticoid-induced hippocampal

atrophy, generalized ischemic cerebrovascular disease, lack of nerve growth factors and in-

flammatory changes [9, 15]. Antidepressant medication is commonly used for treatment of

depressive disorders, and it may also be prescribed for many other indications, including anxi-

ety disorders, neuropathic pain, fatigue, sleep disorders, back pain, and headaches [16].

Antidepressants can be generally classified into several groups according to their proposed

mechanisms of action, including tricyclic and tetracyclic antidepressants (TCAs and TeCAs),

selective serotonin reuptake inhibitors (SSRIs), serotonin antagonist and reuptake inhibitors

(SARIs), monoamine oxidase inhibitors (MAOIs), and selective norepinephrine reuptake

inhibitors (SNRIs). In Taiwan, the prevalence of antidepressant use increased from 3.21% in

2000 to 4.63% in 2009 [17]. Although treating depression was believed to improve both mood

and cognitive impairment, and animal studies showed neuroprotective effect of antidepressant

[18], a large scale clinical trial of antidepressant failed to show efficacy of cognitive improve-

ment [19]. Moreover, several studies mentioned that antidepressants may harm the patients in

other aspects. The antidepressants could induce detrimental effects: (a) disruption of adaptive

processes regulated by serotonin [20] in the aspects of emotion, attention [21], neuronal

growth and death [22], astrocytic activity [23], electrolyte homeostasis [24], etc; (b) cytotoxic-

ity to several human normal cells which include osteoclast, osteoblast [25], T-lymphocyte [26],

and hepatocyte [27, 28]; and (c) increased neurological side effects: drowsiness, sedation [29],

dizziness [30] and other extrapyramidal symptoms [31].

Despite the close relationship between depression and dementia, the potential association

between antidepressant medication and dementia remains unclear. Based on the prior re-

search as mentioned above, we hypothesized that antidepressant medication may actually

increase the risk of dementia. To test this hypothesis, we used Taiwan’s National Health Insur-

ance Research Database (NHIRD) to analyze the impacts of different classes of antidepressants

and their cumulative dose-effects on the new diagnosis of dementia.
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Methods

Data source

This is a retrospective population-based cohort study using Taiwan’s NHIRD [32]. The

NHIRD was established in March 1995, and is one of the largest and most comprehensive pop-

ulation-based databases in the world; its completeness and accuracy are ensured by the

Department of Health and the NHI Association of Taiwan. This NHI program consolidated

13 health insurance programs into a universal single-payer system to provide health care ser-

vices to 99% of the population of Taiwan. In this study, we used a subset of NHIRD data con-

taining 1 million beneficiaries of the National Health Insurance (NHI), randomly sampled

from Taiwan’s general population of 23.74 million people. The database includes patients’

demographic characteristics, medical expenditures, details of prescription records (including

drugs used, dosages, and days of supply dispensed), and three diagnoses with codes based on

the International Classifications of Diseases, Ninth Revision, Clinical Modifications (ICD-

9-CM).

Study design and matching

The study cohort included 5819 cases with cumulative antidepressant use and 23,276 controls

with no antidepressant use. These antidepressants and their Anatomical Therapeutic Chemical

(ATC) codes consisted of SSRIs: Fluoxetine (N06AB03), Sertraline (N06AB06), Paroxetine

(N06AB05), Fluvoxamine (N06AB08), Citalopram (N06AB04), and Escitalopram (N06AB10);

an SNRI: Venlafaxine (N06AX16); TCAs: Imipramine (N06AA02), Amitriptyline (N06AA09),

and Doxepin (N06AA12); a TeCA: Mirtazapine (N06AX11); a MAOI: Moclobemide (N06AG02);

and a SARI: Trazodone (N06AX05). The study cases were defined as patients who had re-

ceived antidepressants in ambulatory care between 2003 and 2006, and who complied with

three conditions: (1) the interval between two continuous antidepressant-prescribed visits

was less than 30 days; (2) the first and last antidepressant-prescribed visits were more than

30 days apart; and (3) they received only one type of antidepressant medication. Three groups

of patients were excluded: (1) those aged over 80 years in 2015; (2) those with a history of

dementia before receiving a prescription of antidepressants; (3) those of an undetermined

sex. Based on the inclusion and exclusion criteria, 5819 cases were eligible for this study and

their ages were ranged from 13 to 80. We defined the index date for each case as the date of

the first drug prescription. The control group was sampled from the remaining patients in the

NHIRD and consisted of patients with no antidepressant use between 2003 and 2006. With a

1:4 case-to-control matched schema in which controls were matched to cases according to

age (±10 years), sex, and index date (±10 days), 23,276 patients were enrolled in the control

group. The assumed average maintenance dose per day of a drug is called the defined daily

dosage (DDD). Only drugs with an ATC code are assigned a DDD. Cumulative DDDs

(cDDDs) were calculated using the following formula to compare any antidepressants based

on the same standard:

total amount of a drug used from 2003 to 2006

defined daily dosage ðDDDÞ
:

cDDDs of each case were categorized into <90, 90–180 and�180 to reflect “less than three

months”, “between three months and six months”, and “more than six months period” [33].

Antidepressant users were also categorized according to the potency of sedative and anticho-

linergic properties of the antidepressant medication being prescribed [34–36]. The sample col-

lection process is depicted in Fig 1.
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Baseline confounding factors

Risk factors for each case and control were identified, including stroke (ICD-9-CM: 430–438),

depression (ICD-9-CM: 296.2, 296.3, 300.4, 311.0), diabetes mellitus (DM; ICD-9-CM: 250),

hypertension (ICD-9-CM: 401–405), hyperlipidemia (ICD-9-CM: 272), insomnia (ICD-9-

CM: 307.41, 307.42, 307.49, 780.50, 780.52, 780.55, 780.56, 780.59), and anxiety (ICD-9-CM:

300.0–300.3, 300.5–300.9, 309.2–309.4, 309.81, 313.0). The baseline information was deter-

mined based on their medical history from 2001 to 2002 when the above mention ICD9 code

occurs at least once. Scores of the Charlson comorbidity index (CCI) were applied to adjust

baseline confounding factors weighted according to the mortality risk [37].

Main outcome measures

In this study, follow-up periods ranged 1–9 years. In Taiwan, diagnoses of dementia are given

by neurologists or psychiatrists, and are evaluated based on guidelines in Diagnostic and Sta-

tistical Manual of Mental Disorders, Fourth Edition (DSM-IV) or NINCDS-ADRDA Alzhei-

mer’s Criteria. The main outcome was confirmed by two repeated diagnoses of dementia

(ICD-9-CM: 290, 294.1, and 331.0). Case and control patients were followed up from the

index date until they received a principal diagnosis of senile dementia, uncomplicated (ICD-

9-CM: 290.0), presenile dementia (ICD-9-CM: 290.1x), senile dementia with delusional or

depressive features (ICD-9-CM: 290.2x), senile dementia with delirium (ICD-9-CM: 290.3x),

arteriosclerotic dementia (ICD-9-CM: 290.4x), other specified senile psychotic conditions

(ICD-9-CM: 290.8), unspecified senile psychotic condition (ICD-9-CM: 290.9), dementia in

conditions classified elsewhere (ICD-9-CM: 294.1), or Alzheimer’s disease (ICD-9-CM:

331.0), or until 31 December 2011, whichever occurred first.

Statistical analysis

Chi-square tests were used to compare distributions of demographic characteristics, including

age group, sex, insurance amount categories, region, urbanicity, CCI score, and baseline risk

factors, such as stroke, depression, DM, hypertension, hyperlipidemia, insomnia, and anxiety

between the study and control groups. The cumulative incidence of dementia was estimated

using the Kaplan-Meier method, and the differences in dementia-free distributions between

Fig 1. Flowchart of subjects selection.

https://doi.org/10.1371/journal.pone.0175187.g001
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case and control were determined using the log rank test. Cox proportional hazards regression

models were used to compare the hazard ratios (HRs) for dementia of cases and controls along

with their associated demographic characteristics, risk factors, CCI score, different classes of

antidepressants, and cumulative DDDs. Proportional hazards assumption was examined by

plotting the log(-log(survival function)) versus log of survival time. All analyses were per-

formed using SAS 9.3 software (SAS Institute Inc., Cary, NC). In this study, each hypothesis

was tested with two sided alternatives with its p-value reported. All significance levels were set

to 0.05.

Ethical approval

This study had appropriate Institutional Review Board (IRB) approval from Taipei Medical

University (IRB approval number 201504060).

Results

5819 antidepressant users and 23,276 antidepressant non-users were enrolled in this study.

There were no significant differences between the case and control groups in terms of their age

(M = 54.56 and 54.55 years, respectively) or sex distributions (males: 43.10% and 43.10%,

respectively). The largest population who had received antidepressants in ambulatory care

between 2003 and 2006 was a group of patients whose insurance amount was <NT$20,000.

The prevalence of previous medical conditions that are considered to be possible risk factors

for dementia, among cases were 6.14% for stroke, 16.65% for depression, 12.39% for DM,

19.38% for hypertension, 13.32% for hyperlipidemia, 19.68% for insomnia, and 23.68% for

anxiety. All of the incidences of risk factors were significantly higher in cases than controls.

However, both of the groups had comparable distributions of CCI score and the majority of

subjects had the scores of less than or equal to 1. The mean of antidepressant cDDD of cases

was 92.94 (Table 1).

The median follow-up times to dementia and their interquartile ranges for antidepressant

users and nonuser were 6.74 [5.72–7.82] and 8.89 [8.75–8.93] years, respectively. The log-rank

test indicated that cases were associated with a higher risk of dementia than controls (p< .001)

(Fig 2). In terms of risk factors for dementia, age was positively correlated with an increased risk

of dementia (Adjusted HR = 1.12 [95% CI: 1.11–1.14]). The incidence of dementia for antide-

pressant users was 2.68 per 100 persons, and the CI was 2.28–3.13 per 100 persons, while the

incidence of dementia for non-antidepressant users was 0.86 per 100 persons, and the CI was

0.74–0.99 per 100 persons. We first applied the Cox proportional hazards model to the time to

dementia since the first index date with the age, sex, insurance amount, region, urbanicity,

depression, antidepressant usage, stroke, DM, hypertension, hyperlipidemia, depression,

insomnia, anxiety, and CCI score as the predictors. All the predictors here are categorical

including many binary indicators, except age. In order to examine whether the depression

could be a potential confounder in evaluating the risk of antidepressant on dementia, we further

added the interaction between depression and antidepressant medication to this regression

model. Our results show no significant interaction was observed between these two entities

(p = 0.193). That is, although the adjusted HR for antidepressant may seem slightly higher for

patient without depression than that for patient with depression (4.05 [3.19–5.15] vs. 2.42

[1.15–5.10]), the difference in HRs is not significant. Moreover, we only list the results of the

predictors excluding the last eight disease risk factors which we would like to control. We note

that age (p< .001), insurance amount (p< .001), urbanicity (p = .017), CCI score (p = .033),

depression (p = .011), and antidepressant usage (p< .001) are significant (Table 2). The appro-

priateness of the Cox proportional hazards model is supported by the plot in S1 Fig, where the

Antidepressant medication and dementia
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log(-log(survival function)) versus log(survival time) are plotted for case and control groups

separately.

To analyze the relative drug safety of antidepressants, we also compared risks for dementia

of antidepressants according to their classes after adjusting for potential risk factors. A Cox

regression model was conducted with different drug classes as the independent variable

adjusted for stroke, diabetes mellitus, hypertension, hyperlipidemia, depression, insomnia,

anxiety, and Charlson comorbidity index score. The adjusted HRs were 3.66 (95% CI: 2.62–

5.09) for SSRIs, 4.73 (95% CI: 2.54–8.80) for SNRI, 3.26 (95% CI: 2.30–4.63) for TCAs, 6.62

Table 1. Comparison of demographic characteristics and risk factors between cases and controls.

Study (N = 5819) Control (N = 23,276) P Value

N (%) N (%)

Age, mean (SD) a 54.56 (14.97) 54.55 (14.99) .942

Sex (male) a 2508 (43.10%) 10,032 (43.10%) 1.000

Insurance amount (NT$) b,c < .001

≧40,000 597 (14.14%) 2955 (17.18%)

20,000–39,999 914 (21.64%) 4580 (26.62%)

<20,000 2712 (64.22%) 9670 (56.20%)

Region b,c .916

Northern 2565 (44.31%) 10,312 (44.51%)

Central 1414 (24.43%) 5740 (24.77%)

Southern 1639 (28.31%) 6622 (28.58%)

Eastern 171 (2.95%) 495 (2.14%)

Urbanicity b,c .099

1 (most urbanized) 1744 (33.23%) 7439 (35.12%)

2 1748 (33.31%) 6672 (31.50%)

3 823 (15.68%) 3621 (17.09%)

4 (least urbanized) 933 (17.78%) 3450 (16.29%)

Risk factors b

Stroke 357 (6.14%) 610 (2.62%) < .001

Depression 969 (16.65%) 434 (1.86%) < .001

Diabetes Mellitus 721 (12.39%) 2103 (9.04%) < .001

Hypertension 1128 (19.38%) 3903 (16.77%) < .001

Hyperlipidemia 775 (13.32%) 2514 (10.80%) .040

Insomnia 1145 (19.68%) 1876 (8.06%) < .001

Anxiety 1378 (23.68%) 2005 (8.61%) < .001

CCI Score b < .001

≦1 5191 (89.21%) 21,666 (93.08%)

2 362 (6.22%) 1023 (4.40%)

≧3 266 (4.57%) 587 (2.52%)

Antidepressant cDDD, mean (SD) 92.94 (181.90)

Antidepressant cDDD

<90 4153 (71.37%)

90–180 1020 (17.53%)

>180 646 (11.10%)

a T test.
b Chi-square test.
c Subjects for all levels do not sum up to original cases due to missing values.

https://doi.org/10.1371/journal.pone.0175187.t001
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(95% CI: 3.34–13.13) for TeCA, 4.94 (95% CI: 2.17–11.24) for MAOI, and 4.48 (95% CI: 3.13–

6.40) for SARI. The TeCA group had the greatest hazard ratio for dementia, while the TCAs

group and SSRIs group are the two groups which had the lowest incidence of dementia (Table 3).

To investigate the cumulative dose-effect of antidepressants on dementia, we categorized

cases into three groups according to their cDDDs of<90, 90–180, and>180. The multivariate

analysis result showed that the adjusted HR of the cDDDs was 3.74 (95% CI: 2.91–4.82) for

those who were<90 compared to the controls. The adjusted HR for those who have cDDDs

between 90 to 180 appears to be similar to those who were<90 (3.73 vs. 3.74), which might be

an indication that cDDD less than 180 being a relatively safe cut-off point. The adjusted HR

for cDDDs >180 is 5.22 and is about 40% increased compared to those who have cDDDs <90.

The association of various levels of cDDDs to the risk of developing dementia was examined

using trend test. The result also indicated that there is an upward trend for developing demen-

tia along with the increase of cDDD (p< .001). Furthermore, higher potency of sedative and

anticholinergic properties of antidepressant medications is not correlated to higher hazard

ratios of dementia (Table 4).

In order to evaluate the magnitude of risk factors on the effect of dementia, we ran a Cox

regression model where the eight risk factors consisted of stroke, diabetes mellitus, hyperten-

sion, hyperlipidemia, depression, insomnia, anxiety, and Charlson comorbidity index score

were treated as independent variables. Adjusted hazard ratios of risk factors for dementia were

2.55 (95% CI: 1.86–3.49) for stroke, 1.58 (95% CI: 1.18–2.13) for diabetes mellitus, 2.27 (95%

CI: 1.78–2.90) for hypertension, 1.27 (95% CI: 0.98–1.65) for hyperlipidemia, 1.59 (95% CI:

1.11–2.27) for depression, 1.64 (95% CI: 1.26–2.14) for insomnia, and 1.49 (95% CI: 1.14–1.94)

for anxiety (Table 5). In addition, to assess the robustness of our results, we performed sensi-

tivity analysis and conducted the Cox proportional hazards regression models on each risk

factor as subgroups. In the subgroup analysis, age group, gender, stroke, diabetes mellitus,

hypertension, hyperlipidemia, depression, insomnia, anxiety, and CCI score were included

Fig 2. Kaplan-Meier estimates of study and control group patients who developed dementia.

https://doi.org/10.1371/journal.pone.0175187.g002
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as confounding factors. For example, for male patients, their adjusted HR for developing

dementia was 4.45 (95% CI: 3.11–6.37). The adjusted hazard ratios for developing dementia

are 4.96 (95% CI: 3.05–8.07), 3.91 (95% CI: 2.55–6.01), and 3.65 (95% CI: 2.60–5.14) for the

subgroups of insomnia patients, diabetes mellitus patients, and hypertension patients respec-

tively. In general, the results confirmed a similar trend that proposing antidepressant medica-

tion would increase risk of dementia and it supports our conclusion, regardless of the age

group, gender, baseline risk factors or CCI score (Table 6).

Table 2. Risk factors examination for dementia using cox proportional hazards regression model.

Event, n Rate (95% CI), per 100 persons Univariate HR [95% CI] Multivariate HR [95% CI] P Value

Age (years) 1.13 [1.12–1.15] 1.12 [1.11–1.14]** < .001

Sex .806

Female 210/16,555 1.27 [1.10–1.45] 1.00 [Reference] 1.00 [Reference]

Male 146/12,540 1.16 [0.98–1.37] 0.93 [0.75–1.14] 0.97 [0.79–1.21]

Insurance amount (NT$) < .001

≧40,000 17/3552 0.48 [0.28–0.77] 1.00 [Reference] 1.00 [Reference]

20,000–39,999 38/5494 0.69 [0.49–0.95] 1.45 [0.82–2.57] 1.41 [0.79–2.49]

<20,000 179/12,382 1.45 [1.24–1.67] 3.09 [1.88–5.08] 2.63 [1.60–4.34]**

Region .515

Northern 138/12,877 1.07 [0.90–1.26] 1.00 [Reference] 1.00 [Reference]

Central 100/7154 1.40 [1.14–1.70] 1.30 [1.01–1.68] 1.22 [0.94–1.58]

Southern 105/8261 1.27 [1.04–1.54] 1.18 [0.92–1.53] 1.12 [0.87–1.44]

Eastern 9/666 1.35 [0.62–2.55] 1.28 [0.65–2.52] 1.15 [0.58–2.25]

Urbanicity .017

1 (most urbanized) 81/9183 0.88 [0.70–1.10] 1.00 [Reference] 1.00 [Reference]

2 103/8420 1.22 [1.00–1.48] 1.39 [1.04–1.86] 1.37 [1.02–1.83]*

3 55/4444 1.24 [0.93–1.61] 1.41 [1.00–1.98] 1.44 [1.02–2.02]*

4 (least urbanized) 73/4383 1.67 [1.31–2.09] 1.90 [1.39–2.61] 1.65 [1.20–2.26]**

CCI Score .033

≦1 340/28,770 1.18 [1.06–1.31] 1.00 [Reference] 1.00 [Reference]

2 12/278 4.32 [2.25–7.42] 3.78 [2.80–5.10] 1.51 [1.07–2.15]*

≧3 4/47 8.51 [2.37–20.38] 5.03 [3.62–6.99] 1.53 [1.02–2.28]*

Depression .011

[Without] 316/27,692 1.14 [1.02–1.27] 1.00 [Reference] 1.00 [Reference]

[With] 40/1403 2.85 [2.04–3.86] 2.85 [2.05–3.96] 1.59 [1.11–2.27]*

Antidepressant Usage < .001

[Without] 200/23,276 0.86 [0.74–0.99] 1.00 [Reference] 1.00 [Reference]

[With] 156/5819 2.68 [2.28–3.13] 5.03 [4.04–6.26] 3.89 [3.08–4.92]**

Depression*Antidepressant .193

Antidepressant effect

(Depression = N)

5.08 [4.01–6.43] 4.05 [3.19–5.15]

Antidepressant effect

(Depression = Y)

2.27 [1.08–4.77] 2.42 [1.15–5.10]

*:p<0.05

**: p<0.01.

The main outcome was diagnosis of dementia (ICD-9-CM: 290, 294.1), or Alzheimer’s disease (ICD-9-CM: 331.0). The adjusted HRs were calculated after

controlling for stroke, diabetes mellitus, hypertension, hyperlipidemia, depression, insomnia, anxiety, and CCI score. HR is abbreviation for hazard ratio, CI

is for confidence interval and CCI is for Charlson comorbidity index. Antidepressant effects are nested in Depression * Antidepressant effects were

calculated for patients with depression (Y) and without depression (N).

https://doi.org/10.1371/journal.pone.0175187.t002
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Discussion

In this study, we found that cases who had taken antidepressants had a higher incidence of

dementia relative to the controls. The TeCA group had the highest HR at 6.62 (95% CI: 3.34–

Table 3. Risk of dementia with the use of antidepressants from different classes (reference = control).

Exposed to Study (N = 5819) Univariate HR [95% CI] Multivariate HR [95% CI]

N (%)

Selective serotonin reuptake inhibitors (SSRIs) 2371 (40.75%) 4.10 [2.99–5.62] 3.66 [2.62–5.09]**

Selective norepinephrine reuptake inhibitors (SNRI) 384 (6.60%) 5.35 [2.91–9.85] 4.73 [2.54–8.80]**

Tricyclic antidepressants (TCAs) 1583 (27.20%) 4.64 [3.29–6.56] 3.26 [2.30–4.63]**

Tetracyclic antidepressants (TeCA) 223 (4.00%) 8.29 [4.24–16.25] 6.62 [3.34–13.13]**

Monoamine oxidase inhibitors (MAOI) 155 (2.66%) 6.72 [2.97–15.13] 4.94 [2.17–11.24]**

Serotonin antagonist and reuptake inhibitors (SARI) 1103 (18.96%) 6.56 [4.63–9.29] 4.48 [3.13–6.40]**

*:p<0.05

**: p<0.01.

SSRIs include Fluoxetine, Citalopram, Escitalopram, Fluvoxamine, Sertraline, Paroxetine; SNRI includes Venlafaxine; TCAs include Amitriptyline,

Imipramine, Doxepin; TeCA includes Mirtazapine; MAOI includes Moclobemide; SARI includes Trazodone. The main outcome was diagnosis of dementia

(ICD-9-CM: 290, 294.1), or Alzheimer’s disease (ICD-9-CM: 331.0). The adjusted HRs were calculated after controlling for stroke, diabetes mellitus,

hypertension, hyperlipidemia, depression, insomnia, anxiety, and Charlson comorbidity index score.

https://doi.org/10.1371/journal.pone.0175187.t003

Table 4. Examination of the risk factors of dementia in terms of the antidepressant cDDD and its side effects using cox proportional hazards

regression.

Event, n Rate (95% CI), per 100 persons Univariate HR [95% CI] Multivariate HR [95% CI] P for trend

Antidepressant cDDD < .001

No use 200/23,276 0.86 [0.74–0.99] 1.00 [Reference] 1.00 [Reference]

<90 108/4153 2.60 [2.14–3.13] 4.89 [3.84–6.24] 3.74 [2.91–4.82]**

90–180 24/1020 2.35 [1.51–3.48] 4.45 [2.90–6.84] 3.73 [2.39–5.80]**

>180 24/646 3.72 [2.39–5.48] 6.69 [4.36–10.26] 5.22 [3.35–8.14]**

Side effects of antidepressant medications–Sedation a .139

0 32/1763 1.82 [1.24–2.55] 1.00 [Reference] 1.00 [Reference]

1+ 30/992 3.02 [2.05–4.29] 1.64 [1.00–2.71] 1.56 [0.95–2.57]

3+ 31/1250 2.48 [1.69–3.50] 1.34 [0.82–2.20] 1.04 [0.63–1.73]

4+ 57/1659 3.44 [2.61–4.43] 1.86 [1.21–2.87] 1.47 [0.95–2.28]

Side effects of antidepressant medications–Anticholinergic a .112

0 85/3429 2.48 [1.98–3.06] 1.00 [Reference] 1.00 [Reference]

1+ 25/652 3.83 [2.50–5.61] 1.57 [1.01–2.46] 1.60 [1.02–2.50]*

3+ 31/1250 2.48 [1.69–3.50] 0.99 [0.66–1.49] 0.84 [0.56–1.28]

4+ 9/333 2.70 [1.24–5.07] 1.05 [0.53–2.08] 0.93 [0.47–1.85]

*:p<0.05

**: p<0.01.
a Scale: 0 = none; 1+ = slight; 2+ = low; 3+ = moderate; 4+ = high.

About the potency of sedative property of antidepressants, 0 for Fluoxetine, Citalopram, Escitalopram, and Sertraline; 1+ for Fluvoxamine, Paroxetine, and

Venlafaxine; 3+ for Imipramine and Doxepin; 4+ for Amitriptyline, Mirtazapine, and Trazodone. About the potency of anticholinergic property of

antidepressants, 0 for Fluoxetine, Citalopram, Escitalopram, Sertraline, Fluvoxamine, Trazodone, and Venlafaxine; 1+ for Paroxetine and Mirtazapine; 2

+ for Imipramine and Doxepin; 4+ for Amitriptyline.

The main outcome was diagnosis of dementia (ICD-9-CM: 290, 294.1), or Alzheimer’s disease (ICD-9-CM: 331.0). The adjusted HRs were calculated after

controlling for stroke, diabetes mellitus, hypertension, hyperlipidemia, depression, insomnia, anxiety, and Charlson comorbidity index score.

https://doi.org/10.1371/journal.pone.0175187.t004
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13.13), while the TCAs group and SSRIs group had hazard ratios of 3.26 (95% CI: 2.30–4.63)

and 3.66 (95% CI: 2.62–5.09), which indicates that they are the least dementia-associated anti-

depressant classes compared to the other 4 classes. In addition, we categorized patients into

four groups according to their cDDDs of antidepressants, to estimate the total drug amount

that patients were exposed. We found that cDDDs of antidepressants >180 were associated

with higher incidences of dementia. This phenomenon once again supports the idea that anti-

depressants may be a risk factor in inducing dementia.

Antidepressants with higher sedative properties (e.g., mirtazapine) and anticholinergic prop-

erties (e.g., TCAs) have a higher hazard ratio of dementia in this study. To eliminate the effect of

some antidepressants that might lead to an earlier dementia diagnosis due to sedative effects and

to control for depression and anxiety as prodromal symptoms of dementia, we conducted a sen-

sitivity analysis which excludes patients diagnosed with dementia within the first 5 years follow-

ing the data of registration of antidepressant treatment. The results are similar to the one without

exclusion (S2 Fig). Besides that, we also evaluated the HRs of dementia according to the potency

of antidepressants of sedative and anticholinergic properties [34–36]. We observed that there is

no association between the side effects of antidepressant medications and risk of dementia

(Table 4). One of the reasons is that medication-induced dementia, a reversible dementia, would

be ruled out during making diagnosis of dementia. Furthermore, we only selected cases who

only used one type of antidepressant to eliminate the confounding of drug-drug interaction.

In the pathogenesis of dementia, both ideas that mention depression as a risk factor for

dementia and depression as a prodromal symptom remain controversial. It is difficult to clarify

the causal relation between depression and dementia, and findings in the previous literature

are inconsistent on these issues [10, 38, 39]. We found that dementia is a possible pathological

consequence since patients with depression had higher incidence of dementia (HR = 1.59,

95% CI: 1.11–2.27) (Table 5). This finding is consistent with previous studies that identified

depression as one of the risk factors of dementia [9, 10]. Considering the potential confound-

ing effect of depression on dementia in this study, we first examined the interaction effect

between depression status and antidepressant usage and then tested the antidepressant effect

for depression and non-depression groups. The adjusted HR of dementia in depression group

was 2.42 (95% CI: 1.15–5.10), while for non-depression group, it was 4.05 (95% CI: 3.19–5.15)

(Table 2). Our result shows that antidepressant users had higher hazard ratio of dementia,

Table 5. Assessment of risk factors for dementia using cox proportional hazards regression model.

Risk Factor Univariate HR [95% CI] Multivariate HR [95% CI]

Stroke 6.22 [4.72–8.21] 2.55 [1.86–3.49]**

Diabetes Mellitus 3.51 [2.78–4.43] 1.58 [1.18–2.13]**

Hypertension 4.06 [3.29–5.00] 2.27 [1.78–2.90]**

Hyperlipidemia 2.85 [2.25–3.60] 1.27 [0.98–1.65]

Depression 2.85 [2.05–3.96] 1.59 [1.11–2.27]*

Insomnia 2.94 [2.31–3.74] 1.64 [1.26–2.14]**

Anxiety 2.69 [2.12–3.43] 1.49 [1.14–1.94]**

CCI Score (2 vs. ≦1) 3.78 [2.80–5.10] 1.51 [1.07–2.15]*

CCI Score (≧ 3 vs. ≦1) 5.03 [3.62–6.99] 1.53 [1.02–2.28]*

*:p<0.05

**: p<0.01.

The main outcome was diagnosis of dementia (ICD-9-CM: 290, 294.1), or Alzheimer’s disease (ICD-9-CM: 331.0). The adjusted HR for each risk factor was

calculated after controlling for the remaining seven risk factors.

https://doi.org/10.1371/journal.pone.0175187.t005
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which indicated that antidepressant medication is a potential risk factor for dementia and is

independent of depression and other well-known risk factors, such as age, CCI score, stroke,

diabetes, hypertension, hyperlipidemia, insomnia, and anxiety (Fig 3). Again, this result sug-

gested that dementia may be an iatrogenic result of taking antidepressant medication, besides

the pathogenic consequence of depression.

Subjects who are over 80 years old had higher proportion of risk factors and this may

worsen the confounding of these baseline factors to our analysis in the study. Besides that, life

expectancy in Taiwan is 80 years old and this subgroup may not have sufficient duration time

for follow-up. Hence, the subgroup who exceeds 80 years old was excluded in this study. In

addition, the reason that we set antidepressant users who had been prescribed at least 30 days

is because depressive symptoms get improved within this period of time [36] and this criterion

is widely accepted in other studies [40–42].

Patients in the SSRIs group had low HR for dementia, so we considered SSRIs to be lesser

associated with dementia compared to the others. In addition, several studies supported our

findings from a neurobiological view, which mentioned that Fluoxetine, one of the SSRIs,

plays an important role in neuroprotection. Malberg et al. demonstrated that Fluoxetine

can rescue the effect after exposure to inescapable shock (IS), which results in a state of behav-

ioral despair and reduction of hippocampal cell proliferation [43]. Chen et al. revealed that

Table 6. Subgroup analysis of cox proportional hazard regressions of antidepressant associated with the incidence of dementia.

Subgroup Univariate HR [95% CI] Multivariate HR [95% CI]

Age group ≦44 3.20 [0.72–14.32] 2.47 [0.47–12.91]

45–64 8.20 [4.53–14.85] 8.34 [4.45–15.61]**

≧65 4.73 [3.73–6.01] 3.84 [2.98–4.94]**

Gender [Female] 4.80 [3.60–6.41] 3.59 [2.64–4.88]**

[Male] 5.37 [3.82–7.54] 4.45 [3.11–6.37]**

Stroke [Without] 4.81 [3.78–6.13] 4.08 [3.16–5.28]**

[With] 3.09 [1.82–5.24] 2.90 [1.67–5.06]**

Diabetes Mellitus [Without] 4.73 [3.64–6.13] 3.90 [2.95–5.15]**

[With] 4.71 [3.11–7.13] 3.91 [2.55–6.01]**

Hypertension [Without] 4.97 [3.68–6.71] 4.09 [2.93–5.58]**

[With] 4.52 [3.28–6.23] 3.65 [2.60–5.14]**

Hyperlipidemia [Without] 4.94 [3.82–6.39] 4.04 [3.08–5.32]**

[With] 4.54 [2.98–6.90] 3.51 [2.24–5.49]**

Depression [Without] 5.12 [4.04–6.49] 4.07 [3.20–5.19]**

[With] 2.19 [1.02–4.67] 2.54 [1.17–5.54]*

Insomnia [Without] 4.45 [3.44–5.75] 3.55 [2.71–4.64]**

[With] 4.50 [2.85–7.09] 4.96 [3.05–8.07]**

Anxiety [Without] 4.70 [3.63–6.10] 3.92 [3.00–5.13]**

[With] 3.76 [2.41–5.89] 3.67 [2.28–5.91]**

CCI score ≦1 4.87 [3.77–6.30] 4.07 [3.09–5.35]**

2 3.87 [2.19–6.85] 2.99 [1.60–5.61]**

≧3 3.88 [2.06–7.33] 3.79 [1.97–7.27]**

*:p<0.05

**: p<0.01.

The main outcome was diagnosis of dementia (ICD-9-CM: 290, 294.1), or Alzheimer’s disease (ICD-9-CM: 331.0). The adjusted HRs were calculated after

controlling for stroke, diabetes mellitus, hypertension, hyperlipidemia, depression, insomnia, anxiety, and Charlson comorbidity index score, except for the

targeted risk factor itself.

https://doi.org/10.1371/journal.pone.0175187.t006
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Fluoxetine, either alone or in combination, can enhance hippocampal neurogenesis in long-

term depression via a mechanism of its antidepressant action [44].

Our study reported 16.65% of antidepressant users have been diagnosed with depression,

which is slightly lower than result presented by Chi-Shin Wu et al. in 2012 [17]. Such a low

ratio of depression among antidepressant users is due to several reasons. In Taiwan, patients

would only be coded for major depressive disorder (ICD-9-CM: 296.2, 296.3), dysthymic dis-

order (300.4), or depressive disorder, not otherwise specified (311.0) by psychiatrists if their

symptoms meet the DSM-IV criteria. Besides that, the indications for antidepressant usage

have been extended for various anxiety/panic disorders, not only for mood disorders [45]. Fur-

thermore, antidepressants are widely prescribed for the other clinical accepted off-label uses

include migraine [46], back pain [47], insomnia [48], etc. For instance, amitriptyline, one of

the tricyclic antidepressants, is the most common treatment strategy for neurologic pain and

fibromyalgia in many guidelines [49, 50].

Consistent with our results, Hsiao et al. reported that a higher ratio of dementia cases had a

history of taking antidepressants (11.41%) compared to control (4.88%) (p< .001) [51]. That

is, they established a solid association between the use of antidepressants and dementia. As

mentioned previously, antidepressants are tightly related to depression, and depression is a

well-known risk factor for dementia; but the effect between antidepressant medication or

depression on increasing the risk of dementia is still unclear. We integrated several lines of evi-

dence in previous studies, including (a) a study using Taiwan’s NHIRD which showed that

populations with a dementia diagnosis had a higher ratio of taking antidepressants [51]; (b)

antidepressant medication causes severe neurological side effects, which reflect antidepressants

interfering with brain function, possibly via altering neurotransmitter systems [29–31]; and (c)

antidepressants damage normal cells, including osteoblasts, osteoclasts, hepatocytes, etc [25,

28]. These results suggest a possible iatrogenic pathway of antidepressant medication in induc-

ing dementia. In addition, Gray et al. revealed that the cumulative use of tricyclic antidepres-

sants, was related to a higher hazard ratio for dementia, and this finding was consistent with

our results [52]. Lee et al. has recently published an article and also considered investigating

the association between antidepressants and dementia. They concluded that SSRIs, MAOIs,

and heterocyclic antidepressants were associated with an increased risk of dementia, which is

Fig 3. Forest plot of factors associated with the incidence of dementia.

https://doi.org/10.1371/journal.pone.0175187.g003
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consistent with our results. However, in their study, compared to non-dementia controls,

dementia cases had longer follow up period from diagnosis of depression to endpoint of

dementia. Therefore, higher odds of antidepressant usage in case group were predictable. Also,

subjects that were diagnosed with dementia before antidepressant-prescribed date should be

excluded because dementia would be more likely caused by other factors, such as depression

status. In contrast to their study which focuses on only the depression patients, we had ana-

lyzed the interaction effect of depression status and antidepressant usage on the risk of de-

mentia. In our study, case group and control group were followed from the same index date.

Hence, our result should provide more generalized results and could be more widely applied

to population regardless of the depression status [53].

Mossello et al. mentioned that antidepressant treatment would protect cognitive function in

depressed older patients with AD [54]. They further suggested that cognitive protection was

possibly via a reduction in depressive symptoms after taking antidepressants, while we proposed

that antidepressant medication might increase the risk of dementia independent of depression.

Another study using a nationwide database in Denmark revealed that continued long-term

antidepressant treatment was associated with a reduced rate of dementia [55]. From a biological

view of the treatment of depression, Sheline et al. proposed that Citalopram, an SSRI, decreased

cerebrospinal fluid (CSF) amyloid beta protein production in a dose-dependent manner in both

animal and human studies, and this ability may be a potential preventive strategy for AD [56].

Our conclusions being based on secondary data is the major limitation of this study. There-

fore, we were unable to directly clarify the causality between the use of antidepressants and the

development of dementia. To examine the temporal relationship between antidepressant med-

ication and dementia, long-term clinical observational studies need to be carried out to further

study this issue. Furthermore, the potential inaccuracies of clinical diagnosis and the use of

ICD-9 codes in Taiwan with a study period from 2001 to 2011 are also the other limitations to

this study. It is important to note that in Taiwan, diagnoses of dementia were made by neurol-

ogists or psychiatrists based on guidelines in DSM-IV or NINCDS-ADRDA Alzheimer’s Crite-

ria. In order to improve reliability of the results, the main outcome was confirmed by two

repeated diagnoses of dementia.

In this study, we used Taiwan’s NHIRD to analyze the association between a series of anti-

depressant medications and the risk of dementia, and we set up a follow-up period of up to 9

years. (a) Both depression and non-depression case groups with antidepressants use had

higher incidences of dementia and (b) high cDDDs of antidepressants were associated with

increased risks of dementia. Together these lines of evidence reflect that antidepressant medi-

cations are associated with an increased risk for dementia in a manner independent of de-

pression. Taiwan’s NHIRD is well-characterized with patients’ basic information, medical

expenditures, and details of prescription records, so we could control for a number of poten-

tially confounding factors, to provide more-accurate results. Thus, these reliable results indi-

rectly suggest two possible pathways; (a) antidepressant medication increases the risk of

dementia; and (b) it deteriorates the pathogenesis of dementia and further causes dementia

symptoms to present earlier. Antidepressant medications are like a double-edged sword. They

may exacerbate the risk of developing dementia, but importantly, they could also improve

patients’ quality of life and working ability, and prevent suicide. More studies are needed to

evaluate the comprehensive efficacy of antidepressant medication in patients.

Conclusions

Multiple factors may participate in the formation of dementia, including age, smoking, stroke,

depression, DM, hypertension, hyperlipidemia, anxiety, insomnia, etc. This study could not
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directly address whether taking antidepressants can induce dementia; however, we propose

that antidepressant medication is associated with an increased risk of dementia. Different haz-

ard ratios of the 6 classes of antidepressants in developing dementia further provide informa-

tion about the relative drug safety for clinical use and suggest that caution should be exercised

with the long-term use of antidepressants.
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S2 Fig. Kaplan-Meier estimates of study and control group patients who developed demen-

tia after 5 years of index date.

(TIF)

Author Contributions

Conceptualization: CKT NFC KHC LK KHL CJH SCS YKL.

Data curation: CKT YKL KHL.

Formal analysis: CKT LK YKL.

Funding acquisition: NFC KHC SCS.

Investigation: NFC KHC YKL KHL.

Methodology: CKT KHL LK YKL.

Project administration: NFC KHC CJH SCS YKL.

Resources: NFC KHC CJH SCS YKL.

Software: CJH SCS YKL.

Supervision: CJH SCS YKL.

Validation: CKT YKL LK.

Visualization: CKT CJH SCS YKL LK.

Writing – original draft: CKT SCS YKL LK.

Writing – review & editing: CKT SCS YKL LK.

References
1. Sun Y, Lee HJ, Yang SC, Chen TF, Lin KN, Lin CC, et al. A Nationwide Survey of Mild Cognitive

Impairment and Dementia, Including Very Mild Dementia, in Taiwan. PloS one. 2014; 9(6).

2. MacQueen GM, Memedovich KA. Cognitive dysfunction in major depression and bipolar disorder:

Assessment and treatment options. Psychiatry and clinical neurosciences. 2017; 71(1):18–27. https://

doi.org/10.1111/pcn.12463 PMID: 27685435

3. Chen R, Wei L, Hu Z, Qin X, Copeland JR, Hemingway H. Depression in older people in rural China.

Archives of internal medicine. 2005; 165(17):2019–25. https://doi.org/10.1001/archinte.165.17.2019

PMID: 16186473

4. Chong MY, Tsang HY, Chen CS, Tang TC, Chen CC, Yeh TL, et al. Community study of depression in

old age in Taiwan: prevalence, life events and socio-demographic correlates. The British journal of psy-

chiatry: the journal of mental science. 2001; 178(1):29–35.

Antidepressant medication and dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0175187 April 6, 2017 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175187.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175187.s002
https://doi.org/10.1111/pcn.12463
https://doi.org/10.1111/pcn.12463
http://www.ncbi.nlm.nih.gov/pubmed/27685435
https://doi.org/10.1001/archinte.165.17.2019
http://www.ncbi.nlm.nih.gov/pubmed/16186473
https://doi.org/10.1371/journal.pone.0175187


5. da Silva J, Goncalves-Pereira M, Xavier M, Mukaetova-Ladinska EB. Affective disorders and risk of

developing dementia: systematic review. The British journal of psychiatry: the journal of mental science.

2013; 202(3):177–86.

6. Byers AL, Yaffe K. Depression and risk of developing dementia. Nature reviews Neurology. 2011; 7

(6):323–31. https://doi.org/10.1038/nrneurol.2011.60 PMID: 21537355

7. Muliyala KP, Varghese M. The complex relationship between depression and dementia. Ann Indian

Acad Neur. 2010; 13:69–73.

8. Bennett S, Thomas AJ. Depression and dementia: cause, consequence or coincidence? Maturitas.

2014; 79(2):184–90. https://doi.org/10.1016/j.maturitas.2014.05.009 PMID: 24931304

9. Byers AL, Yaffe K. Depression and risk of developing dementia. Nature Reviews Neurology. 2011; 7

(6):323–31. https://doi.org/10.1038/nrneurol.2011.60 PMID: 21537355

10. Saczynski JS, Beiser A, Seshadri S, Auerbach S, Wolf PA, Au R. Depressive symptoms and risk of

dementia: the Framingham Heart Study. Neurology. 2010; 75(1):35–41. https://doi.org/10.1212/WNL.

0b013e3181e62138 PMID: 20603483

11. Li G, Wang LY, Shofer JB, Thompson ML, Peskind ER, McCormick W, et al. Temporal relationship

between depression and dementia: findings from a large community-based 15-year follow-up study.

Archives of general psychiatry. 2011; 68(9):970–7. https://doi.org/10.1001/archgenpsychiatry.2011.86

PMID: 21893662

12. Ownby RL, Crocco E, Acevedo A, John V, Loewenstein D. Depression and risk for Alzheimer disease:

systematic review, meta-analysis, and metaregression analysis. Archives of general psychiatry. 2006;

63(5):530–8. https://doi.org/10.1001/archpsyc.63.5.530 PMID: 16651510

13. Green RC, Cupples LA, Kurz A, Auerbach S, Go R, Sadovnick D, et al. Depression as a risk factor for

Alzheimer disease: the MIRAGE Study. Archives of neurology. 2003; 60(5):753–9. https://doi.org/10.

1001/archneur.60.5.753 PMID: 12756140

14. Kessing LV, Andersen PK. Does the risk of developing dementia increase with the number of episodes

in patients with depressive disorder and in patients with bipolar disorder? J Neurol Neurosur Ps. 2004;

75(12):1662–6.

15. Butters MA, Young JB, Lopez O, Aizenstein HJ, Mulsant BH, Reynolds CF 3rd, et al. Pathways linking

late-life depression to persistent cognitive impairment and dementia. Dialogues in clinical neuroscience.

2008; 10(3):345–57. PMID: 18979948

16. Olfson M, Marcus SC. National patterns in antidepressant medication treatment. Archives of general

psychiatry. 2009; 66(8):848–56. https://doi.org/10.1001/archgenpsychiatry.2009.81 PMID: 19652124

17. Wu CS, Shau WY, Chan HY, Lee YC, Lai YJ, Lai MS. Utilization of antidepressants in Taiwan: a nation-

wide population-based survey from 2000 to 2009. Pharmacoepidemiology and drug safety. 2012; 21

(9):980–8. https://doi.org/10.1002/pds.3255 PMID: 22511574

18. Yang D, Chen M, Russo-Neustadt A. Antidepressants are neuroprotective against nutrient deprivation

stress in rat hippocampal neurons. The European journal of neuroscience. 2012; 36(5):2573–87.

https://doi.org/10.1111/j.1460-9568.2012.08187.x PMID: 22779752

19. Shilyansky C, Williams LM, Gyurak A, Harris A, Usherwood T, Etkin A. Effect of antidepressant treat-

ment on cognitive impairments associated with depression: a randomised longitudinal study. Lancet

Psychiat. 2016; 3(5):425–35.

20. Andrews PW, Thomson JA Jr., Amstadter A, Neale MC. Primum non nocere: an evolutionary analysis

of whether antidepressants do more harm than good. Frontiers in psychology. 2012; 3:117.

21. Schmitt JA, Ramaekers JG, Kruizinga MJ, van Boxtel MP, Vuurman EF, Riedel WJ. Additional dopa-

mine reuptake inhibition attenuates vigilance impairment induced by serotonin reuptake inhibition in

man. Journal of psychopharmacology. 2002; 16(3):207–14. https://doi.org/10.1177/

026988110201600303 PMID: 12236626

22. Bartholoma P, Erlandsson N, Kaufmann K, Rossler OG, Baumann B, Wirth T, et al. Neuronal cell death

induced by antidepressants: lack of correlation with Egr-1, NF-kappa B and extracellular signal-regu-

lated protein kinase activation. Biochemical pharmacology. 2002; 63(8):1507–16. PMID: 11996893

23. Schipke CG, Heuser I, Peters O. Antidepressants act on glial cells: SSRIs and serotonin elicit astrocyte

calcium signaling in the mouse prefrontal cortex. J Psychiatr Res. 2011; 45(2):242–8. https://doi.org/10.

1016/j.jpsychires.2010.06.005 PMID: 20619420

24. Coupland C, Dhiman P, Morriss R, Arthur A, Barton G, Hippisley-Cox J. Antidepressant use and risk of

adverse outcomes in older people: population based cohort study. British medical journal. 2011; 343.

25. Hodge JM, Wang Y, Berk M, Collier FM, Fernandes TJ, Constable MJ, et al. Selective serotonin reup-

take inhibitors inhibit human osteoclast and osteoblast formation and function. Biological psychiatry.

2013; 74(1):32–9. https://doi.org/10.1016/j.biopsych.2012.11.003 PMID: 23260229

Antidepressant medication and dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0175187 April 6, 2017 15 / 17

https://doi.org/10.1038/nrneurol.2011.60
http://www.ncbi.nlm.nih.gov/pubmed/21537355
https://doi.org/10.1016/j.maturitas.2014.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24931304
https://doi.org/10.1038/nrneurol.2011.60
http://www.ncbi.nlm.nih.gov/pubmed/21537355
https://doi.org/10.1212/WNL.0b013e3181e62138
https://doi.org/10.1212/WNL.0b013e3181e62138
http://www.ncbi.nlm.nih.gov/pubmed/20603483
https://doi.org/10.1001/archgenpsychiatry.2011.86
http://www.ncbi.nlm.nih.gov/pubmed/21893662
https://doi.org/10.1001/archpsyc.63.5.530
http://www.ncbi.nlm.nih.gov/pubmed/16651510
https://doi.org/10.1001/archneur.60.5.753
https://doi.org/10.1001/archneur.60.5.753
http://www.ncbi.nlm.nih.gov/pubmed/12756140
http://www.ncbi.nlm.nih.gov/pubmed/18979948
https://doi.org/10.1001/archgenpsychiatry.2009.81
http://www.ncbi.nlm.nih.gov/pubmed/19652124
https://doi.org/10.1002/pds.3255
http://www.ncbi.nlm.nih.gov/pubmed/22511574
https://doi.org/10.1111/j.1460-9568.2012.08187.x
http://www.ncbi.nlm.nih.gov/pubmed/22779752
https://doi.org/10.1177/026988110201600303
https://doi.org/10.1177/026988110201600303
http://www.ncbi.nlm.nih.gov/pubmed/12236626
http://www.ncbi.nlm.nih.gov/pubmed/11996893
https://doi.org/10.1016/j.jpsychires.2010.06.005
https://doi.org/10.1016/j.jpsychires.2010.06.005
http://www.ncbi.nlm.nih.gov/pubmed/20619420
https://doi.org/10.1016/j.biopsych.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23260229
https://doi.org/10.1371/journal.pone.0175187


26. Xia Z, Karlsson H, DePierre JW, Nassberger L. Tricyclic antidepressants induce apoptosis in human T

lymphocytes. International journal of immunopharmacology. 1997; 19(11–12):645–54. PMID: 9669204

27. Li Y, Couch L, Higuchi M, Fang JL, Guo L. Mitochondrial dysfunction induced by sertraline, an antide-

pressant agent. Toxicological sciences: an official journal of the Society of Toxicology. 2012; 127

(2):582–91.

28. Chen S, Xuan J, Wan L, Lin H, Couch L, Mei N, et al. Sertraline, an antidepressant, induces apoptosis

in hepatic cells through the mitogen-activated protein kinase pathway. Toxicological sciences: an official

journal of the Society of Toxicology. 2014; 137(2):404–15.

29. Banerjee S, Hellier J, Dewey M, Romeo R, Ballard C, Baldwin R, et al. Sertraline or mirtazapine for

depression in dementia (HTA-SADD): a randomised, multicentre, double-blind, placebo-controlled trial.

Lancet. 2011; 378(9789):403–11. https://doi.org/10.1016/S0140-6736(11)60830-1 PMID: 21764118

30. Rosenberg PB, Drye LT, Martin BK, Frangakis C, Mintzer JE, Weintraub D, et al. Sertraline for the treat-

ment of depression in Alzheimer disease. The American journal of geriatric psychiatry: official journal of

the American Association for Geriatric Psychiatry. 2010; 18(2):136–45.

31. Madhusoodanan S, Alexeenko L, Sanders R, Brenner R. Extrapyramidal symptoms associated with

antidepressants—a review of the literature and an analysis of spontaneous reports. Annals of clinical

psychiatry: official journal of the American Academy of Clinical Psychiatrists. 2010; 22(3):148–56.

32. National Health Research Institute. National Health Insurance Research Database(NHIRD). Available

at: http://nhird.nhri.org.tw/en/index.html. Accessed December 19, 2015.

33. WHO Collaborating Centre for Drug Statistics Methodology, Guidelines for ATC classification and DDD

assignment 2013. Oslo, 2012.

34. JC N. Tricyclic and tetracyclic drugs. 4th ed. In: The American Psychiatric Publishing Textbook of

Psychopharmacology: Schatzberg AF, Nemeroff CB (Ed), American Psychiatric Publishing, Washing-

ton, DC 2009.

35. Howland RH. A benefit-risk assessment of agomelatine in the treatment of major depression. Drug

safety. 2011; 34(9):709–31. https://doi.org/10.2165/11593960-000000000-00000 PMID: 21830835

36. Nierenberg AA, Ostacher MJ, Huffman JC, Ametrano RM, Fava M, Perlis RH. A brief review of antide-

pressant efficacy, effectiveness, indications, and usage for major depressive disorder. Journal of occu-

pational and environmental medicine. 2008; 50(4):428–36. https://doi.org/10.1097/JOM.

0b013e31816b5034 PMID: 18404015

37. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. Journal of

clinical epidemiology. 1994; 47(11):1245–51. PMID: 7722560

38. Berger AK, Fratiglioni L, Forsell Y, Winblad B, Backman L. The occurrence of depressive symptoms in the

preclinical phase of AD: a population-based study. Neurology. 1999; 53(9):1998–2002. PMID: 10599771

39. Chen PJ, Ganguli M, Mulsant BH, DeKosky ST. The temporal relationship between depressive symp-

toms and dementia—A community-based prospective study. Archives of general psychiatry. 1999; 56

(3):261–6. PMID: 10078504

40. Chung CM, Kuo TM, Chiang SL, Wang ZH, Hung CC, Lane HY, et al. Antidepressants in association

with reducing risk of oral cancer occurrence: a nationwide population-based cohort and nested case-

control studies. Oncotarget. 2016; 7(10):11687–95. https://doi.org/10.18632/oncotarget.7049 PMID:

26840257

41. Cheng BH, Chen PC, Yang YH, Lee CP, Huang KE, Chen VC. Effects of depression and antidepres-

sant medications on hip fracture: A population-based cohort study in Taiwan. Medicine. 2016; 95(36):

e4655. https://doi.org/10.1097/MD.0000000000004655 PMID: 27603358

42. Hsieh YH, Chiu WC, Lin CF, Chan HL, Liang HY, Lee Y, et al. Antidepressants and Gastric Cancer: A

Nationwide Population-Based Nested Case-Control Study. PloS one. 2015; 10(11):e0143668. https://

doi.org/10.1371/journal.pone.0143668 PMID: 26606417

43. Malberg JE, Duman RS. Cell proliferation in adult hippocampus is decreased by inescapable stress:

reversal by fluoxetine treatment. Neuropsychopharmacology: official publication of the American Col-

lege of Neuropsychopharmacology. 2003; 28(9):1562–71.

44. Chen H, Pandey GN, Dwivedi Y. Hippocampal cell proliferation regulation by repeated stress and anti-

depressants. Neuroreport. 2006; 17(9):863–7. https://doi.org/10.1097/01.wnr.0000221827.03222.70

PMID: 16738477

45. Gardarsdottir H, Heerdink ER, van Dijk L, Egberts AC. Indications for antidepressant drug prescribing in

general practice in the Netherlands. Journal of affective disorders. 2007; 98(1–2):109–15. https://doi.

org/10.1016/j.jad.2006.07.003 PMID: 16956665

46. Evers S, Afra J, Frese A, Goadsby PJ, Linde M, May A, et al. EFNS guideline on the drug treatment of

migraine—revised report of an EFNS task force. Eur J Neurol. 2009; 16(9):968–81. https://doi.org/10.

1111/j.1468-1331.2009.02748.x PMID: 19708964

Antidepressant medication and dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0175187 April 6, 2017 16 / 17

http://www.ncbi.nlm.nih.gov/pubmed/9669204
https://doi.org/10.1016/S0140-6736(11)60830-1
http://www.ncbi.nlm.nih.gov/pubmed/21764118
http://nhird.nhri.org.tw/en/index.html
https://doi.org/10.2165/11593960-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21830835
https://doi.org/10.1097/JOM.0b013e31816b5034
https://doi.org/10.1097/JOM.0b013e31816b5034
http://www.ncbi.nlm.nih.gov/pubmed/18404015
http://www.ncbi.nlm.nih.gov/pubmed/7722560
http://www.ncbi.nlm.nih.gov/pubmed/10599771
http://www.ncbi.nlm.nih.gov/pubmed/10078504
https://doi.org/10.18632/oncotarget.7049
http://www.ncbi.nlm.nih.gov/pubmed/26840257
https://doi.org/10.1097/MD.0000000000004655
http://www.ncbi.nlm.nih.gov/pubmed/27603358
https://doi.org/10.1371/journal.pone.0143668
https://doi.org/10.1371/journal.pone.0143668
http://www.ncbi.nlm.nih.gov/pubmed/26606417
https://doi.org/10.1097/01.wnr.0000221827.03222.70
http://www.ncbi.nlm.nih.gov/pubmed/16738477
https://doi.org/10.1016/j.jad.2006.07.003
https://doi.org/10.1016/j.jad.2006.07.003
http://www.ncbi.nlm.nih.gov/pubmed/16956665
https://doi.org/10.1111/j.1468-1331.2009.02748.x
https://doi.org/10.1111/j.1468-1331.2009.02748.x
http://www.ncbi.nlm.nih.gov/pubmed/19708964
https://doi.org/10.1371/journal.pone.0175187


47. Chou R, Huffman LH, American Pain S, American College of P. Medications for acute and chronic low

back pain: a review of the evidence for an American Pain Society/American College of Physicians clini-

cal practice guideline. Annals of internal medicine. 2007; 147(7):505–14. PMID: 17909211

48. Chou R, Huffman LH. Medications for acute and chronic low back pain: a review of the evidence for an

American pain Society/American college of physicians clinical practice guideline. Annals of internal

medicine. 2007; 147(7):505–14. PMID: 17909211

49. Moore RA, Derry S, Aldington D, Cole P, Wiffen PJ. Amitriptyline for neuropathic pain and fibromyalgia

in adults. Cochrane Db Syst Rev. 2012(12).

50. Moret C, Briley M. Antidepressants in the treatment of fibromyalgia. Neuropsychiatric disease and treat-

ment. 2006; 2(4):537–48. PMID: 19412502

51. Hsiao FY, Peng LN, Lin MH, Chen LK. Dose-responsive effect of psychotropic drug use and subse-

quent dementia: a nationwide propensity score matched case-control study in Taiwan. Journal of the

American Medical Directors Association. 2014; 15(7):509–13. https://doi.org/10.1016/j.jamda.2014.02.

009 PMID: 24685407

52. Gray SL, Anderson ML, Dublin S, Hanlon JT, Hubbard R, Walker R, et al. Cumulative Use of Strong

Anticholinergics and Incident Dementia A Prospective Cohort Study. Jama Intern Med. 2015; 175

(3):401–7. https://doi.org/10.1001/jamainternmed.2014.7663 PMID: 25621434

53. Lee CW, Lin CL, Sung FC, Liang JA, Kao CH. Antidepressant treatment and risk of dementia: a popula-

tion-based, retrospective case-control study. The Journal of clinical psychiatry. 2016; 77(1):117–22.

https://doi.org/10.4088/JCP.14m09580 PMID: 26845268

54. Mossello E, Boncinelli M, Caleri V, Cavallini MC, Palermo E, Di Bari M, et al. Is antidepressant treatment

associated with reduced cognitive decline in Alzheimer’s disease? Dement Geriatr Cogn. 2008; 25

(4):372–9.

55. Kessing LV, Sondergard L, Forman JL, Andersen PK. Antidepressants and dementia. Journal of affec-

tive disorders. 2009; 117(1–2):24–9. https://doi.org/10.1016/j.jad.2008.11.020 PMID: 19138799

56. Sheline YI, West T, Yarasheski K, Swarm R, Jasielec MS, Fisher JR, et al. An antidepressant

decreases CSF Abeta production in healthy individuals and in transgenic AD mice. Sci Transl Med.

2014; 6(236):236re4. https://doi.org/10.1126/scitranslmed.3008169 PMID: 24828079

Antidepressant medication and dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0175187 April 6, 2017 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/17909211
http://www.ncbi.nlm.nih.gov/pubmed/17909211
http://www.ncbi.nlm.nih.gov/pubmed/19412502
https://doi.org/10.1016/j.jamda.2014.02.009
https://doi.org/10.1016/j.jamda.2014.02.009
http://www.ncbi.nlm.nih.gov/pubmed/24685407
https://doi.org/10.1001/jamainternmed.2014.7663
http://www.ncbi.nlm.nih.gov/pubmed/25621434
https://doi.org/10.4088/JCP.14m09580
http://www.ncbi.nlm.nih.gov/pubmed/26845268
https://doi.org/10.1016/j.jad.2008.11.020
http://www.ncbi.nlm.nih.gov/pubmed/19138799
https://doi.org/10.1126/scitranslmed.3008169
http://www.ncbi.nlm.nih.gov/pubmed/24828079
https://doi.org/10.1371/journal.pone.0175187

