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ABSTRACT

Objective: We investigated the relationship between antidepressant use and
the risk of subsequent dementia development.

Method: A population-based retrospective case-control analysis was
conducted using the Taiwan National Health Insurance Research Database.
From patients enrolled in the National Health Insurance program between
2005 and 2011, we identified 2 subsets: 5,394 cases, who had major
depression in 1997-2004 and subsequently were diagnosed with dementia
(ICD-9-CM code 290) in 2005-2011, and 5,232 controls, who had major
depression in 2005-2011 but no dementia history. The proportional
distributions of antidepressant use and comorbidities in the dementia
case and nondementia control groups were compared. Univariable and
multivariable logistic regression analyses were used to estimate the

odds ratios (ORs) and 95% Cls for the association between dementia and
antidepressant use.

Results: The dementia patients were more likely to have diabetes,
hypertension, stroke, and head injury. The adjusted OR for dementia

was 0.24 (95% Cl, 0.22-0.27) in patients using tricyclics . By contrast, the
use of selective serotonin reuptake inhibitors (SSRIs) (OR=2.48; 95% Cl,
2.27-2.71), monoamine oxidase inhibitors (MAOIs) (OR=1.86; 95% ClI,
1.47-2.36), heterocyclic antidepressants (OR=1.44; 95% Cl, 1.32-1.57), and
other antidepressants (OR=2.05; 95% Cl, 1.85-2.27) was associated with
an increased risk of dementia. Furthermore, as the cumulative dose was
increased, tricyclic antidepressants reduced the risk of dementia, whereas
SSRIs, MAOIs, heterocyclic antidepressants, and other antidepressants
increased the risk of dementia.

Conclusions: The incidence of dementia in patients is associated with
antidepressant medication use. Treatment with tricyclic antidepressants
was associated with a reduced risk of dementia, whereas treatment with
SSRIs, MAOIs, heterocyclic antidepressants, and other antidepressants was
associated with an increased risk of dementia.
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D ementia” is’a” disabling clinical syndrome™thatis
characterized by a progressive deterioration of
cognition associated with impairment of the ability to engage
in daily activities.! In a previous study,” the prevalence of
dementia in mainland China, Hong Kong, and Taiwan
was estimated to be 3.8% (95% CI, 2.6%-4.9%). Dementia
currently affects approximately 36 million people worldwide,
inflicting a substantial burden on patients, their families,
and society.® The current treatment for dementia is limited.
Understanding the risk factors of dementia is essential for
preventing this disease.*

Previous studies® !¢ have demonstrated the relationship
between depression and dementia. Depression may be both
a prodrome and a risk factor for dementia.* Some types of
depressive illness, such as early onset depression before the
age of 65 years and recurrent depression, may constitute long-
term risk factors for the development of dementia, whereas
the onset of more recent depressive symptoms may reflect
a prodromal phase of dementia.!®!2 Molecular mechanisms
that underlie the pathogenesis of major depression, such
as chronic inflammation and hyperactivation of the
hypothalamic-pituitary-adrenal axis, might be involved
in the pathogenesis of Alzheimer’s disease.® In addition,
studies'®!” have suggested that long-term treatment with
antidepressants reduces the risk of developing some types
of dementia, depending on the type of depressive disorder.

Because dementia affects large populations as well as the
quality of life of patients, verifying the association between
antidepressants and subsequent development of dementia
is crucial. Few epidemiologic studies have investigated this
relationship. To evaluate the possibility that antidepressant
use reduces the risk of dementia, we compared the histories
of antidepressant use in patients with dementia and those
without dementia by using data from the Taiwan National
Health Insurance Research Database (NHIRD).

METHOD

Data Sources

The National Health Insurance (NHI) program was
established in Taiwan in March 1995. The National Health
Research Institutes (NHRI) compiles NHI reimbursement
data and stores them in the NHIRD to facilitate research. The
NHIRD provides detailed information on the health care
services used by each patient, including outpatient visits,
hospitalizations, and medication prescriptions. The records
indicate that the NHI program covers approximately 99%
of the 23.74 million residents of Taiwan and has established
contracts with 97% of hospitals and clinics in Taiwan.!® To
protect the privacy of all people registered in the program,
the NHRI encrypts and converts the identification numbers
of all people on whom data are recorded in the NHIRD into
research files. Our study was approved from full review
by an institutional research ethics committee (CMU-
REC-101-012). The diagnoses and procedures were coded
in the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) format.

Antidepressants and Dementia Risk

B Patients with major depression are usually treated with
antidepressants, but the risk of subsequent dementia
development is unclear.

B Using tricyclic antidepressants rather than nontricyclic
antidepressants to treat patients with major depression
may lower their risk of developing dementia.

Patient Selection

The patients were identified from 2 subsets of the
NHIRD. We identified patients aged >40 years with major
depression (ICD-9-CM codes 296.2, 296.3, 300.4, 311)
who were newly diagnosed with dementia (ICD-9-CM
code 290) between 2005 and 2010 from the Registry of
Catastrophic Illnesses Patient Database of the NHIRD,
and the first-time dementia diagnosis date served as the
index date. In Taiwan, a clinical physician must confirm the
diagnosis before a patient applies for a catastrophic illness
certificate. Finally, we designated 5,394 dementia patients
for whom complete age and sex information was available as
the dementia group. Control patients were identified from
the Longitudinal Health Insurance Database 2000 (LHID
2000), which contains claims data on 1 million people
randomly sampled from NHIRD enrollment files in 2000.
The NHRI reported no significant differences in sex, age,
or health care costs between the cohorts in the LHID 2000
and all insurance enrollees. For each dementia patient, we
randomly selected 1 patient with major depression without
dementia from the same period and applied the same
exclusion criteria and frequency matched with the dementia
group on age (grouped with an interval of 15 years), sex,
year of major depression diagnosis, and the year of index
date (Figure 1).

Variables of Interest

The baseline comorbidity history for each patient was
determined by using the claims data. We designated several
well-known risk factors of dementia, namely diabetes (ICD-
9-CM code 250), hypertension (ICD-9-CM codes 401-405),
stroke (ICD-9-CM codes 430-438), coronary artery disease
(ICD-9-CM codes 410-414), and head injury (ICD-9-CM
codes 850-854, 959.01), as comorbidities. Antidepressants
available in Taiwan, namely, tricyclic antidepressants,
selective serotonin reuptake inhibitors (SSRIs), monoamine
oxidase inhibitors (MAOIs), heterocyclic antidepressants,
and others (bupropion, venlafaxine, and mirtazapine),
were analyzed. Medication use records were retrieved
from ambulatory and inpatient claims data. According
to total treatment duration (in days) and the quantity of
antidepressants, we calculated the cumulative dose of
each type of antidepressant for each user. For each type
of antidepressant, the cumulative dose was divided into 2
levels according to the median or 4 levels according to the
quartile.
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Figure 1. Flowchart of Subject Selection

| National Health Insurance Research Database (NHIRD) |

v
Medical claims for catastrophic illness
patients (N = 1,100,656)

|

Patients with depression in 1997-2004
(n=11,263)

l

Dementia occurred in 2005-2011 in
patients aged > 40y (n = 6,638)

Dementia in final analysis
(n=5,394)

Excluded patients older than 100 y and with incomplete
age and sex information (n=1,244)

v

Longitudinal Health Insurance Database (LHID)
(N =1,000,000)

!

Patients with depression without dementia
history in 2005-2011 aged 40-100 y

1:1 frequency matched
with age, sex, depression
year and index year as
case group

Comparison controls in final analysis
(n=5,232)

Table 1. Comparison of Baseline Characteristics in Patients
With and Without Dementia

Table 2. Odds Ratios (ORs) and 95% Cls of Dementia
Associated With Antidepressants and Comorbidities

Dementia
No Yes
(n=5,232) (n=5,394) P

Characteristic n % n % Value?
Gender .26

Women 3,444 65.8 3,606 66.9

Men 1,788 342 1,788 332
Age group, y A1

40-64 590 113 590 109

65-74 1,626 31.1 1,626  30.1

>75 3016 577 3,178 589

All subjects 7300 104° 76.0° 883 <.001
Medication

SSRIs 2,591 495 3,809 70.6 <.001

Tricyclics 2,669 510 1,322 245 <.001

MAOIs 122 233 266 493 <.001

Heterocyclic antidepressants 2,394 458 2,872 532 <.001

Other antidepressants 887 17.0 1,557 289 <.001
Baseline comorbidities

Diabetes 1,252 239 1,501 278 <.001

Hypertension 4,047 774 4306 79.8 <.001

Stroke 1,025 196 1,606 29.8 <.001

Coronary artery disease 2,816 538 2837 526 21

Head injury 371 7.09 693 129 <.001

x? Test and t test comparing subjects with and without dementia.

bMean.

SD.

Abbreviations: MAOI = monoamine oxidase inhibitor, SSRI=selective
serotonin reuptake inhibitor.

Statistical Analysis

We first compared the proportional distributions of the
demographic status, antidepressant use, and comorbidities
of the dementia cases with those of the nondementia
controls. Univariable and multivariable logistic regression
analyses were conducted to estimate the odds ratios (ORs)
and 95% CIs for the association between dementia and
antidepressant use. We performed a multivariable analysis
in which we adjusted for age, sex, and comorbidities,
namely, diabetes, hypertension, stroke, and head injury.
All analyses were conducted using SAS statistical software
(version 9.2 for Windows; SAS Institute, Inc; Cary, North

Crude Adjusted?
Variable OR 95%Cl PValue OR 95%Cl PValue
Medications
SSRIs 245 226-2.65 <.001 248 2.27-2.71 <.001
Tricyclics 0.31 0.29-0.34 <.001 0.24 0.22-0.27 <.001
MAOIs 217 1.75-2.70 <.001 1.86 1.47-2.36 <.001
Heterocyclic 135 1.25-146 <.001 1.44 1.32-1.57 <.001
antidepressants
Other 1.99 1.81-2.18 <.001 2.05 1.85-2.27 <.001
antidepressants
Baseline comorbidities
Diabetes 123 1.12-134 <.001 1.30 1.18-1.44 <.001
Hypertension 1.16 1.06-1.27 .002 0.89 0.79-099 .03
Stroke 1.74 1.59-190 <.001 1.64 1.49-1.82 <.001
Coronary artery 0.95 0.88-1.03 .21
disease
Head injury 1.93 1.69-2.21 <.001 1.92 1.66-2.22 <.001

@Adjusted for age, sex, and comorbidities of diabetes, hypertension,
stroke, and head injury. Only confounding variables that were found
to be significant in the univariable model were further analyzed in the
multivariable model.

Abbreviations: MAOI=monoamine oxidase inhibitor, SSRI=selective
serotonin reuptake inhibitor.

Symbol: ...=not included in the multivariable model.

Carolina), and all statistical tests were performed at a 2-tailed
significance level of .05.

RESULTS

The case group comprised 5,394 patients with newly
diagnosed dementia, and the control group comprised 5,232
people without dementia. Of the dementia patients, 66.9%
were women and 58.9% were =75 years of age (Table 1). The
mean ages of the dementia patients and nondementia controls
were 76.0 (+8.83) and 73.0 (+10.4) years, respectively. The
proportions of SSRI, MAOI, heterocyclic antidepressant,
and other antidepressant use were significantly higher in
the case group than in the control group. However, tricyclic
antidepressant use was significantly lower in the dementia
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Table 3. Odds Ratios (ORs) and 95% Cls of Dementia Associated With Cumulative Dose of

Individual Antidepressant

Crude Adjusted

Variable Case,n Control,n OR 95% Cl PValue OR® 95% Cl PValue

SSRIsP
Nonuse of SSRIs 1,585 2,641 1.00 (reference) 1.00 (reference)
<840 mg 890 763 1.94 1.73-218 <.001 2.04 1.80-2.31 <.001
841-3,000 mg 853 691 2,06 1.83-232 <.001 2.10 1.85-239 <.001
3,001-10,500 mg 1,021 581 293 260-330 <.001 296 2.60-337 <.001
>10,500 mg 1,045 556 3.13 2.78-353 <.001 3.07 2.69-3.51 <.001
P for trend <.001 <.001

Tricyclics®
Nonuse of tricyclics 4,072 2,563 1.00 (reference) 1.00 (reference)
<350 mg 467 565 0.52 0.46-0.59 <.001 044 0.38-0.51 <.001
351-1,500 mg 337 624 0.34 0.30-032 <.001 0.26 0.22-030 <.001
1,501-10,500 mg 303 700 0.27 0.24-032 <.001 020 0.17-024 <.001
>10,500 mg 215 780 0.17 0.15-0.20 <.001 0.13 0.11-0.15 <.001
P for trend <.001 <.001

MAOIs¢
Nonuse of MAOIs 5128 5110 1.00 (reference) 1.00 (reference)
<725mg 132 62 212 1.57-288 <.001 1.61 1.16-2.23 .005
>725mg 134 60 223 1.64-3.02 <.001 2.16 1.55-3.02 <.001
Pfor trend <.001 <.001

Heterocyclic antidepressants®
Nonuse of heterocyclic 2,522 2,838 1.00 (reference) 1.00 (reference)

antidepressants

<1,050 mg 663 670 111 0.99-1.26 .08 1.14 1.00-1.30 .05
1,051-3,700 mg 691 608 128 1.13-144 <.001 136 1.19-1.56  <.001
3,701-14,000 mg 752 573 148 131-167 <.001 1.62 141-185 <.001
>14,000 mg 766 543 1.59 1.41-1.79 <.001 1.75 1.52-2.01 <.001
Pfor trend <.001 <.001

Other antidepressants®
Nonuse of other 3,837 4,345 1.00 (reference) 1.00 (reference)

antidepressants

<1,050 mg 377 251 1.70 1.44-2.01 <.001 1.67 139-200 <.001
1,051-3,700 mg 375 226 1.88 1.58-223 <.001 1.89 1.57-2.28 <.001
3,701-14,000 mg 402 201 227 1.90-2.70 <.001 249 2.05-3.02 <.001
> 14,000 mg 403 209 2,18 1.84-260 <.001 230 1.90-2.78 <.001
Pfor trend <.001 <.001

@Mutually adjusted for age, sex, antidepressants drugs of SSRIs, tricyclics, MAOIs, heterocyclic antidepressants, and
other antidepressants and comorbidities of diabetes, hypertension, stroke, and head injury.

PThe cumulative dose is partitioned in to 4 segments by quartile.

“The cumulative dose is partitioned in to 2 segments by median.

Abbreviations: MAOI=monoamine oxidase inhibitor, SSRI = selective serotonin reuptake inhibitor.

group than in the nondementia group. The dementia group
exhibited a statistically significantly higher likelihood of
having diabetes, hypertension, stroke, and head injury. After
we adjusted for confounders determined to be significant
according to the results of the crude analysis, multivariable
logistic regression analysis revealed that the adjusted OR
for dementia was 0.24 (95% CI, 0.22-0.27) in patients
using tricyclic antidepressants (Table 2). However, SSRIs
(OR=2.48;95% CI, 2.27-2.71), MAOIs (OR =1.86; 95% CI,
1.47-2.36), heterocyclic antidepressants (OR = 1.44; 95% CI,
1.32-1.57), and other antidepressants (OR=2.05; 95% CI,
1.85-2.27) were significantly associated with an increased
risk of dementia. Furthermore, we estimated the risk of
dementia by cumulative dose for antidepressants use (Table
3). A dose-dependent risk of dementia was observed in
patients using SSRIs, MAOISs, heterocyclic antidepressants,
and other antidepressants, with the ORs progressively
increasing as the cumulative dose was increased (over a
third quartile). Compared with nontricyclic antidepressant
users, those who took tricyclic antidepressants experienced
a decrease in the risk of dementia from 0.44 (95% CI,

0.38-0.51) in those receiving cumulative doses <350 mg to
0.13 in those receiving cumulative doses > 10,500 mg (95%
CI, 0.11-0.15) (trend test, P<.001).

DISCUSSION

The results indicated that the incidence of dementia
in Taiwanese patients is associated with a history of
antidepressant treatment. The risk of dementia increased
as the cumulative dose of SSRIs, MAOIs, heterocyclic
antidepressants, and other antidepressants was increased,
and it decreased when the patients received tricyclic
antidepressants.

Our results are consistent with those of a previous Danish
study,! which revealed that continued long-term treatment
with older (ie, tricyclic) antidepressants was associated with
a reduced rate of dementia in patients treated in psychiatric
health care settings, whereas continued treatment with other
types of antidepressant was not. Tricyclic antidepressants,
clomipramine, and imipramine exert anti-inflammatory
and neuroprotective effects in the central nervous system by
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modulating glial activation.®® Another study?' démonstrated
that imipramine prevented cognitive decline and amyloid-f
accumulation in a mouse model of Alzheimer’s disease,
partly through tumor necrosis factor-a inhibition. Future
studies are required to confirm our observation that tricyclic
antidepressants play a role in preventing the development
of dementia.

Although the study was well designed to ensure that
included subjects were diagnosed with major depression,
it is unclear whether the antidepressants were always being
prescribed to target major depression versus some other
condition (ie, possibly pain syndromes or insomnia). If
so, it may be that those subjects receiving nontricyclic
antidepressants had more severe episodes of major
depressive disorder (and those on tricyclic antidepressants
had less severe episodes of major depressive disorder, but
more pain-related syndromes) and that it was the severity
of the major depression, not the medication, that accounted
for the study’s findings. The dose-dependent results speak
against this. We postulate that the higher rates of dementia
in the nontricyclic antidepressants group may reflect the
risk factor of major depression itself and/or that there is
something specific about the nontricyclic antidepressants
that could place patients at higher risk for developing
dementia. These possibilities warrant further research.

The strengths of this study include the use of population-
based data and the evaluation of NHIRD records rather
than data obtained from patient-reported data on drug use.
The high accuracy and validity of diagnoses of cardiology-
related and autoimmune diseases in the NHIRD have been
verified,? suggesting that the ICD-9-CM codes used in the
NHIRD are valid and accurate.

However, this study had several limitations. First, the
NHIRD lacks essential data, such as detailed demographic
information on smoking habits, alcohol consumption,
body mass index, socioeconomic status, and family
history of systemic diseases. These are all potential risk
factors for the development of dementia, and each factor
is indirectly associated with major depression. Therefore,
we were unable to correlate dementia with inactivity or
malnutrition because the NHIRD does not contain such
lifestyle data. Like other countries, major depression tends
to be underdiagnosed or at least undercharted in Taiwan;
yet, unlike other countries, antidepressant medications are
not easily prescribed by psychiatrists in Taiwan unless the
patients are diagnosed with major depression or related
psychotic disorders. Therefore, the data on antidepressant
medication in our study is reliable and tightly associated
with the major depression diagnosis. However, because the
NHIRD comprises data on a highly representative sample of
the general population of Taiwan, and because the insurance
reimbursement policy is universal, these factors are unlikely
to have affected major depression and dementia distribution
in the sample group. Second, because major depression
might influence comorbidities, such as hypertension, we
used univariable and multivariable models to eliminate
confounding factors attributable to major depression.

However, evidence derived from aretrospéctive cohort
study is generally of lower quality than that obtained from
randomized trials, because a retrospective case-control
study design is subject to several biases stemming from
adjustments made for confounding variables. Although we
applied a meticulous study design that adequately controlled
for known confounding factors, a potential key limitation of
this study was the possibility that a bias caused by unknown
confounders was present. Third, the diagnoses recorded in
the NHI claims are primarily used for administrative billing
purposes and have not been verified for scientific purposes.
We were unable to contact patients to inquire about the
severity of their major depression because the anonymity
of all beneficiaries listed in the NHIRD is guaranteed. We
were also unable to consider antidepressants issued before
1996. This omission may have led to the underestimation of
cumulative dosages and may have subsequently weakened
the observed associations. However, the data we obtained
on the diagnoses of dementia and the prescription of
antidepressants were reliable.

The study results indicated that dementia incidence is
associated with a history of antidepressant use, and tricyclic
antidepressants are dose dependently associated with a
reduced risk of the subsequent development of dementia.
However, future large, population-based studies or large-
scale randomized clinical trials are required to confirm
these findings before any definitive conclusions can be
drawn.
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I:I to take this Posttest and complete the Evaluation. A nominal processing fee is required.
1

Previous studies have demonstrated that depression may be both a prodrome of and
a risk factor for dementia. Some studies have suggested that, depending on the type
of depressive disorder, long-term treatment with antidepressants reduces the risk of
developing some types of dementia. This study compared the histories of antidepressant
use in patients with and without dementia. Which of the following statements accurately

describes its findings?

a. No antidepressants were associated with a reduced risk of dementia

b. All types of antidepressants were associated with a reduced risk of dementia, with a higher
cumulative dose being associated with more reduced risk

c. Selective serotonin reuptake inhibitors were associated with a reduced risk of dementia, whereas
other antidepressants were associated with a dose-dependent increased risk of dementia

d. Tricyclic antidepressants were associated with a reduced risk of dementia, whereas other
antidepressants were associated with a dose-dependent increased risk of dementia

2. Limitations of this study include lack of data on smoking habits, alcohol consumption,
body mass index, socioeconomic status, and family history of systemic diseases. These
are all potential risk factors for the development of dementia, and each factor is indirectly
associated with major depression. The authors conclude that the best current course of

action for clinicians is to:

a. Follow large-scale randomized clinical trials describing the risk of dementia among patients
taking antidepressants

b. Prescribe only selective serotonin reuptake inhibitors for patients with depression

c. Prescribe only tricyclic antidepressants for patients with depression

d. Prescribe only psychotherapy for patients with depression
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