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Abstract
Background It is generally acknowledged that depressed
patients need specific attention during the first weeks after
initiation of antidepressant (AD) treatment because of the
increased risk of suicide.
Methods The study population consisted of all individuals
residing in Finland from 1999 to 2003 who had purchased a
prescribed antidepressant at least once but had no preceding
antidepressant prescription. Data sources were the National
Prescription Register, the Causes of Death Register, Census
Data of Statistics Finland, and the National Care Register.
Follow-up started at the first purchase and ended at the end
of 2003 or death. Data on prescriptions were used to
construct contiguous treatment periods of follow-up time.
Life-table analysis with Poisson regression was used to
estimate risk ratios (RR) of antidepressant use with respect
to all-cause mortality and to deaths from suicide.

Findings Current AD use was associated with a lowered
all-cause mortality (RR=0.18, 95% CI=0.18–0.19) com-
pared with those who filled one previous prescription only.
There was no difference in suicide mortality when any
current antidepressant usage was compared to the one-
prescription group. Current SSRI usage was associated with
lower risk of suicide compared to the one-prescription or
other antidepressant groups (RR 0.47, 0.38–0.59).
Interpretation Current AD treatment is associated with
decreased all-cause mortality rates in patients who have
ever had AD treatment.

Keywords Antidepressant . Suicide .Mortality . SSRI

Introduction

It is acknowledged that depressed patients should be
monitored intensively during the first weeks after initiation
of antidepressant (AD) treatment because of temporarily
increased risk of suicide [1]. However, the temporal
evolution of mortality and suicide risk after discontinuation
of AD treatment remains unknown. Based on ecological
evidence, the increased use of AD and especially of
selective serotonin re-uptake inhibitors (SSRI) is associated
with decreased rate of suicides [2–6].

Still, concerns have been raised about the potential
connection between antidepressant use and suicidal behav-
ior. This has been studied using meta-analysis, case-control
studies, ecological studies, and observational cohort stud-
ies. A meta-analysis based on drug company data from
placebo-controlled, randomized trials indicated that in-
creased risk of suicide and self-harm caused by SSRIs
cannot be ruled out [7], but on the other hand analysis of
FDA reports showed no difference in suicide risk between
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antidepressant-treated and placebo-treated depressed sub-
jects in controlled trials [8].

A retrospective cohort study with a total of 57,361
patients and follow-up time of 120 days concluded that the
observed connection between suicidal behavior and pre-
scription of SSRIs is due to confounding by indication [9].
UK General Practice Research Database (GPRD) was used
in a matched case-control study that compared risk of
suicidal behavior among users of four antidepressant drugs
[10]. In a nested case-control study, the adjusted odds ratio
of suicide was 0.57 [95% confidence interval (95% CI)
0.26–1.25] in people prescribed SSRIs compared with those
prescribed tricyclic antidepressants [11]. In a case-control
study of an elderly population (66 years and older) in
Canada, SSRI therapy was associated with increased risk of
suicide during the month following its initiation [12]. In an
ecological study of association between use of antidepres-
sants and suicide rate in Finland, increased use of
antidepressants was associated with a decline in suicide
rate [13]. Similarly, the fall in suicide rates in Norway was
associated with the increased sales of non-TCA antidepres-
sants [14]. An aggregated data analysis of National Vital
Statistics from the U.S. Centers for Disease Control and
Prevention showed that a higher number of tricyclic
antidepressants (TCA) was associated with higher suicide
rates compared with SSRI use [15].

An observational, individual-level register linkage study
of 15,390 patients with previous attempted suicide showed
that treatment of any antidepressant was associated with
increased risk of attempted suicide and, at the same time,
decreased risk of completed suicide and death [16]. A recent
study based on the GPRD with 219,088 patients concluded
that there is excess risk of suicide associated with use of
venlafaxine, which is probably due to the higher burden of
suicide risk among venlafaxine users [17]. A register-based
study from Denmark showed lower rate of suicides for those
who continued antidepressant use compared to those who
purchased once (rate ratio 0.31, 95% CI 0.26–0.36) [18]. On
the other hand, a longitudinal register study from Finland
demonstrated that lower socio-economic groups received the
lowest levels of treatment despite evidence of their increased
prevalence of depression and suicide [19].

The aim of this study was to investigate, in a nation-wide
cohort of antidepressant users, how the risk of suicide and
all-cause mortality are associated with AD treatment.

Material and methods

Study population

In Finland, information on causes of death is recorded by
Statistics Finland. All reimbursed medication prescriptions

purchased from a pharmacy are registered by the Social
Insurance Institution. The linking of these registers is
possible because every individual residing in Finland has
a unique personal identification number.

Construction of the study population began by identify-
ing all people who had reimbursed antidepressant prescrip-
tions from 1999 to 2003, using the database of the National
Social Insurance Institution. The study population consists
of new antidepressant users and hence patients with
antidepressant purchases in the preceding 5 years were
excluded. Prescription data contained the personal identifi-
cation number, date of purchase, anatomic therapeutic code
(ATC), and amount purchased as defined daily doses
(DDD) [20]. Prescription data also included information
on all antipsychotic drug (ATC code N05) prescriptions,
while data on prescriptions during the 5 previous years
were used as background variable.

Statistics Finland provided socioeconomic background
variables for the study population by record linkage using
the unique personal identification numbers. The following
background variables were used in analyses: sex, age at
the beginning of follow-up (10–14, 15–19, 20–29, 30–39,
40–49, 50–59, 60–69, 70–79, and over 80 years), socio-
economic status (non-manual employee, manual employee,
farmer, other entrepreneur, student, other, or unknown),
marital status (married, other), employment status
(employed, 0–6 months unemployed, 7–12 months unem-
ployed, retired, or other outside of workforce), education
level (basic level, secondary or higher), family net income
quintile, living alone (yes, no), time since start of follow-up
(first antidepressant prescription in days), and calendar year
(1999–2003).

In addition, information on hospitalizations was obtained
from the Care Register for Health. The following dichot-
omous variables for each individual were constructed,
based on hospitalizations during the previous 5 years:
hospital-treated attempted suicide, alcohol-dependence di-
agnosis (ICD-10 starting with F1), schizophrenia, schizo-
typal and delusional disorder (F2), mood disorder (F3), and
personality disorder (F6). Causes and date of death were
obtained from the Causes of Death Register of Statistics
Finland. Cause of death was classified as suicide (ICD-10
X60*-X84) or all other causes. Follow-up of the individual
was started at the first purchase of antidepressant medica-
tion and finished at death or the end of 2003. Thus, the
longest possible length of follow-up was 5 years.

Data analysis

The duration of antidepressant treatment was calculated
according to the purchased DDD [21]. Contiguous pre-
scription periods were combined if the gap between them
was shorter than 30 days. The 10 most frequently used
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Table 1 Mortality and use of antidepressants

Current use of antidepressant Person years All deaths (n) All cause rate per 100,000 RR unadjusted RR adjusted

RR 95% CI RR 95% CI

SSRI 139,710 1,358 972 0.25 0.24 0.27 0.18 0.17 0.19
TCA 7,710 130 1,686 0.43 0.36 0.52 0.23 0.20 0.28
Other 81,880 716 874 0.22 0.21 0.24 0.19 0.18 0.20
None 340,730 11,704 3,435 0.88 0.86 0.91 0.85 0.82 0.88

Citalopram 68,041 937 1,377 0.35 0.33 0.38 0.17 0.16 0.19
Fluoxetine 27,502 187 680 0.17 0.15 0.20 0.20 0.17 0.23
Sertraline 14,624 86 588 0.15 0.12 0.19 0.16 0.13 0.20
Mirtazapine 14,270 211 1,479 0.38 0.33 0.44 0.18 0.15 0.20
Paroxetine 12,839 61 475 0.12 0.09 0.16 0.22 0.17 0.29
Amitriptyline 5,223 93 1,781 0.46 0.37 0.56 0.26 0.21 0.32
Venlafaxine 3,592 28 780 0.20 0.14 0.29 0.23 0.16 0.33
Fluvoxamine 3,176 14 441 0.11 0.07 0.19 0.16 0.09 0.27
Moclobemide 2,469 11 446 0.11 0.06 0.21 0.13 0.07 0.23
Mianserin 1,870 32 1,711 0.44 0.31 0.62 0.14 0.10 0.21
Other 75,695 544 719 0.18 0.17 0.20 0.20 0.18 0.22
None 340,730 11,704 3,435 0.88 0.86 0.91 0.85 0.82 0.88

All antidepressants 229,299 2,204 961 0.25 0.24 0.26 0.18 0.18 0.19
One prescription 175,708 6,830 3,887 Reference Reference

Rate ratios (RR with 95% confidence interval) based on Poisson regression model with sex, age, socio-economic and medical history variables,
calendar year, and follow-up time as background variables. Current antidepressant usage compared to one-prescription group

Table 2 Suicide mortality and use of antidepressants

Current use of antidepressant Person years Suicide Suicide rate per 100,000 RR unadjusted RR adjusted

RR 95% CI RR 95% CI

SSRI 139,710 123 88 0.67 0.54 0.83 0.47 0.38 0.59
TCA 7,710 10 130 0.99 0.52 1.86 0.57 0.30 1.07
Other 81,880 167 204 1.55 1.27 1.89 0.84 0.69 1.03
None 340,730 355 104 0.79 0.67 0.94 0.73 0.61 0.86

Citalopram 68,041 53 78 0.59 0.44 0.80 0.43 0.32 0.58
Fluoxetine 27,502 28 102 0.77 0.52 1.15 0.56 0.38 0.83
Sertraline 14,624 10 68 0.52 0.28 0.98 0.33 0.17 0.61
Mirtazapine 14,270 36 252 1.92 1.35 2.73 0.80 0.56 1.14
Paroxetine 12,839 13 101 0.77 0.44 1.35 0.52 0.29 0.90
Amitriptyline 5,223 6 115 0.87 0.39 1.97 0.57 0.25 1.29
Venlafaxine 3,592 6 167 1.27 0.56 2.86 0.58 0.26 1.31
Fluvoxamine 3,176 5 157 1.20 0.49 2.90 0.70 0.29 1.69
Moclobemide 2,469 4 162 1.23 0.46 3.31 0.82 0.31 2.22
Mianserin 1,870 3 160 1.22 0.39 3.81 0.47 0.15 1.46
Other 75,695 136 180 1.37 1.11 1.69 0.83 0.67 1.03
None 340,730 355 104 0.79 0.67 0.94 0.72 0.61 0.86

All antidepressants 229,299 300 131 1.00 0.84 1.18 0.63 0.53 0.75
None 340,730 355 104 0.79 0.67 0.94 0.72 0.60 0.85
One prescription 175,708 231 131 Reference Reference

Rate ratios (RR with 95% confidence interval) based on Poisson regression model with sex, age, socio-economic and medical history variables,
calendar year, and follow-up time as background variables. Current antidepressant usage compared to one-prescription group
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substances were determined, and individuals who used only
one drug category were assigned to that respective group.
We used the group that had filled only one prescription
(“one-prescription”) of any AD purchased during follow-up
period as reference group. Mixed use (i.e., several antide-
pressant medications) or rarely used drugs were assigned to
a separate group (“other”), and “no current use of
medications” composed a separate group. We also applied
another grouping of drugs: “one-prescription”, “SSRI”,
“TCA”, other, or no current use of medication. All-cause
mortality and mortality due to suicide during the use of
antidepressants were compared with the hazard during no
antidepressant use by taking into account the effect of the
background variables of each individual. For each individ-
ual, the follow-up was divided into periods in which the
value of time-dependent variables (i.e., antidepressant
medication) was constant. Thus, the follow-up of each
individual consisted of several contiguous periods, each
defined with specific entry and exit times.

We constructed life tables using two time dimensions
(calendar year and follow-up time), medication, and
background variables. Follow-up time was divided into
five intervals (0–90, 91–180, 181–270, 271–360, over
360 days), and calendar year into five groups (1999–
2003). This resulted in a table with number of events and
sum of person-years in each cell. Number of events was
used as the response variable and logarithm of person-years
as the offset term in the generalized linear model with
Poisson distribution and logarithm link function [22]. The
discrete marginal variables of life tables were used as
explanatory variables in the models. Results are presented
as rate ratios (RR) with 95% confidence intervals.

Results

The study population consisted of 258,417 individuals who
were 10 years or older and contributed 745,737 person-
years. The average length of follow-up was 2.9 years.
During the follow-up, 20,738 deaths were observed
(including 886 suicides).

All-cause mortality during antidepressant treatment was
lower than with no medication, and mortality was lower in
both the group taking any antidepressant and the no
antidepressant group than in the one-prescription group
(Table 1). There were no clear differences among antide-
pressant groups or among specific substances in this regard.
Adjustment with background variables increased the RR for
paroxetine from 0.12 (95% confidence interval 0.09–0.16)
to 0.22 (0.17–0.29), whereas it decreased the RR of
mianserin from 0.44 (0.31–0.62) to 0.14 (0.10–0.21).

Current use of any antidepressant was associated with a
lower suicide RR of 0.63 (0.53–0.75) compared to the one-
prescription group (Table 2). Current SSRI usage was
associated with lower suicide mortality compared to the one-
prescription (RR 0.47, 0.38–0.59). Current SSRI usage was
also associated with lower suicide mortality compared to the
no-antidepressant group (Table 2). The same general differ-
ence between medication groups was apparent when specific
substances were compared, however no remarkable differ-

Table 3 Suicide mortality in youth (10–20 years of age) and use of antidepressants

Current use of antidepressant Person years Suicide deaths (n) Suicide rate per 100,000 RR unadjusted RR adjusted

RR 95% CI RR 95% CI

SSRI 9,313 7 75 0.62 0.23 1.68 0.66 0.24 1.82
Other 3,906 6 154 1.28 0.45 3.59 0.94 0.33 2.69
None 17,759 15 84 0.70 0.31 1.60 0.58 0.24 1.38
One prescription 7,478 9 120 Reference Reference

Rate ratios (RR with 95% confidence interval) based on Poisson regression model with sex, age, socio-economic and medical history variables,
calendar year, and follow-up time as background variables. Current antidepressant usage compared to one-prescription group

Time (d)

R
R

1
2

4
8

16

0-30 31-60 61-90 91-180 181-360 >361

Fig. 1 Rate ratio (RR) for suicide as function of time since start of
follow-up. Reference category is 0–30 days in one-purchase group
(solid line). The no-current-medication group is represented by long
dashes, SSRI by short dashes, and other antidepressants by short and
long dashes. The 95% confidence intervals of all groups overlap in all
time periods
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ence between substances could be detected. We also analyzed
suicide mortality among youth from 10 to 20 years of age
separately (Table 3). There was no significant difference
between one-prescription and any of the AD groups (no-
current-use, SSRI, or other AD). The usage of TCA was
combined with other groups because of very low usage.

We detected significant interaction between follow-up
period and medication group with respect to suicide. The
risk was highest between 31 to 60 days after purchase of
antidepressant for the one-purchase group. After that, risk
in all groups was quite similar (Fig. 1.)

Men had a risk of all-cause mortality that was more than
twice as high as women, and nonmarried people had 19%
(95% CI 14–23%) higher all-cause mortality risk higher
risk compared to married. Being in the lowest income
quintile was associated with 21% (14–28%) higher risk
than being in the highest quintile. A history of attempted
suicide, use of antipsychotics, or hospitalization was
associated with higher risk with respect to both end-points.

Discussion

Current use of antidepressants was associated with the
lowered risk of all-cause mortality. There were no differ-
ences between substances or groups of substances. This is
in line with observations from a general population-based
study [23]. The study reported that antidepressant exposure
was associated with increased risk, whereas withdrawal
from treatment doubled the risk. In our study, every person
received at least one prescription of an antidepressant,
which means that everyone with no treatment during the
follow-up time had discontinued treatment.

In the follow-up of this study population, having only one
prescription for an antidepressant was associated with the
highest risk of suicide. As shown in Fig. 1, this is probably
because the individuals with highest risk committed suicide
after a short follow-up. When current use of any antidepres-
sant was compared to the one-prescription group, no
significant difference was detected, but current SSRI
antidepressant use was associated with lower risk of suicide.

This study, like all observational studies, has a number
of limitations. Our data included quite detailed information
on socio-economic characteristics, medication, and hospi-
talizations. On the other hand, the lack of information about
certain clinically important characteristics, such as indica-
tion of antidepressant treatment, could hinder model-based
adjustments. Another limitation is that adherence rates for
prescribed medications could be low [24], and thus the
effect observed could be attenuated. Another shortcoming
is that the duration of AD treatment was estimated only
using purchased amount and DDD, without any informa-
tion on actual prescribed daily dose. This reduces the

accuracy of estimation of duration of treatment. It is also
possible that accuracy differs across substances. Because
our data consisted only of reimbursed medications, part of
the medication periods are missing. We did not have
information on hospitalization periods during follow-up.
Thus, some periods without medication are due to hospital-
izations. However, because the one-prescription group was
used as reference category, this will not distort other
comparisons. In observational studies everything can thus
be confounded by indication. It is possible that close
monitoring may reduce all-cause mortality.

In conclusion, our results show that the current usage of
SSRI antidepressants in particular is associated with lower
all-cause mortality in a population of antidepressant users.
However, because of the observed increased risk of suicide
at the early stages of antidepressant treatment, special
attention should be paid to care immediately after starting
treatment.
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