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REVIEW

Ecological Studies of Antidepressant Treatment
and Suicidal Risks

Ross J. Baldessarini, MD, Leonardo Tondo, MD, Indiana M. Strombom, PhD, Svetlana Dominguez,
Jan Fawcett, MD, Julio Licinio, MD, Maria A. Oquendo, MD, Gary D. Tollefson, MD, PhD,

Robert J. Valuck, PhD, and Mauricio Tohen, MD, Dr PH

Ongoing discussion of potential benefits and risks of antidepressant treatment with respect to
suicidal behaviors includes many ecological, or population-based, correlational studies of temporal
or regional trends in suicide rates and rates of usage of modern antidepressants including serotonin-
reuptake inhibitors (SRIs). Since this body of research has not been compiled and evaluated, we
used computerized literature searching to identify 19 relevant published studies. They yielded
heterogeneous findings: only 8/19 found significant inverse correlations between rising sales of
modern antidepressants in the 1990s and falling suicide rates not anticipated in the 1980s. Average
reductions in suicide rates in the 1990s (10.7%) and 1980s (10.0%) differed little in 11 studies
with data from both eras. Reduction of suicide rates in the 1990s was unrelated to geographic
region, population size, units of analysis, publication year, or growth in antidepressant usage, but
was greater with higher initial suicide rates, in men, and in older persons. In the same decade,
suicides rates decreased in only half of 79 large countries. Overall, these findings yield limited and
inconsistent support for the hypothesis that increased use of modern antidepressants might limit
suicide risk, and no evidence that the risk increased. Suicidal risk is determined by complex factors,
including access to clinical services, in general, and more comprehensive treatment of depression,
in particular. Overall, as with findings from randomized trials and cohort or case-control studies,
evidence of specific antisuicidal effects of antidepressant treatment from ecological analyses remains
elusive. (HARV REV PSYCHIATRY 2007;15:133–145.)

Keywords: antidepressants, ecological studies, international, national, serotonin reuptake
inhibitors, suicide rates
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Urgently renewed efforts are under way to clarify relation-
ships of antidepressant treatment to suicidal behaviors in
persons with increased suicidal risk due to major mood dis-
orders. In 1990, Teicher and colleagues1 reported six cases
involving increased suicidal thoughts or behaviors during
treatment with the then-new serotonin reuptake inhibitor
(SRI) R,S-fluoxetine hydrochloride in adults with depres-
sive disorders. Subsequent reports provided evidence both
challenging and supporting this adverse association of treat-
ment with SRIs or other types of antidepressants.2−8 New
evidence of a possible adverse association of SRI treatment
with suicidal risk has emerged since 2004 in meta-analyses
of data reported to regulatory agencies in the United King-
dom and United States and from randomized, controlled tri-
als (RCTs) involving children or adolescents with various
depressive, anxiety, or behavioral disorders.9−13 Similar con-
cerns have been raised concerning depressed young adults
under age 25 years.14

Assessment of associations of antidepressant treatment
and altered suicidal risk—either adverse or favorable—is
especially challenging. Suicidal acts are uncommon in both
experimental treatment trials and clinical practice, and
rare in children. Moreover, most therapeutic trials involv-
ing acutely depressed patients attempt to exclude those at
high risk of suicidal behavior, and in most such studies, sui-
cidal thoughts or acts are not explicit outcome measures but,
instead, are encountered as incidental adverse events and
reported with uncertain reliability and accuracy.

Several recent reports relevant to this topic have con-
centrated on information pooled from placebo-controlled
RCTs by use of meta-analysis. Such pooled analyses have
found only minor and inconsistent differences in rates of
attempts or suicides among persons treated with SRIs,
other antidepressants, or placebo.2,12−20 In contrast, stud-
ies of clozapine in schizophrenia21,22 and of lithium in recur-
rent major mood disorders23,24 have found major reductions
of risk of suicidal behaviors with these treatments. How-
ever, since placebo-controlled antidepressant RCTs have
found selective, antidepressant-associated reductions of rat-
ings of suicidal ideation,2,7,15,20,25 it may well be that ef-
fects of specific treatments on suicidal ideation and behavior
differ.

Other types of research pertinent to suicide and antide-
pressant treatment include case series and large cohort-
outcome and case-control studies. Among these are at least
nine major studies using case-control designs based either
on UK26−28 or New Zealand general practice databases,29 or
cohort designs in large U.S.,30−32 Danish,33,34 or Finnish35

databases. Overall, these studies found no convincing evi-
dence that use of SRIs or other modern antidepressants in-
creased risk of suicides or attempts, and some findings sug-
gested decreased risk of suicide with more antidepressant
treatment.33,34 Of note, there was evidence that more severe

depressive illness history, higher antidepressant doses, and
use of multiple psychotropic agents were associated with
suicide or attempts.26,27 These observations suggest poten-
tial confounding by indication.29 That is, greater illness-
severity is likely to be associated with suicidal risk and
to encourage treatment, and so may misleadingly associate
antidepressant use with suicidal behavior. The type of an-
tidepressant used (usually SRIs vs. tricyclic antidepressants
[TCAs] or others) usually bore little relationship to suicidal
risk.26−29 Moreover, increased risk of suicide attempts was
found shortly before antidepressant treatment started32 or
early in treatment,27 and risk did not increase as treatment
progressed.32 In a U.S. study, there was a weak association
of suicidal acts with antidepressant treatment in previously
hospitalized, depressed, Medicaid patients of all ages, uncor-
rected for illness severity, especially of suicide attempts in
male juveniles treated with TCAs more than SRIs.31 Finally,
to the contrary, a greater number of prescription refills for
SRIs or other modern antidepressants was associated with
lower suicide risk.33

Another popular study design assesses correlations of
suicide rates and the rates of antidepressant use within se-
lected geographical areas over time or between regions at
one time. Such ecological analyses compare aggregate-level
exposures for groups or subpopulations with aggregate sui-
cide rates as the outcome measure. These studies can serve
as useful hypothesis-generating analyses and may also have
some value in testing already identified hypotheses.36−38

However, the major limitation of such studies (the “ecologi-
cal fallacy”) is that they do not identify individuals who are
or are not exposed to a factor of interest, such as antidepres-
sant treatment. Therefore, they cannot exclude relevant and
possibly more important intervening or modifying individ-
ual or aggregate variables,36−38 such as illness severity influ-
encing the treatment offered. Given the growing number of
such studies now available and their potential to clarify re-
lationships between antidepressant treatment and suicidal
behaviors, we reviewed ecological studies of antidepressant
usage rates and suicide rates.

METHODS

We evaluated peer-reviewed research literature reported
between 1970 and July 2007 through MedLine, considering
citations in identified reports and recent reviews, and focus-
ing on reports pertaining to suicidal risks in association with
the availability of antidepressant drugs of various types,
including SRIs and other modern agents. We extracted and
compared the available data concerning changes in antide-
pressant prescription or sales rates (as a surrogate for usage
rates) and suicide rates in men and women (separately,
if possible) in the decades preceding and following the
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introduction of the first successful modern antidepressant
agent fluoxetine in late 1987, which was soon followed by
a series of SRIs and other modern antidepressants in the
1990s. Some studies also considered trends in suicide rates
before the 1990s, prior to introduction of modern antidepres-
sant drugs. Antidepressant availability in most studies was
based on national or regional sales data or per capita rates
of prescriptions from commercial pharmacies gathered by
organizations that contract with the pharmaceutical indus-
try. In some studies antidepressant usage was standardized
by dosing equivalents (mg/day), based on defined daily doses
(DDDs), as provided by the World Health Organization.39

We scored study outcomes, by consensus, into several
global categories: (1) evidence that suicide rates were
inversely related to antidepressant usage rates by region
or years was considered as a “positive” finding; (2) inverse
correlations during the 1990s, but preceded by decreasing
suicide rates in the 1980s, were scored as “positive but
present earlier”; (3) inverse correlations only for particular
subgroups by age or sex were considered “inconsistent”; and
(4) outcomes lacking such inverse correlations, or involving
rising suicide rates in the 1990s, were rated as “negative.”

We summarized and compared particular findings of
interest, using standard statistical procedures to deter-
mine means and variances (as standard deviation or 95%
confidence interval [CI], as noted), and linear (r ) or non-
parametric (rs) correlations, based on commercial software
(Stata-8⃝R, Stata Corp., College Station, TX; Statview-5⃝R,
SAS Corp., Cary, NC).

RESULTS

We identified 19 published ecological studies that correlated
annual SRI or other antidepressant sales or prescription
rates with annual suicide rates in countries or regions (usu-
ally counties), sometimes adjusted for age and reported for
men and women separately (Table 1).40−58 Of the 19 included
studies, 11 yielded largely positive findings (inverse correla-
tion of rising antidepressant availability in the 1990s with
falling suicide rates, including 3 in which declining suicide
rates were also found in the 1980s); 5 were inconsistent in
finding such inverse correlations only in subgroups defined
by age or sex, and 3 failed to find correlations between an-
tidepressant availability and suicide rates (2 found increas-
ing suicide rates in the 1990s).

Overall, antidepressant availability during the 1990s in-
creased by an average of nearly 4-fold (395%; 95% CI, 217%–
571%) as annual suicide rates declined by −14.3% (95% CI,
−22.1% to −6.6%). However, across 17 of the studies with
relevant data, these two measures were not statistically
correlated (rs = −0.082; p = 0.75). Several studies found
reductions of suicide risk in the 1990s mainly in older per-

sons, especially above age 45 years (Table 2).44,48,50,52,54 To
facilitate comparisons, we also consolidated available find-
ings for antidepressant usage rates and suicide rates for
both the 1980s and 1990s, as well as for changes in sui-
cide rates overall and for men and women separately (Table
2). The compiled data indicate that antidepressant avail-
ability increased 10.6-fold more rapidly in the 1990s than
in the 1980s (395% vs. 37.2%). Annual suicide rates de-
creased in both decades but did so less than half as much
in the 1980s (by −6.46%; 95% CI, −14.3% to +1.4%) as in
the 1990s (by −14.3%; 95% CI, −22.1% to −6.6%; Table 2).
However, the overlapping 95% CIs indicate statistical non-
superiority for the 1990s versus 1980s. Moreover, when 11
studies41−44,46,47,49−51,53,58 reporting changes in total annual
suicide rates for both decades were compared directly (Ta-
ble 2), the average decrease in suicide rates in the 1980s was
by −9.98% (95% CI, −15.7% to −4.3%) compared to −10.7%
(95% CI, −18.0% to −3.4%) in the 1990s—again, not sta-
tistically different. Decreases in suicide rates were found
in both men and women in the 1990s, but were 4.4-times
greater than in the 1980s among men (−14.4% vs. −3.31%),
but only slightly greater among women (−19.7% vs. −16.9%)
in the more recent decade.

The preceding findings indicate that decreases in
suicide rates in the 1990s were at least partly evident
earlier,40,41,43,44,51,53 possibly with an acceleration of the
process with rapid and wide application of modern antide-
pressants in the 1990s. It is of interest to consider trends
in Sweden41 and the United States59,60 specifically, where
significant inverse correlations between rising antidepres-
sant usage and falling suicide rates in the 1990s were found
in several studies (Table 1).41,43,47,55−58 Such downward
trends in suicide rates were ongoing in both countries since
the late 1970s, though they appear to have accelerated in
Sweden in the modern antidepressant era (Figure 1).

Internationally, among 79 large countries reporting to the
World Health Organization,59 with non-zero suicide rates be-
tween 1990 and 2003, there was a similar prevalence of un-
changed or higher (37/79 = 46.8%) versus decreased annual
suicide rates (42/79 = 53.2%%; Figure 2). Countries with
substantial decreases included several northern European
nations (Denmark, Germany, Iceland, United Kingdom) as
well as central or eastern European (Armenia, Austria,
France, Georgia, Hungary), southern European (Greece),
and some Asian (Sri Lanka, Thailand) and South American
countries (El Salvador, Paraguay, Puerto Rico) (Figure 2).
Other countries from the same world regions experienced
increases in reported suicide rates over the same decade
(e.g., Albania, Malta, Mexico, Nicaragua, Poland, Portu-
gal, Romania, Russia, Spain, Suriname; Figure 2). These
observations indicate a high degree of variation among
countries, even within world regions, including the Nordic
countries.58
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TABLE 1. Ecological Studies of Association of Suicide Rates Versus Increased Use of SRIs and Other Modern Antidepressants

Country
(population

Study in millions) Years Methods Findings Outcomes

Barbui et al. (1999)40 Italy (57.0) 1988–96 SRI sales/10k vs.
national suicide
rate vs. yrs

SRI (392%) and other AD
prescriptions increased;
suicide rate decreased in
women (19.7%/year, though
had been falling since 1970)
but increased in men
(4.8%/year)

Inconsistent;
present earlier

Isacsson (2000)41 Scandinavia
(24.0)

1978–96 AD DDDs vs.
national suicide
rate vs. yrs

AD use increased (268%);
suicide rate fell in men and
women of all ages (19%) and
in most Swedish counties,
plus Denmark, Finland, and
Norway, in the 1990s; trend
had started earlier in Sweden
(17% in the 1980s)

Positive but
present earlier

Rihmer et al. (2000)42 Hungary
(10.0)

1984–97 AD DDDs/1k vs.
national suicide
rate vs. yrs

Suicide decreased 38% faster in
the 1990s (2.6%/yr) vs. 1980s
(1.9%/year) as AD use
increased (224%) and other
clinical care measures
increased (unspecified for sex
and age)

Positive

Carlsten et al. (2001)43 Sweden (8.6) 1977–97 AD DDDs vs.
national suicide
(+UC) rate vs. yrs.

With increased AD use in the
1990s (254%), suicide rates
decreased more rapidly in the
1990s in men (2.6%/year) and
women (2.9%/year) at all ages,
but had also declined in the
1980s (1.2% & 1.0%/year,
respectively)

Positive but
present earlier

Hall et al. (2003)44 Australia
(19.0)

1986–2000 AD DDD/1k vs.
national suicide
rate vs. yrs vs. age

AD use increased (209%) in the
1990s, as suicide rates
decreased in women aged >45
years (13.9%) and men >55
years (5.2%), following
decreases in the 1980s; AD
use rose with age

Positive but
present earlier

Kelly et al. (2003)45 No. Ireland
(1.7)

1989–99 AD DDD/1k vs.
national suicide
(+UC) rate vs. yrs

Increased AD use (464%) was
associated with 8.0%
increased national suicide
rate, especially at ages <30
years (unspecified for sex)

Negative

Oravecz et al. (2003)46 Slovenia (2.0) 1985–97 AD RXs/1k vs.
national suicide
rate vs. yrs

Increased AD use (58%) was
associated with 7.1%
increased national suicide
rate (unspecified for sex and
age)

Negative

Grunebaum et al. (2004)47 United States
(281)

1985–99 AD RXs/1k vs.
national suicide
rate vs. yrs

Increased AD use (247%) was
associated with 13.7%
decreased national suicide
rate (unspecified for sex and
age)

Positive
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TABLE 1. Ecological Studies of Association of Suicide Rates Versus Increased Use of SRIs and Other Modern Antidepressants
(Continued)

Country
(Population

Study in millions) Years Methods Findings Outcomes

Gunnell & Ashby 200448 United
Kingdom
(59.0 M)

1976–98 SRI RXs/1k vs.
national suicide
rate vs. yrs

Increased AD use (129%) in
the 1990s was associated
with a decreased national
suicide rate in women ≥30
years (14.0%) and men ≥55
yrs (9.7%); similar trends
occurred in the 1980s

Inconsistent

Helgason et al. 200449 Iceland (0.3) 1950–2000 AD DDD/1k vs.
national suicide
rate vs. yrs

Increased AD use (388%) in
the 1990s was associated
with unchanged suicide
rates (or other health
measures), which were also
stable in the 1980s

Negative

Dahlberg & Lundin (2005)50 Sweden (8.6) 1990–2000 AD DDD/1k vs.
county (n = 21)
suicide rate vs.
years

Increased AD use (60%) in the
1990s associated with
decreased suicide rates in
men (27.0%) and women
(26.7%), but not after
adjusting for socioeconomic
factors, except at ages 10–24
years; rates declined before
the 1990s, though somewhat
less

Inconsistent

Gibbons et al. (2005)51 United States
(281)

1996–98 AD RXs/capita/year
vs. county (n =
3142) suicide rate

AD exposure varied by 152%,
county suicide rate by 134%;
suicide rate correlated
inversely with relative
SRI/TCA usage (and
population density), but not
total AD use; adjusted for
age, sex, race, income

Positive

Guaiana et al. (2005)52 Italy (57.0) 1955–2000 AD DDD/1k vs.
national suicide
rate vs. years

Increased AD use (219%) in
1990s associated with slight
decreases in suicide rate in
men and women, but only
>45 years, among whom
rates had risen from
1975–85 and decreased after
1985

Inconsistent

Ludwig & Marcotte (2005)53 20 nations
(849)

1980–2000 SRI RXs/capita/year
vs. country suicide
rate vs. years

Increased SRI use (1094% in
1990s) correlated with
decreased suicide rate (5.4%
in the 1990s), even after
adjusting for covariates
(age, sex, divorce, GDP,
unemployment); suicide rate
had increased in the 1980s;
benefit/cost ratio = 7.1 ($6.4
million/$0.9 million), and
greater for men

Positive

(Continued on next page)
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TABLE 1. Ecological Studies of Association of Suicide Rates Versus Increased Use of SRIs and Other Modern Antidepressants
(Continued)

Country
(Population

Study in millions) Years Methods Findings Outcomes

Barak & Aizenberg (2006)54 Israel (6.3) 1998–2002 AD RXs/capita vs.
suicide rate vs. yrs

As AD use increased (160%),
suicide rate declined
(17.6%), but statistically
significantly only among
men aged 55–74 years

Inconsistent

Fazel et al. (2006)55 Sweden (8.6) 1989–2000 SRI DDD/1k vs.
suicide rate vs. yrs

As SRI use increased (1042%),
the suicide rate decreased in
the general population
(19.1%) and among
post-hospitalized mood and
anxiety disorder patients
(16.1%), in both sexes and at
all ages

Positive

Gibbons et al. (2006)56 United States
(39)

1996–98 SRI RXs/capita/yr
vs. suicide rate vs.
county

County suicide rate
(0.7–1.7/100k/yr) correlated
inversely with SRI usage at
ages 5–14 years; adjusted
for sex, race, income, access
to care (specialists per
county), and county variance

Positive

Milane et al. (2006)57 United States
(281 M)

1988–2002 FLX RXs/1k vs.
suicide rate vs. yrs

As FLX use increased (1248%),
national suicide rate
declined (14.4%) in men and
women at all ages; before
1990, suicide rate had fallen
in women but increased in
men

Positive

Reseland et al. (2006)58 Scandinavia
(24.0)

1961–2003 AD DDD/1k vs.
suicide rate vs. yrs

As SRI use increased in the
1990s (410%), suicide rates
(Denmark, Finland, Norway,
Sweden) decreased (33.6%)
after increasing (7.1%) in
the 1980s in Norway and
Finland

Mostly positive

AD, antidepressant; DDD, defined daily doses (WHO-based typical mg/day); FLX, fluoxetine; GDP, gross domestic product; SRI, serotonin
reuptake inhibitor; TCA, tricyclic antidepressant; UC, undetermined cause of death. Of the 19 studies, 11 yielded largely favorable findings
(decreasing suicide rate as drug availability increased; in 3 studies as a continuation of previous trends), 5 were inconsistent among
subgroups, and 3 were negative, including 2 with rising suicide rates in the 1990s.

Overall, the 19 studies under review yielded strikingly
heterogeneous outcomes, ranging from strong to very weak
associations of rising availability of modern antidepressants
and falling rates of suicide, and even some increases in sui-
cide rates in the 1990s.40,45,46,58 We considered possible ex-
planations for this variability by use of regression model-
ing (not presented here). Changes neither in antidepressant
availability nor in suicide rates in the 1990s were correlated
with the year of publication, population of the country in-
volved, or number or types of units of measurement (years,
countries, or counties). Moreover, since changes in suicide

rates and in antidepressant usage were uncorrelated, as
noted (rs = −0.082), countries with greater reductions in
suicide rates did not necessarily have greater increases in
antidepressant usage. For example, Iceland experienced a
somewhat greater increase in antidepressant availability
during the 1990s (by 388%) than other Scandinavian coun-
tries (331%) but had no decrease in suicide rates (Table 2).
Moreover, use of antidepressants in the 1990s increased
similarly in Northern Ireland (464%) and Sweden (482%),
but the suicide rate in Northern Ireland increased by 8%,
whereas that in Sweden declined by 24% (Table 2).



D
ow

nl
oa

de
d 

B
y:

 [U
ni

ve
rs

ity
 o

f C
ol

or
ad

o 
H

ea
lth

 S
ci

en
ce

s 
C

en
te

r] 
A

t: 
21

:2
3 

21
 A

ug
us

t 2
00

7 

T
A

B
LE

2.
Pe

rc
en

ta
ge

C
ha

ng
e

in
A

nt
id

ep
re

ss
an

tU
se

an
d

A
nn

ua
lS

ui
ci

de
R

at
e

in
th

e
19

80
s

to
19

90
s,

by
C

ou
nt

ry
,E

st
im

at
ed

fr
om

D
at

a
in

th
e

A
rt

ic
le

s
R

ev
ie

w
ed

P
er

ce
n

ta
ge

ch
an

ge

S
u

ic
id

e
ra

te

S
tu

d
y

C
ou

n
tr

y
(p

op
u

la
ti

on
in

m
il

li
on

s)
E

ra
A

n
ti

d
ep

re
ss

an
t

u
se

M
en

W
om

en
T

ot
al

B
ar

bu
ie

t
al

.(
19

99
)40

It
al

y
(5

7.
0)

19
90

s
39

1.
7

+
4.

08
−

17
.9

−
2.

19
Is

ac
ss

on
(2

00
0)

41
S

ca
nd

in
av

ia
(2

4.
0)

19
80

s
46

.2
—

—
−

16
.8

19
90

s
26

8.
4

—
—

−
19

.3
R

ih
m

er
et

al
.(

20
00

)42
H

un
ga

ry
(1

0.
0)

19
80

s
—

—
−

13
.1

19
90

s
22

4.
3

—
—

−
20

.6
C

ar
ls

te
n

et
al

.(
20

00
)43

S
w

ed
en

(8
.6

)
19

80
s

31
.9

−
18

.4
−

22
.7

−
19

.7
19

90
s

25
3.

8
−

22
.5

−
29

.4
−

24
.6

H
al

le
t

al
.(

20
03

)44
A

us
tr

al
ia

(1
9.

0)
19

80
s

—
−

5.
08

−
9.

59
−

5.
98

19
90

s
20

9.
5

−
0.

36
−

4.
54

−
1.

16
K

el
ly

et
al

.(
20

03
)45

N
o.

Ir
el

an
d

(1
.7

)
19

90
s

46
4.

0
—

—
+

7.
95

O
ra

ve
cz

et
al

.(
20

03
)46

S
lo

ve
ni

a
(2

.0
)

19
80

s
27

.3
—

—
−

17
.6

19
90

s
57

.6
—

—
+

7.
14

G
ru

ne
ba

um
et

al
.(

20
04

)47
U

ni
te

d
S

ta
te

s
(2

81
)

19
80

s
57

.9
—

—
0.

00
19

90
s

24
6.

7
—

—
−

10
.8

G
un

ne
ll

&
A

sh
by

(2
00

4)
48

U
ni

te
d

K
in

gd
om

(5
9.

0)
19

80
s

2.
8

+
14

.2
−

31
.1

−
2.

46
19

90
s

12
9.

5
−

9.
19

−
12

.3
−

10
.0

H
el

ga
so

n
et

al
.(

20
04

)49
Ic

el
an

d
(0

.3
)

19
80

s
35

.5
—

—
0.

00
19

90
s

38
7.

9
—

—
0.

00
D

ah
lb

er
g

&
L

un
di

n
(2

00
5)

50
S

w
ed

en
(8

.6
)

19
90

s
15

0.
0

−
27

.0
−

26
.7

−
26

.9
G

ib
bo

ns
et

al
.(

20
05

)51
,a

U
ni

te
d

S
ta

te
s

(2
81

)
19

90
s

15
1.

8
—

—
−

57
.1

G
ua

ia
na

et
al

.(
20

05
)52

It
al

y
(5

7.
0)

19
80

s
6.

1
−

15
.9

−
25

.5
−

18
.5

19
90

s
21

9.
2

−
9.

84
−

12
.4

−
10

.5
L

ud
w

ig
&

M
ar

co
tt

e
(2

00
5)

53
In

te
rn

at
io

na
lb

(8
49

)
19

80
s

—
—

—
+

15
.7

19
90

s
11

00
.0

—
—

−
5.

71
B

ar
ak

&
A

iz
en

be
rg

(2
00

6)
54

Is
ra

el
(6

.3
)

19
90

s
16

3.
6

—
—

−
17

.6
Fa

ze
le

t
al

.(
20

06
)55

S
w

ed
en

(8
.6

)
19

90
s

10
43

.3
−

18
.6

−
21

.0
−

19
.3

M
il

an
e

et
al

.(
20

06
)57

U
ni

te
d

S
ta

te
s

(2
81

)
19

90
s

12
49

.3
−

13
.2

−
17

.6
−

14
.1

R
es

el
an

d
et

al
.(

20
06

)58
S

ca
nd

in
av

ia
(2

4.
0)

19
80

s
90

.2
+

8.
55

+
4.

35
+

7.
40

19
90

s
93

−
32

.7
−

35
.4

−
33

.4

A
ll

st
ud

ie
s

(n
=

19
)[

A
ve

ra
ge

s
w

it
h

95
%

C
I]

19
80

s
37

.2
%

[1
3.

6
to

60
.9

]
−

3.
31

%
[−

21
.2

to
+

14
.6

]
−

16
.9

%
[−

24
.6

to
+

0.
8]

−
6.

46
%

[−
14

.3
to

+
1.

4]
19

90
s

39
5%

[2
17

to
57

1]
−

14
.4

%
[−

23
.6

to
−

5.
1]

−
19

.7
%

[−
27

.1
to

−
12

.3
]

−
14

.3
%

[−
22

.1
to

−
6.

6]

a
Fo

r
th

is
st

ud
y,

“c
ha

ng
e”

is
th

e
ra

ng
e

of
va

lu
es

ac
ro

ss
al

l
U

.S
.c

ou
nt

ie
s

(n
=

31
41

)
in

th
e

ye
ar

s
19

96
–9

8;
a

la
te

r,
si

m
il

ar
re

po
rt

55
di

d
no

t
pr

ov
id

e
ch

an
ge

s
in

U
.S

.c
ou

nt
y

su
ic

id
e

ra
te

s.
b T

he
co

un
tr

ie
s

(n
=

27
)

w
er

e
A

us
tr

al
ia

,
A

us
tr

ia
,

B
el

gi
um

,
B

el
or

us
si

a,
B

ul
ga

ri
a,

C
an

ad
a,

C
ze

ch
R

ep
ub

li
c,

F
in

la
nd

,
F

ra
nc

e,
G

er
m

an
y,

G
re

ec
e,

H
un

ga
ry

,
Ir

el
an

d,
It

al
y,

L
at

vi
a,

L
it

hu
an

ia
,

L
ux

em
bo

ur
g,

N
et

he
rl

an
ds

,
N

or
w

ay
,

P
ol

an
d,

P
or

tu
ga

l,
S

lo
va

k
R

ep
ub

li
c,

S
lo

ve
ni

a,
S

pa
in

,
U

kr
ai

ne
,

U
ni

te
d

K
in

gd
om

,
an

d
U

ni
te

d
S

ta
te

s.
S

ui
ci

de
ra

te
s

de
cl

in
ed

in
bo

th
th

e
19

80
s

(−
9.

98
%

;9
5%

C
I,

−
15

.7
%

to
−

4.
3%

)a
nd

19
90

s
(−

10
.7

%
;9

5
C

I,
−

18
.0

%
to

−
3.

4%
).

139



D
ow

nl
oa

de
d 

B
y:

 [U
ni

ve
rs

ity
 o

f C
ol

or
ad

o 
H

ea
lth

 S
ci

en
ce

s 
C

en
te

r] 
A

t: 
21

:2
3 

21
 A

ug
us

t 2
00

7 

140 Baldessarini et al.
Harv Rev Psychiatry

July/August 2007

FIGURE 1. Trends in annual suicide rates in recent decades in the United States and Sweden, with annual suicide rates (per 100,000
population) expressed as a percentage of the 1978 rate for each country to support comparisons between countries and years. Data are
from Isacsson41 for Sweden and from the U.S. Centers for Disease Control for the United States.59 In both countries, suicide rates decreased
between 1975 and the advent of SRIs and other modern antidepressants in the early 1990s. In Sweden, the rate of decrease may have
increased in the 1990s.

Nevertheless, there was a plausible tendency for larger
decrements in suicide rates to associate with higher initial
rates at the start of the modern antidepressant era. That is,
suicide rates at the start of the 1990s were moderately cor-
related with the decreases in these rates across the decade
(rs = 0.488; p = 0.04). A possibly related observation was
that the relative difference in the reduction of suicide risk in
the 1990s versus 1980s (2.2-fold overall) was greater among
men (4.4-fold improvement) than women (1.2-fold; Table 2),
and the initial suicide rate (per 100,000/year) at the start
of the decade also was much higher for men (24.3 ± 11.0)
than women (8.76 ± 5.05; not shown). Finally, as already
noted, decreases in suicide rates were more likely above age
45, when suicide rates tend to increase, especially among
men.61 Not surprisingly, these findings suggest that higher
initial suicide rates are more likely to show greater numer-
ical improvements.

DISCUSSION

The 19 ecological studies of relationships of suicide rates
and rapidly rising usage rates for modern antidepres-

sants reviewed here yield a range of outcomes. Only 8/19
studies42,47,51,53,55−58 found significant inverse correlations
between lower suicide rates and greatly increased use of
modern antidepressants in the 1990s that were not preceded
by falling suicide rates in the 1980s or earlier (Tables 1 and
2; Figure 1). In addition to these published reports, another
very recent U.S. study found only a weak and nonsignifi-
cant relationship between rising antidepressant sales and
slightly lower suicide rates (by state and by times between
1997 and 2003) in adolescents aged 15–19 years, and no re-
lationship (and no decline in suicide rates over time) among
younger subjects aged 10–14.62 Moreover, in unpublished
findings (Baldessarini RJ, 2007), total annual antidepres-
sant sales data provided by IMS Corporation for 29 leading
national antidepressant markets showed a nonsignificant
correlation with 2000 suicide rates obtained from the World
Health Organization.60 Overall, these 20 analyses, as well
as similar new Finnish63 and Norwegian64 studies appear-
ing after the present analyses, have yielded highly hetero-
geneous outcomes that do not indicate a consistent inverse
relationship between the increase of antidepressant usage
in the 1990s and falling national suicide rates. Furthermore,
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FIGURE 2. Changes in annual suicide rates in 79 countries between 1990 and 2003, as a ratio, in rank order from greatest decrease
to greatest increase. Values <1.0 (left of dotted vertical line) indicate reductions in suicide rate during the decade of rapid increases in
international use of modern antidepressants, as observed in 42/79 countries (53.2%), with no change or increases (to the left of 1.0) in
37/79 (46.8%). The pooled rate ratio (RR), based on random effects meta-analysis, is 1.01 (95% CI, .99–1.02 [not significant]). The inset is a
histogram of the same data, indicating some skewing toward low values, with a modal value of approximately 0.85. Data are from World
Health Organization.60

only about half of the world (42, or 53%, of 79 reporting na-
tions) experienced decreases in reported suicide rates in the
1990s, whereas 47% experienced increases or no change be-
tween 1990 and 2003, with large variations in rates and
trends among specific countries, within world regions, and
within countries over time (Figure 2), as also noted recently
by Safer and Zito.65

It is important to reemphasize a major general limitation
of ecological, or aggregate correlational, studies.35−38 They
do not identify the presence or absence of a measure of in-
terest (taking of antidepressant treatment) at the level of
individual persons, and they rely on indirect indices of drug
usage (sales or prescription rates). Therefore, it is possible
for unidentified intervening variables to yield apparent, but

misleading, correlations with suicide rates. Despite the fun-
damental limitations of correlational analyses, an important
overall conclusion from this large body of population-based
research is that it provides little or no support for a potential
adverse association between growing clinical application of
SRIs or other modern antidepressants and increased risk
of suicide in countries or regions—a question that has been
under intense discussion recently.9−14 A second conclusion
is that inverse associations between massive increases in
antidepressant usage and recent decreases in suicide rates
were found, but inconsistently and of much lesser magni-
tude (14%) than the 4-fold rise in antidepressant availability
(Table 2). As noted, this variability in reported suicide rates
is not explained by the degree of increase in antidepressant
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usage, by national population, or by year of publication.
However, there was a significant correlation of higher initial
suicide rate at the start of the 1990s and greater decrement
during the decade. There also were indications of greater
decreases in suicide rates among men (Table 2) and in older
persons—both being subgroups with relatively high suicide
risks.61

The recent changes in suicide risk associated with the
advent of the modern antidepressant era of the 1990s
were at least partly anticipated in earlier decades in some
countries,40,41,43,44,51,53 including Sweden and the United
States (Figure 1), in which strong inverse correlations
between antidepressant sales and suicide rates were found
in the 1990s either as temporal (secular) trends41,43,47,55−58

or as differences among subregions (counties) of both
countries.41,51,56 Decreasing trends in suicide rates during
the decades before the 1990s suggest that factors in addition
to the massive recent growth in clinical application of SRIs
and other modern antidepressants have contributed to de-
clining suicide rates. Among patients at high risk of suicide,
the 1990s were associated with major gains in rates of diag-
nosis and treatment generally—when recognition and treat-
ment of persons with probable major depression rose from
28% to 44% in the United States, following much smaller in-
creases in the 1980s.66,67 No doubt, these recent gains were
encouraged by greatly expanded use of relatively safe and
effective new antidepressants by primary care physicians
as well as psychiatrists, and for a wide range of psychiatric
conditions such as anxiety disorders.68 However, treatment
of major depression patients increased only 1.6-fold (44% vs.
28%) in the 1990s, in contrast to the nearly 4-fold increase in
use of antidepressants generally (Table 2), suggesting that
much of the increase occurred in conditions other than ma-
jor affective disorders, such as anxiety disorders, in which
suicidal risk is much lower.69

Improved recognition and intervention in disorders with
especially high suicidal risks (including severe major de-
pression and bipolar disorders), as well as greater access
to clinical care (including wider use of lithium and other
mood-stabilizing agents), also are likely to have contributed
to the decline in suicide rates since the 1970s.23,24,70 For ex-
ample, a recent U.S. study found that indices of access to
health care services in general were associated with suicide
rates in individual states across America in 2001.71 Factors
strongly correlated with lower state suicide rates included
greater average federal aid for mental health services and a
lower rate of uninsured persons, followed by greater popu-
lation density of psychiatrists or physicians, and by higher
population density per square mile.71 Some of the reported
studies attempted to address such factors by adjusting corre-
lations for covariates of interest, including sex and age, and
sometimes economic factors, although usually not popula-
tion density.44,51,52,54,57,58 Two recent studies51,56 enhanced

statistical power greatly by analyzing suicide rates and an-
tidepressant prescription rates in over 3000 counties in the
United States. Based on tabulated data provided in one of
those reports,51 the multivariate correlation of suicide rates
with antidepressant sales was somewhat less (r = −0.16
[95% CI, −0.035 to +0.026]; p = 0.08) than for population
density (r = −1.43 [95% CI, −2.23 to −0.63]; p = 0.004), an
index of access to health care services71 that would include
use of modern antidepressants but also many other services.

Of note, the reported recent decreases in rates of com-
pleted suicide considered above have not been paralleled by
changes in risks of suicide attempts or in suicidal ideation in
the general population. Kessler and colleagues72 found little
change in U.S. rates of suicide attempts or ideation between
1990 and 1992 versus 2001 and 2003, despite increased use
of antidepressants. In addition, the estimated rate of suicide
attempts among U.S. high school students remained stable
(rs = +0.238; p = 0.529) from 1990 to 2005,73 as was also
found between 1997 and 2003.60 Moreover, the nearly $17
billion annual world antidepressant market has tended to
become saturated over the past decade, and U.S. sales of
SRIs have undergone minor decreases since 2003, particu-
larly among primary care physicians.65,74−76 These new de-
velopments may reflect, in part, the impact of recent U.S.
Food and Drug Administration warnings about evidence of
associations of treatment with antidepressants and possi-
bly increased suicidal risk (ideation and possibly attempts)
in juveniles and perhaps young adults, with reduced risks
in older patients.14 Finally, it is noteworthy that annual U.S.
suicide rates, overall, have tended to rise slightly since the
end of the 1990s (rs = +0.929; p = 0.038), from 10.4 per
100,000 in 1999 to 11.1 in 2004.77,78 Whether these two new
trends (less antidepressant use, more suicide) are meaning-
fully related remains to be clarified.

In conclusion, pooled analysis of the findings of the ecolog-
ical studies reviewed here suggests that markedly greater
availability of antidepressant treatment in the 1990s has
correlated with moderate decreases in suicidal rates in some
countries. However, the findings were inconsistent and their
variability is not readily explained, although higher initial
suicide rate, male sex, and older age appear to favor finding
inverse correlations between antidepressant sales and sui-
cide rates. Finally, the ecological studies reviewed provide
no evidence that antidepressants, including SRIs, might in-
crease risk of suicide. They also accord with a growing body
of evidence, from large cohort and case-control studies (as
cited above) and also from randomized controlled trials in
adults with major depression, that antidepressants lack ma-
jor adverse effects on suicidal behavior.

Dr. Baldessarini is a consultant or research collaborator
with Auritec, Biotrofix, Eli Lilly, IFI, Janssen, JDS, Merck,
MK-BioPharmaceuticals, NeuroHealing, Novartis, and Solvay
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