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Abstract: The effect of selective serotonin receptor inhibitors (SSRIs) on healthy individuals
remains unclear. The aim of the trial was to evaluate the effect of the SSRI escitalopram on
cognitive function in healthy first-degree relatives of patients with major depressive disorder
(FDRs). A total of 80 FDRs were randomized to escitalopram (10 mg/day) (n¼ 41) versus pla-
cebo (n¼ 39) for 4 weeks. Neuropsychological tests and ratings of mood were applied at entry
(T0) and at 4 weeks (T4). The main outcome measure was calculated as the change (T4�T0) in a
general cognition score, which was the standardized mean of 13 test measures. Mean change
in the general cognition score was not significantly increased with escitalopram compared with
placebo (p¼ 0.37) or for any of the specific tests. In univariate analyses no statistically sig-
nificant correlations were found between change in the general cognitive score and the vari-
ables age, sex, Hamilton depression score 17 items, Danish Adult Reading Test-45, and plasma
escitalopram levels, respectively. These results suggest that treatment with escitalopram does
not improve or impair cognitive function in FDRs. Improvement in cognitive function following
treatment of depressed patients with SSRIs seems to be related to the effects on depressive
symptoms rather than to a direct effect of the SSRI.

Keywords: cognitive function, escitalopram, healthy, high risk, major depressive disorder,
placebo-controlled, trial

Introduction
In depression a wide range of cognitive deficits is

a consistent finding [Ravnkilde et al. 2002].

Cognitive function is a predictor of the functional

and psychosocial burden of illness in major

depressive disorder (MDD) and consequently a

pertinent candidate predictor of treatment

response [Austin et al. 2001]. With recovery

from MDD, abnormalities in cognitive function

tend to normalize but cognitive impairment is

also seen in recovered patients [Hasselbalch

et al. 2010; Kessing, 1998]. Cognitive impair-

ment has been reported in healthy first-degree

relatives of patients with MDD, thus in a cross-

sectional high-risk case�control study of healthy

twins with and without a co-twin history of affec-

tive disorder, the healthy twins discordant for

unipolar disorder showed lower performance on

almost all measures of cognitive function: selec-

tive and sustained attention, executive function,

language processing and working and declarative

memory, and also after adjustment for demo-

graphic variables, subclinical affective symptoms

and other minor psychopathology [Christensen

et al. 2006]. Further, decreased immediate

recall and recognition memory has been found

in young women with no personal history of

depression but with a depressed parent as com-

pared with an age-matched control group with no

family history of depression [Mannie et al. 2009].

Previous trials investigating the effect of selective

serotonin receptor inhibitors (SSRIs) on cogni-

tive function in healthy individuals have given

inconsistent findings. In a recent review, concern-

ing the effect of SSRIs in healthy individuals, 18
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randomized trials using 39 different neuropsy-

chological tests to investigate cognitive function

were identified [Knorr and Kessing, 2010].

Treatment with a SSRI was found to improve

[Murphy et al. 2008; Loubinoux et al. 2005;

Harmer et al. 2004; Schmitt et al. 2001;

Knutson et al. 1998, 1997], deteriorate [Riedel

et al. 2005; Schmitt et al. 2002a, 2001;

Fairweather et al. 1997; Ramaekers et al. 1995;

Robbe and O’Hanlon, 1995] or have no effect on

cognitive function [Peran et al. 2008; Paul et al.

2007, 2002; Wingen et al. 2006, 2005;

Loubinoux et al. 2005; Riedel et al. 2005;

Siepmann et al. 2003; Schmitt et al. 2002a,

2002b, 2001; Wilson et al. 2002; Allen et al.

1988; Fairweather et al. 1997; Ramaekers et al.

1995; Robbe and O’Hanlon, 1995]. It was con-

cluded that the diverging findings could be a

result of a number of methodological drawbacks.

In general, no trial fulfilled the principles of con-

ducting and reporting randomized trials accord-

ing to the Consort Statement guidelines and the

majority of the trials included a mix of healthy

individuals with and without a family history of

affective disorders [Knorr and Kessing, 2010].

More specifically, three smaller trials have inves-

tigated the long-term effect on cognitive function

of intervention of escitalopram compared with

placebo in healthy individuals. Two of these stud-

ies found no significant effect of escitalopram.

Wingen and coworkers [Knorr and Kessing,

2010; Wingen et al. 2005, 2006] investigated

doses of escitalopram 10�20 mg/day versus pla-

cebo for 15 days in a crossover design in 18 par-

ticipants with an unknown family history of

depression and found no effect on actual driving

performance, psychomotor performance or visual

memory performance. Paul and colleagues [Paul

et al. 2007] investigated escitalopram 20 mg/day

versus placebo for 14 days in a crossover design in

24 participants with an unknown family history

of depression and found no effect on psychomo-

tor performance evaluated by multiple tests. In

the third and most recent trial, Drueke and col-

leagues [Drueke et al. 2009] administered 10 mg

of escitalopram for a period of 7 days in a cross-

over design to 20 healthy male participants with

no family history of major mental disorder sug-

gesting a differential effects of serotonergic

manipulation depending on whether the test

was applied for the first or the second time

The diversity of symptoms in MDD suggests that

many areas of the brain are involved in the path-

ophysiology of the disorder. The serotonin

transporter is expressed abundantly in the raphe

nucleus and in the limbic system which may be

the main site of action for SSRIs [Sierksma et al.

2009]. It is, however, not clear whether treatment

with SSRIs results in a direct improvement of

cognition or whether the effect of SSRIs on cog-

nitive function is secondary to the effect of SSRIs

on depressive symptoms. A neuropsychological

hypothesis of antidepressant drug action suggests

that, at the neuropsychological level, antidepres-

sants work by remediating negative affective

biases in depression and anxiety and that these

actions occur relatively quickly following drug

administration [Harmer et al. 2009a, 2009b;

Miskowiak et al. 2007]. To disentangle the

effect of antidepressant treatment from the

effect of recovery from the depressive disorder

per se, we investigated the effect of a SSRI on

cognitive function in healthy first-degree relatives

of patients with MDD. As revealed previously,

such individuals may present with cognitive dis-

turbances intermediate to those found in patients

with depression and those in healthy individuals

without a family history of affective disorders

[Mannie et al. 2009; Christensen et al. 2006].

We hypothesized that 4 weeks of treatment with

escitalopram would improve cognitive function

compared with placebo.

Methods and materials
The AGENDA (Associations between Gene-

polymorphisms, Endophenotypes for

Depression and Antidepressive Intervention)

trial was designed as a participant, investigator,

observer, and data-analyst-blinded randomized

trial in which healthy first-degree relatives of

patients with MDD received either escitalopram

10 mg/day or matching placebo for a period of 4

weeks. The trial was conducted from July 2007

until July 2009 at the Department of Psychiatry,

Rigshospitalet, University Hospital of

Copenhagen, Denmark, as part of the Center

for Pharmacogenomics, University of

Copenhagen. The trial was conducted and mon-

itored in accordance with the International

Conference on Harmonisation for Good

Clinical Practice guidelines and the Declaration

of Helsinki 2002. The trial protocol including

sample size estimation was published before

completion of the trial [Knorr et al. 2009].

Cognitive function was pre-defined as a second-

ary outcome measure of the AGENDA trial.
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Assessments
The first part of the assessment was a telephone

interview with the potential participants. The

individuals eligible were scheduled to meet at

the clinic both before and following 4 weeks of

intervention. On the first day of examination the

participants gave written informed consent after

details of the trial were explained. Diagnoses

were ascertained by the Schedules for Clinical

Assessment in Neuropsychiatry (SCAN) [Wing

et al. 1990] and the structured Clinical

Interview for DSM-IV Axis II Personality

Disorders [First et al. 1997]. Further assessment

included information on family history of psychi-

atric disorders, ratings of mood using the 17-item

Hamilton Depression Rating Scale (HAM-D)

[Bech et al. 1986], and 14-item Hamilton

Anxiety Scale [Bech et al. 1986], various socio-

demographics, height, weight, routine blood

tests, and a pregnancy test for women.

Participants self-rated depressive symptoms by

Beck Depression Inventory, 42-items [Beck

et al. 1961]. The neuropsychological test battery

was applied on the same day as the interview and

repeated following 4 weeks of intervention. The

Side Effect Rating Scale by UKU-SERS-Pat

[Lindstrom et al. 2001] was applied by the prin-

cipal investigator (UK) to assess side effects fol-

lowing 4 weeks of intervention.

Randomization
Randomization to one of the two intervention

groups was done on the first day of examination

immediately after it had been established that a

participant fulfilled all the inclusion criteria and

none of the exclusion criteria (Figure 1). The

Copenhagen Trial Unit (CTU) performed the

centralized computerized randomization by tele-

phone to secure adequate allocation sequence

generation and allocation concealment.

Randomization was stratified in blocks of six by

age (18�31 years and 32�60 years) and sex. Only

the data manager knew the block size.

Participants were randomized 1:1 to receive

either escitalopram 10 mg/day or placebo.

Blinding
All trial personnel and participants were blinded

to the packaging of the trial drug, and blinding

was maintained throughout monitoring, follow

up, data management, assessment of outcomes,

and data analyses. The randomization code was

not broken until all data had been analysed and

conclusions drawn, as suggested previously

[Gotzsche, 1996]. At the assessment after 4

weeks of intervention, every participant and the

principal investigator (UK) made a guess as to

which intervention the participant had received.

A large proportion of the participants said, ‘I do

not know’ but were asked to give their best guess.

The agreement between the actual intervention

and the guesses was estimated to assess the

degree to which blinding had been demasked,

thus k< 0, no; k¼ 0.0�0.20, slight;

k¼ 0.21�0.40, some; k¼ 0.41�0.60, moderate;

k¼ 0.61�0.80, substantial; k¼0.81�1.00,

almost complete demasking.

Interventions
The participants were randomized to self-admin-

ister a single dose of either escitalopram 10 mg or

matching placebo each evening for 4 weeks. The

rationale for evening administration of the inter-

vention was to minimize possible discomfort by

nausea. Escitalopram and placebo tablets were

identical in appearance, colour, smell, and solu-

bility allowing for blinding of the assignment to

intervention or placebo. H. Lundbeck A/S pro-

vided identically appearing blister packages con-

taining escitalopram or placebo. An independent

pharmacist then packed, sealed, and numbered

the drug packages according to a randomization

list provided and concealed by the CTU.

Adherence to the protocol was sought by

making weekly telephone calls to the enrolled

participants. The participants were asked at the

end of the trial how adherent they had been to the

protocol, and if they had missed taking any tab-

lets. On completion of 4 weeks of intervention

participants entered a 5-day blinded down-titra-

tion period to nil medication.

Neuropsychological tests
Cognitive functions were measured with neuro-

psychological tests at baseline and following 4

weeks of intervention. Descriptions of most of

these tests may be found in ‘A compendium of

neuropsychological tests’ [Strauss et al. 2006]

and modifications are noted below. The 45-

word Danish version of National Adult Reading

Test (DART-45) [Nelson and O’Connell, 1978]

was used as a measure of intelligence. Thirteen

measures from the other tests were subjected to

factor analysis, yielding the following four factors.

Factor 1. Visuomotor/visuospatial function.
This factor included five measures: Trail Making

A & B, connecting numbers (A) and alternating

numbers and letters (B); Symbol Digit Modalities

Test (SDMT), a sensitive test requiring the

U Knorr, M Vinberg et al.
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subject to write numbers corresponding to each

of nine symbols indicated in a coding key, in 90

seconds; Block Design [Gade et al. 1988] a variant

of the WAIS subtest with a score made up of the

mean time in seconds to complete each of 12

designs with four blocks with red, white, and

half red/white sides; Rey�Osterrieth Complex

Figure, 3-minute free recall (copy score not

included).

Factor 2. Executive function. This included four

measures: two verbal fluency tests, phonological

fluency (letter s) and semantic fluency (animals),

each with number of words generated in 60 sec-

onds; Letter�Number Sequencing is a working

memory test also included in the WAIS-III,

where the subject is read a combination of num-

bers and letters and is asked to reproduce the

numbers first in ascending order and then the

letters in alphabetic order; the Stroop Test, a mea-

sure of selective attention and cognitive control,

requiring the subject to name the colour of ink of

printed colour words, e.g. ‘blue’ printed in red.

We used a version [Ravnkilde et al. 2002] previ-

ously used in depression and included in analyses

only the time to name the colours in the incon-

gruent part.

Factor 3. Verbal function. This included two

tests, which may also be considered as tests of

semantic memory: Familiar Faces [Waldemar

et al. 1994] with naming of 28 generally well-

known faces; and Boston Naming Test with 60

objects in line drawings.

Factor 4. Verbal learning and memory. This

consisted of two measures from Rey Auditory

Verbal Learning Test (RAVLT), which is a test of

free recall of a list of 15 words. We included total

number of words recalled in trials 1�5 and

delayed recall after 30 minutes.

CAMCOG. In addition, UK examined all partici-

pants with the CAMCOG [Roth et al. 1986], the

cognitive section of The Cambridge Examination

for Mental Disorders of the Elderly (CAMDEX),

which is a brief neuropsychological instrument

that includes measures of language processing,

working memory, and declarative memory. The

maximum score was 104 points.

Analyses of neuropsychological test results
All scores of the cognitive tests (except

CAMCOG) were transformed to Z-scores with

a mean of 0 and an SD of 1 to allow grouping

of highly correlated tests into factor scores.

Factors scores were computed as the average of

constituent test measures and standardized so all

factors had a mean of 0 and an SD of 1. Similarly,

the averages of all 13 tests measures were com-

puted and standardized to create a global sum-

mary, here termed the ‘general cognition score’.

The primary outcome measure of cognitive func-

tion was change in the general cognition score,

calculated as the change in the general cognition

score from trial entry to after 4 weeks of inter-

vention (T4�T0). The general cognition score

was constructed in order to have only one pri-

mary outcome measurement for cognitive func-

tion. Further, post hoc analyses were performed

on each of the factors and on each of the individ-

ual tests.

To estimate reliabilities of test measures, we cal-

culated test�retest correlations in all test mea-

sures (raw scores, factor scores and general

cognition score) in the placebo group.

Test procedures
Three graduate psychology students trained and

supervised by an experienced neuropsychologist

(AG) conducted the neuropsychological testing.

All tests were conducted in the same office, and

all testing procedures were the same during the

trial period. The same tester performed both the

baseline and the follow-up test, which was per-

formed at the same time during the day. The aim

of the neuropsychological testing was explained

to the participants and they were instructed the

same way on both days of testing

Analysis of plasma escitalopram
Plasma escitalopram was measured following 4

weeks of intervention. The extraction and quan-

titation of escitalopram was carried out on an

ASPEC XL combined with a high-pressure

liquid chromatography (HPLC) system, both

from Gilson, Villiers le Bell, France. Method val-

idation resulted in lower and upper limits of

quantitation of 10 and 3,600 nmol/l, respectively.

The interassay coefficients of variation ranged

from 5.5% to 8.4%, and trueness ranged from

93.2% to 103.0% within the measurement

range. Extraction recovery was 38%, and carry-

over was less than 1%.

Statistical methods
Data analyses were described in a pre-established

analysis plan [Knorr et al. 2009]. All randomized

participants were analysed, including those with

missing data at the testing after 4 weeks of

Therapeutic Advances in Psychopharmacology 1 (5)
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intervention. Statistical analyses were planned as

analysis of covariance (ANCOVA) [Vickers and

Altman, 2001] but if the mean of the change in

the difference between the results for the general

cognition score and factor scores before and after

the intervention did not follow (and could not be

transformed into) a normal distribution, the

intervention groups were compared by a non-

parametric test (Mann�Whitney U-test).

Further, the outcomes were analysed as planned

as the difference for the individual participants

before and after the intervention, first unadjusted

and then adjusted for age, sex, Hamilton depres-

sion score at entry, and the Danish Adult

Reading Test, and concentration of escitalopram

in plasma, if they presented with a p-value< 0.1

in the univariate analyses.

Results

Participant and non-participant characteristics
The probands (n¼ 466) gave us permission to

contact 359 first-degree relatives, who were the

potential participants in the trial. The participant

flow, including reasons for exclusion, is shown in

Figure 1. A total of 80 participants were included

and randomized. The characteristics of the par-

ticipants can be seen in Table 1.

Assessed for eligibility: (n = 359) Excluded: n = 279 

a) Refused to participate: (n = 124) 
b) Pregnancy or breastfeeding:  

(n = 18) 
c) Somatically ill: (n = 27) 
d) Daily intake of medication  

interfering with glucocorticoids: 
(n = 34) 

e) Psychiatric disease: (n = 59) 
f) Ongoing abuse of psychoactive 

drugs: (n = 2) 
g) Other, including no show by the 

participants: (n =15) 

Analyzed: (n = 38)

Excluded from analysis (n = 2+1) 

Reason: Missing data on the
neuropsychological test 

Discontinued intervention: 0

Allocated to escitalopram: (n = 41) 

Received allocated intervention: (n = 39) 

Did not receive allocated intervention:
(n = 2) 

Reasons: Withdrawal of informed consent

Discontinued intervention: 0 

Allocated to placebo: (n = 39) 

Received allocated intervention: (n = 39) 

Analyzed (n = 39) 

Excluded from analysis (n = 0) 

Allocation

Analysis 

Followup

Enrollment

Randomization (n = 80) 

Figure 1. Flowchart for the AGENDA Trial on Cognitive Function.

U Knorr, M Vinberg et al.

http://tpp.sagepub.com 137



Adherence to the intervention
One or two tablets were missed by five partici-

pants in the placebo arm and by six participants

in the escitalopram arm. In the escitalopram arm

two participants left the trial prior to onset of the

intervention period: one man withdrew the

informed consent and one female started steroid

treatment due to recurrence of skin allergy.

Further, data is missing for one man for the

follow-up test, except for CAMCOG, due to the

participant’s schedule problem. Full adherence to

the protocol was stated by 32 participants in the

placebo arm and by 33 in the escitalopram arm.

Plasma escitalopram
Blood was drawn from all 78 participants at

follow up, but one test from the escitalopram

group failed. The mean concentration of escita-

lopram was 50 nmol/l, SD 29 nmol/l, median

48 nmol/l, and range< 10 to 138 nmol/l (n¼38)

in escitalopram group. Two participants from the

escitalopram group had undetectable plasma

escitalopram, thus< 10 nmol/l, one of which

had stated missing the last two tablets prior to

blood sampling. Plasma escitalopram was unde-

tectable in all participants of the placebo group.

The neuropsychological tests
The test results at entry are presented in Table 2.

The dataset for the neuropsychological tests was

complete for 77 participants (96 %) both before

(T0) and following 4 weeks of intervention (T4).

Both groups improved considerably, presumably

due to retest effects (positive values in Z-scores).

Table 1. Characteristics of the participants of the AGENDA trial at entry.

Escitalopram (n¼ 41) Placebo (n¼ 39) All (n¼ 80)

Age � years, mean±SD 32±11 31±11 32±10
Women � N (%) 15 (37) 14 (36) 29 (36)
Proband was/� N (%)

Sibling 18 (44) 15 (39) 33 (41)
Parent 23 (56) 24 (62) 47 (59)

White � (%) 100 100 100
Education � mean±SD

Years of school 11±1 11±1 11±1
Further education score 3±2 3±2 3±2

Employment status � N (%)
Employed 30 (73) 26 (67) 56 (70)
Student 11 (27) 11 (28) 22 (28)
Unemployed 0 (0) 2 (5) 2 (3)

First-degree relatives of patient with a history of
major depressive disorder � median
(quartiles)*

1 (1;2) 1 (1;2) 1 (1;2)

Second-degree relatives with a history of major
depressive disorder � median (quartiles)

0 (0;1) 0 (0;1) 0 (0;1)

17-item Hamilton Depression Scale Score, �
median (quartiles) (range)

1 (0;3) 1 (0;3) 1 (0;3)

(0�7) (0�7) (0�7)
14-item Hamilton Anxiety Scale Score, �
median (quartiles) (range)

1 (0;2) 1 (0;2) 1 (0;2)

(0�9) (0�6) (0�9)
Beck Depression Inventory, 21-item, depres-
sion � median (quartiles)

2 (0;4) 2 (0;3) 2 (0;5)

Beck Depression Inventory, 14-item, anxiety �
median (quartiles)

1 (0;4) 2 (0;3) 1 (0;3)

Daily medicine � N (%)** 2 (5) 4 (10) 6 (8)
Danish Adult Reading Test 45
words mean±SD*** (range)

24.4±8.4 25.1±7.4 24.4±7.8

(6�40) (8�38) (6�40)

Notes: Two participants smoked cannabis more than 2 months prior to the investigation. Three were previously abusing alcohol. One participant
had generalized anxiety.
*Quartiles reported, are the 25 and 75 quartiles.
**No benzodiazepines or antihistamines.
***Missing data for one participant with dyslexia.
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The change in the general cognitive function

score was normally distributed (Shapiro�Wilkes

test). Accordingly we tested the difference

between the two intervention arms with a t-test,

but the difference was insignificant (p¼0.37, see

Table 3).

In univariate analyses no statistically significant

correlations were found between change in the

general cognitive function score and age, sex,

Hamilton depression score at entry, Danish

Adult Reading Test, and plasma escitalopram.

In post hoc explorative analyses of the factors

1�4 individually, and of the individual tests, no

statistically significant differences were found

between the escitalopram group and the placebo

group. For the CAMCOG test, there was a sta-

tistically significant difference between the inter-

vention groups, however, in contrast to the

hypothesis, treatment with escitalopram

improved the CAMCOG score less than placebo

(1.21 [SD 1.92] versus 2.16 [SD 1.98], p¼0.04,

Table 3).

Mood
In analyses of mood, no statistically significant

differences were found between the escitalopram

group and the placebo group, Table 3.

Discussion
Our hypothesis that an intervention with escita-

lopram 10 mg would have specific beneficial

effects on cognitive function in healthy first-

degree relatives of patients with MDD was not

supported. Thus, there was no statistically

significant difference between the change in cog-

nitive function following 4 weeks of intervention

with escitalopram 10 mg/day compared with

matching placebo in healthy first-degree relatives

of patients with MDD. Further, no statistically

significant differences were seen in change in

scale scores of mood between the two interven-

tion groups. The finding in the CAMCOG test is

most likely a type 1 error since many outcomes

were explored in this trial. Taking multiple testing

into account and correcting for that would also

make this finding insignificant. Consequently,

improvement in cognitive function after treat-

ment with SSRI in depressed patients seems to

be related to the effects on depression symptoms.

Advantages of the AGENDA trial
The present trial is distinguished by fulfilling the

criteria in the Consort Statement guidelines, and

by including healthy individuals with a family his-

tory of depression only. In contrast to most stud-

ies [Knorr and Kessing, 2010] we present

information on factors that may influence out-

comes such as age, gender, drug levels, depres-

sion score and ethnicity. It is an advantage that

the trial and the analyses were carried out as

planned and the completion in the trial was

very high. No participants dropped out due to

adverse events. The participants were studied in

a randomized clinical trial blinded in all phases

including the statistical analyses and conclusion

phase. The blinding was successful in relation to

participants as well as researchers. Furthermore,

the registered diagnoses of depression for the

probands were verified by a face-to-face

Table 2. Neuropsychological test results at baseline for 80 first-degree relatives of patients with major depressive disorder whom
participated in the AGENDA trial.

Neuropsychological test Mean Median SD 25 percentile 75 percentile

Symbol Digit Modalities Test 55 56 9 49 60
Trail Making A 28 27 9 21 35
Trail Making B 63 60 21 49 73
Rey�Osterrieth Complex Figure, 3 min. 22 23 7 19 27
Block designs, seconds 14 12 8 10 16
Fluency for letter s 17 17 5 13 19
Fluency for animals 26 26 6 23 29
Letter number sequencing 12 12 3 11 13
Stroop (incongruence) 107 102 24 91 122
Familiar faces naming 18 20 7 12 24
Boston Naming 56 57 3 53 58
Rey Auditory Verbal Learning Test (A1A5) 50 50 8 43 56
Rey Auditory Verbal Learning Test (delay) 11 10 3 8 13
Cambridge Cognitive Examination 97 97 3 96 99
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psychiatric research interviews by trained medi-

cal doctors. The participants were assessed and

diagnosed by validated and frequently used mul-

tidimensional methods (e.g. SCAN interviews).

In addition, the participants were genetically

homogeneous as all were ethnic Danes with

European, mostly Danish, parents and grandpar-

ents. We used well-established methods for eval-

uations of cognitive function and we increased

reliability and thus sensitivity by combining test

measures. Finally, the antidepressant effect of

escitalopram is generally accepted [Knorr and

Kessing, 2010; Cipriani et al. 2009; Turner

et al. 2008] and the participants were subjected

to 4 weeks of intervention thus including the

interval in which clinical improvement has been

reported in trials on patients with MDD.

Limitations of the trial
It is a limitation that we have not compared

healthy individuals with and without a family his-

tory of MDD. Thus, it would be a stronger con-

clusion had the participants been shown to have

cognitive deficits. Further, a large number of

Table 3. The distribution of changes (�) in results of neuropsychological test measures, perceived stress and mood in first-degree
relatives of the AGENDA trial following 4 weeks of intervention with escitalopram (n¼ 38) and placebo (n¼ 39).

Quantity Arm
(n)

Mean
(SD)

Median Minimum
value

Maximum
value

Inter quartile
range

p-value Normality
conditionsa

� General
cognition score

Escitalopram 1.17 1.28 �0.23 2.23 0.89 0.37 N
(0.55)

Placebo 1.04 1.06 �0.26 2.35 0.97
(0.69)

� Factor 1 Visuomotor,
visuospatial function

Escitalopram 0.54 0.49 �0.10 1.55 0.48 0.82 � N
(0.39)

Placebo 0.42 0.45 �0.64 1.95 0.93
(0.58)

� Factor 2
Executive function

Escitalopram 0.39 0.45 �0.64 1.95 0.93 0.27 N
(0.58)

Placebo 0.23 0.11 �0.93 1.75 0.84
(0.64)

� Factor 3
Verbal function

Escitalopram 0.26 0.26 �0.34 1.02 0.51 0.86 N
(0.35)

Placebo 0.24 0.17 �0.59 1.27 0.51
(0.38)

� Factor 4
Verbal learning
and memory

Escitalopram 0.95 0.95 �0.61 2.54 0.90 0.41 (N)
(0.66)

Placebo 1.05 1.16 �0.79 3.38 0.72
(0.78)

� CAMCOG
score

Escitalopram* 1.21 1 �5 5 2 0.04 (N)
(1.92)

Placebo 2.16 2 �2 6 3
(1.98)

� Hamilton score Escitalopram �0.2 0 �4 3 2 0.88 (N)
(1.5)

Placebo �0.1 0 �5 4 2
(1.7)

� Beck Depression
Inventory score

Escitalopram �0.6 0 �21 9 2 0.49 �N
(4.6)

Placebo �1.9 0 �14 5 6
(4.8)

Factor 1: Symbol Digit Modalities Test, Trail Making A and B, Rey�Osterrieth Complex Figure 3 min and Block designs.
Factor 2: Fluency for letter s, Fluency for animals, Letter number sequencing, Stroop (incongruence).
Factor 3: Familiar faces naming and Boston Naming
Factor 4: Rey Auditory Verbal Learning Test A1A5 and delay.
�: The difference (T4�T0) between the measurement after (T4) and before (T0) 4 weeks of intervention with escitalopram 10 mg or placebo.
aThe symbols used in this column are to be interpreted as follows N: the distributions did not differ significantly from the normal distribution
(Shapiro�Wilkes test); (N): they did differ but judged from the graphical displays (histograms and probability distributions) they followed normal
distributions with reasonable approximation; �N: they did not follow normal distributions. In the first case a Student’s t-test was applied. In the
last two cases the distributions were compared using a Mann�Whitney U-test.
*n¼ 39 in the escitalopram group for CAMCOG score.
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women were excluded from our trial due to oral

contraceptives and pregnancy, thus the trial pop-

ulation is characterized by an overrepresentation

of men. We cannot exclude that the dosage of

10 mg escitalopram was too low although this

has been suggested as the optimum dose for

treatment of moderate depression [Bech et al.

2006]. Even though the participants received

weekly phone calls to optimize adherence, some

of the participants in the escitalopram group were

found to have low plasma escitalopram concen-

trations. Our serum escitalopram concentrations

were lower than in a study by Sogaard and col-

leagues [Sogaard et al. 2005], who found steady-

state plasma escitalopram concentrations of

63±32 nmol/l for escitalopram 10 mg as com-

pared with 50±29 nmol/l in our trial. The low

plasma levels in our trial may be a result of the

fact that approximately 12 hours elapsed from

taking the last tablet to blood sampling.

We have considered using a higher dosage, but

escitalopram 20 mg daily might have given more

adverse effects, possibly jeopardizing blinding

and adherence. The dose of escitalopram 10 mg

used resulted in well-known adverse effects as

described in previous papers [Knorr et al. 2011;

Wingen et al. 2005].

Risk of errors
We have minimized the risk of systematic error

(‘bias’) by using a randomized, age- and sex-stra-

tified sample, and comparison with blinding in all

phases of the trial. Also our neutral results speak

against any bias. We planned to include 80 par-

ticipants due to resources, feasibility and avail-

ability of the healthy first-degree relatives of

patients with MDD. The AGENDA trial was

planned and executed as a superiority trial and

was not designed as an equivalence or noninfer-

iority trial [Christensen, 2007]. Hence, we

cannot exclude the possibility of overlooking a

difference due to random error (‘play of

chance’). This issue can only be solved by further

trials [Sogaard et al. 2005]. Finally, we have ana-

lysed multiple outcomes thus increasing the risk

of type I error for the remaining outcomes of the

trial, as previously described [Knorr et al. 2009].

Generalizability
To increase the chances of detecting an effect of

escitalopram versus placebo we included healthy

individuals at increased risk of developing depres-

sion (i.e. with a first-degree family history of

depression), as these participants seem to be to

present with subtle cognitive dysfunction as pre-

viously shown in a study from our group

[Christensen et al. 2006]. Further, as no effect

of escitalopram was found in the present trial

including a group of participants at enhanced

risk this finding may be generalized to healthy

Whites without a family history of depression.

Conclusion
Our results suggest that treatment with escitalo-

pram does not improve or impair cognitive func-

tion in healthy individuals with a first-degree

family history of severe depression.

Improvement in cognitive function following

treatment of depressed patients with SSRIs

seems to be related to the effects on depressive

symptoms rather than to a direct effect of the

SSRI.

Trial registration
Local Ethics Committee: H-KF 307413.

Danish Medicines Agency: 2612-3162.

EudraCT: 2006-001750-28.

Danish Data Agency: 2006-41-6737.

ClinicalTrials.gov identifier: NCT 00386841

(AGENDA).
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