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Selective serotonin reuptake inhibitors (SSRIs) are the first-line treatment for patients with unipolar depression,
yet there is little guidance on which SSRI provides the most benefit to a patient, based on personal characteristics.
In this work, we explore whether an individualized treatment strategy can be used by health-care providers to
adapt their prescription pattern to reduce the risk of a severe depression-related outcome (SDO) when choosing
between citalopram and f luoxetine, 2 commonly prescribed SSRIs. Our population-based cohort study used
data from the Clinical Practice Research Datalink, the Hospital Episode Statistics repository, and the Office for
National Statistics database in the United Kingdom to create a cohort of individuals diagnosed with depression
who were prescribed citalopram or f luoxetine between April 1998 and December 2017. Patients were followed
from treatment initiation until occurrence of the SDO outcome, treatment discontinuation, or end of study. To find
an optimal treatment strategy, we used dynamic weighted survival modeling, considering patient features such
as age, sex, body mass index, previous psychiatric diagnoses, and medications. Our findings suggest that using
patient characteristics to tailor the antidepressant drug therapy is associated with an increase of 4 days in the
median time to SDO (95% confidence interval: 2, 10 days).

adaptive treatment strategy; citalopram; depression; dynamic weighted survival modeling; effect modification;
f luoxetine; population-based cohort study; selective serotonin reuptake inhibitors

Abbreviations: AD, antidepressant drug; BMI, body mass index; CI, confidence interval; CPRD, Clinical Practice Research
Datalink; HES, hospital episode statistics; ICD-10, International Classification of Diseases, Tenth Revision; PY, person-year;
SDO, severe depression-related outcome; SSRI, selective serotonin reuptake inhibitor.

Editor’s note: An invited commentary on this article
appears on page 1220, and the authors’ response appears
on page 1223.

Depression is associated with significant functional im-
pairment and disability (1–4). By 2030, it is estimated that
unipolar major depression will be the world’s leading con-
tributor to disease burden (5). Selective serotonin reuptake
inhibitors (SSRIs), a class of antidepressant drugs (ADs)
approved by the Food and Drug Administration in 1987 (6),
are currently recommended as the first-line treatment option
for unipolar depression (7).

Citalopram and fluoxetine are 2 SSRIs commonly pre-
scribed in the United Kingdom (8–11), the United States (12),

and Canada (13). These medications, respectively, entered
the UK market in 1995 and 1989 and have remained highly
prescribed since (9). Only a few studies have examined
physician motivations for prescribing one of these drugs
over the other (14, 15). The 2 SSRIs show similar effec-
tiveness (11, 16–19) and have mild side effects (20, 21).
Clinical recommendations for the prescription of the 2 drugs
differ only due to the longer half-life of fluoxetine and its
potential drug-drug interactions (22). It is not yet known
whether sex, body mass index (BMI), and/or other patient
characteristics modify the effectiveness of these 2 SSRIs.
Such information could be useful for helping tailor their
utilization according to the relevant patient characteristics.
Importantly, not responding to first-line AD treatment is
associated with greater risk of treatment failure or dropout
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(23, 24). It is therefore critical that the first treatment trial
for an AD therapy works well for a patient.

In this work, we used adaptive treatment strategies (25–
27) to build a rule that chooses between prescribing citalo-
pram or fluoxetine as the first AD therapy in patients with
a recent history of depression. The rule takes as input each
patient’s personal characteristics, and the output is an opti-
mal AD to prescribe, with the goal of delaying the time until
severe depression-related outcomes (SDOs).

METHODS

The study protocol was approved by the Independent
Scientific Advisory Committee of the United Kingdom Clin-
ical Practice Research Datalink (CPRD) (protocol number
19_017R) and the Research Ethics Committee of the Jewish
General Hospital (Montreal, Quebec, Canada).

Data source

We used data from the CPRD, one of the largest primary
care databases of deidentified data on patients treated within
a network of more than 700 general practitioner practices
across the United Kingdom. The database contains data on
more than 13 million patients (28), including information
such as demographic characteristics, lifestyle factors, medi-
cal diagnoses coded using the Read Classification System
(29), and referrals to specialists and hospitals. Every pre-
scription written by a general practitioner is automatically
recorded in the database based on the British National For-
mulary.

In this study, CPRD data were linked with the Hospi-
tal Episode Statistics (HES) repository and the Office for
National Statistics mortality database. Currently, 50%–55%
of the general practices enrolled with CPRD have con-
sented to linkage to the HES repository. The HES repository
contains information on diagnoses for each hospital stay,
classified according to the International Classification of
Diseases, Tenth Revision (ICD-10), coding frame. The Of-
fice for National Statistics mortality data were used to define
dates and causes of death (as part of the study outcome),
which were recorded using the ICD-10 coding frame.

Study population

We defined a cohort of new users of citalopram or flu-
oxetine between April 1, 1998, and December 31, 2017.
Cohort entry corresponded to treatment initiation of citalo-
pram or fluoxetine. At time of cohort entry, patients had to
have at least 1 year of history in the CPRD, to allow a 1-
year retrospective inspection period. We excluded patients
under the age of 18 years along with those who used any
AD in the year before cohort entry (these included SSRIs,
tricyclic antidepressants, monoamine oxidase inhibitors, and
other second-generation antidepressants). Patients with 2
prescriptions for different ADs on the date of cohort entry
were also excluded. To confirm that patients had used one of
the 2 study drugs specifically to treat depression, they had to
have at least 1 record for a hospitalization for depression or

1 outpatient diagnosis code for depression in the year before
cohort entry.

Patients were followed until an outcome of interest oc-
curred, the administrative end of study (December 31, 2017),
treatment discontinuation for citalopram or fluoxetine, switch
to any AD other than the initiating drug, end of CPRD co-
verage, or nonsuicide death, whichever happened first.

Exposure

We used an as-treated exposure definition, where patients
were considered exposed from treatment initiation to the
end of continuous exposure, which was one of the main
reasons for censoring patient follow-up time. For defin-
ing continuous exposure, all prescriptions for citalopram
or fluoxetine and their duration in days were identified in
the CPRD. Treatment discontinuation occurred whenever
a subsequent prescription was issued more than 30 days
after the end of the previous prescription for the same drug.
Dosage information was not used in the exposure definition.

Outcomes

The primary outcome was the occurrence of an SDO,
which was defined as a composite of hospitalization for
depression, hospitalization for self-harm, or suicide. Admis-
sions for depression were identified using ICD-10 codes in
the primary diagnosis position in the HES repository, and
suicides were identified in the Office for National Statistics
database. Self-harm events were identified via ICD-10 codes
in any diagnosis position in the HES repository (30), and
consistent with the conclusions from an outcome valida-
tion study performed with CPRD data (31). The secondary
outcome, which was studied in a sensitivity analysis, was
defined as the composite of an SDO as defined above and any
outpatient diagnosis for self-harm identified using medical
codes in the CPRD.

Confounders

The following variables were considered as potential con-
founders of the association between the issued AD (citalo-
pram or fluoxetine) and the SDO outcome: age, sex,
interaction of age and sex, BMI, smoking, alcohol abuse,
calendar year of cohort entry (categorized into 1998–
2005, 2006–2011, 2012–2017), psychiatric disease history
(including autism spectrum disorder, obsessive-compulsive
disorder, bipolar disorder, schizophrenia, and anxiety or
generalized anxiety disorder), any other psychotropic drug
prescriptions (including benzodiazepines, other anxiolytics,
barbiturates, and hypnotics), lipid-lowering drugs, the num-
ber of psychiatric admissions in the 6 months prior to cohort
entry (including admissions for self-harm events), and, as
a proxy for socioeconomic status, the Index of Multiple
Deprivation (32, 33), which is a measure of relative depriva-
tion for small areas in England. The Index of Multiple
Deprivation was categorized into quintiles. All comorbidi-
ties were identified using ICD-10 codes in HES and Read
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codes in outpatient health records. Smoking and BMI were
defined using any data in the 5 years before cohort entry. We
measured any medication use in the year before cohort entry
and defined other comorbidities using data recorded at any
time before or at cohort entry. In the primary analysis and
in a first sensitivity analysis, which used a broader outcome
definition, age and BMI were divided by 10 and incorporated
as such in the models. In a second sensitivity analysis, which
used the same outcome definition as the primary analysis,
age and BMI were categorized as follows: ages 18–24 years,
25–34 years, 35–44 years, 45–54 years, and ≥55 years and
BMIs <25, 25–29, and ≥30.

We used multiple imputation (34) to account for missing
values in the covariates BMI, smoking status, and Index of
Multiple Deprivation. All the covariates listed in this section
were used in imputation models, except for calendar year
and the age and sex interaction term.

Statistical analysis

Baseline characteristics were described using the mean
and standard deviation for continuous variables and using
frequencies and percentages for categorical variables.

The rates of primary and secondary outcomes are pre-
sented separately according to treatment group. We assessed
the crude probability of survival without an SDO in each
treatment group using Kaplan-Meier curves. These curves
were further stratified by sex, age category (<40, ≥40 years
old; <65, ≥65 years old), BMI category (<25, ≥25), and
year of treatment initiation (<2005, ≥2005). We used the R
(R Foundation for Statistical Computing, Vienna, Austria)
package developed by Le Borgne et al. (35) to compute the
inverse probability of treatment weighted survival curves,
which were adjusted for all confounders at baseline. We
fitted a propensity score model for each imputed data set
and averaged the coefficients from the 5 propensity score
models to obtain one predicted probability of treatment (i.e.,
propensity score) that we used to construct weights and plot
the adjusted Kaplan-Meier curves.

To estimate an optimal 1-stage treatment rule that answers
the question, “Which of citalopram or fluoxetine should
be prescribed as the first AD therapy in patients with a
recent history of depression to increase their time to SDO?”
we used a new statistical method called dynamic weighted
survival modeling (DWSurv) (36, 37). The method uses an
accelerated failure-time model for investigating associations
between a survival-type outcome and covariates. The imple-
mentation of the accelerated failure-time model requires the
user to identify confounders of the relationship between
the exposure and the outcome, as well as a set of tailoring
variables that will be used to adapt the prescription to the
patient’s characteristics. One can also specify a set of other
predictors of the outcome and a set of variables that could
explain informative censoring of patient follow-up time if
censoring is deemed to be informative. Once these sets are
specified, the model is fitted. The fit provides estimates for
effect modifications by the tailoring variables, which are
used to define the optimal treatment rule. The fitted model
can be used to predict the outcome (i.e., the log time to SDO)
for a given combination of a patient’s characteristics.

All the covariates included in our models were defined at
cohort entry, because we aimed for an optimal treatment rule
that allowed a decision at the time of the first AD treatment
choice. We used the same set of variables to adjust for con-
founding and for informative censoring. We did not include
in the outcome model any outcome predictors other than the
potential confounders listed above, and we chose as tailoring
variables the following variables: age, sex, BMI, smok-
ing status, a composite indicator of psychiatric history (of
autism spectrum disorder, obsessive-compulsive disorder,
bipolar disorder, and schizophrenia diagnostics), an indi-
cator variable for anxiety or generalized anxiety disorder,
and the number of psychiatric admissions or hospitalizations
for self-harm in the 6 months before cohort entry. In a
third sensitivity analysis, we incorporated concomitant psy-
chotherapy in the sets of tailoring and confounder variables.
Psychotherapy, defined using any medical or procedural
codes in the year before cohort entry, was not included in the
main analysis because it was deemed to be poorly recorded
given the nature of the database, which contains records
from general practices. In a fourth sensitivity analysis, we
restricted the study cohort to the patients who initiated one
of the 2 study drugs after 2003, the year when both study
drugs’ patents had expired and generic versions started being
available in Europe.

We present the average coefficients of the tailoring vari-
ables in the outcome model (over the 5 imputed data sets
and corresponding analyses), along with their 95% bootstrap
confidence intervals. We used 500 bootstrap samples to
compute the confidence intervals based on the bootstrap per-
centiles. For each bootstrap sample, we estimated an impu-
tation model and used this model to construct 5 completed
data sets. We performed the analyses on all 5 imputed data
sets and used the average over those 5 completed data sets as
that bootstrap estimate. We further compared the estimated
optimal treatment and the actual received treatment for each
patient and computed the average proportion of patients for
whom they both agreed over the 5 analyses corresponding
to each imputed data set. To assess the improvement in
outcomes due to receiving the optimal therapy, we computed
the predicted time to SDO in different subgroups of the study
cohort, under the optimal treatment and under the treatment
they actually received and for each imputed data set. We
report the median (taken over the 5 analyses corresponding
to 5 imputed data sets) of the median time to SDO and
used 500 bootstrap samples, as described above, to assess
the variation around that estimate. SAS, version 9.4 (SAS
Institute, Inc., Cary, North Carolina), was used to manage all
databases and to produce analytical data sets. All statistical
analyses were performed using R, version 3.6.1 (R Founda-
tion for Statistical Computing).

RESULTS

From the CPRD, we identified 736,324 patients with a
first prescription for citalopram or fluoxetine between 1998
and 2017 (Figure 1). After exclusions, the final cohort com-
prised 246,503 patients, of whom 137,791 (56%) initiated
citalopram and 108,712 initiated fluoxetine. The average
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Entered the Cohort on 
Citalopram 

(n = 137,791)

Entered the Cohort on 
Fluoxetine 

(n = 108,712)

Patients ≥18 Years Old With a 
First Prescription for Citalopram 

or Fluoxetine (n = 730,763)

Anyone Who Is <18
Years Old at Their First 

Prescription for Citalopram or 
Fluoxetine (n = 5,561)

Anyone Prescribed
Any Antidepressant Drug in 

the Year Before (n = 162,330)
Patients ≥18 Years Old With a 

First Prescription for Citalopram 
or Fluoxetine After Exclusion 

Criteria (n = 568,433) Those With No
Diagnostic Code for 

Depression in Year Before 
(n = 320,416)

Patients Prescribed Citalopram 
or Fluoxetine With a Code for 
Depression in Previous Year 

(n = 248,017) Those who entered the cohort
with a prescription for 2 
different drugs on first day
(n = 1,433)

Those with only 1-day follow-
up (n = 81)

Patients Prescribed Citalopram 
or Fluoxetine With a Code for 
Depression After Exclusion 

Criteria (n = 246,503)

Patients With a First
Prescription for Citalopram or
Fluoxetine Between April 1,

1998, and December 31, 2017,
and 1-Year History in CPRD

(n = 736,324)

Excluded (n = 1,514)

Figure 1. Flowchart of the study cohort, Clinical Practice Research Datalink (CPRD), United Kingdom, 1998–2017.

time between the diagnosis of depression and cohort entry
was 9 days for citalopram users, and 7 days for fluoxetine
users.

Patients entering the study with a prescription for citalo-
pram were similar to those with a prescription for fluox-
etine: mean age was 43.4 versus 40.7 years, and 36.4%
versus 33.9% were men, respectively (Table 1). The 2 groups
differed only with respect to calendar year at cohort entry
and diagnostic of anxiety or generalized anxiety disorder
(Table 1).

In the primary analysis, patients who entered the cohort
with a prescription for citalopram presented with 1,371
SDOs (26% depression, 71% self-harm, 4% suicide) over a
total follow-up time of 80,907 person-years (PYs), yielding
an SDO rate of 1.69 per 100 PY. The median follow-up
time in the citalopram group was 103 days (interquartile
range, 58–234); after restricting to those who experienced

an SDO during follow-up, the median follow-up time was 45
days (interquartile range, 17–124). Patients who entered the
cohort with a prescription for fluoxetine presented with 920
events (23% depression, 74% self-harm, and 4% suicide)
over a total follow-up time of 54,781 PY, yielding an SDO
rate of 1.67 per 100 PY. The median follow-up time in the
fluoxetine group was 93 days (interquartile range, 60–204);
in those who experienced an SDO during follow-up, the
median follow-up time was 47 days (interquartile range, 18–
114). After adding outpatient codes for self-harm (sensitivity
analysis 1), the SDO rates were 2.45 per 100 PY in the
citalopram group and 2.62 in the fluoxetine group (data not
shown).

The survival curves for time to SDO varied across the 2
treatment groups (Figure 2 and Web Appendix 1, available
at https://doi.org/10.1093/aje/kwaa260). The citalopram
group showed faster times to SDO both marginally and after
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Table 1. Baseline Characteristics According to Exposure Group, Clinical Practice Research Datalink, United Kingdom, 1998–2017

AD Prescription at Cohort Entry

Variable Citalopram (n = 137,791) Fluoxetine (n = 108,712)

No. % No. %

Agea, years 43.4 (18.2) 40.7 (16.3)

Age group, years

18–24 20,665 15.0 17,950 16.5

25–34 31,382 22.8 27,248 25.1

35–44 29,927 21.7 25,564 23.5

45–54 22,309 16.2 17,523 16.1

≥55 33,508 24.3 20,427 18.8

Female sex 87,561 63.6 71,826 66.1

Year of cohort entry

1998–2005 40,077 29.1 56,502 52.0

2006–2011 65,297 47.4 38,780 35.7

2012–2017 32,417 23.5 13,430 12.4

Comorbidities

Smoking status

Ever 70,033 50.8 52,910 48.7

Never 46,795 34.0 34,010 31.3

Unknown (further multiply imputed) 20,963 15.2 21,792 20.1

BMIb

<18.5 2,296 1.7 1,725 1.6

18.5–24.9 37,957 27.5 29,652 27.3

≥25.0 50,285 36.5 38,538 35.4

Unknown (further multiply imputed) 47,253 34.3 38,797 35.7

Index of Multiple Deprivation (quintile)

1 (least deprived) 26,592 19.3 19,922 18.3

2 27,454 19.9 21,026 19.3

3 28,410 20.6 22,874 21.0

4 27,999 20.3 22,536 20.7

5 (most deprived) 27,182 19.7 22,188 20.4

Missing (further multiply imputed) 154 0.1 166 0.2

No. of psychiatric admissions or hospitalizations for
self-harm in previous 6 monthsa

0.046 (0.274) 0.030 (0.478)

0 132,749 96.3 106,329 97.8

1 4,203 3.1 1,980 1.8

2–5 814 0.6 387 0.4

>5 25 0.0 16 0.0

Alcohol abuse 11,008 8.0 7,130 6.6

Psychiatric diagnosis

Schizophrenia 1,968 1.4 1,177 1.1

Bipolar disorder 1,033 0.8 720 0.7

Anxiety/generalized anxiety disorder 41,979 30.5 24,019 22.1

Autism spectrum disorder 209 0.2 135 0.1

Obsessive-compulsive disorder 736 0.5 618 0.6

Table continues
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Table 1. Continued

AD Prescription at Cohort Entry

Variable Citalopram (n = 137,791) Fluoxetine (n = 108,712)

No. % No. %

Drug use

Lipid-lowering drugs 10,487 7.6 5,385 5.0

Antipsychotics 16,078 11.7 11,499 10.6

Benzodiazepine or other psychotropic drugs 27,169 19.7 18,579 17.1

Abbreviations: AD, antidepressant drug; BMI, body mass index.
a Values are expressed as mean (standard deviation).
b Weight (kg)/height (m)2.

stratification by sex (Web Figure 1A–B), by BMI (Web
Figure 2A–B), in younger patients (Web Figure 3A–B), and
in patients who entered the study before 2005 (Web Figure
4). We found the opposite relationship in older patients
(Web Figure 5A–B) and in those initiating treatment after
2005 (Web Figure 6). Adjusting the survival curves for
confounders did not change the results.

In the primary analysis, the recommended adaptive treat-
ment rule for a given patient can be stated as:

Treat patient with citalopram if −0.50 + 0.01 × (Age/
10) + 0.14 × (BMI/10) + 0.13 × (Indicator Male) +
0.15 × (Ever-Smoker Indicator) + 0.41 × (Other Psychi-
atric Diagnostic) − 0.26 × (Anxiety or Generalized Anxiety
Disorder) − 0.04 × (Number of Psychiatric Admissions or
Hospitalizations for Self-Harm in Previous 6 Months) > 0,
where Other Psychiatric Diagnostic refers to any previ-
ous diagnostic for autism spectrum disorder, obsessive-

Figure 2. Probability of remaining free of a severe depression-
related outcome, stratified by selective serotonin reuptake inhibitor,
Clinical Practice Research Datalink, United Kingdom, 1998–2017.
The cross-dotted lines are the crude Kaplan-Meier estimates, and
the full curves are adjusted for confounder variables at baseline via
an inverse probability of treatment weight (f luoxetine users, black;
citalopram users, gray).

compulsive disorder, bipolar disorder, or schizophrenia.
None of the coefficients in the dynamic weighted survival
model were significant (Table 2). Similar results were
found in all 4 sensitivity analyses (Web Tables 1–4 in Web
Appendix 2).

Comparing the optimal treatment and the actual received
treatment, 21% of the patients who entered the cohort on
fluoxetine received their optimal therapy, against 75% for
those who entered the cohort on citalopram. These propor-
tions respectively ranged between 15%–29% and 67%–81%
in sensitivity analyses (Web Tables 5–7 in Web Appendix 3).
The patients who did not receive the optimal therapy accord-
ing to our rule might have benefited from receiving the other
treatment under study: Using the estimated optimal therapy
was predicted to lead to a median increase of 4 days in the
time-to-SDO relative to using the actual received therapy
(95% confidence interval (CI): 2, 10; for sensitivity analysis
1, 95% CI: 2, 8; for sensitivity analysis 2, 95% CI: 3, 10; for
sensitivity analysis 3, 95% CI: 3, 10; for sensitivity analysis
4, 95% CI: 2, 11 days). When we restricted the cohort to
those patients using fluoxetine for whom citalopram was the
optimal decision, we observed a gain of 8 days in median
time to SDO under the optimal treatment decision (95% CI:
4, 20). In those using citalopram but for whom fluoxetine
was the optimal treatment decision, we observed a gain of
6 days in median time to SDO under the optimal therapy
(95% CI: 2, 15 days) (Table 3). The sensitivity analyses led
to similar results (Web Tables 8–10 in Web Appendix 4).

DISCUSSION

In this retrospective cohort study, we used electronic
health record data from 1998 to 2017 and built an optimal
decision rule for patients suffering from depression that
could inform the choice between prescribing citalopram
and fluoxetine. That rule is the result of focusing only on
the treatment-related parameters in our time-to-SDO model
(i.e., the treatment coefficient and the interactions with the
tailoring variables included in the model). To build our
treatment rule, we selected a set of tailoring variables that
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Table 2. Coefficients for the Optimal 1-Stage Treatment Rule for Citalopram Versus Fluoxetine in the Primary Analysis, Clinical Practice
Research Datalink, United Kingdom, 1998–2017

Variable in the Decision Rule Coefficient 95% CI

Intercept −0.50 −1.06, 0.18

Agea 0.01 −0.07, 0.09

Male sex 0.13 −0.12, 0.38

BMIa 0.14 −0.07, 0.30

Ever smoking 0.15 −0.10, 0.39

Psychiatric diseaseb 0.41 −0.07, 0.82

Anxiety or generalized anxiety disorder −0.26 −0.56, 0.01

No. of psychiatric admissions or
hospitalizations for self-harm events in
previous 6 months

−0.04 −0.16, 0.16

Abbreviations: BMI, body mass index; CI, confidence interval.
a For each 10-unit change.
b Autism spectrum disorder, obsessive-compulsive disorder, bipolar disorder, or schizophrenia.

could potentially be effect modifiers for the associations
between these antidepressant drugs and the SDO outcome.
All the variables that we chose to incorporate in the decision
rule are easily and quickly measured by the physician to
inform treatment choice.

In the main analysis, none of the assessed patient charac-
teristics (age, sex, BMI, smoking status, psychiatric disor-
ders, anxiety or generalized anxiety disorder, and the prior
number of psychiatric admissions) were statistically signif-
icant effect modifiers for the 2 ADs compared. However,
using a combination of all those variables in a personalized
approach to treatment choice was predicted to increase the
median time to SDO by 4 days (95% bootstrap CI: 2, 10).
Furthermore, the sensitivity analyses showed that our results
are robust to covariate and outcome definition.

Our study is, to our knowledge, the first to assess simulta-
neous antidepressant effect modification by multiple patient

characteristics and to build an optimal treatment strategy that
chooses between prescribing citalopram or fluoxetine for
patients diagnosed with depression. While other studies have
compared the efficacy and side effects of citalopram and
fluoxetine (10, 11, 15, 16, 19, 20, 38), only a few studies have
discussed potential for SSRI effect modification by char-
acteristics like age or sex (39, 40); these 2 studies focused
on the SSRI antidepressant class more broadly and did not
provide any rule to choose between 2 or more ADs within
that class. While the rule we built is associated with a statis-
tically significantly increased time to SDO, it is not clear
whether a 4-day difference is clinically meaningful. That
result emphasizes the need for further research with more
power to detect effect modification or to affirm the lack of
clinically meaningful tailoring. Other clinical characteristics
(such as genetic traits) and their effect modification should
be explored. Finally, an analysis of a larger data set could

Table 3. Comparison of the Median Predicted Time to Severe Depression-Related Outcome (Bootstrap Interquartile Range) Under Different
Scenarios, According to the Dynamic Weighted Survival Model, Clinical Practice Research Datalink, United Kingdom, 1998–2017

Scenario Median (IQR)

Everyone treated with the treatment they received 45 (43–48)

Everyone treated with citalopram 48 (45–52)

Everyone treated with f luoxetine 43 (40–47)

Everyone treated with the optimal treatment according to the decision rule 49 (48–54)

Among f luoxetine users for whom citalopram is optimal

Everyone treated with f luoxetine 42 (38–43)

Everyone treated with citalopram 50 (48–55)

Among citalopram users for whom fluoxetine is optimal

Everyone treated with citalopram 42 (39–44)

Everyone treated with f luoxetine 48 (46–53)

Abbreviation: IQR, interquartile range.
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allow the development of separate rules for hospitalization
for depression, hospitalization for self-harm, or suicide. This
could provide more specific insights on effect modifications.

Strengths and limitations

Our study has several strengths. First, it used the CPRD,
which contains information on medical diagnoses and any
drug prescribed by a general practitioner. These data were
linked with the HES repository and the Office for National
Statistics mortality database, enabling access to important
information on inpatient diagnoses and cause of death for
defining the outcome. Second, a validated definition of the
primary outcome was used, which made it more robust to
misspecification. Moreover, a sensitivity analysis using a
broader definition for the composite outcome, which also
included outpatient diagnostics for self-harm, showed re-
sults consistent with the primary analysis. Third, we used
dynamic weighted survival modeling, a novel and useful tool
for estimating adaptive treatment strategies in settings with
censored survival outcomes. Finally, the dynamic weighted
survival model accounted for many available potential con-
founders, as well as for informative censoring due to covari-
ates at baseline.

Limitations of this study include the potential for unmea-
sured confounders. First, our study database did not include
information on the severity of depression. We attempted
to account for disease severity by using proxies such as
the number of psychiatric admissions or hospitalizations for
self-harm in the 6 months preceding cohort entry. Second,
we had no information on race or ethnicity, which could
be associated with antidepressant treatment indication and
depression outcomes (41, 42). More research is needed to
assess differences in the two study drugs’ heterogeneity
across ethnicities. Third, we had no information on expecta-
tions and preference of treatment in this study. Furthermore,
we were likely unable to capture the full information on
concomitant psychotherapy: Only 0.8% of the patients in
the study cohort (59% citalopram, 41% fluoxetine) had a
record for psychotherapy in the year before cohort entry.
This might suggest that the psychotherapy information was
poorly recorded, which might reflect the clinical nature of
health records in CPRD and the fact that psychotherapy must
be provided by a third party, or it could mean that patients
did not have adequate access to psychotherapy or preferred
pharmacotherapy. Other limitations of this study include the
lack of information on reasons for treatment discontinua-
tion and not having access to recorded indication for AD
prescriptions. We tried to address the latter by including in
the study cohort only those patients who had a confirming
diagnosis of depression.

Conclusion

In this study, we used patient characteristics that are com-
monly available in electronic health record data to build a
prescribing rule that chooses between citalopram and flu-
oxetine in patients with depression. In the primary analysis,
we found no important effect modifier for the association

between either of the 2 SSRIs and time to SDO. However,
when applied, the estimated optimal rule we developed
increased the time to SDO by 4 days (95% CI: 2, 10). Our
findings suggest that accounting for patient characteristics to
choose between citalopram and fluoxetine in the treatment of
depression might, to a small extent, affect the risk of SDO.
Further work in additional cohorts is needed to assess the
generalizability of these findings.
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