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Abstract

Purpose

Antidepressants are a first-line treatment for depression, yet many patients do not respond.
There is a need to understand which patients have greater treatment response but there is
little research on patient characteristics that moderate the effectiveness of antidepressants.
This study examined potential moderators of response to antidepressant treatment.

Methods

The PANDA trial investigated the clinical effectiveness of sertraline (n = 326) compared with
placebo (n = 329) in primary care patients with depressive symptoms. We investigated 11
potential moderators of treatment effect (age, employment, suicidal ideation, marital status,
financial difficulty, education, social support, family history of depression, life events, health
and past antidepressant use). Using multiple linear regression, we investigated the appro-
priate interaction term for each of these potential moderators with treatment as allocated.

Results

Family history of depression was the only variable with weak evidence of effect modification
(p-value for interaction = 0.048), such that those with no family history of depression may
have greater benefit from antidepressant treatment. We found no evidence of effect modifi-
cation (p-value for interactions>0.29) by any of the other ten variables.
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Conclusion

Evidence for treatment moderators was extremely limited, supporting an approach of con-
tinuing discuss antidepressant treatment with all patients presenting with moderate to
severe depressive symptoms.

Background

Antidepressants are a very widely used treatment for depression [1]. General practitioners
(GPs) usually prescribe selective serotonin reuptake inhibitors (SSRIs). However, it is esti-
mated that 50% of patients do not respond to SSRI treatment [2]. It is unclear why a large pro-
portion of patients do not improve after taking antidepressants. It is clinically important to
know which patients are more likely to respond to antidepressant treatment, and which
patients may be less likely to benefit. Much of the research published to date has focused on
prognosis, independent of treatment. Marital status has consistently been found to be a prog-
nostic indicator, with those who are either married or living with someone being more likely
to have an improvement in their depressive symptoms during primary care treatment for
depression [3-6]. Similarly, patients who have social support and who are better educated
[3,7,8] are more likely to experience a reduction in their depressive symptoms. Likewise, those
who consider themselves to have good physical health [9] and who have had previous ‘ade-
quate’ antidepressant treatment [10] have been found to have a greater reduction in their
depressive symptoms in response to pharmacological treatment. In contrast, adverse life events
[11], financial difficulty [12,13], and a family history of depression [3,14] are associated with a
worse prognosis.

However, whilst these variables may predict outcome independent of treatment, there is
limited evidence on variables that are associated with a differential response to treatment. It is
clinically useful to identify which patients will be more likely to have a better response to anti-
depressant medication. A recent study identified that older age, higher depression severity,
higher neuroticism, less impairment in cognitive control and being employed were potential
effect modifiers of antidepressant treatment, and were associated with better outcomes for
patients randomised to receive sertraline compared to placebo [15]. In contrast, another study
found no evidence that the severity or duration of depressive or anxiety symptoms moderated
antidepressant response [16]. The latter study [16] was not funded by the pharmaceutical
industry and did not restrict eligibility based on higher or lower thresholds of severity of symp-
toms, and therefore reflects the population currently receiving antidepressant treatment in the
UK. An individual participant data (IPD) meta-analysis of seven placebo-controlled rando-
mised trials found that, in addition to older age, greater scores on the Hamilton Depression
Rating Scale (HRSD) subscales of guilt, anhedonia and insomnia, and the presence of suicidal
ideation at baseline were potential moderators of antidepressant treatment [17].

We conducted secondary data analyses of PANDA trial [16] data to examine potential
moderators of response to antidepressant treatment. We included variables that had previously
been associated with differential response to antidepressant treatment (a priori variables)-age,
employment status and suicidal ideation. In addition, we also investigated the extent to which
variables that are prognostic of depression outcome more generally (marital status, financial
difficulty, education, social support, life events, family history of depression, self-reported
physical health and past antidepressant use) might also moderate the effectiveness of antide-
pressant treatment. We have previously reported that there was no evidence that treatment
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response varied according to baseline severity or duration of symptoms [16] and hence these
were not included in the list of variables explored in the present investigation.

Methods

Ethics statement

Ethical approval for the PANDA trial was obtained from the National Research Ethics Service
Committee, East of England-Cambridge South (ref: 13/EE/0418). All participants provided
written informed consent.

Participants

This study is a secondary analysis of data collected as part of the PANDA trial, which was a
multi-centre, placebo-controlled randomised trial to investigate the clinical effectiveness of
sertraline in primary care (Lewis et al., 2019). Sertraline is one of the most widely used antide-
pressants in UK primary care, with the proportion of sertraline prescriptions increasing year
on year [18].

Patients were eligible for the trial if they were aged between 18 to 74 years and there was
uncertainty from the GP and patient about the possible benefit of an antidepressant. The
PANDA research team used clinical uncertainty about the possible benefit of an antidepressant
as a criterion for inclusion in order to avoid formal diagnostic or severity criteria, which are
often not used by GPs in general practice, and are therefore more applicable to UK primary
care. The exclusion criteria for PANDA were: antidepressant treatment in the past eight
weeks; comorbid psychosis, schizophrenia, mania, hypomania, bipolar disorder, dementia,
eating disorder, or major alcohol or substance abuse; and any medical contraindications for
sertraline. These exclusion criteria were assessed by the patient’s GP. A total of 655 patients
were randomised to sertraline (n = 326) or placebo (n = 329), recruited from 179 GP surgeries
between 26 Jan 2015 and Aug 31, 2017. Remote computer-generated code was used for rando-
misation, with researchers and patients masked to treatment allocation. The treatment alloca-
tion was stratified by recruitment site (Bristol, Liverpool, London, York), and by the severity
and duration of patients’ depressive symptoms which were both assessed by the Clinical Inter-
view Schedule-Revised version (CIS-R) [19]. Imbalances in variables measured at baseline will
not be adjusted for in the present analyses as they had little impact on the treatment effects
reported in the main PANDA trial paper (Lewis et al., 2019). Due to attrition, there were 550
participants (266 in the sertraline group and 284 in the placebo group) with outcome data at
six weeks; these formed the study data set for the present analyses and individuals were ana-
lysed in the groups to which they were randomised.

Outcome

The primary outcome for the PANDA trial was the total score at 6 weeks on the Patient Health
Questionnaire-9 (PHQ-9) [20]. To maximise power this was treated as a continuous variable.

Potential moderators

The potential moderators were identified from the existing literature and were grouped into
two categories: (1) a priori patient characteristics (that had previously been associated with dif-
ferential response to antidepressant treatment); and (2) prognostic patient characteristics (that
are prognostic of depression outcome more generally). Data on potential moderators were col-
lected as part of a computerised self-report assessment conducted during the baseline visit.
The assessments were conducted prior to randomisation. Further detail on data collection and
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trial procedures were provided in the original trial paper [16]. As outlined below, where possi-
ble, we analysed quantitative measures as continuous variables to maximise statistical power.
However, potential moderators were, for the purposes of clarity of interpretation, presented as
categories.

A priori characteristics. Age was categorised into the following age bands: (1) 18-34
years old; (2) 35-54 years old; and (3) 55-74 years old. This is consistent with the categories
reported in the main PANDA paper [16], with additional analyses undertaken for age as a con-
tinuous variable. For employment status, categories were collapsed into: (1) in paid employ-
ment (employed full-time; employed part-time; on a government /employment training scheme);
and (2) not in paid employment (studying at school, college or university; unemployed; perma-
nently sick or disabled; looking after the home or family; retired). Responses (yes/no) on suicidal
ideation were collapsed into: (1) no or low suicidal ideation (scores 0-2); and (2) moderate or
high suicidal ideation (scores 3-4).

Prognostic characteristics. Marital status categories were: (1) married or living as mar-
ried; (2) single; and (3) other (separated; divorced; or widowed). The categories for financial dif-
ficulty were: (1): living comfortably or doing alright; (2) just about getting by; and (3) finding
it difficult or very difficult to make ends meet.

Level of education was defined as the highest educational qualification, in the following cat-
egories: (1): A level or higher (higher degree (e.g. M.A., PGCE) or equivalent; degree (e.g. B. Sc.,
B.A.) or equivalent; diploma (e.g. HND, NVQ, level 3) or equivalent; A-level or equivalent); (2)
GCSE or other qualifications (GCSE, O-level, CSE or equivalent; other qualifications); and (3)
no formal qualifications. A-levels are UK qualifications that are usually taken at age 18, and are
often required for entry to higher education, corresponding to 12 Grade in the US Education
system. GCSEs are usually taken at age 16 at the end of UK compulsory education, corre-
sponding to 10™ Grade in the US.

Eight questions on social support from family or friends generated total scores between
1-24, and, were categorised into (1) low social support, (2) medium social support, and (3)
high social support based on tertiles of the distribution of scores, with additional analyses
undertaken for the underlying continuous variable. These questions are from the Health and
Lifestyle Survey [21]. Eight questions (yes/no responses) on adverse life events (bereavement,
separation or divorce, serious illness or injury, victim of crime, court appearances, debt, dis-
putes with friends/relatives/neighbours and redundancy) were categorised as (1) no life events,
(2) 1 or 2 life events, and (3) 3+ life events, again also analysed as a continuous variable.

Participants were also asked to give a ‘yes’ or ‘no’ response to: (1) if anyone in their immedi-
ate family has previously suffered from depression; (2) if their GP had previously prescribed
anti-depressants for them; and (3) if they had a long-standing illness, disability or infirmity.

Statistical analysis

The treatment effect in the PANDA trial was defined as the adjusted proportional difference in
the PHQ-9 outcome score between the sertraline and placebo groups. This was obtained by
exponentiating the regression coefficients from a linear regression of log-transformed PHQ-9
scores at six weeks, adjusted for the baseline PHQ-9 score and stratification (design) variables
(baseline CIS-R score and depression duration) [16]. In the present analyses, for the log-trans-
formed PHQ-9 scores, multiple linear regression techniques were used introducing the appro-
priate interaction term to test for effect modification by each potential moderator, using the
likelihood ratio test and back-transforming the resultant coefficients to derive proportional
‘differences’. Separate regression models were constructed for each moderator and were
adjusted for the baseline PHQ-9 score and stratification (design) variables. This approach of
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examining each moderator in a separate model was taken to aid the interpretation of results.

We also constructed a single model including all potential moderator variables and their inter-

action terms.

Results

Baseline characteristics

Baseline characteristics of the sample were similar between treatment groups in terms of the
stratification (design) variables (PHQ-9 total score, site, CIS-R depression duration, CIS-R
total score and CIS-R depression severity score) and most of the potential treatment modera-
tors (Table 1). There was a lower proportion of those who were married or living as married in
the group randomised to treatment with sertraline (Table 1).

Table 1. Comparison of baseline characteristics between randomisation groups for potential moderator variables.

Sertraline (n = 324)

Placebo (n = 329)

Age (years; continuous): mean (SD) 39.7 (15.4) 39.7 (14.6)
Age (years; categories): n (%) 18-34 132 (40.7) 134 (40.7)
35-54 125 (38.6) 134 (40.7)
55-75 67 (20.6) 61 (18.5)
Marital status: n (%) Married or living as married 116 (35.9) 139 (42.3)
Single 152 (47.0) 144 (43.8)
Separated, divorced, or widowed 55 (17.0) 46 (14.0)
Employment status: n (%) In paid employment 209 (64.7) 224 (68.1)
Not employed 114 (35.3) 105 (31.9)
Suicidal ideation®: n (%) No or low suicidal ideation (0-2) 191 (72.6) 206 (75.7)
Moderate or high suicidal ideation 72 (27.4) 66 (24.3)
(3-4)
Financial difficulty: n (%) Living comfortably or doing alright 180 (55.7) 184 (55.9)
Just about getting by 101 (31.2) 103 (31.3)
Finding it difficult or very difficult 42 (13.0) 42 (12.8)
Highest educational qualification: n (%) A Level or higher 216 (66.8) 234 (71.1)
GCSE, standard grade, or other 92 (28.5) 77 (23.4)
No formal qualification 15 (4.6) 18 (5.5)
Social support score (continuous) (possible range 1-24) : mean (SD) 12.5 (4.0) 12.8 (3.6)
Social support score tertiles: n (%) Low (0-11) 113 (35.0) 98 (29.8)
Medium 12-15) 95 (29.4) 115 (35.0)
High (16+) 115 (35.6) 116 (35.3)
Number of life events in past 6 months (continuous): mean (SD) 1.2(1.2) 1.2(1.2)
Number of life events in past 6 months (categories): n (%) 0 110 (34.1) 106 (32.2)
1-2 168 (52.0) 178 (54.1)
3+ 45 (14.0) 45 (13.7)
Family history of depression: n (%) Yes 205 (63.5) 209 (63.5)
No 118 (36.5) 120 (36.5)
Long standing illness: n (%) Yes 140 (43.3) 132 (40.1)
No 183 (56.7) 197 (59.9)
Antidepressant in the past: n (%) Yes 191 (59.1) 200 (60.8)
No 132 (40.9) 129 (39.2)

An = 119 missing data.

https://doi.org/10.1371/journal.pone.0300366.t001
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Treatment effect modification by potential moderators

The results from the linear regression models suggested that immediate family history of
depression was the only variable with weak evidence of an interaction between treatment
group and potential moderator (p-value for interaction: 0.048; Table 2). The adjusted propor-
tional difference in PHQ-9 scores at 6 weeks for each stratum of the immediate family history
of depression variable is presented in Table 3. There was no difference in depressive symptoms
at 6 weeks in those given sertraline or placebo for those with a family history of depression
(adjusted proportional difference in PHQ-9 score: 1.04 (95% CI: 0.91, 1.19); Table 3). Those
with no family history of depression appeared to benefit from treatment (adjusted

Table 2. P values from interaction tests for potential moderators from linear regression models of log-transformed PHQ-9 scores at 6 weeks.

Moderator
Age (years; continuous)

Age (years; categories)

Marital status

Employment status

Suicidal ideation

Financial difficulty

Highest educational qualification

Social support score (continuous) (possible range 1-24)

Social support score tertiles

Number of life events in past 6 months (continuous)

Number of life events in past 6 months (categories)

Family history of depression

Long standing illness

Antidepressant in the past

18-34

35-54

55-74

Married or living as married

Single

Separated, divorced, or widowed
In paid employment

Not in paid employment

No or low suicidal ideation (0-2)
Moderate or high suicidal ideation (3-4)
Living comfortably or doing alright
Just about getting by

Finding it difficult or very difficult
A Level or higher

GCSE, standard grade, or other

No formal qualification

High (16+)

Medium 12-15)
Low (0-11)

Yes

n
653
266
259
128
255
296
101
433
219
397
138
364
204
84
450
169
33
652
231
210
211
652
216
346
90
238
414
272
380
261
391

P value for interaction test®
0.21
0.22

0.81

0.94

0.12

0.50

0.42

0.94
0.26

0.14

0.18

0.048

0.41

0.68

A P values for likelihood ratio test of treatment effect modification from linear regression models comparing the model with the appropriate interaction term and the

model without the appropriate interaction term but including the main effect of the moderator and the main effect of the treatment allocation. Each regression model

was adjusted for the baseline PHQ-9 score and stratification (design) variables (PHQ-9 total score, site, CIS-R depression duration, CIS-R total score and CIS-R

depression severity score).

https://doi.org/10.1371/journal.pone.0300366.t002
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Table 3. Adjusted proportional difference in mean PHQ-9 scores at 6 weeks between randomisation groups for each stratum of family history.

Baseline PHQ-9 6 weeks PHQ-9 Adjusted proportional difference® 95% CI
Sertraline Placebo Sertraline Placebo
n | mean n |mean n | mean n |mean
Family History of depression: No | 118 | 11.58 (5.90) | 119 | 11.87(5.15) |99 |7.33(5.57) | 103 | 8.83 (5.60) | 0.81 (0.66, 0.99)
Family History of depression: Yes | 204 | 11.87 (5.86) | 209 | 12.39 (6.00) | 167 | 8.37 (5.65) | 181 | 8.72 (6.01) | 1.04 (0.91, 1.19)

A Values present adjusted proportional difference (treatment effect) following back-transformation of coefficients from regression models of log PHQ-9 scores for the

sertraline group compared with the placebo group for each stratum of family history of depression. Values below one represent more desirable outcomes (i.e. greater

treatment-derived benefit). Each regression model was adjusted for the baseline PHQ-9 score and stratification (design) variables (PHQ-9 total score, site, CIS-R

depression duration, CIS-R total score and CIS-R depression severity score). Log transformed PHQ-9 scores = log (1+PHQ9 score at 6 weeks) in order to enable PHQ-9

scores of zero to be transformed.

https://doi.org/10.1371/journal.pone.0300366.t003

Predicted adjusted mean log PHQ-9 scores at 6

weeks

proportional difference in PHQ-9 score: 0.81; Table 3). The interaction is illustrated graphi-
cally in Fig 1.

There was no evidence of an interaction for the other potential moderators investigated:
age (in categories); employment status; suicidal ideation; marital status; financial difficulty;
education; social support (in categories); life events (in categories); long standing illness; and
past antidepressant use (all p-value for interactions >0.10, Table 2). No evidence of modera-
tion was found when age, social support and life events were analysed as continuous variables
(age, p = 0.21; social support, p = 0.94; life events, p = 0.18; Table 2).

There was no evidence of effect modification (all p values for interactions > 0.27) in the full
model combining all potential moderator variables and their interaction terms, except for

Predicted adjusted mean log PHQ-9 scores at 6 weeks between
randomisation groups for each stratum of family history

0.95

0.9

0.85

0.8

0.7
0.65

0.6
Sertraline Placebo

Randomisation groups

e Family history of depression: No === Family history of depression: Yes

Fig 1. Predicted adjusted mean log PHQ-9 scores at 6 weeks between randomisation groups for each stratum of family history.

https://doi.org/10.1371/journal.pone.0300366.9001
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immediate family history of depression which was consistent with the results above-that is,
there was weak evidence for effect modification (p = 0.05).

Discussion
Summary of main findings

Of the eleven variables that we investigated, the only variable with weak statistical evidence
that it moderated the effect of sertraline compared with placebo on depressive symptoms at six
weeks was immediate family history of depression. We found no evidence of effect modifica-
tion by any of the other variables, including those previously identified as potential moderators
(age, employment status and suicidal ideation), and those identified as other prognostic factors
(marital status, financial difficulty, education, social support, life events, self-reported physical
health and past antidepressant use).

Strengths and limitations

The use of data from the PANDA trial enabled analysis of a sample size of 550 patients, which
is larger than many other similar studies [22]. However, despite the large sample size, the
PANDA trial was not designed to detect moderators of treatment effect and therefore is likely
to be underpowered to estimate interaction effects robustly. Thus, the results of the present
study should be interpreted with caution. In addition, given the multiple testing (11 tests of
interaction) in this study, there is an increased likelihood of chance findings; in particular,
while we ran interaction models for 11 different potential moderator variables, we only found
weak evidence of interaction for one moderator (immediate family history of depression).
Sub-group analysis have a useful role, generating hypotheses for future research. The variables
reported in this manuscript were pre-defined based on prior evidence and prognostic litera-
ture and were the only variables that were tested for evidence of moderating treatment effects
beyond the two reported in the original trial report [16].

In terms of the potential moderators investigated here, there may have been misclassifica-
tion in exposure for some of these variables; asking participants to self-report if they have any-
one in their immediate family with a history of depression may not be an accurate way of
capturing this information. It is possible that some participants may not know, or may not
remember, if their relatives have experienced depression. Further, it is not clear how partici-
pants who have relatives that have depressive symptoms, but have not sought or received a for-
mal diagnosis of depression, have been captured in this study. Likewise, for marital status,
participants in stable relationships could have been captured as either ‘single’ or ‘living as mar-
ried’ depending on how they self-identified during the baseline assessment. Lastly, there may
be other moderators of antidepressant treatment response that have not been measured or
examined in this study, and we cannot rule out the possibility of confounding as well as false
negatives for such effects.

Comparison with previous literature

This study found weak evidence of an interaction between antidepressant response and imme-
diate family history of depression. There was no difference in depressive symptoms at 6 weeks
in those given sertraline or placebo for those with a family history of depression. However,
those with no family history of depression appeared to benefit from treatment. The (point esti-
mate of the) adjusted proportional difference for the sertraline group compared with the pla-
cebo group in those without a family history of depression was 19% on the PHQ-9, which is
consistent with the findings from previous work that found that a 20% reduction in PHQ-9
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scores represented a clinically important difference [23]-albeit that the upper confidence limit
was very close to the null. Whilst previous studies have identified family history of depression
as an indicator of worse prognosis independent of treatment [3,14], to our knowledge there
was no prior evidence for family history of depression moderating antidepressant treatment
response in the existing literature. It is possible that family history may be a proxy variable for
genetic vulnerability, although research to investigate if antidepressant treatment response is
influenced by genes has been inconclusive [24]. However, there is evidence that genetic mark-
ers may predict some of the individual differences in antidepressant response [25]. Conversely,
other studies have found that family history of mental illness does not predict outcome of cog-
nitive therapy and antidepressant treatment [26], or antidepressant treatment alone [27].
Therefore, there is a need for future research to examine whether the finding from the present
study is robust and to understand the genetic and/or environmental mechanisms that may be
involved.

When compared to existing literature [15,17], we did not find evidence of interactions
between treatment response and age, employment status or suicidal ideation. The moderator
identified in the meta-analysis by Noma, Furukawa [17] was baseline presence of suicidal idea-
tion. In contrast, the results of the present study suggest that there was no statistical evidence
of effect moderation in those with higher or lower levels of suicidal ideation. Webb, Trivedi
[15] identified that older age and being in employment were associated with better outcomes
for patients randomised to antidepressant treatment. In our study, the estimates for treatment
effect did not differ between those who were in paid employment, and those who were not,
and for each age group, with no statistical evidence of effect modification in both age and
employment status.

Clinical implications

Antidepressants are a first-line treatment option for those with moderate and severe depres-
sion, and it is clinically important to know which patients are more likely to respond to medi-
cation, and which patients may be less likely to benefit. However, the present study did not
provide strong evidence of effect modification for any of the variables investigated. There are a
number of factors that influence whether a clinician might recommend antidepressant treat-
ment and shared decision making with the patient is essential. As none of the variables we
examined help the clinician to decide on the likely effectiveness of antidepressants, we suggest
that a discussion about taking antidepressants would be appropriate for all patients presenting
with moderate and severe depressive symptoms.

Research implications

There is a clear clinical need to identify which patients may be more likely to derive greater
benefit from antidepressant treatment. This study highlights the importance of open access to
data for building IPD datasets that will enable trial data to be combined to look at this question
in the future and guide treatment decision making. Whilst the evidence for immediate family
history moderating treatment response was weak, the finding warrants future research using
IPD meta-analyses to examine whether this finding can be replicated, and to investigate any
genetic or environmental mechanisms that may be involved.

Conclusions

Findings from this study support an approach of continuing to offer antidepressant treatment
to patients who present with moderate to severe depressive symptoms. However, there is a
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need for more work in this area, particularly to understand if the weak evidence for family his-
tory of depression moderating antidepressant treatment response can be replicated.
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