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IMPORTANCE Antidepressants are commonly used to treat major depressive disorder (MDD).

Antidepressant outcomes can vary based on individual differences; however, it is unclear

whether specific factors determine this variability or whether it is at random.

OBJECTIVE To investigate the assumption of systematic variability in symptomatic response

to antidepressants and to assess whether variability is associated with MDD severity,

antidepressant class, or study publication year.

DATA SOURCES Data used were updated from a networkmeta-analysis of treatment with

licensed antidepressants in adults with MDD. The Cochrane Central Register of Controlled

Trials, CINAHL, Embase, LILACS database, MEDLINE, MEDLINE In-Process, and PsycInfo were

searched from inception to March 21, 2019. Additional sources were international trial

registries and sponsors, drug companies and regulatory agencies’ websites, and reference

lists of published articles. Data were analyzed between June 8, 2020, and June 13, 2020.

STUDY SELECTION Analysis was restricted to double-blind, randomized placebo-controlled

trials with depression scores available at the study’s end point.

DATA EXTRACTION AND SYNTHESIS Baselinemeans, number of participants, end pointmeans

and SDs of total depression scores, antidepressant type, and publication year were extracted.

MAIN OUTCOMES ANDMEASURES Log SDs (bln σ̂)were derived for treatment groups (ie,

antidepressant and placebo). A random-slopemixed-effects model was conducted to

estimate the difference in bln σ̂ between treatment groups while controlling for end point

mean. Secondary models determined whether differences in variability between groups were

associated with baseline MDD severity; antidepressant class (selective serotonin reuptake

inhibitors and other related drugs; serotonin and norepinephrine reuptake inhibitors;

norepinephrine-dopamine reuptake inhibitors; noradrenergic agents; or other

antidepressants); and publication year.

RESULTS In the 91 eligible trials (18 965 participants), variability in response did not differ

significantly between antidepressants and placebo (bln σ̂, 1.02; 95% CI, 0.99-1.05; P = .19).

This finding is consistent with a range of treatment effect SDs (up to 16.10), depending on the

association between the antidepressant and placebo effects. Variability was not associated

with baseline MDD severity or publication year. Responses to noradrenergic agents were 11%

more variable than responses to selective serotonin reuptake inhibitors (bln σ̂, 1.11; 95% CI,

1.01-1.21; P = .02).

CONCLUSIONS AND RELEVANCE Although this study cannot rule out the possibility of

treatment effect heterogeneity, it does not provide empirical support for personalizing

antidepressant treatment based solely on total depression scores. Future studies should

explore whether individual symptom scores or biomarkers are associated with variability in

response to antidepressants.
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M
ajor depressive disorder (MDD) is a common and

heterogeneous mental condition characterized by

emotional, cognitive, somatic, and behavioral

symptoms.1Antidepressants are oneof the first-line interven-

tions for the treatment of depression,2 but their efficacy ap-

pears to be variable. While a significant proportion of indi-

viduals experience remission of depression after 8 weeks of

treatment, more than 50% of patients improve very little or

their depression worsens.3 This observed variation has

prompted efforts to identifymoderators of antidepressant ef-

ficacy and to personalize treatments by matching specific

antidepressants with the unique characteristics of individual

patients.4-6Thevariability in the efficacy of psychiatricmedi-

cations is typically deduced from aggregate data of random-

ized clinical trials (RCTs), which estimate average treatment

effects.5,6 To some degree, treatment effects in RCTs vary be-

tween individuals owing to random factors or other factors,

such as placebo effects, regression to the mean, or measure-

menterror.6,7Theability topersonalize treatments restson the

assumption that individual differences contribute to this vari-

ability, but detecting treatment by individual interactions re-

quires more complex study designs.8

Despite the paucity of studies designed to detect treat-

mentby individual interactions, there is awidelyheldassump-

tion that individual differencesmoderate the effect of antide-

pressantsondepressivesymptoms (ie, response).9-12Data from

RCTs show that individuals with symptoms of depression as-

signed to receive thesameantidepressantat thesamedoseand

for the sameperiod can experience very different outcomes.5

The source of this variability is believed to result from indi-

vidual differences in clinical or biological factors.10 If indeed

someantidepressants (or classes of antidepressants) aremore

effective at treating patients whose MDD is characterized by

specific clinical or biological factors, such differences would

be consistent with the assumption that individuals vary sys-

tematically in their response to antidepressants. However, if

this variability is driven by other factors (eg, placebo re-

sponse andmeasurement error), itmaynot bepossible toper-

sonalize antidepressant treatment.Given that thepotential for

personalization rests on the validity of an assumption of sys-

tematic variability in observed response to antidepressants, it

is important to evaluate it rigorously. Thus,wecomparedvari-

ability in observed outcomes of patients with MDD assigned

to receiveantidepressantsorplacebo toassesswhether theob-

served variability in response to antidepressants is owing to

systematic, nonrandom factors.Wehypothesized that if vari-

ability inobserved response to antidepressants includes an in-

dividualby treatment interaction, itwoulddiffer fromthevari-

ability in observed response to placebo.

Avigorousmethodologic debate has been takingplace on

the best way to assess variability in response to psychiatric

treatment.13-17Thisdebate involveshowtodealwith theprob-

lem that means and their variability (ie, SDs) are often not

independent.13,17,18 Several previously published articles19,20

have relied onmethods thatmake assumptions about the na-

ture of the mean-SD relationship, which could lead to biased

estimates if these assumptions arenotmet. To address this is-

sue,weuse a random-slopemixed-effectsmodel (RSMM) that

accounted for the association between end point depression

scoresandvariabilitybymodelingthisassociationdirectly from

the data.13,18 Furthermore, we updated the open data set of

RCTs evaluatingoutcomesof antidepressants inpatientswith

MDD from Cipriani et al21 that has been used in prior studies

of variability in response to antidepressants.13,19,20

We also examined whether baseline severity of depres-

sion, antidepressant class, or the year in which studies were

published is associatedwith variability in response to antide-

pressants. Because on average, the effects of antidepressants

aremodest,21we expected variability to increase formodera-

tors associated with increased response. Thus, we examined

whether responses in groups of participants whose symp-

toms were initially more severe would be more variable be-

cause the effects of antidepressants may be more pro-

nounced in individuals with severe depression.22,23 We also

expected that variability might differ based on the way that

different antidepressant classes interact with different neu-

rotransmitter systems. Specifically, antidepressants affect-

ing multiple neurotransmitter systems might produce more

variable outcomes than would antidepressants with more

selective effects.

Methods

We startedwith publicly available data from a published net-

work meta-analysis of 522 RCTs evaluating the effects of an-

tidepressants onMDD.21 Themethods and descriptive statis-

tics for thismeta-analysis arepublishedelsewhere.21,24Briefly,

selected databases (the Cochrane Central Register of Con-

trolled Trials, CINAHL, Embase, LILACS database,MEDLINE,

MEDLINE In-Process, andPsycInfo)were searched from their

inception to January 8, 2016, using terms that included refer-

ences to depression in combination with a list of antidepres-

sants. Additional sources were international trial registries,

drugapproval agencywebsites, andkey scientific journals.We

updated the search to include 15additionalRCTspublishedbe-

tween January9, 2016, andMarch21, 2019, resulting in a total

of 537RCTs (Figure 1). Of these 537RCTs, 256 (48%)were con-

ducted inNorthAmerica, 142 (26%) in Europe, and42 (8%) in

Key Points

Question Is there evidence that response to antidepressants

varies based on individual differences?

Findings In this meta-analysis of 91 randomized clinical trials

(18 965 participants) on the use of antidepressants in major

depression, no evidence was found of more variability in response

to antidepressants than to placebo. Variability was not associated

with baseline depression severity or study year, but variability in

response to noradrenergic agents was higher than that of selective

serotonin reuptake inhibitors.

Meaning Individual differences may not underlie variability in the

association between total depression scores and antidepressant

treatment; future efforts toward personalization should focus on

individual symptoms or biomarkers.
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Asia, with the remaining studies being cross-continental or

fromother regions. Therewas a total of 89838participants al-

located to an antidepressant and 30 251 allocated to a pla-

cebo. Participants’ mean (SD) agewas 44.18 (11.21) years, and

62%were women. The included studies assessed depressive

symptoms using one of several versions of the Hamilton Rat-

ingScale forDepression (HAMD-17,25HAMD-21,25HAMD-24,26

HAMD-29,27andHAMD-3128), theMontgomeryÅsbergDepres-
sion Rating Scale,29 or the Inventory of Depressive

Symptomatology.30 End point scores were extracted as close

to 8 weeks after the start of antidepressant treatment or pla-

ceboaspossible,with themediandurationof extracted scores

being 8weeks (interquartile range, 6-8weeks). The datawere

analyzed between June 8, 2020, and June 13, 2020.

Eligibility Criteria

Our analysis included observations from placebo-controlled

RCTswith available data at end point (means and SDs of total

depression scores andnumberofparticipants assessed ineach

group). Figure 1 depicts our selection process and the result-

ingnumberof includedRCTs.Fromthepubliclyavailabledata21

corresponding to the eligibleRCTs,we extractedbaseline and

end point means, SDs, number of participants in each group,

antidepressantdrug, and,whenavailable, theyearofRCTpub-

lication.

Statistical Analysis

Primary Analysis

Basedon investigations into theappropriateapproach toquan-

tifyvariability inour includedRCTs (described in theeMethods

in the Supplement), we used an RSMM to estimate differ-

ences in variability between treatment groups,while control-

ling for the end point mean score.13,18 Following Nakagawa

et al,18 we used an unbiased estimator of the natural loga-

rithmof thepopulationSDand its samplingvariance.31Foreach

observation corresponding to an antidepressant or placebo

group, we calculated the log SD:

σ = ln s +^ 1

2 (n – 1)

where s refers to the SD and n refers to the number of partici-

pants for that group.18

We used the following formula to derive sampling vari-

ances:

s 2
ln σ̂ =

1

2 (n – 1)

where n refers to the number of participants for that group.18

In our primary RSMM, we specified each ln σ̂ (fitted with its

associated sampling variance) as the response variable. We

specified treatment group as a categorical predictor indicat-

ing whether the ln σ̂ corresponded to antidepressant (coded

as 1) or placebo (coded as 0). To account for the mean-SD

association, we added the log end point mean score

(z-transformed across the entire data set) as a predictor. Be-

cause the effect of treatment group, estimated by bln σ̂, rep-

resented the difference in ln σ̂ between antidepressant and

placebo,18 we report the exponentiated bln σ̂. A group effect

larger than 1 indicated higher variability in antidepressant

groups than placebo groups; conversely, a group effect lower

than 1 indicated less variability in the antidepressant groups

comparedwithplacebo groups.18Weusedmethods frompre-

vious work7,13 to explore possible values for treatment effect

SD, based on findings of this primary analysis and a range of

possible associations between the treatment and placebo ef-

fects.

Secondary Analyses

We repeated our primary analyses adding a treatment group

by baseline depression interaction. We used all observations

with a baseline depression severity score available (Figure 1)

and z-transformed log baseline means across the entire data

set. A treatment group by baseline depression interaction ef-

fect larger than 1was consistentwith our hypothesis, indicat-

ing more variability in response to antidepressant as com-

pared with placebo with increasing baseline depression

severity.

For each available observation from the eligible RCTs,

we categorized the antidepressants into 1 of the following 5

classes based on their main putative mechanisms of

action32,33: selective serotonin reuptake inhibitors (SSRIs)

and other related drugs (citalopram, escitalopram,

fluoxetine, fluvoxamine, paroxetine, sertraline, and vilazo-

done); serotonin and norepinephrine reuptake inhibitors

(SNRIs) (desvenlafaxine and venlafaxine); norepinephrine-

dopamine reuptake inhibitors (NDRIs) (bupropion); nor-

adrenergic agents (NAs) (amitriptyline and reboxetine); and

other antidepressants (agomelatine, mirtazapine, and trazo-

done). Randomized clinical trials reporting observations for

4 antidepressants (ie, duloxetine, levomilnacipran, nefaza-

done, and vortioxetine) did not report end point means and

Figure 1. Study Selection Process

522 RCTs published until January 8, 

2016, with 1199 available 

observations of AD or placebo

15 RCTs published January 9, 2016, to 

March 21, 2019, with 33 available 

observations of AD or placebo

537 RCTs with 1232 available 

observations of AD or placebo

201 RCTs (424 observations) with 

end point means, SDs, and 

n’s available

91 Placebo-controlled RCTs 

(207 observations), available

89 RCTs (201 observations) with 

a baseline mean available

71 RCTs (158 observations) with 

a publication year available

AD indicates antidepressant; RCT, randomized clinical trial.
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SDs and were not included in our analysis. We repeated our

primary analyses replacing the categorical treatment group

predictor with antidepressant class. We specified placebo as

the reference group, so that an effect of antidepressant class

(exponentiated) larger than 1 indicated greater variability in

symptomatic response for that class than placebo. To com-

pare variability in response among antidepressant classes,

we restricted our analyses to antidepressant groups only,

specifying SSRIs as the reference group. Any antidepressant

class effects larger than 1 were consistent with our hypoth-

esis, indicating greater symptomatic variability for classes

with less selective effects than SSRIs.

Finally, we investigated whether the year in which RCTs

were published was associated with differences in variabil-

ity. For RCTs with a publication year available (Figure 1), we

rescaled years by subtracting the median year (ie, 2001). We

conducted an RSMM including a year by treatment group in-

teraction, with an interaction effect greater than 1 indicating

morevariability in response to antidepressant thanplacebo in

RCTs conducted more recently.

Sensitivity Analyses

In the includedRCTs, baselineandendpointmeansweremea-

sured using the HAMD-17, HAMD-21, HAMD-24, andMADRS,

introducing thepossibility of spurious effects associatedwith

theuseofdifferent scales.13Thedurationof treatmentalsodif-

fered between RCTs (ranging from 4-12 weeks). To examine

whetherdifferent scales and treatmentdurations affectedour

results,we repeatedourprimary and secondary analyses add-

ing scale as a categorical predictor and duration of treatment

in weeks as a continuous predictor.

All analyses were completed in R, version 3.5.3 (the R

Foundation),34usingtheMCMCglmmpackage.35Weusedfunc-

tions provided by Nakagawa et al18 to calculate ln σ̂ and sam-

pling variances and the MCMCglmm function for generating

RSMMs.35 Detailed descriptions of model specifications and

priors areprovided in theeMethods in theSupplement. Toen-

sure that choice of priors did not affect our results, we re-

peated our primary and secondary analyses with expanded

priors.18 The significance thresholdwas .05, and significance

testing was 2-sided. To ensure reproducibility, our code36 is

freely available online. Theupdateddata set is available on re-

quest from the authors.

Results

Primary Analysis

A total of 91 RCTs comprising 18965 unique participants met

our inclusion criteria. To measure outcomes at end point, 44

RCTs (47%) used the HAMD-17 and 33 (37%) used the HAMD-

21.Because someRCTscomparedplacebowithmore than1an-

tidepressant (ie,multiarmtrials), 207observationswere avail-

able (Figure 1). End point means were associated with

variability (bln σ̂ = 1.07; 95%CI, 1.04-1.10;P < .001).We tested

for nonlinearity in this associationby adding a quadratic term

for end point means, and there was no evidence that adding

this term improved the model (eTable 1 in the Supplement).

After controlling for the linear association, therewas 2%more

variability in responses to antidepressants comparedwithpla-

cebo, but this difference was not statistically significant (bln
σ̂ = 1.02; 95% CI, 0.99-1.05; P = .19) (Figure 2).

We calculated the upper bounds on the treatment effect

SD, based on this finding and a range of possible associations

between the treatment andplacebo effects (details of this cal-

culationand simulationareprovided in theeResults andeFig-

ures 3-5 in the Supplement). These analyses suggest that bln
σ̂ = 1.05 (the upper limit of our estimated bln σ̂) is compatible

with a range of treatment effect SDs (eFigure 3 in the Supple-

ment) up to 16.10 (eTable 1 in the Supplement).

Secondary Analyses

Depression Severity

Therewere89placebo-controlledRCTswithbothbaselineand

end point means available, corresponding to 201 observa-

tions (Figure 1).We foundnoevidence that the associationbe-

tween treatment group and variability was associated with

baseline depression severity (bln σ̂ = 0.99; 95%CI, 0.96, 1.02;

P = .58) (results formodelpredictorsareprovided in theTable).

Antidepressant Class

Figure 2 provides thenumber of RCTs reporting outcomes for

each antidepressant class and the number of available obser-

vations.Responses toall antidepressant classeswerenotmore

variable than responses to placebo (depicted in Figure 2). Re-

sponses to NDRIs, SNRIs, or other antidepressants were not

morevariable thanresponses toSSRIs (ie, the referencegroup);

Figure 2. Comparisons of Variability Between Antidepressants (ADs) and Placebo, Separated by Class

0.90 1.05 1.151.00 1.100.95

P value
Favors

placebo
Favors
AD classb

ln
 σ̂ (95% CI)

b
ln

 σ̂ 95% CI

AD class
No. of
RCTs

No. of
observations
available

SSRI 47 56 1.02 (0.98-1.05) .28

SNRI 9 11 1.05 (0.98-1.12) .11

NDRI 10 11 1.03 (0.94-1.12) .55

NA 18 18 1.05 (0.98-1.14) .22

Other AD 18 23 1.01 (0.96-1.05) .80

Any AD 91 207 1.02 (0.99-1.05) .19

Comparisons of placebo (the

reference group) and AD (or AD class)

indicate the difference between the 2

groups in ln σ̂. These estimates have

been exponentiated, with a bln σ̂ less

than 1 representing less variability

than placebo. NA indicates

norepinephrinergic agent;

NDRI, norepinephrine-dopamine

reuptake inhibitor; SSRI, selective

serotonin reuptake inhibitor;

SNRI, serotonin and norepinephrine

reuptake inhibitor.
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however, responses to NAs were 11% more variable than re-

sponses toSSRIs (bln σ̂, 1.11;95%CI, 1.01-1.21;P = .02) (Figure3).

RCT Publication Year

The 71 RCTs with a publication year available, corresponding

to 158 observations (Figure 1), were published between 1979

and 2018. We found no evidence that the association be-

tweentreatmentgroupandvariabilityassociationwith theyear

that an RCT was published (bln σ̂ = 0.999; 95% CI, 0.996-

1.002; P = .42) (see the Table for model predictor results).

Sensitivity Analyses

We examined whether results from our primary and second-

ary analyses were affected by depression scales used tomea-

sure end point means and SDs across RCTs. Results were not

qualitatively different when controlling for scale (full results

are provided in eTables 2-7 in the Supplement). One differ-

enceemergedwhencontrolling for treatmentduration: thedif-

ference in variability between SSRIs and NAs was qualita-

tively similar to our secondary analysis, but it was no longer

statisticallysignificant (bln σ̂, 1.108;95%CI,0.997-1.227;P = .05)

(eTables8-12 in theSupplement).Results fromourprimaryand

secondary analyseswerenot qualitativelydifferent inRSMMs

using expanded priors (eTables 13-17 in the Supplement).

Discussion

We examined whether there is evidence of systematic vari-

ability in the overall symptomatic response to antidepres-

sants by comparing variability in outcomes in RCTs between

participantswithMDDassigned to receive antidepressants or

placebo.However, contrary toourhypothesis,wefoundnoevi-

dence that variability in observed response (as measured by

total depression scores) among participants receiving antide-

pressants was greater than among those receiving a placebo.

Our results do not identify variability based on total depres-

sion scores. In other words, our findings do not provide em-

pirical support for efforts to personalize antidepressant treat-

ment based on total depression scores. Nevertheless, these

findings do not rule out the possibility of treatment effect

heterogeneity; they are consistent with a range of treatment

effect SDs that are greater than zero (up to 16.10), depending

on negative associations between the treatment and placebo

effects (eTable 1 in theSupplement).These findingsalsodonot

address the potential for personalization based on individual

symptoms or biomarkers, where it may be possible to select

specific antidepressants according to some specific clinical or

biological characteristics of individual patients.37

Our findingsareconsistentwithotherworksuggesting that

randomor nonspecific factorsmay account for the variability

inobserved response toantidepressants. In these studies, vari-

ability ratios (VRs) were calculated to quantify differences in

SDsofpre/post differences indepressionbetweenantidepres-

sant and placebo groups in an earlier open data set.21 Consis-

tentwithour results,meta-analysesofVRs13,19,20 foundnoevi-

denceof largervariability inantidepressantgroupsascompared

with placebo. Our findings are also consistent with previous

work in another field of psychiatry,6which showed that over-

all responses to antipsychotics are notmore variable than re-

sponses to placebo in patients with schizophrenia.

Findings from our secondary analyses suggest that tradi-

tional MDD subtypes based on symptom severity are not as-

sociated with variability in observed response. This result is

consistentwith other studies showing that the efficacy of an-

tidepressants is comparable across the continuum of symp-

tom severity of MDD.38-40 Coupled with our primary finding,

theseresultsdonotsupport theassumptionthat therearemod-

erators of observed responses to antidepressants associated

with overall severity of depression. At the same time, if MDD

is a heterogeneous condition with diverse symptom profiles

or subtypes, total depression scoresmay not adequately cap-

ture its typology or even its severity. Some have argued that

examining responses to antidepressants basedon total scores

conceals their effects,41,42 which may also apply to the vari-

ability in theseeffects.Althoughour resultsdonotprovideevi-

dence in support of personalizing MDD treatments based on

total depression scores, they do not rule out the possibility of

selecting antidepressant treatments based on scores corre-

sponding to individual symptoms or biomarkers. This is con-

sistent with the suggestion that a focus on total depression

scores may thwart progress in personalizing treatments for

MDD, since there may not be individual differences or bio-

markers that capture the sharedvarianceof all its symptoms.42

Thenext step towardoptimizing treatments should involveex-

amining the evidence for variability in responses to antide-

pressants based on individual symptoms (eg, suicidality43),

symptom profiles,44 sets of biomarkers, or a combination of

them.

In our secondary analysis, we did not find any differ-

ences in the variability of responses to antidepressant classes

and placebo. However, a difference emerged among antide-

pressant classes, with responses to SSRIs being less variable

than responses to NAs. In our sensitivity analysis, this asso-

ciationmay be owing to longer treatment duration with NAs.

Nevertheless, responses toNAsmaybemore variable than re-

sponses to SSRIs because antidepressants affecting primarily

norepinephrine (eg, amitriptyline) may have a greater effect

Table. Results of Secondary Analyses Examining Baseline Depression

Severity, and Randomized Clinical Trial Publication Year

Factor bln σ̂ (95% CI)a
P value

Baseline depression

Baseline depression × AD 0.99 (0.96-1.02) .58

Baseline depression mean 1.08 (1.04-1.12) <.001

AD (compared with placebo) 1.00 (0.97-1.03) .83

End point mean 1.04 (1.00-1.07) .03

Publication year

Publication year × AD 0.999 (0.996-1.002) .42

Publication year 0.998 (0.994-1.002) .36

AD (compared with placebo) 1.040 (1.000-1.079) .048

End point mean 1.081 (1.040-1.116) <.001

Abbreviation: AD, antidepressant.

a bln σ̂ reflects the association of each predictor with ln σ̂.
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ondepressive symptoms thanantidepressants that affect only

synaptic serotonin.45-48 Alternatively, functional unblinding

inRCTsofNAsmayaccount for this finding. Cipriani et al21 re-

ported that, comparedwith SSRIs, dropout rates owing to ad-

verse effects were generally higher for antidepressants with

noradrenergic effects, introducing the possibility that raters

in someRCTswere unblinded to treatment allocation. Never-

theless, our finding does not provide insight into the associa-

tionof individualdifferences inresponsetoNAscomparedwith

placebo, but it suggests that, among theantidepressant classes

we examined, NAs may be most amenable to personaliza-

tion.

Limitations

The results of our study should be considered in the context

of somemethodologic challenges and limitations. The analy-

sis of variability in response to psychotropicmedications has

attractedarenewed interestwith theavailabilityofnovelmeth-

ods to summarize this variability.18Toourknowledge, the first

study to use one of thesemethods in relation to psychotropic

medications was published in 20196; since then, more than 5

publishedstudies13,14,17,19,20 (including this analysis) andother

documents15,16 have described the merits and shortcomings

of these approaches. When comparing variability between

antidepressant andplacebogroups, coefficient of variation ra-

tios (CVRs) have been used to account for associations be-

tween end point scores and SDs. However, CVRs can yield bi-

ased results depending on the nature of these associations,

specifically by inflating variability in the group with a lower

end point score.13,17,18 Previous findings ofmore variability in

response to placebo as compared with antidepressant de-

rived with the CVR might therefore be associated with a fo-

cus in these studies on pre/post difference scores,19,20 which

tend to be lower in placebo groups.Owing to thenature of the

mean-SDassociation inourdata, theuseofVRsandCVRscould

produce biased results (as described in the eMethods and de-

picted in eFigures 1 and2 in the Supplement). Given that simi-

lar investigations of variability in response to other psychiat-

ric treatments and interventions are emerging,49 it is crucial

toconsiderwhentheVRandCVRarenotappropriateandwhen

mixedmodels that control for the effect of the mean on vari-

ability, such as theRSMM, are optimal.13Also, our findings do

not rule out heterogeneity in treatment effects (ie, the differ-

ence inoutcomes if the same individuals received antidepres-

sant and placebo). According to a 2020 analysis,7 a finding of

increased variability in response to treatment suggests treat-

ment effect heterogeneity. Adapting this analysis7 in the con-

textofour study,weshowthatour findingofno increasedvari-

ability in response to antidepressant is consistentwith a range

of potential treatment effect heterogeneities, up to twice the

size of the SD in those treated with placebo (described in the

eResults in the Supplement).

Thevalidity of our results rests on thequality ofRCTs that

were included in our data set, which in some caseswas low.21

Because participants in RCTs are selected to be relatively ho-

mogenous, our resultsmayalsonot generalize topatientswith

MDDseen in clinical practice; it is possible theremaybemore

variability in overall response to antidepressants in patients

with greater variability in clinical characteristics. Further-

more, our analysis was limited to RCTs with available data at

end point, as well as the 15 drugs from the eligible RCTs. It is

possible that some antidepressants that we did not include

would produce different results because of their specific

mechanisms of action. We grouped antidepressants into

classes; therefore, it is likely that our results apply toother an-

tidepressants belonging to the sameclass.However, fewcom-

parisons were available for SNRIs and NDRIs, and our analy-

ses involving these antidepressant classes may have been

underpowered.

Given that we relied on published data, we were limited

in the moderators of response variability that we could ad-

dress. Without access to patient-level or item-level data, we

couldnotexaminehowvarious subgroupsofpatientsor symp-

tomprofiles affected responsevariability. This remains an im-

portant direction for future work. As discussed in previous

work,6,15,16ouranalysisdoesnot ruleout thepossibilityof treat-

ment by subgroup interactionsor address thepotential toper-

sonalize treatmentsbasedonsubsetsof symptoms.Finally,our

findings also do not address variability in response to non-

pharmacological treatments, such as psychotherapies, con-

vulsive therapies, andneuromodulatory interventions,which

might possibly be personalized based on their effects.

Conclusions

In conclusion, our results do not support the widely held as-

sumption that individual differences underlie the variability

Figure 3. Comparisons of Variability Between Selective Serotonin Reuptake Inhibitors (SSRIs) and Antidepressant (AD) Classes

0.90 1.05 1.251.201.151.00 1.100.95

P value
Favors

SSRI
Favors other
AD classb

ln
 σ̂ (95% CI)

b
ln

 σ̂ (95% CI)

Comparison

SNRI vs SSRI 1.06 (0.98-1.15) .12

NDRI vs SSRI 1.06 (0.94-1.21) .33

NA vs SSRI 1.11 (1.01-1.21) .02

Other AD vs SSRI 1.00 (0.94-1.06) .97

Comparisons of SSRI (the reference group) and AD classes indicate the

difference between the two groups in ln σ̂. These estimates have been

exponentiated, with a bln σ̂ less than 1 representing less variability than SSRI.

NDRI indicates norepinephrine-dopamine reuptake inhibitor;

NA, norepinephrinergic agent; SNRI, serotonin and norepinephrine reuptake

inhibitor.
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in the association between total depression scores and anti-

depressant treatment. Future efforts toward personalizing

treatments forMDDshould focusonwhether individual symp-

toms or biomarkers are associated with variability in re-

sponse toantidepressantsorwhether there is evidenceofvari-

ability in response to other treatment types.
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