Key Points

Question. What are the short-
and long-term effects of
psychological intervention in
individuals with subclinical
depression, and who benefits
most from them?

Findings. In this individual
participant data meta-analysis,
psychological interventions
showed positive effects on
symptom reduction, treatment
response and deterioration
rates. Benefits were found at
least up to one year.
Individualized treatment
benefits varied considerably
between patients. Initial
depression and anxiety
severity were the most credible
predictors of differential
effects.

Meaning. Psychological
interventions should be
provided routinely in
individuals with subthreshold
depression, at least when
individuals already experience
moderate symptoms
(PHQ-9210). For very mild
symptoms, intervention
benefits should be weighed
against available resources and
potential risks of intervening.
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Abstract

Background. Psychological intervention can be helpful to address depressive
symptoms in patients who do not yet meet diagnostic criteria for major depression.
Yet, it remains unclear which patients profit most from such treatments, and what
long-term effects they have on symptom deterioration, reliable improvement, and
achieving close-to-symptom free status.

Aim. This individual participant data (IPD) meta-analysis synthesizes the effect of
psychological interventions for subthreshold depression (sD) from post-test up to
two years. We also estimate the variability of treatment benefits across patients,
and explore effect modifiers.

Results. IPD of 10,671 patients from 50 trials could be included (intervention:
n=5,470; control: n=5,201). We found significant effects on depressive symp-
tom severity post-treatment (SMD=-0.48), up to 6 months (SMD=-0.28), and
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up to 12 months (SMD=-0.27); while effects could not be ascertained up to
24 months (SMD=-0.18). Similar findings emerged for 50% symptom reduc-
tion (RR=1.27-2.79), reliable improvement (RR=1.38-3.17), reliable deterioration
(RR=0.67-0.54), and achieving close to symptom-free status (RR=1.41-2.80). In-
dividual treatment effects varied substantially across patients (SDsup=0.17-0.24).
For 8.3%-39.8% of participants, benefits were estimated at zero or lower. Among
univariate effect modifiers, only initial depression and anxiety severity were found
to be highly credible (P>0.99). Predicted treatment effects decreased with lower
symptom severity, but remained minimally important even among patients with very
mild symptoms (SMD=0.33 for a PHQ-9 score of 5).

Conclusion. Psychological intervention can reduce the symptom burden in patients
with sD up to one year, and has a protective effect on symptom deterioration. Ben-
efits up to two years are less certain. We find strong support for intervention in sD
when symptom severity is at least moderate (PHQ-9210), although benefits may
differ strongly across individuals. For very mild symptoms, scalable treatments or
watchful waiting could be an attractive option.

INTROdUCTION

Depressive disorders are highly prevalent in the general population’. They are as-
sociated with numerous negative outcomes for the individual and society, including
an increased risk of suicide?, and with major depressive disorder (MDD) alone ac-
counting for 7.5% of all years lived with disability®.

Psychotherapy, pharmacotherapy, or a combination of both are common first-line
treatments for MDD45, but their public health impact is limited. It has been esti-
mated that only one third of the global disease burden of MDD can be averted, even
if every patient were to receive evidence-based treatments under optimal condi-
tions®.

One way to meet this challenge is to intervene before individuals develop MDD.
Individuals with subthreshold depression (sD) may be the most promising target
group for such an approach. Symptoms of sD affect roughly 11% of the general
population’. They are associated with elevated mortality®, increased healthcare uti-
lization®, substantial economic costs', and adverse effects on quality of life com-
parable to MDD™". Individuals with sD are also three times as likely to develop MDD
than healthy controls’. This suggests that intervening in this target group could be
helpful to reduce the incidence of new MDD cases, and to treat existing symptoms.

Meta-analytic evidence suggests that psychological interventions are effective in
sD, yielding small to moderate benefits'?%, and that they can reduce the incidence
of MDD by 19-43%""8, Almost all this evidence is based on aggregate data meta-
analyses. We are only aware of two meta-analyses using individual participant data
(IPD), both conducted by our group. These previous studies were limited to digital
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intervention trials'®, and trials examining MDD incidence™. They included 7 and 30
trials, respectively.

A major strength of IPD meta-analyses (IPD-MAs) is that they can examine hetero-
geneous treatment effects on a patient level™. This may be particularly attractive
for psychological interventions in sD, where findings on effect modification remain
inconclusive™?20, Robust moderators identified using IPD-MA could allow to strat-
ify existing care, by prioritizing psychological intervention among sD individuals
who are most likely to benefit. Conversely, they could be used to develop better
treatments for those at high risk of hon-response. Furthermore, IPD-MA allows to
analyze rates of treatment response, remission, and symptom deterioration in a
consistent way across all studies. Effects on such secondary outcomes remain un-
derstudied in sD populations, as are the benefits that treatment might have over
several years.

We therefore conducted an IPD-MA of psychological intervention effects in sD,
focusing on depressive symptom severity, 50% symptom reduction, reliable im-
provement, reliable symptom deterioration, and achieving close to symptom-free
status. We analyzed both short- and long-term benefits up to two years. Further-
more, we estimated the heterogeneity of treatment effects in this population, and
examined participant-level moderators.

MeTHods

Registration & Protocol

This study has been registered with PROSPERO (CRD42017058585), with further
methodological information provided in a published protocol®’. For the present
IPD-MA, we also preregistered a detailed protocol addendum and statistical analy-
sis plans (SAPs; see osf.io/vba7f and osf.io/28xnc). The SAP also documents all
planned deviations from the protocol, and their justification. We report this study
following the PRISMA-IPD statement?2.

Eligibility Criteria

Eligible studies were randomized trials in which (1) a psychological intervention
(see definition in supplement S1) was compared to a control group (waitlist, care as
usual, psychoeducational material, placebo) with regards to (2) effects on depres-
sive symptom severity, (3) as measured by a validated patient or clinician-rated
instrument, in (4) adults without MDD at baseline, (5) as confirmed by a standard-
ized diagnostic interview.

We also included studies in which participants were eligible regardless of MDD sta-
tus; but only when the diagnostic status was assessed at baseline, so that baseline
MDD cases could be excluded. Individuals were considered to experience sD when
displaying at least mild depressive symptom severity at baseline. If trials did not
employ inclusion cut-offs, individuals experiencing less than mild symptoms were
removed, using a cut-off equivalent to a score of 5 on the Patient Health Question-
naire (PHQ-9)23.24,
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Study Identification

Eligible studies were identified by two independent researchers screening full-texts
of the "Metapsy” (metapsy.org) meta-analytic research domain for depression
interventions (docs.metapsy.org/databases/depression-psyctr). This database is
updated three times a year by a systematic literature search of the PubMed,
Embase, PsycINFO, and Cochrane Central Register of Controlled Trials libraries
(see supplement S2 for search strings). During each update, two independent re-
searchers screen the titles and abstracts of all articles, and subsequently review
full texts of eligible studies. We also screened previous reviews on the prevention
of MDD".2526 gnd contacted senior researchers in the depression prevention field
regarding other relevant trials. Studies published until January 1st, 2024, were con-
sidered.

Data Collection & Harmonization

We contacted corresponding authors of eligible articles to request permission to
use their IPD. Authors who responded were asked to provide data on demographic,
clinical, outcome and intervention-related characteristics, if assessed. We included
variables as putative moderators if they matched a pre-defined list of characteris-
tics predictive of long-term outcomes in depression®’ (see supplement S3).

Depressive symptom severity measures were transformed into a “common met-
ric" to facilitate joint analyses?* (see supplement S4). Then, harmonized IPD were
merged into a single data set following a standardized protocol®’. Post-intervention
assessments were treated as one assessment, and follow-ups were categorized
based on their length (up to 6, 12, 24 months). When eligible trials did not provide
IPD, we extracted outcome data for an aggregate data (AD) meta-analysis from the
published reports, if feasible.

Risk of Bias

Two independent reviewers assessed risk of bias using Cochrane’s RoB-2 tool*®
in each study. We rated all studies as being at low risk of bias for the "missing
outcome data” criterion, since multiple imputation with auxiliary variables could be
used to handle missing data consistently in this IPD-MA.

Outcomes

The primary outcome of this IPD-MA was depressive symptom severity, as mea-
sured by a validated patient or clinician-rated instrument. From the symptom sever-
ity scores, we derived the following additional outcomes: (1) 50% symptom reduc-
tion compared to baseline (response), (2) close to symptom-free status (remission;
defined as scores equivalent to PHQ-9<52%%), as well as (3) reliable improvement
and (4) reliable deterioration in depressive symptoms?=°.

We focused exclusively on depressive symptom severity, as well as on indicators
that can be derived from it. This was done to maximize the number of eligible trials,
thus optimizing the statistical power for our examination of treatment-covariate in-
teractions. Among eligible trials, a smaller subset (k=30) also reported MDD onset
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Figure 1. PRISMA-IPD flow chart.
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as confirmed by diagnostic interviews. These preventive outcomes were already
examined in a previous study’®.

Statistical Analyses

A detailed description of the statistical analyses is provided in the supplement (S4).
All analyses were conducted according to the “intention-to-treat” principle (treat-
ment policy estimand®°). Multilevel multiple imputation models with heteroscedas-
tic errors were used to impute missing values. Bayesian one-stage IPD-MA models
were used to pool effects on all outcomes at post-test and follow-ups. Effects were
considered “significant” when the 95% credibility interval (Crl) of the treatment
coefficient did not include zero. As a sensitivity analysis, we (1) recalculated all
effects using two-stage IPD-MA, (2) conducted a conventional meta-analysis that
also included studies which did not provide IPD; (3) calculated effects excluding
“bottom-up” therapies®' and stepped care interventions; and (4) ran analyses ad-
justing for potential small-study effects and/or selective publication32-34,

To examine heterogeneous treatment effects across patients, we employed tar-
geted superlearning“®. Superlearning is an ensemble machine learning approach
in which both simple and data-adaptive prediction algorithms are combined. This
guarantees that the superlearner will asymptotically perform as well or better than
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any individual algorithm included in the framework, and has been shown to perform
well even in very small samples*®50, Targeted superlearning was used to estimate
patient-specific treatment benefits B(W,) while integrating all available covariate
information W, in a study. The resulting distribution of B(W,,) was used to examine
how much individual effects vary within a study, and to estimate how many patients
may not benefit from a psychological intervention (i.e., fare similar or worse under
treatment than under control)®°. A detailed description of our approach is provided
in the SAP (osf.io/28xnc).

Participant-level moderator analyses were then conducted to examine univariate
predictors of differential effects. These analyses were implemented by extend-
ing the one-stage IPD-MA models, and focused on symptom severity at the first
post-treatment assessment point available in each study. Furthermore, we also ex-
amined study-level moderators of the effect. Lastly, we used an additive mixed
model3536 to examine potentially non-linear interactions between treatment effects
and baseline PHQ-9 scores.

ResuLTs

Of the 1131 full text articles screened, 79 were eligible for present investigation.
IPD could be obtained from K=50 (63.29%) of all eligible trials. After enforcing
all inclusion criteria, a total of N=10,671 individuals (intervention: n=5,470; control:
n=5,201) were included in the IPD-MA. Additional effect size data was available for
k=11 studies which did not provide IPD (1,376 participants; intervention: 680; con-
trol: 696). Figure 1 summarizes the study search and inclusion. Study references
can be found in supplement S6.

Study Characteristics

Characteristics of the included studies are provided in supplement S16. The largest
proportion of trials were conducted in general adult populations (k=14; 28%),
followed by older adults (k=13; 26%). Cognitive-behavioral therapy (CBT) was
the most frequently employed intervention (k=24; 48%). Contents were most fre-
quently delivered face-to-face (k=22; 44%), followed by the Internet (k=15; 30%).
Participant-level characteristics (S7) and missing outcome data (S8) are given in
the supplement. Most participants (N=7,199; 68%) were female. The mean age was
M=52.79 (SD=18.72). Most studies received a low risk of bias assessment (62%;
k=31). Eleven (22%) showed high overall risk.

Treatment Effects

Psychological intervention reduced depressive symptom severity significantly
at post-test (SMD=-0.48, 95%Crl: -0.63 to -0.33; k=47), within six months
(SMD=-0.28, 95%Crl: -0.40 to -0.16; k=39), and within one year (SMD=-0.27,
95%Crl: -0.37 to -0.16; k=33). No significant effect emerged among studies
recording outcomes up to two years (SMD=-0.18, 95%Crl: -0.41 to 0.06; k=15).
At post-test, our models indicate a >99% posterior probability that treatment ef-
fects surpass SMD=-0.24. This effect has been determined as a minimally impor-
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Table 1. Pooled effects on depressive symptom severity, response, remission, and
deterioration.

Paricipants Effect Size ) . e Event Rate’

K Fow 16 CGs. (95% Crl) NNTS - 85%-PI 7(95% Crl) Relative Risk! 0 on Control
Depressive Symptom Severity (SMD)
- Post-Test 47 9MB 4875 4543 048[-063;-033] 661  [-144,048] 0.47[0.36;0.60]
- Up to 6 months 39 8218 4152 4,066 0.28[-040;-0.16] 1112  [-0.94,038] 0.32[0.23;043]
- Up to 12 months 33 7740 3903 3,837 027[037;-0.16] 1152 [077,023] 0.24[0.16;0.34]
- Up to 24 months 15 3163 1,597 1,566 -0.18[041;0.06] 1536  [-1.05,070]  0.39 [0.24; 0.60]
50% Symptom Reduction (OR)
- Post-Test 47 9a18 4875 4543 2791923851 483 [0.35:21.95] 1.01[0.73;1.34] 1.82[1.77;1.87)  45.8% [44.8%; 47.3%]  25.1% [24.7%; 26.0%]
- Up to 6 months 39 8218 4152 4,066 192[143;248] 725  [046,7.98]  069[048 094] 145[1.30; 151]  44.2% [42.7%; 45.6%]  30.4% [20.5%; 31.4%]
- Up to 12 months 33 7740 3903 3,837 192[143;248] 840  [0.46;8.06]  0.69 [0.48; 0.94] 1.36[1.30;1.39]  45.7% [44.5%; 46.9%]  33.8% [32.8%: 34.6%]
- Up to 24 months 15 3163 1,597 1,566 127[058;220] 20 [013;1276]  1.02[0.57; 1.64] 1A2[107;1.18]  47% [44.9%; 492%]  42% [39.3%; 43.6%]
Close to Symptom-Free Status (OR)*
- Post-Test 42 8701 4512 4189 280[1.84;4.00] 556  [0.31,2523] 1.07[0.77; 143] 155[151,150]  50.6% [49.5%; 52.0%]  32.6% [31.8%; 33.3%]
- Up to 6 months 34 7267 3674 3598 192[136,250] 813  [0.40;9.36]  0.76[0.51;1.07] 131[127;135]  50.9% [49.2%; 52.1%]  38.6% [37.9%; 39.7%]
- Up to 12 months 31 7598 3833 3,765 170[123,225 10 [039,7.37]  0.70[0.46; 0.99] 123[1.19;126]  63.4% [52.2%; 54.5%]  43.4% [42.2%; 44.2%]
- Up to 24 months 15 3,163 1,597 1,566 141[064;249] 1961 (0131487 1.04[0.60; 1.66] 110[1.04;1.14]  67.5% [55.1%; 59.2%]  52.4% [50.1%; 54.2%]
Reliable Improvement (OR)
- Post-Test 47 9a8 4875 4543 347[221;436] 621  [0.50;20.04] 0.90[0.61; 1.24] 1.91[1.84,201]  34% [32.9%; 35.2%]  17.9% [17.1%; 18.7%]
- Up to 6 months 39 8218 4152 4,066 192[143,247] 1087 [0527.09]  063[040;090] 1.44[1.30;150]  30.5% [20.1%; 32.5%]  21.3% [20.2%; 22.1%]
- Up to 12 months 33 7740 3903 3837 188[142,240] 1136  [062574] 053[031;079] 141[135;146]  30.3% [20.4%; 31.6%]  21.5% [20.7%; 22.4%]
- Up to 24 months 15 3,163 1597 1,566 138062,239] 20 [0.14,1338]  1.00[0.54; 1.63] 147 [111,1.25]  34.8% [31.4%; 36.5%]  29.8% [25.6%: 31.3%]
Reliable Deterioration (OR)
- Post-Test 47 9418 4875 4543 054[035,0.73] 50 [0.16;1.75]  0.56 [0.00; 1.06] 0.68[059;0.79] 4% [3.6%; 4.7%] 6% [5.6%; 6.3%]
- Up to 6 months 39 8218 4152 4,066 067[047,091] 7143  [026;175]  0.44[0.00;0.82] 0.77[0.64;0.88]  4.6% [4.2%; 5.4%] 6% [5.6%; 6.4%]
- Up to 12 months 33 7,740 3903 3,837 060[0.43;0.79] 4762  [0.32;1.10]  0.26[0.00;0.69] 0.68[0.60; 0.77]  4.3% [3.8%; 4.9%] 6.4% [5.9%; 6.9%]
- Up to 24 months 15 3163 1,597 1,566 066[027;1.23] 250  [0.11;4.10] 0.7 [0.00; 155] 0.92[0.75;1.25]  6.1% [4.6%; 8.1%] 6.5% [5.7%; 7.7%]

Note. CGs = control groups; IGs = intervention groups; k=number of studies/effects; OR=o0dds ratio;
Pl=prediction interval; SMD=standardized mean difference.

SFor effects on depressive symptom severity, NNTs were estimated using the method by Furukawa and
Leucht (2011), with control group event rates (CERs) imputed from reliable improvement rates in the CGs;
*Calculated using regression standardization (G-computation). Marginal risk ratios and their credible in-
tervals may diverge in their interpretation from the conditional ORs measured by the treatment indicator
coefficient in the main one-stage IPD-MA model (see “effect size" column). *Defined as scoring PHQ-9
< 5. This analysis only included studies which employed the PHQ-9, or some other instrument which
could be converted into PHQ-9 scores using the common metric by Wahl et al.?*.

tant threshold that is still relevant from a patient perspective®”. Up to 6 months, the
probability of greater than minimally important effects was 75%; 71.3% up to one
year, and 28.9% up to two years.

Similar findings emerged for all other outcomes. From post-test up to twelve
months, we found positive effects on 50% symptom reduction, reliable improve-
ment, and achieving close to symptom-free status (RR=1.23-1.91). Interventions
also had a protective effect on reliable symptom deterioration, reducing the risk
between 23%-32%. No significant effects could be ascertained for any of these
outcomes up to 24 months. For all favorable outcomes, control group event rates
(CERs) increased considerably at later follow-ups. For example, while only 32.6%
of control group individuals achieved close to symptom-free status at post-test, this
number was 52.4% up to two-years. Table 1 details all one-stage IPD-MA results.
Results of sensitivity analyses closely mirrored the main results, and we found no
strong indications of publication bias (see supplement S9-513).

Heterogeneity of Treatment Effects

Figure 2 gives the distribution of patient-specific treatment benefits in each study,
as estimated by the targeted superlearner. At all assessment periods, we found
that predicted benefits varied considerably between patients. The pooled standard
deviation of treatment effects was SDsup=0.17 at post-test, 0.20 within 6 months,
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Figure 2. Estimated distribution of patient-specific treatment effects.

Post-Treatment Up to 6 months
Study SMD (95% Cl) Study SMD (95% Cl)
Reynolds, 2014 016 (-0.09; 0.40) Haringsma, 2006 033[-0.03; 0.68]
Dozeman, 2012 05 [-0.06; 0.35] Williams, 2000 0.30 [-0.02; 0.61]
Apil, 2014 014 [-0.28; 0.57) Le, 2011 018 [-013; 0.49]
89,2023 011(-019; 042)

Vazquez, 2012 —_—— 047[-0.25; 0.58]

Haringsma, 2006 0.05[-0.32; 0.41]

Williams, 2000 -0.03[-032 025] Krebber, 2016 0.3 -013; 027)
Pols, 2017 -0.04 [-0.30; 0.22] Pols, 2017 0.02(-0.22;027)
Cook, 2019 -0.08[-037;0.22] Reynolds, 2014 0.02[-0.22;027]
Krebber, 2016 -011(-023;0.02) B9, 2023 -0.02[032; 0.29]
Rovner, 2007 -011[-0.40; 0.18] Apil, 2014 -0.05[-0.43; 0.33]
Lara, 2010 13[-0.73; 048] pibernik, 2015 0.06 [-0.39; 0.26]
Barrett, 2001 -014 [-0.5%; 0.23] ibernik, y .
Imamura, 2014 -015[-0.33; 0.02] Rovner, 2007 -0.07[-036;022)
Zhang, 2014 -016 [-0.41; 010] Imamura, 2014 -011(-029; 0.07)
Van't Veer, 2009 -017 [-0.38; 0.04] Zhang, 2014 -011[-0.37; 0.14]
Pibernik, 2015 -017 [-0.45; 010] Almeida, 2020 -012[-0.35; 010]
Albert, 2019 -018[-0.44; 0.09) Wong, 2018 012 1-043: 018
Spek, 2007
Le, 201 023 [-049; 0.04] Albert, 2019 -014 [-0.44; 0.16]
Mossey, 1996 -0.25[-0.69; 0.18] Irwin, 2022 014 [-0.37; 0.08]
Wong, 2018 Dozeman, 2012 -017(-0.38; 0.03]
Klein, 2016 Klein, 2016 -0.23[-036; -010]
_ Pot, 2010 Buntrock, 2015
Gilbody, 2017 g Sander, 2020
Irwin, 2022 -0.35 [-0.53; -017] '
Sander, 2020 037 [-0.54; -019] Lara, 2010 -0.28 [-0.80; 0.24]
Sanabria-Mazo, 2023 — 0440 [1.06; 027 Oosterbaan, 2013 -039(-078; 0.00]
Van Bastelaar, 2011 -043[-0.74; -011) Batterham, 2017 -043[-0.65;-0.21]
Vazquez, 2012 S Barrett, 2001 -0.43[-0.81; -0.05]
Ebert, 2018 Cook, 2019 -0.44 [-0.74; -013]
Buntrock, 2015
. Yang, 2015 —
Batterham, 2017 i | -0.60 [-0.73; -0.47) S
Allart, 2007 — e ————— -0.62 [1.07; -018] Van Bastelaar, 2011
Hoorelbeke, 2017 -0.64 [-119; -0.09] Furukawa, 2012
Nobis, 2015 Ebert, 2018
Yang, 2015 Mossey, 1996
K?nnen. 2009 — ‘ Nobis, 2015 I— -0.67[-0.91; -0.43]
Vazquez, 2022 _,72__ Konnert, 2009 e —— -0.67[1.21;-013]
Vazquez, 2023 —
Vazquez, 2016 o Hoorelbeke, 2017 —_— 0.83[-1.26; -0.40]
Otero, 2014 — — | 120 [1.30; -0.89] Vazquez, 2016 e ——— -0.98[125;-0.70]
Vazquez, 2017 _/—/\——¥ -1.39 [-1.76; -1.02] 0tero, 2014 ——— e T — 112 [1.38; -0.87)
2 4 0 2 4 0
B(W,): Conditional Average Treatment Effect B(W,) : Conditional Average Treatment Effect

Up to 12 months Up to 24 months
Study SMD (95% Cl) Study SMD (95% C1)
Reynolds, 2014 015[-016; 0.46] Haringsma, 2006 029[-013;072)
Le, 20 Le, 2011 016 [-0.11; 0.44]
Basanovic, 2019 Reynolds, 2014 012[-0.07; 0.30]
Zhang, 2014 Zhang, 2014 -0.01[-0.31; 0.30]
Krebber, 2016 Oosterbaan, 2013 -0.05[-0.50; 0.40]
Pols, 2017 -0.03[-027; 0.21] Krebber, 2016 -0.05(-019; 0.09]
Oosterbaan, 2013 -0.08 [-0.50; 0.35] Albert, 2019 -0.07[-037,023]
Dozeman, 2012 -013[-0.37; 01) Cook, 2019 -011[-042; 0.20)
Pibernik, 2015 -014 [-0.42; 0.14] Allart, 2007 -018[-0:59; 022]
Klein, 2016 -015[-0.28; -0.02] Apil, 2014 -0.23[-0.79; 0.34]
Willemse, 2004 016 [-0.43; 072) Batterham, 2017 -0.56 [-0.97; -015]
Spek, 2007 J— -0.16 [-0.49; 018] Vazquez, 2016 119 [-1.45;-0.92]
Almeida, 2020 -017[-0.40; 0.06] 2 o
Van't Veer, 2009 -019 [-0.37; -0.00] B(W,): Conditional Average Treatment Effect
Pot, 2010 -019 [-0.45; 0.07]
89,2023 -019 [-0.55; 017]
Yang, 2015 -019 [-0.67; 0.28]
Albert, 2019 -021[-047; 0.06]
Irwin, 2022 -0.29 [-0.48; -010]
Gilbody, 2017
Wong, 2018
Mossey, 1996
Batterham, 2017
Allart, 2007
Buntrock, 2015
Sander, 2020
Apil, 2014 -0.57 [114; -0.01]
Vazquez, 2016 e T -0.83 [-1.09; -0.56]
Otero, 201 ———T T —— A3 5
Sanabria-Maz0,203 AN i | 24019

? ! B(Wy): Co:d itional Average Treatment Effect
Note. Densities show the distribution of conditional average treatment effects B(W,,) ("blips"), as esti-
mated using targeted superlearning. Values of B(W,,) can be interpreted as individualized versions of
the causal treatment effect, expressed as SMDs. Squares and whiskers below the densities indicate the
average treatment effect (ATE) in each study, and its 95% confidence interval.

0.24 within one year, and 0.23 up to two years. This variability itself differed con-
siderably between studies (7j,(sp,=0.887-1.170).
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Table 2. Results of participant-level moderator analyses.

Moderator k N 7 (95% Crl) #(95% Crl) P(ly|>0)
Depressive Symptom Severity 50 10,671  -0.09 [-0.14; -0.04] 0.08[0.01;0.15]  0.9998
Anxiety Symptom Severity 24 6229  -0.08[-0.14;-0.02]  0.05[0.00;0.11] 0.9957
Relationship, yes 39 8,677 -0.05 [-0.10; 0.00] 0.06 [0.00; 0.11]  0.9717
Previous Psychotherapy, yes 10 2,899 0.11[-0.04; 0.27] 0.07 [0.00; 0.25] 0.9313
Sex, male 44 10,588 -0.04[-0.09;0.02]  0.08[0.00;0.14] 0.9226
Education, higher 36 9,577 -0.02 [-0.07; 0.03] 0.06 [0.00; 0.13]  0.7920

Antidepressive Medication, yes 17 5372 0.03 [-0.05; 0.11] 0.08 [0.00; 0.19]  0.7679
Chronic Medical Condition, yes 13 4,677 0.02[-0.07; 0.12] 0.07 [0.00; 0.17]  0.6966

Ethnicity, non-white 19 5370  002[-0.08;0.13]  0.13[0.00;0.24] 0.6529
Employment, yes 30 7,786  0.01[-0.05006]  0.04[0.00;0.11] 05929
History of MDD, yes 17 3515  -0.01[-0.11;0.08]  0.08[0.00;0.20] 0.5904
Age, years 49 10,437 -0.00[-0.06;0.05]  0.08[0.00;0.15] 0.5633

Note. y=standardized pooled coefficient of the treatment-covariate interaction; k=number of studies
providing data; N=number of participants included in the analysis; P(|y| > 0)=posterior tail probability
of 4 being greater/less than zero.

At post-test, 8.3% of all patients were estimated to experience identical or worse
outcomes under treatment than under control (i.e., SMD < 0). This proportion rose
to 16.7% within 6 months, 22.2% within one year, and 39.8% up to two years (i)
=1.572 to 2.251). At metapsy.dev/prevdep-explorer, we present an interactive web
application which allows to explore the individualized treatment benefits we esti-
mated in this analysis. This application can also be used to calculate conditional
effect estimates for specific patients groups, treatment formats, and comparisons.

Effect Modifiers

Table 2 shows results for participant-level moderators. Only baseline depres-
sion and anxiety symptom severity emerged as credible effect modifiers (poste-
rior tail probabilities >99%). For both, higher initial symptom severity predicted

Figure 3. Symptom severity and predicted treatment effects conditional on PHQ-9
baseline scores.
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Note. treatment groups (K=10 basis functions). Models were fitted in the multiply imputed data and
predictions obtained using the “predict-then-combine"/pool-last approach. Analyses were restricted to
studies including assessments of the PHQ-9 at baseline, or instruments convertible to the PHQ-9 as per
the common metric by Wahl et al.?* (k=47, N=9,598). Signs of the predicted effect size were reversed,
so that SMDs with a positive sign indicate favorable effects of the treatment. A population-level SD of
10 was assumed to standardize the treatment effects, as implied by the common metric?4.
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larger effects (3=-0.09 to -0.08). Probabilities >90% were assigned to three ad-
ditional variables: relationship status (higher benefits when in a relationship; ¥
=-0.05, P=0.97), psychotherapy in the past (predicting lower benefits; 7=0.11,
P=0.93), and sex (higher benefits in males, #=-0.04, P=0.92). Tests of study-level
effect modifiers are given in S14. Among study-level variables, only target group
was found to be a significant moderator. Lower effects were found in general
adult, older adult, chronic pain, and pregnant women populations (SMD=-0.18 to
-0.41), as well as moderate effects in diabetes patients (SMD=-0.60), while the
highest benefits emerged in university students (SMD=-1.00) and informal care-
givers (SMD=-1.02). The subgroup-specific effect among studies with low RoB was
SMD=-0.53 (95%Crl: -0.71to —0.36).

Figure 3 shows the predicted symptom severity (left) and treatment effect (right)
conditional on baseline PHQ-9 values, as estimated by a non-linear interaction
model. This analysis largely corroborated the main moderator model, showing
that benefits rise with higher initial PHQ-9 values. Predicted treatment effects at
established PHQ-9 cut-offs?® were SMD=0.33 (PHQ-9=5; lower cut-off for sD),
SMD=0.45 (PHQ-9=10; moderate sD symptoms), SMD=0.51 (PHQ-9=15; moder-
ately severe symptoms), and SMD=-0.65 (PHQ-9=20; severe symptoms). Re-
sponse and deterioration rates conditional on baseline PHQ-9 values are presented
in supplement S15.

DiscussSION

To our knowledge, this is the first IPD-MA to synthesize the effect of psychological
intervention in sD across all major treatment formats and target groups. We find
that interventions yield significant benefits up to 12 months, which includes a pro-
tective effect on symptom deterioration. Baseline depression and anxiety severity
emerged as the most credible effect modifiers, indicating that effects are greatest
for individuals who already experience more severe symptoms.

Our pooled post-test effect (SMD=-0.48) slightly exceed estimates of previous
meta-analyses (SMD=-0.17 to -0.39)"2, It should be noted that our synthesis in-
cluded a considerably larger number of trials than these previous reviews (k=50 vs.
k=5-32), and that our IPD-MA approach allowed to include trials with mixed popu-
lations as well. Furthermore, our results up to six (SMD=-0.28) and twelve months
(SMD=-0.27) also indicate somewhat weaker benefits. Nevertheless, we can con-
clude that psychological intervention is an effective method to address sD at least
up to one year.

Intervention effects up to 24 months are less certain. We could not ascertain sig-
nificance for any outcome within this time frame, and we only found a 29% proba-
bility that effects on symptom severity were minimally important. We want to stress
here that clinically irrelevant effects on a patient level may still be important on a
population level. Looking at the control groups, for example, we find that 52 out
of 100 individuals achieve close to symptom-free status up to 24 months, even
without the treatment. Provision of the psychological interventions studied in this
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meta-analysis would lead to an additional 5 individuals being symptom-free after
two years.

Yet, given these very subtle effects (if existent at all), and the fact that an estimated
43% of individuals will not attain symptom-free status even when treated, long-
term monitoring of the symptom course seems indicated, even when individuals
with sD can be motivated to partake in a one-time psychological intervention. Fu-
ture research may also put a greater emphasis on long-term intervention strategies,
for example repeated booster sessions administered one year after the main treat-
ment, to determine if this helps to maintain effects over a longer period.

Individuals with sD, by definition, do not (yet) suffer from a diagnosable MDD. Some
individuals may also display only very mild symptoms, which do not necessarily
transition into more severe symptoms, and can be transient®2°. This increases the
importance to identify those for whom a psychological intervention is particularly
helpful. Such benefits must also be viewed in the context of available health care
resources, given that sD is even more prevalent than MDD*° as well as potential
risks of intervening, which includes the medicalization of individuals without a di-
agnosable mental disorder®’.

Therefore, a major strength of this IPD-MA is that we explored effect heterogene-
ity on a participant level. Targeted superlearning indicated treatment effects that
are highly variable, including a substantial proportion of participants with no pre-
dicted benefits. Within two years, almost 40% of our sample were estimated to
fare no better under treatment than under control. This underlines the relevance
of our moderator analysis, in which initial symptom severity emerged as the most
robust predictor. Thus, in clinical practice, symptom severity may be the most rel-
evant yardstick by which the benefits of intervening in individuals with sD can be
determined. We found the largest treatment effect estimates in individuals with at
least moderate symptoms (SMD=-0.45 to -0.65; PHQ-9210). For such individuals,
psychological intervention seems strongly indicated.

Minimally relevant benefits were predicted even for individuals with very mild
symptoms (i.e., PHQ-9 scores of 5). However, effects at this symptom level cor-
respond with an NNT of 11, meaning that almost a dozen individuals need to be
treated to see one additional case of improvement. One could argue that reliable
improvement is less relevant among individuals with mild symptoms, and that the
prevention of symptom deterioration is more important. Yet, we found that only few
individuals with low PHQ-9 scores reliably deteriorate (supplement S15), suggest-
ing the NNT for this outcome would be even higher.

For individuals with very mild symptoms, interventions in this IPD-MA would there-
fore need to be widely disseminated to have a meaningful impact at the population
level. This may be challenging, given that most of the investigated treatments were
face-to-face therapies with limited scalability. Digital interventions may be a more
suitable option, and can be most easily disseminated as pure self-help, although
often at the cost of lower effectiveness4243. A more time-honored approach for mild
symptoms could be watchful waiting, whereby professionals monitor individuals’
symptoms over a longer period*#, and to intervene only when symptoms persist or
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worsen. Some of the stepped-care interventions included in this IPD-MA already
implemented comparable methods.

Lastly, we also want to point at some other variables for which we found tentative
evidence of effect modification (>90% probability), including relationship status,
treatment history, and sex. Such characteristics could be used as further stratifi-
cation variables, but this would probably warrant further investigation in the con-
text under study. No signs of effect modification were found for other relevant in-
dicators, such as age, ethnicity, medical comorbidities, antidepressant use, or past
MDD episodes. If true, this would underline the broad applicability of psychological
interventions across various sD populations.

Our study has several limitations. First, we could not obtain IPD from all eligible trials
(29 out of 79 studies). However, our analysis including both IPD and aggregate-
data trials largely corroborated our main analysis. Second, individualized effect es-
timates of our superlearning approach should be interpreted with caution, since
they depend on counterfactual information that cannot be directly observed; and
because results may strongly hinge on the covariate information available in each
study. Not all putative moderators defined in our initial protocol could be consid-
ered due to their absence in the provided IPD. This includes variables such as trau-
matic events, childhood adversity, self-esteem, or diet. In our moderator analysis,
we also only examined variables one-by-one, instead of developing a more com-
plex multivariable prediction model*®. However, such approaches also come with
a greater risk of detecting spurious relationships®®, and can be difficult to interpret
from a clinical perspective. Furthermore, 26% of the included studies focused on
older adults, and the mean age of our sample was therefore rather high (M=52.8).
This may restrict the generalizability of our findings to other populations. A more
severe limitation is that only four trials (8%) were conducted in low- and middle-
income countries (LMICs; China and Mexico). More studies are needed to examine
if psychological interventions for sD are equally effective in LMICs, which is where
80% of all people with mental disorders live*”.

CONCLUSIONS

Our findings support the routine provision of psychological interventions in individ-
uals with sD, especially those who already experience moderate depressive symp-
toms. Minimally important benefits may even emerge among individuals with very
mild symptoms but should be weighed against available healthcare resources, and
potential risks of intervening. More research is also needed to examine how treat-
ment benefits can be sustained over several years.

|
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