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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-9≥10). 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 (SDSMD=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-9≥10), 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 population¹. They are as-
sociated with numerous negative outcomes for the individual and society, including
an increased risk of suicide², and with major depressive disorder (MDD) alone ac-
counting for 7.5% of all years lived with disability³.

Psychotherapy, pharmacotherapy, or a combination of both are common first-line
treatments for MDD4,5, 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-
tions⁶.

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
population⁷. They are associated with elevated mortality⁸, increased healthcare uti-
lization⁹, substantial economic costs¹⁰, and adverse effects on quality of life com-
parable to MDD¹¹. Individuals with sD are also three times as likely to develop MDD
than healthy controls⁷. 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 benefits12–16, and that they can reduce the incidence
of MDD by 19-43%17,18. 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 trials¹⁵, and trials examining MDD incidence¹⁸. 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 level¹⁹. This may be particularly attractive
for psychological interventions in sD, where findings on effect modification remain
inconclusive17,20. 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 non-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.

Metʜods
Registration & Protocol
This study has been registered with PROSPERO (CRD42017058585), with further
methodological information provided in a published protocol²¹. 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 statement²².

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 MDD12–17,25,26 and 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 depression²¹ (see supplement S3).

Depressive symptom severity measures were transformed into a “common met-
ric” to facilitate joint analyses²⁴ (see supplement S4). Then, harmonized IPD were
merged into a single data set following a standardized protocol²⁷. 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 tool²⁸
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<5²³), as well as (3) reliable improvement
and (4) reliable deterioration in depressive symptoms²⁹.

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.

as confirmed by diagnostic interviews. These preventive outcomes were already
examined in a previous study¹⁸.

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 estimand³⁰). 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 (CrI) 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” therapies³¹ 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 superlearning⁴⁹. 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 samples49,50. Targeted superlearning was used to estimate
patient-specific treatment benefits 𝐵(𝑊𝑘) while integrating all available covariate
information 𝑊𝑘 in a study. The resulting distribution of 𝐵(𝑊𝑘) 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)⁵⁰. 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
model35,36 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%CrI: −0.63 to −0.33; k=47), within six months
(SMD=-0.28, 95%CrI: −0.40 to −0.16; k=39), and within one year (SMD=-0.27,
95%CrI: −0.37 to −0.16; k=33). No significant effect emerged among studies
recording outcomes up to two years (SMD=-0.18, 95%CrI: −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.

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

§For 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.²⁴.

tant threshold that is still relevant from a patient perspective³⁷. 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-S13).

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 SDSMD=0.17 at post-test, 0.20 within 6 months,
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Figure 2. Estimated distribution of patient-specific treatment effects.

Note. Densities show the distribution of conditional average treatment effects 𝐵(𝑊𝑘) (“blips”), as esti-
mated using targeted superlearning. Values of 𝐵(𝑊𝑘) 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 (𝜏log(SD)=0.887-1.170).
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Table 2. Results of participant-level moderator analyses.

Note. ̂𝛾=standardized pooled coefficient of the treatment-covariate interaction; k=number of studies
providing data; N=number of participants included in the analysis; 𝑃(|𝛾| > 0)=posterior tail probability
of ̂𝛾 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 (𝜏logit(𝑝)
=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.

Figure 3. Symptom severity and predicted treatment effects conditional on PHQ-9
baseline scores.

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.²⁴ (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 metric²⁴.

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
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larger effects ( ̂𝛾=-0.09 to −0.08). Probabilities >90% were assigned to three ad-
ditional variables: relationship status (higher benefits when in a relationship; ̂𝛾
=-0.05, P=0.97), psychotherapy in the past (predicting lower benefits; ̂𝛾=0.11,
P=0.93), and sex (higher benefits in males, ̂𝛾=-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%CrI: −0.71 to −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-offs²³ 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.

Discussion
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)12–16. 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 transient38,39. 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 MDD⁴⁰ as well as potential
risks of intervening, which includes the medicalization of individuals without a di-
agnosable mental disorder⁴¹.

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-9≥10). 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 effectiveness42,43. A more time-honored approach for mild
symptoms could be watchful waiting, whereby professionals monitor individuals’
symptoms over a longer period⁴⁴, and to intervene only when symptoms persist or

Article 6 11 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

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 model⁴⁵. However, such approaches also come with
a greater risk of detecting spurious relationships⁴⁶, 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 live⁴⁷.

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.

□

Article 6 12 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

Autʜor Affilitions
¹Mathias Harrer: Section for Evidence-Based Medicine in Psychiatry and Psychotherapy, Department of
Psychiatry and Psychotherapy, School of Medicine and Health, Technical University of Munich, Munich,
Germany and Department of Clinical, Neuro- and Developmental Psychology, Vrije Universiteit Ams-
terdam, Amsterdam, The Netherlands; ²Antonia A. Sprenger: Institute of Social Medicine and Health
Systems Research, Medical Faculty, Otto-von-Guericke-University Magdeburg, Magdeburg, Germany;
³Susan Illing: Section for Evidence-Based Medicine in Psychiatry and Psychotherapy, Department of
Psychiatry and Psychotherapy, School of Medicine and Health, Technical University of Munich, Mu-
nich, Germany; ⁴Marcel C. Adriaanse: Department of Health Sciences and Amsterdam Public Health
Research Institute, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands; ⁵Steven M. Albert: De-
partment of Behavioral and Community Health Sciences, Graduate School of Public Health, Univer-
sity of Pittsburgh, PA, USA; ⁶Esther Allart: Allart Supervisie, Nijmegen, the Netherlands; ⁷Osvaldo P.
Almeida: Medical School, University of Western Australia, WA, Australia and Institute for Health Re-
search, University of Notre Dame Australia, Fremantle, Australia; ⁸Julian Basanovic: Department of
Psychology, University of Exeter, Exeter, United Kingdom and School of Psychological Science, Univer-
sity of Western Australia, Australia; ⁹Kim M. P. van Bastelaar: Amsterdam University Medical Centre,
Amsterdam, Netherlands; ¹⁰Philip J. Batterham: Centre for Mental Health Research, College of Health
and Medicine, the Australian National University, Canberra, Australia; ¹¹Harald Baumeister: Department
of Clinical Psychology and Psychotherapy, Ulm University, Ulm, Germany; ¹²Vanessa Blanco Seoane:
Department of Evolutionary and Educational Psychology, University of Santiago de Compostela, Santi-
ago de Compostela, Spain; ¹³Ragnhild Bø: Department of Psychology, University of Oslo, Oslo, Norway;
¹⁴Robin J. Casten: Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia, PA,
USA; ¹⁵Dicken Chan: School of Public Health and Primary Care, The Chinese University of Hong Kong,
Hong Kong, China; ¹⁶Helen Christensen: Black Dog Institute, Sydney, Australia and School of Psychia-
try, Faculty of Medicine, University of New South Wales, Sydney, NSW, Australia; ¹⁷Marketa Ciharova:
Department of Clinical, Neuro- and Developmental Psychology, WHO Collaborating Center for Research
and Dissemination of Psychological Interventions, Amsterdam Public Health Institute, Vrije Universiteit
Amsterdam, Amsterdam, The Netherlands; ¹⁸Lorna Cook: SMART Lab, Mood Disorders Centre, Depart-
ment of Psychology, University of Exeter, Exeter, United Kingdom; ¹⁹John Cornell: UT School of Pub-
lic Health, University of Texas at San Antonio, San Antonio, TX, USA; ²⁰Elysia P. Davis: Department
of Psychology, University of Denver, Denver, CO, USA; ²¹Keith S. Dobson: Department of Psychology,
University of Calgary, Calgary, Alberta, Canada; ²²Elsien Dozeman: GGZ inGeest, Specialized Mental
Health Care, Amsterdam, The Netherlands; ²³Simon Gilbody: York Mental Health & Addictions Research
Group (MHARG), University of York, York, UK; ²⁴Benjamin L. Hankin: Department of Psychology, Uni-
versity of Illinois Urbana-Champaign, Champaign, IL, USA; ²⁵Rimke Haringsma: Division of Clinical and
Health Psychology, Faculty of Social and Behavioral Sciences, Leiden University, Leiden, The Nether-
lands; ²⁶Kristof Hoorelbeke: Department of Experimental Clinical and Health Psychology, Universiteit
Gent, Ghent, Belgium; ²⁷Michael R. Irwin: Cousins Center for Psychoneuroimmunology, Jane and Terry
Semel Institute for Neuroscience and Human Behavior, David Geffen School of Medicine, University of
California, Los Angeles, CA, USA and Department of Psychiatry and Biobehavioral Sciences, David Gef-
fen School of Medicine, University of California, Los Angeles, CA, USA; ²⁸Femke Jansen: Department
Otolaryngology-Head and Neck Surgery, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam,
The Netherlands; ²⁹Rune Jonassen: Faculty of Health Sciences, Oslo Metropolitan University, Norway;
³⁰Eirini Karyotaki: Department of Clinical, Neuro- and Developmental Psychology, WHO Collaborating
Center for Research and Dissemination of Psychological Interventions, Amsterdam Public Health Insti-
tute, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; ³¹Norito Kawakami: Department of
Digital Mental Health, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan; ³²J. Philipp
Klein: Department of Psychiatry, Psychosomatics and Psychotherapy, University of Lübeck, Lübeck,
Germany and Center for Brain, Behavior and Metabolism, University of Lübeck, Lübeck, Germany; ³³-
Candace Konnert: Department of Psychology, University of Calgary, Calgary, Alberta, Canada; ³⁴Ko-
taro Imamura: Department of Digital Mental Health, Graduate School of Medicine, The University of
Tokyo, Tokyo, Japan; ³⁵Nils Inge Landrø: Department of Psychology, University of Oslo, Oslo, Norway;
³⁶María Asunción Lara: Dirección de Investigaciones Epidemiológicas y Psicosociales, Instituto Na-
cional de Psiquiatría Ramón de la Fuente Muñiz, Ciudad de México, México; ³⁷Huynh-Nhu (Mimi) Le:
Department of Psychological and Brain Sciences, George Washington University, Washington, DC, USA;
³⁸Dirk Lehr: Department of Health Psychology and Applied Biological Psychology, Institute of Psychol-
ogy, Leuphana University Lueneburg, Lueneburg, Germany; ³⁹Juan V. Luciano: Department of Clinical
and Health Psychology, Universitat Autònoma de Barcelona, Barcelona, Spain; Parc Sanitari Sant Joan

Article 6 13 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

de Déu, St. Boi de Llobregat, Spain and CIBER of Epidemiology and Public Health (CIBERESP), Madrid,
Spain; ⁴⁰Steffen Moritz: Department of Psychiatry and Psychotherapy, University Medical Center Ham-
burg-Eppendorf, Hamburg, Germany; ⁴¹Jana M. Mossey: Department of Epidemiology and Biostatistics,
Drexel University, Philadelphia, PA, USA; ⁴²Ricardo F. Muñoz: Department of Psychology, Palo Alto Uni-
versity, Palo Alto, CA, USA and Department of Psychiatry and Behavioral Sciences, University of Califor-
nia, San Francisco, CA, USA; ⁴³Anna Muntingh: Department for Anxiety and Depression, GGZ inGeest
Mental Health Care, Amsterdam, The Netherlands and Department of Psychiatry, Amsterdam UMC lo-
cation Vrije Universiteit Amsterdam, Amsterdam, The Netherlands and Mental Health Program, Amster-
dam Public Health, Amsterdam, The Netherlands; ⁴⁴Stephanie Nobis: Klinikum Osnabrück, Osnabrück,
Germany; ⁴⁵Richard Olmstead: Cousins Center for Psychoneuroimmunology, Jane and Terry Semel In-
stitute for Neuroscience and Human Behavior, David Geffen School of Medicine, University of California,
Los Angeles, CA, USA and Department of Psychiatry and Biobehavioral Sciences, David Geffen School
of Medicine, University of California, Los Angeles, CA, USA; ⁴⁶Patricia Otero: Department of Psychol-
ogy, University of A Coruña, A Coruña, Spain; ⁴⁷Mirjana Pibernik-Okanović: Vuk Vrhovac University
Clinic for Diabetes, Merkur University Hospital, Zajčeva 19, 10000 Zagreb, Croatia; ⁴⁸Anne Margriet
Pot: Erasmus School of Health Policy and Management, Erasmus University of Rotterdam; ⁴⁹Charles F.
Reynolds III: Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA;
⁵⁰Barry W. Rovner: Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia, PA,
USA; ⁵¹Juan P. Sanabria-Mazo: Parc Sanitari Sant Joan de Déu, St. Boi de Llobregat, Spain and CIBER
of Epidemiology and Public Health (CIBERESP), Madrid, Spain; ⁵²Lasse B. Sander: Medical Psychology
and Medical Sociology, Faculty of Medicine, University of Freiburg, Freiburg, Germany; ⁵³Viola Spek:
Fontys University of Applied Sciences, Eindhoven, the Netherlands; ⁵⁴Philip Spinhoven: Department
of Clinical Psychology, Institute of Psychology, Leiden University, the Netherlands; ⁵⁵Liza Stelmach:
Carewest, Calgary, Alberta, Canada; ⁵⁶Yannik Terhorst: Department of Psychology, Ludwig Maximil-
ian University of Munich, Munich, Germany and German Center for Mental Health (DZPG), Partner-
Site Munich-Augsburg, Munich, Germany; ⁵⁷Fernando L. Vazquez: Department of Clinical Psychology
and Psychobiology, University of Santiago de Compostela, Santiago de Compostela, Spain; ⁵⁸Irma Ver-
donck-de Leeuw: Department of Clinical, Neuro and Developmental Psychology, Vrije Universiteit Am-
sterdam, Amsterdam, The Netherlands and Department Otolaryngology-Head and Neck Surgery, Am-
sterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; ⁵⁹Ed Watkins: SMART Lab,
Mood Disorders Centre, School of Psychology, University of Exeter, Exeter, United Kingdom; ⁶⁰Wenhui
Yang: Hunan Normal University, Changsha, China; ⁶¹Samuel Yeung Shan Wong: Jockey Club School
of Public Health and Primary Care, Faculty of Medicine and The Chinese University of Hong Kong,
Hong Kong, China; ⁶²Masatsugu Sakata: Department of Neurodevelopmental Disorders, Nagoya City
University Graduate School of Medical Sciences, Nagoya, Japan and Department of Health Promotion
and Human Behavior, Kyoto University Graduate School of Medicine/School of Public Health, Kyoto,
Japan; ⁶³Toshi A. Furukawa: Department of Health Promotion and Human Behavior, Kyoto University
Graduate School of Medicine/School of Public Health, Kyoto, Japan; ⁶⁴Stefan Leucht: Section for Evi-
dence-Based Medicine in Psychiatry and Psychotherapy, Department of Psychiatry and Psychotherapy,
School of Medicine and Health, Technical University of Munich, Munich, Germany; ⁶⁵Pim Cuijpers: De-
partment of Clinical, Neuro- and Developmental Psychology, WHO Collaborating Center for Research
and Dissemination of Psychological Interventions, Amsterdam Public Health Institute, Vrije Universiteit
Amsterdam, Amsterdam, The Netherlands; ⁶⁶Claudia Buntrock: Institute of Social Medicine and Health
Systems Research, Medical Faculty, Otto-von-Guericke-University Magdeburg, Magdeburg, Germany;
⁶⁷David Daniel Ebert: Psychology and Digital Mental Health Care, School of Medicine and Health, Tech-
nical University of Munich, Munich, Germany.

Article 6 14 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

References
1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204 coun-

tries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet Psy-
chiatry. 2022;9(2):137-150.

2. Chesney E, Goodwin GM, Fazel S. Risks of all-cause and suicide mortality in mental disorders: a meta-review. World
Psychiatry. 2014;13(2):153-160. doi:10.1002/wps.20128

3. Vos T, Abajobir AA, Abate KH, et al. Global, regional, and national incidence, prevalence, and years lived with disabil-
ity for 328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis for the Global Burden of Disease
Study 2016. The Lancet. 2017;390(10100):1211-1259.

4. Association AP. Clinical practice guideline for the treatment of depression across three age cohorts. Published on-
line 2019.

5. Gabriel FC, Melo DO de, Fráguas R, Leite-Santos NC, Silva RAM da, Ribeiro E. Pharmacological treatment of depres-
sion: A systematic review comparing clinical practice guideline recommendations. PLOS ONE. 2020;15(4):e0231700.
doi:10.1371/journal.pone.0231700

6. Andrews G, Issakidis C, Sanderson K, Corry J, Lapsley H. Utilising survey data to inform public policy: Comparison of
the cost-effectiveness of treatment of ten mental disorders. British Journal of Psychiatry. 2004;184(JUNE):526-533.
doi:10.1192/bjp.184.6.526

7. Zhang R, Peng X, Song X, et al. The prevalence and risk of developing major depression among individuals with
subthreshold depression in the general population. Psychological Medicine. 2023;53(8):3611-3620.

8. Cuijpers P, Vogelzangs N, Twisk J, Kleiboer A, Li J, Penninx BW. Differential mortality rates in major and subthreshold
depression: meta-analysis of studies that measured both. The British Journal of Psychiatry. 2013;202(1):22-27. doi:
10.1192/bjp.bp.112.112169

9. Goldney RD, Fisher LJ, Dal Grande E, Taylor AW. Subsyndromal depression: prevalence,use of health services
and quality of life in an Australianpopulation. Soc Psychiatry Psychiatr Epidemiol. 2004;39(4):293-298. doi:10.1007/
s00127-004-0745-5

10. Cuijpers P, Smit F, Oostenbrink J, De Graaf R, Ten Have M, Beekman A. Economic costs of minor depression: a pop-
ulation-based study. Acta Psychiatrica Scandinavica. 2007;115(3):229-236. doi:10.1111/j.1600-0447.2006.00851.x

11. Volz HP, Stirnweiß J, Kasper S, Möller HJ, Seifritz E. Subthreshold depression - concept, operational-
isation and epidemiological data. A scoping review. Int J Psychiatry Clin Pract. 2023;27(1):92-106. doi:
10.1080/13651501.2022.2087530

12. Cuijpers P, Koole SL, Dijke A van, Roca M, Li J, Reynolds CF. Psychotherapy for subclinical depression: meta-analy-
sis. The British Journal of Psychiatry. 2014;205(4):268-274. doi:10.1192/bjp.bp.113.138784

13. Edge D, Watkins ER, Limmond J, Mugadza J. The efficacy of self-guided internet and mobile-based interventions
for preventing anxiety and depression–A systematic review and meta-analysis. Behaviour Research and Therapy.
Published online 2023:104292.

14. Huang K, You S, Yue X, et al. Effects of non-pharmacological interventions on depressive symptoms and risk of major
depressive disorder in adults with subthreshold depression: A systematic review and meta-analysis. Psychiatry Res.
2023;326:115333. doi:10.1016/j.psychres.2023.115333

15. Reins JA, Buntrock C, Zimmermann J, et al. Efficacy and moderators of internet-based interventions in adults with
subthreshold depression: an individual participant data meta-analysis of randomized controlled trials. Psychotherapy
and Psychosomatics. 2021;90(2):94-106.

16. Rigabert A, Motrico E, Moreno-Peral P, et al. Effectiveness of online psychological and psychoeducational interven-
tions to prevent depression: Systematic review and meta-analysis of randomized controlled trials. Clinical Psychol-
ogy Review. 2020;82:101931.

17. Cuijpers P, Pineda BS, Quero S, et al. Psychological interventions to prevent the onset of depressive disorders: A
meta-analysis of randomized controlled trials. Clinical Psychology Review. 2021;83:101955.

18. Buntrock C, Harrer M, Sprenger AA, et al. Psychological Interventions to Prevent the Onset of Major Depression: A
Systematic Review Andn Individual Participant Data Meta-Analysis. Lancet Psychiatry. 2024;in press.

Article 6 15 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

19. Riley RD, Fisher DJ. Using IPD Meta-Analysis to Examine Interactions between Treatment Effect and Partici-
pant-level Covariates. In: Individual Participant Data Meta-Analysis. John Wiley & Sons, Ltd; 2021:163-198. doi:
10.1002/9781119333784.ch7

20. Conejo-Cerón S, Bellón JÁ, Motrico E, et al. Moderators of psychological and psychoeducational interventions for
the prevention of depression: A systematic review. Clinical Psychology Review. 2020;79:101859. doi:10.1016/j.cpr.
2020.101859

21. Ebert DD, Buntrock C, Reins JA, Zimmermann J, Cuijpers P. Efficacy and moderators of psychological interventions
in treating subclinical symptoms of depression and preventing major depressive disorder onsets: protocol for an
individual patient data meta-analysis of randomised controlled trials. BMJ open. 2018;8(3):e018582.

22. Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for a Systematic Review and Meta-analysis of Indi-
vidual Participant Data: The PRISMA-IPD Statement. JAMA. 2015;313(16):1657-1665. doi:10.1001/jama.2015.3656

23. Kroenke K, Spitzer RL, Williams JB. The PHQ‐9: validity of a brief depression severity measure. Journal of general
internal medicine. 2001;16(9):606-613.

24. Wahl I, Löwe B, Bjorner JB, et al. Standardization of depression measurement: a common metric was developed for
11 self-report depression measures. J Clin Epidemiol. 2014;67(1):73-86. doi:10.1016/j.jclinepi.2013.04.019

25. Alonso J, Liu Z, Evans‐Lacko S, et al. Treatment gap for anxiety disorders is global: Results of the World Mental Health
Surveys in 21 countries. Depression and anxiety. 2018;35(3):195-208.

26. Hao X, Jia Y, Chen J, Zou C, Jiang C. Subthreshold Depression: A Systematic Review and Network Meta-Analysis
of Non-Pharmacological Interventions. Neuropsychiatric Disease and Treatment. 2023;19:2149-2169. doi:10.2147/
NDT.S425509

27. Cuijpers P, Miguel C, Harrer M, et al. Psychological treatment of depression: A systematic overview of a ‘Meta-Ana-
lytic Research Domain.’ Journal of Affective Disorders. Published online 2023.

28. Sterne JA, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. bmj. 2019;366.

29. Jacobson NS, Truax P. Clinical significance : A statistical approach to defining meaningful change in psychother-
apy research. In: Methodological Issues & Strategies in Clinical Research. American Psychological Association;
1992:631-648. doi:10.1037/10109-042

30. Clark TP, Kahan BC, Phillips A, White I, Carpenter JR. Estimands: bringing clarity and focus to research questions in
clinical trials. BMJ open. 2022;12(1):e052953.

31. Cristea IA, Vecchi T, Cuijpers P. Top-down and bottom-up pathways to developing psychological interventions. JAMA
psychiatry. 2021;78(6):593-594.

32. Rücker G, Schwarzer G, Carpenter JR, Binder H, Schumacher M. Treatment-effect estimates adjusted for small-study
effects via a limit meta-analysis. Biostatistics. 2011;12(1):122-142.

33. McShane BB, Böckenholt U, Hansen KT. Adjusting for publication bias in meta-analysis: An evaluation of selection
methods and some cautionary notes. Perspectives on Psychological Science. 2016;11(5):730-749.

34. Duval S, Tweedie R. A nonparametric “trim and fill” method of accounting for publication bias in meta-analysis. Jour-
nal of the american statistical association. 2000;95(449):89-98.

35. Cho S, Preacher KJ, Yaremych HE, Naveiras M, Fuchs D, Fuchs LS. Modelling multilevel nonlinear treatment‐by‐co-
variate interactions in cluster randomized controlled trials using a generalized additive mixed model. Brit J Math &
Statis. 2022;75(3):493-521. doi:10.1111/bmsp.12265

36. Wood SN. Just Another Gibbs Additive Modeler: Interfacing JAGS and mgcv. Journal of Statistical Software.
2016;75:1-15. doi:10.18637/jss.v075.i07

37. Cuijpers P, Turner EH, Koole SL, van Dijke A, Smit F. What Is the Threshold for a Clinically Relevant Effect? The Case
of Major Depressive Disorders. Depression and Anxiety. 2014;31(5):374-378. doi:10.1002/da.22249

38. Hermens MLM, van Hout HPJ, Terluin B, et al. The prognosis of minor depression in the general population: a sys-
tematic review. General Hospital Psychiatry. 2004;26(6):453-462. doi:10.1016/j.genhosppsych.2004.08.006

39. Musliner KL, Munk-Olsen T, Eaton WW, Zandi PP. Heterogeneity in long-term trajectories of depressive symptoms:
Patterns, predictors and outcomes. Journal of Affective Disorders. 2016;192:199-211. doi:10.1016/j.jad.2015.12.030

40. Cuijpers P, de Graaf R, van Dorsselaer S. Minor depression: risk profiles, functional disability, health care
use and risk of developing major depression. Journal of Affective Disorders. 2004;79(1):71-79. doi:10.1016/
S0165-0327(02)00348-8

Article 6 16 of 17



Psychological Intervention in Subthreshold Depression  | Harrer et al., 2024

41. Foulkes L, Andrews JL. Are mental health awareness efforts contributing to the rise in reported mental health prob-
lems? A call to test the prevalence inflation hypothesis. New Ideas in Psychology. 2023;69:101010.

42. Moshe I, Terhorst Y, Philippi P, et al. Digital interventions for the treatment of depression: A meta-analytic review.
Psychological Bulletin. 2021;147(8):749.

43. Terhorst Y, Kaiser T, Brakemeier EL, et al. Heterogeneity of Treatment Effects in Internet- and Mobile-Based Inter-
ventions for Depression: A Systematic Review and Meta-Analysis. JAMA Network Open. 2024;7(7):e2423241. doi:
10.1001/jamanetworkopen.2024.23241

44. Cuijpers P. The Challenges of Improving Treatments for Depression. JAMA. 2018;320(24):2529-2530. doi:10.1001/
jama.2018.17824

45. Efthimiou O, Seo M, Chalkou K, Debray T, Egger M, Salanti G. Developing clinical prediction models: a step-by-step
guide. BMJ. 2024;386:e078276. doi:10.1136/bmj-2023-078276

46. Steyerberg EW. Overfitting and Optimism in Prediction Models. In: Steyerberg EW, ed. Clinical Prediction Models: A
Practical Approach to Development, Validation, and Updating. Statistics for Biology and Health. Springer International
Publishing; 2019:95-112. doi:10.1007/978-3-030-16399-0_5

47. Rathod S, Pinninti N, Irfan M, et al. Mental health service provision in low-and middle-income countries. Health ser-
vices insights. 2017;10:1178632917694350.

48. Furukawa TA, Leucht S. How to obtain NNT from Cohen’s d: comparison of two methods. PloS one. 2011;6(4):e19070.

49. Polley, E. C., Rose, S., & van der Laan, M. J. (2011). Super Learning. In M. J. van der Laan & S. Rose (Eds.), Targeted
Learning: Causal Inference for Observational and Experimental Data (pp. 43–66). Springer. https://doi.org/10.1007/
978-1-4419-9782- 1_3

50. Montoya, L. M., van der Laan, M. J., Luedtke, A. R., Skeem, J. L., Coyle, J. R., & Pe- tersen, M. L. (2022). The optimal
dynamic treatment rule superlearner: Considera- tions, performance, and application to criminal justice interventions.
The International Journal of Biostatistics.

Article 6 17 of 17

https://doi.org/10.1007/978-1-4419-9782-
https://doi.org/10.1007/978-1-4419-9782-

	Introduction
	Methods
	Registration & Protocol
	Eligibility Criteria
	Study Identification
	Data Collection & Harmonization
	Risk of Bias
	Outcomes
	Statistical Analyses

	Results
	Study Characteristics
	Treatment Effects
	Heterogeneity of Treatment Effects
	Effect Modifiers

	Discussion
	Conclusions
	Author Affilitions
	References

