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Objective: Although many factors predict adolescent depression, risks that operate as necessary conditions (ie, absence of the factor conveys absence of
the outcome) have been largely unexplored. This study aimed to evaluate which psychosocial risk factors might serve as necessary conditions for future
onset of depression across adolescence.

Method: At baseline, cognitive and personality risks, symptom severity, stressful events, and past depression history were assessed among 382 ad-
olescents (225 girls; mean age ¼ 12.6), who were then followed over 2 years with repeated diagnostic interviews to ascertain depression onset. An
innovative statistical approach in mental health research, necessary condition analysis, was applied.

Results: Baseline rumination (d¼ 0.50), stressful events (d¼ 0.37), depressive symptoms (d¼ 0.23), and self-criticism (d¼ 0.35) all emerged as significant
necessary conditions for adolescents to be diagnosed with a depressive disorder over the subsequent 24 months. Overall, 13.5% of the sample did not show all
the necessary conditions (ie, they lacked 1 or more conditions) and were therefore virtually immune from experiencing 1 or more major depressive episodes over
the follow-up, and 65.5% did not meet all those conditions for experiencing 3 or more major depressive episodes (ie, recurrent depression).

Conclusion: These findings can inform future theory building and testing as well as clinical applications via screening of necessary risk to future
pediatric depression so that youth who may most benefit from effective interventions can be identified.

Plain language summary: This longitudinal study explored which factors are necessary (but not sufficient) for adolescents to develop depression.
Authors analyzed data from 382 adolescents over two years and found rumination, stressful events, depressive symptoms, and self-criticism to be
necessary for depression to occur. Only 13.5% of participants did not report all of these “necessary” factors and were nearly immune to developing one
or more major depressive episodes (MDEs) over the follow-up. Conversely, 86.5% of the participants possessed all the necessary conditions for
developing a major depressive disorder with 13.2% of these participants experiencing 1 or more MDEs over the 2-year follow-up.

Study preregistration information: The Necessary Conditions for Depressive Symptoms and Major Depression in Adolescence; https://osf.io/b5ced.

Diversity & Inclusion Statement: We worked to ensure race, ethnic, and/or other types of diversity in the recruitment of human participants. We
worked to ensure sex and gender balance in the recruitment of human participants. One or more of the authors of this paper self-identifies as a member
of one or more historically underrepresented sexual and/or gender groups in science.
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verwhelming data highlight the high burden;
morbidity; and economic, societal, and personal
costs of major depressive disorder.1 Adolescence
represents a developmental period of elevated susceptibility
to depression, especially first episodes that enhance the
likelihood for depression recurrences later in life. Rates of
depression surge considerably from mid-adolescence (age
15) to early adulthood (age 18), and recent epidemiological
evidence shows that the prevalence of depression has
increased over the last 20 years.2 The rising prevalence of
depression in youth, alongside the high morbidity and
burden, led the US Surgeon General Vivek Murthy to
consider this “the defining public health crisis of our time”3

and prompted health and policy advocates to recommend
screening for depression during adolescence.
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Decades of research have identified dozens of factors
that are concurrently and prospectively related to predict
depression in youth.4 However, the abundance of repli-
cable, robust risk factors has not yet provided useful,
actionable, translational information.4 We suggest that
evaluating the status of these multitudinous risk factors as
necessary conditions for predicting future depression can
help to address this problem and may advance psychopa-
thology science via more precise, and falsifiable, theory-
building efforts.5,6 In this article, we highlight a novel
approach via the application of necessary condition analysis
(NCA),7 which can be used to evaluate the status of
empirically supported risks as necessary conditions.

How is a necessary condition for depressive risk
defined? In their influential work, Abramson et al. defined a
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necessary condition as “an etiological factor that must be
present or have occurred in order for the symptoms to
occur. The symptoms cannot occur if the etiological factor
is absent.”8(p359) Essentially, the authors described a deter-
ministic necessary cause, indicating that if the necessary
condition is not satisfied, the outcome will never happen (ie,
if not X, then always not Y).9 In the context of depression
research, a deterministic necessary condition is a condition
whose absence indicates the absence of future major
depressive episodes (MDEs). However, the investigation of
deterministic necessary risks for depression has been largely
understudied, despite its crucial importance for advancing
understanding of the fundamental nature of depression
vulnerability in etiological theories and for practical clinical
applications. Indeed, adjudicating whether particular risks
have the status of necessary factors holds promise to yield
progress for applied translational applications as well as basic
scientific knowledge.

The extant body of evidence investigating prospective
prediction of depression from risk factors over decades has
used standard statistical approaches (eg, multiple regression
and related analytical tools) to predict which participants
are likely to experience a future depressive episode as a
function of varying levels of various risk factors. By doing
so, this dominant research paradigm has identified proba-
bilistic sufficient causes, providing information about the
likelihood that the presence of a sufficient cause will result
in the outcome (ie, if X, then probably Y).9 For example,
within a multiple regression framework, a significant
regression coefficient for childhood abuse indicates that
increased levels of this risk factor are associated with a
greater likelihood of experiencing elevated depressive
symptoms. This example also helps to clarify that depres-
sion can result from a variety of different patterns of risk
factors and many pathways (ie, equifinality). In fact, higher
levels of one factor can compensate for lower levels of other
risks (eg, low levels of rumination may be counterbalanced
by high negative emotionality) and still eventuate in future
depression.

A major implication of this approach is that the current
quantification of effect sizes for associations between risk
factors and future depression yields nearly no discernible
information regarding the status of the risk as necessary.
Without clear ascertainment of the status of risk factors,
rigorous testing of risk models and potential falsification of
etiological depression theories will falter.10 Further, the
applied translation of risk research to address vital clinical
and public health needs will suffer because it is nearly
impossible, unpractical, and excessively costly to screen in-
dividuals on all the possible probabilistic sufficient risks in
meaningful ways.11
1202 www.jaacap.org
As traditional regression-based approaches inform risks
as probabilistic sufficient conditions, a major gap exists
regarding how best to identify deterministic necessary
conditions (henceforth necessary conditions). NCA is a
relatively novel analytical method7 that has been applied
successfully in several fields, includng economics, public
health, business, and management,12 but its application to
mental health sciences has been limited so far.13 NCA can
detect, quantify, and provide statistical inference on neces-
sary conditions in kind and in degree present in the data.
Applied to the context of evaluating depression risk in
youth, NCA has the potential to identify individuals who
will not develop a depressive episode and can differentiate
them from individuals who may or may not experience a
depressive episode in the future. In contrast to sufficient
risks, necessary conditions cannot be compensated for by
other factors. In other words, individuals who do not
exhibit the presence of a necessary risk for major depression
will certainly not develop the disorder, even if other risk
factors are present. Hence, the NCA approach holds
promise to identify a smaller set of necessary risks for future
depression. This knowledge can then be used to efficiently
screen for depression (before implementing established
prevention programs) and to promote innovative etiological
theory development for depression that could reasonably be
falsified.10

In this study, we applied NCA to evaluate well-
established vulnerability factors for depression in youth.4

Specifically, we examined the following cognitive/personal-
ity risks: self-criticism,14 dependency,14 hopelessness,8 low
self-esteem,15 dysfunctional attitudies,16 negative cognitive
style,17 and rumination.18 Stressful life events and prior
history of depression are additional well-known, established
psychosocial predictors of future depression.19 These factors
are rooted in theories of depression risk within the broader
vulnerability-stress paradigm,8,14-18 which posits that these
are important influences such that the absence of either
vulnerability or stress could mean resilience from the onset
of depression.20 Although the causal status of these factors
(whether they are necessary or sufficient conditions) has
often not been explicitly clarified in depression models, or
indeed in psychopathology theories more generally,21 they
are conceptually integrated within the vulnerability-stress
framework. Therefore, it is plausible to consider that they
may act as necessary conditions for the development of
future depression. To test the extent if and to which all
these factors function as necessary conditions for major
depression, we followed 382 youths from early to mid-
adolescence (10-15 years old) through mid- to late adoles-
cence (13-18 years old) over a 2-year prospective period
with multiple assessments.
Journal of the American Academy of Child & Adolescent Psychiatry
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TABLE 1 Sociodemographic Characteristics of Sample at
Baseline (N ¼ 382)

Variable

Value

%
Child gender
Female 58.8
Male 41.2

Mean (SD)
Child age, y 12.6 (1.1)

%
Child grade
Fifth 3.4
Sixth 28.2
Seventh 30.9
Eighth 25.6
Ninth 11.8

Child race/ethnicity
Asian 12.4
Black 12.4
Hispanic 4.9
Other/Native American 1.8
White 68.5

Parent marital status
Married 70.2
Divorced 15.1
Widowed 1.3
Single 13.3

Mother’s education
Elementary school 2.6
High school 15.8
Community college 28.5
University 31.9
Graduate school 21.2

Father’s education
Elementary school 4
High school 14.8
Community college 26.1
University 32.2
Graduate school 24.8

Family income
< $15,000 1.8
$15,000-$29,999 13.3

PSYCHOSOCIAL RISKS FOR DEVELOPING DEPRESSION
METHOD
Participants
This study leveraged data from a 2-year longitudinal study
comprising 382 adolescents (225 girls and 157 boys, mean
age 12.6 years, age range 10-15 years) and a caretaker
recruited from the general community in Montreal,
Quebec, Canada, and Chicago, Illinois.22 Participants were
recruited through advertisements in local newspapers and
the broader community, targeting individuals interested in a
study on adolescent development. Inclusion criteria
required that the child be between 10 and 15 years old and
that the caretaker be willing to participate. Participants
needed to be fluent in English, although their native lan-
guage could be French (in Montreal) or Spanish (in Chi-
cago). There were no exclusion criteria. The Montreal and
Chicago samples were similar regarding adolescent gender
composition (c2

1 ¼ 0.42, p ¼ .52), adolescent age (t380 ¼
0.62, p ¼ .54), adolescent grade (t380 ¼ 0.47, p ¼ .64),
mother’s highest level of education (F1,380 ¼ 2.10, p¼ .15),
father’s highest level of education (F1,330 ¼ 0.62, p ¼ .43),
and family income (F1,380 ¼ 0.24, p ¼ .63). However, the
Chicago sample had a higher proportion of ethnic minority
youth (c2

1 ¼ 17.36, p < .001) and more youth from
single-parent households (c2

1 ¼ 8.84, p ¼ .003). Socio-
demographic details for the entire sample are presented in
Table 1.

Given that no software for NCA power analysis was
available at the time of preregistration, we based our sample
size on previous literature.12 Using current R resources,
specifically the nca_power function from the R package
NCA 4.0.1 (https://CRAN.R-project.org/package¼NCA),
an a priori power analysis would indicate that with an a of
.05 and a power of 0.80, the minimum sample size required
to detect a small effect (d ¼ 0.10) is approximately 310
participants.Finally, this secondary analysis adhered to the
STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) reporting guidelines (https://www.
strobe-statement.org/) (see Supplement 1, available online).
The ethical approval for the secondary analysis was obtained
from the Ethical Committee of University of Trieste.
$30,000-$44,999 10.5
$45,000-$59,999 17
$60,000-$74,999 15.4
$75,000-$89,999 10.7
$90,000-$99,999 8.4
� $100,000 22.8
Procedure
In phase 1, each adolescent–parent pair was invited for a
laboratory evaluation. During this session, they completed
a series of questionnaires on demographics and psychoso-
cial variables (see below) and participated in a clinical
interview (Schedule for Affective Disorders and Schizo-
phrenia for School-Age Children–Present and Lifetime
version [K-SADS-PL])23 to determine the presence of
current and past depressive episodes. Additionally, parents
Journal of the American Academy of Child & Adolescent Psychiatry
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completed consent forms for themselves and their children,
and the adolescents signed assent forms.

Phase 2 of the study consisted of 8 telephone follow-
up assessments conducted every 3 months over the 2 years
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following the initial evaluation. During each follow-up
assessment, a research assistant acquired information
about depressive symptoms and negative life events for
the adolescents. At the 6-, 12-, 18-, and 24-month
follow-ups, a diagnostician gathered information about
the adolescent’s depressive symptoms over the past 6
months from both the parent and the adolescent using the
K-SADS-PL. If a follow-up assessment with the K-SADS-
PL was missed, the information for that period was
collected during the next K-SADS-PL assessment. Parents
and adolescents received $200 for participating in the
study. Data collection began in 2003 and concluded in
2006. A flowchart of the study is show in Figure S1,
available online.
Measures
Well-established personality and cognitive vulnerabilities for
adolescent depression as well as negative life events were
measured with self-report questionnaires. Information
about personality traits, namely, dependency (Depressive
Experiences Questionnaire Dependency subscale [DEQ-
DEP]) and self-criticism (Depressive Experiences Ques-
tionnaire Self-Criticism subscale [DEQ-SC]), and cognitive
risk factors, namely, dysfunctional attitudes (Children’s
Dysfunctional Attitudes Scale [CDAS]), negative cognitive
style (Adolescent Cognitive Style Questionnaire [ACSQ]),
hopelessness (Children’s Hopelessness Scale [CHS]), rumi-
nation (Children’s Response Styles Questionnaire [CRSQ]),
and self-esteem (Self-Esteem Questionnaire [SEQ]), was
acquired. The study also assessed baseline depression
symptom severity (Children’s Depression Inventory [CDI]),
the presence of typical stressful events in adolescence
(Adolescent Life Events Questionnaire [ALEQ]), and the
number of previous depressive episodes over the youth’s
lifetime before baseline. Other measures present in the
original study are not reported here. For more information
about the constructs and the related questionnaires, see
Table S1, available online.
Adolescent Depression Outcomes
The primary outcome of the study was the cumulative
number of MDEs over the 2-year follow-up, which was
calculated by summing all MDE onsets from each 6-
month follow-up across the total span of 24 months.
Information to make a diagnosis for MDE onset was
acquired by administering the K-SADS-PL23 to both
adolescents and their caretaker separately, as informants,
using DSM-IV major depressive disorder criteria.24 At
baseline, 6 adolescents met criteria for current depression,
and 28 participants experienced past MDEs before the
1204 www.jaacap.org
prospective follow-ups started. For more information
about the instruments, see Table S1, available online.

Analytical Approach
The NCA is a novel method to investigate necessary con-
ditions.7 In detail, a scatterplot of each pair of dependent
and independent variables is generated to quantify the area
of empirically possible observations (ie, scope). The ceiling
zone is defined as the area of interest without observation,
located in the upper left corner of the scope when a high
value of X is necessary for a high value of Y. In our study,
we relied on the empirical scope, namely, the scope with
observed minimum and maximum values of the condition
and the outcome considered. The ratio between ceiling zone
and empirical scope is considered the primary NCA effect
size (d) and quantifies the degree of necessity that the in-
dependent variable exerts on the outcome (for more infor-
mation, see Supplement 2, available online). The effect size
can range from 0 to 1, where 0 < d < 0.1 is considered
small, 0.1 � d < 0.3 is considered medium, 0.3 � d < 0.5
is considered large, and � 0.5 is considered very large.12

To define the ceiling zone, we relied on the ceiling
envelopment–free disposal hull technique. This technique
is a nondecreasing piecewise linear function, which con-
nects all the highest values of the y-axis for each value on
the x-axis, and it is recommended when conditions with
few values are considered. In line with current guidelines,12

we considered only the necessary conditions that reported
an effect size d � 0.10 and an estimated p value < .05,
after 10,000 permutated resamples. For the statistically
significant conditions, we also reported bottleneck tables,
where specific levels of necessary conditions for different
levels of the outcome variable were shown. Given the
bivariate nature of the NCA approach and the current
uncertainty regarding the impact of data imputation on
NCA results, pairwise deletion was used to manage any
missing values.

In this study, we examined whether self-criticism and
dependency, hopelessness, low self-esteem, dysfunctional
attitudes, negative cognitive style, rumination, negative
life events, and baseline depressive symptoms are neces-
sary conditions for cumulative MDEs over a 24-month
period. This analytical plan was preregistered (https://
osf.io/b5ced).
RESULTS
Descriptive statistics for the baseline variables are presented
in Table 2. Of 382 adolescents, 367 (retention rate ¼ 96%)
provided information on the main outcome measure (ie, K-
SADS-PL).
Journal of the American Academy of Child & Adolescent Psychiatry
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TABLE 2 Descriptive Statistics

Variable n Mean (SD)
Empirical
range

Depressive symptoms (CDI)
at baseline

375 8.82 (6.57) 0-35

Dependency (DEQ-DEP) 246 4.69 (2.02) 0-10
Self-criticism (DEQ-SC) 246 3.82 (1.84) 0-9
Hopelessness (CHS) 366 3.50 (2.57) 0-15
Low self-esteem (SEQ) 362 0.85 (0.46) 0-2.30
Dysfunctional
attitudes (CDAS)

372 12.88 (5.97) 0-31

Cognitive style (ACSQ) 373 3.09 (0.78) 1-6.11
Rumination (CRSQ) 369 0.99 (0.59) 0-2.62
Number of previous
episodes

381 0.26 (1.12) 0-17

Cumulative MDEs at 24-
month follow-up

367 0.30 (0.93) 0-8

Depressive symptoms (CDI)
at 6-month follow-up

356 7.47 (7.04) 0-44

Depressive symptoms (CDI)
at 12-month follow-up

309 7.63 (6.77) 0-32

Depressive symptoms (CDI)
at 24-month follow-up

318 6.86 (6.32) 0-41

Note: ACSQ ¼ Adolescent Cognitive Style Questionnaire; CDAS ¼
Dysfunctional Attitudes Scale; CDI ¼ Children’s Depression Inventory;
CRSQ ¼ Children’s Response Styles Questionnaire; DEQ-DEP ¼
Depressive Experiences Questionnaire Dependency subscale; DEQ-
SC ¼ Depressive Experiences Questionnaire Self-Criticism subscale;
MDE ¼ major depressive episode; SEQ ¼ Self-Esteem Questionnaire.

TABLE 3 Necessary Condition Analysis (NCA) With
Cumulative Major Depressive Episodes Over 2 Years as
Outcome

Predictor (baseline)

NCA

CE-FDH
effect size d (p)

Depressive symptoms at baseline 0.23 (.048)
Dependency 0.33 (.189)
Self-criticism 0.35 (.048)
Hopelessness 0.15 (.200)
Low self-esteem 0.10 (.841)
Dysfunctional attitudes 0.27 (.247)
Negative cognitive style 0.22 (.634)
Rumination 0.50 (.001)

No. previous episodes 0.00 (1)
Stressful events 0.37 (.003)

Note: NCA CE-FDH effect size: d < 0.1 is considered small; 0.1 � d <

0.3, medium; 0.3 � d < 0.5 large; and d � 0.5, very large. CE-FDH ¼
ceiling envelopment–free disposal hull.

PSYCHOSOCIAL RISKS FOR DEVELOPING DEPRESSION
NCA for K-SADS-PL Outcome
Table 3 provides results of NCA showing that depressive
symptoms at baseline (d ¼ 0.23, medium effect, p ¼ .048),
self-criticism (d ¼ 0.35, large effect, p ¼ .048), rumination
(d ¼ 0.50, very large effect, p < .001), and stressful events
(d ¼ 0.37, large effect, p ¼ .003) all were statistically sig-
nificant and substantial necessary conditions for developing
1 or more MDEs over the subsequent period of 24 months
(cumulative MDEs) (Table 3; Figure 1). The other per-
sonality and cognitive risk factors were not statistically sig-
nificant necessary conditions.

Crucially, bottleneck analysis revealed that specific
levels of rumination, depressive symptoms, and stressful
events at baseline were necessary factors for potentially
experiencing 1 or more MDEs during the subsequent 24
months (Table 4). In detail, an adolescent needed to report
a value of at least 1 on the CDI (theoretical range: 0-54) at
baseline, at least 0.307 on the rumination subscale of the
CRSQ (theoretical range: 0-3), or at least 13 on the ALEQ
(theoretical range: 0-288). These minimum scores were
necessary conditions for adolescents to possibly receive at
Journal of the American Academy of Child & Adolescent Psychiatry
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least 1 MDE diagnosis over time. At baseline, 46 adoles-
cents reported no depressive symptoms (ie, CDI ¼ 0),
experienced low rumination (ie, below 0.307 on the CRSQ
rumination subscale), or reported few stressful events (ie,
events below 13 on the ALEQ), and none of them devel-
oped a major depressive disorder over the subsequent 24
months. In summary, 13.5% of the sample lacked at least 1
of the necessary conditions for depression and were virtually
immune from experiencing 1 or more MDEs during the
follow-up period. Conversely, 86.5% of the participants
possessed all the necessary conditions for developing a major
depressive disorder, with 13.2% of individuals both satis-
fying all the necessary conditions at baseline and experi-
encing 1 or more MDEs over the 2-year follow-up
(Figure S2, available online).

It is noteworthy that bottleneck analysis could also
identify the necessary levels for recurrent depression (ie, 3
or more MDEs).25 To potentially experience 3 or more
MDEs, adolescents had to report at least low levels of
baseline depressive symptoms (CDI ¼ 5; theoretical range:
0-54), rumination (CRSQ ¼ 0.538; theoretical range: 0-
3), stressful events (ALEQ ¼ 41; theoretical range: 0-288),
or self-criticism (DEQ-SC ¼ 2; theoretical range: 0-10).
Overall, 65.5% of the sample did not meet all the neces-
sary conditions for recurrent depression, and 34.5% did
satisfy all these conditions, with only 2.1% of the sample
both possessing the necessary conditions and experiencing
3 or more MDEs over the 2-year follow-up (Figure S2,
available online).
www.jaacap.org 1205

http://www.jaacap.org


FIGURE 1 Necessary Condition Analysis Scatterplot Between Risk Factors and Cumulative Major Depressive Episodes

Note: MDE ¼ major depressive episode; NCA ¼ necessary condition analysis. Please note color figures are available online.
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DISCUSSION
Considerable research on risk for youth depression has
identified numerous factors that influence prediction of
depression during adolescence.4 Yet at the same time,
deeper theoretical understanding and translational applica-
tion of the functional role of these many different depres-
sion risks have been limited. Results from this study yielded
2 sets of findings that advance knowledge in the field. First,
we found that risk factors such as baseline depressive
symptoms and rumination as well as stressful events all
served as necessary conditions for adolescents to experience
at least 1 depressive episode over a 2-year follow-up. Spe-
cifically, none of the participants who lacked 1 or more of
the identified necessary conditions experienced a depressive
TABLE 4 Bottleneck Table of Significant Necessary Conditions fo

Outcome: cumulative no.
MDEs over 24 mo

Sign

Depressive symptoms at
baseline (d ¼ 0.23)

Se
(

0 NN
1 1
2 2
3 5
4 5
5 13
6 13
7 13
8 13

Note: NA ¼ not applicable; NN ¼ not necessary.

1206 www.jaacap.org
episode in the subsequent 24 months. In other words, these
findings identify which youth are at virtually negligible risk
to develop a prospective MDE over time during the high-
risk period of adolescence. Our analysis also indicated that
experiencing at least 1 depressive episode during adolescence
is a possibility for most youth. Approximately 86.5% of the
sample exhibited all the necessary conditions for developing
depression, and of this group about 13% both possessed the
necessay conditions and experienced at least 1 MDE. In
contrast, 13.5% of the adolescents did not meet all the
necessary conditions and were thus virtually immune to
depression.

Second, self-criticism, along with baseline depressive
symptoms, rumination, and stressful events, also served as a
r Cumulative Major Depressive Episodes (MDEs)

ificant necessary conditions

lf-criticism
d ¼ 0.35)

Rumination
(d ¼ 0.50)

Stressful events
(d ¼ 0.37)

NN NN NN
NN 0.307 13
NN 0.307 13
2 0.538 41
2 0.538 45
7 2.077 45
8 2.231 72
NA 2.231 95
NA 2.231 95
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necessary condition for experiencing 3 or more MDEs.
Recurrent depression during adolescence often leads to
significant societal and personal consequences, including an
increased risk of suicide, substance abuse, and other forms
of psychopathology,26 and being able to detect individuals
at risk is imperative. Although only about 2% of our par-
ticipants both carried all the necessary conditions and
experienced 3 or more MDEs, a substantial portion of the
sample (approximately 34.5%) had all the necessary con-
ditions for such a maladaptive trajectory. Conversely, the
majority (approximately 65.5%) of the adolescents lacked at
least 1 necessary condition and were not susceptible to
recurrent depression.

Drawing strong clinical inferences based on a single study
may seempremature, but thefindings and approach used here
may have major clinical implications when further strengt-
ened by replication. First, our findings suggest that only a few
key conditions are required for a reliable, valid, and practical
screening to identify youth who might benefit from effective
depression prevention. Clearly, replication with a larger
sample is needed. Pending such replication, our results
indicate that identifying youthwhomay (ormay not) develop
1 MDE in the future would require 3 brief assessment mea-
sures (ie, depressive symptoms, rumination, and stressful
events).

Conversely, when the objective is to identify youth who
are virtually immune to developing major depression and
therefore likely do not need any preventive intervention,
each of the identified factors is virtually sufficient. In fact,
failing to meet even 1 necessary condition makes the
development of an MDE nearly impossible. For example,
screening for minimal levels of rumination, rather than
covering all known risk factors, provides a practical
approach to meeting recommendations of public health
experts for universal depression screening.

We can speculate that the current advocacy for universal
adolescent depression screening27 can help identify adoles-
cents who do not report any depressive symptoms (eg, Patient
Health Questionnaire-2 [PHQ-2], Patient Health
Questionnaire-9 [PHQ-9], or Center for Epidemiologic
StudiesDepression Scale [CES-D]) and are at virtually no risk
of developing an MDE in the future. Conversely, relying
solely on depression-related measures seems to be less effec-
tive in predicting the future onset of depression, asmeeting all
the necessary conditions does not ensure the outcome (ie,
86% of the sample met all the necessary conditions for at least
1 MDE, but only 13% actually experienced the disorder).

Second, another significant clinical implication of our
study is the enhancement of primary, secondary, and ter-
tiary prevention efforts. Rumination, stress exposure, cur-
rent depressive symptoms, and self-criticism have been
Journal of the American Academy of Child & Adolescent Psychiatry
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identified as necessary risks, and all of these are modifiable
through evidence-based interventions.4,28,29 Therefore,
prevention strategies could actively target these psychosocial
factors in vulnerable individuals who screen above the
minimal necessary levels using brief, feasible, and practical
means. According to causality theory,9 lowering an in-
dividual’s level below the necessary threshold is hypothe-
sized to be sufficient to prevent the outcome (if not X, then
always not Y).9 In the context of depression, major
depressive disorder could potentially be prevented or
effectively treated by focusing on a single necessary cause
through effective and personalized interventions. This rep-
resents a crucial practical consequence of the underlying
theory, which warrants careful consideration and empirical
evaluation. Overall, clinical opportunities should be used
and targeted to deliver interventions that better address the
mental health needs of youth, while optimizing relatively
limited resources, such as trained mental health personnel,
financial reimbursement, and time.

Important theoretical implications can be derived as
well. First, our findings offer significant support for the
central premise of the vulnerability-stress paradigm.20 Spe-
cifically, rumination (ie, vulnerability) and stressful events
(ie, stress) were both necessary for the onset of future
MDEs. Second, from a theory-building perspective,5,21 it is
crucial to recognize that both necessary and sufficient
conditions ultimately contribute to the onset of episodes (ie,
embedded necessity theory).30 Few depression or psycho-
pathology theories explicitly address necessary conditions
that lead to emergence of disorder. The results of our study
pave the way for future research to explicitly assess the
conceptual status of various risks (ie, necessary vs sufficient)
and the associated types of causality (ie, deterministic vs
probabilistic vs typical).9 Using the most advanced theo-
retical and statistical developments, future research findings
could rigorously evaluate and potentially falsify existing
depression models.

Future research findings based on NCA can also itera-
tively guide future theory development based on findings
from investigations, showing which risks function as
deterministic necessary or probabilistic sufficient over the
lifespan and in different ecological contexts. Knowing which
risks serve as necessary conditions, as well as threshold
values above which individuals may be vulnerable to future
depression given particular necessary risks, can also be used
to inform development and testing of computational
models that more formally and precisely postulate etiolog-
ical processes via mathematical models or simulation
methods.5,6 For example, findings from this study might
suggest at least 1 possible specific model that could be
formally simulated and further tested via computational
www.jaacap.org 1207
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approaches. For instance, at minimum, exposure to stress
and minimal levels of both rumination and depressive
symptoms are needed for onset of 1 MDE, whereas addi-
tional, probabilistic sufficient factors must be present to
elicit the onset of full-blown major depressive disorder.31

We provide this example as 1 plausible model with these
3 necessary factors that empirical NCA shows are required
for future MDEs. Clearly, other possible etiological models
containing these 3 necessary risks could be formalized and
tested to advance innovative theory building grounded in
empirical risks. This approach would eventually result in a
complex model, implying both the sufficiency and the ne-
cessity logic for explaining depressive onset (ie, embedded
necessity theory).30

Some limitations should be mentioned. First, additional
studies with larger samples and equivalent measures need to
be conducted to further replicate and validate the current
methodology. Second, given its bivariate nature, NCA
currently cannot test the necessary patterns of multiple
conditions, specifically, a necessary configuration of condi-
tions that are not necessary on their own. Future theoretical
and methodological developments should help clarify these
advanced topics. Third, in the present study, we relied on
psychosocial variables from literature on cognitive factors,
personality traits, and stressful life events. Future work can
apply NCA to variables across different levels of analysis (eg,
biological, social, and other psychosocial levels). This step is
crucial for enhancing our understanding of the additional
factors required for the development of depression as well as
for obtaining a more accurate quantification of the pop-
ulation’s vulnerability to the disorder. Identifying the
additional necessary factors will increase the percentage of
individuals classified as not meeting all the conditions (ie,
resilient to depressive onset), thereby providing a more
reliable representation of the actual risk of the population. It
is important to note, however, that the NCA approach
demands a theoretical and logical basis for evaluating a
variable as a potential necessary condition.7 Consequently,
important demographic factors related to adolescent
depression, such as gender32 and ethnicity/race,33 are not
suitable for this method, as it is unreasonable to propose
that a particular gender or racial group could be virtually
immune to depression. Fourth, although this approach
carries implications for individuals, NCA studies usually
depend on data at the group level. Future studies should
consider the necessary conditions from an intrapersonal
perspective, where the NCA approach might be fruitfully
integrated with time-varying dynamic models.34

We advocate a wide use of the NCA approach for
psychopathology and psychological science to advance un-
derstanding of the conceptual status of select depression
1208 www.jaacap.org
risks as necessary. NCA could be usefully applied to also test
and quantify deterministic sufficient causes (ie, if X, then
always Y)9 and even necessary and sufficient causes (ie, if
not X, then always not Y, and if X, then always Y).9

Considering that conducting experiments with randomiza-
tion to risk conditions would often be unethical in risk
research for psychopathology, NCA represents an invaluable
approach for theory building in clinical science, where
prospective samples could be followed for years, including
multiple risks for development of psychopathology across
levels and units of analysis.35-39

In conclusion, study results and the innovative meth-
odology applied in this empirical investigation pave the way
to new, important areas in mental health research. In
particular, we posit that NCA could assist clinicians and
researchers in elucidating the necessary factors contributing
to the prospective development of mental disorders, across
multiple levels of explanation (eg, psychosocial, neurobio-
logical, genetic) and different forms of psychopathology
beyond depression. Hence, this approach holds potential
promise to advance knowledge on essential risks that could
be screened broadly and then used to identify only sus-
ceptible adolescents who could benefit most from preven-
tion efforts. Through screening based on knowledge
obtained from NCA investigations, valuable resources (eg,
personnel, time, effort) could be maximally applied to youth
who could benefit from intervention as opposed to resilient
individuals who exhibit neglible risk for future disorder.
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