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ARTICLE INFO ABSTRACT

Keywords: Background: The Patient Health Questionnaire-9 (PHQ-9) is routinely used to monitor depressive symptoms.
Depression However, whether its empirically derived two-factor structure remains stable across repeated assessments in
PHQ-9

clinically depressed populations is not well established.

Methods: Using item-level data from a secondary analysis of the PROACTIVE cluster-randomised controlled
trial (N = 558; PHQ-9 > 10 at baseline; aged > 60 years), we evaluated longitudinal measurement invariance
of an empirically derived two-factor PHQ-9 structure across three assessment points using WLSMV structural
equation modelling with multiple imputation. We then modelled domain-specific latent growth trajectories by
trial arm and examined within-person temporal dynamics using a random intercept cross-lagged panel model
(RI-CLPM).

Results: Metric invariance was supported and partial scalar invariance achieved across all three time points,
after freeing thresholds for three interpretable items (sleep disturbance, fatigue, and suicidal ideation).
The intervention was associated with a steeper improvement in cognitive-affective symptoms but showed
no significant effect on somatic symptom trajectories. Within-person somatic deviations at baseline were
temporally associated with subsequent cognitive-affective deviations, whereas the reverse was not.
Conclusions: The two-factor structure of the PHQ-9 is metrically stable through clinical recovery in older
adults with moderate-to-severe depression. Domain-specific subscores capture differential treatment response
and temporal symptom dynamics that total scores conceal, and can be calculated from existing PHQ-9 items
at no additional burden. These findings support the routine use of domain-level monitoring in collaborative
care programmes serving older adults in low- and middle-income country (LMIC) settings.

Longitudinal invariance
Trajectories
Cross-lagged
Collaborative care
Older adults

1. Introduction

Depression not only affects mood; it disrupts functioning, relation-
ships, and daily activity. It is one of the leading causes of disability
worldwide, affecting individuals across age groups, income levels, and
geographic settings, and remains substantially undertreated (GBD 2019
Mental Disorders Collaborators, 2022). In clinical settings, depression
rarely presents as a purely affective experience. For patients with clini-
cally significant symptom burden (typically defined as PHQ-9 scores of
10 or above), the disorder is often accompanied by comorbid physical
conditions such as hypertension and diabetes, alongside psychoso-
cial adversities such as poverty and social isolation. In older adults
specifically, depression rarely arrives in isolation. It unfolds within a
web of bereavement, functional loss, caregiving strain, and cognitive
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decline that shapes both its clinical presentation and the limits of what
psychosocial interventions can achieve (Husain-Krautter and Ellison,
2021). In high-risk, resource-limited populations, symptoms including
fatigue, disturbed sleep, appetite loss and psychomotor slowing serve
as core features of major depressive disorder and, simultaneously,
familiar consequences of physical disease (Zhang et al., 2023; de Mi-
randa Azevedo et al.,, 2014). Managing depression in these contexts
demands not only accurate detection but also the capacity to monitor
symptom change over time: to distinguish genuine recovery from stable
total scores that conceal divergent trajectories across symptom do-
mains. The Patient Health Questionnaire-9 (PHQ-9) is widely used for
this purpose, valued for its brevity, alignment with DSM criteria, and
strong performance across clinical settings (Kroenke et al., 2001, 2010;
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Moreno-Agostino et al., 2022). Yet whether it can track changes in
underlying symptom domains over time, rather than total scores alone,
remains unclear in clinically screened, actively recovering samples.

In most clinical encounters, this question is bypassed because the
PHQ-9 is reduced to a single total score. That score functions well as
a screening threshold, but the concern deepens when that same total
score is used to monitor recovery, a purpose for which its domain-
level validity has not been fully established. Depression in patients
with high somatic and medical burden is not a single undifferentiated
condition. Its somatic symptoms are partly driven by physiological
processes that may operate independently of the psychological mech-
anisms targeted by psychosocial interventions (Zhou et al., 2024; de
Miranda Azevedo et al., 2014). Its cognitive-affective symptoms, in-
cluding hopelessness, anhedonia, and guilt, are more directly engaged
by behavioural and psychological treatments. If these two domains
improve at different rates, respond to different mechanisms, and carry
distinct prognostic signals, a total score that averages across them may
misrepresent the clinical picture (Fried and Nesse, 2015a; Hieronymus
et al.,, 2016; Chekroud et al.,, 2016). This concern extends beyond
face-to-face care: a recent self-help mobile messaging trial in the same
population, using identical psychoeducation and behavioural activation
content, demonstrated short-term effectiveness on total PHQ-9 scores
(Scazufca et al., 2024). Yet, it remains unknown whether this effect
is uniformly distributed across symptom domains or concentrated in
the cognitive-affective dimension. Without domain-level monitoring,
clinicians and digital platforms alike may fail to identify patients who
improved on the total score yet remained somatically burdened.

While several studies support a unidimensional structure, with all
nine items loading onto a single general depression factor (Villarreal-
Zegarra et al., 2019; Moreno-Agostino et al., 2022; Gonzélez-Blanch
et al., 2018), psychometric evaluations using more sensitive model-fit
approaches have consistently found that unidimensional fit is sub-
optimal, particularly in clinical and high-symptom samples (B. Guo
et al., 2017; Stochl et al., 2022; Vu et al.,, 2022; Ndukwe et al.,
2026). Two-factor solutions that distinguish a somatic domain from a
cognitive-affective domain demonstrate superior fit in these contexts
(T. Guo et al., 2017; Lamela et al., 2020). Bifactor models, retaining
a general factor alongside domain-specific components, have also been
supported, though their clinical utility depends on whether the specific
factors capture meaningful variance beyond the general factor (Doi
et al,, 2018). Across this literature, a consistent picture emerges: a
dominant general factor coexisting with reproducible domain-specific
dimensions may differ in treatment response, rate of change, and
prognostic utility (Lamela et al., 2020; Chae et al., 2025). Throughout
this study, domain refers to the latent factor level, and not the individual
items.

A critical problem is that most evidence on the PHQ-9 factor struc-
ture comes from cross-sectional or single-wave studies in community
or outpatient samples (Lamela et al., 2020). Very little is known about
whether this structure holds in samples defined by clinically significant
depression at entry, and even fewer studies have examined stability as
patients transition from high to lower severity over treatment. At high
symptom levels, inter-item correlations may reflect severity-driven co-
endorsement; as scores decline with treatment, items may discriminate
differently. If the structure shifts during recovery, longitudinal com-
parisons may reflect structural change rather than genuine symptom
change. Establishing longitudinal measurement invariance is therefore
not a procedural formality; it is the key empirical condition for valid use
of domain-specific PHQ-9 subscores as longitudinal outcome measures.
Despite its importance, this question has been examined in very few
clinical trial contexts (T. Guo et al., 2017; Reis et al., 2024) and, to our
knowledge, has not been tested in samples combining clinically defined
entry severity with high medical comorbidity.

Despite substantial longitudinal depression research, the temporal
dynamics of PHQ-9 symptom domains remain insufficiently charac-
terised. Existing studies have largely focused on total score trajectories,

Journal of Affective Disorders 413 (2026) 122171

identifying subgroups of rapid improvers, gradual improvers, and non-
responders using growth mixture modelling (Chin et al., 2016; Peiper
et al.,, 2023). While these demonstrate heterogeneity in depression
trajectories, modelling total scores treats the PHQ-9 as an undiffer-
entiated construct, leaving open whether domains change at similar
rates or whether a change in one domain prospectively precedes a
change in the other. Theoretical accounts of the directional relation-
ship between domains remain unsettled. Some propose that resolv-
ing cognitive-affective distress relieves downstream somatic symptoms
(Savelieva et al., 2021; Soini et al., 2025; Hung et al., 2019). Others,
drawing on network models of psychopathology (Schlechter et al.,
2023), emphasise that persistent somatic symptoms, particularly fa-
tigue and insomnia, deplete the motivational and cognitive resources
needed for behavioural engagement, thereby sustaining and amplifying
low mood. Random intercept cross-lagged panel models (RI-CLPM) are
well-suited to test these competing accounts within persons over time,
yet have rarely been applied to PHQ-9 subdomains (Fried and Nesse,
2015b).

Using item-level data from the PROACTIVE trial (Scazufca et al.,
2019, 2022), we pursued three interrelated aims in a sample in which
all participants had a baseline PHQ-9 score > 10. First, we tested
whether the two-factor PHQ-9 structure remains stable across three
assessment points spanning eight months, establishing longitudinal
measurement invariance as a prerequisite for valid domain-specific
analysis. Second, we modelled trajectories of overall depression and
each symptom domain, comparing patterns across trial arms. Third,
we examined within-person temporal dynamics between the somatic
and cognitive-affective domains using an RI-CLPM. We hypothesised
that the two-factor structure would remain invariant over time, a
non-trivial expectation given that recovery may alter item response
distributions, introduce floor effects, and modify item relationships.
We further hypothesised that cognitive-affective changes would tem-
porally precede somatic changes, consistent with theoretical accounts
linking psychological recovery to downstream relief of somatic burden
(Savelieva et al., 2021; Soini et al., 2025).

2. Material and methods
2.1. Sample and procedures

The present study is a secondary psychometric and longitudinal
analysis of the PROACTIVE pragmatic cluster-randomised trial, which
evaluated a collaborative care intervention for late-life depression
across twenty primary care clinics in Guarulhos, Brazil, with primary
outcomes and CONSORT reporting described elsewhere (Scazufca et al.,
2019, 2020, 2022). Between 2017 and 2019, community health work-
ers screened randomly selected adults aged > 60. Of the 4025 screened,
1216 met the PHQ-9 threshold of > 10 (Kroenke et al., 2001). Those
with acute suicide risk or cognitive impairment were excluded. 558
eligible individuals consented and were enrolled, with assessments
at baseline (T,), 3 months (T,), and 8 months post-enrolment (T;).
The trial received authorisation from the Guarulhos Municipal Health
Secretariat and was approved by the Research Ethics Committee of the
Universidade de Sdo Paulo Medical School (CEP FMUSP 2.836.569).
Written informed consent was obtained from all participants prior to
enrolment.

2.2. Measures

2.2.1. Depressive symptoms (PHQ-9)

Depressive symptoms were assessed at all time points using the
PHQ-9 (Kroenke et al., 2001), a nine-item scale reflecting DSM criteria
for major depressive disorder. The PHQ-9 was administered in Brazilian
Portuguese by trained community health workers, using a validated
translation with demonstrated psychometric properties in this popula-
tion (Moreno-Agostino et al., 2022). Items were rated on a four-point
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scale (0 = not at all to 3 = nearly every day), yielding total scores from
0 to 27. Given the ordinal response format and skewed distributions
typical of clinical samples, items were treated as ordered categorical in-
dicators throughout (Brown, 2015). The factor structure was examined
empirically via exploratory factor analysis (EFA; Supplementary Table
S2) at baseline, followed by confirmatory factor analysis (CFA). Cross-
sectional CFA confirmed acceptable fit for the two-factor structure at
baseline and was preferred over a bifactor alternative on grounds of
parsimony and interpretability (Supplementary Table S3). This yielded
two latent factors, referred to throughout as domains: the cognitive-
affective domain (reflecting motivational and mood depletion in this
sample) comprising anhedonia (item 1), depressed mood (item 2), and
fatigue (item 4); and the somatic domain (reflecting physical and
functional disruption in this high-comorbidity sample) comprising sleep
disturbance (item 3), appetite change (item 5), worthlessness (item 6),
concentration difficulties (item 7), psychomotor changes (item 8), and
suicidal ideation (item 9).

Variation in item allocation across studies is well documented and
attributed to differences in clinical severity, comorbidity, and cultural
context (Lamela et al., 2020; Vu et al., 2022; Chae et al., 2025). In
the present sample, characterised by high medical comorbidity, the
loading of fatigue onto the cognitive-affective domain is consistent with
evidence that loss of energy may reflect motivational and cognitive de-
pletion, manifesting as anhedonia and loss of drive (T. Guo et al., 2017;
Vu et al., 2022; Ndukwe et al., 2026). The placement of worthlessness,
concentration difficulties, and suicidal ideation within the somatic
domain also warrants explanation. In this population, characterised
by high medical comorbidity, functional disability, and socioeconomic
adversity, these items appear to co-vary empirically with physical and
functional burden rather than with mood and motivation. Worthless-
ness in the context of chronic illness, poverty, and functional loss may
reflect perceived inability to fulfil social and occupational roles due
to physical limitation, causing it to cluster with psychomotor slowing
and appetite disruption rather than with depressed mood (Lamela
et al., 2020). Concentration difficulties in older adults with hyperten-
sion and diabetes may partly reflect vascular cognitive slowing rather
than purely depressive cognition, supporting their co-location with
neurovegetative symptoms in this sample (Pan et al., 2012). Suicidal
ideation in this older adult population more plausibly reflects passive
death wishes associated with physical exhaustion and perceived bur-
densomeness than active ideation rooted in hopelessness (Al-Halabi and
Fonseca-Pedrero, 2024). These item placements were not imposed but
reflect the empirical covariance structure in this specific population;
the labels cognitive-affective and somatic describe the dominant charac-
ter of each cluster while acknowledging that item content cross-cuts
conventional domain boundaries in this high-comorbidity context. The
empirically derived structure was retained for all subsequent analyses.

2.2.2. Covariates

Baseline covariates were selected a priori based on established as-
sociations with late-life depression and availability in the dataset.
Sociodemographic variables comprised sex (male vs. female), age group
(under 70 vs. > 70 years), educational attainment (four years or fewer
vs. more than four years of formal schooling), and household income
relative to the Brazilian minimum wage. Clinical covariates included
self-reported diagnoses of diabetes and hypertension, both of which are
highly prevalent in this population and have well-documented bidirec-
tional relationships with depression in older adults (Zhang et al., 2023;
Zhou et al., 2024; Pan et al., 2012). A prior diagnosis of depression was
also included, given its established association with slower treatment
response. Trial arm (intervention vs. control) was the primary predic-
tor, testing whether the intervention was associated with differential
domain-specific change. Ethnicity and clinic cluster were excluded
owing to sample homogeneity and negligible residual clustering after
accounting for treatment allocation (Scazufca et al., 2022).
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2.3. Statistical analyses

All analyses were conducted in R version 4.4.1 (R Core Team, 2024),
using lavaan (Rosseel, 2012), semTools (Jorgensen et al., 2022),
and mice (van Buuren and Groothuis-Oudshoorn, 2011). The sample
of N =558 was adequate for the planned analyses. The participant-to-
indicator ratio exceeded the recommended 10:1 minimum for WLSMV
CFA (Kline, 2016), and the sample-to-parameter ratio of approximately
16:1 for the RI-CLPM is consistent with simulation-based recommenda-
tions (Wolf et al., 2013). Confirmatory factor models were estimated
using WLSMV, which is appropriate for ordinal data and does not
assume multivariate normality (Brown, 2015; T. Guo et al., 2017).
Model syntax is provided in the Supplementary section 4.

2.3.1. Missing data handling

Missingness was evaluated using Little’s MCAR test applied to the
PHQ-9 item matrix (Little, 1988), with results reported in Supplemen-
tary section 1. Logistic regression models predicting missingness at
T, and T; from baseline covariates were consistent with a missing-at-
random (MAR) assumption conditional on trial arm and age group. It
should be noted that MAR is an untestable assumption dependent on
unobserved data (Little, 1988), and these analyses provide supportive
but not definitive evidence. Multiple imputation by chained equations
was performed using the parlmice function in the mice package
(van Buuren and Groothuis-Oudshoorn, 2011), generating 20 datasets
per core across three cores (m = 60) (Bodner, 2008; Graham et al.,
2007; White et al., 2011). The imputation model included all PHQ-9
items across all time points and all baseline covariates. Models were
estimated within each imputed dataset using WLSMV and pooled via
Rubin’s rules (Rubin, 1987), retaining N = 558 throughout. Mul-
tiple imputation (MI) was preferred over full information maximum
likelihood (FIML) because WLSMV for ordinal indicators does not
support FIML in lavaan (Rosseel, 2012); MI with WLSMV pooling is
the recommended approach for such models (Svetina et al., 2020).

2.3.2. Longitudinal measurement invariance

Before modelling symptom change, we established that the PHQ-9
measured the same constructs consistently across the three assessment
points, a property known as longitudinal measurement invariance.
Without this, observed changes in latent factor scores may reflect shifts
in item response behaviour rather than genuine symptom change, and
cross-time-point comparisons would be misleading (Widaman et al.,
2010; Little, 2024). Invariance was tested within a single-group struc-
tural equation modelling (SEM) framework that simultaneously spec-
ified the two-factor PHQ-9 model across T;, T,, and T;. Residual
correlations between matching items across time points were estimated
to account for within-person response consistency (T. Guo et al., 2017;
Mohring et al., 2021). Three nested models were tested sequentially:
the configural model (factor structure only constrained); the metric
model (factor loadings additionally constrained to equality); and the
scalar model (item thresholds further constrained, required for valid
latent mean comparisons). Model fit was assessed using CFI, TLI, RM-
SEA, and SRMR (acceptable benchmarks: CFI > 0.95, RMSEA < 0.06)
(Brown, 2015). Nested model comparisons used the Satorra-Bentler
scaled chi-square difference test (Satorra and Bentler, 2010), with
ACFI < 0.010 and ARMSEA < 0.015 indicating acceptable constraint
(Chen, 2007; Svetina et al., 2020). Where full scalar invariance was
not supported, modification indices were inspected (Byrne et al., 1989),
and partial scalar invariance was pursued by freeing only the non-
invariant thresholds. Partial scalar invariance was accepted when at
least two items per factor maintained fully invariant thresholds (Byrne
et al., 1989; Millsap, 2011).
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Fig. 1. Second-order latent growth model structure for the PHQ-9 cognitive-affective and somatic symptom domains. Second-order growth factors (top, pink):

intercepts (i,,, i) and slopes (s o, Scog);

dashed arrows = freely estimated intercept-slope covariances; path numbers (0, 3, 8) = time in months. First-order

latent factors per wave (middle; Som1-3, Cogl-3); factor loadings constrained to equality under metric invariance. Dashed horizontal arrow (Som; - Cog,) =
cross-domain covariance. Covariates (top left) predict all four growth factors. ¢ = item residual variances. (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

2.3.3. Latent Growth Modelling (LGM)

Second-order LGMs were fitted directly to PHQ-9 item responses,
incorporating partial scalar invariance constraints (Fig. 1) and mod-
elling measurement and growth within a single framework to avoid
information loss associated with two-stage approaches (Little, 2024).
All models were estimated using WLSMV.

Overall depression trajectory. An overall second-order LGM was
specified to characterise aggregate change in depressive symptoms.
Slope loadings were fixed at 0, 0.25, and 0.667 (baseline, 3-month,
and 8-month expressed in years) for the three assessment time points,
placing the slope on a fractional-year scale and improving numerical
stability (Little, 2024). The trial arm was included as a predictor of
growth factors.

Domain-specific growth models. Separate second-order LGMs
were fitted for the cognitive-affective and somatic domains. Growth
factor variances and covariances were freely estimated. The full set of
baseline covariates was included as time-invariant predictors of both
intercept and slope. Slope variance was of particular interest: a near-
zero variance would suggest uniform improvement across individuals,
whereas substantial variance would indicate heterogeneous recovery
that requires explanation by individual-level predictors.

Cross-domain growth relationships. Growth factor scores were
extracted from the domain-specific LGMs and analysed using a covari-
ance model estimated with maximum likelihood and robust standard
errors (MLR). This model estimated intercept-intercept (i¢og With isor),
slope-slope (scog With sgp), and asymmetric intercept-slope associa-
tions (icog With sgom and igon With se), capturing whether baseline
severity in one domain was associated with the rate of change in the
other. Directional asymmetry in these associations was interpreted as
evidence of differences in temporal ordering rather than causal influ-
ence. Only linear trajectories were estimated, as three time points do
not provide sufficient information to support more complex functional
forms (Widaman et al., 2010; Little, 2024).

2.3.4. Random Intercept Cross-Lagged Panel Model (RI-CLPM)

To address within-person temporal ordering, we fitted an RI-CLPM
(Hamaker et al., 2015; Mulder and Hamaker, 2021; Etherson et al.,
2022), which pulls apart what is stable about a person from how

they fluctuate around their own typical level, and estimates the cross-
lagged paths on those fluctuations only — reflecting genuinely within-
person dynamics rather than being confounded by the fact that some
people are simply more symptomatic than others. The model was
fitted to domain-specific factor scores from the partial scalar invari-
ance model. Each domain’s random intercept captures what is stable
about a person across the study. Within-person deviations at each
time point — modelled as single-indicator latent variables — capture
how far each person sits above or below their own typical level at
that time. The two random intercepts were allowed to covary. Rather
than assuming the temporal relationship between domains stays con-
stant across treatment, autoregressive and cross-lagged paths (T,-to-T,
and T,-to-T;) were estimated freely at each interval, reflecting the
expectation that dynamics early in treatment may differ from those
later on. Within-time residual covariances were included at T,, and
T; (Hamaker et al.,, 2015), and baseline covariates were entered as
predictors of the random intercepts. It should be noted that cross-
lagged paths represent within-person temporal associations, not causal
effects, after removing stable between-person differences. The present
design cannot rule out shared vulnerability processes or unmeasured
confounders as alternative explanations.

3. Results
3.1. Sample characteristics and attrition

Full baseline characteristics are presented in Table 1. Of the 558
participants, 264 (47.3%) were allocated to the intervention arm and
294 (52.7%) to the control arm. The sample was predominantly female
(76.2%), with 64.0% aged under 70 years. Most participants had lim-
ited formal education: 50.0% had 1-4 years of schooling and 18.5%
had no formal education. Moreover, 76.3% reported household income
at or below one Brazilian minimum wage. Hypertension was present
in 76.0%, diabetes in 43.5%, and multimorbidity in 50.9%; 31.5% had
a prior depression diagnosis. No statistically significant between-arm
differences were observed (all p > 0.595; all SMD < 0.091).

All 558 participants provided complete PHQ-9 data at T,. Three
observation patterns emerged: 356 (63.8%) provided complete data at
all three time points; 171 (30.6%) were missing at T;; and 31 (5.6%)
were missing at T,, indicating predominantly progressive missingness.
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Table 1
Baseline demographic and clinical characteristics of the study sample, overall and by trial arm.

Level Overall Control Intervention p-value SMD

n 558 294 264

Sex Female 425 (76.2) 221 (75.2) 204 (77.3) 0.629 0.049
Male 133 (23.8) 73 (24.8) 60 (22.7)

Age group <70 357 (64.0) 182 (61.9) 175 (66.3) 0.323 0.091
>70 201 (36.0) 112 (38.1) 89 (33.7)

Income Up to 1 MW 426 (76.3) 225 (76.5) 201 (76.1) 0.992 0.009
>1 MW 132 (23.7) 69 (23.5) 63 (23.9)

Education None 103 (18.5) 55 (18.7) 48 (18.2) 0.853 0.075
1-4 years 279 (50.0) 151 (51.4) 128 (48.5)
5-8 years 111 (19.9) 55 (18.7) 56 (21.2)
>8 years 65 (11.6) 33 (11.2) 32 (12.1)

Depression No 382 (68.5) 202 (68.7) 180 (68.2) 0.966 0.011
Yes 176 (31.5) 92 (31.3) 84 (31.8)

Diabetes No 315 (56.5) 166 (56.5) 149 (56.4) 1.000 <0.001
Yes 243 (43.5) 128 (43.5) 115 (43.6)

Hypertension No 134 (24.0) 68 (23.1) 66 (25.0) 0.676 0.044
Yes 424 (76.0) 226 (76.9) 198 (75.0)

Multimorbidity No 274 (49.1) 148 (50.3) 126 (47.7) 0.595 0.052
Yes 284 (50.9) 146 (49.7) 138 (52.3)

Note. p-values compare trial arms. SMD = standardised mean difference (<0.10 = negligible imbalance) (Austin,
2009). MW = minimum wage (Brazilian reais). Depression = prior diagnosis; multimorbidity = >2 self-reported

chronic conditions.

Table 2
Measurement invariance model fit statistics for the PHQ-9 two-factor model across three assessment time
points.
Model 7 df CFI TLI RMSEA [90% CI] ACFI ARMSEA
Configural 423.25 282 0.978 0.972 0.030 [0.024, 0.036] - -
Metric 458.15 292 0.974 0.968 0.032 [0.026, 0.037] -0.004 0.002
Full scalar 566.68 346 0.965 0.964 0.034 [0.029, 0.039] —0.009 0.002
Partial scalar 502.62 328 0.972 0.970 0.031 [0.025, 0.036] -0.002 -0.001

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root Mean Square Error of Approximation.
Invariance assessed using ACFI < —0.010 and ARMSEA < 0.015 (Chen, 2007). Full scalar invariance was not

supported: although ACFI = —0.009 is marginally within the —0.010 bound, modification indices identified non-
invariant thresholds for PHQ3, PHQ4, and PHQ9, jointly motivating partial scalar invariance.

Little’s MCAR test was non-significant (y%(36) = 36.17, p = 0.461). Lo-
gistic regression models predicting missingness at T, and T; identified
trial arm and age as the only significant predictors: at T,, intervention
participants were more likely to be missing (B = 0.907, p = 0.024) and
those aged > 70 were less likely (B = —1.384, p = 0.014); at T, trial
arm was the sole predictor, with the direction reversed (B = —0.375,
p = 0.046). No other baseline variable was significant (all p > 0.120),
consistent with a MAR assumption.

3.2. Longitudinal invariance across time

Table 2 presents the fit statistics for the three nested invariance
models. The configural model fit the data acceptably (y2(282) = 423.25,
CFI = 0.978, TLI = 0.972, RMSEA = 0.030 [90% CI: 0.024, 0.036], SRMR
= 0.051), confirming that the same two-factor structure was tenable at
all three time points. Constraining factor loadings to equality (metric
model) did not meaningfully degrade fit (ACFI = —0.004, ARMSEA
= 0.002), supporting metric invariance. The full scalar model produced
a borderline increase in misfit (ACFI = —0.009, marginally within
the —0.010 threshold, ARMSEA = 0.002); inspection of modification
indices additionally identified non-invariant thresholds for sleep distur-
bance (PHQ3), fatigue (PHQ4), and suicidal ideation (PHQ9), jointly
motivating the pursuit of partial scalar invariance.

A partial scalar model freeing thresholds for these three items fit the
data well (¥2(328) = 502.62, CFI = 0.972, TLI = 0.970, RMSEA = 0.031
[90% CI: 0.025, 0.036], SRMR = 0.055) and improved on the full scalar
model (ACFI = 0.007, ARMSEA = —0.003). The metric-to-partial-scalar

comparison fell within acceptable bounds (ACFI = —0.002, ARMSEA
= —0.001). With six of nine items maintaining fully invariant thresholds,
the partial scalar model provided a sufficient basis for latent mean
comparisons and growth modelling. Internal consistency is reported in
Supplementary Table S5. Standardised factor loadings from the cross-
sectional baseline CFA (see Supplementary Table S4) confirmed all nine
items loaded significantly on their respective factors (all p < .001;
p range = 0.37-0.78), and the inter-factor correlation was moderate
(r = 0.419), indicating that the cognitive-affective and somatic domains
share approximately 18% of their variance.

3.3. Overall depression and domain-specific trajectories

The overall second-order LGM fit the data acceptably (y2(345) =
507.16, p < 0.001, CFI = 0.973, TLI = 0.973, RMSEA = 0.029 [90%
CI: 0.023, 0.034], SRMR = 0.053). The mean slope was negative and
significant (B = —0.497, SE = 0.162, z = —3.064, p = 0.002), indicating a
significant average linear decline in overall depressive symptoms. Slope
variance was significant (y = 0.708, SE = 0.289, z = 2.449, p = 0.014),
reflecting substantial individual differences in rates of change, and in-
tercept variance was also significant (y = 0.086, SE = 0.025, z = 3.450,
p =0.001). The trial arm significantly predicted the slope (B = —0.320,
SE = 0.116, z = =2.749, p = 0.006), with intervention participants
exhibiting a steeper mean decline. Model-implied individual and mean
trajectories are shown in Fig. 2.

Fig. 3 presents the domain-specific latent trajectories. For the
cognitive-affective domain (y2(90) = 102.83, p = 0.168, CFI = 0.992, TLI
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Fig. 2. Overall depressive symptom trajectories across three assessment time points (baseline, 3 months, 8 months) by trial arm. The left panel shows model-
implied individual (thin lines) and group-mean (thick lines) trajectories from the second-order latent growth model; scores are on a latent scale centred at zero,
where negative values indicate improvement from baseline and positive values indicate worsening. The right panel shows group-mean trajectories of observed
standardised PHQ-9 total scores with shaded 95% confidence intervals, providing an observed-data reference for comparison. The x-axis uses a log scale to reflect
the unequal spacing of assessment intervals (0, 3, and 8 months). The wider spread of individual trajectories in the left panel reflects significant slope variance,
indicating heterogeneous rates of change across participants. The intervention arm shows a steeper mean decline than the control arm in both panels, consistent
with the significant trial-arm effect on the overall growth slope. Control = blue; Intervention = green. (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

= 0.997, RMSEA = 0.016 [90% CI: 0.000, 0.029], SRMR = 0.031), the
mean slope was non-significant (p = 0.969), reflecting that the control
group showed negligible average change while the intervention group
improved substantially, with the pooled mean approximating zero, but
slope variance was significant (y = 4.891, SE = 1.982, z = 2.468, p =
0.014), reflecting substantial individual differences in rates of change.
The trial arm significantly predicted the slope (B = —1.788, SE = 0.483,
z = =3.701, p < 0.001), with intervention participants showing a more
negative trajectory. A prior depression diagnosis significantly predicted
a more positive slope (B = 1.453, SE = 0.469, z = 3.099, p = 0.002),
indicating slower improvement among those with a depression history.
No other covariate significantly predicted either cognitive-affective
growth factor (all p > 0.097). For the somatic domain ( 72(279) = 305.04,
p = 0.136, CFI = 0.990, TLI = 0.995, RMSEA = 0.013 [90% CI: 0.000,
0.022], SRMR = 0.045), neither the mean slope (p = 0.227) nor slope
variance (p = 0.328) was significant, indicating no average linear
change and no meaningful individual differences in rate of somatic
change. In marked contrast to the cognitive-affective domain, the trial
arm did not significantly predict either the somatic intercept (p = 0.205)
or slope (p = 0.160). A prior diagnosis of depression significantly
predicted a higher somatic intercept (B = 0.169, SE = 0.049, z = 3.475,
p = 0.001). No other covariate significantly predicted either somatic
growth factor (all p > 0.110).

Examining cross-domain growth factor associations, all four corre-
lations were statistically significant. The intercept—intercept correlation
was positive and strong (r = 0.573, p < 0.001), indicating that higher
baseline cognitive-affective severity was associated with higher somatic
severity. The slope-slope correlation was moderate (r = 0.640, p <
0.001), indicating that individuals who improved more rapidly in one
domain also tended to improve in the other. The asymmetric intercept—
slope associations were significant but in opposite directions: a higher
cognitive-affective intercept was associated with a more negative so-
matic slope (r = —0.238, p < 0.001), while a higher somatic intercept
was associated with a more positive cognitive-affective slope (r = 0.240,
p < 0.001).

3.4. Within-person dynamics: Random intercept cross-lagged panel model

Within-person temporal dynamics were asymmetric: somatic symp-
tom deviations at baseline were associated with elevated cognitive-
affective symptoms three months later, whereas the reverse was not
observed. The RI-CLPM fit the data acceptably (y%(548) = 683.71, p <
0.001, CFI = 0.976, TLI = 0.985, RMSEA = 0.021 [90% CI: 0.015, 0.026],
SRMR = 0.056); the significant chi-square reflects model complexity
and sample size rather than substantive misfit. The random intercept
variances for both the cognitive-affective (y = 0.177, p = 0.236) and
somatic (y = 0.016, p = 0.666) components were non-significant, as
was their covariance (y = 0.025, p = 0.526), indicating that stable
between-person differences did not account for substantial variance in
either domain. A prior depression diagnosis was the only covariate
that significantly predicted both random intercepts: Rl o, (B = 0.253,
SE = 0.070, z = 3.598, p < 0.001) and Rl (B = 0.127, SE = 0.021,
z = 5.936, p < 0.001). No other covariate significantly predicted either
random intercept (all p > 0.093).

Neither cognitive-affective nor somatic within-person scores showed
significant autoregressive continuity across either interval (all p >
0.151). One cross-lagged path was significant: within-person somatic
deviations at T, were temporally associated with elevated cognitive-
affective deviations at T, after controlling for random intercepts (B =
0.925, SE = 0.321, z = 2.885, p = 0.004, g = 0.300; Fig. 4). The reverse
path was non-significant (p = 0.787), and neither cross-lagged path was
significant during T,-to-T; (both p > 0.251). The within-person residual
covariance was non-significant at T; (p = 0.574) but significant at T,
(y = 0.141, p < 0.001) and T3 (v = 0.155, p < 0.001), indicating
co-fluctuation between domains at three and eight months but not at
baseline.

4. Discussion

This study asked whether the PHQ-9 two-factor structure remains
stable across three assessment points in older adults entering treatment
with PHQ-9 > 10 who underwent genuine clinical change over eight
months — a more demanding and clinically consequential question
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Fig. 3. Domain-specific model-implied trajectories of depressive symptoms across three assessment time points (baseline, 3 months, 8 months) by trial arm:
cognitive-affective (left panel) and somatic (right panel). Thin lines represent individual model-implied trajectories; thick lines with points represent group
means. The y-axis uses a latent scale centred at zero, where negative values indicate improvement from baseline and positive values indicate worsening; the
x-axis uses a log scale to reflect the unequal spacing of assessment intervals. The widespread spread of individual trajectories in the cognitive-affective panel at 8
months reflects the significant slope variance, indicating that the intervention’s effect on this domain was highly heterogeneous across participants. The somatic
panel shows considerably tighter individual trajectories, consistent with the non-significant slope variance and the absence of a trial-arm effect on somatic change.
Control = blue; Intervention = green. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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cross-lagged paths; dotted line = random intercept covariance. Dark labels denote p < 0.05. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

than cross-sectional factor validation, since a destabilising structure
renders domain-specific trajectories uninterpretable.

The central result is that the PHQ-9 two-factor structure is met-
rically stable across all three time points in this clinically screened
sample. Partial scalar invariance was achieved, with thresholds for
three items freed while six maintained full invariance. The preservation
of metric invariance under these conditions confirms that the two-
factor structure is not merely an artefact of high symptom burden at
entry. This has a direct practical implication: domain-specific PHQ-
9 subscales are valid longitudinal outcome measures in clinical trials
of this kind, and can be calculated from items already administered
at each visit without additional burden (cognitive-affective: items 1,
2, 4; somatic: items 3, 5, 6, 7, 8, 9), providing a richer monitoring

profile at no extra cost. The partial scalar result is theoretically in-
terpretable rather than analytically arbitrary. Sleep disturbance and
fatigue are the items most likely to be influenced by processes outside
the depression construct in a sample with 76.0% hypertension, 43.5%
diabetes, and 50.9% multimorbidity. In this population, a patient carry-
ing hypertension, diabetes, and multimorbidity, fatigue and poor sleep
are diagnostically ambiguous. Fatigue may signal depressive anergia,
or may readily reflect medication side effects, anaemia, or a physical
toll of functional disability. Similarly, sleep disturbance may describe
a depressive symptom or a nightly reality of chronic pain, nocturia,
or medication-induced insomnia (Husain-Krautter and Ellison, 2021;
Schuler et al., 2018). The threshold at which a patient endorses these
items may therefore shift across eight months as their physical health
status changes, regardless of whether their depression has improved.
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Suicidal ideation presents a distinct psychometric challenge. The ex-
clusion of participants with acute suicide risk on clinical safety grounds
(Scazufca et al., 2022) restricted this item’s response distribution from
the outset, making its threshold parameters inherently unstable at
low base rates. Beyond this, suicidal ideation endorsement in older
adults may reflect burdensomeness, existential exhaustion, loneliness,
or fear of dependency rather than suicidal intent per se (Al-Halabi
and Fonseca-Pedrero, 2024), and its meaning may shift across time in
ways that reflect the lived experience of ageing. The non-invariance of
these three items therefore reflects the clinical complexity of measuring
depression in a medically comorbid older adult population, not a failure
of the two-factor structure. The six invariant items provide the stable
measurement core required for valid comparisons of latent means
(Millsap, 2011). These results extend PHQ-9 psychometric research (B.
Guo et al., 2017; Chilcot et al,, 2013) by demonstrating structural
stability over 8 months in a population characterised by advanced age,
high comorbidity, and an LMIC context. Measurement invariance was
established across time points but not across subgroups defined by
baseline depression diagnosis or trial arm, which represents a boundary
condition for the current findings.

The PROACTIVE intervention produced a significantly steeper de-
cline in cognitive-affective symptoms but left the somatic slope sta-
tistically unchanged. This differential pattern is theoretically coherent
given the nature of the programme, which was built on psychoed-
ucation and behavioural activation delivered by community health
workers (Scazufca et al., 2022). Seward et al. (2025) identified re-
duction in loneliness and stepped-care engagement as the primary
mediating pathways, both psychosocial mechanisms that one would
expect to target anhedonia, hopelessness, and loss of motivation, rather
than sleep quality, appetite, or psychomotor function. In this sample,
somatic depressive symptoms may partly reflect physiological processes
not addressable through psychoeducation and behavioural activation
(Zhou et al., 2024; de Miranda Azevedo et al., 2014). The psychosocial
context of this sample matters here: the majority live at or below the
minimum wage and are faced with bereavement and functional loss.
These may sustain somatic burden beyond the scope of psychosocial
programming alone, and they point to the need for an integrated
physical health component in future collaborative care programmes.
For clinicians, this differential response carries two immediate implica-
tions: a patient whose total score improves but whose somatic domain
remains elevated may benefit from a concurrent physical health review
before behavioural activation components are intensified (de Miranda
Azevedo et al., 2014); and stepped-care escalation criteria should incor-
porate domain-specific thresholds alongside total score rules, so that
persistent somatic elevation triggers clinical review even when total
scores appear stable (Seward et al., 2025).

The significant slope variance in the cognitive-affective model in-
dicates that the intervention’s effect was far from uniform. A prior
depression diagnosis predicted a less favourable cognitive-affective
trajectory and higher somatic baseline severity, consistent with the
literature on late-life depression prognosis (Husain-Krautter and El-
lison, 2021) and reinforcing the stepped-care rationale embedded in
PROACTIVE (Scazufca et al., 2022). These findings are also relevant to
scalable digital approaches. Whether the PRODIGITAL-D trial’s effec-
tiveness (Scazufca et al., 2024) is uniformly distributed across domains
or concentrated in the cognitive-affective dimension remains an open
question with direct implications for how digital platforms should be
monitored and escalated. Moving from between-person trajectories to
within-person temporal dynamics, the RI-CLPM addressed the direc-
tional ordering question directly. The RI-CLPM disconfirmed our hy-
pothesis that cognitive-affective improvement would precede somatic
recovery (Savelieva et al., 2021; Soini et al., 2025). The significant
cross-lagged path ran in the opposite direction: somatic deviations at
T, were temporally associated with elevated cognitive-affective devi-
ations at T, (f = 0.300, p = 0.004), not the reverse. One plausible
explanation is that a patient who is exhausted, sleeping poorly, and
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not eating well is less able to show up fully for behavioural activation
sessions or absorb psychoeducation content (Scazufca et al., 2022).
It is that engagement, sustained over time, that appears to support
cognitive-affective recovery. However, shared vulnerability processes,
unmeasured confounders, or reciprocal dynamics between domains
remain plausible alternative accounts that the current design cannot
exclude. This aligns with network models identifying somatic symp-
toms, particularly restless sleep and difficulty initiating activity, as
having strong outgoing and bidirectional connections to other de-
pressive features in older adults (Schlechter et al., 2023), and with
evidence that somatic symptoms are disproportionately prominent and
may compound affective burden in late-life depression (Husain-Krautter
and Ellison, 2021; Zhang et al.,, 2023). The growing co-fluctuation
between domains at three and eight months, reflected in the significant
within-time residual covariances at T, and Tj, further suggests that
the two domains became increasingly coupled over the course of treat-
ment, potentially reflecting shared responsiveness to the intervention
or broader recovery processes. The asymmetry of the cross-lagged
association has direct clinical implications: that same patient (the one
who is exhausted and not sleeping) may be heading toward cognitive-
affective deterioration before it registers in their total score. A patient
presenting with elevated somatic burden at the start of treatment there-
fore warrants close monitoring of the cognitive-affective domain at
three months, consistent with a monitoring rationale in which domain-
level deterioration is identified and addressed before it accumulates in
the total score and the window for early intervention has passed.

Several limitations and future directions warrant noting. First, all
participants entered with PHQ-9 > 10; the factor structure and trajecto-
ries identified here reflect concentrated high-severity item-response be-
haviour and cannot be assumed to generalise to community or subclin-
ical samples, where response distributions and inter-item relationships
may differ substantially (Lamela et al., 2020; Kliem et al., 2024). Sec-
ond, although the PHQ-9 has been validated in this context (Moreno-
Agostino et al., 2022), the factor structure and threshold parameters
identified here may not replicate across other language versions or
cultural settings; differential item functioning across linguistic con-
texts warrants explicit testing before these findings are generalised
beyond Portuguese-speaking LMIC populations. Third, the COVID-19
pandemic altered intervention delivery, and these disruptions may have
introduced somatic symptom variability unrelated to the intervention.
Fourth, RI-CLPM cross-lagged paths represent within-person temporal
associations and do not establish causal effects; shared vulnerability
processes, residual confounding, or reciprocal dynamics cannot be
excluded, and replication with more frequent measurements and con-
current biomarkers is needed before stronger interpretations are drawn.
Fifth, whether the temporal dynamic varies by comorbidity burden,
social isolation, or engagement cannot be resolved with the current
design and warrants investigation in studies with richer covariate mea-
surement. Sixth, the trial’s exclusion of individuals with acute suicide
risk (Scazufca et al., 2022) means findings may not generalise to the
most severely at-risk presentations, a constraint inherited from the
primary study design. Seventh, the somatic domain as operationalised
here likely captures not only depression-specific symptoms but also
physical illness burden, medication side effects, poverty, and social
adversity common in this population (Husain-Krautter and Ellison,
2021; Zhang et al., 2023; Zhou et al., 2024; de Miranda Azevedo et al.,
2014); somatic symptom persistence and changes should therefore
not be interpreted as purely psychiatric in nature, and may reflect
contextual and biological factors operating independently of the depres-
sion construct. Two future directions follow most directly from these
findings. Whether the PRODIGITAL-D trial’s digital delivery (Scazufca
et al., 2024) replicates this domain-specific pattern has immediate im-
plications for how monitoring and escalation should be built into digital
platforms for late-life depression in LMIC settings. At the item-level,
network intervention analysis would complement these factor-level
findings and may identify bridge symptoms through which intervention
effects propagate (Schlechter et al., 2023).
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5. Conclusion

The primary contribution of this study is to establish that the
PHQ-9 two-factor structure is metrically stable over eight months of
active treatment in older adults with clinically significant depression.
This is a more stringent test than cross-sectional validation and the
necessary foundation for valid longitudinal domain-specific analyses.
Partial scalar invariance, with three theoretically interpretable non-
invariant items, is sufficient for that purpose. The PROACTIVE in-
tervention’s effects were concentrated in the cognitive-affective do-
main; the somatic domain was largely unresponsive to the psychosocial
programme. Baseline somatic severity was also associated with at-
tenuated cognitive-affective improvement across participants. Within-
person somatic burden was temporally associated with subsequent
cognitive-affective worsening at three months, suggesting that persis-
tent somatic symptoms may be temporally associated with reduced
behavioural engagement, attenuating the cognitive-affective recovery
that such engagement supports. Causal interpretation awaits replica-
tion with frequent assessments. Together, these findings offer a richer
account of how collaborative care shapes the symptom structure of
late-life depression. They also identify where the next generation of
low-resource interventions will need to reach to achieve comprehensive
symptomatic relief for older adults living at the intersection of poverty,
multimorbidity, and depression in LMIC settings.
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