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Aim. The aim of the study was to investigate whether three negative symptoms of schizo-

phrenia – motor retardation, emotional withdrawal, and blunted affect – differ in their course 
over 20 years following first hospitalization.

Method. Data from 80 patients in the Cracow Prospective Study of Schizophrenia, assessed 
at six time points over 20 years using the Brief Psychiatric Rating Scale, were reanalyzed with 
Bayesian cumulative ordinal multilevel models following the WAMBS (When to Worry and 
How to Avoid the Misuse of Bayesian Statistics) checklist.

Results. All three symptoms displayed U-shaped trajectories characterized by early im-
provement and late-phase deterioration. Motor retardation was less severe at baseline than 
emotional withdrawal (β = −0.85; 95% CrI [−1.31; −0.39]) and blunted affect (β = −0.99; 95% 
CrI [−1.47; −0.52]). A preliminary indication, not reaching conventional evidential thresholds, 
was that motor retardation may be more persistent than emotional withdrawal (β = 0.25; 95% 
CrI [0.04; 0.45]). No differences were found in trajectory shape.

Conclusions. Negative symptoms show similar long-term U-shaped trajectories. The lower 
baseline severity but potentially higher persistence of motor retardation raises the possibility 
that motor symptoms, once present, may follow a more trait-like course, though this prelimi-
nary pattern requires replication. These results highlight the need for continuous monitoring 
of negative symptoms throughout the illness.
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Introduction

Negative symptoms are among the most disabling aspects of schizophrenia, often 
emerging before the onset of the illness – in 50–90% of individuals they are already 
present during the first episode [1]. They exert the strongest impact on long-term treat-
ment outcomes, including quality of life and functioning across various domains, while 
simultaneously being the strongest predictors of future disability among all symptom 
groups, frequently surpassing positive symptoms in this regard [2–4]. Understanding 
the natural course of these symptoms is therefore essential for formulating prognoses 
and personalizing treatment [5–7].

Initially conceptualized as a unidimensional construct, negative symptoms were 
subsequently divided into two domains: diminished expression and amotivation, also 
referred to as the experiential domain [1, 8]. The most recent classification distin-
guishes five domains: avolition, anhedonia, asociality, blunted affect, and alogia [1, 
9, 10]. These symptoms have distinct neural correlates, such as specific patterns of 
prefrontal cortical thinning associated with the diminished expression component, as 
well as potentially different therapeutic implications [11, 12].

Short-term studies consistently demonstrate symptomatic improvement after the 
first episode of psychosis, with significant reductions typically observed within the first 
years [13]. However, long-term findings are inconsistent: some indicate stabilization, 
while others reveal U-shaped trajectories with progressive deterioration or relapse 
over the years [6, 14, 15]. Previous studies have shown that these symptoms undergo 
significant fluctuations over time rather than remaining stable [5, 12].

Importantly, most studies analyze only trajectories of total scores or mean severity 
rather than individual symptom domains [4, 8]. Such an approach may obscure differ-
ences in the course of individual domains – for example, findings suggest that amoti-
vation may remain stable while expression deficits increase over time [11, 12]. Given 
that different trajectories likely reflect different pathogenetic mechanisms and require 
different interventions, modeling individual domains is a necessary condition for treat-
ment personalization [1, 8, 9]. However, long-term studies analyzing individual domains 
remain scarce [15, 16], and due to their extended duration and the need for consistent 
measurement instruments, some have employed outdated assessment tools [1, 17].

In our 20-year study, we used the Brief Psychiatric Rating Scale (BPRS), which 
includes three items from the negative symptom category: blunted affect, emotional 
withdrawal, and motor retardation [18, 19]. Unfortunately, the BPRS poorly reflects 
the current five-domain model [1, 7], a constraint that represents the central limitation 
of the present analysis. Only the blunted affect item accurately captures its correspond-
ing construct [1, 17]. Emotional withdrawal could serve as an approximate measure of 
asociality, although it relies on indirect assessment: the BPRS item measures observable 
social withdrawal rather than the internal lack of motivation for social interactions 
[1, 20]. Similarly, motor retardation can be interpreted as a behavioral indicator of 
avolition; however, it conflates motor symptoms with motivational deficits [1]. Nev-
ertheless, all three BPRS items measure different symptoms whose trajectories over 
the years may differ.
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Aim

The aim of the study was to examine whether three negative symptoms – blunted 
affect, emotional withdrawal, and motor retardation – display different twenty-year 
trajectories in a prospective study of individuals with schizophrenia following first 
hospitalization. To this end, data from a longitudinal cohort study were reanalyzed 
using Bayesian multilevel modeling.

Material and methods

Participants

The study is part of the Cracow Prospective Study of Schizophrenia – a twenty-
year longitudinal cohort initiated in 1985–1988 to track the course of patients’ illness. 
The  present work constitutes a  reanalysis of previously published data, in which 
Bayesian multilevel modeling was applied to analyze trajectories of individual negative 
symptoms rather than aggregate syndrome scores [21]. One of the earlier publications 
from this cohort examined the categorical prevalence and stability of the discussed 
symptoms, whereas the present study extends those analyses by modeling continuous 
severity trajectories using Bayesian methods [22]. The study included 80 consecu-
tively admitted patients of the Department of Psychiatry at the University Hospital in 
Cracow. Participants met the following inclusion criteria: (a) age ≥18 years, (b) first 
psychiatric hospitalization related to psychosis, (c) diagnosis of schizophrenia based 
on DSM-III criteria (verified after 12 years using DSM-IV-TR criteria), (d) residence 
in Cracow, (e) living with family (of origin and/or procreation), and (f) absence of 
organic brain disease, intellectual disability, or substance use disorders. Assessments 
were conducted at six time points: at admission (T0) and at 1 (T1), 3 (T3), 7 (T7), 
12 (T12), and 20 (T20) years after first hospitalization. An assessment was also carried 
out at discharge but was not included in the present analysis: falling only shortly after 
admission, it would have produced pronounced imbalance in the spacing between the 
earliest measurement occasions relative to the later follow-ups. Retention remained 
high throughout the observation period: 92.5% at T3 (n = 74), 88.8% at T7 (n = 71), 
90.0% at T12 (n = 72), and 80.0% at T20 (n = 64). All patients with at least one com-
plete BPRS assessment were included in the analysis. Models were estimated within 
a Bayesian multilevel framework, which pools information across repeated measure-
ments and across the three symptoms (partial pooling) and provides full posterior 
uncertainty without relying on large-sample asymptotics. All participants provided 
informed consent. The study was approved by the Bioethics Committee of the Jagiel-
lonian University Medical College in Cracow.

Instruments

Symptom severity was assessed using the UCLA expanded version of the Brief 
Psychiatric Rating Scale (BPRS-E), which consists of 24 items rated on a 7-point scale 
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(1 = absent, 7 = extremely severe) [23, 24]. In the present study, three items classified 
as negative symptoms were analyzed: blunted affect, emotional withdrawal, and mo-
tor retardation. These items were selected because factor analyses consistently group 
them as core negative symptoms, and they correspond to the diminished expression 
and amotivation domains identified in current consensus models [1]. Other BPRS 
items (e.g., self-neglect, disorientation, uncooperativeness) are sometimes considered 
negative symptoms but do not obtain consistent loadings on this factor across studies 
[25]. Each item was treated as a separate dependent variable on an ordinal scale (1–7). 
Assessments were conducted by experienced psychiatrists who personally examined 
each patient at all time points. All clinicians were trained in the administration of the 
BPRS-E to ensure the highest possible inter-rater agreement.

Statistical analysis

BPRS items are ordinal in nature ‒ responses take the form of ordered categories 
rather than values on an interval scale. For this reason, linear models treating individual 
item scores as continuous variables may be inadequate. Cumulative ordinal regression 
models were therefore employed, which assume the existence of a latent continuous 
variable divided into the seven observed BPRS categories (1–7) [26].

As a preliminary feasibility assessment, separate cumulative ordinal multilevel 
models were fitted for each negative symptom item with time as a predictor. These 
models demonstrated similar convergence, temporal trends, and prior-posterior be-
havior, justifying the use of a  joint model enabling direct comparison of symptom 
dimensions. All patients with at least one complete BPRS assessment were included 
in the analysis; multilevel models accommodate missing observations by utilizing all 
available data under the missing-at-random (MAR) assumption. In the main analyses, 
a single Bayesian cumulative ordinal multilevel model was fitted simultaneously en-
compassing all three negative symptom items. The dependent variable was the item 
score (1–7), and predictors included: symptom type (emotional withdrawal, motor 
retardation, blunted affect), time in years from first hospitalization, and each patient’s 
baseline severity for the given symptom (centered on the symptom-specific mean). 
The model formula in the brms package was:

Score ~ symptom * (time_years + I(time_years^2) + baseline_centered)  
+ (time_years | participant_ID:symptom)

The model employs a cumulative logit link function appropriate for ordinal vari-
ables ‒ it assumes that the observed BPRS categories (1–7) reflect a latent continuous 
severity dimension divided into categories by threshold values. Fixed effects estimate 
four trajectory features for each symptom: baseline severity (the degree of symptom 
severity at admission [T0]), persistence (the extent to which baseline severity predicts 
subsequent scores), the linear trajectory component (mean rate of change per year), 
and the quadratic component (acceleration or deceleration of the rate of change over 
time). Random effects (time_years | participant_ID:symptom) allow each patient an 
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individual intercept and individual rate of change for each symptom, accounting for 
inter-individual variability around group-level trends. Symptom dimensions were 
compared on each of these features using contrasts from posterior distributions of the 
corresponding fixed-effect coefficients (e.g., motor retardation vs. emotional with-
drawal). Prior specification, convergence assessment, posterior predictive checks, and 
sensitivity analyses were conducted following the WAMBS (When to Worry and How 
to Avoid the Misuse of Bayesian Statistics) checklist [27]; detailed model diagnostics 
are presented in the supplementary materials.

Prior specification

Priors were specified as weakly informative, following WAMBS recommendations 
[27, 28] and guidelines for Bayesian hierarchical models [29]. For thresholds, inter-
cepts, and fixed effects, weakly informative Student’s t priors were used; for random 
effect standard deviations, half-Student’s t priors were used; and for the random effects 
correlation matrix, LKJ priors were employed. Prior adequacy was assessed through 
prior predictive checks, verifying that they generated plausible distributions of BPRS 
scores. Initial, dispersed priors for quadratic time effects generated clinically unrealistic 
trajectory curvature in predictive simulations. Narrower priors were therefore adopted 
that maintained curvature within clinically realistic bounds without constraining the 
influence of data on estimates. The full prior specification, including hyperparameters 
and alternative sets used in sensitivity analyses, is presented in Supplementary Table S2.

Estimation, convergence, and model diagnostics

All models were estimated using Markov chain Monte Carlo (MCMC) sampling 
in Stan [30] via the brms package [31]. The final joint model was run with four chains 
of 8,000 iterations (4,000 warmup, 4,000 sampling). Convergence was assessed using 
the R̂ statistic, effective sample sizes (ESS), trace plots, and divergent transition diag-
nostics. All R̂ values were <1.01, effective sample sizes were high, and no divergent 
transitions were observed. Doubling the number of iterations did not meaningfully 
alter posterior estimates or diagnostic results. Posterior distribution histograms and 
autocorrelation plots for key parameters were also inspected; no problematic patterns 
were observed (see Supplementary Figure S3). Prior predictive checks were used to 
assess prior selection, and posterior predictive checks were used to evaluate model fit 
with respect to the distribution, mean, and variance of BPRS scores (Supplementary 
Figures S1‒S2).

Sensitivity analyses and inference

Prior sensitivity analyses were conducted by modifying one component at a time 
while keeping the others at default values (Table S2). For each set, the joint ordinal 
model was refitted and posterior medians, 95% credible intervals (CrI), and key 
between-symptom contrasts were compared (Table S1). Inference was based on pos-
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terior medians and 95% CrI, with effects considered substantively meaningful when 
the 95% CrI excluded zero and this conclusion was stable across prior specifications. 
Following WAMBS recommendations, Bayes factors (BF₁₀ and BF₀₁), calculated using 
the Savage–Dickey density ratio method, were also reported as a measure of evidential 
strength. BF values were interpreted according to the Jeffreys scale [32]: BF >100 – 
extreme evidence, 30–100 – very strong, 10–30 – strong, 3–10 – moderate, 1–3 – weak 
(anecdotal), <1 – evidence in favor of H₀. Bayes factors are presented alongside CrI in 
Table 2. Missing data were handled according to the MAR assumption described above.

Results

Sample and descriptive statistics

The final sample comprised 80 patients with first-episode psychosis, followed 
over 20 years at six time points (T0, T1, T3, T7, T12, T20). The sample included 46 
women (57.5%) and 34 men (42.5%). Descriptive statistics for the three BPRS negative 
symptom items are presented in Table 1. At baseline, blunted affect showed the highest 
mean severity (M = 2.96; SD = 1.72), followed by emotional withdrawal (M = 2.84; 
SD = 1.73) and motor retardation (M = 2.05; SD = 1.42). All three symptoms showed 
marked reduction during the first year, with the largest decrease observed for blunted 
affect (ΔM = −1.49) and emotional withdrawal (ΔM = −1.25). Mean scores reached 
their lowest values between years 1 and 3, after which they gradually increased. By 
year 20, mean symptom severity had returned to values close to baseline across all 
three dimensions. All Bayesian models passed the WAMBS criteria and converged 
satisfactorily (see Supplementary Figure S3 for diagnostics), indicating that posterior 
results can be interpreted with confidence.

Table 1. Descriptive Statistics for BPRS Negative-Symptom Items Across 20 Years

Symptom 
dimension T0 T1 T3 T7 T12 T20

Blunted affect 2.96 (1.72) 1.47 (0.77) 1.74 (1.03) 1.76 (1.06) 1.99 (1.23) 2.28 (1.46)
Emotional withdrawal 2.84 (1.73) 1.59 (0.93) 1.60 (0.97) 1.66 (1.00) 1.77 (1.11) 2.22 (1.46)
Motor retardation 2.05 (1.42) 1.50 (0.90) 1.29 (0.54) 1.55 (0.89) 1.64 (0.99) 2.00 (1.31)

Note. Values represent means; standard deviations are given in parentheses.

Posterior predictive fit

Posterior predictive checks indicated that the unified ordinal model reproduced the 
observed BPRS score distribution well (Supplementary Figure S2). Bayesian posterior 
predictive p-values based on the mean and variance of the scores were 0.65 and 0.86, 
respectively, both close to 0.5, suggesting adequate fit with respect to central tendency 
and dispersion. The model captured the shape of the observed distribution, including 
the preponderance of low scores and the U-shaped trajectory over time.
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Long-term symptom trajectories

Figure 1 shows observed data (solid lines) and model-derived trajectories (dashed 
lines) for each negative-symptom dimension across 20 years. All three symptoms 
exhibited a broadly U-shaped course. In the early phase (0–1 years), all symptoms 
improved markedly, with steep declines from baseline to year 1. The mid-phase (1–7/12 
years) was characterized by relative stabilization at lower symptom levels, with minor 
fluctuations. In the late phase (12–20 years), gradual worsening emerged, with mean 
scores returning toward baseline values by year 20. Blunted affect showed the largest 
early improvement, whereas all three symptoms displayed gradual increases in the 
later phase.

Figure 1. Twenty-year trajectories of negative symptoms following first  
hospitalization for schizophrenia

Note. Observed data (solid lines) and model-implied trajectories (dashed lines) for blunted affect, 
emotional withdrawal, and motor retardation. Mean scores (1–7) are plotted at each assessment 
point (T0–T20).

Between-symptom differences in baseline severity

For orientation, Bayes factors (BF₁₀) express the relative likelihood of the data under 
the alternative versus the null hypothesis. Conventionally, values above 10 indicate 
strong-to-extreme evidence, values of 3–10 ‒ moderate evidence, and values below 
3 only anecdotal support. Bayesian pairwise comparisons revealed clear differences 
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table continued on the next page

in baseline severity between symptom dimensions (Table 2, “Baseline severity”). 
The comparison of motor retardation with emotional withdrawal yielded a difference 
of β = −0.85; 95% CrI [−1.31; −0.39]; BF₁₀ = 148.49. The comparison of motor retar-
dation with blunted affect yielded a difference of β = −0.99; 95% CrI [−1.47; −0.52]; 
BF₁₀ = 222.69. In both cases, Bayes factors provided extreme evidence that motor 
retardation was less severe at baseline than the other two negative symptom dimen-
sions. In contrast, no evidence of a difference between blunted affect and emotional 
withdrawal was found: β = 0.14; 95% CrI [−0.29; 0.58]; BF₀₁ = 3.70, corresponding to 
moderate evidence in favor of the null hypothesis. In standardized terms (latent scale 
SD = Π/√3 = 1.81), motor retardation was 0.47 SD lower than emotional withdrawal 
and 0.55 SD lower than blunted affect – both medium-sized effects. The difference 
between blunted affect and emotional withdrawal was negligible (0.08 SD).

Symptom persistence

Persistence was operationalized as the degree to which higher baseline severity 
predicted higher severity during the follow-up period (Table 2, “Persistence”). The com-
parison of motor retardation with emotional withdrawal suggested that motor retarda-
tion is more persistent: β = 0.25; 95% CrI [0.04; 0.45]; BF₁₀ = 2.84. This represents 
only a preliminary, hypothesis-generating indication rather than firm evidence; on the 
Jeffreys scale BF₁₀ = 2.84 constitutes anecdotal support. In the remaining two compari-
sons, results indicated no significant difference. The comparison of blunted affect with 
emotional withdrawal yielded β = 0.15; 95% CrI [−0.03; 0.33]; BF₀₁ = 1.89, and the 
comparison of motor retardation with blunted affect yielded β = 0.10; 95% CrI [−0.13; 
0.33]; BF₀₁ = 1.67. Both Bayes factors fell within the weak evidence range in favor 
of H₀, suggesting no significant differences in persistence between these symptoms.

Curve shape

All three symptoms displayed similar rates of change and curvature over time 
(Table 2, “Linear component” and “Quadratic component”). For the linear component, 
moderate evidence for the absence of differences was obtained in all comparisons (BF₀₁ 
= 4.17–7.14), with posterior medians near zero and credible intervals narrowly spanning 
negative and positive values around zero. For the quadratic component, weak evidence 
for the absence of differences was obtained in all comparisons (BF₀₁ = 2.44–2.94), 
again with credible intervals tightly clustered around zero.

Table 2. Bayesian Pairwise Comparisons of Negative-Symptom Trajectories

Domain Contrast β 95% CrI BF₁₀ Interpretation

Baseline Severity Motor vs Withdrawal −0.85 [−1.31, −0.39] 148.49 Extreme evidence 
for H₁

Blunted vs 
Withdrawal 0.14 [−0.29, 0.58] 0.27 Moderate evidence 

for H₀
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Motor vs Blunted −0.99 [−1.47, −0.52] 222.69 Extreme evidence 
for H₁

Persistence Motor vs Withdrawal 0.25 [0.04, 0.45] 2.84 Anecdotal for H₁

Blunted vs 
Withdrawal 0.15 [−0.03, 0.33] 0.53 Anecdotal for H₀

Motor vs Blunted 0.10 [−0.13, 0.33] 0.60 Anecdotal for H₀

Linear Trajectory Motor vs Withdrawal 0.07 [−0.07, 0.22] 0.24 Moderate for H₀

Blunted vs 
Withdrawal 0.00 [−0.14, 0.14] 0.14 Moderate for H₀

Motor vs Blunted 0.07 [−0.08, 0.22] 0.16 Moderate for H₀

Curvature 
(Quadratic 
component)

Motor vs Withdrawal −0.00 [−0.01, 0.01] 0.41 Anecdotal for H₀

Blunted vs 
Withdrawal 0.00 [−0.01, 0.01] 0.35 Anecdotal for H₀

Motor vs Blunted −0.00 [−0.01, 0.01] 0.34 Anecdotal for H₀

Note. β coefficients are expressed as differences on the latent (log-odds) scale. Negative values 
indicate lower scores for the first symptom in a given contrast. CrI = credible interval; BF₁₀ = Bayes 
factor in favor of H₁ over H₀

Sensitivity analyses

The robustness of results to prior specification was assessed by re-estimating 
models with alternative priors for fixed effects, random effect standard deviations, 
and correlation structures. The conclusion that motor retardation is less severe at 
baseline than emotional withdrawal and blunted affect remained stable: posterior 
medians differed only minimally between prior sets, and Bayes factors consistently 
indicated strong to extreme evidence in favor of H₁. Inference regarding persistence 
showed moderate sensitivity: Bayes factors for the motor retardation vs. emotional 
withdrawal comparison ranged from BF₀₁ = 1.45 (weak evidence for H₀ with narrow 
priors) to BF₁₀ = 2.84 (weak evidence for H₁ with default priors), although posterior 
medians remained stable and 95% credible intervals consistently excluded zero in the 
same direction. For the linear and quadratic components, all prior sets confirmed the 
absence of significant differences between symptom dimensions. Full numerical results 
are presented in Supplementary Table S1.

Discussion

The study examined whether three negative symptoms – motor retardation, emo-
tional withdrawal, and blunted affect – display different twenty-year trajectories follow-
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ing first hospitalization for schizophrenia. All three followed a U-shaped course of early 
improvement, mid-course stabilization, and late-phase deterioration; motor retardation 
was less severe at baseline than the other two symptoms, and a preliminary indication 
suggested it may be somewhat more persistent than emotional withdrawal, although 
the linear and quadratic components did not differ. Because these results derive from 
a reanalysis of a previously published cohort, they do not rest on newly collected data; 
their novelty lies in modeling the trajectories of individual negative symptoms rather 
than aggregate severity ‒ an aspect not previously examined in this cohort.

These findings are consistent with previous long-term studies of negative symptoms 
in schizophrenia. In a 10-year follow-up of the OPUS cohort, Austin et al. [14] identi-
fied a relapsing subgroup comprising 26% of patients who showed symptom reduc-
tion during the first two years followed by a steady increase, ultimately returning to 
baseline severity. Extending the OPUS cohort follow-up to 20 years, Starzer et al. [15] 
found that approximately half of patients followed a trajectory of sustained symptom 
severity and did not improve over two decades. The convergence of findings obtained 
through different methods – latent class analysis in the OPUS studies compared with 
individual symptom trajectory modeling in our study – strengthens the conviction 
regarding the long-term stability of negative symptoms in a substantial proportion of 
patients with schizophrenia. Meta-analyses of studies with shorter follow-up periods 
most commonly demonstrate significant reductions in negative symptoms, although 
they often fail to capture late deterioration due to limited observation periods [13, 33]. 
The trajectories observed in our study most closely resemble those described in the 
20-year OPUS study [15] and are consistent with the U-shaped negative syndrome 
course previously described in our cohort [21], underscoring the importance of extended 
follow-up periods for capturing the full dynamics of negative symptoms.

Motor retardation was significantly less severe at baseline than emotional withdrawal 
and blunted affect. A similar pattern was observed by Wijesundara et al. [19], who found 
that emotional withdrawal and blunted affect had the highest severity among individual 
items in outpatients with schizophrenia. The lower severity of motor retardation at 
baseline assessment may result from several factors. First, motor retardation is strongly 
associated with drug-induced parkinsonism, and in patients who have only recently 
begun antipsychotic treatment, assessment of this symptom may not yet be confounded 
by medication side effects, potentially resulting in lower scores that more accurately 
reflect primary negative symptoms [7, 34]. Second, the context of acute psychiatric 
hospitalization may have influenced ratings: some patients may have presented with 
psychomotor agitation during baseline assessment, which would lower motor retardation 
scores relative to other symptoms. Third, motor symptoms are thought to have distinct 
neurobiological underpinnings compared to other negative symptoms, being more 
strongly associated with neurodevelopmental disturbances and white matter structural 
abnormalities [35]. This is consistent with the current conceptualization of negative 
symptoms, in which motor deficits may constitute a partially distinct construct from 
other domains. Furthermore, the absence of a significant difference between blunted 
affect and emotional withdrawal is noteworthy given that these items theoretically cor-
respond to different domains (expressivity vs. amotivation); this similarity may reflect 
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the limitations of the BPRS in differentiating the expressive and experiential domains, 
as these items do not map unambiguously onto the contemporary two-factor model [1].

No differences between the trajectories of the three symptoms were found in terms 
of linear and quadratic components over time. One explanation may be insufficient 
statistical power given the sample size; only relatively large differences between symp-
tom trajectories would be detectable with this sample size. The distinct neurobiological 
correlates of the diminished expression and amotivation domains suggest that their 
trajectories may differ – for example, Canal-Rivero et al. [11] reported significant 
cortical thinning in prefrontal regions only among patients with increasing expressiv-
ity deficits, while Marder and Galderisi [36] emphasized that diminished expression 
and avolition factors may have different external correlates and different associations 
with functioning level, suggesting potentially distinct underlying mechanisms. The 
lack of significant differences between trajectories may result from insufficient statisti-
cal power; replication in larger samples using instruments dedicated to assessing the 
five-domain model is warranted.

Regarding persistence, only a preliminary indication was found that motor retarda-
tion may be more persistent than emotional withdrawal (BF₁₀ = 2.84, anecdotal sup-
port), and this finding was additionally sensitive to prior specification. One plausible 
explanation relates to the distinct neurobiological underpinnings of motor symptoms, 
which are more strongly associated with neurodevelopmental disturbances and struc-
tural brain abnormalities, including white matter disruption [35]; such relatively stable 
neural substrates would be expected to confer greater temporal consistency than the 
social-motivational processes underlying emotional withdrawal. Emotional withdrawal, 
being more closely linked to social-motivational processes, may be more susceptible 
to fluctuations in clinical state and treatment response, thus exhibiting lower temporal 
stability compared to motor retardation. A second, non-exclusive explanation is meth-
odological rather than biological: the BPRS motor-retardation item does not distinguish 
primary negative symptoms from extrapyramidal signs [36], so part of the apparent 
persistence may be iatrogenic. In a cohort treated predominantly with first-generation 
antipsychotics over two decades, drug-induced parkinsonism and age-related psycho-
motor slowing could sustain elevated scores independently of the negative syndrome 
[7, 34], making this pattern a hypothesis to confirm with second-generation scales for 
the assessment of negative symptoms, such as the BNSS or CAINS.

These trajectories have practical implications for long-term care after a first episode 
of schizophrenia. Because negative symptoms in this cohort worsened again in the 
later years of illness, early symptomatic improvement should not be taken as a durable 
outcome, and negative symptoms should be reassessed regularly throughout the course 
of illness. Although motor retardation was on average less severe at first presentation, 
a preliminary indication suggested that, once present, it was more persistent than the 
other negative symptoms. Whether it is a primary or a secondary negative symptom, 
motor retardation presents in the same way to the clinician, who observes it directly 
during contact with the patient ‒ much as it is rated on the BPRS. Our study therefore 
suggests that, when psychomotor slowing is present in the early years of illness, it tends 
to persist over the subsequent course, warranting careful monitoring and assessment.
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Conclusions

The study demonstrated that motor retardation, emotional withdrawal, and blunted 
affect display similar U-shaped trajectories over 20 years following first hospitaliza-
tion for schizophrenia, with early improvement followed by late-phase deterioration. 
These U-shaped trajectories are consistent with findings from recent long-term studies, 
underscoring the treatment resistance of negative symptoms. The lower baseline sever-
ity of motor retardation, combined with its potentially higher persistence compared 
to emotional withdrawal, suggests that this symptom, while less pronounced during 
acute hospitalization, may follow a more stable, trait-like course once established, pos-
sibly reflecting the distinct structural and neurodevelopmental underpinnings of motor 
deficits [35]. The late-phase deterioration observed universally across all dimensions 
indicates the need for innovative interventions aimed at maintaining early improvement 
rather than focusing solely on symptom reduction during the acute phase.

Limitations

Several limitations of the study should be noted. First, and most fundamentally, 
the measurement instrument itself constitutes the principal limitation of this study. 
The BPRS predates and does not map onto the contemporary five-domain model of 
negative symptoms. It captures only blunted affect with reasonable fidelity, while emo-
tional withdrawal and motor retardation are, at best, indirect proxies for asociality and 
avolition. The trajectories described here should therefore be interpreted at the level of 
the individual BPRS items; they cannot be mapped one-to-one onto the five consensus 
domains, which limits comparability with studies using instruments such as the BNSS 
or CAINS. Second, and separately from the properties of the scale, the dataset did not 
include systematic information on medication side effects, depressive symptoms, or 
positive symptom severity at individual time points, so these could not be included as 
time-varying covariates. Primary and secondary negative symptoms therefore could 
not be distinguished ‒ a constraint that bears most heavily on motor retardation, whose 
apparent persistence may be partly medication – or age-related, as discussed above. 
Third, the MAR assumption may be violated, as loss of patients from follow-up over 
20 years is likely related to greater illness severity or mortality, potentially leading to 
underestimation of symptom burden. Fourth, with 80 patients the study had limited 
statistical power to detect subtle differences between symptom trajectories; although 
the Bayesian multilevel approach makes efficient use of the available data, it does not 
increase the information contained in the sample and does not confer the precision of 
a large-sample study. Fifth, the naturalistic nature of the observation, while providing 
valuable real-world clinical data, means that treatment was not standardized across 
patients or time points. Future studies using instruments such as the Brief Negative 
Symptom Scale (BNSS) or the Clinical Assessment Interview for Negative Symptoms 
(CAINS), developed based on current consensus definitions, would enable more precise 
characterization of individual domain trajectories.
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Table S1. Prior sensitivity analysis: posterior median estimates across  
alternative prior specifications
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Note. All parameter estimates are posterior medians on the log-odds scale. RE = random effects. 
Range = maximum − minimum across the eight prior specifications. % Dev = (Range / |Default|) 
× 100. Asterisks mark parameters with large % Dev values driven by small default estimates near 
zero, indicating limited evidence for effects in either direction.

Table S2. Prior specifications for sensitivity analysis
Prior sensitivity analyses were conducted by varying one component at a time while 

holding others at default values; default and alternative prior sets are summarized below.
Prior set Fixed intercepts Fixed slopes Random effect SDs Correlation matrix
Default t(3, 0, 2.5) t(3, 0, 1) half-t(3, 0, 1) LKJ(2)
Mean_Null t(3, 0, 2.5) t(3, 0, 2.5) half-t(3, 0, 1) LKJ(2)
SD_Narrow t(3, 0, 2.5) t(3, 0, 0.5) half-t(3, 0, 1) LKJ(2)
SD_Wide t(3, 0, 2.5) t(3, 0, 2) half-t(3, 0, 1) LKJ(2)
RE_Narrow t(3, 0, 2.5) t(3, 0, 1) half-t(3, 0, 0.5) LKJ(2)
RE_Wide t(3, 0, 2.5) t(3, 0, 1) half-t(3, 0, 2) LKJ(2)
LKJ_1 t(3, 0, 2.5) t(3, 0, 1) half-t(3, 0, 1) LKJ(1)
LKJ_4 t(3, 0, 2.5) t(3, 0, 1) half-t(3, 0, 1) LKJ(4)

Note. All t distributions have 3 degrees of freedom (t(df, location, scale); half-t for positive-constrained 
parameters). Each prior set varies one component; all other priors are kept at their default values. 
RE = random effects.
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Figure S1. Prior predictive check.

Prior predictive distribution (blue) compared to observed data (black dashed line). The grey area 
corresponds to the valid BPRS range (1–7). The ceiling effect at 7 reflects the bounded nature of the 
ordinal scale. Simulations use all model priors jointly. The priors produced plausible BPRS score 
distributions, with most mass in the clinically relevant range, supporting their use in the main analysis.

Figure S2. Posterior predictive check.

Note. Distribution of observed BPRS scores (dark blue line) compared to 100 posterior predictive 
samples (light blue lines).
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Figure S3. MCMC diagnostics.

Note. All chains achieved convergence (R̂ < 1.01). Lower effective sample size (ESS) values pertain 
to threshold parameters. A) Trace plots: chain mixing. Trace plots are shown for four key parameters: 
b_time_years, b_time_yearsE2, b_symptommotor_retardation, and b_symptomblunted_affect. 
Four MCMC chains are color-coded. B) R̂ convergence diagnostics. Histogram of R̂ values for all 
model parameters. Thresholds indicated: R̂ ≤ 1.05; R̂ ≤ 1.1; R̂ > 1.1. C) Effective sample size ratio. 
Histogram of N_eff/N for all model parameters. Thresholds indicated: N_eff/N ≤ 0.1; N_eff/N ≤ 0.5; 
N_eff/N > 0.5.


