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Abstract

Background and Hypothesis: Cognitive change in people with schizophrenia (PwS) is
challenging to assess, but important to understand. Previous studies with limited age ranges

and follow-up were subject to practice effects. Controlling for practice effects in a well-
established cohort, we examined executive functioning trajectories and their association with
inflammatory biomarkers, hypothesizing that PwS will have worsening executive functioning over
time compared to non-psychiatric comparison participants (NCs), predicted by higher baseline
inflammation with a stronger relationship in PwS than NCs.

Study Design: Executive functioning was assessed in 350 participants (n=186 PwS, 164 NCs)
at 12-16-month intervals (0 to 7 follow-up visits). Inflammatory biomarkers at baseline included
high sensitivity C-Reactive Protein (hs-CRP), Interferon-gamma, Tumor Necrosis Factor (TNF)-
alpha, and Interleukin(IL) —6, —8, and —10. Executive functioning trajectories across diagnostic
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groups were estimated using a linear mixed-effects model controlling for age, sex, race/ethnicity,
and education level, with additional models to assess prediction by baseline inflammation.

Study Results: Over 4.4 years average follow-up, improvements in executive functioning were
attenuated in PwS and older participants. Controlling for practice effects negated improvements,
revealing declines among highly educated participants regardless of diagnosis. Higher baseline
hs-CRP predicted worse executive functioning only among NCs, while TNF-alpha was predictive
of change in all participants only after controlling for practice effects. Only the main effect of
hs-CRP on executive function was significant after adjusting for multiple comparisons. None of
the other inflammatory biomarkers predicted executive functioning or trajectories of performance
among study participants.

Conclusions: Systemic inflammation as reflected by baseline inflammatory biomarker levels
did not predict longitudinal declines in executive functioning. Additional studies examining
the temporal dynamics of inflammation and cognition in PwS will help further clarify their
relationship and associated mechanisms.

Keywords

longitudinal; cognition; cytokines; psychosis; aging

Introduction

While schizophrenia is most associated with positive symptoms, cognitive deficits contribute
more to the high functional and economic burden of the illness (Cloutier et al., 2016).
Cogpnitive deficits among people with schizophrenia (PwS) are usually premorbid and are
accentuated after the first psychotic break (Aas et al., 2014). While not all first-episode
patients have significant cognitive decline 3 years afterward, the subset with decline has
worse daily functioning and negative symptomatology (Rodriguez-Sanchez et al., 2013).
Longitudinal studies of PwS with 10-year follow-up reported declines in verbal knowledge,
visuospatial and verbal memory after the first psychotic episode (Wannan et al., 2018;
Zanelli et al., 2019). While these deficits tend to stabilize over time, certain domains
continue to decline with age, notably executive functioning, verbal knowledge, and verbal
fluency (Fett et al., 2020; Fucetola et al., 2000). One 20-year longitudinal study found
performance differences between PwS and NCs increased until age 50 years and then
plateaued (Fett et al., 2020). These previously established cognitive trajectories in PwS

did not consider practice effects, and they likely involve both neurodevelopmental and
neurodegenerative processes that are mediated by inflammatory mechanisms (Méller et al.,
2015; Na et al., 2014). Impaired acquisition of function in early development and continued
cognitive decline with a suspected acceleration of aging in PwS have been attributed, in part,
to neuroinflammation and systemic inflammation that contribute to neuronal damage (Monji
etal., 2013).

Pro-inflammatory cytokines are thought to have a direct effect on neurotransmission and
are associated with severity of psychopathology in PwS (Barron et al., 2017). It is well
established that many cytokines, chemokines, and vascular inflammatory markers are
increased in PwS, relative to non-psychiatric comparison (NC) groups (Hong et al., 2017;
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Joseph et al., 2015; Lee et al., 2017; Nguyen et al., 2018). Cross-sectional studies have
shown associations between inflammatory biomarkers and cognitive functioning in PwS,
but these studies lack the ability to make causal inferences, have mixed findings and
limited age range, and do not consider the long-term effects of aging (Adamowicz et al.,
2022; Johnsen et al., 2016; Ospina et al., 2021). Some have found C-Reactive Protein
(CRP) levels to be associated with the severity of cognitive impairment (Dickerson et al.,
2007; Joseph et al., 2015), with a recent meta-analysis identifying a negative correlation
between CRP and multiple cognitive domains in PwS based on 11 studies (Patlola et al.,
2023). One recent study has shown that increased Interleukin (IL)-6 levels in 82 PwS at
baseline predicted smaller hippocampal volumes, but not verbal learning and memory, at

3 years follow-up (Miller et al., 2021). While this study included a large set of additional
inflammatory biomarkers and PwsS identified from a national registry, the data were limited
to two timepoints and the analyses did not examine age-specific or sex-specific relationships
with inflammation and brain changes. Even fewer studies have examined the impacts

of education and race/ethnicity on cognitive trajectories in PwS. There has been greater
emphasis on the impact of inflammation on aging and cognition in neurodegenerative
conditions like Alzheimer’s disease, where increased inflammation is thought to contribute
to disease progression, possibly predating any premorbid neuropathology (Holmes, 2013).
However, among psychotic disorders like schizophrenia, longitudinal studies of cognition
that examine inflammation as a predictor of change are lacking.

The current study addresses the limitations of previous cross-sectional studies and sparse
longitudinal studies by examining trajectories of executive functioning (a cognitive domain
specifically thought to decline over time in PwS) over a broad age range (26-68 years at
baseline) and across longer follow-up periods (>4 years on average). We also considered

the effects of practice on cognitive performance, which some studies have found to be
minimal in PwS after 8 weeks follow-up (Harvey et al., 2005), while others have found

to be significant over longer intervals (mean = 18.1 months) and of similar magnitude of
improvement as in NC participants (Heaton et al., 2001). We also examined the association
of longitudinal cognitive assessments with inflammatory biomarker levels at baseline in both
PwsS and NCs to gain a better understanding of how inflammation and cognition are linked
in the disorder. While inflammatory biomarker values were available at multiple time points,
we focused on baseline values as those may be more useful for prognosis. Furthermore,

we found inflammatory biomarker values to be highly correlated over time (r=0.33 to 0.70
between baseline and second follow-up visit). With the present study, we hypothesized that:
1) PwS will have greater declines in cognitive functioning over time compared to NCs,
reflecting accelerated cognitive aging, and 2) baseline levels of inflammatory biomarkers
will predict worsening cognition over time, more so in PwS than NCs. We also explored

the impact of sex, baseline age, race/ethnicity, and education on these trajectories and
relationships, as their effects as potential covariates have not been thoroughly investigated in
PwsS.
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Methods

Participants

The full cohort for the present study was recruited from an ongoing longitudinal study of
aging biomarkers and included 350 participants (186 PwS and 164 NCs), 298 of whom had
at least one follow-up visit, up to a maximum of 7 follow-up visits for a total of 8 distinct
visits (Table 1).

Participants were residents of the greater San Diego area, aged 26-68 at baseline, and

fluent in English. For PwS, the schizophrenia diagnosis was made on the basis of the
Structured Clinical Interview for the DSM-IV-TR (SCID) (First, 2002), with DSM-5 criteria
(American Psychiatric Association, 2013) not yet available at the start of recruitment.
Participants recruited since the DSM-5’s availability have met criteria for a diagnosis of
schizophrenia or schizoaffective disorder under both definitions. NCs were recruited from
an ongoing survey study of aging among community-dwelling healthy adults, directly

from the community, online advertisements, or by word of mouth. NCs were excluded

from the study if they had a past or present diagnosis of a major neuropsychiatric illness
based on the Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998).
Additional exclusion criteria for both PwS and NCs were as follows: 1) other current
DSM-IV-TR Axis | diagnoses; 2) alcohol or other non-tobacco substance use disorder
within 3 prior months; 3) diagnosis of dementia, intellectual disability disorder, or a major
neurological disorder; and 4) medical disability affecting a participant’s ability to complete
study procedures. Sociodemographic characteristics (age, sex, race/ethnicity, education)
were gathered through participant interviews and review of their records. The study protocol
was reviewed and approved by the University of California San Diego (UCSD) Human
Research Protection Program. The investigation was carried out in accordance with the latest
version of the Declaration of Helsinki. Trained study staff reviewed the consent form with
all prospective participants and administered the UCSD Brief Assessment of Capacity to
Consent (UBACC)!7 to evaluate each potential participant’s understanding of the purpose,
procedures, risks, benefits [or lack thereof], and voluntary nature of participation. If, and
only if, the potential participant demonstrated comprehension of all the above aspects of the
project and expressed willingness to participate in the study, then the participant was invited
to enroll in the study and to sign the IRB-approved consent form.

Clinical Outcomes

Previous research from our group demonstrated that deficits in individual component skills
may underlie executive deficits in PwS (Savla et al., 2011), therefore incorporating several
subtests into a composite was thought to be more reflective of executive dysfunction per se
than any individual test on its own. Executive functioning measures included a composite
score of subtests from the Delis-Kaplan Executive Function System (D-KEFS) (Delis et
al., 2001): Trail Making (time to complete letter-number sequencing task), Color-Word
Inhibition (time to complete switching condition), and the Letter Fluency task (total words
across F, A, and S trials). Z-scores were derived from each participant’s raw score minus
the mean score across participants, divided by the standard deviation for each respective
test. These Z-scores, where higher scores equate to better performance, were averaged into

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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an executive functioning composite score, as a more reliable measure than any individual
subtest score. Psychopathology measures included the Scales for the Assessment of Positive
and Negative Symptoms (SAPS and SANS).

Cytokine Assays

Fasting blood samples were drawn at baseline and follow-up visits every 18-24 months.
Briefly, 65 mL of blood was collected in ethylenediaminetetraacetic acid (EDTA)-treated
vacutainers between 7:00 am and 12:00 pm, then centrifuged at 3000 rpm. Plasma was then
stored at —80°C until assays were performed. Plasma biomarker levels were quantified using
Meso Scale Discovery MULTI-SPOT® Assay System and analyzed on a SECTOR Imager
2400 instrument (Rockville, MD, USA). Standard curves were formed by fitting ECL
signal from calibrators to a 4-parameter logistic model with a 1/y2 weighting, using MSD
Discovery Workbench® analysis software. Samples were run in duplicates, using V-PLEX
Human Biomarker panels (Catalog # K151A0H-2) to measure the biomarkers. V-PLEX
kits are fully validated according to fit-for-purpose principles and the FDA’s analytical
validation guidelines according to the manufacturer (MSD). Plasma high sensitivity CRP
(hs-CRP) levels were measured using a commercially available (MSD, Rockville, MD)
enzyme-linked immunosorbent assay (ELISA) at the UCSD Clinical & Translational
Research Institute. Interferon (IFN)-gamma, IL-10, IL-6, IL-8, and Tumor Necrosis Factor
(TNF)-alpha were assayed at UCLA. The laboratory technician performing the assays was
blinded to the participant’s diagnosis. Intra-and inter-assay variability was <20% for all
assays. The lowest detected levels for specific biomarkers were as follows: 0.04 pg/mL
(IL-6), 0.05 pg/mL (IL-10), 0.10 pg/mL (hs-CRP), 0.30 pg/mL (TNF-alpha), 0.82 pg/mL
(IL-8), and 0.85 ng/mL (IFN-gamma). No sample showed levels below the detection limits.

Statistical Analyses

Raw biomarker values were log-transformed to reduce heteroscedasticity and improve the
model fit by spreading the data more evenly. Sociodemographic, biomarker, and clinical
outcome variables were summarized, with group differences examined using independent
sample t-tests, chi-square tests, Analysis of Variance (ANOVA), or linear regression.
Trajectories of cognitive outcomes over time (days since baseline visit) across diagnostic
groups (PwS vs. NCs) were estimated using linear mixed-effects models (LMM) with
random intercept and slope for each participant, controlling for age group at baseline

(by decade), sex, race/ethnicity, and education level. Age group was binned by decades

to increase power given the few numbers of participants at certain ages, while race was
binarized into white versus other races, given the low number of participants of other races.
We selected LMMs for these analyses in order to include all available data.

We tested a model that included main effects only; then the interactions between time
and diagnostic group; interactions between time and all covariates; interactions between
diagnostic group and all covariates; and interactions of time, diagnostic group, and all
covariates. Three-way interactions were removed from the model if not significant. LMM
with random intercept and slope was also used to analyze the association of cognitive
performance over time with baseline inflammatory biomarker level as well as with
diagnostic group, controlling for baseline age, sex, race/ethnicity, and education level.

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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Interaction between time and baseline inflammatory biomarker level and interaction between
diagnostic group and baseline inflammatory biomarker level were included in the model in
addition to the interaction terms in the final LMM without baseline inflammatory biomarker
level. A pseudo-replacement approach was used to control for practice effects on cognitive
variables, as described below. The LMM results include t-statistics. Statistical significance
was set at p < .05 (two-tailed). In the models using inflammatory biomarker outcomes (hs-
CRP, TNF-alpha, IFN-gamma, I1L-10, IL-8, IL-6), we corrected for multiple comparisons

by adjusting p-values for false discovery rate (Benjamini and Hochberg, 1995) over the six
dependent variables tested.

To model changes in cognitive performance over time and association of such changes

with other variables of interest, it is necessary to account for practice—or learning—effects,
due to repeated assessments. Although a well-recognized and important issue, there is not
much published literature addressing this important topic (Elman et al., 2018; Kremen et
al., 2013; Goldberg et al., 2010). As practice effects are confounded by normal age-related
cognitive declines, it is difficult to tease out the two sources of variability in most studies.
In this study, we are able to model, estimate, and control for practice effects, due to the
unique accelerated longitudinal design using multiple cohorts with participants’ age at entry
in the study ranging from 26 to 68 years (see below for further methodological detail). In
addition, the study employed a fixed assessment schedule with a 12-month interval between
any two consecutive assessments. Although there is some deviation for some participants,
we considered 12 months as the time lag between two consecutive visits for our analysis
purposes so that we can estimate practice effects for each reassessment. The interaction
between practice effect and diagnostic group and the interactions between practice effect
and all covariates were included in the LMM controlling for practice effects. The other
interaction terms that were included in the LMM without controlling for practice effects
were also included. Again, all three-way interactions were removed from the model if not
significant.

Estimating and Controlling for Practice Effects

Since age is the primary confounder of practice effect, we matched participants with the
same age to model and estimate practice effects. Since the repeated assessments occur
every 12 months, we modeled practice effects at each reassessment after 12 months by

the difference in mean of the cognitive outcome of interest between the first and each
reassessment based on the subgroup of participants with their age differences less than 12
months. Since the magnitude of the 12-month practice effect may also vary across different
ages, we also included an age by practice effect interaction to account for such variability.

To illustrate the idea of the model, assume there are a total of 3 assessments (two
reassessments after the first assessment at study entry). The youngest subpopulation is 26
years of age at study entry and the study includes participants of age 26, 27, 28 and so

on. Shown in Figure 1 are the different age subgroups (determined by age at baseline) with
18t, 2nd (red for 15t reassessment) and 3 (blue for 2" reassessment). Shown in Figure 2
are age-matched subgroups for modeling practice effects due to the 15t (difference between

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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red and black) and 2" (difference between blue and black) reassessment. The difference
between blue and red is the practice effect between the 15t and 2"d reassessments.

For each cognitive outcome, we use longitudinal models to model the change of the outcome
and its association with independent variables. Let J4: denote the cognitive outcome and xi;

a vector of independent variables from the A" participant at time (1< /< n, 1< t< m),

with 7 denoting the sample size and /7 denoting the total assessments. Let uj;= (Ujz,Ujz. ..,
u,-t(m_l))"' denote a vector of binary indicators, where uj;is a binary indicator of the Jh
reassessment with u ;= 1 if the " participant has the /1 reassessment at time tand Uj=0
otherwise. Also let vj;denote a time-varying variable indicating the age of the A" participant
at time £ We model the longitudinal relationship of y4; with x;; controlling for practice
effects using the generalized estimating equations (GEE):

E(yylxi) = xilTﬂO + uilTﬂl + UiLTﬁZ + UituitTﬁs, 1<i<n 1<t<m+1.
Inference about 8= (BT, BT, B ', B )T is based on the GEE (Tang et al., 2012). Since no

mathematical distribution model is imposed on )i, GEE provides valid inference for a broad
class of data distributions.

Demographic variables

There was no significant difference in age or sex between diagnostic groups, but PwS had
a larger proportion of non-white participants than NCs (X2(1, N = 350) = 6.98, p=.008).
The groups also differed in terms of years of education, with PwS having significantly

less education than NCs (t(348) = 10.23, p <.001). PwS had worse executive functioning
than NCs, as measured by the executive function composite of three D-KEFS scores (Table
2). Study participants had, on average, 4.4 years of longitudinal follow-up (mean=1608
days, S.D.= 904 days, range 221-3290 days). The 52 participants with only a single visit
(33 PwS and 19 NCs) had no demographic differences compared to those with follow-up
data. Among PwsS, those lost to follow-up had similar demographic and psychopathology
measures compared to those with follow-up.

Executive Functioning and Trajectories

The results of our linear mixed effects model, which excluded all three-way interactions
since none were significant, showed as suggested by the above univariate analysis, that
executive function composite score was lower in PwS compared to NCs across all timepoints
(t(334) = -3.42, p < .001) (Supplemental Table 1). Executive functioning scores increased
over time (t(928)=4.26, p<.001). People with more education performed better on the
executive function composite across all timepoints (t(334) = 4.08, p <.001), as did white
participants compared to those from other races (t(334) = 3.17, p =.002). Men and women
performed similarly across all timepoints (t(334) = —0.40, p = 0.69).

These main effects must be interpreted in the context of observed interactions. Namely,
the diagnostic group difference in performance across all time points was observed mainly

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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in women with schizophrenia, who had worse performance than men with schizophrenia
(Figure 3A; t(334) = 2.19, p =.029). There was also a significant diagnostic group by
education interaction (t(334) = 2.00, p = .046), such that diagnostic group differences were
greater at lower education levels (Figure 4A).

In testing our hypothesis on trajectories of change, we found a significant main effect

of time such executive functioning improved over time (t(928) = 4.26, p < .001) (Figure

4A, Supplemental Table 1). This improvement in executive functioning was attenuated
among PwS compared to NCs (t(928) = -2.14, p = .032). Executive function performance
improvement was more pronounced in participants with fewer years of education (t(928) =
-2.60, p = .010) and was attenuated in participants >35 years old (X2(3, N = 350) = 13.0,

p = .005). The degree of improvement did not differ based on sex (t(928) = -0.96, p =

0.34). Although no 3-way interactions were significant, exploratory examination of the plots
suggests that, among participants with more education, there was a tendency for improved
performance only in NCs and not PwS below the age of 36, while above the age of 45, PwS
appeared to have worsening performance over time (Supplemental Figure 1A). Among PwsS,
executive function composite performance was higher in men than in women, in particular
during the first year of the follow-up period, but there was no sex difference among NCs
(Figure 3A).

Consideration of practice effects

After controlling for practice effects, there was no significant improvement in executive
function composite scores over time (Supplemental Table 2). This improvement was
previously seen among those with lower levels of education and in participants younger
than 36 with higher levels of education, for both PwS and NCs. There was no longer a
differential trajectory of executive functioning in PwS compared to NCs (Figure 4B). There
was no significant interaction of the practice effect with baseline age, diagnostic group,

sex, education level, or race/ethnicity. In participants with higher education, a decline in
executive functioning over time was revealed regardless of sex or diagnostic group (t(888) =
-2.02, p = .044; Figure 4B), with a tendency for this to be the case particularly among older
participants (Supplemental Figure 1B).

Baseline Inflammatory Biomarkers and Cognition

Over the mean 4.4-year follow-up period, linear mixed models controlling for sex, age,
diagnostic group, education, race/ethnicity, and including baseline inflammationindicated
that there were no significant main effects of any inflammatory biomarkers nor predictive
effects of baseline biomarkers on change in executive functioning over time. However, when
practice effects were added to the models, we found that participants with higher levels of
hs-CRP at baseline had worse performance in executive functioningacross all timepoints
(t(315) = -2.58, p = .010, FDR-p = 0.049) (Supplemental Table 3). An interaction with
diagnostic group demonstrated this was only the case in NCs and was not observed among
PwsS (t(315) = 2.14, p = .033, FDR-p = 0.150), as opposed to ourprediction that the
relationship would be stronger for PwS than NCs. This interaction was not significant
after FDR correction, however. In practice effect-corrected models, participants from both
diagnostic groups with higher TNF-alpha at baseline had less improvement of executive

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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functioning performance over time (t(808) = -2.16, p = .031, FDR-p= 0.134) (Supplemental
Table 4), but this was not significant after FDR correction. No main effects or interactions
with time were observed for IFN-gamma, IL-10, IL-8, or IL-6. Thus, we found no reliable
evidence for a relationship between inflammation and executive functioning trajectories in
PwS and NCs.

Discussion

Overall, these findings only partially supported our hypotheses. Examining a cognitive
domain that is thought to selectively decline over time in PwS, we did not find evidence
of accelerated cognitive aging in PwS after controlling for practice effects. Only higher
baseline hs-CRP levels predicted worse executive functioning over time in all participants.

The lack of accelerated cognitive aging among PwS in the current study is consistent with
two prior studies with short term (mean 1.6 years) and longer term (5-6 years) follow-up of
PwS and NCs (Friedman et al., 2001; Heaton et al., 2001). Heaton and colleagues reported
on a cohort similar to the current study, 142 community-dwelling PwS with mean age

of 47.6 (SD = 15.7) years, and found improvements over time in a cognitive composite
score (3). However, the Heaton et al. study did not account for practice effects. In contrast,
Harvey and colleagues found age-related changes in 30-month cognitive trajectories among
chronically hospitalized PwS, though this study lacked an NC group (Harvey et al., 1999).
Lower levels of education were also a predictor of decline in the Harvey et al. cohort, in
contrast to the education effect in our study. The current study findings appear attributable
to the controlling for practice effects and possibly reflected regression to the mean, i.e.,

the more highly educated individuals at higher baseline cognitive functioning could only
decline. The discrepancies in findings may be related to the setting, severity, baseline age of
the PwS cohorts as well as lack of consideration of practice effects in previous work.

We found that high baseline hs-CRP levels predicted poorer executive functioning across
time; evidence that this primarily was true among NC but not PwS did not hold up after
adjusting for multiple comparisons. Cross-sectional results from an earlier iteration of the
same cohort as the one from this study also showed that hs-CRP levels were negatively
correlated with executive functioning, but only among NCs (Joseph et al., 2015). We did
not see a significant relationship of hs-CRP to trajectories of executive functioning in any
model, however other studies have found that decreased CRP in the acute phase of psychosis
was associated with improved cognitive performance at 6 months follow-up (Fathian et al.,
2019). The lack of an inverse relationship between hs-CRP levels and cognitive trajectories
among PwS with more extended longitudinal follow-up is a powerful negative result that
suggests a lack of predictive value for baseline inflammatory biomarkers, despite cross-
sectional associations with cognition. To this point, other studies that noted a relationship
between increased CRP levels and worse cognition in PwS were largely cross-sectional and
lacked an NC group (Bulzacka et al., 2016; Micoulaud-Franchi et al., 2015), while another
study was conducted in the setting of acute psychosis with the relationship not persisting
after limited (6 weeks) follow-up (Johnsen et al., 2016).

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.
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The finding that elevated baseline TNF-alpha levels predicted worse cognition over time did
not withstand testing for multiple comparisons. There are data suggesting that TNF-alpha
levels are decreased among PwS compared to NCs chronically; but while some report an
inverse relationship of TNF-alpha levels with cognition (Lv et al., 2015), others report

a positive correlation (Zhang et al., 2016), demonstrating inconsistency even among cross-
sectional studies.

We did identify education level as a key moderator of executive functioning trajectories
among PwS and NCs. The improvements over time that were more pronounced in the less
educated participants were nullified once practice effects were controlled for, validating
the pseudo-replacement approach comparing participants at a subsequent visit with those
entering the study at the same baseline age. In more highly educated participants, this
approach also mitigated the initial group differences observed.

The finding that executive functioning deficits among PwS, compared to NCs, were most
apparent at lower levels of education may indicate that higher levels of education may
partly compensate for the cognitive deficits observed long term among PwS. These findings
are supported by studies showing that cognitive remediation may have similar amelioration
effects in PwS (Vita et al., 2021), and the premise that cognitive reserve mediated in part

by higher educational attainment is a protective factor against cognitive decline. The current
study findings that white participants had higher executive functioning composite scores
than other races may be explained by the lack of race-specific norms used in the cognitive
outcomes of this study. The use of these race-based norms has recently been questioned as
downplaying the impact of social determinants of health on cognition, with a call to directly
measure and adjust for social determinants of brain health, such as education quality rather
than just the number of years (Possin et al., 2021). While NCs showed no sex differences

in executive functioning trajectories, women with schizophrenia performed worse than men,
which may be an unexpected finding on its own, but is consistent with cross-sectional

data showing low estrogen levels being associated with cognitive deficits in female PwS of
reproductive age (Ko et al., 2006). Postmenopausal PwS have also shown improvements in
executive functioning following treatment using a selective estrogen receptor modulator in a
small (n=33) 12-week, double-blind, randomized, placebo- controlled study, illustrating the
possible interplay between hormone levels and cognition in this population (4).

Cogpnitive decline is challenging to prevent among PwS and predicts disability and
functioning. A 2021 study reported that PwS have 10 to 20-fold higher prevalence of
dementia, compared to the general population (Stroup et al. 2021). Anti-inflammatory
treatments for PwS have shown early promise for improving cognition, though the benefits
are not universal (Cho et al, 2019). Better understanding of inflammatory biomarker changes
over time in PwS and how they relate to age-related cognitive decline will be essential

in identifying those who might benefit the most from anti-inflammatory treatments during
the early stages of illness (Mdller et al., 2010, 2002; Sommer et al., 2012). For instance,
the CATIE study reported that PwS who had higher baseline IL-6 levels prior to receiving
the study antipsychotic had greater improvements in positive and negative symptoms at

3 and 6 months. There were larger symptom gains among PwS who were treated with
antipsychotics that are thought to have anti-inflammatory effects (Feng et al., 2020). Along
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these lines, inflammatory composites may have greater predictive capability that individual
markers, though the combination of inflammatory biomarkers warrants further data-driven
examination. Similar findings relating to cognitive symptoms may help with prognosis

(with the goal of slowing or preventing cognitive decline in PwS), offering interventions
targeted towards inflammation to those whose cognitive changes are most tightly linked with
certain biomarkers. Some have suggested that cognitive improvements reported from starting
certain antipsychotics in PwS are the result of practice effects, once again emphasizing the
importance of taking them into account when repeating cognitive assessments over time in
this population (Goldberg et al., 2007).

While this study has several strengths, there are several limitations to consider. One
limitation is the use of a single time point at baseline for inflammatory biomarker levels. We
used the current approach as baseline inflammatory biomarker levels were highly correlated
with subsequent follow-up, indicative of an inflammatory trait rather than a state. While

we were able to examine the influence of age, education level, and diagnostic group on
cognitive trajectories; the analytic approach did not enable us to identify other moderating
factors or subgroups based on trajectories alone. One limitation of the present study is

the focus on executive functioning rather than other cognitive domains, which may show
differing patterns. Similarly, we did not assess for personality disorders or other persistent
features that may be linked to cognitive trajectories. Another limitation is the inability to
estimate the anticholinergic effects of medications, which have an outsized burden in PwS
and have been shown to be associated with cognitive impairment in this population (Joshi

et al., 2021), due to the limitations of the current dataset. Furthermore, peripheral cytokines
and chemokines are used as a proxy for neuroinflammation, due to easier accessibility
compared to cerebrospinal fluid. Based on the stable outpatient characteristics of the present
cohort, as previously mentioned, this study’s findings may not be generalizable to different
populations of PwS.

Conclusion

Over the average 4.4 years of follow-up in this cohort of stable outpatient PwS, cognitive
impairment trajectories varied by education level and were affected by age and practice
effects. Controlling for these factors abolished improvements seen in the less educated
group, while a decline among the older and more educated PwS was no different from the
decline observed among NCs. Sex differences in PwS were subtle,with women worsening to
a greater degree than men during the first year of follow-up. Baseline levels of inflammation
were not predictive of cognitive trajectories even when they had been associated cross-
sectionally. Further studies examining the temporal dynamics of inflammatory biomarker
levels and how they relate to cognitive functioning over time in PwS will be necessary to
further elucidate the relationship between inflammation and cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adamowicz et al.

Page 12

Declaration of Interest Statement

This work was supported, in part, by the National Institute of Mental Health (K23MH119375-01 to EEL,
R01MH094151-01 to DVJ and LTE, R25MH101072 to Neal Swerdlow); the VA San Diego Healthcare System; and
the Stein Institute for Research on Aging at the University of California San Diego. The content of this paper is
solely the responsibility of the authors and does not necessarily represent the official views of the NIH. The authors
declare no conflict of interest.

References

1.

Aas M, Dazzan P, Mondelli V, Melle I, Murray R, Pariante C, 2014. A Systematic Review of
Cognitive Function in First-Episode Psychosis, Including a Discussion on Childhood Trauma,
Stress, and Inflammation. Frontiers in Psychiatry 4 (182). doi: 10.3389/fpsyt.2013.00182.

. Adamowicz DH, Shilling PD, Palmer BW, Nguyen TT, Wang E, Liu C, Tu X, Jeste DV, Irwin MR,

Lee EE, 2022. Associations between inflammatory marker profiles and neurocognitive functioning
in people with schizophrenia and non-psychiatric comparison subjects. J. Psychiatr. Res 149, 106—
113. 10.1016/j.jpsychires.2022.02.029 [PubMed: 35259663]

. Barron H, Hafizi S, Andreazza AC, Mizrahi R, 2017. Neuroinflammation and oxidative stress in

psychosis and psychosis risk. Int. J. Mol. Sci 18, 1-13. 10.3390/ijms18030651

. Benjamini Y and Hochberg Y Controlling the false discovery rate: a practical and powerful

approach to multiple testing. J Roy Stat Soc Ser B (Methodological), 57: 289-300, 1995.

. Bulzacka E, Boyer L, Schirhoff F, Godin O, Berna F, Brunel L, Andrianarisoa M, Aouizerate B,

Capdevielle D, Chéreau-Boudet I, Chesnoy-Servanin G, Danion JM, Dubertret C, Dubreucq J, Faget
C, Gabayet F, Le Gloahec T, Llorca PM, Mallet J, Misdrahi D, Rey R, Richieri R, Passerieux C,
Roux P, Yazbek H, Leboyer M, Fond G, Blanc O, D’Amato T, Arnaud D, Delorme C, Denizot

H, Dorey JM, Fluttaz C, Fonteneau S, Giraud-Baro E, Hardy-Baylé MC, Lacelle D, Langon C,
Laouamri H, Le Strat Y, Metairie E, Offerlin-Meyer I, Peri P, Pires S, Portalier C, Roman C,
Sebilleau M, Schandrin A, Tessier A, Tronche AM, Urbach M, Vaillant F, \ehier A, Vidailhet

P, Vila E, Zinetti-Bertschy A, 2016. Chronic peripheral inflammation is associated with cognitive
impairment in schizophrenia: Results from the multicentric FACE-SZ dataset. Schizophr. Bull 42,
1290-1302. 10.1093/schbul/sbw029 [PubMed: 27143795]

. Cho M, Lee TY, Kwak YB, Yoon YB, Kim M, Kwon JS, 2019. Adjunctive use of anti-inflammatory

drugs for schizophrenia: A meta-analytic investigation of randomized controlled trials. Aust N Z J
Psychiatry 53 (8),742-759. doi: 10.1177/0004867419835028. [PubMed: 30864461]

. Cloutier M, Aigbogun MS, Guerin A, Nitulescu R, Ramanakumar AV, Kamat SA, DeLucia

M, Duffy R, Legacy SN, Henderson C, Francois C, Wu E, 2016. The Economic Burden of
Schizophrenia in the United States in 2013. J Clin Psychiatry 77 (6), 764—771. doi: 10.4088/
JCP.15m10278. [PubMed: 27135986]

. Delis D, Kaplan E, Kramer J, 2001. Delis-Kaplan Executive Function Scale (D-KEFS): Examiner’s

manual. The Psychological Corporation, San Antonio, TX.

. Dickerson F, Stallings C, Origoni A, Boronow J, Yolken R, 2007. C-reactive protein is associated

with the severity of cognitive impairment but not of psychiatric symptoms in individuals with
schizophrenia. Schizophr. Res 93, 261-265. 10.1016/j.schres.2007.03.022 [PubMed: 17490859]

10. Elman JA, Jak AJ, Panizzon MS, Tu XM, Chen T, Reynolds CA, Gustavson DE, Franz CE,

Hatton SN, Jacobson KC, Toomey R,McKenzie R, Xian H, Lyons MJ, Kremen WS, 2018.
Underdiagnosis of mild cognitive impairment: A consequence of ignoring practice effects.
Alzheimers Dement (Amst) 10, 372-381. doi: 10.1016/j.dadm.2018.04.003. [PubMed: 30003138]

11. Fathian F, Lgberg EM, Gjestad R, Steen VM, Kroken RA, Jgrgensen H, Johnsen E, 2019.

Associations between C-reactive protein levels and cognition during the first 6 months after acute
psychosis. Acta Neuropsychiatr. 31 (1), 36-45. doi: 10.1017/neu.2018.25. [PubMed: 30394240]

12. Feng T, McEvoy JP, Miller BJ, 2020. Longitudinal study of inflammatory markers and

psychopathology in schizophrenia. Schizophr Res. 224, 58-66. doi: 10.1016/j.schres.2020.10.003.
[PubMed: 33289658]

13. Fett AKJ, Velthorst E, Reichenberg A, Ruggero CJ, Callahan JL, Fochtmann LJ, Carlson

GA, Perlman G, Bromet EJ, Kotov R, 2020. Long-term Changes in Cognitive Functioning in

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adamowicz et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 13

Individuals with Psychotic Disorders: Findings from the Suffolk County Mental Health Project.
JAMA Psychiatry 77, 387-396. 10.1001/jamapsychiatry.2019.3993 [PubMed: 31825511]

First M, Spitzer RL, Gibbon M, Wiliams JBW, 2002. Structured Clinical Interview for DSM-IV-
TR Axis | Disorders, Research Version, Patient Edition. (SCID-1/P). Biometrics Research, New
York State Psychiatric Institute, New York.

Friedman JI, Harvey PD, Coleman T, Moriarty PJ, Bowie C, Parrella M, White L, Adler D,

Davis KL, 2001. Six-year follow-up study of cognitive and functional status across the lifespan

in schizophrenia: a comparison with Alzheimer’s disease and normal aging. Am J Psychiatry. 158
(9), 1441-8. doi: 10.1176/appi.ajp.158.9.1441. [PubMed: 11532729]

Fucetola R, Seidman LJ, Kremen WS, Faraone SV, Goldstein JM, Tsuang MT, 2000. Age and
neuropsychologic function in schizophrenia: a decline in executive abilities beyond that observed
in healthy volunteers. Biological Psychiatry 48 (2), 137-146. [PubMed: 10903410]

Goldberg TE, Goldman RS, Burdick KE, Malhotra AK, Lencz T, Patel RC, Woerner MG,
Schooler NR, Kane JM, Robinson DG, 2007. Cognitive improvement after treatment with second-
generation antipsychotic medications in first-episode schizophrenia: is it a practice effect? Arch
Gen Psychiatry 64 (10), 1115-22. doi: 10.1001/archpsyc.64.10.1115. [PubMed: 17909123]

Goldberg TE, Keefe RSE, Goldman RS, Robinson DG, Harvey PD, 2010. Circumstances

under which practice does not make perfect: A review of the practice effect literature in
schizophrenia and its relevance to clinical treatment studies. Neuropsychopharmacology 35, 1053—
1062. 10.1038/npp.2009.211 [PubMed: 20090669]

Granholm E, Link P, Fish S, Kraemer H, Jeste D, 2010. Age-Related Practice Effects
Across Longitudinal Neuropsychological Assessments in Older People With Schizophrenia.
Neuropsychology 24, 616—624. 10.1037/a0019560 [PubMed: 20804250]

Harvey PD, Silverman JM, Mohs RC, Parrella M, White L, Powchik P, Davidson M, Davis KL,
1999. Cognitive decline in late-life schizophrenia: A longitudinal study of geriatric chronically
hospitalized patients. Biol. Psychiatry 45, 32—-40. 10.1016/S0006-3223(98)00273-X [PubMed:
9894573]

Harvey PD, Palmer BW, Heaton RK, Mohamed S, Kennedy J, Brickman A, 2005. Stability of
cognitive performance in older patients with schizophrenia: an 8-week test-retest study. Am. J.
Psychiatry 162 (1), 110-7. doi: 10.1176/appi.ajp.162.1.110. [PubMed: 15625208]

Heaton RK, Gladsjo JA, Palmer BW, Kuck J, Marcotte TD, Jeste DV, 2001. Stability and

course of neuropsychological deficits in schizophrenia. Arch. Gen. Psychiatry 58, 24-32. 10.1001/
archpsyc.58.1.24 [PubMed: 11146755]

Holmes C, 2013. Review: Systemic inflammation and Alzheimer’s disease. Neuropathol. Appl.
Neurobiol 39, 51-68. 10.1111/j.1365-2990.2012.01307.x [PubMed: 23046210]

Hong S, Lee EE, Martin AS, Soontornniyomkij B, Soontornniyomkij V, Achim CL, Reuter C,
Irwin MR, Eyler LT, Jeste DV, 2017. Abnormalities in chemokine levels in schizophrenia and
their clinical correlates. Schizophr Res 181, 63-69. doi: 10.1016/j.schres.2016.09.019. [PubMed:
27650194]

Huerta-Ramos E, Iniesta R, Ochoa S, Cobo J, Miquel E, Roca M, Serrano-Bianco A, Teba F,
Usall J, 2014. Effects of raloxifene on cognition in postmenopausal women with schizophrenia: a
double-blind, randomized, placebo-controlled trial. Eur Neuropsychopharmacol 24 (2), 223-231.
[PubMed: 24342775]

Johnsen E, Fathian F, Kroken RA, Steen VM, Jargensen HA, Gjestad R, Lgberg EM, 2016. The
serum level of C-reactive protein (CRP) is associated with cognitive performance in acute phase
psychosis. BMC Psychiatry 16, 1-11. 10.1186/s12888-016-0769-x [PubMed: 26739960]

Joseph J, Depp C, Martin AS, Daly RE, Glorioso DK, Palmer BW, Jeste DV, 2015. Associations of
high sensitivity C-reactive protein levels in schizophrenia and comparison groups. Schizophr. Res
168, 456-460. 10.1016/j.schres.2015.08.019 [PubMed: 26341579]

Joshi YB, Thomas ML, Braff DL, Green MF, Gur RC, Gur RE, Nuechterlein KH, Stone WS,
Greenwood TA, Lazzeroni LC, MacDonald LR, Molina JL, Nungaray JA, Radant AD, Silverman
JM, Sprock J, Sugar CA, Tsuang DW, Tsuang MT, Turetsky BI, Swerdlow NR, Light GA, 2021.
Anticholinergic Medication Burden—Associated Cognitive Impairment in Schizophrenia. Am. J.
Psychiatry 178, 838-847. 10.1176/appi.ajp.2020.20081212 [PubMed: 33985348]

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adamowicz et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 14

Ko YH, Joe SH, Cho W, Park JH, Lee JJ, Jung IK, Kim L, Kim SH, 2006. Estrogen, cognitive
function and negative symptoms in female schizophrenia. Neuropsychobiology 53 (4), 169-175.
[PubMed: 16763376]

Kremen WS, Franz CE, Lyons MJ, 2013. VETSA: the Vietnam Era Twin Study of Aging. Twin
Res Hum Genet. 16 (1), 399-402. doi: 10.1017/thg.2012.86. [PubMed: 23110957]

Lee EE, Hong S, Martin AS, Eyler LT, Jeste DV, 2017. Inflammation in Schizophrenia: Cytokine
Levels and Their Relationships to Demographic and Clinical Variables. Am J Geriatr Psychiatry
25 (1), 50-61. doi: 10.1016/j.jagp.2016.09.009. [PubMed: 27840055]

Lv MH, Tan YL, Yan SX, Tian L, Chen DC, Tan SP, Wang ZR, De Yang F, Yoon JH,

Zunta-Soares GB, Soares JC, Zhang XY, 2015. Decreased serum TNF-alpha levels in chronic
schizophrenia patients on long-term antipsychotics: Correlation with psychopathology and
cognition. Psychopharmacology (Berl). 232, 165-172. 10.1007/s00213-014-3650-y [PubMed:
24958229]

Micoulaud-Franchi JA, Faugere M, Boyer L, Fond G, Richieri R, Faget C, Cermolacce M, Philip P,
Vion-Dury J, Lancon C, 2015. Elevated C-reactive protein is associated with sensory gating deficit
in schizophrenia. Schizophr. Res 165, 94-96. 10.1016/j.schres.2015.03.018 [PubMed: 25864954]

Miller BJ, Herzig KH, Jokelainen J, Karhu T, Keindnen-Kiukaanniemi S, Jarvelin MR, Veijola J,
Viinamaki H, Paivikki Tanskanen, Jaaskelainen E, Isohanni M, Timonen M, 2021. Inflammation,
hippocampal volume, and cognition in schizophrenia: results from the Northern Finland Birth
Cohort 1966. Eur. Arch. Psychiatry Clin. Neurosci 271, 609-622. 10.1007/s00406-020-01134-x
[PubMed: 32382794]

Méller M, Swanepoel T, Harvey BH, 2015. Neurodevelopmental Animal Models Reveal the
Convergent Role of Neurotransmitter Systems, Inflammation, and Oxidative Stress as Biomarkers
of Schizophrenia: Implications for Novel Drug Development. ACS Chem. Neurosci 6, 987-1016.
10.1021/cn5003368 [PubMed: 25794269]

Monji A, Kato TA, Mizoguchi Y, Florikawa H, Seki Y,Kasai M, Yamauchi Y, Yamada S, Kanba
S, 2013. Neuroinflammation in schizophrenia especially focused on the role of microglia. Prog.
Neuro-Psychopharmacol. Biol. Psychiatry

Miiller N, Krause D, Dehning S, Musil R, Schennach-Wolff R, Obermeier M, Milller HJ, Klauss
V, Schwarz MJ, Riedel M, 2010. Celecoxib treatment in an early stage of schizophrenia: Results
of a randomized, double-blind, placebo-controlled trial of celecoxib augmentation of amisulpride
treatment. Schizophr. Res 121, 118-124. 10.1016/j.schres.2010.04.015 [PubMed: 20570110]

Miiller N, Riedel M, Scheppach C, Brandstatter B, Sokullu S, Krampe K, Ulmschneider M,
Engel RR, Méller HJ, Schwarz MJ, House M, Su KP, Chang HC, Shen WW, Agelink MW,

2002. Beneficial antipsychotic effects of celecoxib add-on therapy compared to risperidone alone
in schizophrenia. Am. J. Psychiatry 159, 1029-1034. 10.1176/appi.ajp.159.6.1029 [PubMed:
12042193]

Na KS, Jung HY, Kim YK, 2014. The role of pro-inflammatory cytokines in the
neuroinflammation and neurogenesis of schizophrenia. Prog. Neuro-Psychopharmacology Biol.
Psychiatry 48, 277-286. 10.1016/j.pnpbp.2012.10.022

Nguyen TT, Dev SI, Chen G, Liou SC, Martin AS, Irwin MR, Carroll JE, Tu X, Jeste DV, Eyler LT,
2018. Abnormal levels of vascular endothelial biomarkers in schizophrenia. Eur Arch Psychiatry
Clin Neurosci 268 (8), 849-860. [PubMed: 28942562]

Ospina LH, Beck-Felts, K,Ifrah, C,Shagalow S,Lister, A, Russo SJ, Gross JJ,Kimhy, D, 2021.
Relationships among inflammation, social cognition, and social functioning in schizophrenia.
Schizophr. Res 1-2. 10.1016/j.schres.2021.09.002

Patlola SR, Donohoe G, McKernan DP, 2023. The relationship between inflammatory biomarkers
and cognitive dysfunction in patients with schizophrenia: A systematic review and meta-analysis.
Prog Neuropsychopharmacol Biol Psychiatry 121, 110668. doi: 10.1016/j.pnpbp.2022.110668.
[PubMed: 36283512]

Possin KL, Tsoy E, Windon CC, 2021. Perils of Race-Based Norms in Cognitive Testing: The Case
of Former NFL Players. JAMA Neurol. 1;78(4):377-378. doi: 10.1001/jamaneurol.2020.4763.
[PubMed: 33346785]

Rodriguez-Sénchez JM, Ayesa-Arriola R, Pérez-lglesias R, Periafiez JA, Martinez-Garcia O,
Gomez-Ruiz E, Tabares-Seisdedos R, Crespo-Facorro B, 2013. Course of cognitive deficits in

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adamowicz et al.

45.

46.

47.

48.

49.

50.

51.

52.

Page 15

first episode of non-affective psychosis: A 3-year follow-up study. Schizophr. Res 150, 121-128.
10.1016/j.schres.2013.06.042 [PubMed: 23899999]

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, Baker R,
Dunbar GC, 1998. The Mini-International Neuropsychiatric Interview (MINI): the development
and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. The
Journal of Clinical Psychiatry.

Sommer IE, De Witte L, Begemann M, Kahn RS, 2012. Nonsteroidal anti-inflammatory drugs
in schizophrenia: Ready for practice or a good start? A meta-analysis. J. Clin. Psychiatry 73,
414-419. 10.4088/JCP.10r06823 [PubMed: 22225599]

Stroup TS, Olfson M, Huang C, Wall MM, Goldberg T, Devanand DP, Gerhard T, 2021.
Age-Specific Prevalence and Incidence of Dementia Diagnoses Among Older US Adults With
Schizophrenia. JAMA Psychiatry 78(6), 632—41. [PubMed: 33688938]

Tang W, He H and Tu XM, 2012. Applied Categorical and Count Data Analysis. Chapman &
Hall/CRC, FL.

Vita A, Barlati S, Ceraso A, Nibbio G, Ariu C, Deste G, Wykes T, 2021. Effectiveness,

Core Elements, and Moderators of Response of Cognitive Remediation for Schizophrenia: A
Systematic Review and Meta-analysis of Randomized Clinical Trials. JAMA Psychiatry 78, 848—
858. 10.1001/jamapsychiatry.2021.0620 [PubMed: 33877289]

Wannan CMJ, Bartholomeusz CF, Cropley VL, Van Rheenen TE, Panayiotou A, Brewer WJ,
Proffitt TM, Henry L, Harris MG, Velakoulis D, McGorry P, Pantelis C, Wood SJ, 2018.
Deterioration of visuospatial associative memory following a first psychotic episode: A long-term
follow-up study. Psychol. Med 48, 132-141. 10.1017/S003329171700157X [PubMed: 28625185]
Zanelli J, Mollon J, Sandin S, Morgan C, Dazzan P, Pilecka I, Marques TR, David AS, Morgan

K, Fearon P, Doody GA, Jones PB, Murray RM, Reichenberg A, 2019. Cognitive change in
schizophrenia and other psychoses in the decade following the first episode. Am. J. Psychiatry
176, 811-819. 10.1176/appi.ajp.2019.18091088 [PubMed: 31256609]

Zhang XY, Tan YL, Chen DC, Tan SP, Yang F. De, Wu HE,Zunta-Soares, GB,Huang XF,Kosten,
TR, Soares JC, 2016. Interaction of BDNF with cytokines in chronic schizophrenia. Brain. Behav.
Immun 51, 169-175. 10.1016/j.bbi.2015.09.014 [PubMed: 26407757]

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2025 January 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Adamowicz et al. Page 16

Highlights

. Higher baseline TNF-alpha levels predicted worse cognitive trajectories over
4.4 years, though these findings were attenuated after controlling for multiple
comparisons.

. After controlling for practice effects, people with schizophrenia did not have
accelerated trajectories of decline in executive functioning.

. Older age and less education were associated with worse cognitive
functioning.
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Figure 1.
Age at study entry (baseline, black) and each of two reassessments (red, blue).
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Figure 2.
Age-aligned subgroups for modeling practice effect. Baseline visits are denoted in black,

second visits in red, and third visits in blue.
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Figure 3 —. Estimated mean and 95% confidence intervals of executive functioning by sex and
diagnostic group (A), accounting for practice effects (B)

NC = non-psychiatric comparison, PwS = people with schizophrenia, F= Female, M= Male.
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Figure 4—. Estimated mean and 95% confidence bands of executive functioning over time by
education level (A), accounting for practice effects (B).

Each panel shows the modeled trajectories of executive functioning when education is fixed
at three different levels (Left panel: education level = 7 years; Middle panel: education level
= 13 years; Right panel: education level =20 years).

NC = non-psychiatric comparison, PwS = people with schizophrenia, F= Female, M= Male.
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Number of participants per number of study visits

Number of visits

Number of participants

1

350

298

231

193

155

115

68

2
3
4
5
6
7
8

22

Total

1432
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