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Highlights 

 Higher CR level may ameliorate severity of the symptoms and delays the clinical diagnosis 

threshold in schizophrenia. 

 Some evidences claim potential effects of CR on intervention programs, but further efforts 

are needed to increase the quality of the research. 
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 Neural plasticity offers an enthusiastic approach to develop targeted interventions programs 

for people with schizophrenia 

 

Abstract 

Objective: To perform a systematic review of the influence of sociobehavioural indicators of 

cognitive reserve (CR) in the risk of schizophrenia, the clinical manifestations of the disease, 

and cognitive intervention programs (CRT) carried out with these patients. Method: A cross 

search was made by two independent reviewers in Pubmed and PsycINFO databases using 

keywords “schizophrenia” and “cognitive reserve.” Twenty-one studies which analyzed 

different CR proxies were selected and the level of evidence was classified according to the 

Oxford Centre for Evidence-Based Medicine. Result: People with higher CR may have a lower 

risk of developing schizophrenia and a later onset of disease. In addition, they present better 

neuropsychological and functional performance in the illness course. However, the suspected 

influence of CR on the effectiveness of CRT in patients with schizophrenia is currently 

unresolved. Conclusion: Our findings suggest that higher CR delays the clinical diagnosis 

threshold and severity of the symptoms in patients with schizophrenia. However, effect of 

singular sociobehavioral measures on clinical expression and benefits of intervention program 

need further investigation. 

 

Keywords: schizophrenia, cognitive reserve, cognitive rehabilitation 

 

Introduction 

The lack of a direct link between the degree of brain pathology and clinical 

manifestations has given rise to the term “reserve” as a moderator of this relationship (Stern, 

2012). In this sense, there are two types of models. From passive models, Katzman (1993) 
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proposed the term brain reserve. This concept refers to individual differences in the brain 

structure, such as its size and other quantitative characteristics (number of neurons, synapses, 

or dendritic branches), which would allow the individual to better cope with neuropathology. 

On the other hand, the active models refer to cognitive reserve (CR), defined by Stern (2002) 

as the ability to optimize cognitive performance through the use of alternative neural networks, 

or through the more efficient use of already existing networks, which could reflect the use of 

different cognitive strategies when the habitual ones do not produce the desired result. 

Essentially, CR is theoretical construct which is estimated based on socio-behavioral proxies 

(e.g., premorbid IQ or education), residual approaches (i.e., cognitive not explained by 

sociodemographic or brain predictors) and/or neuroimaging techniques (see Stern et al., 2018). 

Possibly, functional activation brain networks are the closest direct measure of CR, but even 

studies which using this approach cannot assure a direct measure of CR.  

The development of both types of reserve is closely related with brain plasticity, a term 

that reflects the brain's ability to adapt functionally and structurally in response to a constantly 

changing environment (Burke and Barnes, 2006). Starting from this concept, the active models 

propose that CR is based on the application of resources acquired due to educational 

experience, profession or premorbid intelligence (Stern, Albert, Tang and Tsai, 1999). Thus, 

different experiences throughout life can separately contribute to CR, which may vary based 

on the individual’s experiences (Jiménez, 2016). Life experiences that may participate in the 

accumulation of CR have been studied mostly in Alzheimer’s disease (AD) and other 

dementias. Thus, sufficient evidence has been compiled to state that years of education, 

occupational attainment, social and leisure activities, mental/cognitive activities, IQ, and even 

physical activity act as protective factors against the development of dementia (Contador, 

Bermejo-Pareja, Puertas-Martin and Benito-León, 2015; Llamas-Velasco, Contador, Villarejo-

Galende, Lora-Pablos and Bermejo-Pareja, 2015; Scarmeas, Levy, Tang, Manly and Stern, 
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2001; Valenzuela and Sachdev, 2005). However, and contrary to what one might expect, it has 

been reported that when AD emerges, people who have a high CR suffer a more severe decline 

after the diagnosis and die sooner, due to their greater degree of brain neuropathology when 

the disease is detected (Contador, Bermejo-Pareja, Pablos, Villarejo and Benito-León, 2017; 

Stern et al., 1999). Finally, it has been shown that cognitive interventions can delay the 

accelerated cognitive decline in people with mild AD and high CR (educational level) over 

short intervals (Contador, Fernández-Calvo, Ramos and Olazarán, 2016), which partially 

supports the hypothesis of greater plasticity and compensation in people with high CR.  

In this context, Barnett, Salmond, Jones and Sahakian (2006) have advocated that the 

CR may also influence mental disorders such as schizophrenia, acting on the risk of the 

development and expression of symptoms. However, there are few studies in this area and the 

applicability of the CR in mental disorders is controversial. 

Schizophrenia is a complex and severe mental illness that manifests through 

neurocognitive dysfunction (Rund, 2009) and is characterized by a heterogeneous course 

(Lewis and Lieberman, 2000). Its etiology is unknown, although there are various explanatory 

hypotheses that are not necessarily in opposition (Mané et al., 2009). The neurodevelopmental 

hypothesis posits a change in the brain’s development, altered by genetic or environmental 

factors in patients with schizophrenia (Rund, 2009). This idea is supported by studies indicating 

the presence of neurological, cognitive, behavioral, and functional difficulties in early stages 

of schizophrenia -- even before the onset of clinical symptoms (Davidson et al., 1999; Green, 

Satz, Gaier, Ganzell and Kharabi, 1989; Jones, Rantakallio, Hartikainen, Isohanni and Sipila, 

1998; Jones, Rodgers, Murray and Marmot, 1994; Kenny et al., 1997; Sørensen, Mortensen, 

Reinisch and Mednick, 2003), as well as reduced volume of the brain (Vita, De Peri, Silenzi 

and Dieci, 2006) at the onset of the disease. In addition, it has been shown that some of the 

grey-matter abnormalities associated with psychotic disorders predate the onset of frank 
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symptoms (Pantelis et al., 2003). These studies indicate that brain dysfunction occurs before 

the onset of the disease, and that the severity of brain dysfunction helps determine the age at 

which the cognitive deficits become apparent (Bora, 2015). This evidence is consistent with 

DeLisi (1992), who claimed that younger age at onset of psychosis is an indicator of a more 

severe level of pathology and is linked to poor prognosis. 

The neurodegenerative hypothesis, on the other hand, suggests that the pathological 

changes in brain morphology occur along with or after disease onset (early stages) and may be 

associated with the course and the severity of the disease (Lieberman, Sheitman and Kinon, 

1997). Supporting this idea, progressive decreases in gray matter in the frontal and temporal 

areas have been found during the first four years after the onset of schizophrenia (Mané et al., 

2009). In particular, Jacobsen et al. (1998) documented a 7% annual reduction of hippocampal 

volume in these patients. Additionally, Ho et al. (2003) observed that frontal white matter 

decreases after the onset of the disease, whereas Rapoport et al. (1997) found that ventricular 

volume increased by 10% each year. However, these findings of brain degeneration do not 

coincide with many reports indicating that a significant percentage of these patients (23 to 73%) 

do not present neuropsychological alterations (Bryson, Silverstein, Nathan and Stephen, 1993; 

Kremen, Seidman, Faraone, Toomey and Tsuang, 2000). Moreover, longitudinal studies report 

that there is no worsening in neurocognitive functions after the onset of the disease (Hoff, 

Svetina, Shields, Stewart and DeLisi, 2005; Kurtz, 2005; Rund, 2009; Rund, 1998), some of 

them have even found a clinical improvement while brain structures (larger ventricles, smaller 

hemispheres) were affected (DeLisi, Sakuma, Ge and Kushner, 1998; Gur et al., 1998; 

Jacobsen et al., 1998). In the same vein, Sporn et al. (2003) found that greater worsening of 

positive and negative symptoms was significantly related to a higher rate of gray matter 

reduction. Finally, a later study followed patients with schizophrenia for 2 years, finding a 

progressive cortical narrowing of the frontal cortex and, to a lesser extent, in the superior 
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temporal cortex, in the absence of clinical or cognitive impairment during the time (Gutiérrez-

Galve et al., 2015). 

These results highlight a lack of correspondence between brain pathology and clinical 

symptoms associated with schizophrenia, suggesting the presence of other factors that can 

influence this association. In this sense, CR is a factor that could buffer the effect of 

neuropathology, explaining the heterogeneous course observed in these patients. Related to this 

issue, lower CR has been associated with the presence of negative symptoms (Cohen et al., 

2007; Harvey, Koren, Reichenberg and Bowie, 2006; Konstantakopoulos et al., 2011) and the 

lack of cognitive improvement at follow-up (Bora and Murray, 2014). In the same line, better 

cognitive performance at baseline is related to better effects in practice (Rapport, Brines, 

Theisen and Axelrod, 1997), which could lead us to think that patients with lower CR would 

show less improvement than those with higher CR. Learning more about the role of CR in 

patients with schizophrenia could contribute to prevention strategies for the onset of this 

disorder and potentially improve the existing intervention strategies. However, few studies 

have examined the impact of CR in schizophrenia.  

This work aims to undertake a systematic review of the reports studying the influence 

of CR, measured through multiple indicators, on the early onset and manifestations (cognitive, 

functional, and psychopathological) of schizophrenia. We hypothesized that higher CR: (1) 

acts as a protective factor against the development of schizophrenia and (2) reduces the impact 

of the clinical manifestations of the disease. We also propose (3) that patients with 

schizophrenia with high CR will show more improvement after receiving cognitive 

intervention programs versus those with lower CR. 

 

1. Methods 
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The appraisal for this systematic review was based on AMSTAR-2 criteria for 

healthcare interventions (Shea et al., 2017). We used two keywords namely “schizophrenia” 

and “cognitive reserve” that were cross-searched by two independent reviewers on Pubmed 

and PsycINFO databases. Two independent raters selected eligible papers, achieving a 

percentage of initial agreement over 95 percent. The associated bibliography of target papers 

was also considered for potential inclusion and any discrepancy between reviewers was 

resolved by a third referee. 

 

For this review, we selected papers in which the relationship between CR and 

schizophrenia was investigated in terms of the influence of sociobehavioral indicators on early 

diagnosis, clinical symptoms or intervention. Thus, all observational and interventions studies 

describing group comparisons (e.g., high vs. low reserve; interventions vs. control) and 

corresponding effect of CR proxies on the outcome (cognitive, behavioral or functional) were 

included. However, studies based exclusively on neuroimaging, those out of main topic and 

those related to CR in people with other mental or neurological disorders other than 

schizophrenia were excluded. We also eliminated papers not written in English. Considering 

these criteria, 21 empirical studies were selected for the review. A flowchart of the selection 

process is presented (see Figure 1) following PRISMA guidelines (The PRISMA Group, 2009).  

 

Finally, the quality of the evidence was assessed using the Oxford Centre for Evidence-

Based Medicine (OCEBM Levels of Evidence Working Group, 2011). Five levels were 

considered: 1) Systematic review of randomized trials or n-of-1 trials; 2) Randomized trial or 

observational study with dramatic effect; 3) Non-randomized controlled cohort/follow-up 

study; 4) Case-series, case-control studies, or historically controlled studies; 5) Mechanism-

based reasoning. Considering that well-designed observational studies may have value similar 
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to that of experimental studies (Concato, Shah & Horwitz, 2000), level of evidence was raised 

from 2 to 3 level for well-designed prospective population-based studies after careful 

consideration. Two independent raters assessed each study, and three discrepancies were 

found. Then, a discussion took place to resolve divergences, consulting a third rater if 

necessary. 

2. Results 

3.1. CR and risk of schizophrenia 

It has been argued that CR proxies would delay the onset of the symptoms and, 

therefore, the incidence of schizophrenia. Supporting this idea, several longitudinal cohort 

studies (Gunnell, Harrison, Rasmussen, Fouskakis and Tynelius, 2002; Koenen et al., 2009;  

Zammit et al., 2004) and a 19-year longitudinal community-based study (Kremen et al., 1998) 

found low intelligence scores in children and adolescents who developed schizophrenia or 

other psychotic disorders in their adulthood. In the same vein, a meta-analysis of 14 

longitudinal studies on the relationship between schizophrenia and premorbid intelligence 

(Khandaker, Barnett, White and Jones, 2011) confirmed the relationship between IQ at younger 

age and the later diagnosis of schizophrenia. In this study, it was observed that, for every point 

of decrease in premorbid IQ compared to the average, the risk of developing schizophrenia 

increased by 3.7%. Thus, the influence of intelligence seems to be linear over entire IQ range. 

Furthermore, Khandaker et al. (2011) found an association between lower premorbid IQ and 

earlier mean age of onset of the disease. Likewise, a poor premorbid adjustment also has been 

linked to earlier schizophrenia onset (Vourdas, Pipe, Corrigall and Frangou, 2003), which 

means that lower social, interpersonal, academic, and occupational functioning before the onset 

of psychotic symptoms may be an indicator of poor CR (Addington and Addington, 2005; 

Buonocore et al. 2018b). 
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Interestingly, Leeson, Harrison, Ron, Barnes and Joyce (2012) compared two groups 

of patients with schizophrenia (cannabis users and never-users) in measures of premorbid 

function, cognition, and clinical outcomes. 72% of patients were reassessed 15 months after 

their initial assessment. The findings reflected that cannabis users had higher current IQ and 

better cognitive performance (verbal learning, working memory span and planning ability) and 

social function (Social Function Scale) at the onset of psychosis but no differential group 

changes in cognition or social function were observed at follow up. Although there was a strong 

linear relationship between age at first cannabis use and age at onset of both prodromal and 

psychotic symptoms, a higher IQ may compensate cognitive and social deficits at early stages 

of psychosis.  

 

3.2. Influence of CR in the cognitive, functional, and psychopathological manifestations 

of schizophrenia 

In this section, we review the findings that different studies have obtained regarding 

each of the factors and life experiences that can influence CR, in order to understand how and 

on which manifestations of schizophrenia these factors exert their influence.  

3.2.1. Intelligence.  

A high level of intelligence after psychosis has been repeatedly associated with less 

severe cognitive impairment in people with schizophrenia (Holthausen et al., 2002; Kravariti, 

Morris, Rabe-Hesketh, Murray and Frangou, 2003). On the other hand, Wang, Ho, Sum, 

Collinson and Sim (2016) found that a longer duration of the first episode of psychosis (FEP) 

was associated with poorer cognitive scores. These authors noted that this association was more 

pronounced in a subgroup of patients with lower premorbid IQ, but this relation was not found 

in the high premorbid IQ group. Hence, it seems that a high premorbid intelligence can buffer 

the adverse effects of psychosis on cognition.  
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These results allow us to conclude that premorbid IQ influences schizophrenia, but does 

this disorder, in turn, affect IQ? When the magnitude of the decrease in intelligence was 

assessed in patients with schizophrenia, using estimates of premorbid IQ, it was found that 

approximately 40% suffer a decrease of 10 points or more, while the rest preserve IQ 

unchanged (Badcock, Dragović, Waters and Jablensky, 2005; Joyce, Hutton, Mutsatsa and 

Barnes, 2005; Kremen, Seidman, Faraone and Tsuang, 2008; Weickert et al., 2000). This 

heterogeneous pattern in the differences between premorbid IQ and IQ after psychosis was 

replicated by Leeson et al. (2011) in a three-year follow-up study after the FEP. Their findings 

indicated that, it is possible to differentiate 3 IQ categories in these patients: preserved 

average/high IQ, stable low IQ, and deteriorated IQ. According to the CR postulates, patients 

with a poorer level of intelligence would have lower CR level that those with a superior IQ. 

Supporting this idea, the low and the deteriorated IQ groups were equally impaired on tests of 

memory and executive function compared with the preserved IQ and control groups. In 

addition, patients with deteriorated and low IQ showed more negative and disorganization 

symptoms and were characterized by a lower score in the Employment/Occupation subscale of 

the Social Functioning Scale (SFS) than those who retained an average/high IQ. The authors 

were unable to identify any predictive measures that could distinguish between those who 

undergo a decline in cognitive ability after FEP and those who preserve a premorbid ability in 

the average/high range. 

Similarly, Holthausen et al. (2002) observed that patients who had preserved normal 

cognitive function (measured through an extensive neuropsychological battery) had a higher 

IQ and educational level, in comparison with those who had cognitive deficits. In addition, IQ 

was also associated with better overall social functioning (better self-care and occupational 

roles). Thus, level of intelligence may partially explain the cognitive, clinical and functional 

heterogeneity in people with schizophrenia. 
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3.2.2 Education. 

 Holthausen et al. (2002) also established an association between high education (level 

of education, from (1) primary school up to (8) university or graduate school) and better 

cognitive performance in patients with schizophrenia. Consistently, higher education has been 

associated in several studies with better cognitive-functional performance and more benign 

clinical progression (less negative symptoms and behavioral disorders) (Amoretti et al., 2016; 

Cámara, 2018; de la Serna et al., 2013). 

Another current study confirms the association between education and cognition, 

finding that in patients with schizophrenia who were carriers of the alleles of risk for cognitive 

dysfunction (ACE D and APOE-4), those who had received more years of education obtained 

higher scores in verbal memory than those with lower educational level (Ward, Kraal, Flowers 

and Ellingrod, 2017). These findings suggest that higher CR can mitigate the impact of a 

genetic polymorphism associated with cognitive dysfunction in schizophrenic patients.  

On the other hand, Kanchanatawan et al. (2018b) reported that education could be a 

protective factor against psychosis. The authors found that schizophrenia patients may be 

divided into two qualitatively distinct categories “simple neurocognitive psychosis” (SNP), a 

less well-developed phenotype, and “major neurocognitive psychosis” (MNP), the full-blown 

phenotype or core illness. MNP cluster showed increased negative, psychotic, excitation, 

hostility, mannerism, depression and anxiety symptoms, and more neuroimmune (changes in 

IgA/IgM responses to tryptophan catabolites) and cognitive (episodic, spatial working and 

semantic memory neuropsychological functioning and paired association learning) disorders. 

These deficiencies were less pronounced in SNP group, which showed significantly higher 

level of education and more employment in comparison with MNP. These results suggest that 

education is a protective factor against MNP. This is coherent with recent findings which show 
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that lower education is a vulnerability factor for cognitive impairment and behavioral 

symptoms in people with psychosis (Kanchanatawan et al.,2018a). 

Finally, a study suggested an association between low educational level and soft 

neurological signs (subtle deficits in motor coordination, sensory integration, complex motor 

tasks and right/left and spatial orientations) in schizophrenia (Herold et al., 2018). This study 

showed a greater susceptibility of patients (vs. healthy controls) to the physiological effects of 

age, which may be buffered by the level cognitive reserve. About this possibility, the authors 

suggested that more neurological symptoms in chronic patients may be associated with lower 

educational levels. 

3.2.3. Leisure and social activities.  

We found two studies that investigated the impact of leisure and social activities in 

patients with schizophrenia, including these activities along with premorbid IQ and education 

in a compound index of CR (Amoretti et al., 2016; de la Serna et al., 2013). In both studies a 

CR proxy (made up of the three indicators) correctly classified the samples into patients or 

healthy controls, suggesting that, to some extent, these factors influenced the risk of developing 

the disease. These studies also indicate the need to include other measures of CR besides 

premorbid IQ to increase its predictive capacity for cognitive outcomes. More specifically, de 

la Serna et al. (2013) showed that CR was able to predict better scores on working memory and 

attention at two-year follow-up. Consistently, Amoretti et al. (2016) also observed that higher 

CR may help FEP patients to prevent cognitive and functional decline at two years follow-up.  

A recent study also included leisure activities as an indicator of CR (Amoretti et al., 

2018). The researchers studied the role of CR (premorbid IQ, education–occupation and leisure 

activities) in the outcome of affective and non- affective psychoses in a FEP sample (2 years 

follow up). In general, patients with high CR showed a better neurocognitive performance and 

premorbid functioning. What this paper provides as a novelty is the discovery that the 
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predictive quality of CR in the outcome of psychoses depends on diagnosis (affective or non-

affective) and the proposal of individualized rehabilitation treatments based on the type of 

psychosis. About the role of CR, results showed that in non-affective psychosis, CR predicted 

functioning (FAST and GAF), clinical (PANSS-N; Positive and Negative Syndrome Scale-

Negative) and cognitive (verbal memory, attention span, working memory, and global 

cognition) performance; while in affective psychosis, CR predicted cognitive performance, but 

not functionality or clinical outcomes. Moreover, in non-affective psychosis, CR only 

explained a low variance percentage of the result both in functionality and in symptomatology, 

so the article raises that there are other variables like individual characteristics and 

antipsychotics dose that need attention. 

3.2.4. Premorbid adjustment.  

Some studies have used premorbid adjustment (Premorbid Adjustment Scale, PAS) as 

CR indicator, finding an association with different cognitive outcomes. In particular, Cuesta et 

al. (2015) found that good premorbid adjustment in adolescence was strongly associated with 

better performance on the different cognitive domains analyzed (i.e., laterality, premorbid IQ, 

processing speed, executive function, working memory, verbal memory, and social cognition) 

in patients with schizophrenia. In addition, the parents’ high status socioeconomic (SES) 

(Hollingshead–Redlich Index of Social Position) made also a significant contribution to the 

variance in laterality, premorbid IQ, attention, processing speed and working memory scores. 

Buonocore et al. (2018b), also found a positive relationship between PAS peer relationships 

and adaptation to school subtests and the BACS (Brief Assessment for Cognition in 

Schizophrenia) working memory subtest. However, the authors did not find any correlation 

between premorbid adjustment and psychopathology measures. A possible explanation is that 

this investigation did not involve a longitudinal evaluation of the clinical course. Interestingly, 
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the same study also highlighted the role of premorbid adjustment to improvement after 

rehabilitation.  

In addition, a report suggests that patients with poor adjustment have more severe 

positive and negative symptoms in FEP (Rabinowitz, De Smedt, Harvey and Davidson, 2002). 

Similarly, Addington and Addington (2005) found an association between poor premorbid 

adjustment, increased negative symptoms and poorer social functioning (Quality of Life Scale) 

two years after the onset of schizophrenia. 

3.3. CR and intervention programs in patients with schizophrenia 

 

Barlati et al. (2019) found in their review that cognitive remediation interventions seem 

to be more effective in schizophrenia patients with the following features: younger age, shorter 

duration of illness, few disorganized symptoms, greater pretreatment cognitive reserve and 

lower doses antipsychotics in their current treatment. This study support that higher CR is 

associated with greater response to cognitive rehabilitation. 

Amoretti et al. (2018), previously described, posed different rehabilitation programs 

according to type of psychosis (affective or non-affective). In affective psychosis, patients with 

low CR presented a lower functionality and verbal memory at two year follow-up compared to 

those with high CR. Thereby, the authors suggest that functional remediation therapy may be 

an optimal choice for these patients, as this intervention type is the one that has proven to be 

most effective in improving psychosocial functioning and verbal memory (Bonnin et al., 

2016ab). On the other hand, in non-affective psychosis, patients with low CR show a worse 

neuropsychological performance, so an intervention based on cognitive rehabilitation can be 

suggested for them.  

Fiszdon, Choi, Bryson and Bell (2006) did not use the term “cognitive reserve” as such, 

but instead examined the role of a similar concept (“intellectual status”, based on the cognitive 

change that occurs after illness onset) in predicting response to cognitive remediation in a 
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sample of patients diagnosed with schizophrenia or schizoaffective disorder. “Intellectual 

status” is based on the cognitive change that occurs after illness onset and it is calculated by 

measuring difference between premorbid and current IQ. Based on Weickert et al. (2000), they 

classified patients with schizophrenia as follows: preserved IQ (intellectual function did not 

change from premorbid levels), impaired IQ (intellectual function declined after the onset of 

the disorder) and compromised IQ (consistently low intellectual function). In the study of 

Fiszdon et al. (2006), the three groups were randomized to receive either Neurocognitive 

Enhancement Therapy with Work Therapy (NET+WT) or Work Therapy only (WT only) 

during six months. The findings showed that subjects in NET+WT showed greater 

improvement in cognition than those in WT only, but response to cognitive remediation 

differed by intellectual group. Thus, preserved and deteriorated intellectual  

groups in the NET+WT condition showed significantly greater improvement in the analysis of 

pre-post neuropsychological test performance. The authors suggest that these patients may 

have greater CR than the compromised group, what would allow them to generalize the benefits 

of NET to similar but untrained tasks. This article supports the idea that CR affects 

improvement over cognitive rehabilitation, but this influence seems to be more complicated 

than it was initially thought.  

We found two articles about the relationship between CR and cognitive rehabilitation 

therapy (CRT; Buonocore et al., 2018b; Kontis, Huddy, Reeder, Landau and Wykes, 2013). 

CRT is a psychosocial treatment aimed at improving the cognitive function of patients with 

schizophrenia (Kontis et al., 2013). It has been postulated that CRT can help improve CR and 

cognition, reducing symptoms in adults with psychiatric illnesses (Vance, Dodson, Watkins, 

Kennedy and Keltner, 2013). Its positive effects on cognitive, clinical, and functional outcomes 

in these patients have been shown in several randomized clinical trials (d’Amato et al., 2011; 

Katsumi et al., 2017; Ventura et al., 2017; Wykes, Reeder, Corner, Williams, & Everitt, 1999), 
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as well as in a meta-analysis that examines 26 trials of this type (McGurk, Twamley, Sitzer, 

McHugo and Mueser, 2007). However, the degree of cognitive improvement observed varied 

between studies. Could this variation be, at least partially, due to patients’ level of CR? Will 

patients with high CR show more improvement after CRT? These questions should be analyzed 

with cautious. 

Kontis et al. (2013) explored the influence of age and CR on the improvement after 

CRT. These authors reported that premorbid IQ was associated with better working memory 

performance at post-treatment, but this only happened in younger participants (<40  

years) regardless of therapy that they received (CRT or treatment as usual). On the other hand, 

in older patients (>40 years) CRT did not improve cognition at any level of CR. Despite this, 

their findings support the hypothesis that CR could enhance practice effects in younger 

patients. However, because this was only found for premorbid IQ, it is possible that different 

proxies of CR have different relationships with cognitive performance. We should highlight 

that Fiszdon et al. (2006) did not directly investigate the role of premorbid IQ on cognitive 

remediation outcomes, instead they use three levels of “intellectual status” as measure of 

intelligence. In addition, they did not use the same cognitive program that Kontis et al. (2013), 

so that both studies are not directly comparable and their results should not be considered 

contradictory. 

Buonocore et al. (2018b) investigated seventy-nine patients with schizophrenia who 

underwent a combined intervention consisting of 36 CRT sessions added to standard 

rehabilitation therapy (12 one-hour sessions of social skills training programmes for residential, 

vocational and recreational functioning). All patients were assessed at baseline for 

psychopathology, premorbid adjustment, intellectual level, cognition and functioning. 

Cognitive evaluations were also repeated after intervention. The results showed that premorbid 
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adjustment along with age can predict degree of improvement obtained after applying CRT, 

which contradicts the results obtained by Kontis et al. (2013).  

Apart from NET, CRT and WK, there are other treatment approaches for patients with 

schizophrenia, like socio-cognitive rehabilitation trainings. Thus, Buonocore et al. (2018a) 

analyzed the effect of CR (current IQ and premorbid functioning) on theory of mind 

improvement after theory of mind intervention (ToMI) or social cognition and interaction 

training (SCIT). Sixty patients were treated for three months of ToMI (18 sessions of 1 hour,  

using comic strips and cartoons depicting human social interactions) or SCIT (12 sessions of 1 

hour, using short videos depicting human social interactions, selected from international  

movies) and six months of standard rehabilitation therapy. A cluster analysis showed three 

relevant profiles of CR which are similar to the three groups defined by Leeson et al. (2011): 

low early premorbid functioning and mild intellectual impairment (cluster 1: ↓PAS ±IQ), 

average/high early premorbid functioning trend with moderate intellectual impairment (cluster 

2: ±PAS ↓IQ) and good early premorbid functioning associated to IQ within normal limits 

(cluster 3: ↑PAS ↑IQ). In this study, no relationship was found between CR clusters and clinical 

and neurocognitive baseline measures. The results also showed that there was a significant 

effect of CR on both baseline ToM performance and treatment outcome: patients with higher 

CR reached significantly better ToM scores. Specifically, cluster 1 showed a high degree of 

improvement to the point that post-treatment scores were comparable to those achieved by 

Group 3 with higher CR and better ToM performance at baseline. Patients belonging to Cluster 

2 also obtained a significant improvement, but their performance remained significantly lower 

than Cluster 3. The latter did not show a significant change after treatment due to possible 

ceiling effect. This work partially supports our hypothesis, as although that CR may influence 

also specific rehabilitation outcome, it seems that the  
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relationship is not exactly as we raised it. One possible explanation is that effect of intelligence 

and premorbid functioning should be assessed independently. 

 

3. Discussion 

The CR hypothesis has been generally framed in the neurodegenerative paradigm 

associated with AD, where high CR can act as a protective mechanism against the  

development and expression of cognitive and functional symptoms. In addition, higher CR is 

associated with a faster progression of dementia due to the advanced neuropathological state 

when the begin cognitive changes. In schizophrenia, high CR can protect the individual against 

the development of the disorder and buffer its symptoms. However, the symptomatic evolution 

in schizophrenia does not conform to the slow progression typical of AD (neurodegenerative 

hypothesis), and significant variability is found in the rate of patients’ decline after the 

diagnosis despite the verification of brain damage. In fact, this rate of decline is related to 

premorbid factors such as IQ, which is associated with slower deterioration in cognitive and 

social functioning. Alternatively, the neurodevelopmental hypothesis suggests the presence of 

a cerebral dysfunction before the onset of the illness, which opens the door to psychosocial 

interventions that slow down or decrease the cognitive and functional deficits after diagnosis. 

The reviewed empirical evidence allows us to support two of the three hypotheses 

raised above. Different factors associated with CR can modify the process of 

neurodevelopment in schizophrenia. If CR is also a protective factor against the development 

of schizophrenia and reduces the impact of the clinical manifestations of the disease. According 

to the analysis of the evidence (level 1), a low premorbid IQ is related to an increased risk of 

developing schizophrenia (Khandaker et al., 2011). In this context, evidence about other single 

CR proxies is very limited, but some studies (level 3) confirm that a greater CR protects against 

the development of schizophrenia (Amoretti et al., 2016; Amoretti et al., 2018; de la Serna et 
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al., 2013; Koenen et al., 2009). Moreover, individual CR measures (premorbid adjustment, 

years of education, socioeconomic status) and compounds (IQ, education, social activities) 

have been related to a better symptomatic  

progression of cognitive and behavioral symptoms associated with schizophrenia, but only 

levels 3 and 4 of evidence were reached in the analyzed studies.  

With regard to the third hypothesis raised about the possibility that greater CR increases 

the benefit of cognitive rehabilitation in patients with schizophrenia, studies are scarce and the 

results have to be examined carefully. Several evidences at level 3 suggest a relationship 

between different clusters of intelligence and intervention benefits (Fiszdon et al., 2006, 

Buonocore et al., 2018ab). On the other hand, Kontis et al. (2013) observed that CR proxies 

did not modify CRT treatment effect and that older people with schizophrenia do not seem to 

benefit from the CRT. Thus, current data do not allow us to confirm our initial hypothesis, 

although it seems to indicate that CR has an influence on benefits obtained from rehabilitation 

programs. It should be noted that groups with different CR level were typically defined in post-

hoc analysis, so it is necessary to carry out further controlled and randomized clinical trials to 

test differential effects of interventions. 

The present review leaves other questions to be addressed in future research. One report 

mentioned above (Gutiérrez-Galve et al., 2015) found that there was less thinning of the frontal 

cortex in patients with higher IQ (premorbid and current) and with better working memory. 

Thus, it is proposed that patients with lower CR could be more vulnerable to the development 

of cortical abnormalities when they are exposed to medications or other biological factors 

associated with the disease. In relation to this hypothesis, the article of Herold et al. (2018) 

suggest an association between low educational level and frequency of neurological symptoms 

in chronic schizophrenia. It would be interesting to clarify this relationship in a longitudinal 

analysis of brain changes.  
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Otherwise, Kanchanatawan et al. (2018b) showed that education seems to be a 

protective factor against MNP, opening new lines of research and reflecting the needed of more 

studies about this issue. Another unanswered question in this review is why premorbid 

intelligence decreases after the FEP in some patients and not in others, and whether this 

reduction occurs at a specific point in the IQ continuum or across the entire continuum. It would 

be interesting to study the possible moderation of genetic, educational, occupational and other 

factors in the cognitive change during the development of psychosis. Schizophrenia has been 

linked to a multitude of genes associated with brain interconnectivity. It is possible that the 

change in the activity of these genes is related to a greater or lesser decline (Akbarian, 2014; 

Dempster, Viana, Pidsley and Mill, 2013). Studies focusing on these questions could shed light 

on the prognosis of patients and genetic interaction with factors associated with brain 

neuroplasticity. Further, this review points out the need for prospective studies and controlled 

randomized clinical trials to control the possibilities of reverse causation bias between CR 

proxies and the outcomes. Another issue that should be studied in greater depth in future 

investigations is the influence of factors such as socioeconomic status and the differential 

weighting of each factor in the development and prognosis of schizophrenia should be taken 

into account in the future. 

 Finally, the results of this review pose an interesting question: why do older people 

with schizophrenia not seem to benefit from CRT? Despite the opposing evidence (Eyler 

Zorrilla et al., 2000), it has been suggested that cognitive functioning in schizophrenic patients 

suffers a more rapid decline after 50 years of age with respect to healthy subjects and  

patients with AD, in whom the cognitive impairment occurs regardless of age (Friedman et al., 

2001). This rapid decline could make CRT in these patients ineffective. However, they could 

benefit from other treatments. In this sense, Bell, Fiszdon, Greig and Bryson (2005) showed 

that, despite greater neurocognitive compromise, older people (>50 years) with schizophrenia 
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included in a 6-month work therapy program had fewer symptoms in the PANSS and improved 

quality of life (Quality of Life Scale) -- at least as much as young patients. It is well known that 

occupational experiences impart reserve against the expression of Alzheimer's pathology 

(Stern, 2012; Valenzuela and Sachdev, 2005). In particular, work therapy could even act as a 

vital experience that improves the CR against the manifestations of schizophrenia, reducing 

symptoms and improving the quality of life (Bell et al. 2005). However, a causal relationship 

between occupation and clinical improvements cannot be established due to the absence of a 

control group. In the future, new studies incorporating control groups without treatment versus 

groups of patients with different levels of CR receiving CRT, work therapy and other 

treatments are also necessary to check if premorbid factors can affect the effectiveness of 

treatment, and if so, discover which of them and how they do so. In particular, we want to 

highlight the importance of developing more research with old patients, who do not seem to 

benefit from the CRT. They might need a different approach to cognitive remediation to 

optimize specific benefits in this population. It is also important to continue studying CR 

profiles, since they could be used to personalize interventions, as noted by Buonocore et. 

(2018a). 

This work has a number of limitations that should be considered when evaluating the 

findings. First, the vast majority of studies employed retrospective measures, limiting the scope 

of the results obtained. In the same vein, we believe that it is necessary to perform  

longitudinal studies of the greatest possible duration in order to better understand the prognosis 

of this disease throughout the life cycle. Second, different methods are currently used to 

estimate CR, which made comparisons between studies problematic. Thus, some studies 

calculated complex CR indexes, combining different estimators, whereas others used single 

proxies. In this context, it has been shown that education, occupation and leisure activities may 

independently contribute to the development of CR (Foubert-Samier et al., 2012). However, 
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Grotz, Seron, Wissen and Adam (2017) demonstrated that indexes, taking into account specific 

weight of the main CR proxies, may possibly be a more accurate approach to estimate 

individuals’ CR. Inevitably, some CR proxies are correlated (e.g., IQ and educational 

achievement), which emphasizes the need to assess the single contributions of proxies on 

different outcomes. Third, cross-sectional studies do not allow us to differentiate whether 

education (or other single proxies) acts through compensation mechanism against the brain 

damage, or is simply a sociocultural variable associated with better cognitive and functional 

performance. Although the effect of education on dementia prevention has been consistently 

demonstrated (Meng & D'Arcy, 2012), longitudinal evidence on schizophrenia is inexistent. 

Finally, we cannot ignore that the inclusion of other psychotic patients who do not have 

schizophrenia in some studies, such as bipolar and schizotypal disorder, could influence the 

results. Amoretti et al. (2018) found differences in the predictive quality of CR on psychosis 

outcomes depending on diagnosis (affective or non-affective psychosis). In addition, they 

proposed two lines of treatment based on the type of psychosis. It is necessary to clarify if this 

differentiation is justified or not by developing more studies focused on this point. 

In conclusion, determining how different CR proxies influence schizophrenia may be 

relevant for identifying individuals who may be at risk of suffering from this disorder and for 

implementing preventive programs during the early course of the illness. Incorporating 

measures of CR would also allow improved accuracy of patient prognoses and the development 

of personalized rehabilitation programs that focus on the domains that are expected to be most 

impaired in the course of the disease. In this regard, the creation of operational and well-

validated tools to estimate CR is a challenge in current research.  
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Table 1 Summary of the revised studies classified by issue and level of evidence 

 

Issue Author and 

year 

Type of 

Study and 

Level of 

Evidence 

Sample CR Indicator Results 

Influence of 

CR in 

 risk of 

developing 

schizophrenia 

 

(Gunnell, 

Harrison, 

Rasmussen, 

Fouskakis and 

Tynelius, 2002) 

 

Longitudinal 

(cohort, 5 

years of 

follow-up) 

*Level 2 

Cohort of 197, 

613 Swedish 

male 

conscripts 

Intellectual 

function 

(mathematical 

problems, 

logic 

intelligence, 

verbal IQ and 

visuospatial 

perception) 

Impaired intellectual 

performance at 18 

was associated with  

early-onset of 

psychotic disorder. 

(Khandaker, 

Barnett, White, 

& Jones, 2011) 

Meta-

analysis of 14 

cohort 

studies. 

*Level 1 

4.396 patients 

with 

schizophrenia 

and 745.720 

controls. 

Premorbid IQ 

(multiple 

measures). 

The influence of 

intelligence on risk 

of developing 

schizophrenia seems 

to be linear over the 

entire range of IQ 

(lower IQ, more 

likely to develop 

schizophrenia). 
(Kremen et al., 

1998) 

Longitudinal 

study 

(community 

sample, 19 

years of 

follow up). 

*Level 2 

547 offspring 

from a 

community 

sample 

(National 

Collaborative 

Perinatal 

Project)  

IQ (The 

Stanford-

Binet IQ test 

and WISC) 

 

A large IQ decline 

from age 4 to 7 was 

associated with an 

increased rate of 

psychotic symptoms 

at age 23 versus 
those without 

childhood IQ 

declines. 

(Koenen et al., 

2009) 

Longitudinal 

(cohort, 32 

years of 

follow-up). 

1,037 men and 

women. 

IQ in 

childhood 

(WISC-R). 

Lower IQ was 

associated with an 

increased risk of 
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*Level 2 developing 

schizophrenia 

(Zammit et al., 

2004) 

Longitudinal 

(cohort, 27 

years of 

follow-up) 

*Level 2 

Population-

based sample 

of 50,087 male 

subjects. 

 

Intelligence 

(verbal IQ, 

visuospatial 

ability, 

general 

intelligence, 

and 

mechanical 

knowledge) 

Lower IQ score was 

associated with 

increased risk for 

schizophrenia and 

other non-affective 

psychoses 

Influence of 

CR in 

cognitive, 

functional, 

and clinical 

manifestations 

 

(Amoretti et al., 

2018) 

Longitudinal 

(two years) 

with 

retrospective 

measures 

*Level 3 

 

247 FEP 

patients (211 

non-affective 

and 36 

affective) and 

205 healthy 

controls 

Premorbid IQ 

(vocabulary 

of WAIS-III), 

Education- 

Occupation 

and Leisure 

Activities 

Patients with higher 

CR show better 

cognitive and 

functional (FAST 

and GAF) outcomes. 

The predictive 

quality of CR in the 

outcome of 

psychoses depends 

on diagnosis 

(affective or non-

affective). 

(Amoretti et al., 

2016) 

 

Longitudinal 

(two years) 

with 

retrospective 

measures. 

*Level 3 

52 FEP 

patients and 41 

controls. 

Premorbid IQ 

(vocabulary 

of WAIS-III), 

Education and 

Leisure 

Activities. 

 CR predicted better 

cognitive, functional 

and clinical 

outcomes at 

baseline. Higher CR 

may prevent 

cognitive and 

functional decline at 
two years follow-up.  

(Buonocore et 

al., 2018b) 

Longitudinal 

(3 months 

pre-post 

treatment). 

*Level 3 

79 patients 

with 

schizophrenia. 

Premorbid 

Adjustment 

(PAS). 

 It was found 

significant negative 

correlations between 

two subtest of PAS 

and performance in 

working memory. 

Age and premorbid 

adjustment predicted 

global cognitive 

improvement after 

CRT 
(Cuesta et al., 

2015) 

Cross-

sectional with 

retrospective 

measures. 

*Level 4 

226 FEP 

patients and 

225 controls. 

Premorbid 

Adjustment in 

Adolescence 

(PAS), 

Parental 

Socio-

Economic 

Status. 

A good premorbid 

adjustment, was 

associated with 

better performance 

on processing speed, 

executive function, 

working memory, 

verbal memory and 

social cognition. 
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(de la Serna et 

al., 2013) 

Longitudinal 

(two years) 

with 

retrospective 

measures. 

*Level 3 

35 FEP 

patients and 98 

controls. 

Premorbid IQ 

(WAIS-III 

vocabulary), 

Education and 

Leisure 

Activities. 

CR made up of three 

indicators, was a 

better predictor of 

cognitive outcomes 

(attention and 

working memory) 

than premorbid IQ as 

an isolated factor. 

(Gutiérrez-

Galve et al., 

2015) 

Longitudinal 

(two years) 

with 

retrospectives 

measures. 

*Level 3 

27 -FEP- 

patients and 25 

controls. 

Premorbid 

(National 

Adult 

Reading Test) 

and current IQ 

(WAIS-III) 

 

Cortical thinning 

occurred in absence of 

clinical deterioration 

at follow-up. Loss of 

volume was predicted 

by low premorbid IQ 

and poor working 

memory. 
 (Herold et al; 

2018) 

 

Cross-

sectional 

*Level 4 

90 patients 

with 

subchronic 

(n=22) or 

chronic (n=68) 

schizophrenia 

and 60 healthy 

controls 

Years of 

Education 

 

 

Neurological soft 

signs scores in 
chronic patients 

exceed age-

associated changes. 

High neurological 

soft signs scores in 

the chronically ill 

may be associated 

with lower 

educational levels. 

(Holthausen et 

al., 2002) 

Cross-

sectional with 

retrospective 

measures. 

*Level 4 

118 patients 

(FEP) and 45 

controls. 

IQ (WAIS) 

and Level of 

Education. 

Cognitively normal 

patients had higher 

IQ and educational 

level, better general 

social functioning 

and less 

disorganization than 

the group with 

cognitive 

impairment.  
(Kanchanatawan 

et al; 2018b) 

Cross‐

sectional 

study 

*Level 4 

40 healthy 

controls and 80 

patients with 

schizophrenia 

(40 with 

negative 

symptoms and 

40 without 

them). 

Years of 

Education 

Simple 

neurocognitive 
psychosis (a less 

well‐ developed 

phenotype) was 

characterized by 

higher education 

than major 

neurocognitive 

psychosis (the full 

blown phenotype or 

core illness). 

(Leeson, 

Harrison, Ron, 

Barnes and 

Joyce, 2012) 

Cross-

sectional with 

retrospective 

measures. 

*Level 4 

99 psychotic 

patients (FEP) 

Premorbid 

IQ (WTAR) 

Superior cognitive 

performance in 

cannabis users was 

explained by higher 

premorbid IQ. 
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(Leeson, 

Sharma, 

Harrison, Ron, 

Barnes and 

Joyce, 2011) 

 

Longitudinal 

(three years) 

with 

retrospectives 

measures. 

* Level 3 

129 patients 

(FEP) and 120 

controls. 

Premorbid IQ 

(WTAR), IQ 

after the onset 

of psychosis 

(WAIS-III). 

Patients with a 

deteriorated IQ after 

psychosis had more 

negative and 

disorganized 

symptoms, greater 

decline in memory 

and executive 

function, and poorer 

social functioning. 
(Wang, Ho, 

Sum, Collinson 

and Sim, 2016) 

 

Cross-

sectional with 

retrospective 

measures. 

*Level 4 

81 patients 

(FEP) and 73 

controls 

Premorbid IQ 

(The Wide 

Range 

Achievement 

Test-Reading 

Test). 

Longer duration of 

psychosis in FEP is 

associated with 

worse cognitive 

scores on the Brief 

Assessment of 

Cognition in 

Schizophrenia only 

for patients with low 

premorbid IQ. 

 (Ward, Kraal, 

Flowers and 

Ellingrod, 2017) 

Cross-

sectional with 

retrospective 

measures. 

*Level 4 

122 patients 

with 

schizophrenia 

spectrum 

disorders. 

Level of 

Education 

(low, 

moderate and 

high). 

High CR may be 

protective against 

cognitive 

impairment in 

cardiovascular risk 

alleles (ACE D and 

APOE e4) carriers.  
 

 

 
 

 

 

 

 

 

Influence of 

CR in 

intervention 

programs 

 

(Buonocore et 

al., 2018a) 
Longitudinal 

(6 months 

pre-post 

treatment) 

*Level 3 

60 patients 

with 

schizophrenia 

Current IQ 

(WAIS) 

and 

Premorbid 

Functioning 

(PAS) 

Patient with higher 

CR achieved 

better outcomes in 
theory of mind 

performance after 

socio-cognitive 

rehabilitation 

program. 

(Buonocore et 

al., 2018b) 
Longitudinal 

(3 months 

pre-post 

treatment). 

*Level 3 

79 patients 

with 

schizophrenia. 

Premorbid 

Adjustment 

(PAS). 

Age and premorbid 

adjustment predicted 

global cognitive 

improvement after 

CRT 

(Fiszdon, Choi, 

Bryson and Bell, 

2006) 

Longitudinal 

(6 months 

pre-post 

treatment) 

*Level 3 

152 patients 

diagnosed with 

schizophrenia 

or 

schizoaffective 

disorder 

Intellectual 

Status 

(preserved, 

compromised, 

deteriorated). 

 

The generalization 

of gains after 

neurocognitive 

therapy differed by 

intellectual group. 

Preserved and 

deteriorated 

intellectual groups 

showed greater 

improvement in the 

pre-post analysis. 
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(Kontis, Huddy, 

Reeder, Landau 

and Wykes, 

2013) 

Longitudinal 

(14 weeks, 

pre-post 

treatment). 

*Level 3 

 

134 

schizophrenic 

patients (49 in 

control 

condition and 

85 with ≥20 

sessions of 

CRT). 

Premorbid IQ 

(National 

Adult 

Reading Test) 

and 

Vocabulary 

(Vocabulary 

scale of the 

WAIS-III). 

The mediation of CR 

in the relationship 

between age and 

efficacy of CRT was 

not demonstrated. 

 Note: CR= Cognitive Reserve. CRT = Cognitive Remediation Therapy. FAST= Functioning 

Assessment Short Test. FEP= First Episode of Psychosis. GAF= Global Assessment of 

Functioning. IQ= Intelligence Quotient. PAS=Premorbid Adjustment Scale. WAIS= 

Wechsler Adult Intelligence Scale. WISC-(R)=Wechsler Intelligence Scale for Children-
(Revised). WTAR= Wechsler Test of Adult Reading. 
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