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Abstract

Patients with schizophrenia show a deficit in cognitive ability compared to estimated premorbid 

and familial intellectual abilities. However, the degree to which this pattern holds across psychotic 

disorders and is familial is unclear. The present study examined deviation from expected cognitive 

level in schizophrenia, schizoaffective disorder, and psychotic bipolar disorder probands and their 

first-degree relatives. Using a norm-based regression approach, parental education and WRAT-IV 

Reading scores (both significant predictors of cognitive level in the healthy control group) were 

used to predict global neuropsychological function as measured by the composite score from the 
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Brief Assessment of Cognition in Schizophrenia (BACS) test in probands and relatives. When 

compared to healthy control group, psychotic probands showed a significant gap between 

observed and predicted BACS composite scores and a greater likelihood of robust cognitive 

decline. This effect was not seen in unaffected relatives. While BACS and WRAT-IV Reading 

scores were themselves highly familial, the decline in cognitive function from expectation had 

lower estimates of familiality. Thus, illness-related factors such as epigenetic, treatment, or 

pathophysiological factors may be important causes of illness related decline in cognitive abilities 

across psychotic disorders. This is consistent with the markedly greater level of cognitive 

impairment seen in affected individuals compared to their unaffected family members.

Keywords

psychotic disorders; brief assessment of cognition in schizophrenia; first-degree relatives; 
cognitive decline; premorbid cognition

1. Introduction

Cognitive deficits are well established in psychotic disorders (Bilder et al., 2000;Dickinson 

et al., 2008;Hill et al., 2004;Keefe et al., 2006;Reilly and Sweeney, 2014). Typically, 

cognitive impairments are determined by evaluating neuropsychological performance in 

patient groups compared to normative data or a psychiatrically healthy control sample. 

However, performance on neuropsychological tests in patients may be related to both 

heritable familial intellectual ability (Bouchard, 2004) and illness-related factors that lead to 

a decline from that expected ability. Following this reasoning, the deviation score (decline 

from expected ability) is of potential interest as it may reflect the impact of disease on 

cognitive function more closely than level of performance. Indeed, many schizophrenia 

patients display substantial discrepancy between neuropsychological performance and that 

predicted by factors such as parental education and personal premorbid ability as estimated 

by single-word reading (Keefe et al., 2005;Bryson et al., 1993;Palmer et al., 1997;Woodward 

and Heckers, 2015). However, some important issues have not been systematically 

investigated, including the extent of deviation from premorbid expectation in psychotic 

disorders other than schizophrenia and their unaffected family members, and the degree to 

which decline from expectation is itself a familial characteristic.

Though not investigated systematically, unaffected relatives of schizophrenia probands may 

show a degree of decline from expectation. Indeed, a recent population based investigation 

using a national registry indicated that familial cognitive aptitude (general intellectual 

ability) was distinct from neurodevelopmental factors that predispose one to schizophrenia 

(Kendler et al., 2016). This provides some indirect support for the notion that familial factors 

that determine intellectual ability may be distinct from disease-related factors impacting 

cognitive function.

Thus, direct assessment of familial patterns of deviation in neuropsychological competence 

from expectation across psychotic disorders may be helpful for evaluating the extent to 

which significant decline from expected cognitive levels can be attributed to disease-related 

or shared familial factors impacting intellectual ability. Therefore, the present study 
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evaluated the discrepancy of expected and current neuropsychological ability across 

psychotic disorders and in unaffected relatives, and the familiality of these indices using a 

norm-based regression approach.

2. Methods

2.1. Participants

Cognitive testing and assessment of parental SES was performed as part of the Bipolar and 

Schizophrenia Network for Intermediate Phenotypes (B-SNIP) study. Recruitment strategy, 

procedures, and clinical characterization of the study sample have been reported previously 

(Tamminga et al., 2013), as were observed BACS composite scores in the sample (Hill et al., 

2013). Probands were required to have a consensus diagnosis based on SCID interviews 

(First et al., 1995) of schizophrenia, schizoaffective disorder, or bipolar disorder with 

psychotic features (see Table 1). All participants had 1) no history of seizures or head injury 

with sustained loss of consciousness, 2) no diagnosis of substance abuse in the preceding 30 

days or substance dependence in the prior 6 months, and a negative urine drug screen for 

drugs of abuse on the day of testing, 3) a stable medication regimen and clinical status over 

the prior month, 4) no history of systemic medical or neurological disorder known to affect 

cognitive abilities, and 5) age-corrected Wide Range Achievement Test-IV Reading standard 

score (SS) ≥65. First-degree relatives with a lifetime history of psychosis were excluded 

from the present analyses in order to assess cognitive function in relatives unaffected by the 

presence of a psychotic disorder.

2.2. General Cognitive Function

The Brief Assessment of Cognition in Schizophrenia (BACS) is a neuropsychological 

battery designed to evaluate global neuropsychological function (Keefe et al., 2004). The 

BACS consists of six subtests covering four domains (Verbal Memory, Processing Speed, 

Reasoning, and Problem Solving, and Working Memory). Subtest scores were converted to 

z-scores using published norms (Keefe et al., 2008). To limit the impact of extreme values 

on group means, subtest scores were winsorized to a maximum absolute value of 4.0.

2.3. Estimating decline in cognitive ability compared to intellectual potential

2.3.1. Predictor variables—Deviation-based approaches for evaluating decline in 

cognitive function have used a mixture of norm-based and premorbid indices to estimate 

familial intellectual potential. This approach has been used successfully in broad sample of 

patients with schizophrenia (Keefe et al., 2005;Woodward and Heckers, 2015), high-

functioning schizophrenia (Vaskinn et al., 2014), and traumatic brain injury (Johnstone et al., 

1995) using single word reading scores and parental education. A variety of parental and 

patient demographic variables (parental education and occupation, patient educational 

achievement) have been used to estimate intellectual potential in the schizophrenia and 

dementia literatures, and are used in the clinical practice of neuropsychology. Single-word 

reading (e.g., NART, WRAT reading) (Bright et al., 2002;Gladsjo et al., 1999) combined 

with parental education (Kareken et al., 1995;Kremen et al., 2000) provides a reliable 

estimate of familial or premorbid intellectual potential (Keefe et al., 2005). These 

Hochberger et al. Page 3

Schizophr Res. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



parameters were utilized in the present study based on the prior findings and a failure of 

other factors such as personal years of education and parental income estimates.

We used a norm-based hierarchical regression approach to predict BACS composite score. 

To account for demographic differences among groups (see Table 1a & 1b), age, race, and 

sex were entered first followed by parental education (highest level of either parent) and the 

participants WRAT-IV Reading standard score. In healthy controls, BACS composite scores 

from these selected predictors were significantly, and independently, predicted from both 

parental education [step 1: R2 = 0.07, F(1,381) = 28.48, p < 0.001], and personal single word 

reading scores as measured by the WRAT-IV Reading subtest [step 2: R2 = 0.28, F(1,381) = 

74.11, p < 0.001; F-change (1, 379) = 111.34, p < 0.001]. This model was then applied to all 

proband and relative groups to compute a predicted BACS composite score. The difference 

between observed and predicted BACS scores was computed to provide a continuous 

variable reflecting the degree of deviation from expectation for each participant.

2.3.2 Group Comparisons—First, an ANOVA was conducted to compare groups in 

terms of deviation scores. Second, the proportion of cases with robust deviation from 

expectation was computed (defined as deviation scores below the 95% confidence interval 

(CI) of predicted performance). Whereas population-based (mean) confidence intervals were 

previously used to determine the cut score for significant decline from expectation (Keefe et 

al., 2005), the present study used a more conservative approach based on individual 

(prediction) intervals to estimate the likely range of predicted performance (Tabachnick and 

Fidell, 2007). Just 5.4% of controls fell below the 95% CI cutoff. Odds ratios for rates of 

significant deviation from expectation compared to controls were computed for each 

proband and relative group.

As a complimentary descriptive analysis, the relationship between observed BACS 

composite scores and deviation from expected BACS was computed. To assess their clinical 

relevance, deviation scores were evaluated in relation to functional status, based on the 

Birchwood Social Functioning Scale (Birchwood et al., 1990), and severity of clinical 

symptoms, using the Positive and Negative Symptom Scale (Kay et al., 1989).

2.3.3 Familiality—A heritability analysis to calculate familiality estimates for deviation 

from expectation was performed using Sequential Oligogenic Linkage Analysis Routine 

software (SOLAR). In a design such as ours, an estimate of familiality (h2) represents the 

portion of phenotypic variance accounted for by family membership. To test for the 

significance of familiality, a maximum likelihood ratio test compared phenotypic variation 

explained by family membership to a model assuming that no variation is explained by 

familial factors. Age, sex, and race were included in the model as covariates. A correction 

was applied to account for ascertainment bias as families were recruited through the 

identification of a psychotic proband and not a representative community sample. We have 

previously reported the familiality of the BACS composite, which was 0.50 (90% CI = 0.37–

0.63) in schizophrenia pedigrees and 0.61 (90% CI = 0.42–0.79) in bipolar pedigrees (Hill et 

al., 2013).
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3. Results

3.1. Group differences in deviation from cognitive expectation

ANOVA comparing deviation from expected BACS performance indicated significant 

differences across groups [F(7,1951)=62.42, p<0.001]. Simple contrasts were used to clarify 

significant omnibus findings using a Hochberg correction for multiple comparisons. All 

patient groups showed greater deviation from expected BACS performance compared to 

controls with schizophrenia probands showing significantly greater decline than 

schizoaffective and psychotic bipolar groups. The relative groups did not differ from each 

other or controls.

A significant omnibus logistic regression indicated that the likelihood of robust deviation 

from expectation (performing below the lower 95 % CI cutoff) varied significantly by group 

[Wald χ2(6) = 180.58, p < 0.0001]. Consistent with mean comparisons, there was a higher 

rate of robust deviation from expectation in all proband groups compared to controls 

[Schizophrenia: 25.5% below expectation, OR = 13.10, 95% CI 7.45–23.06, p < 0.0001 

(Figure 2a); Schizoaffective: 23.1% below expectation, OR = 7.72, 95% CI 4.19–14.22, p < 

0.0001 (Figure 2b); Bipolar: 19.8% below expectation, OR = 4.59, 95% CI 2.48–8.50, p < 

0.0001 (Figure 2c)]. A higher proportion of schizophrenia probands showed robust deviation 

from expectation compared to schizoaffective probands [Wald χ2(1) = 6.72, p < 0.01] who, 

in turn, had a higher proportion of cases below this 95% CI cutoff than bipolar probands 

[Wald χ2(1) = 4.71, p < 0.05]. In contrast, none of the relative groups showed greater rates 

of deviation from expectation compared to controls (range of 4.9 to 6.7% abnormality; OR = 

0.77–1.24; see Figure 1).

3.2 Comparing of probands with extreme deviation scores

Probands with deviation scores below the 95% CI threshold were compared to the remaining 

probands in terms of parent education level and WRAT – IV Reading scores to assess for 

group differences prior to computing predicted BACS scores. Findings indicated significant 

differences for both WRAT IV - Reading [F(1,774) = 54.40, p< 0.001] and parent education 

[F(1,721) = 21.82, p < 0.001] in which probands below 95% CI threshold had lower single 

word reading scores and parents with 1.29 fewer years of education. Thus, cognitive decline 

was stronger among probands with lower word reading ability and less educated parents.

To further characterize probands displaying robust deviation from cognitive expectation, we 

evaluated select clinical measures of illness severity, medication status, and daily living 

skills. Findings indicated that neither positive nor negative symptoms were significantly 

correlated with deviation scores for probands above or below the cutoff. However, probands 

below the 95% CI endorsed more negative symptoms [F(1,760) = 7.54, p < 0.01], had higher 

doses (CPZ equivalent) of antipsychotics [F(1,490) = 7.70, p < 0.01], and had a higher 

anticholinergic burden (Eum et al., 2017) [F(1,738) =5.99, p < 0.01] than probands with 

BACS scores above this threshold. As CPZ levels were not associated with deviation scores, 

these findings suggest that participants with cognitive decline may be less responsive to 

treatment. However, the relationship to functional status, as indicated by SFS total scores, 

was only marginal [F(1,617) = 2.26, p = 0.13].
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Finally, we evaluated whether robust deviation scores were related to psychosis biotypes 

described by Clements and colleagues (Clementz et al., 2016). Findings indicated an uneven 

distribution across biotypes (χ2 [2] = 38.20, p < 0.001) in which patients below the 95% CI 

cutoff were significantly over-represented in Biotypes 1 and 2, and significantly under-

represented in Biotype 3.

3.3. Level of performance and deviation from expectation

Level of neuropsychological performance is commonly classified as impaired based on a 

threshold of 0.5 to 2.0 standard deviations below the mean compared to either normative 

data or a control group. From a level of performance perspective, more than70% of probands 

showed at least mild overall neuropsychological impairment (BACS composite z-score ≤ 

−0.5) while over a third showed more severe overall impairments (BACS composite z-scores 

≤ −2.0) (see Figure 2 & 3). To assess the potential overlap for identifying impairment on a 

case-wise basis, the degree to which level of performance and deviation from expectation 

identified similar cases was evaluated. The corresponding thresholds for deviation from 

cognitive expectation were similar for schizophrenia and schizoaffective probands and 

somewhat more inclusive for the psychotic bipolar group. Overall, there appears to be 

considerable overlap among the level of performance and deviation from expectation 

approaches for indexing cognitive impairment.

3.4. Evaluating familial effects

As noted in a previous B-SNIP report, familiality estimates for the BACS composite (h2 = 

0.50 to 0.61) were strong across proband groups (Hill et al., 2013). Although similar 

computations for deviation of BACS scores from expectation indicated slightly lower values 

(schizophrenia: h2=0.32, 90% CI = 0.12–0.48; bipolar: h2=0.37, CI = 0.18–0.57), the 

confident intervals did not cross zero. Thus, familiality estimates were interpreted as 

statistically significant, but low to moderate in magnitude.

4. Discussion

The present study was designed to evaluate decline from expected cognitive ability based on 

parental and personal premorbid indicators across psychotic disorders, and familiality 

compared to neuropsychological test performance. Findings indicated greater decline from 

expected BACS performance in all proband groups compared to both controls and first-

degree relatives. This effect was evident in all proband groups, but increased progressively 

from bipolar disorder with psychosis to schizoaffective disorder to schizophrenia. Although 

robust deviation from expectation was evenly distributed across DSM diagnostic groups, 

probands with profiles of cognitive decline were over-represented among the more severely 

affected biotypes (Clementz et al., 2016). The reduced familiality of decline from 

expectation in comparison to the familiality for the raw BACS composite scores (Hill et al., 

2013) suggests that severe cognitive decline may be more related to the presence of 

psychotic illness than familial genetic factors, though the possibility of a highly nonlinear 

effect of incremental levels of risk genes on cognition remains a possibility.
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4.1. Normative heritability of cognition

Genetic factors are well known to account for level of cognitive ability (Lyons et al., 2009); 

(Plomin and Craig, 1997;Haworth et al., 2010) and increased risk for intellectual decline 

(Burdick et al., 2007). The present findings of lower familiality estimates for deviation from 

expected cognitive ability against a background of strong heritability for BACS performance 

suggests that factors related to the presence of psychotic illness rather than shared familial 

factors are the primary cause of decline from cognitive expectation. This pattern is supported 

by observations that probands with robust deviation from expectation (below the 95% CI) 

had higher levels of persistent negative symptoms. Furthermore, probands with a robust 

decline from expectation had greater decrements than their relatives whereas probands above 

the cutoff had similar deviation scores compared to their corresponding relatives. These 

findings suggest that cognitive decline related to illness is clinically relevant and present in 

some, but not all, patients with psychotic disorders.

4.2. Implications for etiology of cognitive deficits

Cognitive abilities are highly heritable both in psychiatric and non-psychiatric populations 

(Blokland et al., 2016), therefore cognitive ability has a strong familial component both in 

the general population and in individuals with a history of psychosis. While significant, 

estimates of familiality or heritability of general cognitive abilities in schizophrenia (Egan et 

al., 2001;Chen et al., 2009;Greenwood et al., 2007) and across the psychosis spectrum (Hill 

et al., 2013) have consistently been lower than heritability estimates for intellectual ability in 

the general population (Bouchard, Jr. and McGue, 1981;Plomin and Deary, 2015). Against a 

background of significant heritability for both intelligence (69%) and history of a psychotic 

disorder (56%), the shared variance for intelligence and psychosis is about 7% (Fowler et al., 

2012). These findings, along with the markedly different level of cognitive deficit in affected 

individuals compared to unaffected relatives was consistent with recent findings indicating 

that family cognitive aptitude is distinct from risk for schizophrenia (Kendler et al., 2016).

These findings provide indirect support for the view that disease related processes might 

disrupt cognition variably and, to a large degree, independently from familial factors 

determining intellectual abilities. It thus appears that genetic factors determining general 

cognitive abilities have a reduced penetrance in psychotic patients, with non-familial 

environmental or pathophysiological factors playing a greater role in causing the prominent 

cognitive and related functional disability in psychotic disorders. A number of potential non-

familial factors related to disease might account for the greater cognitive decline seen in 

psychotic disorders, and their expression in schizophrenia, including acute and chronic 

treatments effects (Sweeney et al., 1991;Bishop et al., 2015;Reilly et al., 2006), impact of 

prodromal illness and neurodevelopmental alterations on school learning, progressive brain 

changes (Zhang et al., 2015), and other neurobiological factors.

4.3. Utility of evaluating deviation from expectation

Deviation from cognitive expectation may provide a useful complementary approach to level 

of performance for assessing cognitive deficits in patients with psychotic disorders. 

Generalized cognitive deficits are well established in the majority of psychosis patients 

(Bilder et al., 2000;Dickinson et al., 2008;Hill et al., 2004;Keefe et al., 2006;Reilly and 
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Sweeney, 2014). Assessing the decline from estimated intellectual potential as an alternative 

or complement to level of performance may have utility in several important ways. First, a 

meaningful discrepancy between observed and expected neuropsychological performance 

may be useful as a more direct indicator of the degree of illness-related disruption of 

cognitive abilities. Second, the presence of neuropsychological decline might be a useful 

way to stratify patients for trials or evaluate outcomes of treatments targeting cognitive 

deficits associated with psychotic illness. The deviation from expectation approach may hold 

an advantage that stems from providing an outcome measure less influenced by inter-

individual variability in familial intelligence. For example, an individual with a deviation 

score significantly below expectation might be more responsive to potential cognitive 

benefits of treatment if level of performance is in the normal range and their relatives have 

much smaller deviation scores. Similarly, a reduction of deviation from expectation may be 

more informative as a cognitive endophenotype in contrast to traditional indicators such as 

mean level of neuropsychological performance.

4.4. Limitations

The proportion of psychosis patients with a profile of robust deviation from expectation was 

much lower than previous reports (Keefe et al., 2005;Woodward and Heckers, 2015) . This 

may reflect different methodology for the threshold of determining significant impairment. 

For example, the first study to assess deviation from cognitive expectation used population 

based (mean) confidence intervals (Keefe et al., 2005) while the present investigation used a 

more conservative approach based on individual (prediction) confidence intervals. More 

recently, Woodward & Heckers used a cutoff of .80 standard deviations below the predicted 

cognitive score (Keefe et al., 2005;Woodward and Heckers, 2015). Thus, the present 

methodology resulted in a more conservative cutoff with fewer participants below the cutoff 

potentially representing a lower functioning subsample. Although single word reading is 

well established as an objective measure of premorbid intellectual ability and is used for that 

purpose in clinical neuropsychology and predictors of premorbid ability were selected based 

on their reliability and relative resistance to disease-related decline (Bright et al., 

2002;Gladsjo et al., 1999;Kareken et al., 1995;Kremen et al., 2000;Keefe et al., 2005), these 

scores could potentially be impacted by early illness manifestations and other early life 

events that disrupt neurologic development and educational attainment. In this manner, 

single word reading could underestimate the degree of decline from potential. Similarly, 

parental education has strong associations with educational attainment, IQ, and 

neuropsychological test performance, but is limited by the validity of the data available 

(recall/knowledge of probands and relatives). Variability in type or medication, 

combinations of medications, and/or dosing may impact cognition and cognitive trajectories 

differently. Although correlational analyses indicated that antipsychotics did not impact 

deviation scores, anticholinergic burden, medication history, and other related factors that 

may be related to cognitive impairment or decline and were investigated in more depth in a 

separate report (Eum et al., 2017). Finally, the B-SNIP recruitment strategy required that 

patients have at least one relative willing and able to participate. Thus, sparse and potentially 

biased assessment of relatives may have reduced the precision of estimated familiality of 

cognitive abilities. To better assess the familiality/heritability of these traits it would be 

optimal to assess a larger family pedigree (e.g. more family member to assess concordance 
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regarding the extent of deviation from cognitive expectation among affected siblings and 

relatives).

4.5. Concluding remarks

The current study demonstrated that a significant proportion of probands with a psychotic 

disorder display a profile of meaningful cognitive decline from expectation based primarily 

on estimated premorbid abilities. Moreover, robust deviation from expectation, which was 

more prominent in schizophrenia than bipolar disorder, impacted cognition significantly and 

diminished familial or heritable effects on cognition, presumably via the sequelae of disease 

processes. Furthermore, this approach may have broader applications for subtyping probands 

with psychotic disorders, and as a complementary way for evaluating treatment outcomes or 

a novel approach to separating familial and non-familial illness risk factors.
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Figure 1. 
All proband groups show a lower deviation scores compared to both the relative groups and 

controls. Mean deviation from expectation scores differed significantly among proband 

groups from bipolar to schizoaffective to schizophrenia. This pattern suggests disruption of 

premorbid cognitive trajectories across psychotic disorders.
†Deviation Score = Difference between Observed and Predicted BACS Composite z-score.
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Figure 2. 
Scatterplot of observed BACS composite score and predicted BACS based on WRAT and 

parent education. The solid line represents the lower end of the 95% confidence interval 

derived from the healthy control regression equation.
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Figure 3. 
Rates of cognitive impairment based on cut-scores for level of performance (left figure) and 

deviation from cognitive expectation (right figure).
†Deviation Score = Difference between Observed and Predicted BACS Composite z-score.
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Figure 4. 
Cases were classified based on significant deviation from expectation (below the 95% CI 

cutoff) in probands. The magnitude of deviation between probands and relatives increased 

dramatically, regardless of diagnosis, as a function the proband deviation status. Thus, the 

cognitive decline seen in probands below the cut score does not stem from a familial pattern 

of cognitive vulnerability.
†Deviation Score = Difference between Observed and Predicted BACS Composite z-score.
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