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Abstract

Background. Postmortem human brain studies provide the molecular, cellular, and circuitry
levels of resolution essential for the development of mechanistically-novel interventions for
cognitive deficits in schizophrenia. However, the absence of measures of premortem cognitive
aptitude in postmortem subjects has presented a major challenge to interpreting the relation-
ship between the severity of neural alterations and cognitive deficits within the same subjects.
Methods. To begin addressing this challenge, proxy measures of cognitive aptitude were eval-
uated in postmortem subjects (N = 507) meeting criteria for schizophrenia, major depressive
or bipolar disorder, and unaffected comparison subjects. Specifically, highest levels of educa-
tional and occupational attainment of the decedent and their parents were obtained during
postmortem psychological autopsies.
Results. Consistent with prior findings in living subjects, subjects with schizophrenia had the
lowest educational and occupational attainment relative to all other subject groups, and they
also failed to show the generational improvement in attainment observed in all other subject
groups.
Conclusions. Educational and occupational attainment data obtained during postmortem
psychological autopsies can be used as proxy measures of premortem cognitive function to
interrogate the neural substrate of cognitive dysfunction in schizophrenia.

Introduction

Cognitive impairment, a core feature of schizophrenia, predicts important clinical outcomes,
including relapse frequency and everyday functioning (Keefe and Fenton, 2007; Schaefer
et al., 2013; Green, 2016). Unfortunately, therapeutic options for cognitive deficits in schizo-
phrenia are limited, with no available pharmacological treatments. The development of
mechanistically-novel therapeutics can be informed by understanding the neural substrates
of cognitive dysfunction in schizophrenia. Achieving this goal requires investigation of the dis-
eased brain using complementary approaches. In particular, studies of postmortem human
brain tissue provide the essential molecular, cellular, and circuitry levels of resolution that
are not currently possible in studies of living subjects (Deep-Soboslay et al., 2005;
Deep-Soboslay et al., 2011; Bianchi et al., 2017).

Interpreting how postmortem human studies inform our understanding of the neural sub-
strates of cognitive impairments faces three challenges. The first challenge is the absence of
measurements of cognitive aptitude in the studied individuals, with the notable exception
of studies performed in elderly, chronically hospitalized individuals whose cognition is tested
antemortem (e.g. see Humphries et al., 1996, Purohit et al., 1998, Martin-Ruiz et al., 2003,
Rapp et al., 2010). Neurocognitive testing is not a part of populace data collection in the
USA and is not routinely performed in individuals with schizophrenia. Because many dona-
tions to postmortem human brain banks come from subjects that are not studied before death,
comparing neurocognitive measures obtained premortem with biological measures obtained
postmortem in individuals with schizophrenia is not currently feasible. Second, given this limi-
tation, the interpretation of findings from postmortem studies to date has relied on inferences
drawn from group-level cognitive findings in living subjects. This strategy rests on the untested
assumption that schizophrenia subjects included in postmortem brain studies have cognitive
impairments comparable to those identified in studies of living subjects. Third, the absence
of cognitive measures at the level of individual subjects in postmortem brain studies precludes
the assessment of whether the severity of neural alterations and of cognitive deficits is related
across individuals. Each of these challenges might be addressed by using established proxy
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measures of cognitive aptitude to evaluate the presence and sever-
ity of premortem cognitive deficits in postmortem human
subjects.

Educational and occupational attainment measures are
well-suited candidate proxy measures of cognitive aptitude to
begin addressing these challenges. Educational (Deary et al.,
2007) and occupational (Strenze, 2007) attainment each have
strong positive correlations with various measures of cognitive
aptitude in the general population and have been previously
used as proxy measures of cognition in living subjects (Rietveld
et al., 2013; Le Hellard et al., 2017). Both measures are also pre-
dicted by the severity of cognitive impairment in individuals with
schizophrenia (Keefe and Fenton, 2007; Rajji et al., 2014; Green,
2016). Finally, information regarding educational and occupa-
tional attainment are relatively accessible and can be obtained
and verified from multiple sources during postmortem clinical
characterization procedures used by many postmortem human
brain banks (Deep-Soboslay et al., 2011).

In clinical studies of schizophrenia, assessment of cognitive
aptitude, and the presence and severity of cognitive impairments,
has been evaluated in relation to three different comparison
groups: healthy subjects, subjects with other mental illnesses,
and the schizophrenia proband’s first-degree relatives. The cogni-
tive performance of most individuals with schizophrenia is >1.0
S.D below the mean of healthy subjects (Keefe and Fenton, 2007;
Schaefer et al., 2013). Moreover, subjects with schizophrenia are
typically more severely cognitively impaired than are subjects
with major depressive or bipolar disorder (Keefe and Fenton,
2007). Accordingly, educational and occupational attainment in
individuals with schizophrenia is lower than healthy (Keefe and
Fenton, 2007; Rajji et al., 2014; Green, 2016) and
psychiatrically-ill (Vreeker et al., 2016; Karpov et al., 2017) sub-
jects. Although comparisons to healthy subjects from the general
population identifies approximately 80% of individuals with
schizophrenia as cognitively impaired (Keefe and Fenton, 2007),
both the presence and severity of cognitive impairments in any
given individual with schizophrenia appears to be more accurately
identified by the deviation from the cognitive aptitude of their
parents (Keefe et al., 2005; Keefe and Fenton, 2007). Indeed,
98% of individuals with schizophrenia underperform cognitively
based on that predicted by the level of education of either parent
(Keefe et al., 2005; Keefe and Fenton, 2007; Keefe and Harvey,
2012). These findings are further reflected in differences in educa-
tional and occupational attainment across generations. In the gen-
eral population, educational and occupational (Wyatt and Hecker,
2006) attainment typically improve from one generation to the
next. However, subjects with schizophrenia show the opposite
pattern (Keefe et al., 2005; Keefe and Fenton, 2007; Kendler
et al., 2016).

In the present study, we begin to address the challenges asso-
ciated with interpreting how postmortem human studies inform
our understanding of the neural substrates of cognitive impair-
ments. First, using a large cohort of postmortem subjects
(N = 507), we demonstrate that the expected group differences
in educational and occupational attainment are present in post-
mortem subjects with schizophrenia relative to unaffected com-
parison, major depressive disorder, and bipolar disorder
subjects. Second, we demonstrate that in contrast to the other sub-
ject groups, postmortem subjects with schizophrenia fail to show
improvements in educational and occupational attainment relative
to their parents. As in living subjects, the magnitude of this devi-
ation between proband and parental attainment may better

identify the presence and severity of cognitive dysfunction in post-
mortem individuals with schizophrenia rather than comparisons
to unaffected subjects.

Methods

Postmortem human subjects

Brain specimens were obtained during autopsies conducted at the
Allegheny County Medical Examiner’s Office (Pittsburgh, PA,
USA) after consent for donation was obtained from the
next-of-kin. The results of an expanded psychological autopsy
(Kelly and Mann, 1996; Lewis, 2002; Beneyto et al., 2009;
Deep-Soboslay et al., 2011) including structured interviews con-
ducted with family members and review of medical, toxicology,
neuropathology, and medical examiner’s reports were used by
an independent committee of experienced clinicians to make con-
sensus DSM-IV (American Psychiatric Association, 1994) diag-
noses, or the absence thereof, for each subject. This
comprehensive method of establishing psychiatric diagnoses post-
mortem directly addresses the challenges associated with the sole
use of medical record review or family interviews, which may be
problematic for establishing mood disorder (Deep-Soboslay et al.,
2005) or schizoaffective disorder (Sundqvist et al., 2008)
diagnoses.

Subjects (N = 507) were included for study if they had docu-
mented educational and occupational attainment; were ⩾18
years of age so that, at minimum, partial high school educational
attainment was possible; and met criteria for schizophrenia or
schizoaffective disorder (N = 80), major depressive disorder
(N = 215), bipolar disorder (N = 50), or unaffected comparison
(N = 162) (Table 1). Subject groups did not differ in mean age
(F3,503 = 2.0, p = 0.1) or racial composition (χ2 = 3.4, p = 0.8), but
the proportions of males and females differed significantly across
diagnostic groups (χ2 = 10.8, p = 0.01) (Table 1). Pair-wise com-
parisons showed that the proportion of males and females in
the unaffected comparison subject group differed significantly
from major depressive disorder subjects (χ2 = 5.1, p = 0.02) and
bipolar disorder subjects (χ2 = 9.2, p = 0.002), but not from
schizophrenia subjects (χ2 = 0.6, p = 0.4). The difference in sex
across groups is due to the over-representation of males, which
reflects the fact that men are more likely to die under circum-
stances which require a forensic evaluation. Within the ill sub-
jects, diagnostic group showed a main effect on age of onset
(Table 1; F2,334 = 34.0, p < 0.0001). Tukey’s post hoc analysis
revealed that subjects with major depressive disorder had signifi-
cantly ( p < 0.0001) older age of onset than subjects with schizo-
phrenia or bipolar disorder, but that age of onset did not differ
significantly ( p = 0.5) between schizophrenia and bipolar disorder
subjects. All procedures were approved by the University of
Pittsburgh’s Committee for the Oversight of Research and
Clinical Training Involving Decedents and Institutional Review
Board for Biomedical Research.

Educational and occupational attainment in postmortem
human subjects and their parents

Documentation of education and occupation for the proband and
their parents was obtained through the structured interview, med-
ical records, medical examiner’s report, and public records (e.g.
obituary and social media). The structured interview is performed
by a licensed clinical psychologist and includes the Postmortem
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Subject Demographic History Form, a 14-page instrument devel-
oped by researchers at the University of Pittsburgh that includes
documentation of educational and occupational attainment of the
decedent and their parents. Scoring of the Postmortem Subject
Demographic History Form uses Hollingshead categorical rankings
for both educational and occupational attainment (Hollingshead,
1975) (online Supplementary Table S1). Categorical rankings of
education were used instead of years of completed education
because informants can provide a general level of education (e.g.
partial high school; partial college) with greater certainty than
specific years of education.

Information regarding highest achieved education and occupa-
tion for probands and their parents was obtained through the
structured interview with confirmation from medical records,
medical examiner’s report, and/or publicly available records for
96.2% of subjects. The remaining 3.8% of subjects had only review
of medical records, medical examiner’s report, and/or publicly
available records for documentation of educational and occupa-
tional attainment. Educational and/or occupational attainment
was known for at least one parent for 92.1%, and for both parents
for 86.6%, of probands (Table 1). If discrepancies in highest par-
ental attained education or occupation were found, values that
were most frequently reported were used, or coded as ‘unknown’
if there was irreconcilable ambiguity.

Statistics

Educational and occupational attainment values for probands and
parents are rank-order categorical variables (Hollingshead, 1975).
Thus, to compare educational and occupational attainment across
diagnostic groups, a cumulative logit model with proportional
odds property was employed (online Supplementary Methods).
The model included diagnostic group as the main dependent vari-
able, and age, sex, and race as covariates. F-tests were used to

assess the overall diagnosis effect, followed by pairwise compari-
sons between groups. The resulting odds ratio (OR) indicates
that the odds of having higher educational or occupational attain-
ment in one subject group is equivalent (OR = 1), greater (OR > 1),
or lower (OR < 1) than the attainment in another subject group.

To assess the deviation in attainment of each proband relative
to their parents, a cumulative logit mixed-effects model treating
proband, mother, and father as clustered measures within a family
was employed, where the fixed effects include generation (i.e. pro-
band v. mother or father), proband diagnosis, and generation by
proband diagnosis interaction. The generational effects within
each diagnostic group were tested and compared across diagnostic
groups. Within each diagnostic group, an OR > 1 indicates that
the proband has higher odds of having greater attainment than
the parent.

Analyses were implemented in SAS PROC GLIMMIX. The
default (‘containment’) degrees of freedom method was used to
compute the denominator degrees of freedom for the
mixed-effects models accounting for within-family correlation
and for the characterization of the within- and between-family
variability.

Results

Educational and occupational attainment in postmortem
subjects

Consistent with studies of living individuals (Keefe and Fenton,
2007; Schaefer et al., 2013; Rajji et al., 2014; Vreeker et al.,
2016; Karpov et al., 2017), educational attainment was lowest in
schizophrenia subjects, intermediate in major depressive disorder
subjects, and highest in unaffected comparison and bipolar dis-
order subjects (Table 1). Statistical analysis confirmed a signifi-
cant main effect of diagnosis on educational attainment (F3,494

Table 1. Summary demographic characteristics of probands and summary educational and occupational attainment scores of probands and their parentsa

Unaffected comparison Schizophrenia Major depressive disorder Bipolar disorder

N 162 80 215 50

Age, years 51.3 ± 14.6 49.3 ± 11.6 48.8 ± 13.4 46.5 ± 11.9

Age of onset, years – 23.2 ± 8.2
(80)

36.1 ± 15.0
(213)

25.9 ± 8.6
(42)

% ⩾30 years old 88% 94% 89% 86%

Sex 121M/41F 56M/24F 137M/78F 26M/24F

Race 137 White
24 Black
1 Asian

70 White
10 Black

192 White
21 Black
2 Asian

44 White
6 Black

Proband education 4.9 ± 1.2 4.0 ± 1.2 4.6 ± 1.2 4.9 ± 1.2

Mother education 3.8 ± 1.2
(151)

4.0 ± 1.5
(68)

3.8 ± 1.3
(203)

4.1 ± 1.2
(49)

Father education 3.9 ± 1.4
(146)

4.2 ± 1.8
(66)

3.8 ± 1.5
(199)

3.9 ± 1.5
(48)

Proband occupation 5.8 ± 2.1 3.2 ± 2.0 5.2 ± 2.1 5.6 ± 2.2

Mother occupation 3.1 ± 2.2
(156)

3.9 ± 2.7
(75)

3.5 ± 2.5
(207)

3.6 ± 2.4
(48)

Father occupation 4.8 ± 2.1
(147)

5.3 ± 2.5
(69)

4.8 ± 2.2
(199)

5.2 ± 2.0
(48)

aParentheses contain the numbers of parents with available data. Values are mean ± SD.
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= 10.6, p < 0.0001). Subjects with schizophrenia had significantly
lower educational attainment relative to unaffected comparison,
bipolar disorder, and major depressive disorder subjects
(Table 2). Educational attainment was lower (OR = 0.73) in sub-
jects with ‘pure’ schizophrenia (N = 49) relative to subjects with
schizoaffective disorder (N = 31), but this difference was not stat-
istically significant (t71 =−1.2, p = 0.2). Subjects with major
depressive disorder had significantly lower educational attainment
relative to unaffected comparison but not bipolar disorder sub-
jects (Table 2). Educational attainment did not differ in subjects
with bipolar disorder relative to unaffected comparison subjects
(Table 2).

Similarly, occupational attainment was lowest in schizophrenia
subjects, intermediate in major depressive disorder subjects, and
highest in unaffected comparison and bipolar disorder subjects
(Table 1). Statistical analysis showed a significant main effect of
diagnosis on occupational attainment (F3,492 = 29.1, p < 0.0001).
Subjects with schizophrenia had significantly lower occupational
attainment relative to unaffected comparison, bipolar disorder,
and major depressive disorder subjects (Table 2). Subjects with
‘pure’ schizophrenia had lower occupational attainment (OR =
0.64) than subjects with schizoaffective disorder, but this differ-
ence was not statistically significant (t68 = −1.8, p = 0.08).
Subjects with major depressive disorder had lower occupational
attainment relative to unaffected comparison but not bipolar dis-
order subjects (Table 2). Occupational attainment did not differ
in subjects with bipolar disorder relative to unaffected compari-
son subjects (Table 2).

Within the ill subjects, age of illness onset did not significantly
affect educational (F1,322 = 0.06, p = 0.8) or occupational (F1,320 =
0.4, p = 0.5) attainment, and there was no significant interaction
between age of illness onset and diagnostic category on either
educational (F2,322 = 0.2, p = 0.8) or occupational (F2,320 = 2.3,
p = 0.1) attainment.

Educational and occupational attainment in postmortem
subjects relative to parents

In the general population, both educational (Ryan and Bauman,
2016) and occupational (Wyatt and Hecker, 2006) attainment
typically improve from one generation to the next. For example,
between 1965 and 1980, when 89% of the included postmortem
subjects were at least 25 years of age, the percentage of US
males and females aged 25 years and older who completed high
school increased by ∼20% (Bureau). Accordingly, across all

probands, educational (F2,917 = 48.9, p < 0.0001) and occupational
(F2,934 = 70.1, p < 0.0001) attainment were significantly greater
than their parents. However, there was a significant interaction
between generational differences and diagnostic group for both
educational (F6,917 = 8.3, p < 0.0001) and occupational (F6,934 =
15.0, p < 0.0001) attainment. Educational attainment of proband
unaffected comparison, major depressive disorder, and bipolar
disorder subjects was significantly higher than either parent
(Table 3). Similarly, occupational attainment of proband
unaffected comparison subjects was significantly higher than
either parent, and major depressive and bipolar disorder subject
occupational attainment was higher relative to their mothers,
but not their fathers (Table 3). In contrast, generational improve-
ment in educational and occupational attainment was not found
in subjects with schizophrenia relative to either parent, and occu-
pational attainment was significantly worse than their fathers
(Table 3).

These findings do not appear to be due to differences in par-
ental attainment across proband diagnostic groups, as highest
achieved education of mothers (F3,462 = 1.1, p = 0.4) or fathers
(F3,450 = 1.0, p = 0.4), and highest achieved occupation of fathers
(F3,452 = 1.2, p = 0.3) or mothers (F3,462 = 2.7, p = 0.05) did not sig-
nificantly differ across proband diagnostic groups.

Discussion

Our findings address some of the key current challenges asso-
ciated with interpreting postmortem findings of the neural sub-
strates of cognitive impairments in schizophrenia. We found
that the highest levels of lifetime educational and occupational
attainment obtained via psychological autopsy were significantly
lower in schizophrenia subjects relative to unaffected comparison,
bipolar disorder, and major depressive disorder subjects, consist-
ent with findings in living subjects (Keefe and Fenton, 2007;
Schaefer et al., 2013; Rajji et al., 2014; Vreeker et al., 2016;
Karpov et al., 2017). Also consistent with findings in living sub-
jects (Keefe et al., 2005; Keefe and Fenton, 2007; Kendler et al.,
2016), we found that schizophrenia probands failed to show gen-
erational improvement in educational and occupational attain-
ment relative to their parents. In contrast, unaffected
comparison, major depressive disorder, and bipolar disorder sub-
jects all showed the expected generational improvements in
attainment. Together, these findings support (1) the robustness
of using an expanded psychological autopsy to acquire informa-
tion on postmortem subjects acquired via Medical Examiner

Table 2. Comparison of educational and occupational attainment in probands

Comparison

Educational attainment Occupational attainment

Odds ratio Statistic Odds ratio Statistic

SCZ – CON 0.46 t494 =−5.3, p < 0.0001 0.26 t492 =−9.0, p < 0.0001

SCZ – BP 0.46 t494 =−4.1, p < 0.0001 0.28 t492 =−6.8, p < 0.0001

SCZ – MDD 0.62 t494 =−3.5, p = 0.0005 0.36 t492 =−7.3, p < 0.0001

MDD – CON 0.75 t494 =−2.7, p = 0.008 0.73 t492 =−2.9, p = 0.04

MDD – BP 0.74 t494 =−1.8, p = 0.07 0.76 t492 =−1.7, p = 0.09

BP – CON 1.0 t494 = 0.03, p = 1.0 0.96 t492 =−0.3, p = 0.8

Unaffected comparison (CON); schizophrenia (SCZ); major depressive disorder (MDD); bipolar disorder (BP). Odds ratio <1 indicates subjects in the first diagnostic group have lower odds of
achieving greater attainment than subjects in the second diagnostic group.
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collaboration, (2) that educational and occupational attainment
can be used in postmortem studies to estimate the presence and
severity of premortem cognitive deficits, and (3) that comparison
to parental attainment may be the most sensitive measure of the
presence and severity of cognitive deficits for studies of
schizophrenia.

We also found that educational and occupational attainment
in subjects with major depressive disorder was significantly
lower than in unaffected comparison subjects, but significantly
higher than in subjects with schizophrenia, consistent with find-
ings in living subjects (Keefe and Fenton, 2007; Harvey, 2011).
Lifetime educational and occupational attainment did not differ
between bipolar disorder and unaffected comparison subjects.
These results are also in agreement with some studies in living
subjects which show that individuals with bipolar disorder have
unimpaired or even higher maximal educational (Depp et al.,
2006; Martinez-Aran et al., 2007; MacCabe et al., 2010; Vreeker
et al., 2016) and occupational (Depp et al., 2006) attainment rela-
tive to healthy comparison subjects. Finally, subjects with major
depressive or bipolar disorder all showed the expected gener-
ational improvement in educational and occupational attainment
relative to their parents.

Across all subjects with a psychiatric diagnosis, we found that
age at illness onset had no significant effect on educational or
occupational attainment. Younger age at onset, especially of
schizophrenia, typically predicts a poorer prognosis (Semple
and Smyth, 2013). However, the predictive ability of age of
onset varies depending upon the population studied and the out-
come measures used (reviewed in Leboyer et al., 2005; Menezes
et al., 2006; Peters et al., 2014; Joslyn et al., 2016;
Stentebjerg-Olesen et al., 2016; Immonen et al., 2017). For
example, meta-analyses have shown no significant effect of age
on onset on various employment and education outcomes in
schizophrenia (Menezes et al., 2006; Immonen et al., 2017),
though a younger age of illness onset was associated with a
worse aggregate measure of ‘social/occupational functioning’
(Immonen et al., 2017). Individual studies of major depressive
or bipolar disorder show inconsistent effects, and suggest that
the recurrent nature of the illnesses may be more influential on
general prognosis than age of onset (Tondo et al., 2010;
Baldessarini et al., 2012; Aminoff et al., 2013; Wilson et al.,
2015; Joslyn et al., 2016).

Although cognitive ability and educational and occupational
attainment are strongly related in both the general population
(Deary et al., 2007; Strenze, 2007; Krapohl et al., 2014) and in
schizophrenia (Green et al., 2004; Keefe and Fenton, 2007;
Nuechterlein et al., 2014), additional factors can influence these
measures. For example, environmental factors, such as socio-
economic status (Hackman et al., 2010; American Psychological
Association, 2019), and genetically-influenced traits, such as per-
sonality (Poropat, 2009; Komarraju and Karau, 2005; Jackson,
2006; Krapohl et al., 2014) and motivation (Duckworth et al.,
2011; Krapohl et al., 2014), influence cognitive aptitude and
attainment. Moreover, in individuals with schizophrenia, other
symptom domains may, either individually or by an interaction
with impaired cognition (Harvey et al., 2006; Couture et al.,
2011; Cella et al., 2017), affect attainment. For example, severity
of negative symptoms also predicts important functional out-
comes, including educational and occupational attainment
(McGurk and Meltzer, 2000; Milev et al., 2005; Tsang et al.,
2010; Fervaha et al., 2014; Ventura et al., 2015). Thus, attainment
measures of education and occupation are closely tied to, but do
not solely reflect, cognitive aptitude.

Several observations suggest that the current results do not
reflect the effects of selection bias or potential confounding fac-
tors. All subjects with confirmed diagnoses and educational and
occupational attainment were included for study. Subject groups
did not differ in mean age or racial composition but did differ
in the proportion of males and females. However, sex is unlikely
to be a confound in the current studies since (1) sex (in addition
to age and race) were controlled for in all statistical testing, (2)
proband educational and occupational attainment were similar
in males and females within a diagnostic group (data not
shown), (3) the male:female ratio was similar in schizophrenia
and major depressive disorder subjects, but these groups differed
in the main findings, (4) sex did not differ between unaffected
comparison and schizophrenia subjects, and (5) sex cannot
explain the superior achievements of bipolar disorder subjects
since both males and females were equally present.

Interpreting many postmortem human studies of cognitive
impairments in schizophrenia has faced three challenges: (1)
the absence of premortem neurocognitive data, (2) the subsequent
reliance on the assumption that cognitive aptitude in subjects
included in postmortem human studies is comparable to studies

Table 3. Comparison of educational and occupational attainment in probands relative to parents

Comparison

Educational attainment Occupational attainment

Odds ratio Statistic Odds ratio Statistic

CON – mother 3.3 t917 = 9.6, p < 0.0001 4.6 t934 = 12.3, p < 0.0001

CON – father 3.1 t917 = 9.0, p < 0.0001 1.6 t934 = 4.1, p < 0.0001

SCZ – mother 0.98 t917 =−0.12, p = 0.9 0.75 t934 =−1.7, p = 0.09

SCZ – father 0.80 t917 =−1.3, p = 0.2 0.33 t934 =−6.3, p < 0.0001

MDD – mother 2.3 t917 = 7.8, p < 0.0001 2.6 t934 = 9.1, p < 0.0001

MDD – father 2.3 t917 = 7.9, p < 0.0001 1.2 t934 = 1.8, p = 0.08

BP – mother 2.3 t917 = 3.9, p = 0.0001 2.8 t934 = 4.9, p < 0.0001

BP – father 2.8 t917 = 4.8, p < 0.0001 1.2 t934 = 0.71, p = 0.5

Unaffected comparison (CON); schizophrenia (SCZ); major depressive disorder (MDD); bipolar disorder (BP). Odds ratio >1 indicates the proband has higher odds of greater attainment than
the parent.
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of living subjects, and (3) the absence of individual cognitive mea-
sures precluding an assessment of any relationship between sever-
ity of neural alterations and severity of cognitive deficits. The
current results directly address these challenges by demonstrating
that multiple proxy measures of cognitive aptitude obtained dur-
ing postmortem psychological autopsies show findings very simi-
lar to those in living subjects with schizophrenia, major depressive
disorder, or bipolar disorder. Given that educational and occupa-
tional attainment can be readily obtained by postmortem human
brain banks, and formal measures of cognitive ability have only
been available in unique studies of elderly, chronically hospita-
lized subjects with schizophrenia and/or dementia (Humphries
et al., 1996; Purohit et al., 1998; Martin-Ruiz et al., 2003; Rapp
et al., 2010), use of these proxy measures of cognition can be
widely implemented in postmortem studies. As such, the current
results demonstrate that these proxy measures of cognitive apti-
tude can be used in future studies to interrogate the molecular,
cellular, and circuitry substrates of cognitive dysfunction within
the same postmortem subjects in future studies.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291719000382.
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