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Abstract

Background. Schizophrenia endophenotypes may help elucidate functional effects of genetic
risk variants in multiply affected consanguineous families that segregate recessive risk alleles
of large effect size. We studied the association between a schizophrenia risk locus involving a
6.1Mb homozygous region on chromosome 13q22–31 in a consanguineous multiplex family
and cognitive functioning, haemodynamic response and white matter integrity using
neuroimaging.
Methods. We performed CANTAB neuropsychological testing on four affected family mem-
bers (all homozygous for the risk locus), ten unaffected family members (seven homozygous
and three heterozygous) and ten healthy volunteers, and tested neuronal responses on fMRI
during an n-back working memory task, and white matter integrity on diffusion tensor
imaging (DTI) on four affected and six unaffected family members (four homozygous and
two heterozygous) and three healthy volunteers. For cognitive comparisons we used a linear
mixed model (Kruskal–Wallis) test, followed by posthoc Dunn’s pairwise tests with a
Bonferroni adjustment. For fMRI analysis, we counted voxels exceeding the p < 0.05 corrected
threshold. DTI analysis was observational.
Results. Family members with schizophrenia and unaffected family members homozygous for
the risk haplotype showed attention (p < 0.01) and working memory deficits ( p < 0.01) com-
pared with healthy controls; a neural activation laterality bias towards the right prefrontal cor-
tex (voxels reaching p < 0.05, corrected) and observed lower fractional anisotropy in the
anterior cingulate cortex and left dorsolateral prefrontal cortex.
Conclusions. In this family, homozygosity at the 13q risk locus was associated with impaired
cognition, white matter integrity, and altered laterality of neural activation.

Introduction

The multifactorial aetiology of schizophrenia includes a substantial genetic component (Kahn
et al., 2015), with a heritability of 60–80% (Cardno & Gottesman, 2000; Hilker et al., 2018;
Sullivan, Kendler, & Neale, 2003). Considerable progress has been made in identifying com-
mon and rare risk loci in general population samples predominantly of European ancestry
(Marshall et al., 2017; Ripke, Walters, & O’Donovan, 2020; Singh, Neale, & Daly, 2020).
Recessively inherited risk alleles may be difficult to detect in general population samples,
but are likely to be enriched in consanguineous multiplex families from endogamous popula-
tions (Mahmood et al., 2021). We previously identified a risk locus in such a family, involving
a 6.1 Mb region of homozygosity on chromosome 13q22–31 (Mahmood et al., 2021).

Insights into pathophysiological processes stemming from risk alleles may be gained by
investigating endophenotypes, including those based on cognitive functioning and neuroima-
ging parameters (Braff, Freedman, Schork, & Gottesman, 2007; Gottesman & Gould, 2003).
For example, patients with schizophrenia show a broad range of cognitive function deficits
(McCleery & Nuechterlein, 2019), including working memory deficits in patients (Forbes,
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Carrick, McIntosh, & Lawrie, 2009; Zanelli et al., 2019) and their
unaffected siblings (Egan et al., 2001; Horan et al., 2008).

Impaired working memory can be assessed by n-back and spa-
tial working memory tasks (Cannon et al., 2000; Glahn et al.,
2003; Park, Holzman, & Goldman-Rakic, 1995). Functional mag-
netic resonance imaging (fMRI) has shown that haemodynamic
response to neuronal activity, whilst undertaking working memory
tasks, is reduced in the dorsolateral prefrontal cortex (DLPFC) and
anterior cingulate cortex (ACC) in schizophrenia patients (Glahn
et al., 2005). This quantitative difference in activation is seen as
an indicator of the qualitative change in information processing
within the DLPFC, which is not evident in manifest behaviour.
Neural activity in these regions is also reduced in their unaffected
relatives (Callicott et al., 2003) even when they have normal scores
on tests of cognitive functioning (Thermenos et al., 2013). In add-
ition, there is increasing interest in how neural markers of the
DLPFC inefficiency and its connectivity observed during perform-
ance of working memory tasks in patients and their healthy rela-
tives can be used as a putative endophenotype of schizophrenia
(Deserno, Sterzer, Wustenberg, Heinz, & Schlagenhauf, 2012; Li
et al., 2017; Potkin et al., 2009).

Since the early CT scanning studies, and subsequent structural
MRI studies, there is now a large amount of evidence to support
the presence of structural deficits in patients with schizophrenia
(see Iliuta, Manea, Budisteanu, Ciobanu, and Manea, 2021 for a
recent review). Most reports focus on grey matter deficits in the
cerebral cortex including the hippocampus, which supports mem-
ory and higher cognitive function. In order to further explore the
neural phenotype in this pedigree, we were additionally interested
in applying DTI as a complementary measure of brain structure.
Fractional anisotropy (FA) is the measurement of the direction
water moving in and mean diffusion (MD) is the rate at which
it moves. White matter regions have a higher rate of anisotropy
but when fibre integrity is weakened the diffusion rate is faster
and becomes more isotropic, which is thought to be due to
damaged myelin sheaths and fibre membranes. These usually cre-
ate a barrier, ensuring a steady diffusion speed (Ardekani et al.,
2011). Research has suggested that patients with schizophrenia
have disrupted white matter tracts and show faster MD speeds
and lower FA, demonstrating that damage is not only structural
in the white and grey matter but is also a problem in relation
to brain connectivity. FA, therefore, is a way of measuring the
integrity of brain circuits. A number of studies have demonstrated
that people with schizophrenia have disrupted white matter tracts
and have lower FA scores (Waters-Metenier & Toulopoulou,
2011). One of the affected areas is the cingulum bundle, particu-
larly in the anterior area, where decreased FA could be the cause
of decreased neuronal activity in the ACC in schizophrenia (Sun
et al., 2003). These studies have given a valuable insight into the
neural connectivity of schizophrenia and opened up a door for
exploration by piecing together the results of previous and
newer findings in different areas of schizophrenia research.

There is extensive literature that supports reversed laterality of
brain function in schizophrenia, from handedness and neurocog-
nitive tests, to activation studies on language and higher cognitive
tasks (e.g. Sommer, Aleman, Ramsey, Bouma, and Kahn, 2018).
Together with evidence of ‘hypofrontality’ in resting-state scans
in patients with schizophrenia, and altered connectivity of
DLPFC during the n-back task and recruitment of activity in
the undamaged hemisphere in stroke patients, this supports the
hypothesis that impaired function of one hemisphere may be
compensated by the other in schizophrenia (Cramer, 2008;

Potkin et al., 2009). We were therefore interested in exploring
whether there could be altered laterality in brain activity on
the n-back cognitive task, which is well known to activate the
DLPFC.

As the prevailing diagnostic and classification systems DSM-5
and ICD10, which rely on clinical phenotype, are limited in their
ability to ensure homogeneity of research samples, an endopheno-
type based system, namely Research Domain Criteria (RDoC)
Framework, has been proposed to increase the homogeneity of
study samples (Insel et al., 2010). Whilst the reliability and valid-
ity of RDoC is being established (Mahmood, 2020), Whalley et al.
(2015) have found an innovative way of increasing the homogen-
eity of research samples by studying families with multiple cases
of schizophrenia. Their multimodality approach combined
molecular genetics, diffusion tensor imaging (DTI) and tractogra-
phy to show aberrations of intra- and interhemispheric connect-
ivity in patients with schizophrenia and their relatives. We have
applied this approach to consanguineous families with multiple
cases of schizophrenia from a community with a higher risk of
psychosis (Saleem et al., 2019). In this paper, we report endophe-
notypic elucidation of a recessively behaving locus on 13q22−31,
which was identified in a large extended family with multiple
cases of schizophrenia (Mahmood et al., 2021). We investigated
cognitive function, fMRI responses to a working memory task,
and FA in this family.

Members of the family (Fig. 1), consisting of four nuclear fam-
ilies formed by intermarriages among two sets of half cousins,
took part in our studies. The family is from an immigrant com-
munity in which cousin marriages are common and the practice
has been accentuated by their cultural insularity. Clinical research
assessment was based on all available information including
Schedules for Clinical Assessment in Neuropsychiatry (SCAN)
(Wing et al., 1990) or Positive and Negative Syndrome Scale
(PANSS) (Kay, Fiszbein, & Opler, 1987) research interview focus-
ing on lifetime symptoms and review of clinical case records.
Consensus main-lifetime DSM-5 diagnoses (APA, 2013) were
based on independent ratings by TM and AC, with any discrep-
ancies resolved by further review and discussion. Five family
members had schizophrenia and one had other psychotic disor-
ders with a history of delusions and manic symptoms. The
onset of psychotic symptomatology occurred in the late teens or
early twenties. Initially, affected individuals with schizophrenia
presented with auditory hallucinations, paranoid delusions, and
formal thought disorder. Later, they developed negative symp-
toms and cognitive decline. Males showed exacerbation of symp-
toms after taking cannabis, but females did not take cannabis.

All six family members with psychotic disorders were homozy-
gous for a 6.1Mb region of homozygosity on chromosome 13q22–
31, consistent with a recessively inherited risk allele (Mahmood
et al., 2021). An additional 12 family members without a psych-
otic disorder were also homozygous for this region. On further
psychiatric screening, two had DSM-5 major depressive disorder,
one had anxiety symptoms including panic attacks, and one had a
history of self-harm (Mahmood et al., 2021). The six other geno-
typed family members were heterozygous for the region and
showed no notable mental health problems. Homozygosity for
the region is likely to be rare in the general population, but
seems to make a substantial contribution to the risk of psychotic
disorder in this family (penetrance 33%). The region is bounded
by SNPs rs17716584 (13q22.2) and rs7997648 (13q31.1) and con-
tains protein-coding genes KCTD12, ACOD1, CLN5, FBXL3,
MYCBP2, SCEL, SLAIN1, EDNRB, POU4F1, RNF219, RBM26,
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NDFIP2 and SPRY2. There is no evidence of pathogenic coding or
structural variants within the region. Based on RNA sequencing,
six genes show differential expression. The leading candidate gene
is NDFIP2, which influences T helper (Th) cell type 1 and Th2
phenotypes (Lund et al., 2007), which have been associated with
schizophrenia (Schwarz, Chiang, Müller, & Ackenheil, 2001).
Our findings suggest that a genetic variant in this region, which
is likely to affect the function of one of the thirteen protein-
coding genes, increases schizophrenia risk in those who are
homozygous for it. However, it has not yet been possible to iden-
tify that variant or determine its precise biological effect.

ETHICAL approval for studies reported in this paper was
granted by Yorkshire & Humber Regional Ethics Committee
(13/YH/049).

Material and methods

Neurocognitive studies

The four patients (three males, one female) all had DSM-5 schizo-
phrenia; had an age-at-onset between 17 and 21 years of age; ill-
ness durations between 7 and 26 years; PANSS total scores
between 32 and 53; and were treated with: Clozapine 150 mg/
day; Clozapine 300 mg/day; Aripiprazole 25 mg /day; Clozapine
250 mg/day and Aripiprazole 15 mg/day. Among the homozygous
siblings without psychotic disorders, one had anxiety symptoms
and one had a history of self-harm. To our knowledge, neither
were treated with psychotropic medication. Patients (n = 4) and
their unaffected siblings (unaffected homozygotes n = 7 and
unaffected heterozygotes n = 3) underwent cognitive testing with
the Cambridge Neuropsychological Test Automated Battery
(CANTAB) (Strauss, Sherman, & Spreen, 2006) and were com-
pared with healthy volunteers (n = 10, male 6, female 4, mean
age 25.9 years, S.D. 5.46).

Healthy controls were recruited from local sports teams, busi-
nesses and students and matched to participants by ethnicity and
sex. Controls were excluded if they had a history of mental illness,
drug or alcohol abuse, learning disability, severe head injuries or
other neurological illness. They were screened using the
Mini-Mental State Exam (MMSE) (Cockrell & Folstein, 1998)

and excluded if scoring <24. An interpreter was used to obtain
consent and provide instructions for CANTAB tasks when
required. A researcher (AT) trained in standardised administra-
tion and scoring of the battery administered and analysed all
tasks. The researcher and interpreter were blinded to the genetic
status of participants. These tests are language-independent, cul-
turally neutral, require no prior technical knowledge, and have
been standardised on large populations. Tests found to be sensi-
tive to neurocognitive deficits in schizophrenia were selected
from the CANTAB battery (Saleem et al., 2013). These included
two tests assessing working memory – Spatial Recognition
Memory (SRM) and Pattern Recognition Memory (PRM); a test
assessing executive function – Intra-Extra Dimensional Shift
(IED); a test assessing attention – Choice Reaction Time (CRT);
and the Stockings of Cambridge (SOC) test assessing working
memory and spatial planning. Tasks were completed on a touch-
sensitive screen, taking approximately 45 min to complete, and
each participant followed the same order. Scores of family mem-
bers were compared to healthy controls. As these data did not
meet the assumption of normality and because of the small sam-
ple size, a linear mixed model (Kruskal–Wallis) test was used for
data analysis, followed by Dunn’s pairwise tests. The Bonferroni
adjustment was used as multiple tests were carried out. All ana-
lysis was conducted in SPSS (version 13).

Neuroimaging

Functional and structural MRI images were acquired (four
patients, four homozygous unaffected, two heterozygous
unaffected, three healthy volunteers) during an n-back test con-
ducted inside an MRI scanner (Ingenia 3.0 T, Phillips
Healthcare, Best, Netherlands) with an MR compatible in-room
LCD and fibre optic response button. We used a single shot epi
sequence, total sequence time = 5min 44s (140 dynamics–
dynamic scan time 2.4 s); repetition time TR 2390, slice thickness
4 mm; Field of View 230 × 230, flip angle 90 degrees. The anatom-
ical imaging consisted of axial T2W imaging (Turbo spin Echo,
slice thickness 4 mm with on gap, turbo spin-echo factor 15,
flip angle 90, reconstruction voxel size 0.53 mm × 0.53 mm,

Fig. 1. The multiplex consanguineous family discussed herein and described previously by Mahmood et al. (2021), with multiple cases of schizophrenia and non-
psychotic psychiatric illness.
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representative TR:TE = 3000:80 ms) and T1W volume imaging
acquired in the coronal plane (slice thickness 1 mm, reconstructed
voxel size 0.94 mm × 0.94 mm × 0.94 mm, representative TR:TE
8.2:3.8 ms).

An n-back test was used for functional imaging data during a
working memory task. The n-back task comprised a presentation
of a sequence of visual stimuli where the participant was required
to indicate when the current stimulus matched one from n steps
prior in the sequence. The factor n was adjusted from 1 to 3 to
make the test less or more difficult respectively. Stimuli were pre-
sented in bold Georgia font, white text on a black background
with 2 runs: 6 blocks in each run. The first run was 1-back v.
2-back and the second run was 1-back v. 3-back. Each block con-
sisted of an instruction screen and 21 task trials which consisted
of a single letter displayed for 1.9 s and a blank screen for 0.5 s,
alternating. Each run lasted no more than 6 min, and just under
12 min in total. There were 2 practice runs which were identical
to the 2 runs, but they only contained 4 blocks with 12 trials so
that a baseline could be determined and the patient could conduct
each run.

The boxcar-designed n-back task involved a presentation of a
sequence of visual stimuli via an MR compatible in-room LCD
screen, with the subject required to indicate, using a fibre-optic
response button, when the current stimulus matched the one
from n steps earlier in the displayed sequence. The load factor
n was adjusted to make the task more or less difficult. Standard
T1 weighted images were acquired to exclude the presence of inci-
dental pathology. Resting-state and diffusion tensor images were
obtained in the same session at rest.

We recorded the performance of each participant on a laptop,
and included data from those who completed the task. However,
the participants who were unable to complete the task stopped
pressing the button before the end of the task.

Diffusion Tensor Images were run through FSL for DTI, and
MATLAB and SPM 12 for pre-processing of fMRI. Configuration
information for DTI data was extracted from enhanced DTI files,
using an average of 32 gradient directions, a b-value of 800 and b0
images of 1. DTI data was run through Nordic Ice4 (Nordic
Neurolabs) to determine FA and Mean Diffusivity (MD).
Motion correction, eddy current correction and smoothing were
applied prior to processing the data. A region of interest (ROI)
analysis was run over three axial slices (which were then aver-
aged), using neuroanatomical knowledge to determine the ACC
and DLPFC areas in each individual participant, taking into
account neuroanatomical differences. The results from ROI ana-
lysis were analysed with SPSS to average and acquire standard
deviations for the FA and MD values.

Results

Neurocognitive studies

Patients were regularly assessed clinically by a psychiatrist in a
clinic or ward (TM). Initially, affected individuals with schizo-
phrenia presented with prominent auditory hallucinations, para-
noid delusions, and formal thought disorder. Later, negative
symptoms and cognitive decline were also prominent.

In all five cognitive tests, affected homozygotes scored signifi-
cantly lower for cognitive ability than controls (Fig. 2). This could
in part be a consequence of antipsychotic medication. However,
in four of the five tests (PRM, SWM, IED and SOC), unaffected
homozygotes, who are not on antipsychotic medication, also

scored significantly lower than controls. Scores for affected and
unaffected homozygotes did not differ significantly in any cogni-
tive tests. Scores for heterozygotes did not differ significantly from
controls or from unaffected homozygotes in any cognitive test,
and only differed from unaffected homozygotes in one test
(CRT Correct Responses), but this may reflect the low number
of heterozygotes tested (n = 3). Further details of these results
are given in Supplementary Tables 1–4.

Neuroimaging

Functional magnetic imaging
No obvious anatomical differences were observed between homo-
zygotes and controls on MRI brain scans. fMRI analysis revealed
pre-frontal cortical activation predominantly on the left in healthy
controls, with a bias towards right activation in unaffected hetero-
zygous and homozygous family members. Affected homozygotes
had difficulty with the task and activation of the prefrontal cortex
was minimal (Fig. 3 and Table 1).

Diffusion tensor imaging
FA showed a consistent downwards gradient in the anterior cin-
gulate cortex (Table 2). The patients had the lowest scaler score
(an average of 0.087), homozygous unaffected relatives scored a
little higher (an average of 0.159), heterozygous unaffected rela-
tives were higher still (an average of 0.177), and healthy controls
had the highest FA score (an average of 0.195) (Table 2). A similar
but less consistent trend was seen in the left dorsolateral pre-
frontal cortex (DLPFC-L) and right dorsolateral prefrontal cortex
(DLPFC-R) (Table 2). Mean diffusivity scores were higher for the
patients and lower for the healthy volunteers (Table 3).

Discussion

We report analysis of cognitive and neuroimaging parameters in
an extended consanguineous family with multiple cases of schizo-
phrenia. There is evidence that schizophrenia in this family is at
least in part caused by a recessively inherited, high penetrance
susceptibility allele or haplotype on chromosome 13q22–31
(Mahmood et al., 2021). Multiple lines of evidence suggest an
endophenotype of reduced cognitive function in homozygotes,
both those with and those without a psychotic disorder. Other
mental health problems were documented in four of the twelve
apparently unaffected homozygotes. On CANTAB testing both
unaffected and affected homozygotes performed significantly
worse than controls. fMRI suggested a bias in activation, with
activation shifting from the left towards the right side of the pre-
frontal cortex in both homozygous and heterozygous haplotype
carriers v. controls during a working memory task, with the great-
est shift in homozygotes and an intermediate level in heterozy-
gotes. Reversed brain laterality in schizophrenia is well
documented in language and cognitive regions including
DLPFC (Gur & Chin, 1999; Hirnstein & Hugdahl, 2014;
Sommer et al., 2018), which may be considered a compensatory
mechanism for deficient left-sided function (Minzenberg,
ALaird, Thelen, Carter, & Glahn, 2009) or altered biochemical
basis for synaptic function on the right (Psomiades et al.,
2018). Cognitive impairment has also been documented in close
relatives of schizophrenia patients (Egan et al., 2001). However,
the modest numbers in each genotype category limit the signifi-
cance of our data, particularly for fMRI, so these findings should
be considered preliminary. Nevertheless, these observations point
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Fig. 2. Cognitive (CANTAB) testing. Results are expressed as the mean ± S.E.M.. Asterisks (***p < 0.001; **p < 0.01; *p < 0.05) indicate significant differences between
groups. (a) In the PRM test, both affected and unaffected homozygotes made significantly fewer correct responses (%) than controls ( p < 0.001, p < 0.001). (b)
Affected homozygotes also took significantly longer than controls to choose the correct pattern (correct latency in msec) ( p < 0.001). (c) In the SRM test, both
affected and unaffected homozygotes made significantly fewer correct responses (%) than controls ( p < 0.01, p < 0.01). (d ) Affected homozygotes also took signifi-
cantly longer to choose the correct pattern than controls (correct latency in msec) ( p < 0.01). (e) In the IED test, affected homozygotes made significantly more
errors in total ( p < 0.01). ( f ) No significant differences between the groups were observed for stages completed. (g) No significant differences between the groups
were observed for pre-ED errors. (h) Affected homozygotes ( p < 0.01) and unaffected homozygotes ( p < 0.01) also took significantly longer to make a response
compared with controls (correct latency, msec). (i) In the SOC test, affected and unaffected homozygotes solved fewer problems in the minimum number of
moves than controls ( p < 0.001, p < 0.01), but ( j) no significant differences in thinking time (msec) were observed between groups. (k) In the CRT, affected homo-
zygotes made significantly fewer correct responses (%) than heterozygotes ( p < 0.01) and controls ( p < 0.01). (l ) Affected homozygotes took longer to make a cor-
rect response (correct latency in msec) than controls ( p < 0.01). PRM, Pattern recognition memory; SRM, Spatial Recognition Memory; IED, Intra-extra Dimensional
Shift; SOC, Stockings of Cambridge test; CRT, Choice Reaction Time test.

3182 Iain D. Wilkinson et al.

https://doi.org/10.1017/S0033291721005250 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291721005250


to a spectrum of severity in carriers for the risk haplotype.
Homozygotes exhibited phenotypes ranging from lowered cogni-
tive function in the absence of mental health problems (n = 8),

through milder mental health problems (n = 4) to the most
severely affected individuals who have psychosis (n = 6). This
may indicate that the 13q risk haplotype acts in concert with
environmental and other genetic factors, with cannabis use a pos-
sible contributory factor in males (Di Forti et al., 2019; Mahmood
et al., 2021). It should be noted that cannabis use could potentially
also influence cognitive function. We are not aware of other envir-
onmental risk factors in family members but these cannot be
excluded. Although preliminary, our findings are in line with
ongoing work that reports aberrant brain connectivity in schizo-
phrenia (Fornito, Zaleski, Pantelis, & Bullmore, 2012) and links
between brain connectivity measures and cognitive function in
patients with schizophrenia and their relatives (Li et al., 2017).

Our findings are consistent with earlier reports of aberrant
white matter connectivity in cases of schizophrenia, particularly
in ACC and left DLPFC (Newman & McGaughy, 2011), brain
areas which underpin attention (Newman, Creer, & McGaughy,
2015) and working memory (Barbey, Koenigs, & Grafman,
2013). The fact that similar changes are seen in unaffected homo-
zygous family members discounts the possibility of these being

Fig. 3. fMRI testing during a n-back working memory task. Examples are shown of fMRI BOLD activation in: (a), a healthy volunteer; (b), a heterozygote; and (c), an
unaffected homozygote. The SPM maps shown are z maps of statistical differences between conditions within the brain. Prefrontal activation of voxel clusters >100
shows left>right activation bias (1028 v. 449) in a healthy volunteer and left<right in heterozygous (771 v. 1387) and homozygous relatives (0 v. 1032).

Table 1. Left and right prefrontal activation levels measured by fMRI at 3T
(Ingenia 3.0T) whilst healthy volunteers, unaffected heterozygotes and
unaffected homozygotes performed the n-back working memory tasks

Subject Test Left activation Right activation

Control 1 2 back 2039 1278

3 back * *

Control 2 2 back 1028 449

3 back * *

Control 3 2 back * *

3 back 745 202

Heterozygote 1 2 back 771 1387

3 back 847 1506

Heterozygote 2 2 back 667 282

Homozygote 1 2 back 0 1032

3 back * *

Homozygote 2 2 back * *

3 back 46 96

Homozygote 3 2 back * *

3 back 1641 1682

For SPM brain maps set at threshold of p < 0.05 (corrected) to allow for multiple
comparisons, values are total voxels in prefrontal cortex where clusters were >100 voxels in
any region. For maps where no clusters exceeded 100 voxels, the total count of all voxels is
included. Affected homozygotes had difficulty with the task and activation of prefrontal
cortex was minimal, so their results are not included. Not all tests reached required quality
thresholds in all subjects, and only results of those which did are given. Heterozygote 2
showed a left > right pattern overall (667 v. 282), but the right > left pattern remained for the
superior prefrontal region (282 v. 0) on the 2-back task.

Table 2. Fractional anisotropy in ACC, DLPFC-L and DLPFC-R shows downward
trend from healthy volunteers to heterozygous relatives, homozygous
unaffected relatives and patients

ACC Mean
(S.D.) DLPFC-R DLPFC-L

Healthy
controls

0.195 (0.267) 0.142 (0.061) 0.161 (0.066)

Heterozygous 0.177 (0.155) 0.140 (0.037) 0.112 (0.030)

Homozygous 0.159 (0.114) 0.139 (0.044) 0.137 (0.054)

Patient 0.087 (0.028) 0.123 (0.074) 0.121 (0.056)

ACC, anterior cingulate cortex; DLPFC-R, dorsolateral prefrontal cortex right; DLPFC-L,
dorsolateral prefrontal cortex left.
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the effects of psychotic illness or antipsychotic treatment (Lett,
Voineskos, Kennedy, Levine, & Daskalakis, 2014).

This methodology, which utilises a large consanguineous fam-
ily with multiple affected individuals, has its strengths in that it
increases the genetic and phenotypic homogeneity compared
with general population samples, thus the power to detect deficits
in working memory, neural activation and connectivity are
enhanced (Gottesman & Gould, 2003). There are some inherent
disadvantages, most notable being the small size of study samples,
which is unavoidable when faced with the challenge of recruiting
within a family. Additionally, the underlying risk allele is likely to
be rare in the general population, which may limit generalisability,
although there is evidence of some overlap in genes showing com-
mon and rare genetic associations in schizophrenia (Ripke et al.,
2020; Singh et al., 2020). Although our preliminary findings may
be limited to consanguineous families, these families are not
uncommon in the community studied. Given the highly complex,
polygenic nature of genetic risk in schizophrenia and other forms
of psychiatric illness, our findings may not prove widely general-
isable to others with these conditions. However, a similar
approach may be used to dissect out loci in similar families.

We used the n-back task as a tried and tested cognitive test of
working memory. However, we recognise that there are limita-
tions to drawing conclusions as to its exact cognitive mechanism,
as is illustrated in a recent debate about the extent to which it
relies upon similar neural processes in different people (Eich,
Nee, Insel, Malapani, & Smith, 2014). Also, we did not match
for educational level, although participants were drawn from simi-
lar family backgrounds. However, our preliminary findings may
add some weight to the ongoing work looking for links between
genes and the brain substrates for cognitive dysfunction in schizo-
phrenia (Petralia et al., 2020).

Conclusions

To our knowledge, this is the first study which looks into neuro-
cognitive and neuroimaging endophenotypes in a consanguineous
family with multiple cases of schizophrenia. It shows the degree of
genetic risk, i.e. homozygosity for the 13 q22–31 locus, to influ-
ence the cognitive functions, neural activation and white matter
integrity in this family and supports our premise that the study
of multiply affected families from a community with a higher
risk of psychosis can assist in finding genes of major effect and
elucidating their correlations with schizophrenia endophenotypes.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291721005250.
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