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ARTICLE INFO ABSTRACT
Keywords: Background: Neurocognition impairments are critical factors in patients with major depressive disorder (MDD),
Transdiagnostic neurocognitive deficits bipolar disorder (BD), and schizophrenia (SZ), and also in those with somatic diseases such as type 2 diabetes
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mellitus (T2DM). Intriguingly, these severe mental illnesses are associated with an increased co-occurrence of
diabetes (direct comorbidity). This study sought to investigate the neurocognition and social functioning across
T2DM, MDD, BD, and SZ using a transdiagnostic and longitudinal approach.

Methods: A total of 165 participants, including 30 with SZ, 42 with BD, 35 with MDD, 30 with T2DM, and 28
healthy controls (HC), were assessed twice at a 1-year interval using a comprehensive, integrated test battery on
neuropsychological and social functioning.

Results: Common neurocognitive impairments in somatic and psychiatric disorders were identified, including
deficits in short-term memory and cognitive reserve (p < 0.01, n?p=0.08-0.31). Social functioning impairments
were observed in almost all the disorders (p < 0.0001; n>p=0.29-0.49). Transdiagnostic deficits remained stable
across the 1-year follow-up (p < 0.001; 1°p=0.13-0.43) and could accurately differentiate individuals with
somatic and psychiatric disorders (3> = 48.0, p < 0.0001).

Limitations: The initial sample size was small, and high experimental mortality was observed after follow-up for
one year.

Conclusions: This longitudinal study provides evidence of some possible overlap in neurocognition deficits across
somatic and psychiatric diagnostic categories, such as T2DM, MDD, BD, and SZ, which have high comorbidity.
This overlap may be a result of shared genetic and environmental etiological factors. The findings open
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promising avenues for research on transdiagnostic phenotypes of neurocognition in these disorders, in addition

to their biological bases.

1. Introduction

Type 2 diabetes mellitus (T2DM), major depressive disorder (MDD),
bipolar disorder (BD), and schizophrenia (SZ) are complex and chronic
illnesses with profound human and socioeconomic consequences (Cat-
ala-Lopez et al., 2013; GBD 2019 Disease and Injury Incidence and
Prevalence Collaborators, 2020). Furthermore, these disorders co-exist
more frequently than expected (direct comorbidity). For instance, the
prevalence of T2DM in patients with MDD, BD, or SZ is 1.2-3-folds
higher than that in the general population (Vancampfort et al., 2016).

Many studies have identified neurocognitive impairments in patients
with MDD, BD, SZ, (Luperdi et al., 2019; McHutchison et al., 2020) and
other chronic diseases, such as T2DM (Schneider and Barzilay, 2016) or
cancer (Van Dyk and Ganz, 2021), with serious consequences on daily
functioning (e.g., conversing, driving, or walking). Unfortunately, on
more occasions than desirable, the neurocognitive deficits remain un-
recognized by physicians (Zhang et al., 2019). Furthermore, neuro-
cognitive dysfunction in patients with T2DM is associated with poor
self-management and an increased incidence of diabetes-related com-
plications, including dementia in later life, presumably due to
diabetes-related brain injuries (Karvani et al., 2019; Stubbs et al., 2015).
Moreover, for older adults with type 1 diabetes mellitus or T2DM,
depression significantly increased the risk of all-cause dementia (Exalto
etal., 2013; Gilsanz et al., 2018). While little or nothing is known on the
effect of comorbidities on the neurocognition and the functional
outcome measures in elderly patients with T2DM and BD or SZ, we could
assume that they are at a greater risk of neurocognitive decline or de-
mentia over time, since diabetes has been associated with more severe
neurocognitive deficits in patients with SZ and BD (Bora et al., 2011,
2017).

Considering that there are direct comorbidities between these dis-
eases and since neurocognitive dysfunctions are very common in pa-
tients with T2DM, MDD, BD, and SZ, we believed that neurocognitive
alterations transgressed nosological boundaries. Identifying shared
neurocognitive impairments may further clarify the pathophysiological
processes and perhaps reduce the impact of neurocognitive decline and
dementia in older adults with these diseases.

This study sought to investigate the following through a trans-
diagnostic and longitudinal approach: (a) the neurocognitive profiles
and functional outcome of patients with T2DM, MDD, BD, and SZ,
compared to that in healthy controls (HCs), over a 1-year follow-up, (b)
whether there are transdiagnostic deficits in terms of neurocognition
underlying all somatic and psychiatric disorders, and (c) the accuracy of
the transdiagnostic deficits for classifying individuals with chronic
pathologies.

2. Methods
2.1. Study design and ethical considerations

This article presents the partial results of a more extensive study
seeking to identify and validate the peripheral biomarkers for neuro-
cognitive deficits in MDD, BD, SZ, and T2DM. Only the variables that
could advance the aim of this study were included in the analyses. This
prospective, comparative cohort study was conducted between April
2015 and January 2018. Several biomarkers, clinical data, sociodemo-
graphic data, neurocognitive performance data, and social functioning
data were collected at baseline (T1) and after 1 year (T2). Individuals
with severe mental illness (SMI) were recruited from mental health units
(MHU) of several towns in the province of Valencia, Spain (Foios, Cat-
arroja, Paterna, and Sagunto), the psychiatry outpatient clinic and
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endocrinology department of the University Hospital Dr. Peset, and from
the MHU of the Health Center of Miguel Servet, Valencia City, Spain.
Healthy controls (HC) consisted of residents of the same regions as the
individuals with SMI. We compared them based on sex, age, and years of
education to the maximum extent possible. The study procedures were
explained to the participants, and all the participants provided informed
consent. The ethics committee or the institutional review board at each
participating center approved the study protocol, and the study was
conducted according to the ethical principles of the Declaration of
Helsinki.

2.2. Participants

At T1, the sample consisted of 165 participants, including 30 in-
dividuals with SZ, 42 individuals with BD, 35 individuals with MDD, 30
individuals with T2DM, and 28 genetically unrelated HCs. At T2, there
were 125 participants, including 27 individuals with SZ, 29 individuals
with BD, 25 individuals with MDD, 25 individuals with T2DM, and 19
HCs. SZ, BD, and MDD were diagnosed according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (Amer-
ican Psychiatric Association, 2014). T2DM was diagnosed based on the
Standards of Care criteria of the American Diabetes Association
(American Diabetes Association, 2015). For recruitment as HCs, the
absence of physical illness, pharmacological treatments, and family
history of SMI in first-degree relatives was required. In addition to being
diagnosed with one of the above-mentioned conditions, the other in-
clusion criterion was an understanding and provision of written consent.
For MDD and BD, it was necessary to be clinically stable without pre-
senting an acute affective episode, and individuals with SZ had to be
clinically stable. Individuals with T2DM had to be free of severe diabetic
neuropathy and kidney disease (serum creatinine <1.5 mg/dl). General
exclusion criteria for all groups included: clinical conditions that hin-
dered the study design, current hospitalization, documented neuro-
cognitive impairment (intellectual disability or dementia), disability or
inability that prevented an understanding of the protocol, current sub-
stance abuse disorder, pregnancy, intake of corticosteroids, antioxi-
dants, antibiotics, and immunologic therapies, fever over 38 °C, and
history of vaccination within four weeks of the evaluation. The same
inclusion and exclusion criteria were used at T1 and T2.

2.3. Assessments

The assessments were conducted by the same experienced psychol-
ogists and psychiatrists of the research group. Sociodemographic data,
including sex, age, and years of education, were collected at T1. For
individuals with SMI, the age of disease onset, illness duration, episodes,
admissions, psychopharmacological treatment, and total medication
were assessed.

Clinical evaluations were conducted using the following scales: (i)
the Hamilton Depression Rating Scale (HDRS) (Ramos-Brieva and Cor-
dero-Villafafila, 1986), (ii) the Young Mania Rating Scale (YMRS)
(Colom et al., 2002), (iii) the Positive and Negative Symptoms Scale
(PANSS) (Peralta and Cuesta, 1994), which was also used to assess the
severity of illness in psychiatric individuals, and (iv) the Clinical Global
Impression scale (CGI) (Vieta Pascual et al., 2002).

Social functioning was evaluated using: (i) the Functional Assess-
ment Short Test (FAST) (Rosa et al., 2007), (ii) the Short Form-36 Health
Survey questionnaire (SF-36) (Alonso et al., 1995), and (iii) the WHO
Quality of Life-BREF (WHOQOL-BREF) (Bobes et al., 2005).

Neurocognitive performance was evaluated using a battery of
cognitive tests and subtests previously used by our group (Selva-Vera
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et al., al.,2010; Correa-Ghisays et al., 2017, 2019; Alino-Dies et al.,
2020; San Martin-Valenzuela et al., 2020). Test and subtests scores were
divided into seven neurocognitive domains: (1) Learning and verbal
memory (L&VM) [(i) Complutense Verbal Learning Test (TAVEC) V3,
V8, and V10 variables (Benedet and Alejandre, 2014)] (2) Cognitive
Flexibility (CF) [(ii) Stroop Color and Word test (SCWT) Color/Word
subtest (Golden, 2001), and (iii) Wisconsin Card Sorting Test (WCST)
Categories Completed and Perseverative Errors scores (Grant and Berg,
2001)] (3) Verbal Fluency (VF) [(iv) Verbal Fluency Tasks (VFT) Se-
mantic and Phonemic forms (Benton et al., 1983; Rosen, 1980)] (4)
Working memory (WM) [(v) Trial Making Test (TMT) Part B (Reitan and
Wolfson, 1985), and (vi) Wechsler Adult Intelligence Scale 3rd version
(WAIS-III) Digit Span-B subtest (Weschler, 1999)] (5) Short-term
Memory (StM) [TAVEC V1 and V4 variables (Benedet and Alejandre,
2014), and WAIS-III Digit Span-A subtest (Weschler, 1999)] (6) Visual
Memory (VM) [(vii) Rey-Osterrieth Complex Figure Test (ROCFT) (Rey,
1999)] (7) Processing Speed (PS) [(viii) Finger Tapping Test (FTT)
(Reitan and Wolfson, 1985; Tabarés-Seisdedos et al., 2003), WAIS-III
Digit Symbol Coding subtest (Weschler, 1999), SCWT Color and Word
subtests (Golden, 2001), and TMT Part A (Reitan and Wolfson, 1985)]
and three neurocognitive indices, including the Global Cognitive Score
(GCS), which was calculated by averaging the seven neurocognitive
domain scores; the premorbid Intelligence Quotient (IQ), which was
calculated using the WAIS-III vocabulary subtest, considered a classical
measure of the level of intelligence prior to the onset of a mental dis-
order (Krull et al., 1995); and the Cognitive Reserve (CR), which was
estimated based on the results of the WAIS-III Vocabulary subtest and
the number of years of formal education(Lyman, 1971). Fig. 1 represents
a summary of the instruments used to assess the clinical status, social
functioning, and neurocognitive performance.
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2.4. Statistical analyses

All the statistical analyses were performed using R software (version
3.3.1) (R Core Team, 2016). The direct scores obtained for neuro-
cognitive and social functioning measures were transformed into
Z-scores. For the calculation of the Z-scores, the mean and standard
deviation of the HCs at T1 were taken as reference values. The social
functioning representative values was calculated by the average of the Z
scores of the three scales (Sf-36, FAST and WQB) for each group and time
separately. Likewise, for the working memory representative values, the
average of the Z-scores in both times was taken for each of the groups
separately. The same procedure was followed for the calculation of the
CR scores using the quantitative scores. Analyses were conducted using
a one-way analysis of variance (ANOVA), ANOVA-corrected, asymptotic
general independence test for continuous variables, a negative binomial
generalized linear model for discrete variables, and a Fisher’s Exact Test
for categorical variables. Normality was assumed for all continuous
variables since the sample was sufficiently representative of the target
population, which was statistically verified. The between-group differ-
ences for the neurocognitive and social variables at T1 and T2 were
assessed using a one-way analysis of covariance, with sex and age as
covariates. A post-hoc analysis with a Bonferroni corrected pairwise
t-test and Mann-Whitney U tests were performed to assess the
between-group differences. Pearson correlations were performed to
explore the relationship between clinical variables, neurocognitive
outcomes, and social functioning. A repeated-measures analysis was
performed to evaluate the evolution of clinical variables, neurocognitive
performance, and social functioning. To test the ability to discriminate
between individuals with T2DM and SMI and HCs in terms of trans-
diagnostic neurocognitive deficits, a discriminant analysis and XGBoost
linear regression were performed using a predictive model that included
only the significant transdiagnostic neurocognitive deficits. For all

ASSESSMENT

Variable |

Instrument

CLINICAL EVALUATIONS
(i) Hamilton Depression Rating Scale (HDRS)

(i1) Young Mania Rating Scale (YMRS)

(iii) Positive and Negative Symptoms Scale (PANSS)

HGCiinicalimpressionN (iv) Clinical Global Impression scale (CGI)

SOCIAL FUNCTIONING

(i) Functional Assessment Short Test (FAST)

(ii) Short Form-36 Health Survey questionnaire (SF-36)

(iii) WHO Quality of Life-BREF (WHOQOL-BREF)
NEUROCOGNITIVE PERFORMANCE
Neurocognitive domains
(i) Complutense Verbal Learning Test (TAVEC) V3, V8 and V10 variables

(i1) Stroop Color and Word test (SCWT) Color/Word subtest

(iii) Wisconsin Card Sorting Test (WCST) Categories Completed and Perseverative Errors scores

(iv) Verbal Fluency Tasks (VFT) Semantic and Phonemic forms

(v) Trial Making Test (TMT) Part B

(vi) Wechsler Adult Intelligence Scale 3rd version (WAIS-III) Digit Span-B subtest

(1) TAVEC V1 and V4 variables

(vi) WAIS-III Digit Span-A subtest

(vii) Rey-Osterrieth Complex Figure Test

(viii) Finger Tapping Test (FTT)

(vi) WAIS-III Digit Symbol Coding subtest

(i) SCWT Color and Word subtests and TMT Part A
Neurocognitive indexes
Calculated by averaging the seven neurocognitive domain scores

Calculated using the WAIS-III vocabulary subtest

Estimated on the results of the WAIS-III Vocabulary subtest and the number of years of formal education

Figure 1. Summary of the instruments used to assess

Fig. 1. Summary of the tools used to assess the clinical status, social functioning, and neurocognitive performance.
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analyses, p < 0.05 was considered statistically significant.
3. Results
3.1. Sample description

A summary of the sociodemographic and clinical characteristics of
the participants is presented in Table 1. Females represented about half
of the total sample (47%). The mean age of the whole sample was 46.4
years, and the mean number of years of education was 12.5. The years of
education were similar among the clinical groups. Depressive symptoms
were more pronounced in the MDD group, and maniac symptoms were
more prevalent in the BD and SZ groups. Individuals with SZ showed the
highest scores in terms of psychotic symptomatology and the worst
clinical impression. MDD and T2DM groups showed fewer episodes,
admissions, intake of psychopharmacological treatment, and years of
illness. The T2DM group had the highest age of onset. The within-group
clinical variables did not significantly differ over time.

3.2. Comparison of neurocognitive performance and social functioning
between the groups

Neurocognitive performance and social functioning for all groups at
T1 and T2 and between-group comparisons are shown in Table 2. With
regard to neurocognitive performance by clinical groups, compared to
that in HCs, the SZ group presented with significant differences in all ten
variables at T2 and T1, except for IQ. The BD group presented with
significant differences in seven variables at T1, except for VF, WM, and
1Q. At T2, the BD group obtained similar results, except for IQ, which did
not present significant differences. The MDD group presented significant
differences at T1 in CF, StM, VM, PS, and CR, and in GCS at T2. The
T2DM group presented significant differences at T1 in CR, and at T2 in
StM and CR.

With regard to social functioning in the clinical groups, compared to
that in HCs, the SZ and BD groups presented significant differences in all
three variables at T1 and only in SF-36 at T2. The MDD group presented
with significant differences in all three variables at T1 and T2. In terms
of social functioning, the T2DM group did not differ significantly from
the control group. P-values were p < 0.0001, and significant effect sizes
ranged from moderate-to-large at both time points (1>p=0.08-0.50) in
all previously mentioned situations. With regard to clinical group per-
formance, deficits were more accentuated in the SZ and BD groups,
followed by the MDD and T2DM groups, which showed milder to no
deficits in some aspects of neurocognitive performance and social
functioning. The MDD group showed poorer social functioning at both
times (Fig. 2), with a large effect size (p < 0.0001; 1°p=0.29-0.31). The
neurocognitive deficits shared by all clinical groups were StM and CR
performance (Fig. 3).

3.3. Correlations between clinical variables, neurocognitive performance,
and social functioning

Correlations for all groups at T1 and T2 are shown in Tables S1-S5 in
Supplementary Material. There was a strong positive relationship be-
tween neurocognitive outcomes and social functioning for all groups.
Participants with diagnoses of T2DM, MDD and BD presented higher
positive relationships between neurocognitive scores and social func-
tioning. Symptomatology, age of disease onset, duration of the disease,
psychopharmacological treatment were significantly negatively corre-
lated with neurocognitive outcomes and social functioning for all clin-
ical groups. T2DM and MDD groups had a stronger relationship with age
of disease onset and duration of the disease, while individuals with BD
and SZ had a more pronounced relationship with symptomatology and
psychopharmacological treatment. As for the transdiagnostic neuro-
cognitive deficits, StM and CR results showed significant negative re-
lationships in severity of clinical condition for all clinical groups (p <
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0.05), being more pronounced in the T2DM, MDD and SZ groups. By
contrast, social functioning positively correlated (p < 0.05), principally
with individuals with T2DM and MDD. Similar pattern of relationships
between clinical variables, neurocognitive outcomes and social func-
tioning was found at the one-year of follow-up.

3.4. Significant transdiagnostic neurocognitive deficits between
individuals with T2DM and SMI, and HC discriminate power

A stepwise discriminant analysis showed that for the significant
neurocognitive transdiagnostic deficits included in this study, the best
classified individuals with T2DM and SMI compared to HCs consisted of
StM and both components of CR (years of education and IQ) (Xz =48.0,
p < 0.0001). The XGBoost linear regression model revealed that both
StM and CR have a strong capacity to discriminate between individuals
with T2DM and SMI and HCs, with a correct classification rate of 78.3%.
According to the model, when no other diagnostic information is
available, storing, maintaining, and retrieving a certain amount of in-
formation for a few seconds, together with an adequate neurocognitive
background, allows for the differentiation of individuals with T2DM and
SMI from HCs (Fig. 4).

4. Discussion

To the best of our knowledge, this is the first longitudinal study to
observe neurocognitive impairment and low social functioning trans-
gressing the nosological boundaries of T2DM, MDD, BD, and SZ. By
assessing the performance of these four clinical groups in seven neuro-
cognitive domains, three neurocognitive indices, and three social func-
tioning measures in comparison with that of HCs, we confirmed that the
four clinical groups showed several deficits, ranging from moderate-to-
large deficits. The most promising transdiagnostic neurocognitive
markers consisted of StM and CR. Patients with MDD, BD, and SZ share
significant deficits in social functioning. The T2DM group seems to have
an intermediate social pattern between HCs and patients with SMI.

The most dramatic general neurocognitive performance deficit was
observed in individuals with SZ, except in the VM domain, which was
more affected in the BD group. Social functioning was most altered in
the MDD group. These findings are consistent with previously published
literature, which suggests that the neurocognitive alterations present in
individuals with SMI and DM2 differ only in their degree of severity
(Schneider and Barzilay 2016). Our findings also coincide with the
perspective of the transdiagnostic markers, which show high degree of
evidence of neurocognitive comorbidity between SMI and T2DM (Tab-
arés-Seisdedos and Baudot, 2016; Fusar-Poli et al., 2019).

These findings reveal potential implications for the care of patients
with SMI and T2DM. The specific assessment of the neurocognitive
performance and social functioning, including quality of life, may
facilitate the delimitation of an optimal functional profile to help detect
these diseases and prevent them appropriately. For example, a prior
identification of underperformance and implementation of measures to
correct this could be considered one of the key elements for a compre-
hensive therapeutic approach including the prescription of healthy daily
practices that favor the increase of the social functioning, the cognitive
reserve, and the improvement of specific cognitive functions to T2DM
individuals. Consequently, assessment protocols should include specific
tests for the evaluation of neurocognitive performance and social func-
tioning. This study’s results also indicate the need to generate new
treatment protocols focused on the alterations in the neurocognitive
processes in these four diagnoses and personalize them to fit the char-
acteristics of the individuals in order to ensure a greater degree of
treatment adherence and maximize good therapeutic results. This fact is
particularly relevant for patients with T2DM, since neurocognitive and
social alterations complicate the control of diabetes and adherence to
treatment, thereby negatively affecting prognosis and increasing the risk
of diabetes-related complications (Gilsanz et al., 2018; Karvani et al.,
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Table 1
Sociodemographic and clinical characteristics of the sample at T1.
Variables” HC T2DM MDD BD Sz Statistical analyses
Ti(n = T2(n = Tl(n = T2(n = Ti(n = T2(n = Ti(n = T2(n = Tl(n = T2(n = T1F(p)? Post hoc test' T2F(p)® Post hoc test'
28) 19) 30) 25) 35) 25) 42) 29) 30) 27)
Sociodemographic
Sex" 18(64%) 14(74%) 9(30%) 7(28%) 24(68%) 17(68%) 21(50%) 17(58%) 7(23%) 7(26%) 20.1 SZ,T2DM<HC,MDD 19.4%** SZ,T2DM<HC,MDD,
SZ<BD BD
Age 36.6 37.3 57.3(9.3) 57.6(9.6) 47.3 48.0 50.0(9.5) 51.0(8.4) 40.8 41.7 15.3%%%* HC<MDD,BD,T2DM 11.8%x** HC<MDD,BD,T2DM
(14.5) (13.5) (11.8) (12.7) (10.7) (10.8) SZ,MDD<T2DM SZ,MDD<T2DM
SZ<BD SZ<BD
Years of Education 16.1(3.3) 17.4(3.3) 12.5(5.8) 12.8(5.9) 11.9(4.3) 12.8(3.7) 11.6(4.4) 12.6(4.8) 10.4(3.3) 11.4(4.7) 7.1 SZ,BD,MDD, 4,9%%* SZ,BD,MDD,
T2DM<HC T2DM<HC
Clinical
HDRS* 2.0(1.8) 0.8(1.7) 3.9(3.9) 3.6(5.1) 11.6(8.3) 13.7(9.1) 6.4(4.4) 7.3(6.2) 7.0(5.8) 5.3(5.3) 14.2%%%* HC<BD,SZ,MDD 14.2%*** HC<BD,MDD
T2DM,BD,SZ<MDD T2DM,BD,SZ<MDD
YMRS® 0.8(1.6) 0.2(0.6) 1.5(2.2) 1.01.49) 1.9(2.6) 1.6(2.5) 3.5(4.5) 2.1(3.2) 3.2(4.9) 2.1(4.7) 3.4%* HC<BD NS
PANSS-P¢ 7.0(0.0) 7.0(0.0) 7.0(0.0) 7.0(0.0) 7.0(0.3) 7.6(2.3) 8.5(3.8) 7.3(1.2) 10.6(4.3) 10.3(4.0) 10.6%*** HC,T2DM,MDD, 10.2%*** HC,T2DM,MDD,
BD<SZ BD<SZ
PANSS-N¢ 7.0(0.0) 7.0(0.0) 7.1(0.7) 7.1(0.8) 8.4(4.9) 8.2(3.4) 10.3(6.5) 7.9(2.0) 18.6 12.7(6.9) 20.1%x** HC,T2DM,MDD, 10.1%** HC,T2DM,MDD,
(10.1) BD<SZ BD<SZ
PANSS-G* 16.0(0.0) 16.0(0.0) 17.0(2.3) 16.3(1.8) 19.8(8.6) 22.2(8.0) 22.7(9.9) 18.3(3.5) 31.8 24.8(8.1) 16.9%*** HC,T2DM,MDD, 11.8%x%* HC,T2DM<MDD,SZ
(12.7) BD<SZ BD<SZ
HC<BD
CGI® - - 1.9(1.0) 2.1(1.4) 3.3(1.2) 3.6(1.7) 3.5(0.7) 3.9(0.7) 4.5(1.0) 4.3(0.9) 31.3%xx* T2DM<MDD,BD,SZ 14.9% %% T2DM<MDD,BD,SZ
MDD,BD<SZ
Age of onset! - - 44.3(9.8) 43.0(9.49) 35.3 34.2 26.5(8.6) 24.6(6.1) 25.6(8.0) 25.7(8.2) 25.6 SZ,BD,MDD<T2DM 21.7 SZ,BD,MDD<T2DM
(12.1) (12.8) SZ,BD<MDD SZ,BD<MDD
Illness duration® - - 13.0(9.0) 14.6(9.3) 12.0 13.8 23.4 26.3 15.2(8.4) 15.9(7.8) 9.6%*** MDD, T2DM,SZ<BD 8.9 MDD, T2DM,SZ<BD
(11.6) (13.2) (11.5) (10.0)
Total episodes® - - - - 2.3(1.9) 2.2(1.7) 8.9(6.9) 8.9(7.2) 6.5(6.9) 6.8(5.1) 12.1%%** MDD<SZ,BD 10.5%*** MDD<SZ,BD
Total admissions’ - - - - 0.1(0.6) 0.1(0.4) 1.4(1.9) 1.3(1.8) 1.7(1.6) 1.7(1.6) 10.4%%%* MDD<BD,SZ 10.2% %% MDD<BD,SZ
Psychopharma- - - 0.5(1.0) 0.6(1.0) 2.7(2.0) 2.7(2.3) 3.6(1.8) 3.5(1.5) 3.0(1.9) 2.8(1.9) 19.8%*** T2DM<MDD,SZ,BD 12.5%** T2DM<MDD,SZ,BD
treatment

@ Expressed as mean(standard deviation) except when indicated,.

b female n(%).

¢ Lower scores represent a better outcome.

4 Years.

¢ Psychotic and mood episodes.

f Mental health unit.

& ANOVA.

b Chi-squared test.

! Bonferroni test.

J Mann-Whitney U test. Abbreviations: HC = Healthy Control, T2DM = Type-2 Diabetes Mellitus, MDD = Major Depressive Disorder, BD = Bipolar Disorder, SZ = Schizophrenia, HDRS = Hamilton Rating Scale for
Depression, YMRS = Young Mania Rating Scale, PANSS = Positive and Negative Syndrome Scale, P = Positive, N = Negative, G = General, CGI = Clinical Global Impression, NS = Not Significant. (NS =p > 0.05; *p < 0.05;
**p < 0.01; ***p < 0.001; ****p < 0.0001).
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Table 2

Outcomes at T1 and T2, and Between-group comparison (Z-scores).

HC T2DM MDD BD Sz Statistical analyses
Variables” Tl(n = T2(n = Tl(n = T2(n = Tl(n = T2(n = Tl(n = T2(n = Tl(n = T2(n = T1F(p)* Post hoc test® n%p¢ T2F(p)* Post hoc test® n%pé
28) 19) 30) 25) 35) 25) 42) 29) 30) 27)
Cognitive domains
L&VM 0.0(0.9) 0.5(0.9) -0.9 -0.3(1.1) -0.6(1.3) -0.4(1.3) -1.3(1.3) -0.8(1.2) -1.8(1.2) -1.7(1.2) 8.6 w SZ,BD<HC .18 9.3 SZ<MDD,T2DM,HC .24
(1.0) SZ<T2DM,MDD

CF 0.0(0.7) 0.2(0.8) -1.0(1.1) -1.2(1.2) -1.0(1.3) -0.7(1.3) -1.4(1.2) -1.7(1.4) -1.9(1.5) -1.7(1.5) 9.4 *** SZ<BD,MDD,T2DM, .19 6.8%*** SZ,BD<HC .18
HC SZ<T2DM,MDD

VF 0.0(0.8) 0.2(0.9) -0.4(1.0) -0.3(0.9) -0.3(0.9) -0.2(0.9) -0.5(0.9) -0.4(0.8) -1.2(0.7) -1.0(0.7) 7.6% % SZ<BD,T2DM,MDD, .16 6.0%*** SZ<T2DM,MDD,HC 17
HC

WM 0.0(0.8) 0.1(0.7) -1.3(1.5) -1.4(1.5) -0.8(1.2) -1.1(1.2) -2.2(2.6) -1.3(1.9) -2.4(1.8) -2.3(2.0) 9.7% ¥ SZ,BD<T2DM,MDD, .19 7.7 %% SZ<BD,T2DM,MDD, .20
HC HC

StM 0.0(0.6) 0.6(0.8) -0.7(0.6) -0.6(0.6) -0.6(0.7) -0.6(0.8) -0.8(0.7) -0.7(0.6) -1.4(0.7) -1.2(0.7) 13.1%x%* SZ,BD,MDD<HC .25 15.7%x%** SZ,BD,T2DM, .34
SZ<BD,T2DM,MDD MDD<HC

SZ<BD,T2DM,MDD

VM 0.0(1.0) 0.6(0.8) -1.1(1.7) -0.6(1.6) -1.3(1.7) -1.2(1.7) -2.2(1.4) -1.5(1.5) -1.6(1.3) -1.5(1.3) 8.5 BD,SZ<HC 17 8.0 BD,SZ,MDD<HC .21
BD<T2DM SZ<T2DM

PS 0.0(0.6) 0.2(0.5) -1.1(1.1) -1.2(1.0) -1.1(1.0) -1.2(0.9) -1.7(1.3) -1.4(1.0) -1.9(1.2) -1.9(1.2) 15.8%#** SZ,BD<T2DM,HC .28 14.0%*** SZ,BD,MDD<HC .32
SZ<MDD SZ<BD,MDD,T2DM

Cognitive performance

GCS 0.0(0.5) 0.3(0.5) -0.9(0.9) -0.8(0.9) -0.8(0.9) -0.8(1.0) -1.4(1.1) -1.1(1.0) -1.7(1.0) -1.6(0.9) 15.5%%** SZ,BD<T2DM,HC .28 13.7% %% SZ,BD,MDD<HC 31
SZ<MDD SZ<BD,MDD,T2DM

1Q 0.0(1.0) 1.5(1.0) -0.2(1.2) 0.7(1.2) 0.0(1.3) 1.0(1.1) 0.0(1.3) 0.1(1.4) -1.0(1.5) 0.1(1.1) 3.4%* SZ<T2DM,MDD,BD .08 4.7%** BD,SZ<HC .13

CRP>&5h 22(79%) 17(90%) 14(47%) 14(56%) 19(55%) 13(52%) 19(46%) 11(38%) 8(27%) 7(26%) 16.4** SZ,BD,MDD, .31 20.1x*** SZ,BD,MDD, .40
T2DM<HC T2DM<HC
SZ<MDD SZ<MDD,T2DM

Social functioning - Quality of life

FAST 0.0(1.0) 0.0(0.8) -1.2(1.8) -1.0(1.5) -3.7(2.6) -3.5(2.5) -4.3(1.9) -3.9(1.9) -5.6(2.4) -4.7(2.5) 39.2% %% SZ<BD,MDD,T2DM, .49 22,7 %%k SZ,BD,MDD<T2DM 43
HC SZ,BD,MDD<HC
BD,MDD<T2DM,HC

SF-36 0.0(1.0) 0.2(0.5) -1.2(1.8) -1.0(1.7) -3.9(2.1) -3.8(2.7) -2.6(1.9) -2.6(1.8) -1.9(1.9) -2.3(1.9) 18.2%*** MDD<BD,SZ,T2DM, .31 13.9%*** MDD<BD,SZ,T2DM, .32
HC HC
BD,SZ<HC

WQB 0.0(1.0) 0.3(1.1) -0.6(1.2) -0.5(1.4) -2.2(1.2) -2.2(1.8) -1.6(1.2) -1.9(1.1) -1.3(1.0) -1.2(1.2) 16.8%*** MDD<SZ,T2DM,HC .29 12.2%*%* MDD<SZ,T2DM,HC .29
BD,SZ<HC

@ Expressed as mean(standard deviation),.

b High n(%).

¢ ANCOVA.

4 Chi-squared test.

¢ Bonferroni test.

f Mann-Whitney U test.

& Partial Eta-Squared (n°p).

‘ID 32 SADSIYD-D2LIOD “d

' Correlation coefficient ¢. Abbreviations: HC = Healthy Control, T2DM = Diabetes Mellitus Type 2, MDD = Mayor Depressive Disorder, BD = Bipolar Disorder, SZ = Schizophrenia, T1 = Time 1, T2 = Time 2, L&VM =
Learning and Verbal Memory, CF = Cognitive Flexibility, VF = Verbal Fluency, WM = Working Memory, StM = Short-Term Memory, VM = Visual Memory, PS = Processing Speed, GCS = Global Cognitive Score, IQ =
Intelligence Quotient, CR = Cognitive Reserve, WQB = WHO-QoL-BREF, NS = Not Significant. (NS =p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001). Effect size (n°p: small ~ 0.02; moderate ~ 0.15; large ~
0.35. ¢: small ~ 0.10; moderate ~ 0.30; large ~ 0.50).
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Fig. 2. Degree of impairment of social functioning in the clinical groups. T2DM: Type-2 diabetes mellitus, MDD: Major depressive disorder, BD: Bipolar disorder, SZ:
Schizophrenia, T1: Baseline data, T2: After one year.

= CR
= StM

MDD

BD

Fig. 3. Shared transdiagnostic neurocognitive deficits by the clinical groups. T2DM: Type-2 diabetes mellitus, MDD: Major depressive disorder, BD: Bipolar disorder,
SZ: Schizophrenia, StM: Short-term memory, CR: Cognitive reserve.

2019). Likewise, our findings suggest that StM and CR transdiagnostic
neurocognitive deficits should be included when screening individuals
for T2DM and SMI In addition, the degree of neurocognitive

impairment in each individual should be assessed. We also highlight the
importance of complementary assessments of social functioning when a
diagnosis of these diseases is suspected. Thus, we suggest an accessible
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Fig. 4. Level of accuracy of transdiagnostic deficits in StM and CR for differentiating individuals with T2DM and SMI from HCs. StM: Short-term memory, CR:
Cognitive reserve, T2DM: Type-2 diabetes mellitus, SMI: Severe mental illness, HC: Healthy controls.

assessment method for the correct discrimination between individuals
with a physical or mental illness and HCs.

This study has a number of limitations that should be considered. The
initial sample size was small and high experimental mortality was
observed after a year of follow-up. Therefore, cross-sectional studies
with larger sample sizes could provide more generalizable results.
Future studies should also include a more extended follow-up period and
greater control of unknown variables to ensure reliable and valid results.
Despite these limitations, this is the first known study investigating the
possibility of a transdiagnostic overlap in the neurocognitive profiles
and social functioning of individuals with SMI and T2DM using a lon-
gitudinal design.

Neurocognitive performance and social functioning converge to
implicate transdiagnostic disruptions across psychiatric and certain so-
matic diseases. These findings highlight a common intermediate
phenotype, which could help to improve individual responses to treat-
ment. Comprehensive interventions that target cognition improvement
could be potentially powerful for ameliorating not only the symptomatic
distress but also the lasting functional impairments and poor quality of
life. Our findings have an important translational use in terms of iden-
tifying common markers for examining the clinical and neurobiological
characteristics in these disorders (Van Os and Reininghaus, 2016;
McGorry et al., 2018; Liu et al., 2019; Karantonis et al., 2021). Never-
theless, future studies should consider the transdiagnostic markers and
adopt a longitudinal perspective in order to assess the evolution of
neurocognitive performance and social functioning, including quality of
life in individuals with SMI and T2DM. In particular, although the per-
formance profile in each clinical group in our study remained relatively
stable over time, it can be positively or negatively modified by factors
associated with the course of the disease, comorbidities, psychosocial
conditions, or certain treatments (Tabarés-Seisdedos and Rubenstein,
2013; Bonnin et al., 2016; Sanchez-Valle et al., 2020). Therefore, the
next step may be to analyze whether neurocognition and other bio-
markers predict the real-world functioning in individuals with SMI or
T2DM, using a transdiagnostic and longitudinal approach.
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