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A B S T R A C T   

Cognitive impairments are a core feature of first-episode psychosis (FEP), arising before illness onset and anti
psychotic exposure. Individuals with chronic psychosis experience poorer physical health while taking anti
psychotic medication, but health disparities may be evident at FEP onset, prior to antipsychotic exposure. Given 
the links between cognition and physical health in healthy populations, the aim was to explore whether cognition 
and physical health are associated in FEP, which could inform early physical health interventions for cognition in 
FEP. Participants were aged 15 to 25 and included 86 individuals experiencing FEP with limited antipsychotic 
exposure and duration of untreated psychosis of ≤six months, and 43 age- and sex-matched controls. Individuals 
with FEP performed significantly poorer than controls in most cognitive domains (Cohen’s d = 0.38 to 1.59). 
Groups were similar in metabolic health measures, excluding a significantly faster heart rate in FEP (d = 0.68). 
Through hierarchical regression analyses, we found that in the overall sample, BMI was negatively related to 
current IQ after controlling for education and group (FEP/control). Relationships between BMI and cognition 
were consistent across the FEP and healthy control groups. In FEP, current IQ and working memory were 
negatively correlated with lipid profiles. Findings suggest that in FEP, impaired cognition is exhibited earlier 
than physical health problems, and that compared to controls, similar relationships with cognition are demon
strated. Causal pathways and trajectories of relationships between health and cognition in FEP require investi
gation, especially as antipsychotic medications are introduced. The findings have implications for cognitive and 
health interventions.   

1. Introduction 

Cognitive impairments across multiple domains are an early core 
feature of first-episode psychosis (FEP). The severity of impairments is 
comparable to that observed in chronic schizophrenia (Mesholam- 
Gately et al., 2009). Impairments are apparent regardless of exposure to 

antipsychotics, though antipsychotics introduce a potentially con
founding factor (Ballesteros et al., 2018; Mesholam-Gately et al., 2009). 
Cognitive impairments generally remain stable despite symptomatic 
remission and significantly explain variance in functional outcomes 
(Sheffield et al., 2018). Despite group-level findings, significant het
erogeneity in cognitive functioning in FEP is observed (Uren et al., 
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2017). Cognitive impairment in FEP is hypothesised as the outcome of 
abnormal neurodevelopment (Sheffield et al., 2018). Though, physical 
health may be a modifiable factor that increases risk for cognitive 
impairment, as there is evidence in healthy populations of negative re
lationships between body weight and cognitive function (Liang et al., 
2014; Smith et al., 2011). It remains unclear whether this relationship 
applies to people with psychosis, who may be prone to socio-economic 
disadvantage or lifestyle factors that increase propensity for poor 
physical health. 

It is recognised that people with chronic schizophrenia have several 
risk factors for cardiovascular disease, including dyslipidaemia, hyper
tension, impaired glucose tolerance/type 2 diabetes mellitus, non- 
alcoholic fatty liver disease and obesity (Gates et al., 2015; Xu and 
Zhuang, 2019). Many of these issues are associated with antipsychotic 
medication. Though, poor health may be observed among antipsychotic- 
naïve individuals with FEP due to other potential contributors including 
modifiable lifestyle factors (e.g., poor diet, sedentary lifestyle, smoking 
and substance use), common underlying biological features (e.g., altered 
neural reward systems and shared genetic variants with diabetes), and 
potentially, duration of untreated psychosis (DUP). A systematic review 
by Foley and Morley (2011) found that in FEP patients with minimal 
antipsychotic exposure, several health parameters did not differ from 
control samples. Subsequent studies have shown that compared to 
healthy controls, people with FEP have higher waist-to-hip ratios (Shah 
et al., 2019); higher proportions of overweight/obesity independent of 
medication (Kolenic et al., 2018); and higher levels of insulin resistance, 
total and low-density lipoprotein cholesterol, and triglycerides 
(Keinänen et al., 2018). Participant inclusion criteria varied across 
studies, especially antipsychotic exposure and participant ages (up to 
around 50 years; Strassnig et al., 2008), potentially leading to these 
discrepant results. Jensen et al. (2017) demonstrated that compared to 
healthy controls, young people (12–17 years) with FEP with little anti
psychotic exposure displayed double the frequency of waist circumfer
ences >90th percentile and had significantly higher total and low- 
density lipoprotein cholesterol. Few studies have analysed FEP sam
ples who are younger, antipsychotic-naïve, and have relatively short 
DUP. These factors should be considered as older age and antipsychotic 
exposure are associated with worse physical health, while longer DUP 
could indirectly impact health via lifestyle factors. 

Overall, the literature suggests that poorer physical health may 
emerge early in psychosis, representing one malleable factor potentially 
associated with cognitive impairment. These two previously indepen
dently studied features of psychosis warrant simultaneous investigation. 
They may have distinct aetiologies but could reinforce each other or be 
associated, where greater cognitive impairments are related to poorer 
health. This possibility has clinical relevance for monitoring physical 
health and delivering interventions in FEP. Otherwise healthy samples 
demonstrate relationships between cognitive performance, particularly 
cognitive flexibility, attention, memory, and current IQ, and aspects of 
physical health, including body mass index (BMI) and weight (Gray 
et al., 2020; Steenbergen and Colzato, 2017), metabolic syndrome (Batty 
et al., 2008; Yau et al., 2012), and diabetes (Han et al., 2013). Clinical 
studies have shown that in individuals with bipolar disorder, those with 
comorbid obesity displayed poorer sustained attention, processing 
speed, memory, and reasoning/problem-solving (Depp et al., 2014). In 
individuals with schizophrenia, comorbid metabolic syndrome was 
associated with more severe impairments in IQ, immediate and delayed 
memory, speed of processing, and vigilance (de Nijs and Pet, 2016), 
while comorbid diabetes was associated with lower overall cognition, 
especially in processing speed, visuospatial ability, and memory (Dick
inson et al., 2008). We are aware of only one study that has examined 
relationships between cognition and physical health in FEP. Chen et al. 
(2016) found that individuals with FEP and comorbid impaired glucose 
tolerance did not have greater cognitive impairments compared to those 
with normal glucose tolerance. Sampling limitations, including partici
pant ages ranging up to 45 years and long DUP (ranging up to 60 

months), may have limited conclusions concerning physical health. 
In the present study we analysed cognitive and physical health data 

simultaneously collected at baseline from healthy controls and a selec
tive sample of young (15 to 25 years) antipsychotic-naïve individuals 
with FEP with short DUP (6 months or less; Cechnicki et al., 2014) who 
were enrolled in a clinical trial (see Method). The three aims were to 
compare the FEP and healthy control groups on (1) cognitive ability and 
(2) metabolic health, and (3) to explore relationships between cognition 
and BMI and whether associations differ according to FEP versus healthy 
control status. An exploratory aim was to investigate relationships be
tween blood measures of metabolic health (glucose, triglycerides, 
cholesterol, high-density lipoprotein, and low-density lipoprotein) and 
cognition in the FEP group. 

2. Method 

2.1. Design, procedure, and participants 

The study involved analysis of baseline data collected for a triple- 
blind randomised placebo-controlled trial named Staged Treatment 
and Acceptability Guidelines in Early Psychosis Study (STAGES; Francey 
et al., 2020; O’Donoghue et al., 2019). The trial, conducted within the 
Early Psychosis Prevention and Intervention Centre (EPPIC), a sub- 
program of Orygen Youth Health, Melbourne, Australia included base
line and follow-up assessments of cognition and physical health among 
other measures. Informed consent was gained from 129 participants (86 
FEP and 43 healthy controls), aged 15 to 25 years. The FEP participants 
had a first-episode of any DSM-defined psychotic disorder (4th ed.; DSM- 
IV; American Psychiatric Association, 1994), and had at least one of the 
following positive symptoms measured by the expanded Brief Psychi
atric Rating Scale version four (exBPRS; Ventura et al., 1993): Suspi
ciousness, Hallucinations, Unusual Thought Content, and Conceptual 
Disorganisation. Other eligibility criteria for FEP participants included 
relatively short DUP (≤6 months) and being antipsychotic-naïve. 
Additional criteria are outlined by O’Donoghue et al. (2019). Forty- 
three healthy controls with no history of mental disorder were 
recruited via flyers, snowballing, and social media advertisements to 
match FEP participants on age, sex, and socioeconomic status. The study 
received ethics approval in 2007 from Melbourne Health Human 
Research Ethics Committee (MHREC; HREC 2007.616). 

2.2. Measures 

2.2.1. Demographic and clinical characteristics 
Demographic information was collected from all participants. The 

Social and Occupational Functioning Assessment Scale (SOFAS; Moro
sini et al., 2000) was used to assess functioning. The Structured Clinical 
Interview for DSM-IV Axis I disorders (SCID-I; First et al., 1995) was 
used to determine psychotic and comorbid diagnoses in FEP partici
pants, and screen healthy controls. All participants were administered 
the BPRS extended version (Ventura et al., 1993) to determine the 
severity/frequency of general psychiatric symptoms, as well as psy
chotic symptoms specifically via a subscale based on the aforementioned 
operational criteria for psychosis. Severity of negative symptomatology 
was assessed in FEP participants using the Scale for the Assessment of 
Negative Symptoms (SANS; Andreason, 1984). 

2.2.2. Cognition 
A battery of cognitive tests was administered to all participants. 

These included estimated premorbid and current IQ (evaluated respec
tively via the Wording Reading subtest of the WRAT-4; Wilkinson and 
Robertson, 2006, and a composite of Picture Completion and Informa
tion of the WAIS-III; Wechsler, 1997), visual perception and reasoning 
(Picture Completion: WAIS-III), acquired general knowledge (Informa
tion subtest of WAIS-III), attention and working memory (Digit Span 
subtest of WAIS-III), speed of processing (Digit Symbol – Coding of 
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WAIS-III), inhibition (The Stroop Test Golden Version; Golden, 1978), 
verbal fluency (The Controlled Oral Word Association Test [COWAT]; 
Strauss et al., 2006), and immediate and delayed verbal memory (Paired 
Associate Learning Test [PAL]; Savage et al., 2002). 

2.2.3. Physical Health 
Non-invasive measures of physical health (including heart rate, 

blood pressure, weight, waist circumference, height, and BMI) were 
obtained from all participants. Blood levels of glucose (random if fasting 
was not available), triglycerides, cholesterol, high-density lipoprotein, 
and low-density lipoprotein were obtained from the FEP participants 
only. International Diabetes Foundation (2006) guidelines were used to 
create categorical variables for systolic and diastolic blood pressure, 
triglycerides, high-density lipoprotein, fasting plasma glucose, and waist 
circumference. For adult participants (≥18 years), BMI was categorised 
according to the National Health and Medical Research Council (2013). 
For participants <18 years, BMI was categorised into healthy weight, 
overweight, and obese, according to the participant’s age and sex, using 
a conversion chart developed by Cole et al. (2000). The chart does not 
include cut-offs for underweight BMI, so the adult standard was used. 
Supplementary Table A.1 displays categorical variables. 

2.3. Statistical analyses 

Data were analysed using IBM® SPSS® Statistics Version 25 (IBM 
Corp, 2017). The dataset was examined for improbable values, 
normality, univariate outliers, and missingness. For aims 1 and 2, FEP 
participants were compared to healthy controls on all cognitive and 
physical health variables with independent samples t-tests if continuous 
and Chi-squared tests (χ2) if categorical. Mann-Whitney U tests were 
conducted for continuous variables where assumptions of normality 
were violated. Bonferroni corrections were applied to adjust for multiple 
comparisons. Cohen’s d provided estimates of effect sizes, where d = 0.3 
was defined as small, d = 0.5 as moderate, and d = 0.8 as a large effect 
(Cohen, 1988). Due to the small sample sizes in some BMI subcategories, 
the underweight category was removed and the overweight and obese 
categories were combined, resulting in comparisons between ‘healthy’ 
BMI versus ‘overweight/obese’ BMI. 

Regarding aim 3, Spearman correlations were conducted as distri
butional assumptions were not met. All selected cognitive variables were 
significantly correlated with education (except attention/working 
memory) and FEP/control group membership. Thus, the two potential 
confounds (education and FEP/healthy control status) were included in 
four separate four-block hierarchical linear regressions predicting 
cognitive performance. The following cognitive variables were chosen 

Fig. 1. Flow of participants into the current study.  
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as independent variables based on previous literature: current IQ (WAIS- 
III Estimated Full Scale IQ); working memory (WAIS-III Digit Span 
Backwards); speed of processing (WAIS-III Digit Symbol – Coding); and 
immediate verbal learning (PAL Total of Three Trials). The effects of 
years of education and psychosis status (FEP versus healthy control) 
were controlled for in Blocks 1 and 2, respectively. BMI was entered in 
Block 3 to examine whether it predicted cognition in the overall sample. 
Block 4 included an interaction term between BMI and Group (FEP/ 
control) to explore whether relationships differed according to group. 

For the exploratory aim, as distributional assumptions were not met, 
Spearman rank-order correlations explored relationships between blood 
measures and cognitive performance in FEP. 

3. Results 

3.1. Participant inclusion, demographic and clinical information 

Fig. 1 presents the flow of the 86 FEP participants into the current 
study (mean age = 18.5 years, female = 55.3%) and 43 healthy controls 
(mean age = 19.2 years, female = 67.4%), resulting in a total sample of 
129 participants. Table 1 displays the sample characteristics and group 
comparisons. The groups were well-matched on age, sex, and race, 
although FEP participants had significantly fewer average years of ed
ucation. The average SOFAS score in FEP participants indicated mod
erate difficulty in functioning. Psychotic disorders in the sample with 
FEP included: psychosis not otherwise specified (n = 20; 23.5%), 
schizophreniform disorder (n = 18; 21.2%), schizophrenia (n = 12; 
14.1%), major depressive disorder with psychotic features (n = 16; 
18.8%), delusional disorder (n = 5; 5.9%), substance-induced psychosis 
(n = 13; 15.3%) and schizoaffective disorder (n = 1; 1.2%). 

3.2. Cognition 

Healthy controls significantly outperformed the FEP group on most 
cognitive domains assessed (Table 2). Effect sizes were large, especially 
in acquired general knowledge (d = 1.59), current and premorbid IQ (d 
= 1.36 and 0.88), immediate verbal learning and memory (d = 0.92 and 
0.80) and delayed verbal memory (d = 0.97), working memory (d =

0.79), and speed of processing (d = 0.77). After Bonferroni corrections, 
the differences in visual perception and reasoning, and attention span 
were no longer significant. 

3.3. Physical health 

Physical health did not differ between the FEP group and controls 
(Table 3), with one exception. A significantly faster resting heart rate 
was observed among participants with FEP (mean heart rate = 78.8 in 
FEP compared to 70.7 in controls), with a moderate effect size (d =
0.68). 

3.4. Cognition and physical health 

3.4.1. Regressions predicting cognitive performance from BMI 
Table 4 displays the four hierarchical linear regression analyses. 

Regressions revealed that education significantly predicted processing 
speed (at Block 3: β = 0.21, p = .028), but no other cognitive variable. 
The greatest improvements in R2 across all four models occurred at 
Block 2 when accounting for FEP/control membership, with FEP 
membership being a consistent significant negative predictor of cogni
tive functioning. BMI was significantly negatively related to current IQ 
(β = − 0.17, p = .045), uniquely accounting for 2% of variation. The 
change in F ratio when including BMI was 4.13, p = .045, indicating 
significant model improvement. At Block 3, the model accounted for 
33% of variance in current IQ, constituting the strongest model ac
cording to R2 values. BMI did not significantly predict any other 
cognitive variable. The interaction term between BMI and FEP/healthy 
control status was tested in all models at Block 4 but was not significant, 
suggesting that the association between BMI and IQ did not differ ac
cording to group membership. 

3.4.2. Correlations between blood measures of health and cognition in FEP 
Spearman rank order correlations (Supplementary Table A.2) 

showed that current IQ was significantly negatively correlated with 
triglycerides, rs = − 0.42, while working memory was significantly 
negatively correlated with total cholesterol, rs = − 0.31, and low-density 
lipoprotein, rs = − 0.40. No other significant relationships were found. 

Table 1 
Demographic information and comparisons between FEP participants and healthy controls.  

Characteristic Statistic Total 
(N = 129) 

FEP 
(n = 86) 

Controls 
(n = 43) 

Statistic Value df p 

Demographics 
Age M (SD) 18.7 (2.9) 18.5 (2.8) 19.2 (3.0) t 1.29 125 0.200  

Sex 
Males % (N) 40.6 (52) 44.7 (38) 32.6 (14) χ2 1.75 1 0.186 
Females % (N) 59.4 (76) 55.3 (47) 67.4 (29)  

Ethnicity 
Caucasian % (N) 82.8 (106) 84.7 (72) 79.1 (34) χ2 0.64 3 0.425 Other % (N) 17. 2 (22) 15. 3 (13) 20.9 (9)  

Education 
Total number of years of education/training M (SD) 12.6 (2.2) 12.2 (2.1) 13.3 (2.2) t 2.85 116 .009a  

Symptomatology 
BPRS total score M (SD) 49.2 (14.9) 58.2 (9.4) 31.6 (3.6) t 23.00 117.98 <.001a 

BPRS psychotic subscale M (SD) 11.1 (5.8) 14.7 (3.4) 4.1 (0.3) t 28.30 85.40 <.001a 

SANS total scoreb M (SD)  35.8 (18.3)       

Functioning 
SOFAS M (SD) 63.2 (16.7) 54.3 (11.9) 80.7 (9.0) t 14.02 107.75 <.001a 

Notes. Ns vary due to missing data. N = Valid number of participants; % = Valid percent of participants, M = Mean; SD; Standard deviation. 
BPRS = Brief Psychiatric Rating Scale; SOFAS = Social and Occupational Functioning Assessment Scale. Average scores of BPRS Total and BPRS Psychotic among 
controls indicate few to no clinical symptoms. Overall sample SOFAS score within range of 61–70, indicating some difficulty in functioning but generally functioning 
well. Sample with FEP in range of 51–60, indicating moderate difficulty in functioning; and control sample in range of 81–90 (when rounded to nearest whole number), 
indicating good functioning in all areas. 

a Independent Samples Mann-Whitney U test (non-parametric) p values for variables not meeting normality assumptions of parametric t-test. 
b SANS (Scale for the Assessment of Negative Symptoms) was not administered to healthy controls. 
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4. Discussion 

This study sought to compare the cognitive performance and meta
bolic health of healthy controls with young individuals with FEP who 
had minimal exposure to antipsychotic medication and short DUP. The 
study contributes to the limited literature by exploring relationships 
between cognition and physical health and investigating whether these 
relationships differ across these two populations. The key findings were 
that the FEP group had significantly poorer cognitive functioning across 
most domains but similar physical health to the control group, apart 
from a higher resting heart rate. After accounting for education and 
group membership, BMI significantly explained variance in IQ in the 
total sample. There was no significant interaction between BMI and 
FEP/control membership in predicting any cognitive variable. In the 
FEP group, current IQ was significantly negatively correlated with tri
glycerides, and working memory was significantly negatively correlated 
with total cholesterol and low-density lipoprotein. 

4.1. Cognition 

As expected, most cognitive domains were moderately to largely 
impaired in FEP versus controls, particularly in current IQ, acquired 
general knowledge, immediate and delayed verbal memory, working 
memory and speed of processing. The current sample with FEP had 
significantly fewer years of education than healthy controls, possibly 
owing to disruptions in study and training during adolescence and 
young adulthood either related to neurodevelopmental factors or the 
incipient development of psychosis (Davis et al., 2016), thus possibly 
contributing to their poorer general knowledge. Meta-analyses 
involving people with first-episode schizophrenia (Fatouros-Bergman 
et al., 2014; Mesholam-Gately et al., 2009) demonstrated comparatively 
larger effect sizes, especially in the areas of processing speed (stand
ardised mean differences found by the two meta-analyses were 0.96 and 
1.03), verbal memory and verbal fluency (1.20 for immediate and 0.85 
for delayed according to Mesholam-Gately et al. (2009); 1.03 according 
to Fatouros-Bergman et al. (2014)), and working memory (0.79 and 
0.97, respectively). The relatively smaller (albeit significant) effect sizes 

Table 2 
Cognitive performance in the overall sample and differences between FEP participants and healthy controls.  

Test Subtest Domain  M (SD)  t df p Effect size estimate 

Total 
(N = 129) 

FEP 
(n = 86) 

Controls 
(n = 43) 

WRAT-4 
WAIS-III 

Word Readinga Premorbid IQ 101.6 (15.4) 97.2 (14.5) 109.6 (13.6)  4.55  116  <0.001  0.88 
Full Scale IQa Current IQ 97.3 (14.6) 91.5 (13.5) 107.6 (10.0)  7.36  106.58c  <.001b  1.36 
Picture Completiona Visual perception and reasoning 9.1 (2.7) 8.7 (2.7) 9.9 (2.4)  2.55  118  .010b  0.50 
Informationa Acquired general knowledge 10.1 (3.3) 8.7 (3.0) 12.6 (2.0)  8.84  112.83c  <.001b  1.59 
Digit Span Forward Attention span 9.7 (2.0) 9.4 (2.0) 10.1 (1.9)  1.97  117  .043b  0.38 
Digit Span Backwards Working memory 6.8 (2.1) 6.3 (2.0) 7.8 (1.9)  4.13  117  <.001b  0.79 
Digit Symbol – Codinga Speed of processing 9.0 (3.1) 8.1 (2.8) 10.3 (3.1)  3.90  104  <0.001  0.77 

Stroop Stroop Colour-Word Inhibition 45.6 (12.1) 43.0 (12.0) 50.1 (11.0)  3.17  113  0.002  0.62 

COWAT Phonemic Total Verbal fluency 36.5 (11.7) 33.8 (11.0) 41.4 (11.5)  3.51  116  <.001b  0.67 
Semantic Total Verbal fluency 21.6 (5.8) 20.5 (6.3) 23.6 (4.1)  3.17  112.44c  0.002  0.58 

PAL 
First Trial Immediate verbal memory 3.1 (2.3) 2.5 (2.1) 4.2 (2.2)  4.22  117  <.001b  0.80 
Total of Three Trials Immediate verbal learning 14.2 (6.0) 12.5 (5.8) 17.5 (5.1) 4.72 117 <.001b 0.92 
Delayed Recall Delayed verbal memory 5.7 (2.1) 5.1 (2.0) 6.9 (1.6) 5.02 100.70c <.001b 0.97 

Notes. WRAT = Wide Range Achievement Test; WAIS = Wechsler Adult Intelligence Scale; COWAT = Controlled Oral Word Association Test; PAL = Paired Associate 
Learning Test. Bonferroni Correction = 0.05/13 = 0.0038. p values that remained significant after Bonferroni corrections are bolded. Effect size estimate = Cohen’s d. 

a Refers to tests using scores scaled according to participants’ age (for Estimated Premorbid IQ and Estimated Full Scale IQ: population M = 100, and SD = 15; for 
Picture Completion, Information, and Digit Symbol – Coding: population M = 10, and SD = 3). 

b Independent Samples Mann-Whitney U test (non-parametric) p values for variables not meeting normality assumptions of parametric t-test. 
c Equal variances not assumed. 

Table 3 
Overall sample physical health and differences between FEP participants and healthy controls.  

Measure Statistic Total 
(N = 129) 

FEP 
(N = 86) 

Controls 
(N = 43) 

Statistic Value df p Effect size estimate 

Resting heart rate M (SD) 75.1 (12.4) 78.8 (11.4) 70.7 (12.4) t 3.25 91 0.002 0.68 
Systolic blood pressure M (SD) 117.9 (13.4) 119.8 (14.4) 114.8 (11.1) t 1.93 107 0.056 0.39 
Raised systolic blood pressure % (N) 22.0 (24) 26.9 (18) 14.3 (6) χ2 2.38 1 0.123  
Diastolic blood pressure M (SD) 75.7 (9.6) 76.5 (10.1) 74.5 (8.6) t 1.10 107 0.275 0.22 
Raised diastolic blood pressure % (N) 18.3 (20) 22.4 (15) 11.9 (5) χ2 1.89 1 0.169  
Weight M (SD) 70.3 (16.2) 71.3 (17.3) 68.6 (14.3) t 0.89 112 .535b 0.18 
Waist circumference M (SD) 81.5 (11.5) 82.6 (12.3) 80.5 (10.7) t 0.82 79 .702b 0.18 
Dysregulated waist circumference % (N) 35.8 (29) 33.3 (13) 38.1 (16) χ2 0.20 1 0.655  
Height M (SD) 171.8 (9.2) 171.7 (9.4) 172.0 (9.0) t 0.13 107 0.895 0.03 
BMI M (SD) 24.0 (5.1) 24.5 (5.6) 23.1 (4.1) t 1.38 107 .356b 0.28  

BMI categorya 

Healthy weight % (N) 66.3 (69) 60.9 (39) 75.0 (30) χ2 2.18 1 0.140  
Overweight or obese % (N) 33.7 (35) 39.1 (25) 25.0 (10)      

Notes. % = Valid percent of participants. 
Bonferroni Correction = 0.05/12 = 0.0042. p values that remained significant after Bonferroni corrections are bolded. Effect size estimate = Cohen’s d. 
Dysregulated Waist Circumference = Circumference greater or equal to cut offs (International Diabetes Foundation, 2006); Raised Systolic Blood Pressure ≥ 130 
mmHg; Raised Diastolic Blood Pressure ≥ 85 mmHg (International Diabetes Foundation, 2006). 

a Underweight category was excluded due to inadequate sample size. 
b Independent Samples Mann-Whitney U test (non-parametric) p values for variables not meeting normality assumptions of parametric t-test. 
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in the current study could stem from the stringent inclusion and exclu
sion criteria for the trial (O’Donoghue et al., 2019). Namely, current 
participants had to be living in stable accommodation, be at low risk of 
aggression, and they represented all psychotic disorders, which may 
have conferred better cognitive performance (Ahmed et al., 2018; 
Shamsi et al., 2011; Sheffield et al., 2018). Nonetheless, the current 
participants with short DUP and antipsychotic-naïve FEP demonstrated 
widespread large cognitive impairments, lending support to the neuro
developmental model of schizophrenia (Bora, 2015). 

4.2. Physical health 

The current study addressed previous limitations in sampling char
acteristics which could influence physical health, such as antipsychotic 
exposure and older age (Foley and Morley, 2011; Jensen et al., 2017). 
Contrary to expectations, physical health did not differ between the FEP 
and control groups, apart from a significantly higher resting heart rate in 
FEP. Contrary to Jensen et al. (2017) who found a higher proportion of 
waist circumferences >90th percentile among individuals with FEP, in 
the present study there were no significant differences in BMI or waist 
circumference according to proportions or averages. The discrepant 
heart rate in FEP is consistent with evidence that increased heart rate in 
late adolescence is associated with risk for subsequent schizophrenia 
(Latvala et al., 2016). Increased heart rate may also be influenced by a 
range of hypothetical factors which are typical in populations with 
psychosis (Foley and Morley, 2011) and may impact heart rate (British 
Heart Foundation, 2013; Townsend et al., 2007; Valentini and Parati, 
2009). These factors include autonomic dysfunction (Hattori et al., 
2018), smoking and other substance use, other medications, more 
sedentary lifestyles, and greater levels of anxiety and stress. Modifiable 

lifestyle factors may impact heart rate at an earlier stage of psychosis, 
but could have a longer-term cumulative influence on other aspects of 
health. The aforementioned lifestyle factors were not explored in depth 
as determinants of physical health in FEP, constituting an avenue for 
longitudinal research and a target for interventions in FEP (British Heart 
Foundation, 2013). The results of otherwise comparable health among 
individuals with FEP suggest that metabolic abnormalities in chronic 
populations had not yet emerged in the antipsychotic-naïve FEP stage. 
Poorer health in chronic samples may result from antipsychotic expo
sure and longer-term cumulative effects of adverse lifestyle factors 
(Heald et al., 2017; Osborn, 2001). The present findings suggest an 
opportunity for intervention in FEP before physical health declines, such 
as education regarding the potential impacts of modifiable lifestyle 
factors, programs encouraging healthier choices, non-pharmacological 
treatments, and metabolically favourable antipsychotics paired with 
careful monitoring of health (Curtis et al., 2016; Firth et al., 2019). 

4.3. Cognition and physical health 

FEP significantly negatively predicted cognition in all models, while 
fewer years of education predicted slower processing speed, but no other 
cognitive domain. Consistent with Batty et al. (2008) and de Nijs and Pet 
(2016), higher BMI was associated with lower current IQ, above the 
effects of education and FEP status. However, BMI was not a significant 
predictor of the remaining cognitive domains in the overall sample, 
contrary to Gray et al. (2020) and Steenbergen and Colzato (2017). 
Participants with FEP showed similar relationships between BMI and 
cognition to the healthy sample. 

Exploratory analyses found a significant negative correlation be
tween current IQ and triglycerides. Poorer working memory was 

Table 4 
Hierarchical regressions predicting current IQ, working memory, processing speed, and verbal learning and memory in the overall sample.  

Outcome variable Block Predictor variables b SE b β sr2 p R R2 ΔR2 

Current IQ 

Block 1 Constant  74.30  8.07    <0.001  0.28  0.08  0.07 
Years of Education/ Training  1.82  0.63  0.28  0.28  0.005    

Block 2 
Constant  95.06  7.90    <0.001  0.55  0.31  0.29 
Years of Education/ Training  0.98  0.57  0.15  0.14  0.087    
FEP Membership  − 15.26  2.64  − 0.50  − 0.48  <0.001    

Block 3 

Constant  105.01  9.19    <0.001  0.58  0.33  0.31 
Years of Education/ Training  1.07  0.56  0.16  0.16  0.060    
FEP Membership  − 14.47  2.63  − 0.47  − 0.45  <0.001    
BMI  − 0.48  0.24  − 0.17  − 0.17  0.045    

Working memory 

Block 1 Constant  4.89  1.18    <0.001  0.16  0.03  0.02 
Years of Education/ Training  0.15  0.09  0.16  0.16  0.099    

Block 2 
Constant  6.91  1.26    <0.001  0.37  0.13  0.12 
Years of Education/ Training  0.07  0.09  0.08  0.07  0.427    
FEP Membership  − 1.48  0.42  − 0.34  − 0.33  0.001    

Block 3 

Constant  7.56  1.49    <0.001  0.37  0.14  0.11 
Years of Education/ Training  0.08  0.09  0.08  0.08  0.394    
FEP Membership  − 1.43  0.43  − 0.33  − 0.31  0.001    
BMI  − 0.03  0.04  − 0.08  − 0.08  0.418    

Processing speed 

Block 1 
Constant  3.65  1.74    0.038  0.30  0.09  0.08 
Years of Education/ Training  0.42  0.14  0.30  0.30  0.003    

Block 2 
Constant  6.30  1.87    0.001  0.42  0.18  0.16 
Years of Education/ Training  0.31  0.13  0.23  0.22  0.021    
FEP Membership  − 1.94  0.63  − 0.30  − 0.29  0.002    

Block 3 

Constant  4.45  2.19    0.045  0.44  0.20  0.17 
Years of Education/ Training  0.30  0.13  0.21  0.21  0.028    
FEP Membership  − 2.09  0.63  − 0.32  − 0.31  0.001    
BMI  0.09  0.06  0.15  0.15  0.116    

Verbal learning and memory 

Block 1 
Constant  6.28  3.38    0.066  0.23  0.05  0.04 
Years of Education/ Training  0.63  0.26  0.23  0.23  0.019    

Block 2 
Constant  12.60  3.55    0.001  0.42  0.18  0.16 
Years of Education/ Training  0.38  0.26  0.14  0.13  0.146    
FEP Membership  − 4.65  1.19  − 0.37  − 0.35  <0.001    

Block 3 

Constant  14.12  4.21    0.001  0.43  0.18  0.16 
Years of Education/ Training  0.39  0.26  0.14  0.14  0.135    
FEP Membership  − 4.53  1.21  − 0.36  − 0.34  <0.001    
BMI  − 0.07  0.11  − 0.06  − 0.06  0.501    

Note. Block 4 not displayed here due to non-significance of interaction between BMI and FEP/healthy control group membership. 
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correlated with higher total cholesterol and low-density lipoprotein 
cholesterol. Notably, these latter two health variables were highly 
correlated (rs = 0.93). Nevertheless, the findings suggest that blood lipid 
profiles are relevant for cognitive performance in FEP. Consistent with 
Chen et al. (2016), glucose was not significantly associated with 
cognitive performance. Studies investigating individuals with chronic 
schizophrenia and comorbid diabetes have found exacerbated cognitive 
impairments in attention, memory (Han et al., 2013), processing speed, 
and visuospatial ability (Dickinson et al., 2008). In the later stages of 
psychosis, glucose dysregulation may be more advanced than in the 
current sample; the relationship between glucose and cognition may 
strengthen with chronicity or severity. This possibility could be inves
tigated longitudinally in future work. 

Given the considerable cognitive impairments, yet little evidence for 
poorer physical health in FEP, the findings suggest a step-wise or staged 
onset of cognitive and physical impairments, with the former emerging 
earlier. While this suggests that cognitive and physical health difficulties 
may arise largely through differing aetiological mechanisms, our find
ings also suggest a role of physical health (BMI, triglycerides, choles
terol) in cognitive performance (or vice versa). Poor diet and obesity is 
associated with cognitive dysfunction in preclinical and clinical studies 
(Francis and Stevenson, 2013; Greenwood and Winocur, 2005; Smith 
et al., 2011). Psychosis may lead to decreased motivation and func
tioning, possibly influencing cognition and physical health. Negative 
associations between cognition and BMI and lipid parameters could also 
arise from the cognitive capacity to make healthier lifestyle choices. 
Healthy individuals demonstrate associations between psychosocial 
stress and cognitive impairments; stress additionally constitutes a po
tential risk factor for abdominal fat accumulation, metabolic syndrome, 
and obesity (Dye et al., 2017). Higher cognitive performance could lead 
to well-paying careers, allowing disposable income to afford a healthy 
diet, access to physical activity, and access to quality health education 
and services. Conversely, physical activity is protective against cognitive 
decline, with the best evidence in the elderly (Blondell et al., 2014). 
Presumably, multiple factors and pathways are implicated in bidirec
tional relationships between cognition and health in FEP. de Nijs and Pet 
(2016) theorised a reinforcing cycle in psychosis whereby poorer 
cognitive functioning may increase unhealthy behaviours, leading to 
altered metabolism, which circularly impacts cognition. The introduc
tion of antipsychotics could contribute to this cycle by worsening 
physical health, which may interact with cognitive impairments. Further 
investigation is necessary regarding mechanistic associations between 
cognition and physical health in a larger sample of FEP. Longitudinal 
research should investigate causal pathways between cognition and 
health in psychosis, external factors and the introduction of antipsy
chotics, and trajectories over time. 

The current study indicates that close monitoring and interventions 
for cognitive and physical health from the onset of psychosis treatment 
is likely beneficial. Indeed, studies have found improved cognition 
following exercise. Hallgren et al. (2019) found improved processing 
speed, visual learning, and visual attention after a 12-week exercise 
program for young adults with FEP. Few studies have combined cogni
tive training with exercise and diet modification. Though in first-episode 
schizophrenia patients, McEwen et al. (2017) found improved functional 
connectivity associated with gains in reasoning/problem-solving, above 
the effects of exercise alone. Physical health and cognitive impairments 
could be considered as co-primary outcomes following interventions in 
FEP. 

4.4. Strengths and limitations 

The strengths of the current study included addressing previous 
sampling limitations and our relatively novel assessment of relationships 
between cognition and a range of discrete components of metabolic 
health in FEP. Nevertheless, the cross-sectional design limits the extent 
that causal relationships between cognition and physical health can be 

determined. Future studies should collect invasive health data (e.g., 
glucose, lipids) from controls, as this limited the extent that potential 
abnormalities in blood measures of metabolic health could be investi
gated in FEP. Lastly, due to our relatively small sample and the number 
of variables under investigation, we did not explore additional potential 
confounding factors of cognitive and physical health, including cigarette 
smoking, alcohol and other substance use (Foley and Morley, 2011; 
Stramecki et al., 2018); stress and trauma (Mayo et al., 2017); sleep 
(Keshavan et al., 2011); and negative symptom severity (Orešič, 2012; 
Suvisaari et al., 2018), which should be investigated in future longitu
dinal research. 

4.5. Conclusions 

This study contributes to scholarship by examining relationships 
between cognition and physical health in FEP, using a selective sample 
of young antipsychotic-naïve participants with short DUP. Participants 
with FEP demonstrated cognitive impairments in most domains, 
although physical health was comparable to healthy controls, bar a 
faster heart rate. BMI predicted current IQ, but no other cognitive var
iable in the overall sample. Relationships between cognition and BMI 
did not differ according to FEP/healthy control group status. The early 
emergence of cognitive impairments in FEP implies a neuro
developmental origin. Limited physical health disturbances prior to 
antipsychotic exposure in the current sample with FEP suggest that poor 
physical health demonstrated in previous samples of FEP is likely 
influenced by longitudinal cumulative effects of treatment, illness (e.g., 
cognition), and lifestyle factors). These findings advance the limited 
literature investigating modifiable factors associated with cognitive 
impairments in FEP, with implications for possible mutual benefits of 
cognitive and health interventions. Avenues for future research include 
longitudinal examination of the pathways, additional mechanisms, and 
confounding factors underlying relationships between cognition and 
health in FEP. 
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