Acta Neuropsychiatrica

cambridge.org/neu

Original Article

Cite this article: Dodd S, Mohebbi M,
O’Donohue J, Matthews G, Darley DR, and
Berk M. (2023) Psychiatric sequelae after SARS-
Cov-2 infection: trajectory, predictors and
associations in a longitudinal Australian cohort.
Acta Neuropsychiatrica 1-16. doi: 10.1017/
neu.2023.45

Received: 3 July 2023
Revised: 15 August 2023
Accepted: 18 August 2023

Keywords:
COVID-19; SARS-Cov-2; mental disorders; post-
acute COVID-19 syndrome

Corresponding author:
S. Dodd; Email: seetald@barwonhealth.org.au

© The Author(s), 2023. Published by Cambridge
University Press on behalf of Scandinavian
College of Neuropsychopharmacology. This is
an Open Access article, distributed under the
terms of the Creative Commons Attribution
licence (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted re-use,
distribution and reproduction, provided the
original article is properly cited.

-

Psychiatric sequelae after SARS-Cov-2 infection:
trajectory, predictors and associations in a
longitudinal Australian cohort

Seetal Dodd>?3 @, Mohammedreza Mohebbi'*, Josie O’Donohue?, Gail Matthews®,
David R. Darley®”® and Michael Berk!>35

!Deakin University, IMPACT - the Institute for Mental and Physical Health and Clinical Translation, School of
Medicine, Barwon Health, Geelong, Australia; 2Centre for Youth Mental Health and Orygen, The National Centre of
Excellence in Youth Mental Health, The University of Melbourne, Melbourne, Australia; 3Department of Psychiatry,
The University of Melbourne, Melbourne, Australia, Melbourne, Australia; “Deakin University, Faculty of Health,
Biostatistics Unit, Geelong, Australia; °Kirby Institute, University of New South Wales, Sydney, Australia; Florey
Institute for Neuroscience and Mental Health, The University of Melbourne, Melbourne, Australia; 'UNSW Medicine,
St Vincent’s Clinical School, The University of New South Wales, Sydney, Australia and ®Department of Thoracic
Medicine, St Vincent’s Hospital, Sydney, Australia

Abstract

A relationship between SARS-CoV-2 infection and psychiatric symptoms has been identified
but is still being fully investigated. Neuropsychiatric sequalae have been reported for several
infectious agents and are not unexpected for SARS-CoV-2 infection. This study follows for 12
months a sample (N = 144) of people who have had a confirmed infection of SARS-CoV-2.
Medical and neuropsychiatric data and biological specimens are collected at 6 study visits. The
34-item SPHERE questionnaire, the Depression in the Medically Ill instrument, the EQ-5D-5L
quality of life instrument and the visual analogue scale of fatigue were administered at multiple
timepoints and associations with measures of illness and inflammatory biomarkers were
investigated using the generalised estimating equation. Associations between inflammatory
biomarkers and mental health measures of various effect sizes were identified. A robust inverse
association was found between mental health outcomes and long covid status, but not between
mental health outcomes and covid illness severity. This study suggests that long covid may be
the strongest predictor of neuropsychiatric symptoms amongst people who have been infected
with SARS-CoV-2.

Significant Outcomes

« No association was found between mental health outcomes and COVID illness severity.

o Long COVID may be the strongest predictor of neuropsychiatric symptoms
amongst people who have been infected with SARS-CoV-2.

o Changes in immunologic biomarkers were associated with worse outcomes in
mental health and quality-of-life measures

Limitations

» Neuropsychiatric outcomes and quality of life were not measured at admission

« History of illness prior to COVID infection was not collected

» No mental health diagnostic interview was administered

o This study used a small, heterogeneous sample. Studies elsewhere have found an
association between psychiatric outcomes and measures of illness severity. It is not
possible to determine whether findings of no association was due to the study being
underpowered, methodological deficiencies that may have failed to detect an
association, or whether there is genuinely no association.

Introduction

Prolonged illness, lasting months after the resolution of acute SARS-CoV-2 infection, continues
to gain increased attention. This condition, known as post-COVID condition, post-acute
sequelae of SARS-CoV-2 (PASC) or ‘Long COVID’ refers to persistent symptoms usually
3 months from the onset of COVID-19 which generally have an impact on everyday functioning
(Soriano et al., 2021). In addition to the commonly described persistent fatigue and dyspnoea,
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neuropsychiatric symptoms have also been observed. De novo
diagnosis of mood or anxiety, stress, or adjustment disorder in
patients without previous history may also occur following SARS-
CoV-2 infection, and these symptom clusters may lead to
decreased quality of life and increased mortality (Diez-Quevedo
et al., 2021). Psychotic symptoms have also been reported from 14
to 90 days following acute infection (Gallo et al., 2022). Psychiatric
symptoms may develop de novo in people with no previous
psychiatric history or represent exacerbation of symptoms in
people with a history of psychiatric illness, with de novo psychiatric
symptoms but not relapse of previous psychiatric illness associated
with elevated inflammatory biomarkers interleukin-6 and C-
reactive protein (CRP) (Iglesias-Gonzalez et al., 2022). Reports
vary regarding the prevalence of symptoms and associated risk
factors, with a 6-month follow-up of 236,379 patients with
COVID-19 finding a neurological or psychiatric diagnosis in
33.62% of the cohort with 12.84% as a first diagnosis and a more
severe COVID-19 illness found to be a risk factor (Taquet et al.,
2021). Elsewhere, a study of 62,328 COVID-19 patients in China
reported rates of stress as 48.1%, depression (26.9%) and anxiety
(21.8%) (Bareeqa et al., 2021).

Neuropsychiatric symptoms have long been associated with
diverse mild to severe infections. They may be caused by the direct
effects of the agent on the nervous system, psychological effects of
illness, systemic biological effects including immune system
activation, adverse effects of medications or combinations of these
factors. The real or perceived threat from the COVID-19 pandemic
has resulted in increased stress, anxiety and depression in the
general community (Salari et al., 2020), so it is unsurprising that
psychological effects of COVID-19 also impact people who are
infected. Many viruses like HIV and coronaviruses directly impact
the brain (Cheng et al., 2020). Activation of immuno-inflamma-
tory systems, especially raised levels of pro-inflammatory
cytokines, have been implicated in several psychiatric disorders
including schizophrenia, bipolar disorder, major mood disorders,
suicidal behaviour, post-traumatic disorder and autism (Leboyer
et al, 2016). Treatment with antiretroviral agents, including
oseltamivir (Tamiflu) (Fuyuno, 2007), has been associated with
adverse psychiatric effects (Abers et al., 2014). A study of people
with comorbid COVID-19 and mental illness found low rates of
drug-drug interactions between treatments for the two illnesses
resulting in mainly drowsiness (4.3% of cases) and borderline QTc
prolongation (1.5% of cases) (Arbelo et al., 2021).

It is difficult to assess the effect of a pandemic that is in progress;
however, there is data from previous pandemics of coronaviruses.
A study of the severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS) pandemics concluded
that, while most patients recover without experiencing mental
illness, a significant proportion of patients in the acute stage
experienced delirium. There was also a possibility of emergence of
depression, anxiety, fatigue, post-traumatic stress disorder and
rarer neuropsychiatric syndromes in the longer term (Rogers et al.,
2020). A similar pattern appears to be emerging for COVID-19.

Neuropsychiatric outcomes and quality of life were investigated
in a cross-sectional analysis of 179 people who had been
hospitalised for COVID-19 and followed up at 2-month post-
discharge. There was moderate impairment of immediate verbal
memory and learning (38% of the cohort), delayed verbal memory
(11.8%), verbal fluency (34.6%) and working memory (6.1%), as
well as neurocognitive impairment in at least one function (58.7%).
Rates of anxiety (29.6%), depression (26.8%) and post-traumatic
stress disorder (25.1%) were detected using validated screening
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instruments. Quality of life was assessed using the 12-item Short-
Form Health Survey, with low scores for physical and mental
components detected in 44.1% and 39.1% of patients, respectively.
Delirium and psychiatric morbidity were positively associated
with neurocognitive impairment. Female gender was related with
increased psychiatric morbidity (Mendez et al., 2021). Elsewhere,
1077 COVID-19 patients were interviewed 2 to 7 months after
hospital discharge and administered questionnaires to assess
mental health and quality of life. Illness severity was the greatest
risk factor for mental health impairments in patients followed up a
median of 5.9 months post-discharge (Evans et al., 2021).

More recently, larger studies have confirmed the relationship
between SARS-CoV-2 infection and psychiatric symptoms.
A study of 236,379 patients found that 33.62% of patients received
a neurological or psychiatric diagnosis within 6 months of
infection, with 12.84% being a first diagnosis. A more severe
COVID-19 illness was the greatest risk factor for a neurological or
psychiatric diagnosis (Taquet et al., 2021).

The ADAPT study is a prospective cohort of adults with
confirmed SARS-CoV-2 infection confirmed in Sydney, Australia.
Findings from 16- to 32-week follow-ups have been reported
elsewhere (Darley et al., 2021; Darley et al., 2021; Phetsouphanh
et al., 2022). The aim of the current APADT substudy was to
investigate neuropsychiatric outcomes and quality of life in a
cohort of patients recovering after SARS-CoV-2 infection
including both those managed in hospital and in the community
for acute infection. We aim to describe the prevalence, severity and
trajectory of persistent psychiatric symptoms. Secondary aims of
the study were to identify predictors of mental illness and to
investigate the relationship between immunological biomarkers in
collected biospecimens and mental illness.

Method
Cohort

In March 2020, a cohort of adults after SARS-CoV-2 infection,
confirmed by polymerase chain reaction and who could be
contacted, were invited to participate in the ADAPT study. The
study was approved by the St Vincent’s Hospital Research Ethics
Committee (2020/ETH00964). This cohort includes patients who
were diagnosed through both St Vincent’s hospital testing clinics
(internal) and patients referred from external testing clinics
(external). The cohort was recruited from confirmed COVID-19
cases. Medical history, including psychiatric history, was not a
consideration for study inclusion. All patients were followed
longitudinally under a defined schedule of assessments at
commencing at baseline screening with follow-up (fu_1 to fu_6)
visits scheduled at 1, 2, 4, 16, 32 and 48 weeks after the date of
positive confirmation of SARS-CoV-2 demonstrated using the
polymerase chain reaction (PCR) test, allowing for flexibility
between scheduled and actual assessment dates for pragmatic
reasons. Baseline demographics and symptoms from the period of
acute infection were recalled retrospectively at the enrolment visit.
The current analysis uses data up to 48 weeks of follow-up post-
baseline. For this substudy, we included patients recruited between
March 2020 and March 2021 with a minimum of 5.9 + 3.5 months
follow-up (fu_4 to fu_6).

Measures

Demographic data, comorbidities, symptoms at acute infection
and confirmation of COVID-19 diagnosis were collected at


https://doi.org/10.1017/neu.2023.45

Acta Neuropsychiatrica

baseline for all participants. At each assessment visit from the week
2 follow-up onwards, recovery symptoms were collected and
psychiatric outcome scales and screens were performed including:
Depression in the Medically Il 10 item scale where a score of > 9
suggested probable or definite depression (Parker et al., 2002),
SPHERE screening tool for mental disorders (Hickie et al., 2001)
and the EQ-5D-5L quality-of-life instrument (EuroQol Research
Foundation, 2019). The visual analogue scale of fatigue (Lee et al.,
1991) was collected at the 8- and 12-month time points. At each
assessment visit, blood for CRP was collected and biobanked for
serologic and immunologic research. All data were stored on
REDCAP.

Definitions

We defined Long COVID as the presence of persistent fatigue, or
shortness of breath, or chest tightness > 4 months after initial
infection. Any patients with abnormal mental health measures
were offered either “This Way Up’ an online mental health tool
(Andrews, 2020), or formal review by a hospital psychiatrist.

Statistical analyses

Longitudinal associations between with mental health self-report
measures across follow-ups and potential predictive measures,
including symptom severity, Long COVID status, pre-existing
comorbidities or psychological conditions at baseline and CRP
level, were investigated using the generalised estimating equation
(GEE) models for continuous outcomes with Gaussian distribu-
tion, or dichotomised outcomes with logistic link. Models
were adjusted for age, gender and smoking status. We used
an unstructured covariance structure in employed GEE models
to account for with-subject autocorrelation due to multiple
measurements across the follow-ups.

Results
Demographics

A total of 144 patients completed assessment visits between 6 and
48 weeks and were included for analysis. The demographic and
clinical characteristics of participants are described in Table 1.
Participants included 84 (58.33%) males and 60 (41.67%) females,
with a mean age of 46.9 + 14.7 years and mean body mass index
(BMI) 25.1 +4.0. Twelve (8.3%) patients reported a history of
psychiatric illness and 95 (66.7%) reported at least one medical
comorbidity. Hundred and fourteen (79.2%) patients had achieved
higher technical education.

Clinical outcomes and trajectories

Long COVID was present in a similar proportion of patients at
follow-up visit 4 (fu_4), 16 weeks post-baseline (n =38, 26.4%)
compared with the follow-up 5 (fu_5), 32 weeks post-baseline
(n =40, 27.8%), reducing to n =16 (11.1%) at follow-up 6 (fu_6),
48 weeks post-baseline, suggesting that there was little recovery
between 16 and 32 weeks, that only reduced as the cohort size
decreased with participants lost to follow-up at 48 weeks. The
burden of mental illness for the cohort is summarised in Table 2,
which shows that by follow-up 3 (fu_3) at 4 weeks post-baseline,
measures of quality of life, somatic distress and psychological
distress have mean values within the normal range; however,
a large subgroup of the cohort has significant impairment. Over
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Table 1. Sociodemographic characteristics of participants at baseline

Baseline characteristics n %
Gender
Female 60 41.67
Male 84 58.33
Employment
Full-time employment 80 55.56
Part-time/casual employment 20 13.89
Other 44 30.55
Education
Completed high school up to year 10 6 4.16
Completed high school up to year 12 24 16.67
Completed higher technical education 114 79.17

(TAFE, College, University degree)

Current smoker

No 84 58.33

Yes 56 38.89

Unknown 4 2.78
Pre-existing psychological conditions

No 132 91.67

Yes 12 8.33
Comorbidities (e.g., cardiac disease, asthma)

No 92 63.89

Yes 52 36.11

60% of the cohort have significant scores for somatic distress and
over 64% for psychological distress at 4, 16 and 32 weeks.

Associations with mental health outcomes: clinical and
inflammatory markers

Associations between baseline clinical characteristics at the time of
acute infection and the presence of Long COVID were assessed
using GEE models. The results are summarised in Table 3. The
results for an analysis of predictors of psychological conditions
suggest that Long COVID status is the most important predictor of
mental impairment.

A stronger association was found between Long COVID and all
mental health measures, where Long COVID was designated to
participants who still had respiratory symptoms, malaise or fatigue
at fu_4. No statistically significant association was found between
severity of medical symptom of COVID and any of the psychiatric
measures.

Associations with mental health outcomes: immunologic
biomarkers

A battery of 27 immunologic biomarkers was measured from blood
specimens collected at 62 participants at fu_4 (16 weeks) and from
20 participants at fu_5 (32 weeks) and tested for associations
with mental health and quality-of-life measures (DMI/SPHERE/
EQ-5D-5L/VAS) were investigated using GEE models. This
demonstrated several significant associations of various
effect sizes (Table 4), where a small effect is < 0.01, medium is
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Table 2. Mental health measures at each follow-up

EQ-5D-5L
Mobility 142 1.09 +0.38(98) 1.12 +0.43(124) 1.09 + 0.40(103) 1.19 +0.56(75)
Personal care 142 1.04 +0.28(98) 1.02+0.20(124) 1.02 +0.20(103) 1.01 +0.12(75)
Usual activities 142 1.41+0.87(98) 1.28 +0.64(124) 1.27+0.63(103) 1.29 +0.71(75)
Pain/discomfort 143 1.43 +0.69(97) 1.42 +0.69(124) 1.42 +0.73(103) 1.51 +0.72(75)
Depression/anxiety 143 1.58 +0.78(96) 1.56 +0.75(122) 1.59 +0.75(103) 1.67 £0.79(75)
SPHERE
Total 142 8.47 +9.41(116) 7.90 +9.82(122) 7.84+9.07(102) 7.27 + 8.64(74)
Somatic distress 142 2.72 +3.00(120) 2.38+2.93(124) 2.50 +2.92(103) 2.16 +2.65(74)
Somatic distress > 3 143 60.66%(74) 64.52%(80) 61.17%(63) 64.86%(48)
Psychological distress 142 1.56 +2.53(122) 1.60 +2.56(124) 1.17 £ 1.97(103) 1.20 £ 1.78(74)
Psychological distress > 2 143 67.21%(82) 68.55%(85) 73.79%(76) 64.86%(48)
VAS Your health today 88 81.44 +12.45(99) 82.42 +11.19(125) 82.11 +11.89(103) 82.87 +12.09(75)
DMI10* 93 5.74 +6.61(120) 5.16 + 6.04(104) 4.54 +5.31(63)
VAS fatigue** 7 2.76 +2.63(103) 3.19 +2.60(75)

For each measure at each follow-up, n is presented in parentheses.
tNumber of participants who completed measure at least once.
*DMI10 was not administered in Wave 5.

**The fatigue VAS was not administered at Wave 3 and Wave 4.

Table 3. GEE models for investigating associations between pre-existing comorbidities or psychological conditions baseline, C-reactive protein level, symptom
severity and Long COVID status, with mental health self-report measures across follow-ups, adjusted for age, gender and smoking status

EQ — 5D — 5L: Mobility

Comorbidity 0.02 —0.11, 0.16 0.32 0.752
Psychological condition 0.04 —-0.17, 0.24 0.36 0.721
CRP 0.005 —0.0002, 0.01 1.85 0.065
Symptom severity —-0.01 —0.14, 0.11 —0.22 0.826
Long COVID 0.23 0.09, 0.36 331 0.001
EQ — 5D — 5L: Personal care
Comorbidity 0.03 —0.03, 0.10 0.97 0.334
Psychological condition 0.05 —0.04, 0.15 141 0.160
CRP 0.001 —0.001, 0.004 1.24 0.215
Symptom severity —0.005 —0.06, 0.05 —0.16 0.871
Long COVID 0.07 0.004, 0.13 2.08 0.038
EQ — 5D — 5L: Usual activities
Comorbidity 0.02 —0.18, 0.21 0.18 0.858
Psychological condition 0.21 —0.08, 0.50 1.44 0.151
CRP 0.004 —0.004, 0.01 0.99 0.323
Symptom severity —0.009 —0.18, 0.16 —0.10 0.917
Long COVID 0.68 0.49, 0.88 6.98 <0.001
EQ — 5D — 5L: Pain/discomfort
Comorbidity 0.14 —0.06, 0.35 1.36 0.173
Psychological condition 0.19 —0.12, 0.49 1.19 0.236
(Continued)
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Table 3. (Continued)

Predictor B 95% Cl z P
CRP —0.002 —0.01, 0.01 —0.58 0.564
Symptom severity 0.03 —0.15, 0.21 0.31 0.755
Long COVID 0.40 0.20, 0.61 3.90 <0.001

EQ — 5D — 5L: Depression/anxiety

Comorbidity 0.08 —0.15, 0.31 0.70 0.486
Psychological condition 0.44 0.11, 0.77 2.59 0.010
CRP —0.01 —0.01, 0.003 —-1.24 0.215
Symptom severity —0.04 —0.24, 0.16 —0.36 0.719
Long COVID 0.31 0.09, 0.53 2.76 0.006

SPHERE: Total

Comorbidity 0.69 —2.12, 3.50 0.48 0.682
Psychological condition 3.90 -0.37, 8.17 1.79 0.073
CRP 0.02 —0.08, 0.12 0.38 0.700
Symptom severity 0.32 —2.20,2.84 0.25 0.802
Long COVID 7.01 4.22,9.80 4.93 <0.001

SPHERE: Somatic distress

Comorbidity —0.10 —0.95, 0.75 —0.23 0.818
Psychological condition 0.64 —0.64, 1.92 0.98 0.328
CRP 0.004 —0.03, 0.03 0.25 0.799
Symptom severity —0.20 —0.97, 0.56 —0.52 0.602
Long COVID 2.767 1.93, 3.61 6.43 <0.001

SPHERE: Psychological distress

Comorbidity 0.14 —0.55, 0.83 0.41 0.685
Psychological condition 1.66 0.65, 2.68 3.23 0.001
CRP —0.008 —0.03, 0.02 —0.61 0.542
Symptom severity —0.004 —0.61, 0.60 —0.01 0.988
Long COVID 0.79 0.12, 1.45 2.33 0.020

Your health today (VAS)

Comorbidity 0.97 —2.52, 4.47 0.55 0.585
Psychological condition —4.26 —9.51, 0.99 —1.59 0.112
CRP —0.19 —0.33, —0.06 —2.87 0.004
Symptom severity —0.66 —3.91, 2.48 —0.41 0.679
Long COVID —8.03 —11.50, —4.56 177 <0.001
DMI — 10
Comorbidity —0.87 —2.75, 1.00 —0.91 0.362
Psychological condition 3.89 1.08, 6.70 2.72 0.007
CRP 0.004 —0.08, 0.08 0.11 0.916
Symptom severity 0.90 —0.79, 2.260 1.04 0.297
Long COVID 3.76 1.88, 5.64 3.92 <0.001

Fatigue (VAS)

Comorbidity 0.23 —0.81, 1.28 0.43 0.665

Psychological condition —0.23 —1.76, 0.08 —0.29 0.771

CRP 0.04 —0.002, 0.08 1.85 0.064
(Continued)
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Table 3. (Continued)

Symptom severity -0.51 —142,041 -1.09 0.276

Long COVID 2.53 1.51, 3.54 4.89 <0.001

SPHERE: Somatic distress > 3*

Comorbidity 1.08 0.56, 2.10 0.23 0.818
Psychological condition 1.24 0.46, 3.37 0.42 0.675
CRP 1.00 0.98, 1.02 —0.10 0.922
Symptom severity 1.20 0.69, 2.10 0.65 0.513
Long COVID 4.37 2.40, 7.95 4.83 <0.001

SPHERE: Psychological distress > 2*

Comorbidity 0.92 0.44, 1.93 —0.22 0.830
Psychological condition 231 0.80, 6.63 1.55 0.121
CRP 0.98 0.96, 1.01 -131 0.189
Symptom severity 1.92 1.03, 3.57 2.05 0.041
Long COVID 2.09 1.10, 3.98 2.25 0.024

Comorbidity (yes), psych comorbid (yes), Symptom severity (severe), Long COVID (yes).
*0dds ratio and 95% Cl are reported.

Table 4. GEE models for investigating associations between biomarkers and mental health self-report measures across follow-ups, adjusted for age, gender and
smoking status

EQ — 5D — 5L: Mobility

MPOB2 —6.38e — 06[ — 0.000019, 5.77e — 06] 0.300 0.0022
ICAM1B4 —0.000025[ — 0.000053, 3.48e — 06] 0.085 0.018
GMCSFB5 —0.00052[ — 0.0010, 1.19e — 06] 0.051 0.00074
IFNa2B3 0.011[ — 0.00021, 0.021] 0.054 0.15
IFNBB6 —0.000095[ — 0.00018, —0.000013] 0.024 0.0032
IFNyB9 —0.00012[ — 0.00026, 0.000023] 0.099 0.0010
IFNA1A8 0.0017[ — 0.0016, 0.0051] 0.305 0.012
IFNA23B4 0.0021[0.0010, 0.0032] < 0.001 0.21
IL1pA4 0.026[ — 0.024, 0.076] 0.299 0.030
IL5B9 —9.76e — 06[ — 0.000017, —2.62e — 06] 0.008 0.0013
IL6A5 0.0052[ — 0.0084, 0.019] 0.454 0.0070
IL8A10 0.00041[ — 0.0030, 0.0039] 0.813 0.00015
IL9A8 —0.000063[ — 0.00012, —7.74e — 06] 0.026 0.0038
IL10B7 0.0034[ — 0.0063, 0.013] 0.494 0.0044
IL12p70B2 —0.00033[ — 0.0017, 0.0010] 0.636 0.00012
IL13A5 —0.000033[ — 0.000063, —1.92e — 06] 0.037 0.00090
1L33B3 —3.73e — 06[ — 8.66e — 06, 1.19¢ — 06] 0.136 0.0046
IP10A7 0.0014[ — 0.00076, 0.0035] 0.203 0.014
MCP1A10 —0.000073[ — 0.00021, 0.000065] 0.295 0.0020
PD1B5 —0.000029[ — 0.000055, —3.67e — 06] 0.025 0.0025
PECAM1B3 —0.000040[ — 0.000077, —3.65e — 06] 0.031 0.0095
PTX3A7 1.00e — 05[ — 0.000026, 0.000046] 0.586 0.0018
(Continued)
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Table 4. (Continued)

Predictor B[95% Cl] p Effect size (1,?)
sCD25A4 —0.000035[ — 0.000095, 0.000025] 0.248 0.0040
TGFb1A3 —0.000025[ — 0.000045, —4.87e — 06] 0.016 0.0024
TIM3B6 7.57e — 06[ — 0.000023, 0.000038] 0.623 0.0033
TNFaA6 0.0012[ — 0.0016, 0.0040] 0.406 0.014
VCAM1B5 —0.000041[ — 0.000087, 5.02e — 06] 0.080 0.058

EQ — 5D — 5L: Personal care
MPOB2 —4.44e — 07[ — 2.54e — 06, 1.65e — 06] 0.675 0.00003
ICAM1B4 —0.000020[ — 0.000047, 7.83e — 06] 0.159 0.033
GMCSFB5 0.000071[ — 0.00032, 0.00046] 0.719 0.000039
IFNa2B3 0.011[0.00058, 0.022] 0.039 0.49
IFNBB6 —4.21e — 06[ — 0.000027, 0.000019] 0.720 0.000018
IFNYyB9 0.000045[ — 0.000084, 0.00017] 0.493 0.00039
IFNA1A8 0.0019[ — 0.00094, 0.0047] 0.189 0.039
IFNA23B4 0.0023[0.0013, 0.0033] <0.001 0.72
IL1pA4 0.036[ — 0.014, 0.087] 0.158 0.16
IL5B9 —2.82e — 06[ — 6.80e — 06, 1.16e — 06] 0.164 0.00030
IL6A5 0.00021[ — 0.0010, 0.0014] 0.729 0.000034
IL8A10 0.0014[ — 0.0011, 0.0039] 0.260 0.0052
IL9A8 —0.000023[ — 0.000057, 0.000010] 0.172 0.0015
IL10B7 0.0051[ — 0.0051, 0.0152] 0.323 0.029
IL12p70B2 0.00048[ — 0.00080, 0.0018] 0.459 0.00073
IL13A5 —0.000016[ — 0.000041, 7.70e — 06] 0.180 0.00065
IL33B3 —1.82e — 06] — 4.66e — 06, 1.02e — 06] 0.207 0.0029
IP10A7 0.0013[ — 0.00054, 0.0031] 0.166 0.033
MCP1A10 —3.73e — 06[ — 0.000028, 0.000020] 0.760 0.000015
PD1B5 —0.000011[ — 0.000026, 5.20e — 06] 0.188 0.00089
PECAM1B3 —9.88e — 06[ — 0.000024, 4.56e — 06] 0.178 0.0016
PTX3A7 —1.55e — 06[ — 5.25e — 06, 2.15e — 06] 0.408 0.00012
sCD25A4 —5.97e — 06[ — 0.000017, 4.55e — 06] 0.263 0.00033
TGFb1A3 —7.76e — 06[ — 0.000019, 3.66e — 06] 0.181 0.00065
TIM3B6 0.000019[ — 9.57e — 06, 0.000048] 0.189 0.060
TNFaA6 0.0015[ — 0.0014, 0.0044] 0.298 0.066
VCAM1B5 —0.000032[ — 0.000074, 0.000011] 0.144 0.099

EQ — 5D — 5L: Usual activities
MPOB2 —0.000015[ — 0.000047, 0.000017] 0.346 0.0042
ICAM1B4 —0.000013[ — 0.000075, 0.000049] 0.685 0.0016
GMCSFB5 0.0068[ — 0.0050, 0.019] 0.257 0.042
IFNa2B3 0.022 [0.0087, 0.036] 0.002 0.23
IFNBB6 0.00016[ — 0.00032, 0.00064] 0.501 0.0032
IFNYB9 0.0012[ — 0.0010, 0.0035] 0.283 0.036
IFNA1A8 0.0051[ — 0.0021, 0.012] 0.162 0.034
IFNA23B4 0.0034[0.0020, 0.0048] <0.001 0.19
IL1pA4 0.032[ — 0.042, 0.11] 0.394 0.017

(Continued)
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Dodd et al.

Predictor B[95% Cl] p Effect size (1,?)
IL5B9 —0.000033[ — 0.000046, —0.000021] <0.001 0.0050
IL6A5 0.026[ — 0.012, 0.064] 0.182 0.060
IL8A10 0.0073[ — 0.0099, 0.024] 0.404 0.016
IL9A8 —0.00023[ — 0.00033, —0.00013] <0.001 0.017
IL10B7 0.023[ — 0.0097, 0.055] 0.168 0.069
IL12p70B2 0.011[ — 0.0077, 0.029] 0.252 0.043
IL13A5 —0.00015[ — 0.00021, —0.000084] < 0.001 0.0064
IL33B3 —0.000012[ — 0.000021, —2.76e — 06] 0.011 0.014
IP10A7 0.0019[ — 0.0019, 0.0057] 0.330 0.0085
MCP1A10 —0.00049[ — 0.00086, —0.00012] 0.010 0.031
PD1B5 —0.000091[ — 0.00014, —0.000046] < 0.001 0.0074
PECAM1B3 —0.000024[ — 0.000097, 0.000048] 0.507 0.0012
PTX3A7 0.000040[ — 0.000038, 0.00012] 0.311 0.0094
sCD25A4 —0.00019[ — 0.00030, —0.000080] 0.001 0.041
TGFb1A3 —0.000069[ — 0.000099, —0.000038] <0.001 0.0061
TIM3B6 1.10e — 06 [ — 0.000046, 0.000048] 0.963 0.000023
TNFaA6 0.0053[ — 0.0015, 0.012] 0.127 0.093
VCAM1B5 —0.000043[ — 0.00011, 0.000022] 0.190 0.022

EQ — 5D — 5L: Pain/discomfort
MPOB2 —3.91e — 06 [ — 0.000038, 0.000031] 0.822 0.00029
ICAM1B4 —0.000048[ — 0.000099, 3.12e — 06] 0.065 0.024
GMCSFB5 0.00041[ — 0.0034, 0.0042] 0.832 0.00016
IFNa2B3 0.016[0.0017, 0.030] 0.029 0.12
IFNBB6 —0.00020[ — 0.00050, 0.000093] 0.177 0.0053
IFNyB9 —0.000054[ — 0.00084, 0.00073] 0.892 0.000070
IFNA1A8 0.0025[ — 0.0036, 0.0086] 0.417 0.0087
IFNA23B4 0.0029[0.0014, 0.0044] <0.001 0.14
IL1pA4 0.012[ — 0.060, 0.085] 0.738 0.0024
IL5B9 —0.00031[ — 0.00063, 4.55e — 06] 0.053 0.0016
IL6A5 0.0089[ — 0.0098, 0.028] 0.348 0.0074
IL8A10 —0.0012[ — 0.0091, 0.0066] 0.760 0.00047
IL9A8 —0.000071[ — 0.00029, 0.00015] 0.518 0.0017
IL10B7 0.023[ — 0.0097, 0.055] 0.422 0.0055
IL12p70B2 0.00078[ — 0.0052, 0.0068] 0.798 0.00024
IL13A5 —0.00015[ — 0.00020, —0.000087] < 0.001 0.0063
IL33B3 —6.71e — 06[ — 0.000015, 1.78e — 06] 0.120 0.0049
IP10A7 0.0022[ — 0.0016, 0.0061] 0.254 0.013
MCP1A10 0.00012[ — 0.00028, 0.00052] 0.548 0.0049
PD1B5 —0.000064[ — 0.00012, —4.98e — 06] 0.034 0.0067
PECAM1B3 —0.000091[ — 0.00016, —0.000025] 0.007 0.017
PTX3A7 0.000070[ — 6.19e — 07, 0.00014] 0.052 0.030
sCD25A4 —0.00011[ — 0.00023, 0.000019] 0.095 0.013
TGFb1A3 —0.000075[ — 0.00011, —0.000045] <0.001 0.0077

(Continued)
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Table 4. (Continued)

Predictor B[95% Cl] p Effect size (1,?)
TIM3B6 0.000019[ — 0.000026, 0.000063] 0.409 0.0071
TNFaA6 0.0020[ — 0.0020, 0.0061] 0.326 0.014
VCAM1B5 —0.000051[ — 0.00012, 0.000015] 0.132 0.031

EQ — 5D — 5L: Depression/anxiety

MPOB2 0.00045[ — 0.00009, 0.00098] 0.102 0.013
ICAM1B4 0.00049[ — 0.00047, 0.0014] 0.319 0.0085
GMCSFB5 —0.027[ — 0.087, 0.033] 0.376 0.0024
IFNo2B3 0.0010[ — 0.0096, 0.012] 0.850 0.00045
IFNBB6 0.0010[ — 0.0096, 0.012] 0.850 0.00045
IFNyB9 —0.0043[ — 0.017, 0.0084] 0.507 0.0015
IFNA1A8 —0.035[ — 0.17, 0.096] 0.596 0.0059
IFNA23B4 —0.040[ — 0.063, —0.017] 0.001 0.093
IL1pA4 —0.18[ — 1.32, 0.96] 0.758 0.0017
IL5B9 —0.00031[ — 0.00063, 4.55¢ — 06] 0.053 0.0016
IL6A5 —0.11[— 0.31, 0.091] 0.287 0.0037
IL8AL0 0.094[ — 0.065, 0.25] 0.245 0.0098
IL9AS —0.00032[ — 0.0028, 0.0021] 0.796 0.00012
IL10B7 —0.15[ — 0.38, 0.083] 0.207 0.010
IL12p70B2 —0.047[ — 0.14, 0.048] 0.332 0.0030
IL13A5 —.00094[ — 0.0024, 0.00053] 0.208 0.00091
IL33B3 0.000034[ — 0.00015, 0.00022] 0.723 0.00043
IP10AT 0.0041[ — 0.060, 0.069] 0.899 0.00015
MCP1A10 0.00018[ — 0.0062, 0.0066] 0.957 0.000014
PD1B5 —0.00063[ — 0.0015, 0.00023] 0.150 0.0013
PECAM1B3 0.00076[ — 0.00048, 0.0020] 0.226 0.0041
PTX3A7 —0.00097[ — 0.0024, 0.00043] 0.173 0.020
sCD25A4 0.0023[ — 0.00041, 0.0049] 0.097 0.020
TGFb1A3 —0.00064[ — 0.0013, 0.000032] 0.062 0.0019
TIM3B6 0.00022[ — 0.00048, 0.00093] 0.533 0.0034
TNFoAG —0.039[ — 0.097, 0.019] 0.187 0.018
VCAM1B5 0.00078[ — 0.00031, 0.0019] 0.159 0.026

SPHERE: Total

MPOB2 —0.00029[ — 0.00086, 0.00028] 0.316 0.019
ICAM1B4 —0.00091[ — 0.0016, —0.00020] 0.013 0.042
GMCSFB5 —0.24 [ - 0.43, —0.054] 0.012 0.094
IFNa2B3 0.17[ — 0.0093, 0.34] 0.063 0.075
IFNBB6 0.00069[ — 0.0027, 0.0041] 0.691 0.00029
IFNyB9 —0.0037[ — 0.011, 0.0040] 0.343 0.0016
IFNA1AS 0.041[ — 0.058, 0.14] 0.417 0.011
IFNA23B4 0.031[0.012, 0.050] 0.002 0.078
IL1pA4 0.37[ — 0.64, 1.38] 0.467 0.011
IL5B9 —0.00034[ — 0.00087, 0.00019] 0.205 0.0027
IL6A5 —0.015[ — 0.16, 0.13] 0.832 0.00011
(Continued)
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Table 4. (Continued)

Predictor B[95% Cl] p Effect size (1,?)
IL8A10 —0.052[ — 0.17, 0.070] 0.402 0.0042
IL9A8 0.00022[ — 0.0036, 0.0040] 0.909 0.000080
IL10B7 0.017[ —0.15, 0.18] 0.840 0.00020
IL12p70B2 —0.021[ — 0.077, 0.035] 0.454 0.00088
IL13A5 —0.0014[ — 0.0035, 0.00078] 0.211 0.0027
IL33B3 —0.000099[ — 0.00025, 0.000050] 0.189 0.0053
IP10A7 0.017[ — 0.035, 0.069] 0.514 0.0036
MCP1A10 0.0010[ — 0.0061, 0.0082] 0.776 0.00070
PD1B5 —0.00051[ — 0.0019, 0.00088] 0.469 0.0012
PECAM1B3 —0.0018[ — 0.0028, —0.00086] <0.001 0.034
PTX3A7 0.00061[ — 0.00062, 0.0018] 0.326 0.011
sCD25A4 —0.0021[ — 0.0039, —0.00032] 0.021 0.025
TGFb1A3 —0.00086[ — 0.0019, 0.00019] 0.109 0.0049
TIM3B6 0.00045[ — 0.000085, 0.00098] 0.099 0.0020
TNFaA6 0.011[ — 0.034, 0.057] 0.617 0.0023
VCAM1B5 —0.00055[ — 0.0014, 0.00026] 0.180 0.010

SPHERE: Somatic distress

MPOB2 —0.000054[ — 0.00023, 0.00012] 0.536 0.0027
ICAM1B4 —0.00021[ — 0.00044, 0.000032] 0.090 0.022
GMCSFB5 —0.0067[ — 0.019, 0.0054] 0.274 0.0022
IFNa2B3 0.050[ — 0.0065, 0.11] 0.082 0.058
IFNPB6 0.0010[ — 0.00051, 0.0025] 0.190 0.0080
IFNyB9 —0.0016[ — 0.0041, 0.0010] 0.225 0.0030
IFNA1AS 0.016[ — 0.014, 0.045] 0.293 0.017
IFNA23B4 0.0093[0.0033, 0.015] 0.003 0.072
IL1pA4 0.1086802[ — 0.20, 0.41] 0.483 0.0092
IL5B9 —0.00016[ — 0.00028, —0.000052] 0.005 0.0063
IL6A5 —0.0074[ — 0.058, 0.043] 0.772 0.00025
IL8A10 —0.016[ — 0.049, 0.018] 0.349 0.0040
IL9A8 —0.00028 [ — 0.0013, 0.00077] 0.593 0.0014
IL10B7 —0.0015[ — 0.054,0.051] 0.956 0.000015
IL12p70B2 —0.010[ — 0.029, 0.0092] 0.302 0.0020
IL13A5 —0.00071[ — 0.0012, —0.00024] 0.004 0.0076
IL33B3 —0.000051[ — 0.000093, —8.97e — 06] 0.018 0.014
IP10A7 0.0045[ — 0.011, 0.020] 0.580 0.0025
MCP1A10 —0.0011[ — 0.0032, 0.00099] 0.296 0.0083
PD1B5 —0.00032[ — 0.00064, —4.09e — 06] 0.047 0.0048
PECAM1B3 —0.00039[ — 0.00070, —0.000092] 0.011 0.016
PTX3A7 0.00021[ — 0.00019, 0.00061] 0.301 0.014
sCD25A4 —0.0011[ — 0.0016, —0.00050] <0.001 0.064
TGFb1A3 —0.00041[ — 0.00067, —0.00015] 0.002 0.011
TIM3B6 0.000097[ — 0.000063, 0.00026] 0.232 0.0095
TNFoA6 0.0022[ — 0.012, 0.016] 0.756 0.00086
VCAM1B5 —0.000064[ — 0.00020, 0.000070] 0.347 0.0047
(Continued)
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Table 4. (Continued)

Predictor B[95% Cl] p Effect size (1,?)

SPHERE: Somatic distress > 3*

MPOB2 1.00[1.00, 1.00] 0.677
ICAM1B4 1.00[1.00, 1.00] 0.781
GMCSFB5 1.00[0.98, 1.02] 0.986
IFNa2B3 1.01 [0.98, 1.05] 0.335
IFNBB6 1.00[1.00, 1.01] 0.214
IFNYB9 1.00[1.00, 1.00] 0.811
IFNA1A8 0.99[0.98, 1.01] 0.400
IFNA23B4 1.00[1.00, 1.01] 0.571
IL1pA4 0.98[0.84, 1.14] 0.788
IL5B9 1.00[1.00, 1.00] 0.600
IL6A5 1.01[0.95, 1.08] 0.736
IL8A10 1.00[0.96, 1.03] 0.245
IL9A8 1.00[1.00, 1.00] 0.825
IL10B7 1.00[0.96, 1.06] 0.867
IL12p70B2 1.00[0.97, 1.03] 0.966
IL13A5 1.00[0.99, 1.00] 0.531
I1L33B3 1.00[1.00,1.00] 0.226
IP10A7 1.00[0.99, 1.01] 0.806
MCP1A10 1.00[1.00, 1.00] 0.463
PD1B5 1.00[1.00, 1.00] 0.445
PECAM1B3 1.00[1.00, 1.00] 0.238
PTX3A7 1.00[1.00, 1.00] 0.247
sCD25A4 1.00[1.00, 1.00] 0.013
TGFb1A3 0.99[0.99, 1.00] 0.116
TIM3B6 1.00005[1.00, 1.00] 0.459
TNFaA6 1.00[0.99, 1.01] 0.696
VCAM1B5 1.00[1.00, 1.00] 0.967

SPHERE: Psychological distress
MPOB2 —0.000084 [ — 0.00022, 0.000047] 0.205 0.050
ICAM1B4 —0.00022[ — 0.00036, —0.000083] 0.002 0.084
GMCSFB5 —0.0073[ — 0.013, —0.0018] 0.010 0.042
IFNa2B3 0.0080[ — 0.016, 0.032] 0.511 0.0029
IFNPB6 —0.00077[ — 0.0014, —0.00018] 0.011 0.044
IFNyB9 —0.0013[ — 0.0028, 0.00013] 0.075 0.0041
IFNA1A8 0.0079[ — 0.013, 0.029] 0.460 0.0081
IFNA23B4 0.0019[ — 0.0013, 0.0051] 0.248 0.0056
IL1BA4 0.041[ — 0.11, 0.19] 0.584 0.0025
IL5B9 0.000071[ — 0.00017, 0.00031] 0.553 0.0023
IL6A5 —0.030[ — 0.048, —0.013] 0.001 0.0080
IL8A10 —0.034[ — 0.055, —0.012] 0.003 0.034
IL9A8 —0.000063[ — 0.00085, 0.00072] 0.874 0.00013
IL10B7 —0.015[ — 0.036, 0.0051] 0.139 0.0032

(Continued)
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Table 4. (Continued)
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Predictor B[95% Cl] p Effect size (1,?)
IL12p70B2 —0.012[ — 0.020, —0.0039] 0.004 0.0056
IL13A5 0.00025[ — 0.00069, 0.0012] 0.597 0.0018
I1L33B3 3.40e — 06[ — 0.000048, 0.000055] 0.895 0.00012
IP10A7 0.0055[ — 0.0052, 0.016] 0.310 0.0073
MCP1A10 —0.00022[ — 0.00043, —2.73e — 06] 0.047 0.037
PD1B5 0.00011[ — 0.00042, 0.00064] 0.687 0.0010
PECAM1B3 —0.00036[ — 0.00059, —0.00014] 0.002 0.026
PTX3A7 —8.38e — 06[ — 0.00026, 0.00024] 0.947 0.000042
sCD25A4 —0.000076[ — 0.00057, 0.00042] 0.763 0.00063
TGFb1A3 0.00011[ — 0.00034, 0.00055] 0.633 0.0015
TIM3B6 —0.000025[ — 0.00011, 0.000063] 0.577 0.0012
TNFoA6 —0.0028[ — 0.0076, 0.0020] 0.243 0.0027
VCAM1B5 —0.00022[ — 0.00043, —2.73e — 06] 0.047 0.037

SPHERE: Psychological distress > 2*

MPOB2 1.00[1.00, 1.00] 0.160
ICAM1B4 1.00[1.00, 1.00] 0.083
GMCSFB5 0.98[0.92, 1.05] 0.563
IFNa2B3 1.01[0.98, 1.04] 0.615
IFNpB6 1.00[1.00, 1.00] 0.687
IFNYB9 1.00[0.98, 1.01] 0.450
IFNA1A8 1.00[0.98, 1.02] 0.973
IFNA23B4 1.00[1.00, 1.01] 0.544
IL1BA4 1.01[0.86, 1.19] 0.880
IL5B9 1.00[1.00, 1.00] 0.708
IL6A5 0.93[0.75, 1.16] 0.519
IL8A10 0.96[0.91, 1.02] 0.177
IL9A8 1.00[1.00, 1.00] 0.834
IL10B7 0.97[0.89, 1.06] 0.540
IL12p70B2 0.97[0.86, 1.08] 0.566
IL13A5 1.00[1.00, 1.00] 0.710
1L33B3 1.00[1.00,1.00] 0.759
IP10A7 1.01[0.99, 1.02] 0.282
MCP1A10 1.00[1.00, 1.00] 0.746
PD1B5 1.00[1.00, 1.00] 0.735
PECAM1B3 1.00[1.00, 1.00] 0.130
PTX3A7 1.00[1.00, 1.00] 0.758
sCD25A4 1.00[1.00, 1.00] 0.694
TGFb1A3 1.00[1.00, 1.00] 0.744
TIM3B6 1.00[1.00, 1.00] 0.975
TNFaA6 1.00[0.98, 1.01] 0.633
VCAM1B5 1.00[1.00, 1.00] 0.261
(Continued)
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Predictor B[95% Cl] p Effect size (1,?)

Your health today (VAS)
MPOB2 —0.000026[ — 0.000060, 6.99¢e — 06] 0.120 0.53
ICAM1B4 —0.000045[ — 0.000085, —4.80e — 06] 0.028 0.49
GMCSFB5 —0.0012[ — 0.0041, 0.0018] 0.439 0.0016
IFNa2B3 0.00061[ — 0.0063, 0.0075] 0.863 0.048
IFNBB6 —0.00018[ — 0.00042, 0.000055] 0.131 0.000012
IFNyB9 —0.00036[ — 0.00098, 0.00026] 0.256 0.0036
IFNA1A8 —0.0010[ — 0.0048, 0.0028] 0.594 0.075
IFNA23B4 0.00012[ — 0.0012, 0.0015] 0.861 0.086
IL1pA4 —0.00083[ — 0.0023, 0.0012] 0.416 0.00019
IL5B9 0.000048[0.000011, 0.000085] 0.011 0.0020
IL6A5 —0.0032[ — 0.013, 0.0064] 0.510 0.0050
IL8A10 —0.0074[ — 0.014, —0.00053] 0.035 0.0026
IL9A8 0.00019[0.000046, 0.00034] 0.010 0.00020
IL10B7 —0.0026[ — 0.011, 0.0056] 0.526 0.0078
IL12p70B2 —0.0021[ — 0.0067, 0.0026] 0.380 0.0028
IL13A5 0.00022[0.000067, 0.00027] 0.005 0.0026
1L33B3 0.000013[3.93e — 06, 0.000022] 0.005 0.0052
IP10A7 —0.0014[ — 0.0042, 0.0013] 0.309 0.0024
MCP1A10 0.00027[ — 0.00015, 0.00069] 0.212 0.020
PD1B5 0.00013[0.000041, 0.00021] 0.004 0.0011
PECAM1B3 —0.00016[ — 0.00022, —0.000093] <0.001 0.14
PTX3A7 0.000032[ — 0.000017, 0.000081] 0.194 0.087
sCD25A4 5.06e — 06 — 0.00012, 0.00013] 0.934 0.057
TGFb1A3 0.000089[0.000019, 0.00016] 0.013 0.00080
TIM3B6 —5.43e — 08[ — 0.000028, 0.000028] 0.997 0.025
TNFaA6 —0.00035[ — 0.0021, 0.0014] 0.687 0.0052
VCAM1B5 —0.000029[ — 0.000066, 8.30e — 06] 0.128 0.0033

DMI — 10
MPOB2 —0.00023[ — 0.00050, 0.000046] 0.103 0.014
ICAM1B4 —0.00040[ — 0.00074, —0.000057] 0.022 0.025
GMCSFB5 —0.000067[ — 0.017, 0.017] 0.994 7.47e — 08
IFNa2B3 0.092[0.019, 0.17] 0.014 0.069
IFNPB6 —0.0018[ — 0.0030, —0.00059] 0.004 0.010
IFNyB9 —0.00074[ — 0.0044, 0.0029] 0.691 0.00023
IFNA1A8 0.011[ — 0.027, 0.049] 0.560 0.0033
IFNA23B4 0.018[0.0095, 0.027] <0.001 0.091
IL1BA4 —0.0018[ — 0.013, 0.0093] 0.748 0.00012
IL5B9 0.00039[ — 0.00022, 0.0010] 0.204 0.013
IL6A5 —0.0063[ — 0.060, 0.047] 0.815 0.000065
IL8AL0 —0.053[ — 0.10, —0.0015] 0.044 0.015

(Continued)
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Table 4. (Continued)
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Predictor B[95% Cl] p Effect size (1,?)
IL9A8 0.00055[ — 0.0015, 0.0026] 0.605 0.0017
IL1OB7 0.032[ — 0.042, 0.11] 0.394 0.0025
IL12p70B2 —0.0021[ — 0.028, 0.024] 0.871 0.0080
IL13A5 0.0015[ — 0.00093, 0.0039] 0.227 0.011
IL33B3 0.000075[ — 0.000050, 0.00020] 0.238 0.010
IP10A7 0.0014[ — 0.023, 0.026] 0.913 0.0081
MCP1A10 0.0013[ — 0.0025, 0.0052] 0.490 0.0032
PD1B5 0.00085[ — 0.00050, 0.0022] 0.218 0.012
PECAM1B3 —0.00096[ — 0.0015, —0.00039] 0.001 0.024
PTX3A7 0.00033[ — 0.000090, 0.00075] 0.122 0.011
SCD25A4 1.46e — 06[ — 0.0012, 0.0012] 0.998 3.94e — 08
TGFb1A3 0.00069[ — 0.00044, 0.0018] 0.229 0.011
TIM3B6 —0.000094[ — 0.00036, 0.00017] 0.490 0.0029
TNFaA6 0.0099[ — 0.0094, 0.029] 0.311 0.0060
VCAM1B5 —0.00028[ — 0.00066, 0.000098] 0.145 0.016

Fatigue (VAS)

MPOB2 —0.000068[ — 0.00028, 0.00014] 0.518 0.0062
ICAM1B4 —0.000078[ — 0.00034, 0.00018] 0.554 0.0044
GMCSFB5 —0.018[ — 0.023, —0.013] <0.001 0.024
IFNo2B3 0.00051[ — 0.050, 0.051] 0.984 9.42¢ — 06
IFNBB6 0.0036[0.002052, 0.0052] <0.001 0.056
IFNyB9 —0.0037[ — 0.0053, —0.0021] <0.001 0.025
IFNA1A8 —0.011[ — 0.043, 0.020] 0.474 0.010
IFNA23B4 0.00036[ — 0.0072, 0.0079] 0.924 0.00017
IL1BA4 0.063[ — 0.26, 0.39] 0.700 0.0045
IL5B9 0.000067[1.60e — 06, 0.00013] 0.045 0.0016
IL6A5 —0.038[ — 0.095, 0.019] 0.187 0.010
IL8A10 —0.018[ — 0.082, 0.046] 0.577 0.0075
IL9A8 0.00094[ — 0.00043, 0.0023] 0.175 0.023
ILLOB7 —0.041[ — 0.069 — 0.013] 0.005 0.018
IL12p70B2 —0.026[ — 0.036, —0.016] <0.001 0.021
IL13A5 0.00041[7.99e — 06, 0.00081] 0.046 0.0039
1L33B3 8.08e — 06[ — 0.000043, 0.000059] 0.750 0.00055
IP10A7 —0.0044[ — 0.027, 0.018] 0.693 0.0037
MCP1A10 —0.00053[ — 0.0032, 0.0021] 0.693 0.0028
PD1B5 0.00028[ — 0.00015, 0.00071] 0.194 0.0058
PECAM1B3 —0.00054[ — 0.00093, —0.00015] 0.008 0.045
PTX3A7 0.000087[ — 0.00028, 0.00045] 0.638 0.0031
sCD25A4 —0.00050[ — 0.0013, 0.00031] 0.219 0.022
TGFb1A3 0.000090[ — 0.000069, 0.00025] 0.260 0.00085
TIM3B6 0.000048[ — 0.00024, 0.00033] 0.738 0.0033
TNFaA6 —0.0071[ — 0.015, 0.0010] 0.086 0.014
VCAM1B5 0.00078[ — 0.00031, 0.0019] 0.159 0.026

Comorbidity (yes), psych comorbid (yes), Symptom severity (severe), Long COVID (yes).

*0dds ratio and 95% Cl are reported.
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0.06 and > 0.14 is a large effect. A significant association was found
between raised levels of CRP and VAS your health today score
(p=0.004). A trend towards significance was found for the VAS
fatigue score (p = 0.064).

Discussion

Our findings suggests that a designation of Long COVID is the
study variable of greatest concern for an increased risk of
psychiatric symptoms following SARS-CoV-2 infection. Long
COVID appears to be associated with diverse symptoms, including
depression, fatigue and reduced quality of life and may be
consistent with an emerging chronic fatigue like syndrome.

No association was detected between severity of medical
symptom of SARS-CoV-2 infection, such as ventilator use or
intensive care unit (ICU) admission and psychiatric outcomes.

A weak association was demonstrated between increased CRP
and mental health measures. CRP was only measured at follow-up
(fu3 onwards), and measures were generally low. At fu3, there was
one person with CRP 58.9, one who scored 15.7 and a third who
scored 10.8. All others scored<10. CRP scores at other follow-ups
were even lower. This leaves open the possibility that a stronger
association between CRP and mental health measures was not
detected because of the small sample size and missing the peak for
CRP that may have occurred earlier in the illness.

Conclusion

SARS-CoV-2 infection is associated with some psychiatric
comorbidity, significantly in people with Long COVID. Further
prospective follow-ups are required to determine the duration and
characteristics of psychiatric sequaelae of Long COVID. Studies of
larger populations are required to fully characterise the association
between SARS-CoV-2 infection and psychiatric comorbidity. This
study suggests that Long COVID may be the strongest predictor of
neuropsychiatric symptoms amongst people who have been
infected with SARS-CoV-2.

Acknowledgments. The ADAPT study was supported by the St Vincent’s
Clinic Foundation. MB is supported by a National Health and Medical Research
Council (NHMRC) Senior Principal Research Fellowship (APP1059660 and
APP1156072)

Author contribution. SD, JO’D and MB are mental health researchers who
prepared the first draft of the manuscript. MM conducted statistical analyses.
GM and DRD are involved in COVID treatment and research and collected the
data for this study. All authors approved the final manuscript.

Competing interests. SD has received grant support from the Stanley Medical
Research Institute, NHMRC, Beyond Blue, ARHRF, Simons Foundation,
Geelong Medical Research Foundation, Harry Windsor Foundation, Fondation
FondaMental, Eli Lilly, Glaxo SmithKline, Organon, Mayne Pharma and
Servier, speaker’s fees from Eli Lilly, advisory board fees from Eli Lilly and
Novartis, and conference travel support from Servier. MB has received Grant/
Research Support from the NIH, Cooperative Research Centre, Simons Autism
Foundation, Cancer Council of Victoria, Stanley Medical Research Foundation,
Medical Benefits Fund, National Health and Medical Research Council, Medical
Research Futures Fund, Beyond Blue, Rotary Health, A2 milk company, Meat
and Livestock Board, Woolworths, Avant and the Harry Windsor Foundation,
has been a speaker for Abbot, Astra Zeneca, Janssen and Janssen, Lundbeck and
Merck and served as a consultant to Allergan, Astra Zeneca, Bioadvantex,
Bionomics, Collaborative Medicinal Development, Janssen and Janssen,
Lundbeck Merck, Pfizer and Servier - all unrelated to this work. MM, JO’D,
GM and DRD have no conflicts of interest.

https://doi.org/10.1017/neu.2023.45 Published online by Cambridge University Press

15

Ethical standards. The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008. The study was approved by the St Vincent’s Hospital
Research Ethics Committee (2020/ETH00964).

References

Abers MS, Shandera WX and Kass JS (2014) Neurological and psychiatric
adverse effects of antiretroviral drugs. CNS Drugs 28(2), 131-145.

Andrews G (2020) This Way Up. Sydney: St Vincent’s Hospital.

Arbelo N, Lopez-Pelayo H, Sague M, Madero S, Pinzon-Espinosa J,
Gomes-da-Costa S, Ilzarbe L, Anmella G, Llach CD, Imaz ML, et al. (2021)
Psychiatric clinical profiles and pharmacological interactions in COVID-19
inpatients referred to a consultation liaison psychiatry unit: a cross-sectional
study. Psychiatr Q 92(3), 1021-1033.

Bareeqa SB, Ahmed SI, Samar SS, Yasin W, Zehra S, Monese GM and
Gouthro RV (2021) Prevalence of depression, anxiety and stress in china
during COVID-19 pandemic: a systematic review with meta-analysis. Int |
Psychiatry Med 56(4), 210-227.

Cheng Q, Yang Y and Gao J (2020) Infectivity of human coronavirus in the
brain. EBioMedicine 56, 102799.

Darley DR, Dore GJ, Byrne A, Plit M, Brew B]J, Kelleher A and Matthews GV
(2021) Limited recovery from post-acute sequelae of SARS-CoV-2 (PASC) at
eight months in a prospective cohortmedRxiv. 2021.03.29.21254211; https://
doi.org/10.1101/2021.03.29.21254211

Darley DR, Dore GJ, Cysique L, Wilhelm KA, Andresen D, Tonga K, Stone E,
Byrne A, Plit M, Masters J, et al. (2021) Persistent symptoms up to four
months after community and hospital-managed SARS-CoV-2 infection.
Med J Aust 214(6), 279-280.

Diez-Quevedo C, Iglesias-Gonzalez M, Giralt-Lopez M, Rangil T,
Sanagustin D, Moreira M, Lopez-Ramentol M, Ibanez-Caparros A,
Loran ME, Bustos-Cardona T, et al. (2021) Mental disorders, psycho-
pharmacological treatments, and mortality in 2150 COVID-19 Spanish
inpatients. Acta Psychiatr Scand 143(6), 526-534.

EuroQol Research Foundation (2019) EQ-5D-5L User Guide. Available at
https://euroqol.org/publications/user-guides

Evans RA, McAuley H, Harrison EM, Shikotra A, Singapuri A, Sereno M,
Elneima O, Docherty AB, Lone NI, Leavy OC, et al. (2021) Physical,
cognitive, and mental health impacts of COVID-19 after hospitalisation
(PHOSP-COVID): a UK multicentre, prospective cohort study. Lancet
Respir Med 9(11), 1275-1287.

Fuyuno I (2007) Tamiflu side effects come under scrutiny. Nature 446(7134),
358-359.

Gallo M, Leone B, Tarallo F, Zoppi T and Nicolo G (2022) Onset psychosis
and PTSS after severe respiratory symptomatology caused by SARS-CoV-2
infection: a case report. Rivista Di Psichiatria 57(1), 40-43.

Hickie IB, Davenport TA, Hadzi-Pavlovic D, Koschera A, Naismith SL,
Scott EM and Wilhelm KA (2001) Development of a simple screening
tool for common mental disorders in general practice. Med ] Aust 175(S1),
S10-17.

Iglesias-Gonzalez M, Boigues M, Sanagustin D, Giralt-Lopez M,
Cuevas-Esteban ], Martinez-Caceres E and Diez-Quevedo C (2022)
Association of serum interleukin-6 and C-reactive protein with depressive
and adjustment disorders in COVID-19 inpatients. Brain Behav Immun
Health 19, 100405.

Leboyer M, Berk M, Yolken RH, Tamouza R, Kupfer D and Groc L (2016)
Immuno-psychiatry: an agenda for clinical practice and innovative research.
BMC Medicine 14(1), 173.

Lee KA, Hicks G and Nino-Murcia G (1991) Validity and reliability of a scale to
assess fatigue. Psychiatry Res 36(3), 291-298.

Mendez R, Balanza-Martinez V, Luperdi SC, Estrada I, Latorre A,
Gonzalez-Jimenez P, Feced L, Bouzas L, Yepez K, Ferrando A, et al.
(2021) Short-term neuropsychiatric outcomes and quality of life in
COVID-19 survivors. J Int Med 290(3), 621-631.

Parker G, Hilton T, Bains ] and Hadzi-Pavlovic D (2002) Cognitive-based
measures screening for depression in the medically ill: the DMI-10 and the
DMI-18. Acta Psychiatr Scand 105(6), 419-426.


https://doi.org/10.1101/2021.03.29.21254211
https://doi.org/10.1101/2021.03.29.21254211
https://euroqol.org/publications/user-guides
https://doi.org/10.1017/neu.2023.45

16

Phetsouphanh C, Darley DR, Wilson DB, Howe A, Munier CML, Patel SK,
Juno JA, Burrell LM, Kent SJ, Dore GJ, et al. (2022) Immunological
dysfunction persists for 8 months following initial mild-to-moderate
SARS-coV-2 infection. Nat Immunoly 23(2), 210-216.

Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P,
Zandi MS, Lewis G and David AS (2020) Psychiatric and neuropsychiatric
presentations associated with severe coronavirus infections: a systematic
review and meta-analysis with comparison to the COVID-19 pandemic.
Lancet Psychiatry 7(7), 611-627.

Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S,
Mohammadi M, Rasoulpoor S and Khaledi-Paveh B (2020) Prevalence

https://doi.org/10.1017/neu.2023.45 Published online by Cambridge University Press

Dodd et al.

of stress, anxiety, depression among the general population during the
COVID-19 pandemic: a systematic review and meta-analysis. Global Health
16(1), 57.

Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV and
Condition WHOCCDWGoP-C- (2021) A clinical case definition of
post-COVID-19 condition by a Delphi consensus. Lancet Infect Dis 22(4),
e102-e107.

Taquet M, Geddes JR, Husain M, Luciano S and Harrison PJ (2021) 6-month
neurological and psychiatric outcomes in 236 379 survivors of COVID-19:
a retrospective cohort study using electronic health records. Lancet
Psychiatry 8(5), 416-427.


https://doi.org/10.1017/neu.2023.45

	Psychiatric sequelae after SARS-Cov-2 infection: trajectory, predictors and associations in a longitudinal Australian cohort
	Significant Outcomes
	Limitations
	Introduction
	Method
	Cohort
	Measures
	Definitions

	Statistical analyses
	Results
	Demographics
	Clinical outcomes and trajectories
	Associations with mental health outcomes: clinical and inflammatory markers
	Associations with mental health outcomes: immunologic biomarkers

	Discussion
	Conclusion
	References


