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Abstract

Background: Negative symptoms occur in individuals at ultrahigh risk (UHR) for psychosis. Although there is evidence that
observer ratings of negative symptoms are associated with level of functioning, the predictive value of subjective experience in
daily life for individuals at UHR has not been studied yet.

Objective: This study therefore aims to investigate the predictive value of momentary manifestations of negative symptoms
for clinical outcomes in individuals at UHR.
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Methods: Experience sampling methodology was used to measure momentary manifestations of negative symptoms (blunted
affective experience, lack of social drive, anhedonia, and social anhedonia) in the daily lives of 79 individuals at UHR. Clinical
outcomes (level of functioning, illness severity, UHR status, and transition status) were assessed at baseline and at 1- and 2-year
follow-ups.

Results: Lack of social drive, operationalized as greater experienced pleasantness of being alone, was associated with poorer
functioning at the 2-year follow-up (b=−4.62, P=.01). Higher levels of anhedonia were associated with poorer functioning at the
1-year follow-up (b=5.61, P=.02). Higher levels of social anhedonia were associated with poorer functioning (eg, disability
subscale: b=6.36, P=.006) and greater illness severity (b=−0.38, P=.045) at the 1-year follow-up. In exploratory analyses, there
was evidence that individuals with greater variability of positive affect (used as a measure of blunted affective experience)
experienced a shorter time to remission from UHR status at follow-up (hazard ratio=4.93, P=.005).

Conclusions: Targeting negative symptoms in individuals at UHR may help to predict clinical outcomes and may be a promising
target for interventions in the early stages of psychosis.

(JMIR Ment Health 2021;8(11):e30309) doi: 10.2196/30309
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Introduction

Background
Negative symptoms occur in individuals at ultrahigh risk (UHR,
also known as clinical high risk) for psychosis and have been
reported to be associated with reduced quality of life and
impaired functioning in cross-sectional and longitudinal studies
[1-4]. Recently, several studies have demonstrated the predictive
value of negative symptoms for social aspects of functioning
[5,6]. Furthermore, negative symptoms have been found to be
predictive of transition to psychotic disorder in UHR samples
[7-12].

To date, clinical outcomes in UHR studies have primarily
focused on transition to psychosis. Given that most individuals
at UHR do not develop psychosis (71%-76%) as indicated in
meta-analyses and systematic reviews [13-16], investigating
other outcomes has received increasing attention in recent years
[17,18]. Meta-analyses have found that most individuals at UHR
who do not transition to psychosis do not remit from UHR status
within 2 years either [19]. In addition, individuals at
UHR—regardless of whether they transition to psychosis—show
other clinical symptoms and marked impairments in functioning
that are comparable with those reported in patients with social
phobia and major depressive disorder [18-23]. The level of
functioning in individuals at UHR is more similar to that which
is observed in patients with psychotic disorders than in controls
[20]. Hence, level of functioning and persistence of clinical
symptoms are important outcomes other than transition to
psychosis.

Standard measures used to assess negative symptoms (eg, the
Positive and Negative Syndrome Scale) [24,25], though valid
in their own right, have been criticized for being overly reliant
on behavioral observation and third-party anamnesis [26-28].
In addition, standardized self-report questionnaires and
laboratory measures of negative symptoms in patients with
psychosis do not seem to converge with real-time and real-world
reports generated using the experience sampling methodology
(ESM) and hence may capture different constructs [29,30]. ESM
is a semistructured diary method that captures daily behavior

and experience of company with high ecological validity [31].
A recent systematic review of experience sampling studies
investigating everyday social experiences of individuals with
schizophrenia [32] concluded that, compared with other
methods, experience sampling allows a more granular
assessment of social experience. This underscores the
importance of examining the perspective of individuals’
experience of negative symptoms in daily life (ie, momentary
manifestations of negative symptoms), as this is when
psychiatric symptoms naturally emerge. Experience sampling
studies have made important contributions to our understanding
of psychosis, but until now, studies of momentary experience
of social context and manifestations of negative symptoms have
mainly focused on individuals with a psychotic disorder [26,33].

Previous experience sampling studies have investigated blunted
affective experience, lack of social drive, anhedonia, and social
anhedonia as momentary manifestations of negative symptoms
in daily life. Blunted affective experience has been
operationalized as intensity (ie, mean level), instability (ie,
differences in affect from one moment to the following), and
variability (ie, differences between affect in the moment and
the average individual affect) of positive and negative affect
[26,33-35]. Lack of social drive has been assessed using the
amount of time spent alone, the preference to be alone when in
company, and the experienced pleasantness of being alone
[35,36]. Anhedonia has been operationalized as a smaller
increase of positive affect in moments of pleasant events [26,35].
Similarly, social anhedonia has been operationalized as a smaller
increase in positive affect associated with being in pleasant
company [26,35,36].

To our knowledge, only 2 experience sampling studies have,
to date, investigated momentary manifestations of negative
symptoms in individuals at UHR [35,37]. Although differing
in focus and operationalization of constructs, both studies
compared momentary manifestations of negative symptoms
across individuals at UHR, patients with first-episode psychosis,
and controls. In line with findings in enduring psychosis [26,38],
both studies concluded that there may be a mismatch between
what individuals at UHR experience and how they express this
in their behavior, that may be interpreted as 2 distinct

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e30309 | p. 2https://mental.jmir.org/2021/11/e30309/
(page number not for citation purposes)

Paetzold et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.2196/30309
http://www.w3.org/Style/XSL
http://www.renderx.com/


dimensions of negative symptoms (ie, experience vs expression).
Hence, assessing individuals’ subjective experience of negative
symptoms is important to gain a more comprehensive
understanding of internal, experiential aspects [27]. However,
both studies used a cross-sectional design. No experience
sampling study to date has used momentary manifestations of
negative symptoms for predicting clinical outcomes in
individuals at UHR in a longitudinal design. This is an important
gap that needs to be addressed, as a shift in research toward
subjective experience of momentary symptoms may offer new
insights into the social nature and development of negative
symptoms in UHR and its outcomes.

Objectives
This study aims to investigate whether momentary
manifestations of negative symptoms predict clinical outcomes
(ie, illness severity, level of functioning, and remission from
UHR status and transition to psychosis) in individuals at UHR
for psychosis at the 1- and 2-year follow-ups. We tested the
following hypotheses:

Momentary manifestations of negative symptoms in daily life
predict clinical outcomes in individuals at UHR at 1- and 2-year
follow-up such that higher levels of (1) blunted affective
experience (ie, lower intensity, variability and instability of
positive and negative affect; H1, hypothesis 1); (2) lack of social
drive (ie, amount of time spent alone, pleasantness of being
alone, and preference to be alone when in company; H2); (3)
anhedonia (ie, no or low increase of positive affect in moments
of pleasant events; H3); and (4) social anhedonia (ie, no or low
increase of positive affect in moments of pleasant company;
H4) are associated with greater illness severity and poorer
functioning at follow-up.

In exploratory analyses, we further aimed to examine whether
momentary manifestations of negative symptoms are associated
with time to transition to psychosis or remission from UHR
status.

Methods

Sample
We recruited a sample of individuals at UHR aged 15-35 years,
who were assessed at baseline and 1- and 2-year follow-up.
Participants were recruited in London (United Kingdom),
Melbourne (Australia), and Amsterdam and The Hague (the
Netherlands) as a part of the high-risk study of the European
Network of National Schizophrenia Networks Studying
Gene-Environment Interactions (EU-GEI [39]). EU-GEI is a
naturalistic prospective multicenter study that aims to identify
the interactive genetic, clinical, and environmental determinants
of schizophrenia.

To be eligible to participate, individuals had to meet at least
one of the UHR criteria as defined by the Comprehensive
Assessment of At Risk Mental States [40]: (1) attenuated
psychotic symptoms: the presence of subthreshold positive
psychotic symptoms for at least 1 month during the past year;
(2) brief limited intermittent psychotic symptoms: an episode
of frank psychotic symptoms that lasted no longer than 1 week,
which abated spontaneously; or (3) vulnerability: a first-degree

relative with a psychotic disorder or schizotypal personality
disorder in combination with a significant drop in functioning
during at least 1 month in the previous year or enduring low
functioning. Exclusion criteria were (1) presence of a current
or past psychotic disorder; (2) symptoms for inclusion explained
by a medical disorder, drugs or alcohol dependency; or (3)
intelligence quotient<60.

Data Collection

Experience Sampling Measures
Data on momentary manifestations of negative symptoms were
collected using ESM [31,41]. Participants were asked to report
their thoughts, feelings, and symptoms as well as the context
(eg, location, company, activity) and the appraisal of the context
in their normal daily lives [41-44]. For data collection,
participants used a dedicated digital device (the Psymate), which
prompted participants with a beep to complete a brief
questionnaire 10 times a day on 6 consecutive days at random
moments within set blocks of time.

A detailed description of ESM items and compliance procedure
is provided in Table 1. Momentary manifestations of negative
symptoms were operationalized as follows: for blunted affective
experiences, we computed mean levels of intensity, variability,
and instability of positive and negative affect across beeps within
participants. We used 3 operationalizations for lack of social
drive: the amount of time spent alone as the percentage of total
time, the preference for being alone when in company, and the
pleasantness of being alone. To represent anhedonia, we
obtained fitted values of positive affect predicted by event
pleasantness. As anhedonia is by definition related to pleasant
events, only ratings of 1 to 3 were used to test associations with
positive affect [26,35]. Observations that indicated unpleasant
events (−3 to −1) were excluded from analysis, and neutral
events (0) were set as the reference category [26]. We fitted a
2-level, linear mixed model with pleasantness of being in
company as the independent and positive affect as the outcome
variable and obtained fitted values for representing social
anhedonia.

Consistent with previous research, psychometric properties for
measures of momentary manifestations of negative symptoms
were assessed by evaluating their convergent validity. Therefore,
we examined the association between momentary manifestations
and observer-rated measures of negative symptoms at baseline
(assessed with the expanded Brief Psychiatric Rating Scale
[BPRS] [45]; Multimedia Appendix 1). We found small to
moderate correlations between the BPRS total score and
intensity of negative (r=0.28, P=.02) and positive affect
(r=−0.34, P=.004), variability of negative affect (r=0.26, P=.03),
anhedonia (r=−0.34, P=.003), and social anhedonia (r=−0.31,
P=.008). We found no evidence that the BPRS negative
symptom subscale was associated with momentary
manifestations of negative symptoms. In addition, we used
observer-rated measures of negative symptoms to predict
momentary manifestations of negative symptoms in a multilevel
model (Multimedia Appendix 1). BPRS total score predicted
intensity of positive (b=0.04, P=.01) and negative affect
(b=−0.04, P<.001), instability (b=0.04, P=.03) and variability
(b=0.03, P=.003) of negative affect, anhedonia (b=−0.04,
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P=.001), and social anhedonia (b=−0.04, P=.001). The BPRS
negative symptoms scale did not predict momentary
manifestations of negative symptoms in the multilevel model.

Clinical Outcomes
Clinical outcomes were assessed at baseline, and approximately
1 and 2 years after the baseline assessment. As participants were
not seen at exactly 1 and 2 years from their baseline
appointment, the exact time points for follow-up assessments
varied. Hence, the data closest to 1 and 2 years after baseline
were selected as follow-up data. Transition to psychosis and

UHR status were assessed using the Comprehensive Assessment
of At Risk Mental States [40]. If participants could not be
reinterviewed for the follow-up assessments, clinical notes were
used to determine transition status. Participants’ level of
functioning was assessed using the symptoms and the
functioning subscales of the Global Assessment of Functioning
(GAF [46]) scale. Illness severity was assessed using the severity
of illness subscale of the Clinical Global Impression [47] scale.
A detailed description of the outcome measures is provided in
Table 1.

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e30309 | p. 4https://mental.jmir.org/2021/11/e30309/
(page number not for citation purposes)

Paetzold et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Overview of experience sampling and clinical outcome measures.

MeasureDomain

Experience samplinga

Positive affect • Positive affect was measured by asking participants to rate how cheerful, relaxed, satisfied, and enthusiastic they felt on
a Likert scale ranging from 1 (not at all) to 7 (very much). We found satisfying internal consistency, Cronbach α=.73. In
line with previous studies [34,48], we used high and low physiological arousal items.

Negative affect • Negative affect was measured by asking participants to rate the extent to which they felt insecure, down, lonely, anxious
and irritated on a Likert scale ranging from 1 (not at all) to 7 (very much). We found satisfying internal consistency,
Cronbach α=.73.

Blunted affect • Intensity was operationalized as the mean levels of positive and negative affect.
• Instability was computed as the squared difference between beep-level positive and negative affect intensity at beep t and

beep-level positive affect intensity at beep t-1 (previous beep), within days, within persons (mean of the squared successive
differences), and only calculated if there was a maximum of 2 observations missing between 2 consecutive observations.
Difference scores between 2 observations overnight were excluded [33].

• Variability was computed as the squared difference between beep-level intensity of positive and negative affect at each
observation and individual mean positive and negative affect over observations, over days within persons [33].

Social drive • Lack of social drive was conceptualized as the amount of time spent alone in percentage of total time, the experienced
pleasantness of being alone, and the preference of being alone when in company. Pleasantness of being alone and preference
to be alone when in company were rated on a Likert scale ranging from 1 (not at all) to 7 (very much). If participants were
alone: “I find it pleasant to be alone” and “I would prefer to have company.” If participants were in company: “I find being
with these people pleasant.” and “I would prefer to be alone.”

Anhedonia • Anhedonia was conceptualized as the relationship between positive affect and the occurrence of pleasant events. Participants
were asked to think about the most important event that happened since the last beep. The pleasantness of this event was
rated on a bipolar scale ranging from −3 (very unpleasant) to 3 (very pleasant). We only used ratings of 1 to 3 to test as-
sociations with positive affect, as anhedonia is per definition related to pleasant events. Observations indicating unpleasant
events (−3 to −1) were excluded, and neutral events (0) were used as a reference category [26].

Social anhedo-
nia

• Social anhedonia was defined as the association between positive affect and pleasantness of being in company [26]. Par-
ticipants were asked whether they were alone or in company. If participants indicated to be in company, they were asked
to rate “I find being with these people pleasant.” on a Likert scale ranging from 1 (not at all) to 7 (very much).

Clinical outcome measures

CAARMS • Transition to psychosis and UHR status were assessed using the Comprehensive Assessment of At Risk Mental State
(CAARMS [40]), a semistructured interview to assess attenuated psychotic symptoms in individuals at high risk for psy-
chosis. The CAARMS comprises 27 items clustered in 7 subscales: positive symptoms, cognitive change (attention and
concentration), emotional disturbance, negative symptoms, behavioral change, motor or physical changes, and general
psychopathology. Scores on each item range from 0 (absent) to 6 (extreme).

GAF • The Global Assessment of Functioning (GAF [46]) obtains ratings of burdening symptoms and disabilities in the last
month on a scale from 100 (no symptoms or superior functioning in a wide range of activities) to 1 (persistent danger of
severely hurting self or others or serious suicidal act with clear expectation of death or persistent inability to maintain
minimal personal hygiene).

CGI • The Clinical Global Impression Scale (CGI [47]) symptoms severity subscale is an expert rating of average illness sever-
ity during the last week ranging from 1 (normal, not at all ill) to 7 (among the most extremely ill patients).

aExperience sampling procedure: During an initial briefing, the study team ensured that the week of data collection was a typical week for the participant.
Each time the device emitted the beep signal, participants were asked to stop their activity and answer the questions. The experience sampling questionnaire
was available to participants for the duration of 10 minutes after emission of the beep signal. Participants were contacted at least once during the
assessment period to assess their adherence to instructions, identify any potential distress associated with the method, and maximize the number of
observations per participant. At the end of the assessment period, participants’ reactivity to, and compliance with, the method was examined in a
debriefing session. Participants were required to provide valid responses to at least one-third (ie, 20 valid answers) of the emitted beeps to be included
in the analysis [49]. Procedures to ensure data quality are reported in Multimedia Appendix 2.

Statistical Analysis
Momentary manifestat ions of negative
symptoms—operationalized and computed as detailed
above—were used as independent variables to predict clinical
outcomes at 1- and 2-year follow-up using Stata 15. We fitted

linear regression models using the command regress with level
of functioning and illness severity as outcome variables and
momentary manifestations of negative symptoms as independent
variables. In exploratory analyses, we examined the predictive
value of momentary manifestations of negative symptoms for
transition to psychosis and remission from UHR status as
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outcomes. Survival analyses using the Stata commands stset
and streg were performed to account for the time to event
structure of the data. We used time to follow-up as a proxy for
time to remission. In both survival analyses, a Weibull
distribution was assumed.

Analyses were adjusted for a priori confounders (ie, age, gender,
ethnicity, center, time to follow-up; unadjusted results are
provided in Multimedia Appendix 3). In a sensitivity analysis,
we included current depressive episode (Multimedia Appendix
4) and comorbid disorders (Multimedia Appendix 5) as
additional independent variables to control for potential
confounding. We corrected for multiple testing to reduce the
probability of type I errors because of the number of tests
performed. We corrected within domains of momentary
manifestations of negative symptoms and clinical outcomes.
As in previous experience sampling studies [50,51], Simes
correction method was used to account for multiple tests of
significance [52]. Simes correction is a modified version of the
more conservative Bonferroni correction in case of dependent
hypotheses given significance tests in the current analyses were
not independent [52]. With the Simes correction, the most
significant P value is tested against α=.05/n (total number of
tests), the second most significant P value is tested against
α=.05/(n−1), the third P value against α=.05/(n−2), and so on.
Simes-corrected significant results are highlighted in a footnote
in tables.

Results

Basic Sample and Clinical Characteristics
The ESM sample comprised 79 individuals at UHR, of whom
9 transitioned to psychosis during the study period. Data on
clinical outcomes were obtained for 48 individuals at 1-year
follow-up and 36 individuals at 2-year follow-up. Participants
were on average aged 23 (SD 4.93) years and 56% (44/79) were
women. The majority (53/79, 67%) of the sample was White,
followed by 15% (12/79) with Black ethnicity. In addition to
their UHR status, 76% (60/79) of the participants were
diagnosed with a comorbid axis I disorder (further details are
provided in Multimedia Appendix 6). Compared with the sample
of individuals included in the EU-GEI High Risk Study for
whom experience sampling data were not collected (no ESM
sample, N=266), samples in this study showed no differences
in demographic characteristics (age: t343=−1.33, P=.19; gender:

χ2
1=3.6, P=.06; ethnicity: χ2

5=6.5, P=.26) or prevalence of

comorbid disorders (χ2
1=1.8, P=.18). However, the current

sample showed poorer functioning (symptoms: t315=2.29, P=.02)
and lower levels of observer-rated negative symptoms (t320=2.27,
P=.02) at baseline. Comparing participants who completed
follow-up assessments, the sample with no ESM data collected
(N=134, 1-year follow-up; N=89, 2-year follow-up) showed a
lower BPRS total score at 1-year follow-up (t159=−2.07, P=.04).
There were no significant differences in demographic or clinical
characteristics at 2-year follow-up. Table 2 gives an overview
of relevant sample characteristics.

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e30309 | p. 6https://mental.jmir.org/2021/11/e30309/
(page number not for citation purposes)

Paetzold et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Basic sample and clinical characteristics.a

ESM vs no ESMNo ESM sampleESMb sampleCharacteristics

2-year

follow-up

1-year

follow-up

Baseline2-year

follow-up

1-year

follow-up

Baseline2-year

follow-up

1-year

follow-up

Baseline

N/AN/AN/Ac89134266364879Sample size

t123=−.45,
P=.65

t180=−1.30,
P=.19

t343=−1.33,
P=.19

23.3 (5.14)22.5 (4.82)22.2 (4.89)23.8 (5.18)23.6 (5.24)23.0 (4.93)Age at baseline
(years), mean (SD)

χ2
1=2.74,

P=.10
χ2

1=3.76,
P=.05

χ2
1=3.58,

P=.06

Gender, n (%)

54 (61)83 (62)150 (56)16 (44)22 (46)35 (44)Male

35 (39)51 (38)116 (44)20 (56)26 (54)44 (56)Female

χ2
5=6.25,

P=.28
χ2

5=6.7,
P=.24

χ2
5=6.5,

P=.26

Ethnicity, n (%)

63 (71)99 (74)193 (73)27 (75)33 (69)53 (67)White

6 (7)9 (7)22 (8)5 (14)9 (19)12 (15)Black

20 (22)26 (19)50 (19)4 (11)6 (13)14 (18)Other

χ2
1=2.5,

P=.11
χ2

1=0.77,
P=.38

χ2
1=1.8,

P=.18

79 (89)111 (83)220 (83)28 (78)37 (77)60 (76)Comorbidity at base-
line, n(%)

BPRSd

t111=−1.97,
P=.05

t159=−2.07,
P=.04

t314=−0.46,
P=.65

33.45
(10.85)

36.01
(9.70)

43.37
(10.57)

37.31
(12.53)

39.69
(11.63)

44.00 (9.46)Total score, mean
(SD)

t112=−.98,
P=.33

t160=1.22,
P=.26

t320=2.27,
P=.02

4.12(1.87)4.42 (2.05)5.21(2.51)3.75 (1.78)4.04 (1.74)4.49 (1.86)Negative symp-
tom score, mean
(SD)

GAFe

t123=0.09,
P=.93

t180=1.20,
P=.23

t315=2.29,
P=.02

61.25
(15.02)

59.49
(13.08)

55.92
(10.23)

61.00
(11.73)

56.96
(10.76)

52.88 (9.85)Symptoms, mean
(SD)

t132=−0.65,
P=.51

t196=0.65,
P=.51

t330=−0.57,
P=.57

61.81
(16.09)

60.40
(13.77)

55.36
(12.20)

63.78
(13.62)

58.92
(13.41)

56.27
(13.00)

Disability, mean
(SD)

CGIf

t148=1.21,
P=.23

t203=0.83,
P=.41

t319=0.21,
P=.83

3.22 (1.51)3.33 (1.37)3.60 (1.09)2.89 (1.25)3.15 (1.32)3.57 (1.21)Illness severity,
mean (SD)

χ2
1=.15,

P=.69
χ2

1=.00,
P=.97

N/A71 (66)107 (73)N/A23 (62)36 (73)N/AUHRg criteria met, n
(%)

aFollow-up values for age, gender, ethnicity, and comorbidity based on individuals with valid Global Assessment of Functioning Scale at follow-up.
bESM: Experience Sampling Methodology.
cN/A: not applicable.
dBPRS: Brief Psychiatric Rating Scale.
eGAF: Global Assessment of Functioning Scale.
fCGI: Clinical Global Impression Scale.
gUHR: ultrahigh risk.

Blunted Affective Experience and Clinical Outcomes
Tables 3 and 4 show the results on clinical outcomes at
follow-up predicted by blunted affective experience at baseline.
We found no evidence that blunted affective experience
predicted illness severity or level of functioning. In exploratory
analyses, time to remission from UHR status was predicted by

variability of positive affect (hazard ratio [HR]=4.93, 95% CI
1.61-15.11, P=.005, statistically significant after Simes
correction). Participants with greater variability were more likely
to experience a shorter time to remission from the UHR status.
We found no evidence that blunted affective experience
predicted transition to psychosis.
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Table 3. Level of functioning at 1- and 2-year follow-up predicted by blunted affective experience at baseline (ie, intensity, instability, and variability

of negative and positive affect) and clinical outcome at baseline.a

Level of functioningOutcomes

DisabilitybSymptomsb

2-year follow-up (n=36)1-year follow-up (n=48)2-year follow-up (n=36)1-year follow-up (n=48)

P valueb (CI)P valueb (CI)P valueb (CI)P valueb (CI)

Predictor: Intensity NAc

.030.55

(0.06 to 1.04)

.060.34

(−0.01 to 0.70)

.990.00

(−0.61 to 0.61)

.290.18

(−0.16 to 0.52)

Outcome at baseline

.681.26

(−4.90 to 7.42)

.18−3.17

(−7.83 to 1.48)

.62−1.36

(−6.89 to 4.18)

.22−2.51

(−6.54 to 1.52)

Intensity NA

Predictor: Intensity PAd

.030.55

(0.06 to 1.05)

.050.34

(0.00 to 0.68)

.97−0.01

(−0.62 to 0.60)

.360.15

(−0.18 to 0.48)

Outcome at baseline

.980.07

(−6.34 to 6.48)

.035.04

(0.59 to 9.49)

.681.15

(−4.58 to 6.88)

.063.84

(−0.09 to 7.77)

Intensity PA

Predictor: Instability NA

.020.55

(0.08 to 1.01)

.050.36

(0.00 to 0.73)

.94−0.02

(−0.62 to 0.58)

.170.24

(−0.10 to 0.58)

Outcome at baseline

.11−3.66

(−8.21 to 0.88)

.79−0.36

(−2.98 to 2.27)

.41−1.72

(−5.94 to 2.50)

.470.80

(−1.43 to 3.04)

Instability NA

Predictor: Instability PA

.020.55

(0.11 to 0.99)

.0460.37

(0.01 to 0.73)

.83−0.06

(−0.64 to 0.52)

.210.22

(−0.12 to 0.56)

Outcome at baseline

.02−7.52

(−13.54 to −1.51)

.82−0.46

(−4.57 to 3.64)

.11−4.68

(−10.43 to 1.07)

.89−0.24

(−3.75 to 3.28)

Instability PA

Predictor: Variability NA

.030.52

(0.07 to 0.98)

.0460.37

(0.01 to 0.73)

.990.00

(−0.59 to 0.60)

.180.23

(−0.11 to 0.56)

Outcome at baseline

.06−7.96

(−16.15 to 0.22)

.990.03

(−5.76 to 5.82)

.32−3.80

(−11.52 to 3.92)

.511.60

(−3.30 to 6.50)

Variability NA

Predictor: Variability PA

.050.47

(−0.01 to 0.95)

.040.37

(0.01 to 0.73)

.930.02

(−0.56 to 0.60)

.220.21

(−0.13 to 0.55)

Outcome at baseline

.11−6.30

(−14.23 to 1.63)

.502.22

(−4.34 to 8.78)

.11−5.55

(−12.51 to 1.42)

.6.921.12

(−4.54 to 6.77)

Variability PA

aResults adjusted for age, gender, ethnicity, center, and time to follow-up.
bLevel of functioning assessed with the Global Assessment of Functioning Scale.
cNA: negative affect.
dPA: positive affect.
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Table 4. Illness severity, remission from ultrahigh risk (UHR) status and transition status 1- and 2-year follow-up predicted by blunted affective

experience at baseline (ie, intensity, instability, and variability of negative and positive affect) and clinical outcome at baseline.a

Transition statusRemission from UHR statusIllness severitybOutcomes

2-year follow-up (n=37)1-year follow-up (n=47)

P valueHR (CI)P valueHRc (CI)P valueb (CI)P valueb (CI)

Predictor: Intensity NAd

N/AN/AN/AN/Ae.240.28

(−0.19 to 0.75)

.0060.43

(0.13 to 0.73)

Outcome at baseline

.361.44

(0.66 to 3.13)

.0450.34

(0.12 to 0.98)

.91−0.03

(−0.59 to 0.53)

.110.32

(−0.07 to 0.71)

Intensity NA

Predictor: Intensity PAf

N/AN/AN/AN/A.460.17

(−0.30 to 0.64)

.0040.44

(0.15 to 0.74)

Outcome at baseline

.340.62

(0.23 to 1.65)

.102.08

(0.88 to 4.93)

.26−0.35

(−0.98 to 0.28)

.11−0.31

(−0.69 to 0.07)

Intensity PA

Predictor: Instability NA

N/AN/AN/AN/A.230.27

(−0.18 to 0.72)

.0010.52

(0.22 to 0.81)

Outcome at baseline

.921.02

(0.67 to 1.54)

.641.19

(0.57 to 2.48)

.94−0.02

(−0.46 to 0.42)

.81−0.02

(−0.23 to 0.18)

Instability NA

Predictor: Instability PA

N/AN/AN/AN/A.200.28

(−0.16 to 0.73)

.0010.51

(0.22 to 0.81)

Outcome at baseline

.970.99

(0.50 to 1.94)

.241.75

(1.69 to 4.44)

.430.24

(−0.38 to 0.86)

.71−0.06

(−0.38 to 0.26)

Instability PA

Predictor: Variability NA

N/AN/AN/AN/A.250.26

(−0.20 to 0.72)

.0010.51

(0.22 to 0.81)

Outcome at baseline

.641.21

(0.55 to 2.63)

.771.24

(0.30 to 5.14)

.85−0.08

(−0.89 to 0.74)

.64−0.10

(−0.53 to 0.33)

Variability NA

Predictor: Variability PA

N/AN/AN/AN/A.110.37

(−0.09 to 0.83)

.0010.51

(0.21 to 0.81)

Outcome at baseline

.461.49

(0.52 to 4.23)
.005g4.93

(1.61 to 15.11)

.210.49

(−0.29 to 1.28)

.880.04

(−0.47 to 0.54)

Variability PA

aResults adjusted for age, gender, ethnicity, center, and time to follow-up.
bIllness severity assessed with the Clinical Global Impression Scale.
cHR: hazard ratio.
dNA: negative affect.
eN/A: not applicable.
fPA: positive affect.
gStatistically significant after Simes correction.

Lack of Social Drive and Clinical Outcomes
Tables 5 and 6 show findings on clinical outcomes predicted
by lack of social drive. We found no evidence that the amount
of time spent alone and the preference to be alone when in
company predicted level of functioning or illness severity.

Experienced pleasantness of being alone predicted the GAF
disability subscale at 2-year follow-up (b=−4.62; 95% CI −8.19
to −1.04, P=.01 [statistically significant after Simes correction]),
such that individuals who experienced greater pleasantness of
being alone showed poorer functioning. However, there was no
evidence that pleasantness of being alone predicted illness
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severity and the GAF symptoms score. In exploratory analyses,
there was no evidence that lack of social drive predicted time

to transition or remission from UHR status.

Table 5. Level of functioning at 1- and 2-year follow-up predicted by lack of social drive (ie, amount of time spent alone, preference to be alone when

in company and experienced pleasantness of being alone) and clinical outcome at baseline.a

Level of functioning: disabilitybLevel of functioning: symptomsbOutcomes

2-year follow-up (N=36)1-year follow-up (N=48)2-year follow-up (N=36)1-year follow-up (N=48)

P valueb (CI)P valueb (CI)P valueb (CI)P valueb (CI)

Predictor: Amount of time spent alone

.040.49

(0.03 to 0.96)

.0450.37

(0.01 to 0.73)

.72−0.10

(−0.69 to 0.48)

.200.22

(−0.12 To 0.56)

Outcome at baseline

.0717.77

(−1.38 to 36.93)

.584.50

(−11.75 to 20.76)

.1213.63

(−3.99 to 31.24)

.801.71

(−12.18 to 15.60)

Amount of time spent
alone

Predictor: Preference to be alone when in company

.030.54

(0.05 to 1.03)

.040.37

(0.01 to 0.72)

.890.04

(−0.58 to 0.67)

.230.20

(−0.13 to 0.54)

Outcome at baseline

.60−1.12

(−5.46 to 3.23)

.22−1.88

(−4.90 to 1.15)

.49−1.38

(−5.41 to 2.65)

.21−1.61

(−4.20 to 0.97)

Preference to be alone

Predictor: Pleasantness of being alone

.020.51

(0.07 to 0.95)

.030.41

(0.04 to 0.79)

.770.08

(−0.51 to 0.67)

.210.22

(−0.12 to 0.57)

Outcome at baseline

.01c−4.62

(−8.19 to −1.04)

.43−1.38

(−4.86 to 2.10)

.10−2.87

(−6.36 to 0.62)

.980.04

(−2.88 to 2.96)

Pleasantness of being
alone

aResults adjusted for age, gender, ethnicity, center, and time to follow-up.
bLevel of functioning assessed with the Global Assessment of Functioning Scale.
cStatistically significant after Simes correction.
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Table 6. Illness severity, remission from ultrahigh risk (UHR) status and transition status at 1- and 2-year follow-up predicted by lack of social drive

(ie, amount of time spent alone, preference to be alone when in company and experienced pleasantness of being alone) and clinical outcome at baseline.a

Transition statusRemission from UHR statusIllness severitybOutcomes

(N=57)(N=54)2-year follow-up (N=37)1-year follow-up (N=47)

P valueHR (CI)PHRc (CI)P valueb (CI)P valueb (CI)

Predictor: Amount of time spent alone

N/AN/AN/AN/Ad.300.23

(−0.22 to 0.67)

.0020.49

(0.19 to 0.80)

Outcome at baseline

.130.07

(0.00 to 2.07)

.333.91

(0.25 to 60.64)

.20−1.17

(−3.00 to 0.66)

.66−0.29

(−1.59 to 1.02)

Amount of time spent
alone

Predictor: Preference to be alone when in company

N/AN/AN/AN/A.270.24

(−0.20 to 0.68)

.0020.48

(0.18 to 0.78)

Outcome at baseline

.561.20

(0.65 to 2.22)

.920.97

(0.51 to 1.84)

.240.23

(−0.17 to 0.63)

.370.11

(−0.14 to 0.36)

Preference to be alone

Predictor: Pleasantness of being alone

N/AN/AN/AN/A.150.32

(−0.13 to 0.77)

.0020.51

(0.21 to 0.81)

Outcome at baseline

.301.39

(0.75 to 2.56)

.540.82

(0.44 to 1.54)

.280.19

(−0.16 to 0.54)

.680.05

(−0.19 to 0.30)

Pleasantness of being
alone

aResults adjusted for age, gender, ethnicity, center, and time to follow-up.
bIllness severity assessed with the Clinical Global Impression Scale.
cHR: hazard ratio.
dN/A: not applicable.

Anhedonia and Clinical Outcomes
Tables 7 and 8 show findings on clinical outcomes at 1- and
2-year follow-up predicted by anhedonia. Anhedonia predicted
the GAF disability subscale at 1-year follow-up (b=5.61, 95%
CI 1.08-10.15; P=.02 [statistically significant after Simes
correction]). Lower positive affect in moments of pleasant events

or, in other words, higher levels of anhedonia, were associated
with poorer functioning. However, we found no evidence that
anhedonia predicted functioning at 2-year follow-up. In addition,
anhedonia did not predict illness severity at 1- and 2-year
follow-up. In exploratory analyses, we found no evidence that
anhedonia predicted time to remission or transition to psychosis.
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Table 7. Level of functioning at 1- and 2-year follow-up predicted by Anhedonia, Social Anhedonia and clinical outcome at baseline.a

Level of functioning: disabilitybLevel of functioning: symptomsbOutcomes

2-year follow-up (N=36)1-year follow-up (N=48)2-year follow-up (N=36)1-year follow-up (N=48)

P valueb (CI)P valueb (CI)P valueb (CI)P valueb (CI)

Predictor: anhedonia

.030.56

(0.06 to 1.05)

.0480.34

(0.00 to 0.68)

.96−0.02

(−0.62 to 0.59)

.320.16

(−0.17 to 0.49)

Outcome at baseline

.89−0.43

(−6.70 to 5.85)
.02c5.61

(1.08 to 10.15)

.930.25

(−5.37 to 5.88)

.073.73

(−0.32 to 7.78)

Anhedonia events

Predictor: social anhedonia

.040.53

(0.04 to 1.01)

.0460.33

(0.01 to 0.66)

.970.01

(−0.59 to 0.61)

.280.17

(−0.15 to 0.49)

Outcome at baseline

.353.09

(−3.51 to 9.70)
.006c6.36

(1.97 to 10.74)

.442.29

(−3.65 to 8.23)
.02c4.61

0.74 to 8.48)

Social anhedonia

aResults adjusted for age, gender, ethnicity, center and time to follow-up.
bLevel of functioning assessed with the Global Assessment of Functioning Scale.
cStatistically significant after Simes correction.

Table 8. Illness severity, remission from ultrahigh risk (UHR) status and transition status at 1- and 2-year follow-up predicted by Anhedonia, Social

Anhedonia and clinical outcome at baseline.a

Transition statusRemission from UHR statusIllness severitybOutcomes

(N=57)(N=54)2-year follow-up (N=37)1-year follow-up (N=47)

P valueHR (CI)P valueHRc (CI)P valueb (CI)P valueb (CI)

Predictor: anhedonia

N/AN/AN/AN/Ad.420.19

(−0.29 to 0.66)

.0040.45

(0.15 to 0.75)

Outcome at baseline

.440.66

(0.23 to 1.88)

.132.02

(0.82 to 4.96)

.34−0.30

(−0.91 to 0.32)

.13−0.30

(−0.69 to 0.09)

Anhedonia

Predictor: social anhedonia

N/AN/AN/AN/A.520.14

(−0.30 to 0.59)

.0040.44

(0.15 to 0.73)

Outcome at baseline

.450.69

(0.26 to 1.80)

.102.22

(0.85 to 5.81)

.07−0.57

(−1.18 to 0.05)
.045e−0.38

(−0.74 to −0.01)

Social anhedonia

aResults adjusted for age, gender, ethnicity, center and time to follow-up.
bIllness severity assessed with the Clinical Global Impression Scale.
cHR: hazard ratio.
dN/A: not applicable.
eStatistically significant after Simes correction.

Social Anhedonia and Clinical Outcomes
As displayed in Tables 7 and 8, reduced positive affect in
moments of pleasant company or, in other words, higher levels
of social anhedonia at baseline were associated with higher
levels of illness severity (b=−0.38; 95% CI −0.74 to 0.01;
P=.045 [statistically significant after Simes correction]) and
lower scores on both GAF subscales (symptoms: b=4.61; 95%
CI 0.74 to 8.48; P=.02 [statistically significant after Simes
correction]; disability: b=6.36; 95% CI 1.97 to 10.74; P=.006

[statistically significant after Simes correction]) at 1-year
follow-up. However, we found no evidence that social anhedonia
predicted clinical outcomes at 2-year follow-up. In exploratory
analyses, we found no evidence that social anhedonia predicted
time to remission or transition to psychosis.
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Discussion

Principal Findings
Using an experience sampling design, this study found no
evidence that blunted affective experience predicted functioning
or illness severity at follow-up (H1). However, there was some
evidence that higher experienced pleasantness of being alone
was associated with poorer functioning at 2-year follow-up
(H2). In addition, our results tentatively suggest that higher
levels of anhedonia were associated with poorer functioning at
1-year follow-up (H3). Finally, we found robust evidence that
higher levels of social anhedonia were associated with higher
levels of illness severity and poorer functioning at 1-year
follow-up (H4). In our exploratory analysis, we found no
evidence that momentary manifestations of negative symptoms
in daily life predicted transition status. However, our results
tentatively suggest that blunted affective experience predicted
time to remission from UHR status.

Methodological Considerations
Our findings should be interpreted in light of several
methodological considerations. First, the sample selection should
be critically evaluated: ESM is a burdensome research method,
which may lead to selection bias, such that individuals with
more intense symptoms might be underrepresented in the
sample. However, compared with the no ESM sample of the
EU-GEI High Risk Study, the participants in this showed
comparable levels of illness severity and lower scores on the
GAF symptoms subscale at baseline. In addition, the sample
showed high comorbidity rates of nonpsychotic disorders, which
replicates findings from previous studies and systematic reviews
[53,54]. High rates of comorbidity, especially comorbid
depressive disorders, may have attenuated the observed effects.
However, when controlling for current depressive episodes or
comorbid disorders in our sensitivity analysis, we found a
similar pattern in terms of magnitude of associations but slightly
wider 95% CIs and some differences in statistical significance.
In addition, it is important to consider the small-to-moderate
sample size and the small absolute number of 9 individuals
(11% of the sample) who transitioned to psychosis within the
follow-up period, although this transition rate is rather common
in the field [14,55]. Second, measuring social isolation and
affect repeatedly over longer periods might provide a better
prediction of outcomes. However, given burden on participants,
this would require a less intense longitudinal data collection
method, as is the case for ESM. Third, it is important to consider
some limitations regarding data collection at follow-up:
Although this was planned for 1- and 2-year follow-up,
follow-up intervals varied in some individuals. Yet, analyses
were controlled for time to follow-up and sensitivity analyses
conducted with the subsample of individuals assessed ±6 months
to the ideal follow-up time point showed a similar pattern of
findings though varying statistical significance due to reduced
sample size (Multimedia Appendix 7). Moreover, experience
sampling data was not collected at follow-up. Nonetheless,
using the Clinical Global Impression scale and the GAF scale,
we obtained ratings of several widely used outcome measures
at follow-up. In addition, the follow-up period of 2 years was,
arguably, rather short in this study. However, previous research

has demonstrated that the highest risk for transition in UHR
samples is over the first 2 years after ascertainment [56]. Fourth,
one should consider some statistical issues: For anhedonia and
social anhedonia, we used fitted values of positive affect
predicted by event pleasantness or pleasantness of social contact,
to predict, in turn, clinical outcomes at follow-up. For blunted
affective experience and lack of social drive, we aggregated
data on the person-level. Aggregation of momentary
manifestations of negative symptoms on the person-level led
to a loss of information in comparison with the beep-level, as
the variance of beeps is not reflected in the aggregated scores.
Nonetheless, compared with a single questionnaire assessment,
the aggregated experience sampling measures used in this study
still provide higher levels of precision in measurement. The
number of statistical analyses performed may have resulted in
multiple testing problems. However, in order to control for type
I error, results were corrected using the Simes method [52] by
momentary manifestation of negative symptom and outcome
domain. In addition, time to follow-up was used as a crude
proxy to impute for time to remission from UHR status (eg, for
participants who remitted at any time between baseline and
1-year follow-up, the date of the 1-year follow-up assessment
was used as proxy), which might lead to imprecision in these
exploratory survival analyses. Future research should attempt
to establish a more precise data collection for time to remission.

Comparison With Previous Research
To our knowledge, this is the first study using an experience
sampling design to investigate the predictive value of
momentary manifestations of negative symptoms measured in
individuals UHR. In accordance with our hypotheses, we found
evidence for more intense momentary manifestations of negative
symptoms to be associated with poorer functioning and higher
illness severity at follow-up. In addition, we found evidence
that individuals with greater variability of positive affect (as a
measure of blunted affective experience), experienced a shorter
time to remission from UHR status. This is in line with findings
from previous studies using other operationalizations of negative
symptoms [2-5]. Given that ESM measures of momentary
manifestations of negative symptoms are intended to capture
subjective experience of social context, our findings primarily
pertain to the experiential level rather than to the level of
expression [27].

Our findings tentatively suggest that blunted affect, lack of
social drive, and anhedonia are associated with some clinical
outcomes, but findings on social anhedonia were most robust.
We may speculate that changes in affective response to social
contact (ie, social anhedonia) in daily life may be most relevant
in individuals at UHR, whereas other types of momentary
manifestations of negative symptoms (eg, lack of social drive)
may be more relevant in later stages of psychosis. Social
anhedonia may contribute to a loss of reinforcement of social
contact, which might encourage a progressive decrease of social
interaction and social functioning more downstream, closer to,
or directly at, onset of psychotic disorder [35,57-59].

The findings have important implications for clinicians and
researchers aiming to improve functional outcomes of
individuals at UHR. Recent meta-analyses found no evidence
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for psychosocial treatment to improve functioning in individuals
at UHR [60], with poor functioning at baseline being, in turn,
a predictor for later psychopathology [61]. Taken together, this
may contribute to a vicious cycle of symptom burden and poor
functioning amplifying each other in this group at risk.
Therefore, new intervention approaches are urgently required
and the experience of momentary manifestations of negative
symptoms, especially social anhedonia, in daily life may be a
promising target. Possibly, improving social anhedonia may
diminish social isolation, and thereby improve outcomes.

In addition, we found only weak correlations between
momentary manifestations of negative symptoms and the BPRS
scores, highlighting the relevance of participants’ subjective
experience. These discrepancies may be interpreted in different
ways. First, discrepancies may evolve due to varying modes of
assessment and, hence, precision of measurement. Gerritsen,
Bagby [37] claim that some negative symptoms may be
associated with no or very limited subjective distress and, hence,
difficult to measure via self-report. However, one may argue
that aggregating multiple momentary measurements across
several days may provide a more precise measure of affective
and motivational processes than cross-sectional clinical
interviews [27]. Second, the discrepancies may, in fact, reflect

2 distinct dimensions of negative symptoms (ie, experience vs
expression), and therefore, relying on purely behavioral
indicators in assessing negative symptoms may result in a more
limited understanding of internal, experiential aspects [27]. Both
interpretations highlight the potential of ESM as a diagnostic
tool over and above traditional clinical measures of symptoms
[62].

Conclusions
We found evidence for momentary manifestations of negative
symptoms, especially social anhedonia, to predict clinical
outcomes at follow-up. These findings emphasize that the
assessment of momentary manifestations of negative symptoms
in individuals at UHR is of considerable potential value for both
diagnostic assessment and early intervention. The assessment
of momentary manifestations of negative symptoms may provide
a more comprehensive picture of patients’ symptoms in the
context of their daily life for clinicians and researchers and
contribute to a better understanding of individuals’ subjective
experience. In addition, the experience of momentary
manifestations of negative symptoms, especially social
anhedonia, in daily life may be a promising target for
interventions aiming to improve clinical outcomes in the early
stages of psychosis.
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