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IMPORTANCE Short sleep duration over a prolonged period in childhood could have
a detrimental impact on long-term mental health, including the development of psychosis.
Further, potential underlying mechanisms of these associations remain unknown.

OBJECTIVE To examine the association between persistent shorter nighttime sleep duration
throughout childhood with psychotic experiences (PEs) and/or psychotic disorder (PD) at age
24 years and whether inflammatory markers (C-reactive protein [CRP] and interleukin 6
[IL-6]) potentially mediate any association.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from the Avon Longitudinal
Study of Parents and Children. Data analysis was conducted from January 30 to August 1,
2023.

EXPOSURES Nighttime sleep duration was collected at 6, 18, and 30 months and at 3.5, 4 to 5,
5 to 6, and 6 to 7 years.

MAIN OUTCOMES AND MEASURES PEs and PD were assessed at age 24 years from the
Psychosislike Symptoms Interview. CRP level at ages 9 and 15 years and IL-6 level at 9 years
were used as mediators. Latent class growth analyses (LCGAs) were applied to detect
trajectories of nighttime sleep duration, and logistic regressions were applied for the
longitudinal associations between trajectories of nighttime sleep duration and psychotic
outcomes at 24 years. Path analyses were applied to test CRP and IL-6 as potential mediators.

RESULTS Data were available on 12 394 children (6254 female [50.5%]) for the LCGA and on
3962 young adults (2429 female [61.3%]) for the logistic regression and path analyses. The
LCGA identified a group of individuals with persistent shorter nighttime sleep duration across
childhood. These individuals were more likely to develop PD (odds ratio [OR], 2.50; 95%
CI, 1.51-4.15; P < .001) and PEs (OR, 3.64; 95% CI, 2.23-5.95; P < .001) at age 24 years.
Increased levels of IL-6 at 9 years, but not CRP at 9 or 15 years, partially mediated the
associations between persistent shorter sleep duration and PD (bias-corrected
estimate = 0.003; 95% CI, 0.002-0.005; P = .007) and PEs (bias-corrected
estimate = 0.002; 95% CI, 0-0.003; P = .03) in young adulthood.

CONCLUSIONS AND RELEVANCE Findings of this cohort study highlight the necessity
of addressing short sleep duration in children, as persistence of this sleep problem was
associated with subsequent psychosis. This study also provides preliminary evidence for
future targeted interventions in children addressing both sleep and inflammatory responses.
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S hort sleep duration can have a detrimental impact on a
child’s development in the short, medium, and long
term. For instance, children who do not get enough sleep

are at increased risk for mental health problems,1 attention-
deficit/hyperactivity disorder (ADHD),2 and/or behavioral
problems.3

When considering the impact of short sleep duration in
childhood, most studies have considered specific and iso-
lated time points. However, as sleep duration is highly vari-
able across childhood,4 this approach may not be very accu-
rate to capture children with persistent sleep problems and,
thus, at highest risk for adverse outcomes.5 For instance, chil-
dren with lack of sleep at a specific time point may not expe-
rience this lack of sleep at later ages due to developmental
changes6 or to improvement of environmental factors impact-
ing sleep.7 Therefore, it is crucial to identify those children
with persistent lack of sleep over time, as this is the group of
individuals for whom the detrimental impact of short sleep
will be greatest and who will experience the most negative out-
comes in the long term.

Among mental health problems associated with short
sleep duration is psychosis, which is a pervasive and distress-
ing mental health condition.8 Sleep deprivation or sleep
restriction studies support the potential causal role of
short sleep duration in the development of psychotic
symptoms9-11; however, these studies assessed sleep loss
over the short term and cannot be used to understand its
long-term impact. Longitudinal studies that investigate the
effect of childhood sleep problems as a risk factor for psycho-
sis are scarce and inconclusive, with most studies focusing
on other sleep aspects, such as parasomnias.12,13 We recently
examined the associations of behavioral sleep aspects in
childhood with psychotic and borderline personality disorder
(BPD) symptoms in adolescence and found that shorter sleep
duration was associated with BPD but not with psychosis.14

However, this study selected a specific and isolated time
point in childhood. It therefore remains possible that the
chronicity of short sleep over the childhood period could
constitute a risk factor for psychosis, rather than short sleep
duration at a discrete developmental time point.

Potential mechanisms linking short sleep duration in child-
hood with later psychosis are likewise unexplored. Among po-
tential candidates including neuromaturation, cognition, and
biological mechanisms,15 inflammation has recently been sug-
gested as a potential mediating factor,16 given known recip-
rocal links between both sleep and the immune system17,18

and evidence for low-grade inflammation in people with
psychosis.19 For instance, existing evidence in adults sug-
gests that short sleep duration prospectively predicts in-
creases in inflammation,20 which would support a potential
underlying role of inflammation in the associations between
short sleep and psychosis. Nevertheless, to date, only 1 cross-
sectional study has explored relationships between inflam-
matory markers, sleep, and psychosis,21 finding that outpa-
tients with schizophrenia had worse sleep quality and higher
levels of inflammatory markers compared with controls.

The current study examined the prospective association
of persistent shorter sleep duration across childhood with

psychosis in young adulthood, and the potential mediating role
of inflammation. We focused on psychosis in young adult-
hood as this is when most cases of psychosis begin.22 We hy-
pothesized that we would detect a small group of individuals
with persistent shorter sleep duration across childhood, based
on recent research on sleep duration trajectories across
childhood.23,24 Further, persistent shorter sleep duration
across childhood would increase the risk for psychosis,10 and
elevated inflammatory markers would partially mediate these
prospective associations.16

Methods
Participants
The Avon Longitudinal Study of Parents and Children (ALSPAC)
is a UK birth cohort study examining the determinants of de-
velopment, health, and disease during childhood and
beyond.25,26 Pregnant women who were residents in Avon, UK,
with expected dates of delivery between April 1, 1991, and
December 31, 1992, were invited to take part. The initial num-
ber of pregnancies enrolled was 14 541. Of these, there were a
total of 14 676 fetuses, resulting in 14 062 live births and 13 988
children alive at 1 year of age. Further details of the ALSPAC
study are provided in eAppendix 1 in Supplement 1. Ethical
approval was obtained from the law and ethics committee of
the ALSPAC study. Written informed consent was obtained
from the parents of the children. We followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guidelines.

Measures
Nighttime Sleep Duration
Parent-reported sleep information was collected at 6, 18, and
30 months, and at 3.5, 4 to 5, 5 to 6, and 6 to 7 years. Night-
time sleep duration was calculated from questions asking what
time the child normally went to sleep in the evening and woke
up in the morning.

Psychotic Outcomes at 24 Years
Psychotic experiences (PEs) were identified through the
semistructured Psychosislike Symptom Interview.27 PEs

Key Points
Question What is the association of persistent shorter sleep
duration across childhood with psychosis in young adulthood?

Findings In this cohort study including 12 394 children and 3962
young adults, a group of individuals characterized by persistent
shorter sleep duration from infancy until childhood were
identified, and this group was significantly associated with
psychosis at age 24 years. Further, elevated interleukin 6 (IL-6)
levels at 9 years partially mediated these associations.

Meaning Shorter sleep duration across childhood, particularly
if sustained at all time points, may be considered as a risk for
the development of psychosis in adulthood; inflammation
as measured by IL-6 level could be one of the potential
mechanistic pathways.
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occurring in the past 6 months covered the 3 main positive
symptom domains: hallucinations, delusions, and thought
interference. Cases of PEs were defined as individuals with
definite PEs.

We identified individuals with psychotic disorder (PD) at
24 years based on the following criteria28: (1) having PEs rated
as definite and not associated with sleep or fever, (2) PEs regu-
larly recurring over the previous 6 months, and (3) PEs re-
ported as very distressing or having a very negative impact on
social/occupational functioning.

Inflammatory Markers at 9 and 15 Years
Blood samples were collected from nonfasting participants dur-
ing clinic assessment at 9 years at approximately the same time
of the day. At 15 years, blood was drawn while fasting at a largely
consistent time of day, limiting potential for diurnal effects on
inflammatory markers.29 Samples were immediately spun, fro-
zen, and stored at −80 °C, and there was no evidence of pre-
vious freeze-thaw cycles during storage. High-sensitivity C-
reactive protein (CRP) was measured at 9 and 15 years at the
same laboratory by automated particle-enhanced immuno-
turbidimetric assay (Roche UK). There was no evidence of
freeze-thaw cycles during storage. Additionally, interleukin 6
(IL-6) at 9 years was measured by single enzyme-linked im-
munosorbent assay (R&D Systems). All assay coefficients of
variation were less than 5%. Higher levels of IL-630 and CRP31

were associated with higher probability of infection. IL-6
and CRP levels were log transformed and z transformed.32

Confounders
Multiple family risk factors were assessed using the Family
Adversity Index (FAI) during pregnancy and at 2 and 4 years.
FAI includes items on early parenthood, housing and family
conditions, or social network. Points were summed at each
time point for a total FAI score. Early adversity is a well-
established risk factor for poor mental health33 and poor
sleep.34

Sleep problems at 24 years were assessed with a self-
reported item (“Do you have difficulties getting to sleep or
back to sleep?”) from the Revised Clinical Interview Scale,35

to control for potential co-occurring sleep problems.
Child sex, gestational age, race and ethnicity, and mater-

nal age when the baby was born were mother reported. Race
and ethnicity categories included the following: Bangla-
deshi, Black African, Black Caribbean, Black Other, Chinese,
Indian, Pakistani, White, and other ethnic group (not speci-
fied). Further information is available in eAppendix 2 in Supple-
ment 1. These were selected as covariates due to their impact
on psychosis and sleep.36 The child’s body mass index (BMI)
at 9 and 15 years old (ie, same time points as inflammatory
markers) was also selected based on the well-known associa-
tions between obesity/increased BMI and elevated inflamma-
tory markers.37,38

Finally, neurodevelopment disorders, which are also highly
linked with both sleep problems39 and psychotic symptoms,40

were included as covariates. More specifically, we selected
ADHD diagnosis at 8 years using the parent-reported Devel-
opment and Well-Being Assessment,41 and autistic spectrum

disorder at 9 years, which was measured asking the mother
whether the child had a diagnosis of autism, Asperger syn-
drome, or autism spectrum disorder at the age of 9 years.

Statistical Analysis
Latent class growth analyses (LCGAs) were performed using
Mplus, version 8 (Muthén and Muthén), to identify classes of
individuals with differing levels of nighttime sleep duration
across childhood. The indicator variables were nighttime
sleep duration at 6, 18, and 30 months, and at 3.5, 4 to 5, 5 to
6, and 6 to 7 years. Several models were fit by increasing the
number of classes.42 The best-fitting classification model
was chosen according to fit indices (Bayesian information
criteria [BIC] and Vuong-Lo-Mendell-Rubin [VLMR] test).42

Lower BIC values suggest better model fit. A significant
VLMR value suggests that a K-class model fits the data better
than a (K-1) class model. Entropy was also used to select the
best model fit; entropy with a value approaching 1 indicates
clear delineation of classes. Finally, to decide the optimal
class solution, an emphasis was placed on large enough
group sizes and clinical relevance. Missing values due to
attrition were handled by the full information maximum
likelihood estimation method.42

We next investigated the prospective associations be-
tween the classes identified by LCGA, and psychosis at 24 years,
with a particular focus on the class represented by persis-
tently shorter nighttime sleep duration. We conducted logis-
tic regression analyses using SPSS, version 27 (IBM Corp). The
derived latent classes from the LCGA were the predictors
(with the class with larger sample as reference), and psycho-
sis at 24 years was the outcome. We included the 2 psychotic
outcomes (PEs and PD) in separate models. We tested
unadjusted associations, as well as adjusted associations
controlling for all confounders (except for BMI). To deal with
missingness, we conducted logistic regressions to identify sig-
nificant factors associated with attrition (eTable 1 in Supple-
ment 1). Using the variables associated with selective drop-
out as the factors, we fitted a logistic regression model to
determine weights for each individual using the inverse
probability of response.

We last examined the potential role of CRP at 9 and 15 years
and IL-6 level at 9 years as mediators in the association be-
tween persistent shorter nighttime sleep duration across child-
hood with psychosis at 24 years. We conducted 6 separate path
analyses in SPSS Amos, version 27 (IBM Corp), one per inflam-
matory maker and psychotic outcome. The independent vari-
able was dichotomized (1 = class referring to persistent shorter
nighttime sleep duration; 0 = the other classes). We con-
trolled for FAI, sex, and sleep problems at 24 years, as these
were the most relevant covariates as indicated from the logis-
tic regression analyses. We also controlled for BMI at the same
time point as the inflammatory marker. We used boot-
strapped bias-corrected 95% CIs and P values for assessing the
significance of the standardized indirect associations.
Missing data were dealt with using the full information maxi-
mum likelihood method.43,44 Data were analyzed from Janu-
ary 30 to August 1, 2023. All P values were 2-sided, and P < .05
was considered statistically significant.
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Results

Data were available on 3962 young adults (2429 female
[61.3%]; 1533 male [38.7%]) with information reported on
psychotic outcomes at 24 years (Table 1) and 12 394 children
(6254 female [50.5%]; 6140 male [49.5%]). Child race and
ethnicity were parent identified as follows: 7 Bangladeshi

(0.1%), 11 Black African (0.1%), 76 Black Caribbean (0.6%), 44
Black Other (0.4%), 30 Chinese (0.2%), 54 Indian (0.4%), 22
Pakistani (0.2%), 12 062 White (97.4%), and 82 other (0.7%).

Latent Classes of Nighttime Sleep Duration
eTable 2 in Supplement 1 shows VLMR, BIC, and entropy for
all models assessed (2-6 classes). Overall, a 4-class model pro-
vided the best fit. VLMR showed a statistically significant dif-
ference for the 2-class, 3-class, and 4-class models (all P val-
ues <.001). The 5- and 6-class models did not offer a
significantly better fit than the 4- and 5-class models, respec-
tively. Decreases in BIC became considerably smaller in 4
classes compared with 3 classes. Finally, the 4-class model re-
ported the highest entropy values (0.799). Further, all classes
from the 4-class model included sufficient sample sizes and
were clinically relevant. The 4 derived classes are presented
in Figure 1. Class 1 represented persistent shorter nighttime
sleep duration (301 participants [2.4%]); class 2, persistent in-
termediate-shorter nighttime sleep duration (2743 partici-
pants [21.7%]); class 3, persistent longer nighttime sleep du-
ration (1684 participants [13.6%]); and class 4, persistent
intermediate-longer nighttime sleep duration (7666 partici-
pants [61.9%]).

Prospective Associations
The adjusted logistic regressions showed that persistent
shorter nighttime sleep duration (class 1) was significantly
associated with PD (odds ratio [OR], 2.50; 95% CI, 1.51-4.15;
P < .001) and PEs (OR, 3.64; 95% CI, 2.23-5.95; P < .001), at
24 years (Table 2). Absolute rates of psychosis for each of the
nighttime sleep duration classes appear in eTable 3 in Supple-
ment 1.

Table 1. Descriptive Values of Sociodemographic Variables,
Sleep Duration, Inflammatory Markers, and Psychotic Outcomes

Variable Mean (SD) No. (%)
Sociodemographics/
other covariates

Sex (boys/girls)

Female
NA

7348 (48.9)

Male 7691 (51.1)

Race and ethnicity

Bangladeshi

NA

7 (0.1)

Black African 11 (0.1)

Black Caribbean 76 (0.6)

Black Other 44 (0.4)

Chinese 30 (0.2)

Indian 54 (0.4)

Pakistani 22 (0.2)

White 12 062 (97.4)

Other 82 (0.7)

Birth weight, kg 3.38 (0.58) NA

FAI, total score 4.38 (4.31) NA

Maternal age at birth, y 27.99 (4.96) NA

Gestational age, wk 38.36 (5.51) NA

ADHD diagnosis at 8 y NA 175 (2.1)

Autism or Asperger
syndrome at 9 y

NA 96 (1.2)

Nighttime sleep duration, h

6 mo 10.80 (1.36) NA

18 mo 11.33 (1.08) NA

30 mo 11.24 (1.01) NA

3.5 y 11.27 (0.90) NA

4-5 y 11.39 (0.72) NA

5-6 y 11.28 (0.72) NA

6-7 y 10.99 (0.64) NA

Psychotic outcomes at 24 y

Psychotic disorders (yes/no) NA 47/3842 (1.2/98.8)

Psychotic experiences
(yes/no)

NA 120/3769 (3.1/96.9)

Inflammatory markers

CRP at 9 y, mg/L 0.80 (2.88) NA

CRP at 15 y, mg/L 1.26 (3.97) NA

IL-6 at 9 y, mg/L 1.29 (1.59) NA

BMIa

BMI at 9 y 17.72 (2.91) NA

BMI at 15 y 21.45 (3.57) NA

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; BMI, body mass
index; CRP, C-reactive protein; FAI, Family Adversity Index; IL-6, interleukin-6;
NA, not available.
a BMI is calculated as weight in kilograms divided by height in meters squared.

Figure 1. Growth Trajectories of Nighttime Sleep Duration
Across Childhood (From 6 Months to 6-7 Years)
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The latent class growth analyses detected the best model fit for 4 classes.
Class 1 represents individuals with persistent shorter sleep duration across time
points, which was the main focus of this study. Class 2 refers to individuals with
persistent intermediate-shorter sleep duration. Class 3 represents individuals
with persistent intermediate-longer sleep duration. Class 4 reflects those
individuals with persistent longer sleep duration across time points.
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Mediating Associations of Inflammatory Markers
In examining whether CRP at 9 years partially mediated the
association between persistent shorter nighttime sleep dura-
tion and PD at 24 years, path analysis model fit indexes indi-
cated good model fit (χ2 = 3.11; P = .21; root mean square er-
ror of approximation [RMSEA] = 0.006; comparative fit index
[CIF] = 0.999). However, we did not observe a mediation of CRP
at 9 years in the association between exposure and outcome
(bias-corrected estimate = 0; 95% CI, −0.001 to 0; P = .13). Simi-
lar results were obtained for CRP at 15 years as the mediating
factor, with a good model (χ2 = 1.08; P = .78; RMSEA = 0.005;
CIF = 0.999) but without an indirect association between
exposure and outcome (bias-corrected estimate = 0; 95%
CI, −0.001 to 0.001; P = .73). When we examined IL-6 level at
9 years as the mediating factor, we observed excellent
model fit values (χ2 = 1.02; P = .80; RMSEA = 0; CIF = 1.000),
and also that IL-6 at 9 years partially mediated the associa-
tion between exposure and outcome (bias-corrected esti-
mate = 0.003; 95% CI, 0.002-0.005; P = .007). Direct asso-
ciations for each of the path analyses conducted for PD appear
in Figure 2.

Regarding PEs at 24 years as the outcome, similar results
as the path analyses reported above were obtained (eAppen-
dix 3 in Supplement 1). Notably, and as it happened with PD,

we observed excellent model fit values when we examined
IL-6 level at 9 years as the mediating factor (χ2 = 1.01; P = .60;
RMSEA = 0; CIF = 1.000), observing also only that IL-6 level
at 9 years partially mediated the association between expo-
sure and outcome (bias-corrected estimate = 0.002; 95%
CI, 0.001-0.003; P = .03). Direct associations for each of the
path analyses for PEs appear in Figure 3.

Discussion
To our knowledge, this is the first study to report that persis-
tent shorter sleep duration across childhood was associated
with an increased risk of psychosis in young adulthood. Fur-
ther, we found that these associations can be partially medi-
ated by specific inflammatory levels (ie, increased levels of
IL-6 at 9 years). However, our results indicate that although
significant, the size of the association and the proportion of
the association mediated was low, which indicates that other
factors are also potentially explaining these associations.
Future studies should further explore the specific role of
inflammation as a potential mediating factor in the prospec-
tive associations between sleep and psychosis, together with
other potentially relevant mediating factors.

Table 2. Associations between Latent Classes of Nighttime Sleep Duration and Psychotic Disorder
and Psychotic Experiences at 24 Years

Psychotic disorder at 24 y

Unadjusted model Adjusted model

OR (95%CI) P value OR (95% CI) P value
Class 4 (reference) NA <.001 NA .002

Class 3 1.20 (0.32-4.46) .79 2.49 (0.65-9.53) .18

Class 2 1.16 (0.74-1.84) .51 .99 (0.53-1.84) .98

Class 1a 2.49 (1.63-3.80) <.001 2.50 (1.51-4.15) <.001

Sex

NA NA

2.17 (1.34-3.53) .002

Birth weight, kg 1.93 (1.12-3.14) .008

Maternal age at birth 0.95 (0.90-0.99) .03

FAI total score 1.05 (1.01-1.09) .02

Gestational age 1.16 (0.98-1.39) .09

Race and ethnicity 1.56 (0.45-5.35) .48

Sleep problems at 24 y 3.02 (1.91-4.77) <.001

ADHD at 8 y 0.84 (0.42-1.96) .48

Autism/Asperger at 9 y 0.95 (0.45-2.13) .89

Psychotic experience at 24 y

Class 4 (reference) NA <.001 NA <.001

Class 3 1.74 (1.45-2.08) <.001 1.53 (1.18-1.99) <.001

Class 2 1.61 (1.29-2.01) <.001 1.41 (1.13-1.77) .003

Class 1a 2.44 (1.57-3.80) <.001 3.64 (2.23-5.95) <.001

Sex

NA NA

1.01 (0.83-1.22) .97

Birth weight, kg 1.01 (0.82-1.25) .90

Maternal age at birth 0.99 (0.97-1.01) .43

FAI total score 1.05 (1.03-1.07) <.001

Gestational age 1.07 (0.99-1.14) .06

Race and ethnicity 0.56 (0.25-1.25) .16

Sleep problems at 24 y 2.01 (1.67-2.43) <.001

ADHD at 8 y 0.73 (0.35-1.51) .40

Autism/Asperger at 9 y 0.99 (0.37-2.66) >.99

Abbreviations:
ADHD, attention-deficit/
hyperactivity disorder; FAI, family
adversity index; NA, not applicable;
OR, odds ratio.
a Class 1 refers to persistent short

sleep (and class 4 to the class with
higher number of cases).

Inflammation in Short Sleep Duration Across Childhood and Psychosis in Young Adulthood Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry August 2024 Volume 81, Number 8 829

Downloaded from jamanetwork.com by guest on 08/28/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2024.0796?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796


We first found that persistent shorter sleep duration
from infancy until childhood was associated with both PEs
and PD in young adulthood. Several studies have investi-
gated the predictive role of sleep loss in psychotic symptoms
by restricting or depriving sleep in healthy adults, finding
that sleep loss leads to increases in psychotic symptoms.10

However, these studies are only able to explore the short-
term associations of sleep loss on psychosis and not the
long-term associations.10,11 Previous large epidemiological
studies have also shown a correlation between sleep prob-
lems and psychotic disturbances.45-47 However, these stud-
ies have largely examined sleep disturbance in adulthood
and have been reliant on cross-sectional reports assessing
concurrent sleep and psychotic experiences or short-term
manipulations of sleep. Although previous prospective stud-
ies investigating sleep duration in childhood have not
observed an association with psychotic experiences in early
and later adolescence,12-14 these assessed sleep duration at
specific time points in childhood rather than the trajectory

of sleep duration over time. These prior studies also assessed
psychotic experiences in adolescence. Our finding that a tra-
jectory of sleep duration representing persistent lack of sleep
in childhood was associated with psychosis at 24 years sug-
gests that chronicity of sleep loss is more important than
lack of sleep at a specific time point.5 This is likely due to
sleep duration being highly variable in childhood,48 necessi-
tating multiple assessments over childhood to capture its
developmental course. Our findings also may suggest that
the detrimental impact of inadequate sleep during child-
hood does not manifest until young adulthood in association
with psychosis, coinciding with the median age of onset for
these disorders.49 Finally, 2 of the prospective studies men-
tioned previously,12,13 which also used ALSPAC data, found
that nightmares at specific time points in childhood, but not
sleep duration, were associated with a greater risk of devel-
oping psychotic symptoms in adolescence. Together with
our findings, this may suggest that persistent shorter sleep
across childhood could itself be partly attributed to a higher

Figure 2. Direct Path Between Persistent Shorter Sleep
Across Childhood, Psychotic Disorder (PD) at 24 Years,
and Inflammatory Markers

Persistent short sleep PD at 24 y

CRP at 9 y

β = 0.031, P <.001

β = 0.047, P <.001β = 0.013, P = .11

Direct path between persistent short sleep, PD at age 24 y,  and CRP level
at age 9 y

A

Persistent short sleep PD at 24 y

CRP at 15 y

β = 0.039, P <.001

β = 0.004, P = .64β = 0.003, P = .74

Direct path between persistent short sleep, PD at age 24 y, and CRP level
at age 15 y

B

Persistent short sleep PD at 24 y

IL-6 at 9 y

β = 0.042, P <.001

β = 0.077, P <.001β = 0.041, P <.001

Direct path between persistent short sleep, PD at age 24 y, and IL-6 level
at age 9 y

C

Shown are the direct associations of the independent, mediating, and
dependent variable. Persistent shorter sleep duration represents the
independent variable; C-reactive protein (CRP) at 9 years, CRP at 15 years, and
interleukin 6 (IL-6) at 9 years represent the mediating factors, and PD at age 24
years represents the outcome. Three different path analyses were conducted,
1 per inflammatory marker. The covariates also included in these path analyses
were Family Adversity Index, sex, and sleep problems at 24 years, as these were
the most relevant covariates as indicated from the logistic regression analyses.
In addition, we also controlled for body mass index (BMI), ie, BMI at 9 years
when IL-6 or CPR at 9 years were included and BMI at 15 years when CRP at
15 years was included. Significant pathways are signified by solid arrows and
nonsignificant pathways by dashed arrows.

Figure 3. Direct Path Between Persistent Shorter Sleep
Across Childhood, Psychotic Experiences (PEs) at 24 Years,
and Inflammatory Markers

Persistent short sleep PE at 24 y

CRP at 9 y

β = 0.031, P <.001

β = 0.015, P = .04β = 0.010, P = .214

Direct path between persistent short sleep, PE at age 24 y, and CRP level
at age 9 y

A

Persistent short sleep PE at 24 y

CRP at 15 y

β = 0.032, P <.001

β = 0.075, P <.001β = 0.011, P = .104

Direct path between persistent short sleep, PE at age 24 y, and CRP level
at age 15 y

B

Persistent short sleep PE at 24 y

IL-6 at 9 y

β = 0.031, P <.001

β = 0.032, P = .031β = 0.041, P <.001

Direct path between persistent short sleep, PE at age 24 y, and IL-6 level
at age 9 y

C

Shown are the direct associations of the independent, mediating, and
dependent variable. Persistent shorter sleep duration represents the
independent variable; C-reactive protein (CRP) at 9 years, CRP at 15 years, and
interleukin 6 (IL-6) at 9 years represent the mediating factors, and PEs at age 24
years represent the outcome. Three different path analyses were conducted,
1 per inflammatory marker. The covariates also included in these path analyses
were Family Adversity Index, sex, and sleep problems at 24 years, as these were
the most relevant covariates as indicated from the logistic regression analyses.
In addition, we also controlled for body mass index (BMI), ie, BMI at 9 years
when IL-6 or CPR at 9 years were included, and BMI at 15 years when CRP at
15 years was included. Significant pathways are signified by solid arrows and
nonsignificant pathways by dashed arrows.

Research Original Investigation Inflammation in Short Sleep Duration Across Childhood and Psychosis in Young Adulthood

830 JAMA Psychiatry August 2024 Volume 81, Number 8 (Reprinted) jamapsychiatry.com

Downloaded from jamanetwork.com by guest on 08/28/2025

http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796


incidence of nightmares at earlier developmental stages.
Therefore, future research should consider the role of other
childhood sleep problems in the associations between
chronic shorter sleep and psychosis.

We additionally tested for the potential mediating role of
inflammation in the prospective associations between per-
sistent shorter sleep duration and psychosis. We found that
levels of IL-6, but not CRP, partially mediated these associa-
tions. Longitudinal studies in adults have shown that short
sleep duration prospectively associates with increases in
inflammation, including CRP and IL-6 levels.20 Further,
existing cross-sectional studies also indicate shorter sleep
duration and greater CRP in young adolescents.50 Finally, a
recent review supports that sleep deprivation alters inflam-
matory immune processes via multiple pathways, which
could lead to increased susceptibility to chronic inflamma-
tory diseases,51 supporting potential biological plausibility
that persistent lack of sleep over time might lead to inflam-
matory alterations in the future. Overall, these findings are
potentially explained by the dynamic role of sleep in regulat-
ing the immune system,17 and thus, lack of sleep may lead to
changes in the effector systems that regulate the immune
system and consequently lead to abnormal increases in
inflammatory responses. However, although the existent
evidence supports that inflammation is a consequence of
persistent sleep disturbance,20 a risk factor for psychosis32

and a potential mediating factor between sleep and
psychosis,16 to date, only 1 study21 has investigated the
co-occurrence of sleep disturbance and inflammation in out-
patients with schizophrenia. However, as this was a cross-
sectional study, the authors were unable to identify whether
inflammatory markers mediated the sleep problems in these
patients with schizophrenia.

The findings of our current study are congruent with a
recent study of ours using ALSPAC data where we found
that IL-6 level, but not CRP level (both at 9 years), partially
mediated the associations between sleep problems in child-
hood and ADHD diagnosis at 10 years.2 Another recent
study52 from our group also using ALSPAC data found that
CRP level at 9 and 15 years, but not IL-6 level at 9 years, par-
tially mediated the associations between persistent anxiety
across childhood and psychosis at 24 years. Based on this
limited evidence, we could hypothesize that different physi-
ological actions associate with each of these inflammatory
markers53; thus, IL-6 level may be more sensitive to sleep
problems, although anxiety may have a greater association
with CRP levels, in the pathway to psychosis. A role for an
IL-6-specific pathway in early developmental processes is
also supported by a recent mendelian randomization study
in the UK Biobank, which found that genetically predicted
IL-6 level, but not CRP level, was associated with brain
structure,54 suggesting that early exposure to elevated IL-6
levels may affect development of brain structure in areas
relevant to neurodevelopment (and therefore sleep),

whereas CRP level might be more environmentally
responsive.

Strengths and Limitations
Strengths of our study include the large population-based
sample size, the longitudinal design, and the inclusion of
sleep duration across childhood. However, this study has
some limitations. First, this study only focused on parent- or
self-reported sleep, which could be different from objective
sleep.55 For instance, parent- or self-reported sleep is subject
to bias and subjective interpretation, in addition to be influ-
enced by internal and/or external factors (eg, parents who are
under greater stress or themselves are sleeping poorly might
interpret their child as sleeping less). Second, daytime sleep
duration was not available for all the time points, and thus,
we were not able to provide trajectories on daytime or total
sleep duration. Third, most participants were of White race
and were all residents in the same geographic area in the UK,
which limits the generalizability of our findings. Fourth, our
results could be explained by other potential underlying fac-
tors that have not been explored in this study. Examples of
these include common genetic factors or existing anxiety
symptoms or those that have yet to be defined and/or evalu-
ated. We focused on inflammation as it is modifiable and due
to its links with both sleep and psychosis. The focus of future
research should be to untangle the contribution of other rel-
evant mediating factors. Fifth, in the absence of an experi-
mental manipulation or intervention, we cannot imply here
that shorter sleep duration is causally contributing to later
psychotic experiences, and it is possible that the association
might be due to other factors associated with both childhood
sleep and psychosis. Although we have controlled for several
relevant factors in these associations, other unknown factors
might potentially explain these associations. Finally,
although here we focused on the associations with psychosis,
it is likely that these associations are transdiagnostic consid-
ering that inflammatory markers have been associated with a
range of psychiatric disorders in this same cohort.2,32,52

Therefore, future studies should explore the pathways of
associations with other mental health outcomes.

Conclusions
Results of this cohort study suggest that persistent shorter sleep
duration across childhood was associated with higher risk of de-
veloping psychosis in young adulthood. Further, IL-6 level, but
not CRP level, partially mediated these prospective associa-
tions. Our findings highlight the necessity of addressing short
sleep duration in children, as persistence of these sleep prob-
lems may be a risk factor for subsequent psychosis. Our study
also provides evidence to develop future targeted early inter-
ventions in children addressing both sleep duration and spe-
cific inflammatory levels, to prevent future adverse outcomes.

ARTICLE INFORMATION

Accepted for Publication: February 28, 2024.

Published Online: May 8, 2024.
doi:10.1001/jamapsychiatry.2024.0796

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2024 Morales-Muñoz I et al. JAMA Psychiatry.

Inflammation in Short Sleep Duration Across Childhood and Psychosis in Young Adulthood Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry August 2024 Volume 81, Number 8 831

Downloaded from jamanetwork.com by guest on 08/28/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2024.0796?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796


Author Contributions: Dr Morales-Muñoz and
Professor Marwaha had full access to all of the data
in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis.
Professor Upthegrove and Dr Cropley contributed
equally to this work and share senior authorship.
Concept and design: All authors.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Morales-Muñoz,
Upthegrove.
Critical review of the manuscript for important
intellectual content: Marwaha, Upthegrove, Cropley.
Statistical analysis: Morales-Muñoz, Marwaha,
Upthegrove.
Obtained funding: Upthegrove.
Administrative, technical, or material support:
Marwaha, Marwaha, Upthegrove, Upthegrove.
Supervision: Upthegrove.

Conflict of Interest Disclosures: Dr Upthegrove
reported receiving financial support from the
National Institute for Health and Care Research
Oxford Health Biomedical Research Centre; serving
as honorary general secretary for British
Association for Psychopharmacology; serving as
deputy editor of British Journal of Psychiatry from
2018 to 2023; being a current member of Scientific
Advisory Group: MIND 2023; receiving speaker fees
from Otsuka; and receiving consultant fees from
Vitaris and Springer Healthcare outside the
submitted work. No other disclosures were
reported.

Funding/Support: This work was supported in part
by grant 217065/Z/19/Z from the UK Medical
Research Council and Wellcome; core support for
Avon Longitudinal Study of Parents and Children
from the University of Bristol; the National Institute
for Health and Care Research (NIHR) Oxford Health
Biomedical Research Centre; the NIHR Mental
Health Translational Research Collaboration; and
National Health and Medical Research Council
investigator grant 1177370 and University of
Melbourne Dame Kate Campbell Fellowship
(Dr Cropley).

Role of the Funder/Sponsor: The funders had
no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The views expressed are those of the
authors and not necessarily those of the National
Institute for Health and Care Research or the
Department of Health and Social Care.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank all the families
who took part in this study, the midwives for their
help in recruiting them, and the whole Avon
Longitudinal Study of Parents and Children team,
which includes interviewers, computer and
laboratory technicians, clerical workers, research
scientists, volunteers, managers, receptionists, and
nurses. Beyond usual salary, no one received
financial compensation for their contribution.

REFERENCES

1. Morales-Muñoz I, Gregory AM. Sleep and mental
health problems in children and adolescents. Sleep
Med Clin. 2023;18(2):245-254. doi:10.1016/j.jsmc.
2023.01.006

2. Morales-Muñoz I, Upthegrove R, Lawrence K,
et al. The role of inflammation in the prospective
associations between early childhood sleep
problems and ADHD at 10 years: findings from a UK
birth cohort study. J Child Psychol Psychiatry. 2023;
64(6):930-940. doi:10.1111/jcpp.13755

3. Ranum BM, Wichstrøm L, Pallesen S,
Falch-Madsen J, Halse M, Steinsbekk S. Association
between objectively measured sleep duration and
symptoms of psychiatric disorders in middle
childhood. JAMA Netw Open. 2019;2(12):e1918281.
doi:10.1001/jamanetworkopen.2019.18281

4. Iglowstein I, Jenni OG, Molinari L, Largo RH.
Sleep duration from infancy to adolescence:
reference values and generational trends. Pediatrics.
2003;111(2):302-307. doi:10.1542/peds.111.2.302

5. Williamson AA, Mindell JA, Hiscock H, Quach J.
Longitudinal sleep problem trajectories are
associated with multiple impairments in child
well-being. J Child Psychol Psychiatry. 2020;61(10):
1092-1103. doi:10.1111/jcpp.13303

6. Meltzer LJ, Plog AE, Wahlstrom KL, Strand MJ.
Biology vs. ecology: a longitudinal examination of
sleep, development, and a change in school start
times. Sleep Med. 2022;90:176-184. doi:10.1016/
j.sleep.2022.01.003

7. Yip T, Cheon YM, Wang Y, Deng WQ, Seligson AL.
Sociodemographic and environmental factors
associated with childhood sleep duration. Sleep
Health. 2020;6(6):767-777. doi:10.1016/j.sleh.2020.
05.007

8. Radua J, Ramella-Cravaro V, Ioannidis JPA, et al.
What causes psychosis—an umbrella review of risk
and protective factors. World Psychiatry. 2018;17(1):
49-66. doi:10.1002/wps.20490

9. Petrovsky N, Ettinger U, Hill A, et al. Sleep
deprivation disrupts prepulse inhibition and
induces psychosislike symptoms in healthy
humans. J Neurosci. 2014;34(27):9134-9140.
doi:10.1523/JNEUROSCI.0904-14.2014

10. Waters F, Chiu V, Atkinson A, Blom JD. Severe
sleep deprivation causes hallucinations and a
gradual progression toward psychosis with
increasing time awake. Front Psychiatry. 2018;9:303.
doi:10.3389/fpsyt.2018.00303

11. Reeve S, Emsley R, Sheaves B, Freeman D.
Disrupting sleep: the effects of sleep loss on
psychotic experiences tested in an experimental
study with mediation analysis. Schizophr Bull. 2018;
44(3):662-671. doi:10.1093/schbul/sbx103

12. Thompson A, Lereya ST, Lewis G, Zammit S,
Fisher HL, Wolke D. Childhood sleep disturbance
and risk of psychotic experiences at 18: UK birth
cohort. Br J Psychiatry. 2015;207(1):23-29.
doi:10.1192/bjp.bp.113.144089

13. Fisher HL, Lereya ST, Thompson A, Lewis G,
Zammit S, Wolke D. Childhood parasomnias and
psychotic experiences at age 12 years in a UK birth
cohort. Sleep. 2014;37(3):475-482. doi:10.5665/
sleep.3478

14. Morales-Muñoz I, Broome MR, Marwaha S.
Association of parent-reported sleep problems in
early childhood with psychotic and borderline
personality disorder symptoms in adolescence.
JAMA Psychiatry. 2020;77(12):1256-1265.
doi:10.1001/jamapsychiatry.2020.1875

15. Lunsford-Avery A Jr, Mittal V. Sleep Dysfunction
prior to the onset of schizophrenia: a review and
neurodevelopmental diathesis–stress

conceptualization. Clin Psychol Sci Pract. 2013;20
(3):291-320. doi:10.1111/cpsp.12041

16. Cosgrave J, Wulff K, Gehrman P. Sleep, circadian
rhythms, and schizophrenia: where we are and
where we need to go. Curr Opin Psychiatry. 2018;31
(3):176-182. doi:10.1097/YCO.0000000000000419

17. Irwin MR, Opp MR. Sleep health: reciprocal
regulation of sleep and innate immunity.
Neuropsychopharmacology. 2017;42(1):129-155.
doi:10.1038/npp.2016.148

18. Vgontzas AN, Papanicolaou DA, Bixler EO, et al.
Circadian interleukin-6 secretion and quantity and
depth of sleep. J Clin Endocrinol Metab. 1999;84(8):
2603-2607. doi:10.1210/jcem.84.8.5894

19. Miller BJ, Buckley P, Seabolt W, Mellor A,
Kirkpatrick B. Meta-analysis of cytokine alterations
in schizophrenia: clinical status and antipsychotic
effects. Biol Psychiatry. 2011;70(7):663-671.
doi:10.1016/j.biopsych.2011.04.013

20. Irwin MR. Sleep and inflammation: partners in
sickness and in health. Nat Rev Immunol. 2019;19
(11):702-715. doi:10.1038/s41577-019-0190-z

21. Lee EE, Ancoli-Israel S, Eyler LT, et al. Sleep
disturbances and inflammatory biomarkers in
schizophrenia: focus on sex differences. Am J
Geriatr Psychiatry. 2019;27(1):21-31. doi:10.1016/
j.jagp.2018.09.017

22. Kessler RC, Amminger GP, Aguilar-Gaxiola S,
Alonso J, Lee S, Ustün TB. Age of onset of mental
disorders: a review of recent literature. Curr Opin
Psychiatry. 2007;20(4):359-364. doi:10.1097/YCO.
0b013e32816ebc8c

23. Radmanish M, Khalfallah O, Glaichenhaus N,
et al. Sleep duration trajectories associated with
levels of specific serum cytokines at age 5:
a longitudinal study in preschoolers from the EDEN
birth cohort. Brain Behav Immun Health. 2022;21:
100429. doi:10.1016/j.bbih.2022.100429

24. Petit D, Touchette E, Pennestri MH, et al.
Nocturnal sleep duration trajectories in early
childhood and school performance at age 10 years.
J Sleep Res. 2023;32(5):e13893. doi:10.1111/jsr.13893

25. Boyd A, Golding J, Macleod J, et al. Cohort
profile: the children of the 90s—the index offspring
of the Avon Longitudinal Study of Parents and
Children. Int J Epidemiol. 2013;42(1):111-127.
doi:10.1093/ije/dys064

26. Fraser A, Macdonald-Wallis C, Tilling K, et al.
Cohort profile: the avon longitudinal study of
parents and children: ALSPAC mothers cohort. Int J
Epidemiol. 2013;42(1):97-110. doi:10.1093/ije/dys066

27. Horwood J, Salvi G, Thomas K, et al. IQ and
nonclinical psychotic symptoms in 12-year-olds:
results from the ALSPAC birth cohort. Br J Psychiatry.
2008;193(3):185-191. doi:10.1192/bjp.bp.108.051904

28. Perry BI, Stochl J, Upthegrove R, et al.
Longitudinal trends in childhood insulin levels and
body mass index and associations with risks of
psychosis and depression in young adults. JAMA
Psychiatry. 2021;78(4):416-425. doi:10.1001/
jamapsychiatry.2020.4180

29. Bell JA, Hamer M, Richmond RC, Timpson NJ,
Carslake D, Davey Smith G. Associations of
device-measured physical activity across
adolescence with metabolic traits: prospective
cohort study. PLoS Med. 2018;15(9):e1002649.
doi:10.1371/journal.pmed.1002649

Research Original Investigation Inflammation in Short Sleep Duration Across Childhood and Psychosis in Young Adulthood

832 JAMA Psychiatry August 2024 Volume 81, Number 8 (Reprinted) jamapsychiatry.com

Downloaded from jamanetwork.com by guest on 08/28/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2024.0796?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://dx.doi.org/10.1016/j.jsmc.2023.01.006
https://dx.doi.org/10.1016/j.jsmc.2023.01.006
https://dx.doi.org/10.1111/jcpp.13755
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.18281?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://dx.doi.org/10.1542/peds.111.2.302
https://dx.doi.org/10.1111/jcpp.13303
https://dx.doi.org/10.1016/j.sleep.2022.01.003
https://dx.doi.org/10.1016/j.sleep.2022.01.003
https://dx.doi.org/10.1016/j.sleh.2020.05.007
https://dx.doi.org/10.1016/j.sleh.2020.05.007
https://dx.doi.org/10.1002/wps.20490
https://dx.doi.org/10.1523/JNEUROSCI.0904-14.2014
https://dx.doi.org/10.3389/fpsyt.2018.00303
https://dx.doi.org/10.1093/schbul/sbx103
https://dx.doi.org/10.1192/bjp.bp.113.144089
https://dx.doi.org/10.5665/sleep.3478
https://dx.doi.org/10.5665/sleep.3478
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.1875?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://dx.doi.org/10.1111/cpsp.12041
https://dx.doi.org/10.1097/YCO.0000000000000419
https://dx.doi.org/10.1038/npp.2016.148
https://dx.doi.org/10.1210/jcem.84.8.5894
https://dx.doi.org/10.1016/j.biopsych.2011.04.013
https://dx.doi.org/10.1038/s41577-019-0190-z
https://dx.doi.org/10.1016/j.jagp.2018.09.017
https://dx.doi.org/10.1016/j.jagp.2018.09.017
https://dx.doi.org/10.1097/YCO.0b013e32816ebc8c
https://dx.doi.org/10.1097/YCO.0b013e32816ebc8c
https://dx.doi.org/10.1016/j.bbih.2022.100429
https://dx.doi.org/10.1111/jsr.13893
https://dx.doi.org/10.1093/ije/dys064
https://dx.doi.org/10.1093/ije/dys066
https://dx.doi.org/10.1192/bjp.bp.108.051904
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.4180?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.4180?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://dx.doi.org/10.1371/journal.pmed.1002649
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796


30. Tanaka T, Narazaki M, Kishimoto T. IL-6 in
inflammation, immunity, and disease. Cold Spring
Harb Perspect Biol. 2014;6(10):a016295.
doi:10.1101/cshperspect.a016295

31. Landry A, Docherty P, Ouellette S, Cartier LJ.
Causes and outcomes of markedly elevated
C-reactive protein levels. Can Fam Physician. 2017;
63(6):e316-e323.

32. Perry BI, Zammit S, Jones PB, Khandaker GM.
Childhood inflammatory markers and risks for
psychosis and depression at age 24: examination
of temporality and specificity of association in a
population-based prospective birth cohort.
Schizophr Res. 2021;230:69-76. doi:10.1016/
j.schres.2021.02.008

33. Wadman R, Hiller RM, St Clair MC. The
influence of early familial adversity on adolescent
risk behaviors and mental health: stability and
transition in family adversity profiles in a cohort
sample. Dev Psychopathol. 2020;32(2):437-454.
doi:10.1017/S0954579419000191

34. Qu G, Liu H, Han T, et al. Association between
adverse childhood experiences and sleep quality,
emotional and behavioral problems, and academic
achievement of children and adolescents. Eur Child
Adolesc Psychiatry. 2024;33(2):527-538.
doi:10.1007/s00787-023-02185-w

35. Lewis G, Pelosi AJ, Araya R, Dunn G. Measuring
psychiatric disorder in the community:
a standardized assessment for use by lay
interviewers. Psychol Med. 1992;22(2):465-486.
doi:10.1017/S0033291700030415

36. Harron K, Gilbert R, Fagg J, Guttmann A,
van der Meulen J. Associations between
prepregnancy psychosocial risk factors and infant
outcomes: a population-based cohort study in
England. Lancet Public Health. 2021;6(2):e97-e105.
doi:10.1016/S2468-2667(20)30210-3

37. Khanna D, Khanna S, Khanna P, Kahar P, Patel
BM. Obesity: a chronic low-grade inflammation and
its markers. Cureus. 2022;14(2):e22711. doi:10.7759/
cureus.22711

38. Garske KM, Kar A, Comenho C, et al. Increased
body mass index is linked to systemic inflammation

through altered chromatin coaccessibility in human
preadipocytes. Nat Commun. 2023;14(1):4214.
doi:10.1038/s41467-023-39919-y

39. Al Lihabi A. A literature review of sleep
problems and neurodevelopment disorders. Front
Psychiatry. 2023;14:1122344. doi:10.3389/fpsyt.
2023.1122344

40. Pontillo M, Averna R, Tata MC, Chieppa F,
Pucciarini ML, Vicari S. Neurodevelopmental
trajectories and clinical profiles in a sample of
children and adolescents with early- and very
early–onset schizophrenia. Front Psychiatry. 2021;
12:662093. doi:10.3389/fpsyt.2021.662093

41. Goodman R, Ford T, Richards H, Gatward R,
Meltzer H. The development and well-being
assessment: description and initial validation
of an integrated assessment of child and adolescent
psychopathology. J Child Psychol Psychiatry. 2000;
41(5):645-655. doi:10.1111/j.1469-7610.2000.
tb02345.x

42. Jung T, Wickrama KAS. An introduction to
latent class growth analysis and growth mixture
modeling. Soc Personal Psychol Compass. 2008;2:
302-317. doi:10.1111/j.1751-9004.2007.00054.x

43. Wothke W. Longitudinal and multi-group
modeling with missing data. In: Little TD, Schnabel
U, Baumert J, eds. Modeling Longitudinal and
Multiple Group Data: Practical Issues, Applied
Approaches and Specific Examples. Lawrence Erlbaum
Publishers; 1998.

44. Arbuckle JL, Wothke W. Amos 4.0 User’s Guide.
SmallWaters Corporation; 1995.

45. Brederoo SG, de Boer JN, de Vries J, Linszen
MMJ, Sommer IEC. Fragmented sleep relates to
hallucinations across perceptual modalities in the
general population. Sci Rep. 2021;11(1):7735.
doi:10.1038/s41598-021-87318-4

46. Koyanagi A, Stickley A. The Association
between sleep problems and psychotic symptoms
in the general population: a global perspective. Sleep.
2015;38(12):1875-1885. doi:10.5665/sleep.5232

47. Sheaves B, Bebbington PE, Goodwin GM, et al.
Insomnia and hallucinations in the general
population: Findings from the 2000 and 2007

British Psychiatric Morbidity Surveys. Psychiatry
Res. 2016;241:141-146. doi:10.1016/j.psychres.2016.
03.055

48. Paavonen EJ, Saarenpää-Heikkilä O,
Morales-Munoz I, et al. Normal sleep development
in infants: findings from 2 large birth cohorts. Sleep
Med. 2020;69:145-154. doi:10.1016/j.sleep.2020.
01.009

49. Solmi M, Radua J, Olivola M, et al. Age at onset
of mental disorders worldwide: large-scale
meta-analysis of 192 epidemiological studies. Mol
Psychiatry. 2022;27(1):281-295. doi:10.1038/s41380-
021-01161-7

50. Park H, Tsai KM, Dahl RE, et al. Sleep and
inflammation during adolescence. Psychosom Med.
2016;78(6):677-685. doi:10.1097/PSY.
0000000000000340

51. Garbarino S, Lanteri P, Bragazzi NL, Magnavita
N, Scoditti E. Role of sleep deprivation in
immune-related disease risk and outcomes.
Commun Biol. 2021;4(1):1304. doi:10.1038/s42003-
021-02825-4

52. Morales-Muñoz I, Palmer ER, Marwaha S,
Mallikarjun PK, Upthegrove R. Persistent childhood
and adolescent anxiety and risk for psychosis:
a longitudinal birth cohort study. Biol Psychiatry.
2022;92(4):275-282. doi:10.1016/j.biopsych.2021.12.
003

53. Del Giudice M, Gangestad SW. Rethinking IL-6
and CRP: why they are more than inflammatory
biomarkers, and why it matters. Brain Behav Immun.
2018;70:61-75. doi:10.1016/j.bbi.2018.02.013

54. Williams JA, Burgess S, Suckling J, et al; PIMS
Collaboration. Inflammation and brain structure in
schizophrenia and other neuropsychiatric
disorders: a mendelian randomization study. JAMA
Psychiatry. 2022;79(5):498-507. Published online
March 30, 2022. doi:10.1001/jamapsychiatry.2022.
0407

55. Mazza S, Bastuji H, Rey AE. Objective and
subjective assessments of sleep in children:
comparison of actigraphy, sleep diary completed by
children, and parents’ estimation. Front Psychiatry.
2020;11:495. doi:10.3389/fpsyt.2020.00495

Inflammation in Short Sleep Duration Across Childhood and Psychosis in Young Adulthood Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry August 2024 Volume 81, Number 8 833

Downloaded from jamanetwork.com by guest on 08/28/2025

https://dx.doi.org/10.1101/cshperspect.a016295
https://www.ncbi.nlm.nih.gov/pubmed/28615410
https://www.ncbi.nlm.nih.gov/pubmed/28615410
https://dx.doi.org/10.1016/j.schres.2021.02.008
https://dx.doi.org/10.1016/j.schres.2021.02.008
https://dx.doi.org/10.1017/S0954579419000191
https://dx.doi.org/10.1007/s00787-023-02185-w
https://dx.doi.org/10.1017/S0033291700030415
https://dx.doi.org/10.1016/S2468-2667(20)30210-3
https://dx.doi.org/10.7759/cureus.22711
https://dx.doi.org/10.7759/cureus.22711
https://dx.doi.org/10.1038/s41467-023-39919-y
https://dx.doi.org/10.3389/fpsyt.2023.1122344
https://dx.doi.org/10.3389/fpsyt.2023.1122344
https://dx.doi.org/10.3389/fpsyt.2021.662093
https://dx.doi.org/10.1111/j.1469-7610.2000.tb02345.x
https://dx.doi.org/10.1111/j.1469-7610.2000.tb02345.x
https://dx.doi.org/10.1111/j.1751-9004.2007.00054.x
https://dx.doi.org/10.1038/s41598-021-87318-4
https://dx.doi.org/10.5665/sleep.5232
https://dx.doi.org/10.1016/j.psychres.2016.03.055
https://dx.doi.org/10.1016/j.psychres.2016.03.055
https://dx.doi.org/10.1016/j.sleep.2020.01.009
https://dx.doi.org/10.1016/j.sleep.2020.01.009
https://dx.doi.org/10.1038/s41380-021-01161-7
https://dx.doi.org/10.1038/s41380-021-01161-7
https://dx.doi.org/10.1097/PSY.0000000000000340
https://dx.doi.org/10.1097/PSY.0000000000000340
https://dx.doi.org/10.1038/s42003-021-02825-4
https://dx.doi.org/10.1038/s42003-021-02825-4
https://dx.doi.org/10.1016/j.biopsych.2021.12.003
https://dx.doi.org/10.1016/j.biopsych.2021.12.003
https://dx.doi.org/10.1016/j.bbi.2018.02.013
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.0407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.0407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796
https://dx.doi.org/10.3389/fpsyt.2020.00495
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.0796

