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Childhood interleukin-6, C-reactive protein and
atopic disorders as risk factors for hypomanic
symptoms in young adulthood: a longitudinal
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Background. There are no existing longitudinal studies of inﬂammatory markers and atopic disorders in childhood
and risk of hypomanic symptoms in adulthood. This study examined if childhood: (1) serum interleukin-6 (IL-6) and
C-reactive protein (CRP); and (2) asthma and/or eczema are associated with features of hypomania in young adulthood.
Method. Participants in the Avon Longitudinal Study of Parents and Children, a prospective general population UK
birth cohort, had non-fasting blood samples for IL-6 and CRP measurement at the age of 9 years (n = 4645), and parents
answered a question about doctor-diagnosed atopic illness before the age of 10 years (n = 7809). These participants completed the Hypomania Checklist at age 22 years (n = 3361).
Results. After adjusting for age, sex, ethnicity, socio-economic status, past psychological and behavioural problems,
body mass index and maternal postnatal depression, participants in the top third of IL-6 values at 9 years, compared
with the bottom third, had an increased risk of hypomanic symptoms by age 22 years [adjusted odds ratio 1.77, 95%
conﬁdence interval (CI) 1.10–2.85, p < 0.001]. Higher IL-6 levels in childhood were associated with adult hypomania features in a dose–response fashion. After further adjustment for depression at the age of 18 years this association remained
(adjusted odds ratio 1.70, 95% CI 1.03–2.81, p = 0.038). There was no evidence of an association of hypomanic symptoms
with CRP levels, asthma or eczema in childhood.
Conclusions. Higher levels of systemic inﬂammatory marker IL-6 in childhood were associated with hypomanic symptoms in young adulthood, suggesting that inﬂammation may play a role in the pathophysiology of mania. Inﬂammatory
pathways may be suitable targets for the prevention and intervention for bipolar disorder.
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Introduction
The role of inﬂammation in a variety of mental disorders has become a topic of renewed interest
(Krishnadas & Cavanagh, 2012; Harrison, 2013;
Kiecolt-Glaser et al. 2015). There is now considerable
evidence that acute psychotic, manic and depressive
episodes are associated with abnormalities in a range
of inﬂammatory markers, including elevation of proinﬂammatory cytokines (Frommberger et al. 1997;
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Dickerson et al. 2007; Goldstein et al. 2011; Berk et al.
2013; Khandaker et al. 2015). There is also evidence
that these disorders are longitudinally associated
with previous inﬂammatory illnesses, for example maternal and childhood infections have been identiﬁed as
risk factors for schizophrenia (Khandaker et al. 2012,
2013) and bipolar disorder (Parboosing et al. 2013).
Individuals with psychotic and affective illnesses are
also at increased risk of developing conditions with
an inﬂammatory basis, such as diabetes and cardiovascular disease (Osborn et al. 2008; De Hert et al. 2009).
However, there is a paucity of longitudinal research investigating whether alterations in inﬂammatory markers occur as a precursor to mental disorders. Data
from the Avon Longitudinal Study of Parents and
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Fig. 1. Timing of data collection, hypotheses and sample size. a Total participants who completed both interleukin-6 (IL-6)
blood test and Hypomania Checklist (HCL-32), n = 1717. Total participants who completed both C-reactive protein (CRP)
blood test and HCL-32, n = 1721. Total participants who completed atopic condition question and HCL-32, n = 2880.

Children (ALSPAC), a UK general population birth cohort, recently showed that higher serum levels of
interleukin-6 (IL-6) in childhood is associated with depression and psychosis in young adult life (Khandaker
et al. 2014a).
ALSPAC data have also shown an association between childhood atopic disorders and psychotic symptoms in adolescents (Khandaker et al. 2014b). A
longitudinal association between asthma and subsequent hospitalization for schizophrenia, and adult
diagnoses of depression has been reported (Timonen
et al. 2003; Pedersen et al. 2012; Sanna et al. 2014),
and three longitudinal studies have reported increased
rates of bipolar disorder in individuals with asthma
(Liang & Chikritzhs, 2013; Chen et al. 2014; Lin et al.
2014). IL-6, C-reactive protein (CRP) and other inﬂammatory markers are associated with asthma and eczema (Takemura et al. 2006; Arif et al. 2007; Rincon &
Irvin, 2012). However, to our knowledge there have
been no previous studies showing temporal associations between inﬂammatory markers, atopic conditions and features of hypomania. Indeed it may be
that this association is less likely than a longitudinal association with psychotic experiences as, whilst it has
been found that chronic immune activation occurs in
schizophrenia, previous research has suggested that bipolar disorder is an episode-related inﬂammatory syndrome, with normal cytokine function between
affective episodes (Kunz et al. 2011; Stertz et al. 2013).
Hypomanic symptoms in early adulthood are a risk
factor for developing bipolar disorder (Zimmermann
et al. 2009), but are also associated with increased future risk of non-affective Axis I disorders, personality
disorders, mental health service use and psychotropic
drug prescribing (Päären et al. 2014).
Using data from ALSPAC we assessed associations
between serum CRP and IL-6, aged 9 years, atopic conditions (asthma and eczema) before age 10 years, and

lifetime experience of hypomanic symptoms assessed
at 22 years. We hypothesized that atopic disorders
and raised inﬂammatory markers would be associated
with increased risk of hypomanic symptoms, and that
inﬂammatory markers would mediate the association
between atopic conditions and features of hypomania
(Fig. 1).
Method
Description of cohort
The ALSPAC birth cohort is comprised of all live births
in the County of Avon, UK, with expected due dates
between April 1991 and December 1992. The initial cohort consisted of 14 062 live births, with 13 998 alive at
1 year (http://www.bristol.ac.uk/alspac/). From birth,
parents completed regular questionnaires about all
aspects of their child’s health and development. From
age 7 years, children attended a clinic to participate
in various tests and interviews on an annual basis.
ALSPAC has been used for a vast array of research
topics (Fraser et al. 2013). Ethical approval for the
study was obtained from the ALSPAC Ethics and
Law Committee and Local Research Ethics
Committees.
This study is based on the cohort of 4645 children
who had analysable blood samples taken aged 9
years after excluding those with an infection around
the time of blood collection, 7809 who answered questions about atopic conditions aged 10 years and 3361
who completed the Hypomania Checklist (HCL-32)
(Fig. 1).
Assessment of hypomanic symptoms
Features of hypomania were identiﬁed using the
HCL-32 which was sent to participants when they
were aged 22 years. The HCL-32 is a self-completed
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questionnaire for a lifetime history of hypomanic
symptoms (Angst et al. 2005). It asks respondents to
consider a time when they were in a ‘high or hyper’
state and endorse a number of statements about their
emotions, thoughts and behaviours at this time.
Examples of these 32 statements are: ‘I think faster’;
‘I make more jokes or puns when I am talking’; and
‘I take more risks in my daily life’. None of the statements describe psychotic experiences. It also asks
about the duration of such episodes and their impact
on family, social and work life. The HCL-32 has been
used as both a continuous and categorical measure of
hypomanic symptoms (Court et al. 2014; Carvalho
et al. 2015). Although initially developed as a screening
instrument for use in people diagnosed with depressive disorders, it is also a sensitive screening tool in
non-clinical settings (Meyer et al. 2007).
We deﬁned lifetime history of hypomanic symptoms
in line with previous approaches for studies of this nature, namely: a score of 14 or more out of the possible
32 questions on hypomanic features, plus at least one
response of either ‘negative consequences’ or ‘negative
plus positive consequences’, plus a report that these
mood changes causes some kind of reaction in others,
plus a duration of ‘2–3 days’ or more. Overall, this
deﬁnition of hypomanic symptoms, which includes severity, impairment and duration criteria, is more conservative than several other studies, which have
tended to use only the threshold score of 14 (Hardoy
et al. 2005; Meyer et al. 2007, 2014). We chose a duration
criterion of 2–3 days or more because the 4-day threshold within the Diagnostic and Statistical Manual of
Mental Disorders (DSM) excludes many individuals
with bipolar disorder type II (Goldberg et al. 2009;
Bauer et al. 2011; Parker et al. 2014), and because 2
days is known to be the modal duration of hypomania
in bipolar II disorder (Benazzi, 2001; Angst & Cassano,
2005). Based on previous work in non-clinical samples,
we expected 5–10% of respondents to satisfy our criteria for features of hypomania (Meyer et al. 2007;
Holtmann et al. 2009). Hypomanic symptoms were
not clinically veriﬁed in the cohort.
Assays for inﬂammatory markers
The acute-phase protein, CRP; and the pleiotropic
cytokine, IL-6, were assayed from non-fasting blood
samples collected in participants aged 9 years.
Parents of 7236 children gave informed consent for
venepuncture. The procedure was successfully completed such that IL-6 and CRP were measured in
5076 individuals. Of these, 431 children reported an infection in the 7 days preceding venepuncture and were
excluded from the cohort, as we were interested in immune activity in healthy individuals.

Serum was isolated after blood collection and stored
in 1 ml aliquots at −80°C. Analysis of these samples
was carried out in 2008 following a median of 7.5
years of storage, with no freeze–thaw cycles during
storage. The automated particle-enhanced Tina-quant
immunoturbidimetric assay (Roche UK) was used
to measure high-sensitivity CRP. An enzyme-linked
immunosorbant assay (ELISA) (R&D systems, UK)
was used to measure IL-6. These methods have been
reported elsewhere (Khandaker et al. 2014a). All interand intra-assay coefﬁcients of variation for IL-6 and
CRP were less than 5%. No other inﬂammatory markers were measured. The minimum detection limit
for IL-6 was 0.1 pg/ml. This represents the lowest measureable analytic level that can be distinguished from
zero. Those below this limit were assigned a value of
zero (0.4% of the sample), and were also included in
our analysis. In the total sample IL-6 values ranged
from 0.1 to 20.1 pg/ml. The minimum detection limit
for CRP was 0.03 mg/l. Of the participants, 29 (0.6%
of the sample) were below this limit, and were
assigned values of 0.01 pg/ml (n = 16) and 0.02 mg/l
(n = 13); they were also included in the analysis. In
the total sample, CRP values ranged from 0.01 to
45.17 mg/l (32 subjects over 10 mg/l).
Assessment of atopic disorders
When participants were aged 10 years, parents completed a postal questionnaire which included the question: ‘Has a doctor ever actually said that your study
child has asthma or eczema?’ Possible responses to
this question which are used in this study were: no
asthma or eczema (reference group); asthma only; eczema only; both asthma and eczema.
Assessment of confounders
A number of potential childhood and parental confounders were deﬁned a priori: age at the time of hypomania assessment; sex; ethnicity; socio-economic status
(SES) (deﬁned as paternal social class using the six categories of the UK Ofﬁce of National Statistics classiﬁcation system); psychological and behavioural problems
at baseline [using the Strengths and Difﬁculties
Questionnaire (SDQ), completed by parents when children were aged 7 years]; baseline body mass index
(BMI) (measured at 9 years old), and mother’s postnatal depression score [using the Edinburgh Postnatal
Depression Scale (EPDS) recorded at 8 weeks postpartum]. These confounders were selected because
they represent a range of measures of childhood adversity, all of which have been found to be associated with
inﬂammatory processes in childhood and risk of adult
mental disorders. We also ran an additional model
adjusting for International Classiﬁcation of Diseases
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(ICD)-10 diagnosis of depression at the age of 18 years
made via the Clinical Interview Schedule-Revised
(CIS-R) (Lewis et al. 1992). This was to check that any
association was not purely driven by the previously
reported relationship between inﬂammatory markers
and depression symptoms in this cohort (Khandaker
et al. 2014a).
Statistical analysis
Inﬂammatory markers and hypomania
We used logistic regression to calculate the odds ratio
(OR) and 95% conﬁdence interval (CI) for hypomanic
symptoms in individuals in the middle and top thirds
of IL-6 and CRP compared with the bottom third (reference group). Linear trend was tested when tertiles of
values of each inﬂammatory marker were treated as a
linear term. Regression models were adjusted for age,
sex, ethnicity, SES, SDQ score, BMI and EPDS score.
Additionally, we calculated ORs for hypomanic
symptoms for each standard deviation (S.D.) increase
in IL-6 and CRP in childhood using these inﬂammatory markers as continuous variables (z-transformed
values). A quadratic term (for example IL-62) was
included in these regression models to assess potential
non-linearity.
Atopic disorders and hypomania
Multinomial logistic regression was used to calculate
the OR and 95% CI for features of hypomania in
those with asthma only, eczema only, and both asthma
and eczema, compared with no asthma or eczema (reference group). Regression models were adjusted for
age at time of HCL-32 completion, sex, ethnicity,
SES, SDQ score, BMI and EPDS score.
Inﬂammatory markers and atopic disorders
Normality of distributions of IL-6 and CRP was
achieved following natural logarithmic transformation.
Linear regression was carried out using transformed
values of inﬂammatory markers as the dependent variable comparing the groups with asthma, eczema, and
both with participants with no atopic condition. Sex,
ethnicity, SES, SDQ score, BMI and EPDS score were
included as potential confounders.
Imputation of missing data
Following a complete-case analysis, we imputed missing data for all individuals who had completed the atopic disorder questions at the age of 9 years (n = 7809).
We used sex, ethnicity, SES, SDQ score, BMI, EPDS
score, IL-6 and CRP counts to predict missing
HCL-32 score at the age of 22 years. We also included

scores from the Psychosis-Like Symptom Interview
and the CIS-R to improve the imputation model.
These measures were completed when participants
were aged 18 years. Multiple imputation using chained
equations was completed using the mi and associated
commands in Stata 13 (USA). A total of 100 imputed
datasets were added. All regression models described
above were repeated following multiple imputation,
as well as models with additional adjustment for ICD
diagnosis of depression at the age of 18 years.
Results
Baseline characteristics
Data on inﬂammatory biomarkers were available for
4645 participants (Table 1). Higher serum IL-6 levels
at age 9 years were associated with female sex, nonwhite British ethnicity, lower SES, higher past psychological and behavioural problems and higher BMI.
Atopic disorder diagnosis was known for 7809 children (Table 2). Children with atopic disorders had
higher serum CRP and IL-6 levels at age 9 years.
Children with asthma or both asthma and eczema
were more likely to be boys, and they had higher maternal EPDS scores, childhood SDQ scores and BMI. Of
those who completed the CIS-R at 18 years and
HCL-32 at 22 years (n = 2298), 21 (1%) fulﬁlled criteria
for hypomanic symptoms and ICD-10 depression.
Inﬂammatory markers and the risk of hypomanic
symptoms at age 22 years
Of participants who had a blood test at the age of 9
years, 1717 with IL-6 and 1721 with CRP results
completed the HCL-32 at 22 years. In total, 116
(6.8%) fulﬁlled criteria for hypomanic symptoms via
HCL-32. Those in the top third of IL-6 at 9 years had
an increased risk of hypomanic symptoms aged 22
years, compared with those in the bottom third. This
relationship became stronger after adjusting for age,
sex, ethnicity, SES, SDQ, BMI and EPDS; adjusted
OR for hypomanic symptoms for participants in the
top third of IL-6, compared with the bottom third,
was 1.87 (95% CI 1.07–3.27, p = 0.028). There was also
evidence of a relationship between IL-6 and hypomanic symptoms when IL-6 values divided into thirds
were treated as a linear term (OR for trend 1.36, 95%
CI 1.03–1.78, p = 0.027). Using IL-6 as a continuous
measure, the adjusted OR for hypomanic symptoms
was 1.21 (95% CI 1.03–1.43, p = 0.021) for each 1 S.D.
increase in IL-6. There was no evidence to support a
non-linear relationship. There was no evidence of an
association between CRP levels and hypomanic symptoms. Evidence for an association between IL-6 and
hypomanic symptoms remained unchanged after
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Table 1. Baseline characteristics of the sample by tertiles of interleukin-6 at aged 9 years

Total n (%)
Mean age at outcome, years (S.D.)
Male, n (%)
British white ethnicity, n (%)
Father’s occupation, non-manual, n (%)
Mean mother’s EPDS score (S.D.)
Mean SDQ total score aged 7 years (S.D.)
Mean BMI at aged 9 years, kg/m2 (S.D.)

Bottom

Middle

Top

pa

1548 (33.33)
21.96 (0.13)
923 (59.63)
1417 (91.54)
783 (61.27)
5.69 (4.47)
6.29 (4.59)
16.73 (1.89)

1548 (33.33)
21.95 (0.16)
791 (51.20)
1393 (89.99)
703 (57.62)
6.00 (4.71)
6.46 (4.69)
17.51 (2.51)

1548 (33.33)
21.96 (0.15)
649 (41.95)
1362 (87.98)
670 (55.83)
5.93 (4.63)
6.88 (5.03)
18.52 (3.40)

0.79
<0.001
0.005
0.02
0.17
0.005
<0.001

S.D., Standard deviation; EPDS, Edinburgh Postnatal Depression Scale; SDQ, Strengths and Difﬁculties Questionnaire; BMI,
body mass index.
a
p Values from χ2 test for difference in proportions, and analysis of variance for difference in means.

Table 2. Baseline characteristics of the sample by atopic disorder status

Total n (%)
Mean age at outcome, years (S.D.)
Male, n (%)
British white ethnicity, n (%)
Father’s occupation, non-manual, no. (%)
Mean mother’s EPDS score (S.D.)
Mean SDQ total score aged 7 years (S.D.)
Mean BMI at aged 9 years, kg/m2 (S.D.)
Median CRP, mg/l (IQR)
Median IL-6, pg/ml (IQR)

Asthma

Eczema

Both

No atopy

pa

1124 (14.39)
21.95 (0.13)
661 (58.81)
1014 (90.21)
472 (53.33)
6.38 (4.99)
7.19 (4.93)
17.94 (3.05)
0.20 (0.11–0.51)
0.82 (0.49–1.39)

994 (12.73)
21.95 (0.15)
439 (44.16)
907 (91.25)
474 (58.81)
5.74 (4.55)
6.76 (4.85)
17.81 (2.79)
0.23 (0.13–0.54)
0.83 (0.54–1.38)

574 (7.35)
21.97 (0.16)
311 (54.18)
520 (90.59)
272 (58.24)
6.20 (4.68)
7.55 (5.61)
17.82 (3.05)
0.22 (0.11–0.69)
0.84 (0.52–1.46)

5117 (65.53)
21.96 (0.15)
2530 (49.44)
4666 (91.19)
2414 (58.25)
5.68 (4.55)
6.64 (4.85)
17.56 (2.83)
0.20 (0.11–0.47)
0.74 (0.46–1.31)

0.38
<0.001
0.74
0.049
<0.001
<0.001
<0.001
0.019
0.0069

S.D., Standard deviation; EPDS, Edinburgh Postnatal Depression Scale; SDQ, Strengths and Difﬁculties Questionnaire; BMI,
body mass index; CRP, C-reactive protein; IQR, interquartile range; IL-6, interleukin-6.
a
p Values from χ2 test for difference in proportions, analysis of variance for difference in means and Kruskal–Wallis test for
difference in medians.

multiple imputation for missing data (Table 3). In the
multiple imputation dataset the association between
IL-6 and hypomanic symptoms remained after additional adjustment for depression (OR for top third
compared with bottom third 1.70, 95% CI 1.03–2.81,
p = 0.038).

Atopic disorders and the risk of hypomanic
symptoms at age 22 years
At age 22 years, 207 of 2880 respondents with atopic
condition and HCL-32 data met our pre-deﬁned criteria for lifetime hypomanic symptoms (7.2%). There
was no evidence for an increased odds of hypomanic
symptoms in children with asthma, eczema or both
asthma and eczema, compared with those with no atopic illness. Adjustment for potential confounders had
minimal inﬂuence on the magnitude of these ORs

(Table 4). Multiple imputation of missing values did
not alter these results.

Atopic disorders and inﬂammatory markers in
childhood
Data on atopic disorders and IL-6 were available for
3891 individuals. Diagnoses of asthma (β = 0.081, S.E.
= 0.041, p = 0.048), eczema (β = 0.102, S.E. = 0.042, p =
0.014) or both (β = 0.127, S.E. = 0.055, p = 0.020) before
the age of 10 years were all associated with increased
serum IL-6 at the age of 9 years. However, following
adjustment for sex, ethnicity, SES, EPDS, SDQ and
BMI there was no evidence of an association. In total,
3898 individuals had both CRP and atopic disorder information. Again, each atopic illness was associated
with elevated CRP: asthma (β = 0.121, S.E. = 0.054, p =
0.026); eczema (β = 0.155, S.E. = 0.056, p = 0.006) and
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Table 3. Serum IL-6 and CRP tertiles at age 9 years and the odds of hypomania aged 22 years
Hypomania symptoms: OR (95% CI) [p]

Tertile

n

Hypomania,
n (%)

nd
IL-6

Unadjusted

Model 1a

Model 2b

Model 3c

1717

1699

1201

7809

Bottom
Middle
Top
Linear trend

573
551
593
1717

30 (5.24)
39 (7.08)
47 (7.93)
116 (6.76)

1
1.38 (0.84–2.25) [0.202]
1.55 (0.97–2.50) [0.069]
1.24 (0.98–1.56) [0.069]

1
1.51 (0.91–2.48) [0.104]
1.78 (1.09–2.89) [0.020]
1.32 (1.04–1.67) [0.021]

1
1.59 (0.91–2.79) [0.106]
1.87 (1.07–3.27) [0.028]
1.36 (1.03–1.78) [0.027]

1
1.53 (0.98–2.42) [0.064]
1.77 (1.10–2.85) [<0.001]
1.31 (1.04–1.65) [0.022]

Bottom
Middle
Top
Linear trend

622
532
567
1721

52 (8.36)
34 (6.39)
30 (5.29)
116 (6.74)

1
0.75 (0.48–1.17) [0.207]
0.61 (0.38–0.97) [0.038]
0.78 (0.62–0.98) [0.033]

1
0.83 (0.53–1.31) [0.428]
0.69 (0.43–1.11) [0.125]
0.83 (0.65–1.05) [0.128]

1
0.87 (0.52–1.48) [0.614]
0.71 (0.40–1.28) [0.232]
0.85 (0.64–1.13) [0.266]

1
0.84 (0.52–1.34) [0.480]
1.04 (0.67–1.62) [0.872]
1.02 (0.81–1.29) [0.877]

CRP

IL-6, Interleukin-6; CRP, C-reactive protein; OR, odds ratio; CI, conﬁdence interval; HCL-32, Hypomania Checklist; BMI, body mass index.
Complete case analysis adjusted for age at time of HCL-32 completion, sex and ethnicity.
b
Complete case analysis adjusted for age at time of HCL-32 completion, sex, ethnicity, socio-economic status, psychological and behavioural problems, BMI and maternal postnatal
depression.
c
Values imputed for all participants who answered the question about atopy aged 10 years (n = 7809) and adjusted for age at time of HCL-32 completion, sex, ethnicity, socioeconomic status, psychological and behavioural problems, BMI and maternal postnatal depression.
d
Number of participants in each model.
a

OR, Odds ratio; CI, conﬁdence interval; HCL-32, Hypomania Checklist; BMI, body mass index.
Complete case analysis adjusted for age at time of HCL-32 completion, sex and ethnicity.
b
Complete case analysis adjusted for age at time of HCL-32 completion, sex, ethnicity, socio-economic status, psychological and behavioural problems, BMI and maternal postnatal
depression.
c
Values imputed for all participants who answered the question about atopy aged 10 years (n = 7809) and adjusted for age at time of HCL-32 completion, sex, ethnicity, socioeconomic status, psychological and behavioural problems, BMI and maternal postnatal depression.
d
Number of participants in each model.
a

7809
1
1.03 (0.66–1.60) [0.903]
1.06 (0.69–1.62) [0.801]
1.09 (0.65–1.83) [0.757]
1872
1
1.27 (0.77–2.11) [0.359]
1.22 (0.74–2.01) [0.444]
1.00 (0.52–1.93) [0.999]
2857
1
1.07 (0.69–1.66) [0.775]
1.07 (0.71–1.65) [0.766]
1.17 (0.70–1.96) [0.561]
2880
1
1.13 (0.73–1.73) [0.591]
1.05 (0.69–1.60) [0.831]
1.21 (0.72–2.01) [0.476]
134 (6.95)
27 (7.76)
28 (7.27)
18 (8.26)
1929
348
385
218
nd
None
Asthma
Eczema
Both

Model 1a
Unadjusted
Hypomania,
no. (%)
n

Hypomania symptoms, OR (95% CI) [p]

Table 4. Atopic disorders and the odds of hypomania aged 22 years

Model 2b

Model 3c
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both (β = 0.167, S.E. = 0.073, p = 0.022), but there was no
evidence of association following adjustment.
Discussion
To our knowledge, this is the ﬁrst study to demonstrate a longitudinal dose–response relationship between childhood IL-6 levels at the age of 9 years and
features of hypomania in early adulthood. The
relationship persists after adjustment for potential
confounders such as age, sex, ethnicity, SES, and psychological and behavioural problems preceding the
measurement of IL-6, BMI and maternal postnatal depression. The association was also independent of
diagnosed depression at 18 years. We did not ﬁnd an
association between CRP and hypomanic symptoms,
as deﬁned by HCL-32. We also found no evidence of
association between asthma or eczema before the age
of 10 years and features of hypomania. There was no
evidence of an association between atopic disorders
and IL-6 or CRP following adjustment for sex, ethnicity, SES, BMI, SDQ and EPDS scores.
The ﬁnding of an association between IL-6 and
features of hypomania echoes the results from a previous study from the ALSPAC cohort that reported an
association between childhood IL-6 and depressive
and psychotic symptoms at the age of 18 years
(Khandaker et al. 2014a). Combined, this body of
work suggests that aberrant immune response in
childhood might inﬂuence the risk of a range of
major mental disorders. It is recognized that hypomanic symptoms in early adulthood are associated
generally with an increased risk of Axis I disorders,
and speciﬁcally with developing bipolar disorder
(Zimmermann et al. 2009; Päären et al. 2014). The result
is particularly interesting as it suggests an association
of subtle changes in cytokine levels in early life with
hypomanic symptoms assessed in adulthood, where
previous research has found immune activation
returns to normal between affective episodes in bipolar
disorder (Kunz et al. 2011; Stertz et al. 2013).
The lack of evidence for an association between atopic illness and hypomanic symptoms is surprising
given a number of cross-sectional studies (Goodwin
et al. 2003; Beyer et al. 2005; Jerrell et al. 2010) and longitudinal studies (Liang & Chikritzhs, 2013; Chen et al.
2014; Lin et al. 2014) have reported an association between asthma and bipolar disorder. This may be because previous studies have examined the severe end
of the bipolar spectrum (hospitalization for bipolar disorder) and this association may not hold when our
broad deﬁnition of hypomania is used. The only
study to examine asthma in childhood and later-onset
bipolar disorder was a cohort with a new diagnosis of
asthma between the ages of 10 and 15 years, which
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found that individuals with asthma had more than a
twofold risk of bipolar disorder (Chen et al. 2014). It
is recognized that individuals who have persistent
asthma through adolescence, or develop asthma in
adolescence, have worse physical health outcomes
than children whose asthma resolves in early adolescence (Sears et al. 2003). It is possible that this is also
true in terms of psychiatric outcomes, and that with
a cut-off for asthma and eczema before the age of 10
years we have examined a highly heterogeneous
group in terms of severity and underlying immunopathology (Wenzel, 2006).
There is limited current understanding of mechanisms by which changes in inﬂammatory pathways
could induce hypomanic symptoms. However, it is
notable that serotonin- and tryptophan-degrading
enzymes are activated by inﬂammatory cytokines
such as IL-6 (Müller & Schwarz, 2007). As well as
inﬂuencing monoamine cascades, cytokine production
has effects on cholinergic, muscarinic and gutamatergic systems which are associated with a range of affective and psychotic symptoms (Berk et al. 2011;
Khandaker & Dantzer, 2016). The potential effects of
IL-6 in particular are complex; it is implicated in activation of the immune system (as a proinﬂammatory
cytokine), but it is also involved in the antiinﬂammatory regulation of neural, regenerative and
metabolic activity (Scheller et al. 2011). Peripheral
cytokines such as IL-6 can communicate with the
brain in a number of ways (Khandaker & Dantzer,
2016). Immunoactivation in mice and healthy volunteers by injection of lipopolysaccharide has been
reported to increase circulating proinﬂammatory cytokine levels (IL-1β, IL-6) as well as producing symptoms
of anxiety and reduced cognitive performance
(Reichenberg et al. 2001; Rossi et al. 2012). A study of
human volunteers suggests inﬂammation causes
mood changes through alterations in subgenual cingulate activity and mesolimbic connectivity, which is in
part mediated by peripheral IL-6 (Harrison et al.
2009). An immunological understanding of major mental illness could potentially lead to novel approaches to
diagnosis, prevention and treatment.
Potential limitations
Over 60% of those with IL-6 data did not complete the
HCL-32 aged 22 years. However, the association between IL-6 and hypomanic symptoms remained unchanged after multiple imputation for missing data
which increases conﬁdence in the observed results.
There was no evidence that median values of IL-6
for those who completed HCL-32 were different from
non-completers. Of those participants who answered
the atopic disorders question, individuals with a

completed HCL-32 aged 22 years were more likely to
be female, have lower SDQ scores aged 7 years, have
mothers with lower EPDS scores and fathers in nonmanual occupations. It is likely that attrition resulted
in an underestimation of prevalence of hypomanic
symptoms, as these factors were associated with a
lower risk of reporting features of hypomania.
The outcome measure, the HCL-32, may be subject
to reporting bias because it is a self-report measure
that asks sensitive questions in areas such as risk taking, sexual activity and alcohol use. However, this instrument is well validated in clinical young adult
population groups as a screening tool for bipolar disorder (Meyer et al. 2007). There have not yet been sensitivity and speciﬁcity tests of the HCL-32 as a
categorical measure which includes duration and impact on functioning. However, it is likely that by including questions on these features we have
improved sensitivity for a diagnosis of hypomania
compared with methods which have previously relied
solely on a recommended (arbitrary) cut-off of endorsing 14 from the 32 mood questions (Carvalho et al.
2015). It is also unlikely that false positives would
occur differentially for different tertiles of IL-6 or
CRP, or by asthma/eczema diagnosis. Prevalence estimates of hypomania in non-clinical samples using
this format of HCL-32 also appear to be comparable
with bipolar disorder prevalence in other sources
(Meyer et al. 2007). Clinical veriﬁcation of hypomania
and information on bipolar disorder diagnoses would
strengthen our conclusions, but it is likely that a
number of individuals with hypomania symptoms
will progress to a diagnosis and these symptoms are
associated with a range of adverse psychiatric outcomes (Zimmermann et al. 2009; Päären et al. 2014).
The items in the HCL-32 do not relate to symptoms
of psychosis or depression, and after additional adjustment for depression the association remained, so the
relationship cannot be driven by this previously identiﬁed association (Khandaker et al. 2014a).
Having a diagnosis of asthma or eczema was
deﬁned by parental report. The study may have been
improved by a test conﬁrming this diagnosis.
However, the question ‘has a doctor ever actually
said that your study child has asthma or eczema?’
has been shown to be highly sensitive and speciﬁc
when compared with linked general practitioner
records (Cornish et al. 2014) and there is unlikely to
be any differential misclassiﬁcation of this exposure.
Prevalence of atopic conditions in the ALSPAC cohort
by aged 10 years is similar to other UK estimates
(Asher et al. 2006; Shamssain, 2007).
It is possible that some of the differences in IL-6 and
CRP levels detected are due to diurnal variation in
non-fasting blood samples, which would increase
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chances of null ﬁndings (Scheiermann et al. 2013).
However, this potential measurement error is likely
to be random in relation to the hypomanic symptoms
outcome. Measurement error might also account for
failure to detect an association between CRP and hypomanic symptoms, because IL-6 stimulates the acutephase expression of CRP (Castell et al. 1989). It is also
possible that we failed to exclude all of those children
who were acutely unwell on the day of the blood test,
or had elevated inﬂammatory markers due to residual
illness. This is unlikely, as the majority of CRP and IL-6
results were within normal range. We acknowledge
that immunoglobulin E or IL-4 may be better markers
for type 1 allergic hypersensitivity, but we used IL-6
and CRP as general markers of systemic inﬂammation.
Conclusions
The results of this study further support the hypothesis
that inﬂammatory abnormalities are associated with a
range of mental disorders, and that these abnormalities
are present from childhood. It appears that there are
subtle, but longstanding abnormalities in IL-6 detectable long before the development of hypomanic
symptoms.
Acknowledgements
We are extremely grateful to all the families who took
part in this study, the midwives for their help in
recruiting them, and the whole ALSPAC team, which
includes interviewers, computer and laboratory technicians, clerical workers, research scientists, volunteers,
managers, receptionists and nurses. The UK Medical
Research Council and the Wellcome Trust (grant reference 102215/2/13/2) and the University of Bristol provide core support for ALSPAC. This publication is
the work of all the authors in keeping with the authorship guidelines of the journal. J.F.H. and D.P.J.O. will
serve as guarantors for the contents of this paper. J.F.
H. had full access to all of the data in the study and
takes responsibility for the integrity of the data and
the accuracy of the data analysis. J.F.H. is supported
by a Medical Research Council Population Health
Scientist Fellowship (grant code: MR/K021362/1).
Declaration of Interest
None.
References
Angst J, Adolfsson R, Benazzi F, Gamma A, Hantouche E,
Meyer TD, Skeppar P, Vieta E, Scott J (2005). The HCL-32:

towards a self-assessment tool for hypomanic symptoms in
outpatients. Journal of Affective Disorders 88, 217–233.
Angst J, Cassano G (2005). The mood spectrum: improving
the diagnosis of bipolar disorder. Bipolar Disorders 7
(Suppl. 4), 4–12.
Arif AA, Delclos GL, Colmer-Hamood J (2007). Association
between asthma, asthma symptoms and C-reactive protein
in US adults: data from the National Health and Nutrition
Examination Survey, 1999–2002. Respirology 12, 675–682.
Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP,
Weiland SK, Williams H; ISAAC Phase Three Study
Group (2006). Worldwide time trends in the prevalence of
symptoms of asthma, allergic rhinoconjunctivitis, and
eczema in childhood: ISAAC Phases One and Three repeat
multicountry cross-sectional surveys. Lancet 368, 733–743.
Bauer M, Glenn T, Rasgon N, Marsh W, Sagduyu K, Grof P,
Alda M, Murray G, Munoz R, Quiroz D, Bauer R, Jabs B,
Whybrow PC (2011). Decreasing the minimum length
criterion for an episode of hypomania: evaluation using
self-reported data from patients with bipolar disorder.
European Archives of Psychiatry and Clinical Neuroscience 261,
341–347.
Benazzi F (2001). Is 4 days the minimum duration of
hypomania in bipolar II disorder? European Archives of
Psychiatry and Clinical Neuroscience 251, 32–34.
Berk M, Kapczinski F, Andreazza AC, Dean OM, Giorlando F,
Maes M, Yücel M, Gama CS, Dodd S, Dean B, Magalhães
PV, Amminger P, McGorry P, Malhi GS (2011). Pathways
underlying neuroprogression in bipolar disorder: focus on
inﬂammation, oxidative stress and neurotrophic factors.
Neuroscience and Biobehavioral Reviews 35, 804–817.
Berk M, Williams LJ, Jacka FN, O’Neil A, Pasco JA, Moylan S,
Allen NB, Stuart AL, Hayley AC, Byrne ML, Maes M
(2013). So depression is an inﬂammatory disease, but where
does the inﬂammation come from? BMC Medicine 11, 200.
Beyer J, Kuchibhatla M, Gersing K, Krishnan KRR (2005).
Medical comorbidity in a bipolar outpatient clinical
population. Neuropsychopharmacology 30, 401–404.
Carvalho AF, Takwoingi Y, Sales PMG, Soczynska JK,
Köhler CA, Freitas TH, Quevedo J, Hyphantis TN,
McIntyre RS, Vieta E (2015). Screening for bipolar
spectrum disorders: a comprehensive meta-analysis of
accuracy studies. Journal of Affective Disorders 172, 337–346.
Castell JV, Gómez-Lechón MJ, David M, Andus T, Geiger T,
Trullenque R, Fabra R, Heinrich PC (1989). Interleukin-6 is
the major regulator of acute phase protein synthesis in adult
human hepatocytes. FEBS Letters 242, 237–239.
Chen MH, Su TP, Chen YS, Hsu JW, Huang KL, Chang WH,
Chen TJ, Bai YM (2014). Higher risk of developing major
depression and bipolar disorder in later life among
adolescents with asthma: a nationwide prospective study.
Journal of Psychiatric Research 49, 25–30.
Cornish RP, Henderson J, Boyd AW, Granell R, Van Staa T,
Macleod J (2014). Validating childhood asthma in an
epidemiological study using linked electronic patient
records. BMJ Open 4, e005345.
Court H, Forty L, Jones L, Gordon-Smith K, Jones I,
Craddock N, Smith DJ (2014). Improving the psychometric
utility of the Hypomania Checklist (HCL-32): a Rasch

Downloaded from https://www.cambridge.org/core. IP address: 52.91.39.106, on 16 Jun 2019 at 01:52:22, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291716001574

32 J. F. Hayes et al.
analysis approach. Journal of Affective Disorders 152–154,
448–453.
De Hert M, Dekker J, Wood D, Kahl K, Holt R, Möller H-J
(2009). Cardiovascular disease and diabetes in people with
severe mental illness position statement from the European
Psychiatric Association (EPA), supported by the European
Association for the Study of Diabetes (EASD) and the
European Society of Cardiology (ESC). European Psychiatry
24, 412–424.
Dickerson F, Stallings C, Origoni A, Boronow J, Yolken R
(2007). Elevated serum levels of C-reactive protein are
associated with mania symptoms in outpatients with
bipolar disorder. Progress in Neuro-Psychopharmacology and
Biological Psychiatry 31, 952–955.
Fraser A, Macdonald-Wallis C, Tilling K, Boyd A, Golding J,
Smith GD, Henderson J, Macleod J, Molloy L, Ness A,
Ring S, Nelson SM, Lawlor DA (2013). Cohort proﬁle: the
Avon Longitudinal Study of Parents and Children: ALSPAC
mothers cohort. International Journal of Epidemiology 42, 97–110.
Frommberger UH, Bauer J, Haselbauer P, Fräulin A,
Riemann D, Berger M (1997). Interleukin-6 (IL-6) plasma
levels in depression and schizophrenia: comparison
between the acute state and after remission. European
Archives of Psychiatry and Clinical Neuroscience 247, 228–233.
Goldberg JF, Perlis RH, Bowden CL, Thase ME, Miklowitz
DJ, Marangell LB, Calabrese JR, Nierenberg AA, Sachs
GS (2009). Manic symptoms during depressive episodes in
1,380 patients with bipolar disorder: ﬁndings from the
STEP-BD. American Journal of Psychiatry 166, 173–181.
Goldstein BI, Collinger KA, Lotrich F, Marsland AL, Gill
M-K, Axelson DA, Birmaher B (2011). Preliminary ﬁndings
regarding proinﬂammatory markers and brain-derived
neurotrophic factor among adolescents with bipolar
spectrum disorders. Journal of Child and Adolescent
Psychopharmacology 21, 479–484.
Goodwin RD, Jacobi F, Thefeld W (2003). Mental disorders
and asthma in the community. Archives of General Psychiatry
60, 1125–1130.
Hardoy MC, Cadeddu M, Murru A, Dell’Osso B, Morosini
PL, Calabrese JR, Carta MG (2005). Validation of the
Italian version of the ‘Mood Disorder Questionnaire’ for the
screening of bipolar disorders. Clinical Practice and
Epidemiology in Mental Health 1, 8.
Harrison N (2013). Inﬂammation and mental illness. Journal of
Neurology, Neurosurgery and Psychiatry 84, e1.
Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A,
Critchley HD (2009). Inﬂammation causes mood changes
through alterations in subgenual cingulate activity and
mesolimbic connectivity. Biological Psychiatry 66, 407–414.
Holtmann M, Pörtner F, Duketis E, Flechtner H-H, Angst J,
Lehmkuhl G (2009). Validation of the Hypomania
Checklist (HCL-32) in a nonclinical sample of German
adolescents. Journal of Adolescence 32, 1075–1088.
Jerrell JM, McIntyre RS, Tripathi A (2010). A cohort study of
the prevalence and impact of comorbid medical conditions
in pediatric bipolar disorder. Journal of Clinical Psychiatry 71,
1518–1525.
Khandaker G, Zimbron J, Lewis G, Jones P (2013). Prenatal
maternal infection, neurodevelopment and adult

schizophrenia: a systematic review of population-based
studies. Psychological Medicine 43, 239–257.
Khandaker GM, Cousins L, Deakin J, Lennox BR, Yolken R,
Jones PB (2015). Inﬂammation and immunity in
schizophrenia: implications for pathophysiology and
treatment. Lancet Psychiatry 2, 258–270.
Khandaker GM, Dantzer R (2016). Is there a role for immuneto-brain communication in schizophrenia?
Psychopharmacology 233, 1559–1573.
Khandaker GM, Pearson RM, Zammit S, Lewis G, Jones PB
(2014a). Association of serum interleukin 6 and C-reactive
protein in childhood with depression and psychosis in
young adult life: a population-based longitudinal study.
JAMA Psychiatry 71, 1121–1128.
Khandaker GM, Zammit S, Lewis G, Jones PB (2014b). A
population-based study of atopic disorders and
inﬂammatory markers in childhood before psychotic
experiences in adolescence. Schizophrenia Research 152,
139–145.
Khandaker GM, Zimbron J, Dalman C, Lewis G, Jones PB
(2012). Childhood infection and adult schizophrenia: a
meta-analysis of population-based studies. Schizophrenia
Research 139, 161–168.
Kiecolt-Glaser JK, Derry HM, Fagundes CP (2015).
Inﬂammation: depression fans the ﬂames and feasts on the
heat. American Journal of Psychiatry 172, 1075–1091.
Krishnadas R, Cavanagh J (2012). Depression: an
inﬂammatory illness? Journal of Neurology, Neurosurgery and
Psychiatry 83, 495–502.
Kunz M, Ceresér KM, Goi PD, Fries GR, Teixeira AL,
Fernandes BS, Belmonte-de-Abreu PS, Kauer-Sant’Anna
M, Kapczinski F, Gama CS (2011). Serum levels of IL-6,
IL-10 and TNF-α in patients with bipolar disorder and
schizophrenia: differences in pro-and anti-inﬂammatory
balance. Revista brasileira de psiquiatria 33, 268–274.
Lewis G, Pelosi AJ, Araya R, Dunn G (1992). Measuring
psychiatric disorder in the community: a standardized
assessment for use by lay interviewers. Psychological
Medicine 22, 465–486.
Liang W, Chikritzhs T (2013). Asthma history predicts the
risk of affective disorders and anxiety disorders. Health 5,
313–319.
Lin T-C, Lee CT-C, Lai T-J, Lee C-T, Lee K-Y, Chen VC-H,
Stewart R (2014). Association of asthma and bipolar
disorder: a nationwide population-based study in Taiwan.
Journal of Affective Disorders 168, 30–36.
Meyer TD, Hammelstein P, Nilsson L-G, Skeppar P,
Adolfsson R, Angst J (2007). The Hypomania Checklist
(HCL-32): its factorial structure and association to indices of
impairment in German and Swedish nonclinical samples.
Comprehensive Psychiatry 48, 79–87.
Meyer TD, Schrader J, Ridley M, Lex C (2014). The
Hypomania Checklist (HCL) – systematic review of its
properties to screen for bipolar disorders. Comprehensive
Psychiatry 55, 1310–1321.
Müller N, Schwarz M (2007). The immune-mediated
alteration of serotonin and glutamate: towards an
integrated view of depression. Molecular Psychiatry 12,
988–1000.

Downloaded from https://www.cambridge.org/core. IP address: 52.91.39.106, on 16 Jun 2019 at 01:52:22, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291716001574

Interleukin-6, C-reactive protein and atopic disorders as risk factors for hypomanic symptoms 33
Osborn DP, Wright CA, Levy G, King MB, Deo R, Nazareth
I (2008). Relative risk of diabetes, dyslipidaemia,
hypertension and the metabolic syndrome in people with
severe mental illnesses: systematic review and
metaanalysis. BMC Psychiatry 8, 84.
Päären A, Bohman H, von Knorring A-L, von Knorring L,
Olsson G, Jonsson U (2014). Hypomania spectrum
disorder in adolescence: a 15-year follow-up of non-mood
morbidity in adulthood. BMC Psychiatry 14, 9.
Parboosing R, Bao Y, Shen L, Schaefer CA, Brown AS
(2013). Gestational inﬂuenza and bipolar disorder in adult
offspring. JAMA Psychiatry 70, 677–685.
Parker G, Graham R, Synnott H, Anderson J (2014). Is the
DSM-5 duration criterion valid for the deﬁnition of
hypomania? Journal of Affective Disorders 156, 87–91.
Pedersen MS, Benros ME, Agerbo E, Børglum AD,
Mortensen PB (2012). Schizophrenia in patients with
atopic disorders with particular emphasis on asthma: a
Danish population-based study. Schizophrenia Research 138,
58–62.
Reichenberg A, Yirmiya R, Schuld A, Kraus T, Haack M,
Morag A, Pollmächer T (2001). Cytokine-associated
emotional and cognitive disturbances in humans. Archives
of General Psychiatry 58, 445–452.
Rincon M, Irvin CG (2012). Role of IL-6 in asthma and other
inﬂammatory pulmonary diseases. International Journal of
Biological Sciences 8, 1281–1290.
Rossi S, Sacchetti L, Napolitano F, De Chiara V, Motta C,
Studer V, Musella A, Barbieri F, Bari M, Bernardi G,
Maccarrone M, Usiello A, Centonze D (2012).
Interleukin-1β causes anxiety by interacting with the
endocannabinoid system. Journal of Neuroscience 32, 13896–
13905.
Sanna L, Stuart AL, Pasco JA, Jacka FN, Berk M, Maes M,
O’Neil A, Girardi P, Williams LJ (2014). Atopic disorders

and depression: ﬁndings from a large, population-based
study. Journal of Affective Disorders 155, 261–265.
Scheiermann C, Kunisaki Y, Frenette PS (2013). Circadian
control of the immune system. Nature Reviews Immunology
13, 190–198.
Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S (2011).
The pro- and anti-inﬂammatory properties of the cytokine
interleukin-6. Biochimica et Biophysica Acta (BBA)-Molecular
Cell Research 1813, 878–888.
Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR,
Flannery EM, Cowan JO, Herbison GP, Silva PA, Poulton
R (2003). A longitudinal, population-based, cohort study of
childhood asthma followed to adulthood. New England
Journal of Medicine 349, 1414–1422.
Shamssain M (2007). Trends in the prevalence and severity of
asthma, rhinitis and atopic eczema in 6‐ to 7‐ and 13‐ to 14‐
yr‐old children from the north‐east of England. Pediatric
Allergy and Immunology 18, 149–153.
Stertz L, Magalhães PV, Kapczinski F (2013). Is bipolar
disorder an inﬂammatory condition? The relevance of
microglial activation. Current Opinion in Psychiatry 26, 19–26.
Takemura M, Matsumoto H, Niimi A, Ueda T, Matsuoka H,
Yamaguchi M, Jinnai M, Muro S, Hirai T, Ito Y,
Nakamura T (2006). High sensitivity C-reactive protein in
asthma. European Respiratory Journal 27, 908–912.
Timonen M, Jokelainen J, Hakko H, Silvennoinen-Kassinen
S, Meyer-Rochow V, Herva A, Räsänen P (2003). Atopy
and depression: results from the Northern Finland 1966
birth cohort study. Molecular Psychiatry 8, 738–744.
Wenzel SE (2006). Asthma: deﬁning of the persistent adult
phenotypes. Lancet 368, 804–813.
Zimmermann P, Brückl T, Nocon A, Pﬁster H, Lieb R, Wittchen
H-U, Holsboer F, Angst J (2009). Heterogeneity of DSM-IV
major depressive disorder as a consequence of subthreshold
bipolarity. Archives of General Psychiatry 66, 1341–1352.

Downloaded from https://www.cambridge.org/core. IP address: 52.91.39.106, on 16 Jun 2019 at 01:52:22, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291716001574

