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Background. Elevated levels of interleukin-6 (IL-6) have been associated with the development of common mental
disorders, such as depression, but its role in symptom resolution is unclear.

Method. We examined the association between IL-6 and symptom resolution in a non-clinical sample of participants
with psychological distress.

Results. Relative to high IL-6 levels, low levels at baseline were associated with symptom resolution at follow-up
[age- and sex-adjusted risk ratio (RR) = 1.15, 95% confidence interval (CI) 1.06–1.25]. Further adjustment for covariates
had little effect on the association. Symptomatic participants with repeated low IL-6 were more likely to be symptom-
free at follow-up compared with those with repeated high IL-6 (RR = 1.21, 95% CI 1.03–1.41). Among the symptomatic
participants with elevated IL-6 at baseline, IL-6 decreased along with symptom resolution.

Conclusions. IL-6 is potentially related to the mechanisms underlying recovery from symptoms of mental ill health.
Further studies are needed to examine these mechanisms and to confirm the findings in relation to clinical depression.
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Introduction

Elevated levels of pro-inflammatory cytokines, such as
interleukin-6 (IL-6), have been associated with the de-
velopment of common mental disorders, such as de-
pression and psychological distress (Dantzer et al.
2008; Howren et al. 2009; Miller et al. 2009; Dowlati
et al. 2010; Cattaneo et al. 2013; Raison & Miller, 2013;
Valkanova et al. 2013; Kivimaki et al. 2014). However,
whether IL-6 is implicated in the prognosis of these
disorders is unclear. Previous small-scale studies of
depressed patients suggest that IL-6 levels might
decrease amongst those who recover following antide-
pressant treatment (Janssen et al. 2010; Hannestad et al.
2011; Hiles et al. 2012; Cattaneo et al. 2013; Yang et al.

2015). These studies did not examine whether the base-
line IL-6 levels predicted recovery from depressive
symptoms. Studies were also small in scale (a maxi-
mum of 350 patients across all identified studies) and
of short duration (45 months) (Hiles et al. 2012), there-
fore offering little statistical power and limiting
insights into the long-term impact of IL-6. In addition,
previous evidence is limited to patient groups; as far as
we know, the extent to which inflammatory markers
have prognostic utility within the non-clinical popu-
lation has not been studied.

In this study, for the first time to our knowledge, we
examined the association between IL-6 and subsequent
symptom resolution in a non-clinical population
reporting psychological distress symptoms at baseline.
We also investigated whether symptom resolution was
associated with changing IL-6 levels. We hypothesized
that lower and declining IL-6 levels would be asso-
ciated with increased probability of symptom
resolution.
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Method

Participants and study design

The population was a sample of 2419 Whitehall II
Study participants (1599 men, 820 women) aged
39–72 years, with symptoms of psychological distress
at baseline. Ethical approval for the Whitehall II Study
was obtained from the University College London
Medical School committee on the ethics of human re-
search; all participants provided written informed con-
sent. Psychological distress was determined using the
30-item General Health Questionnaire (GHQ-30) case-
ness definition (Head et al. 2013). The sample selection
procedure is presented in online Supplementary Fig. S1.
We selected GHQ cases at each measurement of IL-6
and included those GHQ cases for whom data were
also available from at least one subsequent GHQ survey
to determine possible symptom resolution. Based on self-
reported prevalence of long-standing illnesses, the data
did not include any cases of severe mental disorders
(schizophrenia or dementia).

IL-6

IL-6 was measured using a high-sensitivity enzyme-
linked immunosorbent assay (ELISA) assay (R&D
Systems, UK) in clinical examinations carried out in
1991–1993, 1997–1999 and 2002–2004. At each examin-
ation, serum samples were collected between 08.00 and
13.00 hours, stored at −80 °C and were not thawed or
refrozen during storage. Values below the detection
limit (0.08 pg/ml) were assigned a value equal to half
the detection limit. To measure short-term biological
variation and laboratory error, a repeat sample was
taken from a subset of 241 participants [average
elapsed time between samples was 32 (S.D. = 10.5)
days]. Intra- and inter-assay coefficients of variation
were 7.5% and 8.9%, respectively, and reliability be-
tween samples assessed with Pearson’s correlation
coefficients was r = 0.61.

Psychological distress

Participants responded to the self-administered
GHQ-30 (Goldberg, 1972; Goldberg & Williams, 1988;
Head et al. 2013) at each IL-6 baseline examination
(1991–1993, 1997–1999 and 2002–2004) and at one or
two subsequent phases (1997–1999, 2001, 2002–2004,
2006, 2007–2009) (see online Supplementary Fig. S1).
The GHQ-30 is a screening instrument designed to de-
tect psychiatric morbidity. Widely used in population-
based surveys and trials, it assesses a range of neurotic
symptoms, in particular depression and anxiety, while
avoiding those that might reflect physical illness by de-
sign. Using psychiatric interview as the ‘gold stan-
dard’, in the present cohort study the sensitivity and

specificity of the 30-item GHQ to detect depressive dis-
order were 78% and 83%, respectively (Head et al.
2013). Each questionnaire item enquires about a
specific symptom; response categories are scored as
either 1 or 0 to indicate presence of the symptom. A
total score of 5 or more led to individuals being
defined as GHQ ‘cases’ and scores 0–4 as ‘non-cases’
(Head et al. 2013; Kivimaki et al. 2014). At follow-up
the participant was indicated as ‘symptom-free’ if he/
she was a non-case at the last available survey. The
baseline GHQ-30 score was further divided into four
groups of equal size, based on the distribution of
scores, to indicate the number of symptoms (5–6, 7–9,
10–14, and 15–30 points) to be used as a covariate.

Other characteristics

To control for the effect of confounding and mediating
factors (Duivis et al. 2011; Kivimaki et al. 2014) we
adjusted the models for physical illness (cardiovascular
disease, i.e. a history of myocardial infarction, angina,
or stroke; diabetes mellitus; and cancer at each baseline
assessment). A history of angina was identified via a
questionnaire and was corroborated with medical
records, abnormalities in a resting electrocardiogram
(ECG), an exercise ECG, or a coronary angiogram.
Non-fatal myocardial infarction was defined following
the World Health Organization MONICA
(Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease) criteria
(Tunstall-Pedoe et al. 1994) and ascertained using
data from medical examinations, hospital records of
ECGs and use of cardiac enzymes. A history of stroke
or transient ischaemic attack was ascertained by self-
reports (‘Have you ever been told by a doctor that
you have had a stroke or transient ischaemic attack?’
Yes/no). Diabetes was defined as fasting glucose
57.0 mmol/l or a 2-h post-load glucose 511.1 mmol/
l during the oral glucose tolerance test performed at
the Whitehall screening, as physician-diagnosed dia-
betes or use of diabetes medication (Tabak et al.
2009). Cancers were ascertained through the National
Health Service cancer registry, as previously
(Kivimaki et al. 2014).

The following characteristics assessed at baseline
were also used as covariates: age, sex, body mass
index (BMI), acute inflammation and medication use.
BMI was defined as weight (in kg)/height squared (in
m2), obesity as BMI5 30 kg/m2 and acute inflamma-
tion as a C-reactive protein level >10 mg/l (based on
high-sensitivity immunonephelometric assay in a BN
ProSpec nephelometer; Dade Behring, UK). At medical
examination, participants provided details of current
medications use (generic name, brand name, or
both); these were subsequently coded using the
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British National Formulary to determine the use of
anti-inflammatory medication, antidepressants, oral
contraceptives and hormone replacement therapy.
Smoking (yes/no) was based on survey responses.

Statistical analysis

This study design of repeat measures of 2419 partici-
pants produced a total of 3289 person-observations
with a mean follow-up of 6.5 (S.D. = 1.8) years (online
Supplementary Fig. S1). Three clinical study waves
(1991–1993, 1997–1999 and 2002–2004) were used as
the baseline of this study. There were 2735 baseline
person-observations with two follow-up measure-
ments of the GHQ-30 and 554 person-observations
with data on one measurement of the two follow-up
surveys. At each baseline, we divided the distribution
of IL-6 into three categories: 41.0 pg/ml (low),
>1.0–2.0 pg/ml (average) and >2.0 pg/ml (high), as out-
lined previously (Kivimaki et al. 2014). In the sympto-
matic participants, symptom resolution at subsequent
phases was common (58.5% were symptom-free at
follow-up). We therefore used log-binomial regression
to estimate risk ratios (RRs) rather than odds ratios to
examine the associations between IL-6 category and
symptom resolution. The trend was tested by entering
the IL-6 variable in the models as a continuous vari-
able. The basic models were adjusted for age and sex
to study the association and further serial adjustment
was performed to examine the contribution of covari-
ates on the association. To examine the robustness
of the association we re-ran the analysis restricting
the sample to those participants (n = 2735 person-
observations) with data on symptoms of psychological
distress at both of the two subsequent surveys. We re-
stricted the data to the 2003 person-observations with
IL-6 data available both at baseline and follow-up
and examined whether repeated high IL-6 versus re-
peated low IL-6 was associated with symptom resol-
ution (other combinations formed the group ‘other’).

We examined change in IL-6 among symptomatic par-
ticipants with high levels of IL-6 at baseline and with
follow-up data on IL-6 (n = 505). Change scorewas calcu-
lated as a difference in IL-6 between follow-up and base-
line and multivariate analysis of variance was used to
compare the change score in IL-6 between symptomatic
participants with symptom resolution and those with
persistent or repeated symptoms. All data analyses
were performed with SAS version 9.4 (USA).

Results

The distribution of psychological distress (GHQ case-
ness) across the three clinical study cycles, and at
each cycle, is shown in Table 1. The average proportion
of individuals who were identified as GHQ-30 cases
across the three cycles was 23.7%, which decreased
from cycle 1 to cycle 3 (20.5% cases in cycle 3). Of
the cases, an average of 58.5% were symptom-free at
their last follow-up observation and the symptom res-
olution rate at follow-up was higher in cycle 3 (63.9%).

Table 2 presents characteristics of the symptomatic
participants at baseline (GHQ cases) across the cycles
and at each study cycle. With increasing age over the
cycles, the prevalence of chronic diseases increased as
well as IL-6 levels, obesity and medication use.
Among the GHQ cases, baseline GHQ score was
higher at later cycles, indicating that at later baseline
examinations the symptomatic participants had more
symptoms or more severe symptoms than at the earlier
baseline examinations.

GHQ cases with low levels of IL-6 at baseline
were more likely to be symptom-free at follow-up
[age-, sex- and antidepressant medication-adjusted
RR = 1.15, 95% confidence interval (CI) 1.06–1.25,
p for trend < 0.001] than GHQ cases with high IL-6 at
baseline (Fig. 1a). Further adjustments for covariates
reduced the estimate approximately by a third but
the RR remained statistically significant (RR = 1.10,

Table 1. GHQ-30-identified psychological distress at baseline and follow-up based on observations across the three clinical study cycles

GHQ-30 psychological distress

Clinical study cycle (baseline year) No. of person-observations
No. (%) observations
of cases with symptoms

No. (%) observations
symptom-free at follow-up

Cycle 1 (1991–1993) 5259 1351 (25.7) 768 (56.8)
Cycle 2 (1997–1999) 4239 1035 (24.4) 579 (55.9)
Cycle 3 (2002–2004) 4404 903 (20.5) 577 (63.9)
All cycles combined 13 902 3289 (23.7) 1924 (58.5)

GHQ-30, 30-Item General Health Questionnaire.

Interleukin-6 as a predictor of symptom resolution in psychological distress 2139

https://doi.org/10.1017/S0033291715000070 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715000070


Table 2. Baseline characteristics of GHQ-30 identified cases of psychological distress based on observations at each clinical study cycle

All cycles Cycle 1 Cycle 2 Cycle 3

Characteristic
No. of
POa

Mean (S.D.)
or %

No. of
POa

Mean (S.D.)
or %

No. of
POa

Mean (S.D.)
or %

No. of
POa

Mean (S.D.)
or %

Age, years 3289 53.1 (7.1) 1351 48.4 (5.7) 1035 54.1 (5.6) 903 59.1 (5.4)
Sex, % men 3289 65.3 1351 64.9 1035 64.4 903 66.8
Interleukin-6, pg/ml, geometric
meanb

3289 1.60 (0.63) 1351 1.52 (0.61) 1035 1.47 (0.63) 903 1.92 (0.63)

BMI, kg/m2 3289 26.0 (4.3) 1351 25.1 (3.7) 1035 26.2 (4.4) 903 26.9 (4.6)
Obesity (BMI530 kg/m2), % 3289 14.8 1351 9.8 1035 15.7 903 21.2
Diabetes
% IFG/IGT 3289 10.4 1351 9.2 1035 9.3 903 13.5
% Diabetes 3289 5.2 1351 2.7 1035 5.7 903 8.5

Cardiovascular diseasec, % 3289 7.4 1351 3.9 1035 8.8 903 11.1
Cancer, % 3289 2.7 1351 1.1 1035 2.6 903 5.0
Smoking, % yes 3289 10.7 1351 14.1 1035 8.7 903 7.9
Number of GHQ-30 symptoms
5–6, % 789 24.0 344 25.5 236 22.8 209 23.2
7–9, % 810 24.6 363 26.9 234 22.6 213 23.6
10–14, % 811 24.7 338 25.0 260 25.1 213 23.6
15–30, % 879 26.7 306 22.7 305 29.5 268 29.7

Antidepressant medication, % 3289 5.0 1351 3.3 1035 5.4 903 7.0
Hormonal contraceptive or hormone
replacement therapy, % women

1142 27.3 474 21.1 368 33.7 300 29.3

Acute inflammationd, % 3289 2.6 1351 1.8 1035 2.5 903 3.8
Anti-inflammatory medication, % 3289 7.0 1351 2.7 1035 10.7 903 9.1

GHQ-30, 30-Item General Health Questionnaire; PO, person-observations; S.D., standard deviation; BMI, body mass index;
IFG, impaired fasting glucose; IGT, impaired glucose tolerance.

a No. of PO refers to the sum of person-observations.
b The interleukin-6 values are the geometric mean and the S.D. of the log(interleukin-6) distribution.
c Cardiovascular disease refers to history of coronary heart disease or stroke.
d Acute inflammation corresponds to C-reactive protein of >10 mg/l.

Fig. 1. (a) Interleukin 6 (IL-6) as a prognostic factor for being symptom-free at follow-up among symptomatic participants
with 30-item General Health Questionnaire-identified psychological distress at baseline. (b) Association between the level of
IL-6 at baseline and at follow-up and symptom resolution at follow-up. Values are risk ratios (RR), with 95% confidence
intervals represented by vertical bars. Models are adjusted for age, sex and antidepressant medication.
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95% CI 1.01–1.19; Table 3). This association was not
dependent on sex (psex interaction = 0.90) or antidepres-
sant use (pantidepressant interaction = 0.22). We replicated
the findings in sensitivity analyses in which the sample
included only participants with data on GHQ at base-
line and both of the two subsequent surveys (n = 2735
person-observations; online Supplementary Table S1).

When data were restricted to the 2003 person-
observations with IL-6 data available both at baseline
and follow-up (Fig. 1b), we found that those with
repeated low IL-6 were more likely to be symptom-
free at follow-up compared with those with repeated
high IL-6 (age-, sex- and antidepressant medication-
adjusted RR = 1.21, 95% CI 1.03–1.41; p for trend = 0.017).

We further confirmed the findings by comparing
mean IL-6 levels between participants with and with-
out symptom resolution (data not shown): age-, sex-
and antidepressant medication-adjusted geometric
baseline mean of IL-6 was 1.60 pg/ml among those
who were symptom-free at follow-up, and 1.71 pg/ml
among those who had symptoms at follow-up (p for
difference = 0.003). We calculated a mean of baseline
and follow-up IL-6 in a subgroup of 2003 participants
with IL-6 data available also at follow-up. For partici-
pants with symptom resolution at follow-up, the
age-, sex- and antidepressant medication-adjusted geo-
metric mean across the two measurements of IL-6 was
1.65 pg/ml and for those with persistent or repeated
symptoms it was 1.75 pg/ml (p for difference = 0.015).

In a subgroup of symptomatic participants (n = 505
person-observations) with elevated IL-6 at baseline
(>2.0 pg/ml), the age-, sex- and antidepressant
medication-adjusted mean change in IL-6 between
baseline and follow-up was −1.00 pg/ml among
those who became symptom-free and −0.16 pg/ml
among those who remained symptomatic at follow-up
(p for difference = 0.002; data not shown).

Discussion

We examined the associations between IL-6 and
psychological distress symptom resolution in a non-
clinical cohort reporting psychological distress symp-
toms at study baseline. We found that IL-6 levels was
lower at baseline and follow-up amongst those who
were symptom-free at follow-up, compared with
those who still had symptoms. In addition, we found
that psychological distress resolution among sympto-
matic participants with high IL-6 at baseline was asso-
ciated with a decrease in the levels of IL-6. With a
follow-up period of 6 years, our study provides new evi-
dence of the potential role of IL-6 on the long-term prog-
nosis of personswhohave symptoms ofmental ill health.

The present findings are consistent with the evi-
dence from pharmacological and biomedical studies.T
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Treating cancer patients with human cytokines, for
example, was associated with a substantial increase
of depressive symptoms as a ‘side-effect’ (Dantzer
et al. 2008; Miller et al. 2009). In addition, circulating
levels of IL-6 have been associated with the efficacy
of antidepressant therapy, with lower IL-6 being linked
to more favourable treatment effects (Janssen et al.
2010; Hannestad et al. 2011; Hiles et al. 2012;
Cattaneo et al. 2013), and high IL-6 levels to refraction
to antidepressants (Lanquillon et al. 2000; O’Brien et al.
2007; Yoshimura et al. 2009). We add to the existing
evidence by reporting findings among a large non-
clinical cohort of participants followed on average for
6 years. We found that lower IL-6 levels were asso-
ciated with symptom resolution after adjusting the
models for a variety of potential confounding and
mediating factors at baseline, including acute inflam-
mation and use of antidepressants and anti-
inflammatory drugs.

Because IL-6 crosses the blood–brain barrier, acti-
vation of an inflammatory process by increased IL-6
secretion has potential in the pathology of depression.
This hypothesis has been supported by several reviews
and meta-analyses (Dantzer et al. 2008; Howren et al.
2009; Dowlati et al. 2010; Valkanova et al. 2013).
Biological changes associated with depression include
changes in the availability of the neurotransmitters
serotonin and glutamate, hypothalamic–pituitary–
adrenal (HPA) axis overactivation and impaired func-
tion of glucocorticoid receptors and increased pro-
duction of neurotoxic catabolites (Dantzer et al. 2008;
Miller et al. 2009; Maes et al. 2011; Myint et al. 2012;
Anderson et al. 2013; Raison & Miller, 2013; Muller,
2014). In earlier aetiological analyses of the present co-
hort, high IL-6 levels predicted onset of GHQ caseness
among participants free from symptoms at baseline
(Kivimaki et al. 2014). The present study adds evidence
to the earlier research by showing that IL-6 levels also
contribute to the prognosis amongst those who already
are symptomatic (i.e. GHQ cases at baseline). In these
individuals, low, repeatedly low and declining levels
of IL-6 were associated with greater symptom resol-
ution at follow-up.

Our finding that IL-6 reduced along with symptom
reduction is in agreement with some but not all pre-
vious studies. Earlier studies have focused on the effect
of antidepressant treatment on change in the levels of
inflammatory markers amongst patients with depress-
ive symptoms (Janssen et al. 2010; Hannestad et al.
2011; Hiles et al. 2012; Cattaneo et al. 2013). One
meta-analysis of about 300 patients suggested reduced
IL-6 levels among patients who were treated with anti-
depressants (Hiles et al. 2012) while another
meta-analysis with less than 300 patients suggested
there was no such association (Hannestad et al. 2011).

There are limitations in our study. We used the
GHQ-30, which does not provide a clinical diagnosis
of depression. However, the GHQ-30 assesses symp-
toms of depression, anxiety, insomnia and social dys-
function and it has been shown to have high
sensitivity (78%) and specificity (83%) for depression
in the present cohort (Head et al. 2013). Using the
60-item version of the original GHQ, the 30-item
version was created in order to eliminate distress ex-
plicitly ascribed to physical illness. Thus, confounding
by measured symptoms of physical illness is unlikely
in our study. Additionally, we also controlled for
severe chronic somatic illnesses, acute inflammation
and medication use in our study.

The Whitehall II participants, although representing
a relatively healthy, non-clinical sample, were mainly
white-collar civil servants, therefore limiting the gener-
alizability of our finding to the wider British popu-
lation. Furthermore, we did not have data on the use
of antidepressants for the whole follow-up period.
Further research is needed to examine the role of
these drugs in long-term recovery in detail. The main
strengths of this study were a longitudinal design
with repeat measures of IL-6 and GHQ-30 which
enabled accurate assessment of change.

Conclusions

In conclusion, our findings suggest that IL-6 levels may
be involved in the potential pathological mechanisms
underlying the prognosis of common mental health
problems, such as depression. Further studies are
needed to examine these mechanisms and to confirm
the findings in relation to clinical depression.
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