Journal of Affective Disorders 166 (2014) 22-29

Journal of Affective Disorders

journal homepage: www.elsevier.com/locate/jad

Contents lists available at ScienceDirect

Review

Comorbidity between depression and asthma @CmssMark
via immune-inflammatory pathways: A meta-analysis

Mingdi Jiang ?, Ping Qin®, Xu Yang **

@ Section of Environmental Biomedicine, Hubei Key Laboratory of Genetic Regulation and Integrative Biology, College of Life Sciences,
Central China Normal University, Wuhan 430079, China
b National Centre for Suicide Research and Prevention, Institute of Clinical Medicine, University of Oslo, Oslo, Norway

ARTICLE INFO

Article history:

Received 3 July 2013
Received in revised form

7 April 2014

Accepted 12 April 2014
Available online 10 May 2014

ABSTRACT

Background: Depression is often present in patients with asthma and vice versa. In this review, we aimed
to summarize reports on the comorbidity of depression and asthma, and to seek evidence that the
biological mechanisms of allergy may have an important role linking asthma and depression.

Method: To explore the relationship and pathway underpinning this comorbidity, we reviewed medical
articles and undertook a meta-analysis of epidemiological studies on (i) incidence of asthma in patients
with depression; (ii) morbidity of depression in patients with asthma; (iii) concentration of cytokines in

Keywords: depressed subjects.
Depression Results: High level of comorbidity of asthma and depression was consistently demonstrated in 10 studies
:lsltehrma of patients with asthma and four studies of patients with depression. In search of biological connection of
Cytol%i}; es the two illnesses, thirty-eight studies were included for Meta-analyses examining differences in allergy
related cytokines between patients with depression and non-depressive subjects. In people with
depression, concentration of monocytes related cytokines such as IL-1 (1.56 ng/mL, 95% CI: 0.00-3.12,
p=0.05) was significantly higher than that in non-depressive control subjects. At the same time, some
other inflammatory factors including IL-4 (5.77 pg/mL, 95% CI: 2.34-9.21, p=0.00010), IL-6 (1.44 ng/mL,
95% CI: 1.05-1.82, p < 0.00001) and TNF-x(3.01 ng/mL, 95% CI: 1.76-4.26, p < 0.00001) were extremely
significantly higher in depressed people compared with the controls. There was no significant differences
of the T cell related cytokine levels, IFN-y (—0.16 ng/mL, 95% CI: —0.85-7.73, p=0.97), accompanied with
IL-10 (0.67 ng/mL, 95% CI: —0.84-2.18, p=0.38) between depressive and non-depressive groups.
Conclusions: The varying levels of certain cytokines play an important role in arousing and remitting
asthma and depression. That suggests inflammatory response could be a common pathway adjusting
both depression and asthma.
© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Asthma is a common chronic disease affecting > 300 million
people worldwide (Bateman et al., 2008). It has been reported that
about 7-10% children and 5% adults suffers from asthma at various
severity (Woolcock and Peat 1997). Asthma is a complex and
multifaceted illness characterized mainly by bronchial hypersen-
sitivity and airway inflammation, resulting in bronchoconstriction,
airway remodeling and airway obstruction (Melissa and Richard
2009). It is known that several types of cells (such as macrophages,
mast cells, monocytes, neutrophils, and natural killer cells) and
mediators, especially Th1 and Th2 cytokines, play important parts
in the inflammatory response. If individuals are exposed to an
allergen or irritant, the balance between Th1 and Th2 cells is to
break and certain types of inflammatory cells (e.g., mast cells) are
activated (Pleung et al., 1988), leading to the over-expression of
Th2 related cytokines and reduction of Th1 related cytokines.
Cytokines released from activated pulmonary mast cells can act
locally on to the airway surface (e.g., mucosa), bronchial smooth
muscles, and vessels to cause bronchoconstriction or airway
stenosis. Bronchoconstriction would lead to breathlessness
(Pleung et al., 1988).

Depression is the most common mental disorder, and is increas-
ingly recognized as a public health and social problem worldwide.
A total of 4-20% of the general population would suffer this disorder
some time during their lifetime (Bakish 2001). Depression causes
significant physical and psychological difficulties, and affects peo-
ple's thoughts, emotions, self-awareness, interpersonal relation-
ships, work productivity, physical functioning and overall life
satisfaction (Murray and Lopez 1996). Numerous studies have
indicated that depression as well other mentally ill conditions are
closely associated with physical status (Richardson et al., 2006). In
the early 1990s, depression was reported for the first time being an
illness characterized by cell-mediated immune activation (Maes,
1993). This observation developed into a novel hypothesis that
inflammation and cell-mediated immune activation may be key
factors in depression. That inflammatory triggers “neuraxes” con-
veying metabolic, gastro-intestinal and cardiovascular information
to brain and subsequently drive depressive-like behaviors (Maes
et al., 1993). Recent evidence suggests that depression is an
inflammatory disorder because of the increased production of
interleukin (IL)-1p, IL-6 and tumor necrosis factor (TNF)-ain people
with depression (Maes, 2011; Dowlati et al., 2010).

Evidence has shown that individuals with asthma have twice
the risk of developing depressive symptoms as compared with
those who do not have asthma (Melissa and Richard 2009).
Psychological stress and negative emotions can provoke the
increase of inflammatory markers (Maes, 1993), and that remission
from depression is associated with improvement in asthma
symptoms (Loerbroks et al., 2010). Considering the role of inflam-
matory responses in asthma and depression, ongoing inflamma-
tion in the allergic process is very likely to be the “bridge” that
connects them. Cytokines modulate inflammatory responses, and
the processes they govern may be shared by asthma and depres-
sion. In the present review, we aimed to summarize reports on the
comorbidity of depression and asthma, and to seek evidence that
the biological mechanisms of cell-mediated immunity may have
an important role linking asthma and depression.

2. Materials and methods

A database search was carried out using MEDLINE by pairing
the word, “asthma,” with “depression,” “psychological disorders,”
“allergy” and “cytokines”. Additional research by screening the
bibliographies of articles retrieved in the MEDLINE search was also
identified and reviewed. We selected articles that (i) were English-
language only; (ii) assessed the prevalence of depression in
patients with asthma alone; (iii) assessed the prevalence of
asthma in patients with depression; (iv) measured cytokine
concentrations in depressed and non-depressed subjects.

Review Manager ver5.1 was used for the meta-analysis. The
program computed the weighted mean difference (WMD) and
calculated 95% confidence intervals (CIs) under a random-
effect model.

3. Results
3.1. Comorbidity of asthma and depression

Several studies have examined the association between major
depression and asthma. The four studies shown in Table 1 have
suggested that the prevalence of asthma among patients with
major depression ranges from 7.6 to 20.2% (Loerbroks et al., 2010;
Scott et al., 2007). According to the first cross-national study of the
relationship between asthma and mental disorders published in
2007, 18 surveys were carried out among 85,088 people in 17
countries in the Americas (Colombia, Mexico, the United States),
Europe (Belgium, France, Germany, Italy, the Netherlands, Spain,
Ukraine), the Middle East (Israel, Lebanon), Africa (Nigeria, South
Africa), Asia (Japan, separate surveys in Beijing and Shanghai in the
People’'s Republic of China) and the South Pacific (New Zealand)
(Scott et al., 2007). It transpires that the age-sex-adjusted odds of
mental disorder among persons with asthma relative to those who
do not have asthma were 1.6 (95% CI, 1.4-1.8) for depressive
disorders. A second large community sample of 4854 people with
complete information indicated that the prevalence of asthma
increased across one tertile of depression (p for trend < 0.0001).
The odds ratios (ORs) were 1.33 (95% CI, 0.96 to 1.83) and 1.96 (95%
Cl, 1.44 to 2.65) for those in medium and high tertiles, respectively.
Likewise, the prevalence of asthma increased significantly by 27%
for each increase in the depressive symptoms score (Loerbroks
et al., 2010). Between 1990 and 1992, a population-based random
sample of 2818 individuals aged > 65 years had been carried out.
Through interview and self-reported diagnoses, 231 subjects were
identified as having asthma. Furthermore, a significant connection
between asthma and depression (19% vs 10%, p < 0.001) was noted
(Hurwitz and Morgenstern 1999). The meta-analysis result (Fig. 1)
shows that the prevalence of asthma in depressed people is much
higher than it in general population with the odds ratio of 3.17
(95% CI 2.82-3.56, p < 0.00001), which suggests the comorbidity
of asthma and depression.

To estimate the prevalence of depression in patients with
asthma, we collected epidemiologic data from ten recent studies
(Alicja et al., 2012; Valenga et al., 2006). (Table 2). The meta-
analysis result (Fig. 2) clearly shows that asthmatic patients have
significant higher risks of having depression than healthy controls
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Table 1
Prevalence of asthma and associated ORs in patients with depression.
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Study Structured interview Diagnosis of asthma Study population N% asthma OR for asthma 95%Cl P
of questionnaire
Loerbroks et al. (2010) Questionnaire Self-reported 4854 20.2 1.37(1.27-1.47) <0.001
Ho and Jones (1999) Interview Self-reported 2755 10.1 <0.001
Hurwitz and Morgenstern (1999) Interview Self-reported 6552 7.6 1.84(1.23-2.75) -
Scott et al. (2007) Diagnostic interview Self-report correspond 85,088 1.6(1.4-1.8) <0.05
to actual medical records
Depressed Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Hurwitz 1999 35 366 386 6188 11.8%  1.59[1.11,2.29) [
Loerbrokes 978 4838 334 4854 804%  3.43(3.01,3.91] A
Scott 2007 0 0 0 0 Not estimable
Shu 1999 43 306 185 3449 7.8% 2.88(2.02,4.11) -
Total (95% Cl) 5510 14491 100.0%  3.17 [2.82, 3.56) (]
Total events 1056 905
Heterogeneity: Chi*= 15.51, df = 2 (P = 0.0004); F= 87% b o1 " 1 i 100’
Z= < ’ T
Test for overall effect: Z=19.55 (P < 0.00001) Favours experimental Favours control
Fig. 1. Meta-analysis of the prevalence of asthma and associated ORs in patients with depression.
Table 2
The prevalence of depression and ORs in patients with asthma.
Study Structured interview Diagnosis of asthma Study population N% depression OR for p Value
of questionnaire depression 95%Cl
Alicja et al. (2012) Questionnaire Physician diagnosis 54 241 - -
Wagena et al. (2004) Questionnaire Self-reported 7482 5.9 1.07(0.68-1.68) -
McCauley et al. (2007) Phone interviews Physician diagnosis 767 7.3 1.26 -
Vieira et al. (2011) Clinical interview Physician diagnosis 49 - - 0.72
Yen et al. (2008) Interview Physician diagnosis 435 - 4.79(2.41-9.52) -
Walters et al. (2011) Database records Physician diagnosis 1000 2.24 1.59(1.48-1.71) -
Feldman et al. (2011) Diagnostic interview Physician diagnosis 353 7.11 2.52(1.35-4.71) <0.01
Prosser et al. (2010) Interview Self-reported 18,303 8.1 2.11(1.51-2.93)
Prosser et al. (2010) 3 British ministry databases Diagnosis 2,521,248 24.9 1.44(1.42-1.46) -
Valenga et al. (2006) Interview Physician diagnosis 62 24.2 - -
Asthmatic Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
Jonathan 2011 19 30 0 0 Not estimable
Kate M 2008 52 649 805 18303 228% 1.89[1.41,2.54) -
McCauley 2007 57 767 0 0 Not estimable
Moes-Wojtowicz 2012 13 54 0 0 Not estimable
Prosser 2010 249 1000 181 1000 61.2% 1.50[1.21,1.86) |
Valena 2006 15 55 0 0 Not estimable
Vieirav2011 0 0 0 0 Not estimable
Wagena 2003 22 373 266 4898 16.0% 1.09[0.70,1.71] T
Walters 2011 22 1000 0 0 Not estimable
Yen IH 2008 0 435 0 0 Not estimable
Total (95% CI) 4363 24201 100.0% 1.52[1.30,1.79] ¢
Total events 449 1252
it = - — - S : : : :
Heterogeneity: Chi*= 4.27, df=2 (P=0.12); F=53% 0.01 01 10 100

Test for overall effect. Z=5.08 (P < 0.00001)

Favours experimental Favours control

Fig. 2. Meta-analysis of the prevalence of depression and ORs in asthmatics.

(OR=1.52; 95% CI, 1.30 to 1.79; p <0.00001). In 2004, cross-
sectional data were used in a cohort survey in Denmark. The
percentage of depression in 373 asthmatics employees among all
the 7482 participants was relatively high (p <0.001) (Wagena
et al.,, 2004). In 2007, phone interviews were conducted in a
sample consisting of 767 youths aged from 11 year to 17 years with

asthma; 20 (2.5%) of them had a depressive disorder alone, and 37
(4.8%) had anxiety and depressive disorders (McCauley et al.,
2007). There are fewer reports on the impact of mental health
problems on the functional status of asthmatic youths. However,
asthma functional morbidity was associated significantly with
anxiety and depressive symptoms (Vieira et al., 2011). Mental
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health factors were more strongly associated with measures of
asthma. Thus, exploring psychiatric symptoms in youths with
asthma may reduce the functional burden associated with asthma.

3.2. Cytokines and depression

A number of studies have demonstrated that major depression
is accompanied with immune responses. It has been reported that
the production of several types of cytokines, such as IL-1, IL-6
and TNF-q, can increase in the early stage of activation of the

Table 3
Characteristics of cytokine concentrations in depression.

inflammatory response. To obtain further evidence for the rela-
tionship between cytokines and depression, we reviewed 162
studies. 124 studies did not fit the inclusion criteria and were
therefore disregarded, the main information of the remaining 38 is
listed in Table 3.

A total of 685 participants (327 depressed and 358 non-
depressed) from 10 studies were measured. Compared with the
control group, the concentration of IL-1 in the depressed group
was significantly higher (Fig. 3). The overall weighted mean
difference (WMD) was 1.56 ng/mL (95% CI: 0.00-3.12, p=0.05).

N (depressed/non-depressed) Depression diagnosis

Study/year Cytokines included
Berk et al. (1997) IL-6

Brambilla and Maggioni (1998) TNF-a/IL-1/IL-6
Brambilla et al. (2004) TNF-a/IL-1p
Dhabhar et al. (2009) IL-6/IL-10

Eller et al. (2008) TNF-a/IL-8

Herndndez et al. (2008)
Huang and Lee (2007)

IL-2/IFN-y/IL-4/IL-10/IL-1p
TNF-o/IL-1B/IL-10

Jozuka et al. (2003) IL-2

Kagaya et al. (2001) TNF-a/IL-1/IL-6
Kubera et al. (2000) IL-6/IL-10

Leo et al. (2006) TNF-a/IL-1p/IL-6
Maes et al. (1995) IL-6

Maes et al. (1990-1991) IL-6

Maes et al. (1997) IL-6

Mikova et al. (2001) TNF-o/IL-6/IL-8
Myint et al. (2005) IL-4/IFN-y
Owen et al. (2001) TNF-a/IL-6
Pavén et al. (2006) IL-8/IL-10

Pike Irwin (2006) TNF-a/IL-1B
Simon et al. (2008) IL-6/IL-4/ TNF-a/IL-2
Sluzewska et al. (1996) IL-6

Sutcigil et al. (2007) TNF-a/IL-1B
Tuglu et al. (2003) IL-6/IL-4/ TNF-a/IL-2
Yang et al. (2007) IL-8/IL-10
Milaneschi et al. (2009) IL-6

Bremmer et al. (2008) TNF-a/IL-4/IL-2
Pan et al. (2008) TNF-o
Moorman et al. (2007) TNF-ao/IL-1p
Elomaa et al. (2012) IFN-y

Gabbay et al. (2009)
Gabbay et al. (2009)

IL-1/IEN-y/IL-4/IL-6
IL-1/IFN-y/IL-4/IL-6

Vogelzangs et al. (2012) IL-6/ TNF-a
Xia et al. (2003) IL-6/IL-2
Eskandari et al. (2007) TNF-o/IL-1/IL-6
Miller et al. (2002) IL-6

Thomas et al. (2005) IL-1

Moorman et al. (2007) TNF-o/IL-1/IL-6
Gao (2013) IL-1/IL-10

28/21 DSM
10/10 DSM
111 DSM, PRS
12/1 DSM, HAM-D
100/45 DSM,MADRS
31/22 DSM, HAM-D, BDI
42/40 DSM, HAM-D
17/10 DSM, ZDS
12/12 DSM, HAM-D
9/10 DSM, HAM-D
46/46 DSM, HAM-D
61/38 DSM, HAM-D
13/28 DSM, HAM-D
35/15 DSM, HAM-D
28/15 DSM, HAM-D
18/3 DSM, HAM-D, BPRS
28/24 DSM, HAM-D
33/33 DSM, HAM-D
25/25 DSM, HAM-D
49/49 DSM
49/15 DSM, HAM-D
23/25 DSM, HAM-D
26/17 DSM, HAM-D, BDI
33/23 DSM, HAM-D
213/778 CES-D
184/1101 CES-D
312/2977 CES-D
47/82 DSM
58/58 DSM-IV, HAM-D
30/15 DSM-1V, CDRS-R
30/15 DSM-IV, CDRS-R
1132/494 DSM-IV
15/33 HDRS
1714 DSM-IV
50/50 DSM-IV
19/21 DSM-IV
47/82 DSM-IV
28/15 SDS

N, number; D, depressed ; ND, non-depressed; DSM, Diagnostic and Statistical Manual of Mental Disorders; HAM-D, BDI, Hamilton Depression Scale; MADRS, Montgomery-
Asberg Depression Scale; POMS, Profile of Mood States; HDRS, Hamilton Depression Rating Scale; SDS, Self-rating depression scale; IFN, interferon.

Depressed Non-Depressed Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alec J 2007 39 8.1 47 6 119 82 91% -2.10[5.56,1.36] ~l
Brambilla 2004 29.2 24.2 11 73 52 11 11% 21.90[7.27, 36.53] I
Farideh Eskandari 2007 825 492 17 154 118 14 0.4% 67.10([42.91,91.29]
GaoJ 2013 2012 1.03 28 1439 0094 15 16.1% 573[5.12,6.34] .
Leo 2006 1.58 1.23 46 067 0.44 46 16.3% 0.91 [0.53,1.29] r
Morman AJ 2007 39 8.1 47 6 119 82 91% -2.10[5.56,1.36] -l
Simon 2008 4253 10519 49 129 407 49 0.3% 41.24[11.77,70.71]
Thomas 2005 27 25 19 1 1.2 21 149% 1.70 [0.46, 2.94] r
Vilma Gabbay 2008 0.162 0.72 30 016 0.05 15 16.4% 0.00 [-0.26, 0.26]
Yang 2007 316 0.583 33 316 067 23 16.4% 0.00 [-0.34, 0.34]
Total (95% Cl) 327 358 100.0% 1.56 [0.00, 3.12] '

i Tanu= - ChiE= - - + t t 1

Heterogeneity: Tau®= 3.83; Chi*= 358.62, df=9 (P < 0.00001); F=97% 50 25 0 25 50

Test for overall effect: Z=1.96 (P = 0.05)

Favours experimental Favours control

Fig. 3. Meta-analysis of interleukin-1 concentrations.
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Measurements were made in 214 depressed and 162 non-
depressed subjects (Fig. 4). The concentration of IL-4 was extre-
mely significantly higher in depressed than non-depressed groups.
The overall WMD was 5.77 pg/mL (95% CI, 2.34-9.21; p=0.0010).

A total of 1840 depressed and 1185 non-depressed participants
from 24 studies were involved in the measurement of IL-6

concentration (Fig. 5). The IL-6 concentration of depressed sub-
jects was extremely significantly higher than that in the control
group, with an overall WMD of 1.44 ng/mL (95% CI: 1.05-1.82;
p <0.00001).

Measurements for IL-10 were taken from 7 studies involving
199 depressed subjects and 215 non-depressed (Fig. G). The

Depressed Non-Depressed Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD Total Weight IV. Random, 95% ClI IV, Random, 95% CI
Hernandez 2008 4525 161 31 31.25 1641 22 89% 14.00 [5.20, 22.80] G

Myint 2005 1092 1.04 18 21.67 20.73 3 1.9% -10.75[-34.21,12.71] - 1
Pavon 2006 47.64 4.48 33 2209 234 33 20.4% 2555(23.83,27.27] -
Simon 2008 13.72 50.31 49 29 11.45 49  45% 10.82[-3.63,25.27] I
Sutcigil 2007 343 051 23 78 175 25 21.3% -4.37 [-5.08,-3.65] o

Vilma Gabbay 2008 0.206 076 30 028 035 15 21.5% -0.07 [-0.40, 0.25)
Vilma Gabbay 2009 021 009 30 028 035 15 21.5% -0.07 [-0.25,0.11]

Total (95% CI) 214 162 100.0% 5.77 [2.34,9.21] (]

Heterogeneity: Tau®=14.26; Chi*= 998.88, df= 6 (P < 0.00001); F=9
Test for overall effect. Z= 3.30 (P = 0.0010)

4100  -50 0 50 100
Favours experimental Favours control

9%

Fig. 4. Meta-analysis of interleukin-4 concentrations.

Depressed Non-Depressed Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alec J 2007 10.7 202 47 58 107 82 04% 490[1.32,11.12) ™
Berk 1997 12.36 1.99 28 137 229 21 3.9% 10.99(9.76,12.22) g
Brambilla 1998 05 0.44 10 188 1.82 10  41% -1.38[-2.54,-0.22] '
Dhabhar 2009 1.09 0.28 12 074 012 1" 6.4% 0.35[0.18,0.52]
Farideh Eskandari 2007  139.95 87 17 1539 1942 14  0.0% 124.56[81.97,167.15]
Kagaya 2001 0.86 0.87 12 099 099 12 52% -0.13[-0.88,0.62]
Kubera 2000 8 1.6 9 6.7 11 10  3.8% 1.30 [0.05, 2.55] r
Leo 2006 2.56 1.45 26 1.26 063 46  56% 1.30[0.71,1.89]
Maes 1985 552 1 61 25 055 38 6.2% 3.02[2.71,3.33] §
Maes 1997 56 6.5 35 1.5 23 15 1.8% 4.10[1.65, 6.55] i
Maes1995 2.67 0.05 13 242 067 28 6.3% 0.25[0.00, 0.50]
Mikova 2001 156 28.4 28 96 113 15 01% 6.00[-5.97,17.97] T
Miller 2002 3 0.3 50 19 0.2 50 6.4% 1.10[1.00,1.20]
Morman AJ 2007 10.7 20.2 47 58 107 82 0.4% 490[1.32,11.12) .
O’ Brien 2007 1.252 01948 49 0.7455 0.086 49  6.4% 0.51 [0.45,0.57]
Pavon 2006 1.48 0.33 33 1.26 028 33 64% 0.22[0.07,0.37]
Pike 2006 1.8 1.3 25 1 08 25 58% 0.80[0.20,1.40]
Simon 2008 598 1422 49 123 616 49  07% 4.75(0.41,9.09] ~
Sluzew ska 1996 428 1.7 49 1.24 0.8 15  55% 3.04[2.42,3.66] i
Vilma Gabhay 2008 1.516 423 30 0.49 09 15  31% 1.03[-0.55, 2.61] r
Vilma Gabhay 2009 1.52 2.28 30 0.49 09 15 47% 1.03[0.10,1.96]
Yogelzangs N 2012 0.8 1.03 1132 072 1.04 494 6.4% 0.08 [-0.03,0.19]
XiaJ 2003 7.1 1.4 15 5 1.6 33 48% -0.40[-1.29, 0.49]
Yang 2007 8.21 1 33 534 071 23 59% 2.87[2.42,3.32 "
Total (95% ClI) 1840 1185 100.0% 1.44[1.05, 1.82]
Heterogeneity: Tau®= 0.59; Chi*= 982.98, df= 23 (P < 0.00001); = 98% Ho0 20 ? o 100

Test for overall effect: Z=7.34 (P < 0.00001)

Favours experimental Favours control

Fig. 5. Meta-analysis of interleukin-6 concentrations.

Depressed Non-depressed

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Dhabhar 2009 0.34 0.1 12 083 019 11 41.4% -0.49[-0.62,-0.36)

GaoJ 2013 2568 1436 28 3756 9.34 15
Hernandez 2008 777.23 90.64 31 54232 8163 22
Huang 2007 247 26.3 42 12.2 59 40
Kubera 2000 13 7.2 9 6.3 1.3 10
0’ Brien 2007 3.412 06128 28 3.382 0502 68
Simon 2008 868 3676 49 07 339 49
Total (95% CI) 199 215 1

Heterogeneity: Tau?= 1.43; Chi*= 140.69, df= 6 (P < 0.00001); = 96%
Test for overall effect: Z=0.87 (P =0.38)

Fig. 6. Meta-analysis of in

Mean Difference Mean Difference
41%  -11.88[-19.00,-4.76] -
0.1% 234.91[188.20, 281.62] ’
3.2% 12.50 [4.34, 20.66] -
8.1% 6.70[1.93,11.47] ~
41.1% 0.03 [-0.23,0.29] u]
2.0% 7.98 [-2.36, 18.32] —
00.0% 0.67 [-0.84, 2.18]
4100 -50 0 50 100

Favours experimental Favours control

terleukin-10 concentrations.
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Depressed Non-Depressed Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD _Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Alec J 2007 167 533 47 118 323 82 0.0% 49.00[-118.65, 216.65] * >
Brambilla 1998 16.38 608 10 1844 6.58 10 3.4% -2.06 [-7.61, 3.49] T
Brambilla 2004 18.7 9.7 11 138 4.2 11 2.9% 4.90[-1.35,11.15) .
Eller 2008 604 178 100 642 194 45 10.0% -0.38[-1.05,0.29]
Farideh Eskandari 2007 1826 121.72 17 16.82 11.36 14 0.0% 165.78[107.61,223.95]
Huang 2007 09 24 42 08 37 40 9.2% 0.30 [-1.086, 1.66]
Kagaya 2001 0.18 0.22 9 037 044 12 10.3% -0.19[-0.48,0.10]
Leo 2006 337 187 46 1.44 083 46 10.1% 1.93[1.34,252] r
Mikova 2001 334 274 28 147 8 15  1.2% 18.70[7.77, 29.63] .
O’ Brien 2007 19.64 2445 28 1088 1.314 24 9.6% 8.76 [7.71,9.81) =
Pavon 2006 186  1.31 33 1683 08 33 101% 1.77[1.25,2.29] r
Simon 2008 784 4534 49 313 11.73 49  0.8% 4.71[-8.40,17.82] T
Sutcigil 2007 7768 16.21 23 36.04 12,63 25 1.9% 41.64 [33.37, 49.91] -
Tuglu 2003 9.08 3.23 26 519 1.18 17 9.2% 3.89[2.53,5.25) =
Vilma Gabbay 2009 413 1344 30 19.07 225 15 0.9% -14.94 [-27.30,-2.58] -
Vogelzangs N 2012 086 1.02 1132 082 1.03 494 103% 0.04 [-0.07,0.15]
Yang 2007 13.25 15 33 91 075 23 101% 4.15[3.55,4.75) =
Total (95% ClI) 1664 955 100.0% 3.01[1.76, 4.26] t
Heterogeneity: Tau?= 3.95; Chi*= 681.34, df= 16 (P < 0.00001); *= 98% Ho0 -2 3 20 !

Test for overall effect: Z= 4.72 (P < 0.00001)

100

Favours experimental Favours control

Fig. 7. Meta-analysis of tumor necrosis factor-a concentrations.

Depressed Non-depressed Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Elomaa 2012 12.03 596 58 3.03 0.91 58 17.8% 9.00(7.45,10.55) -
Hernandez 2008 54.93 19.69 31 86.29 1558 22 14.2% -31.36[-40.87,-21.85) e
Myint 2005 41.28 202 18 821 12439 3 0.3% -40.82[-181.89,100.25) ¢ *
Pavon 2006 781 0.7 33 1295 0.48 33 17.9% -514 [[5.43,-4.85) .
Simon 2008 2446 2543 49 6.67 1.9 49 15.2% 17.79[9.93, 25.65] .
Vilma Gabbay 2008 3.376 8.96 30 037 0.64 15 17.4% 3.01[0.22,6.23] o
Vilma Gabbay 2008 338 118 30 037 0.64 15 171% 3.01[1.22,7.24] ™
Total (95% Cl) 249 195 100.0% -0.16 [-8.05, 7.73]

Heterogeneity: Tau®= 90.39; Chi*= 403.77, df= 6 (P < 0.00001); = 99%

Test for overall effect: Z=0.04 (P = 0.97)

100 -50 0 50 100
Favours experimental Favours control

Fig. 8. Meta-analysis of interferon-y concentrations.

concentration of IL-10 in depressed subjects was not significantly
different from healthy controls with an overall WMD of 0.67 ng/mL
(95% CI, —0.84-2.18; p=0.38).

The measurements of TNF-ot concentration were based on 17
studies involving 1664 depressed subjects and 955 healthy con-
trols. A significant difference between these two groups was
noted. The concentration of TNF-a was apparently higher in the
depressed group with an overall WMD of 3.01 ng/mL (95% CI, 1.76—
4.26; p <0.00001) Fig. 7.

Measuring the IFN-y concentration of 249 people with depres-
sion and 195 healthy individuals, the results showed that the IFN-y
concentration in the depressed group was not significantly differ-
ent when compared with that in controls. The overall WMD was
—0.16 ng/mL (95% CI, —8.05-7.73; p=0.97) (Fig. 8).

This study reported considerably higher concentrations of the
cytokines TNF-a, IL-1, IL-4 and IL-6 in depressed patients com-
pared with those in control individuals. This strengthened the
theory supporting the comorbidity of asthma and depression.
Obvious results supporting the involvement of IL-10 and IFN-y
are lacking.

4. Discussion

Through the meta-analysis described here, we addressed the
relationship between depression and asthma. Our results sug-
gested that the allergic reaction is likely to be the key link that
connects them. First and foremost, we reviewed 4 epidemiology
articles investigating the prevalence of asthma in populations with

depression and 10 medical reports studying the prevalence of
depression among people with asthma. The results demonstrated
a high comorbidity of the two illnesses, indicating the need for
searching possible underlying molecular mechanisms.

Subsequently, we completed a meta-analysis to calculate the
difference in concentrations of several cytokines between healthy
and depressed subjects: we found significant differences between
them. The concentrations of some cytokines in depressed subjects
(e.g., IL-1, IL-4, IL-6 and TNF-a) were obviously much higher than
in the control group. With respect to IL-10 and IFN-y, there was no
significant difference between them.

Defense cells (such as macrophages, mast cells, monocytes,
neutrophils, and natural killer cells) and soluble factors they
produce including acute phase proteins, and inflammatory cyto-
kines are key players in the immune system. Sometimes, inflam-
matory signals can pass through the blood-brain barrier, so
cytokines can influence and regulate the nervous system.

Cytokines such as IL-6 and TNF-a can combine exclusively with
the specific receptors on neural progenitor cells and reduce the
volume of hippocampal gray matter, which is always observed in
connection with major depression (Gao, 2013). In addition, cyto-
kines like IL-1 and IL-6 can also bind with specific receptors on
hypothalamus and adjust mood by over-activating the hypotha-
lamic-pituitary-adrenal axis which will subsequently lead to the
increase levels of Corticotropin-Releasing Hormone, Adrenocorti-
cotropic Hormone and cortisol in plasma. Furthermore, cytokines
IL-1 can probably affect mental disorders by inducing indolea-
mine-2,3-dioxygenase and indirectly regulate the synthesis and
degradation of tryptophan (Yang et al., 2009).
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At the same time, the increase of Th-2-like cytokine IL-4
reflects the overaction of Th2 cells and the decrease of Th-1-like
cytokine IFN-y suggests the suppression of Th1 cells. It is acknowl-
edged to compute the IFN-y/IL-4 concentration ratio and the
decreased ratio indicates a shift towards Th-2-like cell-mediated
inflammatory response. Thus the balance between Th1/Th2 of
human immune system would be broken and generate further
allergy reflection even asthma. That explains the abnormal expres-
sion of cytokines coexist in depressed and asthmatic patients.

Moreover, oxidative stress could also be a shared pathway that
underpins depression and asthma. Oxidative stress may lead to the
shift of a Th2-like immune and it has been reported that the
antioxidant lever is low while oxidative capacity is high in
asthmatic patients (Liao et al., 2004; Wright et al., 2005). The
pathogenesis of depression is relevant to the over-activated
oxidative system and oxidative damage (Forlenza and Miller
2006). Depression could also suppress the antioxidant functions
and aggravate oxidative level (Yamaguchi et al., 2002).

However, limitations of this study may interfere conclusions
about causality because of some undetected potentially important
factors such as serious or minor medical illnesses, prescription or
over-the-counter analgesic use, smoking, and body mass index.
Further, some cytokines were very hard to measure in the low
concentration ranges, while these publications hadn't reported the
analytical CV values obtained in their labs at these very low
concentrations.

5. Conclusion

In summary, our analyses have indicated that people with
depression is 3.17 times likely to have a comorbidity of asthma
compared with that of counterparts without depression, and that
patients with asthma is 1.52 times like to have a comorbid
depression compared with those without asthma. At the same
time, our results have shown significant differences in concentra-
tion of certain cytokines in depressed individuals as compared to
those without depression, suggesting that allergy related inflam-
matory responses may play an important role of linking asthma
and depression.
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