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Clinical Implications

o Allergy increased the risk of depression and lower quality
of life among pregnant women across Japan. We should
provide additional support to pregnant women with
allergy, to help them maintain optimal mental health.

TO THE EDITOR:

The Japan Environment and Children’s Study (JECS) is a
nationwide, multicenter, prospective birth cohort study con-
ducted by the Ministry of Environment of Japan.' The associ-
ation of mental health with allergy in pregnant women has not
been well documented. The clinical question of this study was
that allergic immunological features might affect mental status
among pregnant women. We aimed to investigate the association
of maternal mental health, including depression, anxiety, and
quality of life, with allergic features during pregnancy among
JECS participants.

This is a cross-sectional study of a birth cohort. Participants in
the JECS were recruited between January 2011 and March 2014.
Maternal information and blood samples were obtained from
women during pregnancy, using self-administered question-
naires. Lifetime prevalence of allergic disease (asthma, allergic
rhinitis, eczema, food allergy, conjunctivitis, drug allergy, and
contact dermatitis) was assessed on the basis of a self-reported
doctor’s diagnosis, obtained from the questionnaire. Serum to-
tal and allergen-specific IgE titers assayed by ImmunoCAP
(Thermo Fisher Scientific, Inc, Uppsala, Sweden) were analyzed
at a contract clinical laboratory. Specific titers were detected for
the following allergens: Der p 1 (Dermatophagoides pteronyssinus),
animal allergen mixes (cat dander, dog dander, guinea pig
epithelium, rat, and mouse), Japanese cedar, birch, moth, and
egg white. Positive IgE sensitization to a specific allergen was
defined as allergen-specific IgE value of greater than or equal to
0.35 UA/mL. We defined high sensitization if the total IgE level
was 170 TU/mL or above.” As for psychological assessment,
Kessler's K-6 Non-Specific Psychological Distress Scale (K-6)
was used to evaluate maternal anxiety and depression. The K6
scale consists of 6 questions. All variables were summed to yield a
total score that range from 0 to 24. Scores of 13 or higher
indicate severe depression,/' and scores of 5 or higher indicate any

depression.” Health-related quality of life was measured using the
Medical Outcomes Survey Short Form-8 questionnaire (SE-8).°
Two summary scores of a physical component summary (PCS)
and a mental component summary (MCS) are indicated as SD
scores (the national standard score is 50). Higher scores mean a
higher quality health status.

Figure E1 in this article’s Online Repository at www.jaci-
inpractice.org shows the flowchart of this study. We examined
the backgrounds of participants (n = 97,058) with no missing
variables for the K-6 and the SF-8 and appropriate gestational
age. Among these, we performed statistical analysis for the data
with no missing variables (n = 86,085). Logistic regression and
linear regression were used to examine the associations of K-6
and SF-8 scores (MSC and PSC scores), respectively, with
allergic features, using the same potential confounders. We
considered the following factors as possible confounders in the
regression analyses: maternal age, place of residence, marital
status, having another child, history of abnormal pregnancy,
current smoking status, employment status, and maternal edu-
cation level. This study was an exploratory study to estimate the
magnitude of the association between maternal allergy status and
mental health. Therefore, we had not defined any statistically
significant level of P values at the beginning of the study. In the
resulting tables, we show the estimates of the coefficients
adjusted or nonadjusted by the confounders and the 95% Cls.
We also show the P values of the estimates in the tables, for
reference. The JECS protocol was reviewed and approved by the
Ministry of Environment’s Institutional Review Board on
Epidemiological Studies and by the ethics committees of all
participating institutions. Written informed consent was ob-
tained from all participants.

K-6 scores of 13 or more and 5 or more were seen in 3.5%
and 31.9% of participants, respectively (see Table E1); IgE
sensitization was found in 73.9%. The prevalence of asthma,
allergic rhinitis, eczema, food allergy, and drug allergy was
10.9%, 36.1%, 15.8%, 4.8%, and 2.6%, respectively. Among
the confounding factors, marital status and smoking status may
have strongly affected the K-6 and SF-8 scores (PCS) (data not
shown). Table I presents the associations of K-6 with allergic
features. Der p 1 (adjusted odds ratio [aOR], 1.05; 95% CI,
1.02-1.08), animal allergen mixes (aOR, 1.05; 95% CI, 1.01-
1.09), and moth (aOR, 1.05; 95% CI, 1.01-1.08) sensitizations
increased the risk of any depression (K-6 scores > 5). Allergic
diseases increased the risk of any depression even more. The aOR
for contact dermatitis (aOR, 1.55; 95% CI, 1.40-1.72) was the
highest among all allergic diseases, including asthma (aOR, 1.28;
95% CI, 1.22-1.34), rhinitis (a@OR, 1.20; 95% CI, 1.17-1.24),
eczema (aOR, 1.17; 95% CI, 1.12-1.22), and food allergy (aOR,
1.33; 95% CI, 1.24-1.42). Severe depression (K-6 score > 13)
was statistically associated with allergic diseases (aOR, 1.25; 95%
CI, 1.15-1.35), including asthma (aOR, 1.49; 95% CI, 1.34-
1.66), rhinitis (aOR, 1.11; 95% CI, 1.02-1.20), eczema (aOR,
1.22; 95% CI, 1.10-1.35), food allergy (aOR, 1.40; 95% ClI,
1.20-1.64), and contact dermatitis (aOR, 1.53; 95% CI, 1.19-
1.96). For PSC and MCS scores of the SE-8, allergic diseases
were negatively associated with PCS and MCS (see Table II).
With regard to sensitization, only Der p 1 sensitization showed a
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TABLE I. Univariate and multivariate logistic regression results for allergic features associated with depression (K-6) in pregnant women

across Japan (n = 78,705)

Univariate Multivariate

Outcome Allergy features OR Lower 95% Cl Upper 95% Cl P value aOR Lower 95% CI Upper 95% Cl P value

K-6 (>13) None (reference)

Severe depression
log_IgE. nonspecific (continuous) 1.03 1.01 1.06 0172 1.01 0.98 1.04 4935
IgE (nonspecific) >170 UA/mL 1.16 1.06 1.27 0015 1.08 0.98 1.18 1124
IgE_sensitization to any specific allergen 0.96 0.88 1.05 3217 0.94 0.86 1.03 1855
IgE _Der p 1 1.04 0.96 1.12 3514 1.01 0.93 1.09 .8083
IgE_Japanese cedar 0.93 0.86 1.01 .0892 0.90 0.83 0.98 .0134
IgE_egg white 1.57 1.14 2.16 0059 1.53 1.11 2.11 .0010
IgE_animal allergen mixes 1.08 0.98 1.19 .1052 1.03 0.93 1.13 .6135
IgE_moth 1.11 1.02 1.21 .0180 1.08 0.99 1.17 .1023
Any allergic disease 1.20 1.11 1.30 <.0001 1.25 1.15 1.35 <.0001
Asthma 1.57 1.41 1.75 <.0001 1.49 1.34 1.66 <.0001
Allergic rhinitis 1.05 0.97 1.14 2025 1.11 1.02 1.20 0132
Eczema 1.22 111 1.35 <.0001 1.22 1.10 1.35 0002
Allergic conjunctivitis 1.18 1.05 1.34 0073 1.26 1.12 1.43 0002
Food allergy 1.44 1.23 1.69 <.0001 1.40 1.20 1.64 <.0001
Drug allergy 1.38 1.11 1.71 0032 1.54 1.24 1.91 <.0001
Contact dermatitis 1.35 1.06 1.73 0163 1.53 1.19 1.96 .0008

K-6 (>5) None (reference)

Any depression
log_IgE. nonspecific (continuous) 1.02 1.01 1.03 .0001 1.01 1.00 1.02 0511
IgE (nonspecific) >170 UA/mL 1.05 1.01 1.09 0112 1.05 0.98 1.05 4299
IgE_sensitization to any specific allergen 1.02 0.98 1.05 2901 1.01 0.97 1.05 .6236
IgE Der p 1 1.06 1.03 1.10 <.0001 1.05 1.02 1.08 0014
IgE_Japanese cedar 1.00 0.97 1.04 7775 0.98 0.95 1.02 2798
IgE_egg white 1.04 0.89 1.21 .6205 1.02 0.88 1.19 71962
IgE_animal allergen mixes 1.08 1.04 1.12 .0001 1.05 1.01 1.09 0212
IgE_moth 1.06 1.02 1.09 0012 1.05 1.01 1.08 .0093
Any allergic diseases 1.23 1.19 1.27 <.0001 1.25 1.21 1.29 <.0001
Asthma 1.31 1.25 1.37 <.0001 1.28 1.22 1.34 <.0001
Allergic rhinitis 1.18 1.14 1.21 <.0001 1.20 1.17 1.24 <.0001
Eczema 1.18 1.14 1.23 <.0001 1.17 1.12 1.22 <.0001
Allergic conjunctivitis 1.28 1.22 1.35 <.0001 1.32 1.26 1.39 <.0001
Food allergy 1.35 1.26 1.44 <.0001 1.33 1.24 1.42 <.0001
Drug allergy 1.28 1.17 1.40 <.0001 1.35 1.23 1.48 <.0001
Contact dermatitis 1.45 1.31 1.61 <.0001 1.55 1.40 1.72 <.0001

Adjustors for multivariate analysis: maternal age, place of residence, marital status, having another child, history of abnormal pregnancy, current smoking status, employment
status, and maternal education level. Statistically significant results shown in bold font.

significant negative association with PCS (regression coefficient
of —0.145). Drug allergy and contact dermatitis were more
significantly associated with MCS than were asthma and eczema
(regression  coefficients of —0.799, —0.933, —0.513,
and —0.375, respectively).

To our knowledge, this is the first report to evaluate the as-
sociations of mental health with allergic features among Japanese
pregnant women from a nationwide population-based birth
cohort study. Compared with allergic sensitization, allergic dis-
eases seemed to be related to a higher risk of depressive symp-
toms and deterioration in quality of life from the multiple
regression analysis. A population-based study of adults in China
demonstrated that IgE sensitization was not associated with
depression but that depression was associated with asthma and
eczema’; our study findings coincide with these results. The

reason why more than 70% pregnant women had IgE sensiti-
zation to any allergens in our study is considered to be that al-
lergy to Japanese cedar and/or house dust mites is very common
among Japanese populations.”

A case series study of 695 patients with asthma, aged 20 to
44 years, from 29 medical centers in Japan reported a weak
correlation between the severity of asthma and PCS of the SE-8
(r = —0.144; P = .003).” The data from an international
survey by the World Health Organization found that diag-
nosed depression and 30-day anxiety were associated with adult
asthma in 65% and 40% of countries, respectively.lo Taken
together, the association between asthma and depression or
anxiety appears to exist at a global level. A systematic review
and meta-analysis reported that IL-4, IL-6, and IL-10, pro-
duced by Ty2 cells, were significantly higher among patients
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TABLE Il. Univariate and multivariate linear regression results for allergic features associated with quality of life (SF-8) in pregnant

women across Japan (n = 77,639)

Univariate Multivariate
Lower Upper Lower Upper

Outcome Allergy features Coefficient 95% CI 95% ClI  Pvalue Coefficient 95% CI 95% CI P value

SE-8 (PCS) None (reference)
log_IgE.nonspecific (continuous) 0.039 0.003 0.075 0345 0.010 —0.026 0.046 5812
IgE (nonspecific) >170 UA/mL 0.163 0.041 0.285 .0087 0.163 —0.062 0.181 3371
IgE_sensitization to any specific allergen —0.043 —0.16 0.074 4721 —0.034 —0.151 0.083 .5653
IgE Derp 1 —0.099 —0.202 0.004 .0607 —0.145 —0.247 —0.042 0056
IgE_Japanese cedar 0.012 —0.092 0.115 .8232 0.024 —0.084 0.132 .6664
IgE_egg 0.174 —0.341 0.689 5076 0.184 —0.327 0.695 4807
IgE_animal allergen mixes 0.031 —0.096 0.158 .6333 —0.029 —0.157 0.098 .6514
IgE_moth —0.051 —0.165 0.064 3875 —0.089 —0.203 0.025 1261
Any allergic disease —0.904 —1.007 —0.801 <.0001 —0.840 —0942 —0.738 <.0001
Asthma —0.934 —1.100 —0.769 <.0001 —1.006 —1.170 —0.841 <.0001
Allergic rhinitis —0.827 —-0934 -0.721 <.0001 —0.756 —0.863 —0.650 <.0001
Eczema —0.606 —0.747 —0465 <.0001 —0.587 —0.727 —0.447 <.0001
Allergic conjunctivitis —1.105 —1275 -0.934 <.0001 —1.025 —1.195 —-0.855 <.0001
Food allergy —1.19 —1.429 —-0952 <.0001 —1.187 —1424 —-0949 <.0001
Drug allergy —1.705 —2.025 —1.386 <.0001 —1.501 —1.819 -—1.184 <.0001
Contact dermatitis —1.501 —1.868 —1.133 <.0001 —1.353 —1.719 —0.988 <.0001

SF-8 (MCS) None (reference)
log_IgE. nonspecific (continuous) —0.046 —0.082 —0.010 0115 —0.022 —0.058 0.014 2290
IgE (nonspecific) >170 UA/mL —0.113 —0.233 0.008 .0664 —0.113 —0.159 0.081 5252
IgE_sensitization to any specific allergen —0.021 —0.137 0.095 7242 0.007 —0.109 0.123 9085
IgE Der p 1 —0.125 —-0.227 —0.023 .0160 —0.091 —0.192 0.011 .0799
IgE_Japanese cedar —0.038 —0.140 0.064 4690 0.004 —0.103 0.111 9380
IgE_egg —-0.32 —0.828 0.189 2177 —0.253 —0.758 0.252 .3265
IgE_animal allergen mixes —0.113 —0.239 0.012 .0772 —0.027 —0.153 0.099 .6764
IgE_moth —0.066 —0.179 0.047 2521 —0.029 —0.142 0.084 .6161
Any allergic disease —0.514 —0.615 —0412 <.0001 —0.56 —0.661 —0459 <.0001
Asthma —0.574 —0.738 —0.410 <.0001 —0.513 —0.676 —0.350 <.0001
Allergic rhinitis —0.424 —0.529 —0.318 <.0001 —0.489 —0.594 —0.383 <.0001
Eczema —0.385 —0.524 —0.246 <.0001 —0.375 —0.514 —0.237 <.0001
Allergic conjunctivitis —0.599 —0.768 —0.430 <.0001 —0.676 —0844 —0.508 <.0001
Food allergy —0.576 —0.811 —0.340 <.0001 —0.527 —0.761 —0.292 <.0001
Drug allergy —0.676 —0992 —0.360 <.0001 —0.799 —1.113 —0.484 <.0001
Contact dermatitis —0.783 —1.146 —0.420 <.0001 —0.933 —1.294 —-0.572 <.0001

Adjustors for multivariate analysis: maternal age, place of residence, marital status, having another child, history of abnormal pregnancy, current smoking status, employment

status, and maternal education level. Statistically significant results shown in bold font.

with bipolar disorder compared with healthy controls."'
Immunological changes owing to allergy may serve as a
mediating pathway to neuroprogression, defined as the path-
ological reorganization of the central nervous system along the
course of a severe mental disorder, in depression, and in other
psychiatric diseases.'”

Matud'” reported sex differences with respect to stress events
and coping styles. They found that female participants had more
chronic stress and more minor daily stressors than male partici-
pants. Our study suggests that allergy in pregnant women is
associated with mental disorders, such as depression, and
contribute to lower quality of life. Our results highlight the
importance of addressing allergy—mental health comorbidity as a
public health and clinical management priority, to improve
overall health conditions. We should provide additional support

to pregnant women with allergy, to help them maintain good

mental health.
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APPENDIX

Members of the Japan Environment and Children’s Study
(JECS), as of 2017 (principal investigator, Toshihiro Kawa-
moto): Reiko Kishi (Hokkaido Regional Center for JECS,
Hokkaido University, Sapporo, Japan); Nobuo Yaegashi (Miyagi
Regional Center for JECS, Tohoku University, Sendai, Japan);
Koichi Hashimoto (Fukushima Regional Center for JECS,
Fukushima Medical University, Fukushima, Japan); Chisato
Mori (Chiba Regional Center for JECS, Chiba University,
Chiba, Japan); Shuichi Ito (Kanagawa Regional Center for JECS,
Yokohama City University, Yokohama, Japan); Zentaro Yama-
gata (Koshin Regional Center for JECS, University of Yamana-
shi, Chuo, Japan); Hidekuni Inadera (Toyama Regional Center

Fixed data set at birth
n=104,102 (children)

CLINICAL COMMUNICATIONS  1424.e1

for JECS, University of Toyama, Toyama, Japan); Michihiro
Kamijima (Aichi Regional Center for JECS, Nagoya City Uni-
versity, Nagoya, Japan); Toshio Heike (Kyoto Regional Center
for JECS, Kyoto University, Kyoto, Japan); Hiroyasu Iso (Osaka
Regional Center for JECS, Osaka University, Suita, Japan);
Masayuki Shima (Hyogo Regional Center for JECS, Hyogo
College of Medicine, Nishinomiya, Japan); Yasuaki Kawai
(Tottori Regional Center for JECS, Tottori University, Yonago,
Japan); Narufumi Suganuma (Kochi Regional Center for JECS,
Kochi University, Nankoku, Japan); Koichi Kusuhara (Fukuoka
Regional Center for JECS, Kyushu University, Fukuoka, Japan);
and Takahiko Katoh (South Kyushu/Okinawa Regional Center
for JECS, Kumamoto University, Kumamoto, Japan).

Withdrawal and/or the second and

A

Pair of mother and child with consent
n=99,262

more child in multiple
n=4,840

Gestational age at entry > gestational

A

Mother with appropriate gestational age
n=99,255

age at birth
n=7

With missing for K-6 and SF-8 (MSC)

A4
With outcome variables: K-6 and/or SF-8
(MSC) and/or SF-8 (PCS)
n=97,058

and SF-8 (PCS)
n=2,197

With missing for exploratory variables:
IgE titers and past history of allergic

A

With exploratory variables: IgE titers and/or
past history of allergic diseases
n=86,085

A

diseases
n=10,793

Mothers included in statistical analysis

No missing values for K-6 and confounding variables: n = 78,705
No missing values for SF-8 (MCS/PCS) and confounding variables: n = 77,639

FIGURE E1. Flowchart of participant selection in this study.
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TABLE E1. Summary of participant baseline

characteristics

(n =97,058)

Proportion

Variable n (%) missing (%)

Age (y), mean = SD 30.8 £ 5 0

Has another child 56,194 (57.9) 0

Current marriage 92,476 (95.7) 04

History of abnormal pregnancy 6,050 (6.2) 0

Current smoking 4,617 (4.8) 0.7

Employment status 56,343 (61.6) 5.8

Education completed 2.1
Junior high school 4,520 (4.7)

High school 69,782 (71.9)
University 20,702 (21.3)

Place of recruitment 0
Hokkaido 7,664 (7.9)
Fukushima/Miyagi 21,236 (21.9)
Chiba/Kanagawa 11,721 (12.1)

Koshin 6,949 (7.2)
Toyama 5,271 (5.4)
Aichi 5,406 (5.6)
Kyoto/Osaka/Hyogo 16,141 (16.6)
Tottori 2,929 (3)
Kochi 6,765 (7)
Fukuoka/Kumamoto/Miyazaki 12,121 (12.5)
Okinawa 855 (0.9)

K-6, min, median, max 0, 3,24 0.1
K-6, severe depression (>13) 3,375 (3.5) 0.1
K-6, any depression (>5) 30,951 (31.9) 0.1

SF-8 (PCS), min, median, max 5.6, 45.9, 67.39 1.6

SF-8 (MCS), min, median, max 8.02, 46.96, 72.61 1.6

IgE (nonspecific), >170 20,260 (23.3) 10.4

log_IgE (nonspecific), 3,4.1,5.1 10.4

percentile 25, median,
percentile 75
IgE_sensitization to any 63, 627 (73.9) 11.3
specific allergen, > 0.35
IgE_Der p 1 40,460 (47) 11.3
IgE_Japanese cedar 47,912 (55.7) 11.3
IgE_Hen egg 884 (1) 11.3
IgE_Animal allergen mixes 17,680 (20.5) 11.3
IgE_Moth 24,077 (28) 11.3

Any allergic disease 49,547 (50) 0
Asthma 10,600 (10) 0
Allergic rhinitis 35,064 (40) 0
Eczema 15,309 (20) 0
Allergic conjunctivitis 9,672 (10) 0
Food allergy 4,685 (4.8) 0
Drug allergy 2,531 (2.6) 0
Contact dermatitis 1,874 (1.9) 0
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