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A  systematic  review  and  meta-analysis  based  on nine  case-control  studies  and  one  cohort  study.
Association  between  maternal  autoimmune  diseases  and  the  risk  of  autism  spectrum  disorders  in  offspring.
Maternal  autoimmune  diseases  increasing  the risk  of  autism  spectrum  disorders  in offspring.
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a  b  s  t  r  a  c  t

Although  inherited  and immune  disorder  factors  are  known  to be  involved  in  autism  spectrum  disorders
(ASD),  controversy  still  exists  as to whether  maternal  autoimmune  disease  is  an  independent  risk  of  ASD
in  offspring.  We  aimed  to quantitatively  summarize  the  risk  of ASD  in  offspring  in  relation  to  maternal
autoimmune  diseases.  A  literature  search  in Pubmed,  Web  of science,  Embase,  and  China  national  knowl-
edge  internet  was  conducted  to identify  relevant  studies.  Pooled  odd  ratio  (OR)  and  its 95%  confidence
interval  (CI)  were  computed  by  STATA  version  12.0.  Nine  case-control  studies  and  one  cohort  studies
comprising  9775  cases  and  952,211  controls  were  included  in  this  study.  A  positive  association  between
utoimmune diseases
ffspring
utism
eta-analysis

maternal  autoimmune  diseases  and  the  risk  of ASD in  offspring  was  identified  assuming  a  fixed  effect
model  (pooled  OR,  1.34;  95% CI, 1.23–1.46;  I2, 27.9%).  There  were  statistically  significant  associations
between  maternal  autoimmune  diseases  developed  during  pregnancy  or maternal  thyroid  disease  and
the  risk  of  ASD  in offspring  (pooled  OR,  1.30, 1.29,  respectively).  Maternal  autoimmune  disease  is  likely
to  be  an  independent  risk factor  of  ASD  in  offspring.

©  2015  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Autism spectrum disorders (ASD) are a set of pervasive neu-
odevelopmental disabilities which are characterized by impaired
ocial and motor skills, restricted communication capability and
nusual repetitive behavior [1]. The uncommon conditions initiate

n early childhood and would persist for the rest of their life with
 prevalence ranging from 0.7% to 2.64% in general population [2],
hich adds health-care costs and the financial burden to family

nd society. To develop and implement effective preventions and
nterventions for ASD, it is necessary to identify possible causes and
isk factors for the uncommon conditions.

Presently, although the etiology of ASD remains unclear, a lot of
lues indicate that there is a possible association between abnormal
mmune responses and ASD [2]. Impact of maternal autoimmune
iseases on ASD in offspring attracts much more attention. The
ltered immune system in mothers with autoimmune diseases
s thought to stimulate much more autoantibodies and immune
ytokines than in those mothers without autoimmune diseases [3].
ntibodies against certain proteins in fetal brain were detected in
others who had children with ASD with a positive rates from 10%

o 12%, but these antibodies were absent among those mothers
ho had children without ASD [1]. Animal studies demonstrated

hat autism-like manifestations were observed in offspring after
njecting pregnant mice or rhesus monkey with IgG from the
uman case-mothers [4,5]. These hostile factors from mothers with
utoimmune diseases may  induce inflammation in fetal brain after
rossing placental barrier and immature brain blood barrier, which
ould damage brain tissue and exert adverse influence on cerebral
evelopment [2]. Abnormal alterations in early cerebral develop-
ent are important for genesis and development of ASD [6].
According  to several observational studies [7–11], mater-

al autoimmune diseases acting during pregnancy, particularly
heumatic arthritis, psoriasis, systemic lupus erythematosus (SLE)
nd autoimmune thyroid disease are associated with an increased
isk of ASD in offspring. These exposures could increase the risk of
SD accounting for 15–78% [7–11]. Recently, a systematic review
nd meta-analysis demonstrated that maternal diabetes including
ype I diabetes mellitus, an autoimmune disease, was associated
ith an increased risk of ASD in offspring [12]. However, some other

tudies showed that the association was not statistically significant
6,13,14]. The effect of maternal autoimmune diseases on ASD in
ffspring remains to be verified. Thus, we conducted a systematic
eview and meta-analysis to quantitatively assess the risk of ASD
n offspring in relation to maternal autoimmune diseases.

.  Methods

.1. Search strategy

A  broad literature search in Pubmed, Web  of science, Embase,
nd China national knowledge internet (CNKI) was carried out to
dentify relevant publications on the topic of association between

aternal autoimmune diseases and the risk of ASD in offspring.
he electronic search was  indexed from their inception to July
015 without application of language or region restriction. Fol-
owing key words were used: “autoimmune disease”; “rheumatoid
rthritis”; “systemic lupus erythematosus”; “autoimmune thyroid
isease”; “multiple sclerosis”; “psoriasis”; “myasthenia gravis”;
rheumatic fever”; “celiac disease”; “ulcerative colitis”; “crohn
 . . .  . .  . . . . .  . . . .  . . . .  . . .  . . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  . . . . .  .  . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . 68

disease”;  “inflammatory bowel disease”; “idiopathic thrombocy-
topenic purpura”; “systemic vasculitis”; “maternal”; “mother”;
“parent”; “gestational”; “pregnancy”; “prenatal”; “perinatal”; “per-
vasive development disorders”; “asperger syndrome”; “autistic
disorder”; “autism”. These autoimmune diseases were chosen as
they have a known or suspected autoimmune cause [7]. How-
ever, type I diabetes mellitus was not included because a previous
systematic review and meta-analysis has proved that maternal dia-
betes was associated with an increased risk of ASD in offspring
[12]. The major plausible biological mechanism involves exposure
to hyperglycemia in utero. Inclusion of type I diabetes mellitus may
overrate the pooled effect between maternal autoimmune diseases
and the risk of ASD in offspring. Moreover; we screened reference
lists of retrieved articles to find additionally relevant studies.

2.2.  Study selection criteria

Studies  were included for review, if they had met criteria as fol-
lows: (1) on the topic of association between maternal autoimmune
diseases and the risk of ASD in offspring; (2) case-control or cohort
study; (3) reporting or providing data for calculation of the effect
size (e.g., OR [ratio odd], RR [relative risk]). If the same research has
duplicated reports, only the more comprehensive one was included
in the meta-analysis.

2.3.  Data extraction

Two  investigators independently (X.S. Zhong, X.Y. Zheng) evalu-
ated all publications from databases and reference lists of retrieved
articles for eligibility by screening their titles, abstracts, or full
texts. For eligible articles, main information (first author’s name,
publication year, location, study design, maternal and children’s
information, sample size, ORs or RRs and their 95% CIs, and
adjusted or matched varieties) was  extracted by two investiga-
tors (X.S. Zhong, L.N. Jiang) on their own. Disagreements about
inclusion/exclusion of a study or calculation for effect sizes were
resolved by discussion. Without achievement of consensus, a third
investigator (S.W. Chen) was  consulted to make a final decision.

2.4.  Quality assessment

We  assessed methodological quality of all eligible studies
according to Newcastle-Ottawa Scale (NOS) which is a validated
measure of methodological quality assessment for nonrandomized
studies such as cohort and case-control studies [15,16]. The assess-
ment was  carried out by semi quantitatively allocating stars. There
are mainly three segments of quality assessment as follows, partici-
pants selection (0–4 stars), comparability between the groups (0–2
stars), ascertainment of outcome (for cohort study) or exposure (for
case-control study) of participants (0–3 stars). Each eligible study
was allocated with a total score ranging from 0 to 9. Study scored
between 0 and 3 was  deemed as poor quality, 4 and 6 was  moderate
quality, equal or greater than 7 was  high quality.

2.5. Statistical analysis

Pooled  OR as well as its 95% CI was computed. Heterogeneity

across the eligible studies was  assessed both by �2-based Cochran
Q statistic test and I2 inconsistency test. Cochran Q statistic is a
standardized measure of deviation among eligible studies and I2

represents the percentage of total variation attributed to hetero-
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Table 1
Characteristics of articles included.

Author, year Location Study design Period Case/sample
size

Race,  N (%) Maternal age Child’s age Autoimmune
diseases case
ascertainment

ASD  case
ascertainment

Adjustment  or
matched  variates

Khaiman et al.
2015  [25]

Thailand  case-control From 2011 to 2014 231/466 NR Case: 32.4 ± 7.3 years;
control: 28.9 ± 6.1
years

Case:  8.4 ± 3.37
years; control:
8.4  ± 3.4 years

NR  DSM-IV NR

Brown  et al. 2015
[8]

Finland  Case-control From 1987 to 2007 960/1920 NR Case: 30.15 ± 5.34
years;
Control: 29.24 ± 5.28
years

Born  between
1987 and 2005

TPO-Ab TSH and
FT4; During
pregnancy

ICD-10  NR

Lyall  et al. 2014
[13]

The  USA Case-control Initiated in 2002. 560/951 Caucasian:584
(61.4%);
Hispanic:
222(23.3%);
Other 145(15.2%)

Case:  31.1 ± 5.6 years;
Control:31.1 ± 5.7
years

45.4  ± 10.1
months old

Questionnaire;
During pregnancy

ADOS and
ADI-R

Breastfeeding,
medication  use for
asthma  and allergies,
maternal  smoking,
maternal  race,
education level,
insurance status at
delivery

Lyall  et al. 2012
[10]

The  USA Case-control From 1989 to 2003 793/66445 NR Case: 32.3 ± 4.4 years;
Control: 34.6 ± 4.7
years

NR  Questionnaire;
During pregnancy

Questionnaire Race, marital status,
income,  spouse
education, age, age at
first  birth, parity, twin
births,  pregnancy
complication, induced
abortion,  miscarriages

Andersen  et al.
2014  [9]

Demark  Cohort From 1991 to 2004 5311/857014 NR <25 years: 16.7%;
25–29  years: 38.3%;
30–34  years: 31.9%;
≥35  years: 13.1%

3 years old ICD-8,
ICD-10;Before or
after  pregnancy

ICD-10  Gender, year of birth
(child);  age, origin,
residence,
cohabitation, income,
parity  (maternal)

keil  et al. 2010 [11] Sweden Case-control From 1977 to 2003 1227/31920 NR <25 years: 28.2%;
26–30  years: 37.9%;
31–35  years: 25.0%;
≥36  years: 10.9%

1–10 years old ICD ICD-10 Child’s age, hospital of
birth, sex, and parents’
ages  at delivery,
country of birth

Mouridsen  et al.
2007  [14]

Demark Case-control From 1960 to 1984 111/441 NR At the end of the
27-year  observation
period,  case: 65.6 ± 9.6
years; control:
65.6  ± 9.6 years

5.4  ± 2.5 years ICD-8, ICD-10 ICD-8, ICD-9 NR

Croen  et al. 2005
[6]

The  USA Case-control From 1995 to 1999 420/2520 White
non-Hispanics:
1155(46.2%);
White Hispanics:
536(21.4%);
Black:  222(8.9%);
Asian: 260(10.4%);
Other: 323(12.9%)

Case: 31.1 ± 5.4 years;
Control: 29.8 ± 5.7
years

3  and 7 years
old

ICD-9;Before,
during  or after
pregnancy

ICD-9  Maternal age, maternal
education,  maternal
race/ethnicity, plurality

Sweeten  et al. 2003
[7]

India  Case-control NR 101/202 NR NR case: 10.2 ± 4.2
years; control:
6.5  ± 4.0 years

Questionnaire DSM-IV NR

Comi  et al. 1999
[24]

The  USA Case-control NR 61/107 NR NR case: mean
(range) 9.8
(3–28)  years;
control: 8.7
(1–22)

Questionnaire;
During  pregnancy

Cases recruited
from  East
Tennessee
Chapter of the
Autism  Society
of  America

NR

Abbreviations: NR, no reported; TPO-Ab, thyroid peroxidase antibody; TSH, thyroid stimulating hormone; fT4, free T4; ICD, International Classification of Diseases; ASD, autism spectrum disorders; ADOS, Autism Diagnostic
Observation  Schedule; ADI-R, Autism Diagnostic Interview Revised; DSM-, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
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Table 2
Summary of Newcastle-Ottawa Scale (NOS) core of eligible studies.

Study Selection of
study
population

Comparability
between
groups

Exposure/
outcome
assessment

Score

Khaiman et al.
2015  [25]

3 1 1 5

Brown et al. 2015
[8]

4  1 2 7

Lyall et al. 2014
[13]

3 1 1 5

Lyall et al. 2012
[10]

2 2 2 6

Andersen et al.
2014  [9]

4 2 2 8

keil et al. 2010 [11] 2 2 2 6
Mouridsen et al.

2007  [14]
4 1 2 7

Croen et al. 2005
[6]

3 2 3 8

Sweeten et al. 2003
[7]

4  1 1 6
4 S.-w. Chen et al. / Behavioura

eneity rather than chance within these studies [17]. When P value
f Cochran Q test was >0.10, no indication of heterogeneity was
dentified. A fixed effects model was employed to compute pooled
R and its 95% CI when there was no significant heterogeneity, oth-
rwise the random effects model was used [18]. The heterogeneity
as divided into three levels according to value of I2 statistic as fol-

ows: mild (I2, 0–25%), moderate (I2, 25–50%), high (I2, 50–100%)
19]. In order to identify resources of potential heterogeneity in
his systematic review and meta-analysis, several subgroups which
ere stratified by different study designs, locations and local devel-

pment degrees were analyzed. Funnel plot [20], Egger’s statistical
est (linear regression method) [21] and Begg’s statistical test (rank
orrelation method) [22] were employed to evaluated possible pub-
ication bias. When funnel plot was asymmetric or P value (from
gger’s statistical test or Begg’s statistical test) was less than 0.05,
ubstantial publication bias was confirmed. To assess robustness of
he pooled result, sensitivity analyses were carried out by repeat-
dly calculating the pooled estimates after exclusion of each eligible
tudy per iteration [23].

Statistical  analyses were done using STATA version 12.0 (Stata-
orp LP, College Station, TX, USA).

. Results

.1. Literature search

A  total of 399 potentially relevant records were identified from
he electronic databases and screening reference lists of poten-
ially eligible articles. After screening titles or abstracts of these
rticles, 357 records were excluded because they were regard-
ng duplicated records, irrelevant topics, reviews, letters/meetings
r animals/genetic/in-vitro studies. Full texts of the remaining 42
tudies were assessed for eligibility. Eventually, we  included 10
tudies in this systematic review and meta-analysis. Details are
xhibited in the flow diagram (Fig. 1).

.2. Characteristics of included studies

Nine case-control studies and one cohort study comprising 9775
ases and 952,211 controls were included in this study (Table 1).
ll eligible studies were written in English. Six studies [8–11,14,24]
eported that there was a positive association between maternal
utoimmune diseases and ASD in offspring, while the remaining
our [6,7,13,25] did not revealed a substantially significant associa-
ion. Among these studies, four [8,9,11,14] were from Europe, four
6,10,13,24] from North America and two [7,25] from Asia. Fiver
tudies [6,9,10,13,25] adjusted or matched with a broad range of
otential confounding factors as follow: child’s age, child’s gender,
aternal age, maternal age at delivery, maternal education, fam-

ly income and etc., while other five [7,8,11,14,24] were failed to
rovide these information.

For  definition of maternal autoimmune diseases in eligible
tudies, four studies [6,9,11,14] collected cases of maternal autoim-
une diseases according to International Classification of Diseases

ICD), four studies [7,10,13,24] according to questionnaire, one [8]
ccording to thyroid peroxidase antibody, thyroid stimulating hor-
one and free T4 and one [25] was not specified. Information

bout maternal autoimmune diseases diagnosed during pregnancy
eriod was reported in six studies [6,8–10,13,24], whereas only five
tudies [6,8,10,13,24] could provide valid data to analyze. In addi-
ion, studies by Andersen et al. [9] and Croen et al. [6] also evaluated

he association between maternal autoimmune diseases before or
fter pregnancy period and ASD in offspring.

There were several diagnostic criteria for ascertainment of ASD
ases in eligible studies. The diagnosis of ASD was made accord-
Comi et al. 1999
[24]

2 1 1 4

ing to ICD in five studies [6,8,9,11,14], manual of mental disorders,
fourth edition (DSM-IV) in two studies [7,25], both the autism
diagnostic interview-revised (ADI-R) and the autism diagnostic
observation schedule (ADOS) in one study [13], questionnaire in
one study [10] and the remaining one study [24] recruited ASD
cases from East Tennessee Chapter of the Autism Society of Amer-
ica.

3.3. Quality assessment

The  NOS scores of included studies ranged from 4 to 8 and
median score was  6, suggesting methodological qualities of eligi-
ble studies were moderate to high (Table 2). The cohort [9] study
and two  case-control studies [6,8] were considered as high qual-
ity, while the other seven case-control studies [7,10,11,13,14,24,25]
were considered as moderate quality.

3.4. Maternal autoimmune diseases and the risk of ASD in
offspring

A  positive association between maternal autoimmune diseases
and the risk of ASD in offspring was  identified either assuming
a fixed effect model (pooled OR, 1.34; 95% CI, 1.23–1.46) (Fig. 2)
or assuming a random effect model (pooled OR, 1.37; 95% CI,
1.19–1.55). Two  studies (Lyall et al. and Andersen et al) [9,10] made
up a large portion in overall analyses, weighting 31.71%, 41.31%,
respectively. After omitting these two  studies [9,10], the positive
association between comparison groups also existed (pooled OR,
1.46; 95% CI, 1.24–1.71; I2, 37.4%). Moderate heterogeneity was
noted between data resources in overall analyses (I2, 27.9%; P,
0.188). In order to identify resource of the heterogeneity, several
subgroups were analyzed. Our findings suggested that subgroup
stratified by local development degrees could account for a portion
of heterogeneity (64.9%) identified in overall analyses (Table 3). The
funnel plot (Fig. 5) was visually symmetrical and P values of Egger’s
test (P value, 0.073) and Begg’s test (P value, 0.152) were large than
0.05, which indicated there was no evidence of publication bias in
this systematic review and meta-analysis.

We further evaluated the association between maternal autoim-

mune diseases developed during pregnancy and the risk of ASD in
offspring. Compared with the control groups, children exposed to
mothers with autoimmune diseases developed during pregnancy
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Fig. 1. Flow diagram of the selection of the studies.

Fig. 2. Forest plot of overall autism spectrum disorders risk in offspring with maternal autoimmune diseases exposure.
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Table  3
Summary of subgroup analysis showing the associations between maternal autoimmune diseases and autism spectrum disorders in offspring.

Study NO. studies OR 95% CI Test for heterogeneity

Model P Value I2 (%)

Overall analysis 10 1.34 (1.23,1.46) Fixed 0.188 27.9

Study design
Cohort 1 1.33 (1.17,1.51) – – –
Case-control 9 1.35 (1.21,1.51) Fixed 0.132 35.8

Location
Europe 4 1.38 (1.23,1.55) Fixed 0.496 0.0
North America 4 1.26 (1.11,1.43) Fixed 0.238 29.1
Asia 2 3.02 (1.43,6.41) Fixed 0.737 0.0

Local development degree
Developing  2 3.02 (1.43,6.41) Fixed 0.737 0.0
Developed 8 1.33 (1.22,1.44) Fixed 0.354 9.8
Adjusted risk factors 5 1.30 (1.19,1.43) Fixed 0.551 0.0

Specific autoimmune diseases
Psoriasis 4 1.34 (0.68,2.65) Fixed 0.785 0.0
IBD 4 1.70 (0.77,3.77) Random 0.077 56.2
ITP 2 6.07 (0.46,80.96) Random 0.022 80.9
SLE 2 2.79 (0.78,10.06) Fixed 0.995 0.0
Rheumatoid arthritis 2 0.71 (0.30,1.69) Fixed 0.695 0.0

Abbreviations: OR; odd ratio; 95% CI, 95% confidence interval; SLE, systemic lupus erythematosus; IBD, inflammatory bowel disease; ITP, idiopathic thrombocytopenic
purpura.
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Fig. 3. Forest plot of autism spectrum disorders risk in offspring wit

ad a 30% greater risk of ASD (pooled OR, 1.30; 95% CI, 1.14–1.47;
2, 38.9%) (Fig. 3).

Data  of several specific kinds of maternal autoimmune diseases
as separated and analyzed. A positive association was identi-
ed between maternal autoimmune thyroid disease and ASD in
ffspring (pooled OR, 1.29; 95% CI, 1.14–1.45; I2, 48.7%) (Fig. 4).
owever, for maternal SLE, inflammatory bowel disease (IBD), idio-
athic thrombocytopenic purpura (ITP), psoriasis and rheumatoid
rthritis, the associations were not statistically significant (Table 3).

In sensitivity analyses, there was no large fluctuation in pooled
stimates via omitting study one by one (Fig. 6). The minimum and

aximum of the 10 study-specific pooled ORs were 1.33 (95% CI,

.22–1.44) and 1.38 (95% CI, 1.25–1.52) by omitting study of Brown
t al. [8] and study of Lyall et al. [10], respectively.
ernal autoimmune diseases exposure developed during pregnancy.

4.  Discussion

To our knowledge, this is the first meta-analysis to quanti-
tatively evaluate the association between maternal autoimmune
diseases and the risk of ASD in offspring. Findings from this
systematic review and meta-analysis suggested that maternal
autoimmune diseases were associated with a 34% increased risk
of ASD in offspring compared with the control groups. The sum-
mary estimate was  robust according to sensitivity analyses and no
substantial publication bias was observed. Maternal autoimmune
diseases not only have adverse impact on the mothers themselves,

but are likely to be an independent risk for ASD in their children.

The  positive association between maternal autoimmune dis-
eases and children’s ASD is biologically plausible through the
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Fig. 4. Forest plot of autism spectrum disorders risk in offsprin
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ig. 5. Funnel plot of overall autism spectrum disorders risk in offspring with mater-
al autoimmune diseases exposure.

ollowing mechanisms. Firstly, in the area of immunogenetics, chil-
ren’s immune modification at genetic level which may  largely be
ffected by abnormal immune system of mothers during pregnancy
as been proved to be involved in occurrence of ASD [26,27]. A ser-

ne and threonine kinase C gene namely PRKCB1 which plays an
mportant role in the process of B cell activation has been demon-
trated to be concerned in autistic disorder [28]. More specifically,
n increasing number of studies have focused on the association
etween human leukocyte antigen (HLA) genes and the risk of ASD.
or example, HLA-DR4, a major susceptibility allele for rheuma-
oid arthritis, was considered to be associated with an increased
isk of ASD in children acting in mothers during pregnancy [29,30].
econdly, maternal abnormal autoimmunity has adverse impact
n fetal brain development through immune mediators includ-

ng cytokines, T cells and autoantibodies [2,3,26,31]. Microglia, the

acrophages of the central nervous system, exerts a role on anti-
en presence, cytokines production and etc. [2]. Immune mediators
orm mothers activate microglia in fetal brain after passing through
g with maternal autoimmune thyroid disease exposure.

blood-placental  barrier and immature blood brain barrier, which in
turns activate neuroinflammatory pathways in fetal brain and are
inversely associated with fetal brain development [32]. Previous
study proved that microglia activated on different degrees in 9 of
13 cases with autism [33]. Even if those efforts mentioned above
have been achieved, mechanism concerning association between
maternal autoimmune disease and ASD in offspring is not conclu-
sive.

Results from current study showed that maternal autoimmune
diseases developed during pregnancy were associated with a 30%
increased risk of ASD in offspring. This finding more specifically
supported that in utero exposure to abnormal immune mediators
resulted from maternal autoimmune diseases may  be associated
with an elevated risk of ASD in offspring. Maternal autoimmune
diseases developed before pregnancy exposure could not be evalu-
ated in this study because only one eligible study [6] could provide
enough valid data. The study demonstrated that maternal autoim-
mune diseases developed before pregnancy was  not associated
with a materially decreased or increased risk of ASD in offspring
after adjusting for several potential risk factors including mater-
nal age, maternal education, maternal race/ethnicity, and plurality
(OR, 1.0; 95% CI, 0.6–1.7).

Our  findings indicated that maternal autoimmune thyroid dis-
ease was associated with an increased risk of ASD in offspring,
whereas there were no substantial associations in several other
specific kinds of maternal autoimmune diseases including SLE, IBD,
ITP, psoriasis and rheumatoid arthritis. However, several pooled
results were based on a small number of eligible studies, which
should be treated with caution because meta-analysis included
small number of studies might undermine its credibility. Future
studies are needed to make it clear whether specific maternal
autoimmune diseases are associated with ASD in offspring.

There  were several strengths in this meta-analysis including no
substantial publications bias, robustness across sensitivity analyses
and inclusion of 9775 ASD cases and 952,211 controls. However,

some potential limitations should be discussed. First of all, eligi-
ble studies in this meta-analysis were mostly case-control design,
which cannot avoid potential selection bias and recall bias. Sec-
ond, our findings might be affected by the misclassification of ASD
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Fig. 6. Plot of sensitive analysis of autism spectrum disorde

ases because several diagnostic criteria were used for ascertain-
ent of ASD cases in included studies. The criteria for ASD were

acillated over the years and lack of adequate consistence [2]. In
ddition, we failed to obtain enough data to evaluate the associa-
ion between specific kinds of maternal autoimmune diseases and
SD in offspring, except for autoimmune thyroid disease.

Two  aspects should be attached great importance in future
tudies. The potential influence of maternal autoimmune diseases
eveloped before pregnancy on ASD in offspring is needed to ver-

fy. What is more, because maternal autoimmune diseases consist
f numerous kinds of specific diseases, the individual effect of them
hould be uncovered and confirmed.

In summary, the meta-analysis based on observational studies
howed a positive association between maternal autoimmune dis-
ases and ASD in offspring. Maternal autoimmune disease is likely
o be an independent risk factor of ASD in offspring. In consideration
f methodological weaknesses of case-control studies, additional
tudies, especially prospective population-based cohort studies,
re needed to verify the impact of specific maternal autoimmune
iseases on children with ASD.

eferences

[1] D. Braunschweig, J. Van de Water, Maternal autoantibodies in autism, Arch.
Neurol. 69 (2012) 693–699.

[2] B. Gesundheit, J.P. Rosenzweig, D. Naor, B. Lerer, D.A. Zachor, V. Prochazka,
et al., Immunological and autoimmune considerations of Autism Spectrum
Disorders, J. Autoimmun. 44 (2013) 1–7.

[3]  P. Dalton, R. Deacon, A. Blamire, M.  Pike, I. McKinlay, J. Stein, et al., Maternal
neuronal antibodies associated with autism and a language disorder, Ann.
Neurol. 53 (2003) 533–537.

[4] N.V. Malkova, C.Z. Yu, E.Y. Hsiao, M.J. Moore, P.H. Patterson, Maternal immune
activation yields offspring displaying mouse versions of the three core
symptoms of autism, Brain Behav. Immun. 26 (2012) 607–616.

[5] L.A. Martin, P. Ashwood, D. Braunschweig, M.  Cabanlit, J. Van de Water, D.G.
Amaral, Stereotypies and hyperactivity in rhesus monkeys exposed to IgG
from mothers of children with autism, Brain Behav. Immun. 22 (2008)
806–816.

[6] L.A. Croen, J.K. Grether, C.K. Yoshida, R. Odouli, J. Van de Water, Maternal
autoimmune diseases, asthma and allergies, and childhood autism spectrum
disorders: a case-control study, Arch. Pediatr. Adolesc. Med. 159 (2005)
151–157.

[7] T.L. Sweeten, S.L. Bowyer, D.J. Posey, G.M. Halberstadt, C.J. McDougle,
Increased  prevalence of familial autoimmunity in probands with pervasive

developmental disorders, Pediatrics 112 (2003) e420.

[8] A.S. Brown, H.M. Surcel, S. Hinkka-Yli-Salomaki, K. Cheslack-Postava, Y. Bao,
A. Sourander, Maternal thyroid autoantibody and elevated risk of autism in a
national birth cohort, Prog. Neuro-psychopharmacol. Biol. Psychiatry 57
(2015) 86–92.

[

[

 in offspring with maternal autoimmune diseases exposure.

[9] S.L. Andersen, P. Laurberg, C.S. Wu,  J. Olsen, Attention deficit hyperactivity
disorder and autism spectrum disorder in children born to mothers with
thyroid dysfunction: a Danish nationwide cohort study, BJOG 121 (2014)
1365–1374.

10] K. Lyall, D.L. Pauls, D. Spiegelman, A. Ascherio, S.L. Santangelo, Pregnancy
complications  and obstetric suboptimality in association with autism
spectrum disorders in children of the Nurses’ Health Study II, Autism Res. 5
(2012) 21–30.

11] A. Keil, J.L. Daniels, U. Forssen, C. Hultman, S. Cnattingius, K.C. Soderberg,
et al., Parental autoimmune diseases associated with autism spectrum
disorders in offspring, Epidemiology (Cambridge, Mass) 21 (2010) 805–808.

12] G. Xu, J. Jing, K. Bowers, B. Liu, W.  Bao, Maternal diabetes and the risk of
autism spectrum disorders in the offspring: a systematic review and
meta-analysis, J. Autism Dev. Disord. 44 (2014) 766–775.

13] K. Lyall, P. Ashwood, J. Van de Water, I. Hertz-Picciotto, Maternal
immune-mediated conditions, autism spectrum disorders, and
developmental delay, J. Autism Dev. Disord. 44 (2014) 1546–1555.

14] S.E. Mouridsen, B. Rich, T. Isager, N.J. Nedergaard, Autoimmune diseases in
parents of children with infantile autism: a case-control study, Dev. Med.
Child Neurol. 49 (2007) 429–432.

15] J.P. Higgins, D.G. Altman, P.C. Gotzsche, P. Juni, D. Moher, A.D. Oxman, et al.,
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials, BMJ 343 (2011) d5928.

16] G.A.S.B. Wells, D. O’Connell, J. Peterson, V. Welch, M. Losos, P. Tugwell. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies  in meta-analyses. Available from: <http://wwwohrica/programs/
clinical epidemiology/oxfordasp>.

17]  J.P. Higgins, S.G. Thompson, J.J. Deeks, D.G. Altman, Measuring inconsistency
in meta-analyses, BMJ  27 (2003) 557–560.

18]  F.S.T. Song, A.J. Sutton, K.R. Abrams, D.R. Jones, Methods for exploring
heterogeneity  in meta-analysis, Eval. Health Prof. 24 (2001) 126–151.

19] R. Hatala, S. Keitz, P. Wyer, G. Guyatt, Tips for learners of evidence-based
medicine:  4. assessing heterogeneity of primary studies in systematic reviews
and whether to combine their results, CMAJ 172 (2005) 661–665.

20] Y. Hayashino, Y. Noguchi, T. Fukui, Systematic evaluation and comparison of
statistical tests for publication bias, J. Epidemiol. 15 (2005) 235–243.

21] M.  Egger, G. Davey Smith, M.  Schneider, C. Minder, Bias in meta-analysis
detected  by a simple, graphical test, BMJ  315 (1997) 629–634.

22] C.B. Begg, M.  Mazumdar, Operating characteristics of a rank correlation test
for publication bias, Biometrics 50 (1994) 1088–1101.

23]  T.A. Trikalinos, G. Salanti, M.J. Khoury, J.P. Ioannidis, Impact of violations and
deviations in Hardy-Weinberg equilibrium on postulated gene-disease
associations,  Am. J. Epidemiol. 163 (2006) 300–309.

24]  A.M. Comi, A.W. Zimmerman, V.H. Frye, P.A. Law, J.N. Peeden, Familial
clustering of autoimmune disorders and evaluation of medical risk factors in
autism, J. Child Neurol. 14 (1999) 388–394.

25]  C. Khaiman, K. Onnuam, S. Photchanakaew, W.  Chonchaiya, K.
Suphapeetiporn, Risk factors for autism spectrum disorder in the Thai
population, Eur. J. Pediatr. (2015) 1–8.

26]  L.A. Croen, D. Braunschweig, L. Haapanen, C.K. Yoshida, B. Fireman, J.K.
Grether, et al., Maternal mid-pregnancy autoantibodies to fetal brain protein:

the early markers for autism study, Biol. Psychiatry 64 (2008) 583–588.

27] A.M. Enstrom, J.A. Van de Water, P. Ashwood, Autoimmunity in autism, Curr.
Opin. Investig. Drugs 10 (2009) 463–473.

28]  C. Lintas, R. Sacco, K. Garbett, K. Mirnics, R. Militerni, C. Bravaccio, et al.,
Involvement of the PRKCB1 gene in autistic disorder: significant genetic

http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0005
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0075
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140


l Brain

[

[

[

[

S.-w. Chen et al. / Behavioura

association and reduced neocortical gene expression, Mol. Psychiatry 14
(2009) 705–718.

29] R.P. Warren, V.K. Singh, P. Cole, J.D. Odell, C.B. Pingree, W.L. Warren, et al.,

Possible association of the extended MHC  haplotype B44-SC30-DR4 with
autism, Immunogenetics 36 (1992) 203–207.

30]  W.G. Johnson, S. Buyske, A.E. Mars, M.  Sreenath, E.S. Stenroos, T.A. Williams,
et al., HLA-DR4 as a risk allele for autism acting in mothers of probands
possibly  during pregnancy, Arch. Pediatr. Adolesc. Med. 163 (2009) 542–546.

[

 Research 296 (2016) 61–69 69

31] H.V. Ratajczak, Theoretical aspects of autism: biomarkers—a review, J.
immunotoxicol. 8 (2011) 80–94.

32] D.L. Vargas, C. Nascimbene, C. Krishnan, A.W. Zimmerman, C.A. Pardo,

Neuroglial activation and neuroinflammation in the brain of patients with
autism, Ann. Neurol. 57 (2005) 67–81.

33]  J.T. Morgan, G. Chana, C.A. Pardo, C. Achim, K. Semendeferi, J. Buckwalter,
et al., Microglial activation and increased microglial density observed in the
dorsolateral prefrontal cortex in autism, Biol. Psychiatry 68 (2010) 368–376.

http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30170-4/sbref0165

	Maternal autoimmune diseases and the risk of autism spectrum disorders in offspring: A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Literature search
	3.2 Characteristics of included studies
	3.3 Quality assessment
	3.4 Maternal autoimmune diseases and the risk of ASD in offspring

	4 Discussion
	References


