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Anxiety and anxiety disorders are associated with speciﬁc alterations to functional brain networks, including
intra-networks and inter-networks. Given the heterogeneity within anxiety disorders and inconsistencies in
functional network diﬀerences across studies, identifying common patterns of altered brain networks in anxiety
is imperative. Here, we conducted an activation likelihood estimation meta-analysis of resting-state functional
connectivity studies in anxiety and anxiety disorders (including 835 individuals with diﬀerent levels of anxiety
or anxiety disorders and 508 controls). Results show that anxiety can be characterized by hypo-connectivity of
the aﬀective network with executive control network (ECN) and default mode network (DMN), as well as decoupling of the ECN with the DMN. The connectivity within the salience network and its connectivity with
sensorimotor network are also attenuated. These results reveal consistent dysregulations of aﬀective and cognitive control related networks over networks related to emotion processing in anxiety and anxiety disorders.
The current ﬁndings provide an empirical foundation for an integrated model of brain network alterations that
are common across anxiety and anxiety disorders.

1. Introduction
Anxiety, a common negative emotion in daily life, is characterized
by sustained apprehension, vigilance, arousal, and avoidance behaviors
(Tovote et al., 2015). Although anxiety has evolutionary adaptive
value, it is often accompanied by unpleasant feelings and unwanted
experiences, including worry, restlessness, irritability, and insomnia
(Keedwell and Snaith, 1996). Pathological anxiety consumes mental
resources limiting cognitive eﬃciency and impairs daily functioning
and quality of life (Mathews and MacLeod, 2005; Rodriguez et al.,
2005). The most common anxiety disorders include generalized anxiety
disorder (GAD), social anxiety disorder (SAD), speciﬁc phobia (SP), and

panic disorder (PD); high rates of comorbidity across these diagnoses
suggest common vulnerabilities (Hamm et al., 2014). For instance,
hypersensitivity to emotional stimuli has been broadly shown in individuals with GAD (Weinberg et al., 2010), SAD (Voegler et al., 2018),
PD (Ludewig et al., 2003), and high trait anxiety (HTA; Hajcak et al.,
2003). Individuals with GAD (Etkin et al., 2010), SAD (Mennin et al.,
2009), PD (Ball et al., 2013), as well as HTA (Krug and Carter, 2010)
have been shown to exhibit reduced regulation of emotion as well as
decreased activation of the default mode network (DMN) during speciﬁc tasks. It has also been suggested that an imbalance between the
aﬀective network (AN) and executive control network (ECN) plays a
crucial role in various anxiety disorders (Kim et al., 2011; Rauch et al.,
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2006). These ﬁndings suggest common neuropsychological components
across most variants of anxiety and anxiety disorders. However, these
neuropsychological components underlying the aforementioned
common vulnerabilities are largely unknown.
Previous studies of anxiety mainly focus on syndrome-speciﬁc problems (e.g., fear in PD); ﬁndings reliably suggest that anxious individuals show an attentional bias to threat and heightened anticipatory feelings towards uncertain outcomes (Grupe and Nitschke,
2013). With the development of resting-state functional connectivity
(rsFC) techniques, a network-based pathophysiology of anxiety has the
potential to improve our understanding beyond syndrome-speciﬁc
problems. This scheme links anxiety with atypical patterns of distinct
functional brain networks associated with speciﬁc cognitive functions
and could be detected during the resting state (Sylvester et al., 2012).
For example, the ECN, consisting of the dorsolateral prefrontal cortex
(dlPFC), inferior parietal lobule (IPL), and dorsomedial prefrontal
cortex (dmPFC), is mainly involved in top-down cognitive regulation
(Power et al., 2011; Seeley et al., 2007; Yeo et al., 2011) and has been
shown to be altered in anxiety (Geiger et al., 2016). Similarly, the DMN,
which is involved in emotion regulation and self-reference (Yeo et al.,
2011), has been found to be altered in anxiety (Zhao et al., 2007).
Although abnormalities of intra- and inter-network functional connectivity have been observed in anxious individuals (e.g., Toazza et al.,
2016; Yang et al., 2017), previous ﬁndings are heterogeneous and divergent. A predominant brain network model of anxiety focuses on the
decreased connectivity between the AN (especially the amygdala) and
ECN, such that anxiety reﬂects prefrontal dysregulation and exaggerated amygdala reactivity (Bishop et al., 2004; Bishop, 2007). This
model has been supported by numerous studies (Clewett et al., 2014;
Kim and Whalen, 2009; Prater et al., 2013), though other studies report
increased connectivity between the AN and ECN in anxiety disorders
relative to healthy controls (HC) (Etkin et al., 2009; Kim et al., 2014).
Aside from extrinsic connectivity of the AN, some studies suggest that
intrinsic connectivity of the AN should also be highlighted (e.g., Roy
et al., 2013; Toazza et al., 2016). Other studies emphasize the importance of anterior insular (a part of the salience network, SN) hyperactivity in anxiety and anxiety disorders (Paulus and Stein, 2006,
2010), which has also received empirical evidence (e.g., Baur et al.,
2013; Etkin and Wager, 2007). In an integrative network account,
Sylvester et al. (2012) suggest that anxiety is associated with increased
functioning of the ventral attention network (VAN) and SN, as well as
decreased functioning of the DMN and ECN. In line with this account,
Manning et al. (2015) have observed decreased connectivity between
the nucleus accumbens and putamen (parts of the AN) in SAD. Shin
et al. (2013) have reported increased functional connectivity between
the anterior cingulate cortex (ACC) of the SN and the precuneus of the
DMN in PD.
To ascertain the common brain networks that are fundamentally
altered in anxiety and anxiety disorders, we conducted a functional
connectivity-based meta-analysis of rsFC studies on anxiety and anxiety
disorders. Meta-analysis is an increasingly popular method to overcome
the heterogeneity and divergence of previous results and assess the
strength of previous ﬁndings (Kotov et al., 2010; Müller et al., 2018). In
addition, meta-analytic techniques may identify unexpected sources of
heterogeneity and test for possible observer bias (e.g., researchers'
predispositions to highlight the ﬁndings which conﬁrm their hypotheses; see Hróbjartsson et al., 2013; Munafò et al., 2009). The aim of
the current study was to test the consistency in anxiety-related hyper-/
hypo-connectivity of a priori seed networks. According to previous
ﬁndings about deﬁcient brain networks of cognitive and aﬀective regulation in anxiety and anxiety disorders (Bender et al., 2012; Orgeta,
2011), we predicted that seed regions of interest (ROIs) in the AN
(especially the amygdala) would exhibit decreased connectivity with
the ECN and/or DMN.

Fig. 1. Flow diagram of literature search and study selection.

2. Methods
2.1. Literature search
A comprehensive literature search was carried out using the Web of
Science and PubMed databases on March 06, 2018 (including studies
in-press), using the keywords “(anxiety OR anxious) AND (rest OR
resting) AND (connect OR connectivity).” The search resulted in 553
potential references after elimination of duplicates (see Fig. 1; search
method reported per PRISMA diagram, Moher et al., 2009).
We included original functional magnetic resonance imaging (fMRI)
studies that used seed-based whole-brain rsFC 1) to compare anxiety
disorders (GAD, SAD, SP, or PD) with healthy controls (HC), or 2) to
correlate with individual level of anxiety (measured by State Trait
Anxiety Inventory [STAI]; Beck Anxiety Inventory [BAI]; or Hamilton
Anxiety Rating Scale [HAMA]). Studies focusing on posttraumatic stress
disorder and obsessive-compulsive disorder were excluded, since they
have been separated from anxiety disorders in the DSM-V (American
Psychiatric Association, 2013).
In the ﬁrst screening of the titles and abstracts, the following exclusion criteria were applied: 1) non-empirical studies, 2) non-human
studies, 3) non-fMRI studies, 4) non-rsFC studies, 5) non-anxiety studies. Subsequently, full-text articles of the included studies were further
evaluated for eligibility. Studies were also excluded due to: 1) not in
English, 2) no HC group, 3) non-whole-brain functional connectivity
analyses, 4) entirely overlapping sample and same seed Regions of
Interest (ROIs) reported in another publication (Table S1). These searches and exclusion criteria yielded a sample of 29 studies, n = 1585
(Table 1). No identiﬁed publication reported on entirely overlapping
samples and seed ROIs or using diﬀerent anxiety disorders groups
compared to a single HC group.
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suggesting hypo-connectivity between the DMN and ECN in anxiety
(Fig. 3b and c). Decreased positive rsFC was found within seeds of the
SN (Fig. 4b and c) and between seeds of the SN and postcentral gyrus
(PTCG) (Fig. 4d), suggesting hypo-connectivity within the SN and between the SN and SMN in anxious individuals.
To avoid potential inﬂuences of including pediatric samples and/or
diﬀerential connectivity among those without a clinical diagnosis, additional analyses without pediatric studies and without correlational
studies were performed. The results were nearly identical, excepted that
the rsFC in seed-network of SN was no longer signiﬁcantly diﬀerent
between groups or in relation to anxiety (Table S4).
Given that the role of the amygdala in anxiety and anxiety disorders
has been the focus of numerous studies (e.g., Rauch et al., 2006; Shin
and Liberzon, 2010), we conducted an additional meta-analysis only
including studies with the amygdala as the seed ROI. The result showed
that anxiety and anxiety disorders could b characterized by hypo-connectivity between the right amygdala and the dmPFC of the ECN
(Fig. 5b and Table 3). Anxiety and anxiety disorders were also associated with hypo-connectivity between the left amygdala and the
vmPFC of the DMN (Fig. 5c and Table 3).
Because limited studies were available for the ECN (3 in total, including two contrasts of hyper-connectivity, two contrasts of hypoconnectivity), VAN (0), DAN (0), and VN (0), no meta-analysis was
conducted for these networks (Table S2).

2.2. Data extraction and coding
Coordinate extraction and coding were performed in three steps
(Kaiser et al., 2015). First, the coordinate of each seed ROI was extracted and converted to Montreal Neurological Institute (MNI) space as
needed (Lancaster et al., 2007). Second, according to the anatomical
label and the coordinate, each seed ROI was assigned to one of eight
previously deﬁned seed-networks, identiﬁed by the integration across
studies (Arnold Anteraper et al., 2014; Buckner et al., 2011; Choi et al.,
2012; Geiger et al., 2016; Sang et al., 2012; Seeley et al., 2007; Sheline
et al., 2010; Yeo et al., 2011; See Supplementary materials for details).
Third, all peak coordinates of regions that connected to a seed ROI and
showed signiﬁcant diﬀerences between groups (deﬁned as the eﬀect
network) were extracted. The coordinates reported in Talairach system
were converted to MNI space (Lancaster et al., 2007). If the coordinates
of whole-brain results were unavailable, the original authors were
contacted for the information.
The contrasts were divided into “hyper-connectivity” and “hypoconnectivity” (Kaiser et al., 2015). Hyper-connectivity was deﬁned as
1) increased positive or decreased negative rsFC in the anxious group or
2) positive correlations between rsFC and levels of anxiety. Hypo-connectivity was deﬁned as 1) decreased positive or increased negative
rsFC in the anxious group or 2) negative correlations between rsFC and
levels of anxiety. Meta-analysis was conducted for each contrast of each
network that included more than three independent studies.

4. Discussion
2.3. ALE meta-analysis procedure
The present meta-analysis revealed that anxiety and anxiety disorders were associated with altered functional connectivity within and/
or between various brain networks, most notably the AN, SN, DMN, and
ECN. Consistent alterations of connectivity across studies support the
idea that there is a general pattern of altered functional brain networks
across anxiety and anxiety disorders, highlighting their potential
common vulnerabilities (Sylvester et al., 2012). Speciﬁcally, anxious
individuals are characterized by hyper-arousal and worry states, as well
as increased awareness of sensory processing, which may be underpinned by the hypo-connectivity between the SN and SMN (Bishop,
2007; Liao et al., 2010). Decreased intrinsic connectivity within the SN
may reﬂect dysregulation between the AI and ACC, which may underpin alterations in attentional bias of negative information (Bishop
et al., 2004; Geng et al., 2016). Decreased connectivity among the AN,
DMN and ECN may be related to poor emotion regulation (indicating by
hyperactivity of the amygdala), which has been proposed as a central
feature in the neuropathophysiology of anxiety disorders (Kim et al.,
2011; Rauch et al., 2006).
Hypo-connectivity between the AN and ECN (especially the dmPFC)
was consistently observed in anxiety and anxiety disorders. This ﬁnding
may reﬂect a deﬁcit in top-down regulation of emotion, in which the
dmPFC is known to play an important role (Kalisch, 2009). The ﬁnding
may also be related to commonly observed hyperactivity of the amygdala in anxiety (e.g., Bishop, 2007); negative amygdalar connectivity
with the dmPFC has been shown in tasks involving emotional appraisal/expression (Etkin et al., 2011). Although negative connectivity
patterns are diﬃcult to interpret (Fox et al., 2009; Murphy et al., 2009),
one possible explanation is that a negative connectivity may reﬂect
oppositional activity between two brain areas (i.e., competition for
control over the other region). While a majority of neuropsychiatric
research in anxiety typically focuses on connectivity between more
lateral regions of the PFC and amygdala (e.g., Bishop, 2007), the
dmPFC is believed to be critical emotional experience (Lindquist et al.,
2012) and is known to be altered in function among individuals with
anxiety (Etkin et al., 2011). Hence, altered connectivity between the AN
and dmPFC likely reﬂects an increased sensitivity to fearful feelings and
anxious experience, possibly as a manifestation of impaired automated
emotion regulation.
Anxiety and anxiety disorders were also associated with hypo-

Meta-analysis was performed using GingerALE 2.3.6 (http://www.
brainmap.org/ale/) to investigate brain connectivity diﬀerences between anxious individuals and controls in each seed-network with activation likelihood estimation (ALE; see Eickhoﬀ et al., 2009, 2012).
The steps of ALE were performed as follows. The clustering maps between experiments were calculated by modeling each focus of the study
as the center of a three-dimensional Gaussian distribution with the fullwidth half-maximum (FWHM) weighted by the number of individuals
and combining the probabilities of activation for each voxel. Nonparametric estimates for p values were derived for ALE scores by permuting 5000 times. The cluster determining threshold (CDT) was set at
p < 0.001 using a minimum cluster extent of 200 mm3 for hyperconnectivity and hypo-connectivity of each seed-network (Adler et al.,
2005; Weng et al., 2014; Yang et al., 2012). All results were reported in
MNI coordinates and overlaid onto the single-subject template “Colin's
Brain” (Holmes et al., 1996) using MRIcron (http://people.cas.sc.edu/
rorden/mricron/index.html) for presentation (Lancaster et al., 2007).
3. Results
Although 29 studies were initially selected after the two-step
screening, the ﬁnal analyses only included 23 studies. Six studies were
excluded because they did not exhibit signiﬁcant eﬀects, involved acute
drug eﬀects, and/or did not provide coordinate information (details in
Table 1). The ﬁnal analyses included 20 comparative studies of 466
individuals with anxiety disorders (202 males, 27.3 ± 6.3 years) and
508 healthy controls (254 males, 26.2 ± 5.9 years), as well as three
correlational studies of 369 healthy individuals (142 males,
39.9 ± 13.8 years).
The anxious group showed increased negative rsFC between the
right amygdala and dmPFC of the ECN relative to HC (Fig. 2b and
Table 2), indicating hypo-connectivity between diﬀerent parts of the
AN and ECN in anxious individuals. Anxiety and anxiety disorders also
exhibited increased negative rsFC between the left amygdala and the
ventromedial prefrontal cortex (vmPFC) of the DMN relative to HC
(Fig. 2c), indicating hypo-connectivity between diﬀerent parts of AN
and DMN in anxious individuals. The anxious group also exhibited
decreased positive rsFC between seeds of the DMN and dlPFC,
24
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Fig. 2. Hypo-connectivity of the Aﬀective Network. a) Seeds of the AN: amygdala, caudate, putamen, nucleus accumbens, globus pallidus, periaqueductal grey;
Anxiety and anxiety disorders exhibited increased negative connectivity b) between the amygdala and the dmPFC of the ECN, c) between the amygdala and the
vmPFC of the DMN. Color scale reﬂects Maximum ALE score. AbbreviationsALE, activation likelihood estimation; AN, aﬀective network; DMN, default mode network;
dmPFC, dorsomedial prefrontal cortex; ECN, executive control network; vmPFC, ventromedial prefrontal cortex.

2005; Power et al., 2011). As cognitive anxiety is common among individuals with anxiety, these results may reﬂect decreased executive
control over processes related to mind-wandering (such as worry;
Sylvester et al., 2012). It has been established that individuals with
(cognitive) anxiety exhibit diminished executive control; thereby, such
diminished control may reﬂect as worry symptom (Eysenck et al.,
2007).
The present meta-analysis also revealed decreased connectivity
within the SN (including the AI and ACC) in anxiety and anxiety disorders. Previous studies have highlighted a hyperactive AI in anxiety
during the processing of negative emotion (Etkin et al., 2009; Etkin and
Wager, 2007). Likewise, a hyperactive ACC in anxiety has been observed during error detection and conﬂict monitoring (Simons, 2010).
Both the AI and ACC underpin hyperactive fear responses in anxiety
and anxiety disorders (Etkin et al., 2009; Stein et al., 2007). Decreased
within-network connectivity of the SN may underlie the dysregulation
of AI and ACC activations (Bijsterbosch et al., 2014; Liao et al., 2011),
which play critical roles in interoceptive processes (Paulus and Stein,
2010), information integration about reinforcers, and the implement of
goal-directed behavior (Shackman et al., 2011), respectively. The
combination of alterations to these regions may underpin heighted
threat responsivity and intolerance of uncertainty that are commonly

connectivity between the AN and DMN (especially the vmPFC). The
vmPFC has been shown to be critical to emotion regulation via modulating amygdala activity (Motzkin et al., 2015). This region also plays
a pivotal role in value-based decision-making and social interaction
(Hiser and Koenigs, 2018). Similar with the dmPFC, the vmPFC is believed to be part of the ‘conceptualization’ network, which is critical to
emotional experience (Lindquist et al., 2012). Dodhia et al. (2014)
found that the positive rsFC among individuals with generalized SAD
(gSAD) decreased compared to HC, with higher social anxiety levels
being correlated with lower amygdala-vmPFC connectivity. Hence,
hypo-connectivity between the amygdala and vmPFC in anxiety and
anxiety disorders may reﬂect impairments in the regulation of negative
emotion, decision-making, and social processing. The consistent results
between connectivity of the amygdala and AN suggest a dominant
contribution of the amygdala to connectivity alterations of the AN in
anxiety and anxiety disorders. Considering the oversampling of amygdala connectivity among studies of anxiety in the current meta-analysis,
disentangling connectivity of the AN from that of the amygdala should
be the focus of future research.
Decreased positive connectivity was also observed in anxiety and
anxiety disorders between the DMN and ECN, which are the primary,
anti-correlated positive and negative networks of the brain (Fox et al.,

Table 2
Results of the Meta-analysis of Resting-State Functional Connectivity in anxiety and AD*.
Seed Network
AD < HC
AN
DMN
SN

Seed Anatomy

Eﬀect Network

Eﬀect Anatomy

x

y

z

Volume (mm^3)

Max. ALE (×10^−2)

amygdala. R
amygdala. L
cerebellum
PCC, cerebellum
AI, dACC
STG, AI, dACC
STG, dACC

ECN
DMN
ECN
ECN
SN
SMN
SN

dmPFC
vmPFC
dlPFC
dlPFC
ACC
PTCG
AI

5
−6
−36
−32
12
52
33

27
39
51
55
27
−18
7

49
−12
15
5
27
56
3

216
208
320
296
496
480
368

2.04
2.07
2.05
2.03
1.79
1.64
1.26

Abbreviations: ACC, anterior cingulate cortex; AD, anxiety disorder; AI, anterior insula; AN: aﬀective network; dACC, dorsal anterior cingulate cortex; dlPFC,
dorsolateral prefrontal cortex; DMN, default mode network; dmPFC, dorsomedial prefrontal cortex; ECN, executive control network; HC, heathy control; L, left; PCC,
posterior cingulate cortex; PTCG, postcentral gyrus; R, right; SMN, sensorimotor network; SN, salience network; STG, superior template gyrus; vmPFC, ventromedial
prefrontal cortex.
* Coordinates are Montreal Neurological Institute standard stereotaxic spaces.
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Fig. 3. Hypo-connectivity of the Default Mode Network. a) Seeds of DMN; Anxiety and anxiety disorders exhibited decreased positive connectivity between the DMN
and the dlPFC of the ECN, b and c). Color scale reﬂects Maximum ALE score. Abbreviations: ALE, activation likelihood estimation; dlPFC, dorsolateral prefrontal
cortex; DMN, default mode network; ECN, executive control network.

Fig. 4. Hypo-connectivity of the Salience Network. a) Seeds of SN: AI and ACC; Anxiety and anxiety disorders exhibited decreased positive connectivity b and c)
within the SN, and d) between the SN and the PTCG of the SMN. Color scale reﬂects Maximum ALE score. Abbreviations: ACC, anterior cingulate cortex; ALE,
activation likelihood estimation; AI, anterior insula; PTCG, postcentral gyrus; SN, salience network; SMN, sensorimotor network.

The network-level alterations described in the present meta-analysis
provide potential treatment targets via noninvasive brain stimulation
(e.g. Fox et al., 2014), such as transcranial magnetic stimulation (TMS)
and transcranial direct current stimulation (tDCS), for individuals with
anxiety disorders. There has been some evidence that tDCS (e.g.
Ironside et al., 2018) and TMS (e.g., Diefenbach et al., 2016; Zwanzger
et al., 2009) may facilitate symptom reduction in anxiety, though the
ﬁndings are inconclusive (Paes et al., 2011). One potential reason that
brain stimulation has not been widely applied for the treatment of
anxiety disorders is that these disorders are often characterized by

related to anxiety (Grupe and Nitschke, 2013).
Anxiety and anxiety disorders also showed reduced connectivity
between the dACC of the SN and the PTCG of the SMN, the later of
which acts as a primary sensory receptive area (Corkin et al., 1970;
Nelson and Chen, 2008). Prior work has suggested that decreased
connectivity in the SMN contributes to sensory processing alterations in
anxiety disorders, such as heighted awareness of bodily physiology
(Liao et al., 2010). Therefore, the altered connectivity between the
dACC and PTGG may reﬂect increased awareness of bodily physiology,
which underlies the underlying vulnerability of anxiety sensitivity.
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Fig. 5. Hypo-connectivity of the amygdala. a) Seed of amygdala; Anxiety and anxiety disorders exhibited increased negative connectivity b) between the amygdala
and dmPFC of the ECN, c) between the amygdala and the vmPFC of the DMN. Color scale reﬂects Maximum ALE score. Abbreviations: ALE, activation likelihood
estimation; DMN, default mode network; dmPFC, dorsomedial prefrontal cortex; ECN, executive control network; vmPFC, ventromedial prefrontal cortex.

Table 3
Results of the Meta-analysis of Resting-State Functional Connectivity of the amygdala seed in anxiety and AD*.
Seed Network
AD < HC
AN

Seed Region

Eﬀect Network

Eﬀect Region

x

y

z

Volume (mm^3)

Max. ALE (×10^−2)

amygdala. R
amygdala. L

ECN
DMN

dmPFC
vmPFC

5
−6

27
39

49
−12

240
208

2.04
2.07

Abbreviations: ADanxiety disorder; AN: aﬀective network; DMNdefault mode network; dmPFCdorsomedial prefrontal cortex; ECNexecutive control network;
HChealthy control; Lleft; Rright; vmPFCventromedial prefrontal cortex.
* Coordinates are Montreal Neurological Institute standard stereotaxic spaces.

widely used (e.g., Yeo et al., 2011). Whether this classiﬁcation scheme
is robust remains to be determined; alternative network allocations
cannot be ruled out due to the complex nature of brain networks.
Moreover, it is unclear to what extent anxiety-related abnormal connectivity in the resting state is associated with structural abnormalities,
although some studies have explored their relationship in anxiety and
anxiety disorders. For example, reduced (para-) limbic volume has been
associated with increased resting-state functional connectivity in SAD
(Liao et al., 2011). It should be noted that the current meta-analysis was
only conducted for resting-state rather than task-based neuroimaging
studies. While there are phasic shifts in connectivity related to speciﬁc
cognitive-aﬀective activity (see e.g., Prater et al., 2013), our results
suggest that abnormal intrinsic connectivity patterns in anxiety and
anxiety disorders may be, at least partially, tonic. For example, the
amygdala coupling to the dlPFC may be a phasic abnormality speciﬁc
for social threat task, whereas the amygdala coupling to the rostral ACC
may reﬂect both phasic and tonic abnormalities (Prater et al., 2013).
Future studies are needed to examine task-speciﬁc and task-general
modulations of intrinsic connectivity patterns in anxiety and anxiety
disorders.
While anxiety and anxiety disorders are diﬀerent concepts, they are
highly overlapped with one another; thus, the neural contributions to
trait anxiety and anxiety disorders are likely to have general features.
For example, it has been shown that both healthy individuals with high
levels of trait anxiety and patients with anxiety disorders exhibit decreased connectivity between the amygdala and mPFC (Kim et al.,
2011). Unfortunately, there are very few studies of healthy individuals
with high levels of anxiety (n = 3). Thus, there was insuﬃcient data to
conduct a separate meta-analysis of brain network alterations in anxiety

neural alterations that are distant from the scalp (e.g. Etkin and Wager,
2007) and therefore could not be easily targeted by brain stimulation
(Ressler and Mayberg, 2007). However, recent work has shown that
functional connectivity of subcortical structures (especially the hippocampus and amygdala) can be modulated through TMS/tDCS by targeting the cortical-subcortical circuit (see e.g., Wang et al., 2014;
Ironside et al., 2018). In this way, network-based noninvasive brain
stimulation has been shown to be clinically eﬀective for various neuropsychiatric diseases including chronic pain, addiction, depression,
obsessive-compulsive disorder, Parkinson’s disease, and Alzheimer’s
disease (Fox et al., 2014). For instance, it has been shown that TMS
targeting the dlPFC improves emotion regulation (Diefenbach et al.,
2016) and reduces anxiety symptoms in GAD (Bystritsky et al., 2009;
Dilkov et al., 2017; Mantovani et al., 2013). Thus, our network-based
model of anxiety and anxiety disorders may lead to eﬀective use of
noninvasive brain stimulation combining with neuroimaging techniques for the treatment of clinical anxiety.
5. Limitations and future directions
Allocation of brain regions to networks is complex, and numerous
parcellations exist based on anatomy, cytoarchitecture, connectivity,
and other perspectives. The plethora of parcellations posits a challenge
to network assignment. Fox example, the MTG could be assigned to the
DMN or VAN (Fox et al., 2005, 2006; Yeo et al., 2011); the IPS could be
assigned to the ECN or DAN (Corbetta and Shulman, 2002; Dosenbach
et al., 2013; Fox et al., 2006); likewise, the IPL could be assigned to ECN
and VAN (Corbetta and Shulman, 2002; Dosenbach et al., 2013). In this
study, we have chosen multiple classiﬁcation systems that have been
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or in its comparison with anxiety disorders. Another important issue is
diﬀerent network-level deﬁcits across various anxiety disorders. As
proposed by Sylvester et al., (2012), anxiety disorders may share a
common network abnormality while speciﬁc network diﬀerences are
likely attributable to the unique presentation of a given diagnosis and/
or individual presentation of psychopathology. For example, there are
common aberrant couplings of the lateral parietal cortex with the ACC
and of the amygdala with the PCC among between individuals with
GAD and SAD, whereas connectivity between the PCC and vmPFC in
SAD increases relative to GAD (Rabany et al., 2017). Future studies are
needed to clarify speciﬁc and general distinct network alterations
across variants of anxiety and anxiety disorders across individuals, trait
anxiety, and anxiety disorders.
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6. Concluding remarks
The current meta-analysis provides a comprehensive overview of
altered brain networks in anxiety and anxiety disorders. Our ﬁndings
highlight the critical role of the within- and between-network connectivity of the AN in anxiety, indicating the importance of emotion
processing (AN) and top-down cognitive and aﬀective regulation (ECN
and DMN). We also found hypo-connectivity among a broad range of
networks in anxiety and anxiety disorders, including those responsible
for the processing of perception, salience, and uncertainty. These
ﬁndings support the hypothesis that anxiety is related to multiple
neural network abnormalities and have important implications for
network-based pathophysiology and brain-stimulation-based treatment
of anxiety.
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