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Alexithymia—a trait associated with difficulties understanding one’s own emotions—is theorized to stem
from deficits in interoceptive awareness, or the ability to detect, accurately monitor, and regulate internal
bodily processes. The present meta-analysis analyzed all studies that empirically examined the relation-
ship between alexithymia and interoceptive awareness. Across 66 independent samples (N � 7,146),
alexithymia had a small, negative correlation with interoceptive awareness (r � �.162, p � .001, 95%
CI [�.252, �.068]), but additional analyses revealed that the strength and directionality of this
association was heavily influenced by the specific interoceptive awareness components measured (e.g.,
interoceptive accuracy vs. sensibility) and the methods used to measure interoceptive awareness (e.g.,
objective vs. self-report measures). The strength of this relationship was also moderated by diagnosis of
participants such that alexithymia was moderately associated with interoceptive awareness in samples
with psychiatric and developmental disorders, but the relationship was nonsignificant in healthy,
typically developing samples. Results suggest interoception may represent a shared transdiagnostic
vulnerability that underlies atypical emotional processing in a variety of disparate clinical populations but
that current operationalization and measurement of interoceptive awareness continues to create confusion
and inconsistency in the literature.

General Scientific Summary
This meta-analysis summarized existing studies that examined whether difficulties understanding
one’s own emotions stem from a general impairment in detecting and interpreting internal bodily
signals (that could represent emotional arousal, among other physiological states like hunger or
nausea). This relationship was heavily influenced by the ways in which interpretation of internal body
signals were measured. In addition, the relationship was much stronger in people with clinical
conditions, such as autism spectrum disorder or eating disorders, despite no relationship in the
general population, suggesting that difficulties processing one’s own bodily signals play a particu-
larly adverse role in emotion understanding in clinical populations.
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Alexithymia is a trait that translates from Greek to mean “no
words for emotions” (Sifneos, 1973). It is a multifaceted construct
consisting of (a) difficulties identifying and describing one’s emo-
tions, (b) difficulty distinguishing emotional feelings from bodily

sensations, (c) an “externally-oriented thinking style” focused on
external realities with limited self-reflective thought toward inner
experience, and (d) limited imagination and fantasy life (Nemiah,
Freybarger, & Sifneos, 1976). Interest in alexithymia has increased
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in fields related to psychology, psychiatry, medicine and neuro-
science due to findings of high co-occurrence between alexithymia
and a wide range of seemingly disparate psychopathologies and
physical diseases (see Bird & Cook, 2013; Murphy, Brewer, Cat-
mur, & Bird, 2017 for reviews). More recently, researchers have
begun to investigate the neurological and cognitive underpinnings
of alexithymia, with “interoception” emerging as a leading candi-
date.

Interoception refers to the conscious and subconscious process-
ing by which the nervous system senses, interprets, and integrates
signals originating from one’s own body (Khalsa et al., 2018). It is
thought to be critical for maintaining homeostasis, or healthy
bodily and cognitive functioning (Murphy et al., 2017). Interocep-
tive signals originate in the peripheral nervous system—namely
visceral organs, muscle fibers, skin, and taste receptors—and are
sent to the central nervous system via interoceptive pathways such
as spinal and vagal afferents (Craig, 2004; Critchley & Harrison,
2013; Khalsa et al., 2018). With a putatively critical role in
maintaining homeostasis, it is essential that researchers and clini-
cians investigate individual differences in interoceptive processes
and understand the specific interoceptive failures that may play
causal roles in the onset of various psychopathologies and disease.
However, interoceptive processes have proven challenging to mea-
sure. Indeed, many, if not most, interoceptive processes operate
beneath conscious awareness and control (e.g., circadian, respira-
tory, and cardiac cycles, salivation, and digestive processes), mak-
ing the study of individual variability of these interoceptive pro-
cesses difficult to operationalize and quantify. Thus, aside from
brain imaging and electrophysiological methods, researchers must
measure interoceptive processes that are available to conscious
report, which has been termed interoceptive awareness.

As Khalsa et al., 2018 noted, the term interoceptive awareness
is quite broad and has been inconsistently defined and conceptu-
alized since initially introduced by Garner, Olmstead, and Polivy
(1983). In an effort to clarify the methodological and conceptual
issues that have hindered both the progress of interoception re-
search and its application to medicine, leading interoception ex-
perts recently introduced a more useful and coherent terminology,
separating the interoceptive awareness construct into meaningful
components: namely, attention (the ability to direct one’s attention
to internal bodily cues), detection (the ability to detect the presence
or absence of an internal bodily cue), magnitude (the intensity with
which an internal body cue is perceived), discrimination (the
ability to differentiate a specific bodily cue from other bodily cues
and sensations, such as discriminating between hunger pangs and
gastric discomfort), accuracy (correct and precise monitoring of
bodily cues), insight (metacognitive evaluation of one’s own in-
teroceptive accuracy), sensibility (a tendency to focus one’s atten-
tion on internal bodily cues), and finally, Interoceptive Self-Report
Scales, which reflect autobiographical experiences of interoceptive
states pertaining to one’s self-perceived ability to accurately mon-
itor and discriminate interoceptive cues as well as one’s self-
perceived general awareness and judgments about interoceptive
cues (see Khalsa et al., 2018, the online supplemental material for
a full description of each component).

Following Khalsa et al. (2018) framework, in the present study
we use interoceptive awareness as an umbrella term encompassing
all the aforementioned components of this construct, and we mod-
ify Khalsa et al.’s framework by breaking Interoceptive Self-

Report Scales into “subjective interoceptive accuracy” and “sen-
sibility.” This adaption improves internal consistency of the
framework, as Khalsa et al.’s description of sensibility (which was
separate from Interoceptive Self-Report Scales) included two self-
report measures, the Body Perception Questionnaire (BPQ;
Porges, 1993) and the Multidimensional Assessment of Interocep-
tive Awareness (MAIA; Mehling et al., 2012). Conversely, many
self-report scales used in the literature broadly measure interocep-
tive accuracy. As per Khalsa et al., we define subjective intero-
ceptive accuracy as a broad component requiring detection and
attention to interoceptive cues, correct and precise monitoring of
interoceptive cues, the ability to discriminate interoceptive cues
from other sensations, and localization of sensations to specific
organs or body parts measured via self-report. The key distinction
between these two categories of self-report scales is that, consis-
tent with Khalsa et al.’s conceptualization, sensibility does not
capture an ability dimension as is the case with interoceptive
accuracy, but instead captures “the self-perceived dispositional
tendency to focus on interoceptive stimuli across daily life” (see
the online supplemental material). All other components of intero-
ceptive awareness we examined in relation to alexithymia are
consistent with Khalsa et al.’s framework.

Interoceptive Awareness and Alexithymia

The goal of the present study is to clarify the relationship
between different components of interoceptive awareness and
alexithymia. Although there is a growing theoretical consensus
that interoceptive impairments play a critical role in the emergence
of alexithymia, empirical research examining links between intero-
ceptive awareness and alexithymia is inconclusive. Indeed, differ-
ent studies examining the relationship between alexithymia and
interoceptive awareness have found positive (Ernst et al., 2014;
Scarpazza, Làdavas, & di Pellegrino, 2015), negative (Fiene, Ire-
land, & Brownlow, 2018; Shah, Catmur, & Bird, 2016), or null
(Christensen, Gaigg, & Calvo-Merino, 2018; Zamariola, Vlem-
incx, Corneille, & Luminet, 2018) associations.

There are likely several reasons for this confusing pattern of
findings. First, interoceptive awareness is difficult to measure.
Measurement of interoceptive awareness and alexithymia has
largely relied on self-report measures, which raises the concerning
question of whether those on the lower ability ranges of intero-
ceptive awareness and more severe alexithymia can accurately
report on these abilities (Bird & Cook, 2013; Taylor, Bagby, &
Parker, 2016). Second, objective measurement of interoceptive
awareness has largely relied on heartbeat perception tasks (Schan-
dry, 1981; Whitehead, Drescher, Heiman, & Blackwell, 1977), and
performance on these tasks is confounded by numerous factors,
such as body mass index, blood pressure, and resting heart rate
(Murphy, Brewer, Hobson, Catmur, & Bird, 2018). Third, as
described in the preceding text, interoceptive awareness is a mul-
tifaceted construct (Khalsa et al., 2018; Mehling et al., 2012), with
individual facets of interoceptive awareness differing in their re-
lationship to alexithymia. Finally, the etiology of alexithymia may
vary according to sample characteristics. Alexithymia may emerge
from both environmental (Way et al., 2010) and neurological
vulnerabilities (van der Velde et al., 2013). Therefore, the true
relationship between interoceptive awareness and alexithymia may
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change according to sample characteristics such as the presence or
absence of psychiatric and developmental disorders.

Present Study

The present meta-analysis aims to apply our adaptation of
Khalsa et al. (2018) taxonomy to determine the extent to which
various components of interoceptive awareness and alexithymia
are related and to determine the methodological factors and sample
characteristics that account for heterogeneity among studies. Iden-
tifying the interoceptive mechanisms that underlie alexithymia is
critical for understanding the neurological and cognitive bases of
alexithymia and for delineating shared psychophysiological risk
factors for various disorders that co-occur with alexithymia.

A secondary aim was to determine whether clinical diagnosis of
the participants moderates the relationship between interoceptive
awareness and alexithymia. One possibility is that alexithymia
co-occurring with psychiatric disorders is due to neurological
vulnerabilities (such as interoceptive impairments), whereas alex-
ithymia in the general population is more associated with environ-
mental or other factors unrelated to interoception not accounted for
in this study. This possibility leads to the prediction that the
correlation between interoceptive abilities and alexithymia will be
stronger in certain clinical populations than in the general popu-
lation.

Method

Design

A meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & The
PRISMA Group, 2009).

Search Strategy

Searches were conducted in October 2018 in PubMed,
PsycINFO, EMBASE, Scopus, and Google Scholar. Depending on
the database, search terms included “Interocept� AND alexithym�”
or “Interoception OR Interoceptive AND Alexithymia OR alex-
ithymic.” A total of 2,361 articles were retrieved from the
searches. After removing duplicates and screening titles and ab-
stracts, 52 were determined to have empirically measured both
interoceptive awareness and alexithymia and were selected for
full-text screening. An additional 12 articles were identified from
searching reference lists of recently published articles, yielding a
total of 64 studies for full-text screening. Of the 64 articles
screened, a final total of 44 were selected for inclusion in the
meta-analysis. The other 20 articles were rejected for failing to
report sufficient statistical information to estimate an effect size
(n � 4), for reporting effect sizes after partialing out the effects of
other variables (n � 4), for using measures that do not predomi-
nantly measure some component of interoceptive awareness as
defined by Khalsa et al. (2018; n � 7), or for exclusively measur-
ing associations between alexithymia and activation of neural
regions thought to be associated with interoception (n � 5). See
the exclusion criteria for a list of reasons why studies were re-

jected, and Figure 1 specifying how studies were screened and
selected or excluded.

Study Coding Procedures

Codes were created for study descriptors and variables neces-
sary for calculating effect sizes. Study descriptors establish exter-
nal validity of the report and can be probed to account for vari-
ability in the average weighted effect sizes. Codes included: date
of study, study location, study procedures, methods for assessing
both interoceptive awareness and alexithymia, and sample charac-
teristics (sample size, mean age, percentage female).

A rigorous coding process was applied to ensure reliability
(Adesope, Trevisan, & Sundararajan, 2017). At the start of the
coding phase, an experienced meta-analyst (author DAT) trained
the other authors involved in the coding process and coded two
studies together as a group. After the coders finished coding two
studies by themselves, author DAT checked and provided detailed
feedback on the accuracy of their coding and directed any changes
that needed to be made. After the trained coders finished coding
the remaining articles, author DAT confirmed the extracted effect
size information from all coded studies, and randomly coded 30%
of all other study descriptors yielding strong percentage agreement
of 96.2%.

Inclusion Criteria

Studies were accepted in our review if they met the following
criteria:

1. The study was written in English.

2. The study was published in a peer-reviewed journal ar-
ticle or was an unpublished thesis that was accessible
from online databases through the authors’ institutional
libraries, or through the interlibrary loan system.

3. The study quantitatively measured both alexithymia and
some aspect of interoceptive awareness in the partici-
pants.

4. Data in the study were collected at a time point that was
prior to any intervention or experimental manipulation.

5. A correlation statistic was reported that characterized the
strength of the relationship between interoceptive aware-
ness and alexithymia or sufficient statistical information
for an effect size to be estimated using meta-analytic
conversion methods was available (e.g., means and stan-
dard deviations, t values or p values).

Exclusion Criteria

1. Studies were excluded if the statistics characterizing the
relationship between interoceptive awareness and alex-
ithymia were statistically controlled for—through the use
of partialing methods or when entered into a multiple
regression with other variables. This decision was made
because different studies controlled for different vari-
ables which would bias the summary effect sizes, and
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because prevailing meta-analytic methods for converting
standardized betas to simple correlation coefficients (Pe-
terson & Brown, 2005) tend to introduce more bias rather
than reducing bias in estimating summary effect sizes
(Roth, Le, Oh, Van Iddekinge, & Bobko, 2018).

2. We excluded studies that measure somatic symptom se-
verity or perceptions of chronic pain as relevant measures
tend to measure general health concerns not specific to
interoceptive processes. Quantitative reviews of the rela-
tionship between alexithymia and somatization have
been reported elsewhere (De Gucht & Heiser, 2003).

3. Studies that used measures that contain some items re-
lated to interoceptive awareness but largely measure
other constructs were excluded.

4. We excluded neuro-imaging studies that exclusively ex-
amined associations between alexithymia and neural re-
gions thought to be associated with interoception, as a
meta-analysis on neural correlates of alexithymia has
been published elsewhere (van der Velde et al., 2013).

5. Conference abstracts and presentations were excluded.

Effect Size Calculation

Data were analyzed using Comprehensive Meta-analysis Soft-
ware (CMA; Borenstein, Hedges, Higgins, & Rothstein, 2013).

Correlation coefficients were extracted from each study to repre-
sent the effect size strength of the association between interocep-
tive awareness and alexithymia. Where correlation coefficients
were not reported, effect sizes were converted from other statistics
using meta-analytic procedures. In situations where sufficient sta-
tistical information was not reported to estimate effect sizes, ef-
forts were made to contact corresponding authors for needed
information. After effect sizes for each study were extracted or
estimated, these effects were entered into CMA which transforms
all correlation coefficients into a Fisher’s Z value, and then com-
bines these Z values into an overall Z score adjusting for sample
size. The resulting Z value is then transformed back into an
aggregated correlation coefficient. We used a random effects
models for all analyses which presumes that variability in effect
sizes among studies is not simply an artifact of measurement
error but is instead attributed to differences in sample and
methodological characteristics (Borenstein, Hedges, Higgins, &
Rothstein, 2009).

Outcome Variable: Interoceptive Awareness

To explain heterogeneity of effect sizes, we were primarily
interested in how interoceptive awareness was measured. Our
adaption of Khalsa et al. (2018) taxonomy was applied to catego-
rize studies in this meta-analysis: objective interoceptive accuracy,
subjective interoceptive accuracy, sensibility, magnitude, detec-
tion, and insight.

Figure 1. Flow diagram of article selection process. See the online article for the color version of this figure.
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Objective interoceptive accuracy (IAcc). Objective IAcc is
most often measured via heartbeat perception tasks (Schandry,
1981; Whitehead et al., 1977). In heartbeat tracking tasks, partic-
ipants are required to count their heartbeats over varying time
intervals, and their counts are compared to the actual number of
heartbeats in that interval as measured by an objective pulsometer.
In a related task, participants are asked to listen to two patterned
auditory signals—one in-phase with their heartbeat and one
slightly off beat—and are asked to identify the in-phase signal over
a number of trials. Also included in this category were tasks that
required participants to accurately monitor and assess their own
breath exhalation, muscle exertion, and salinity of saltwater solu-
tions (Murphy, Catmur, & Bird, 2018).

Subjective interoceptive accuracy (IAcc). Although Khalsa
et al. (2018) did not specifically distinguish objective and self-
reported interoceptive accuracy, we make this distinction in our
study given the large number of studies that measured interocep-
tive accuracy using either objective or self-report methods. For this
category, we use the same definition of interoceptive accuracy as
defined in the previous paragraph but differentiate subjective IAcc
(self-report) from objective measures. Example items from rele-
vant questionnaires include, “I can always accurately perceive
when I am hungry,” (Murphy, Brewer, Plans, et al., 2018) or
“Sometimes I don’t know how to interpret sensations I feel within
my body” (Fiene et al., 2018).

Sensibility. Sensibility was measured using questionnaires
that predominantly capture respondents’ self-perceived disposi-
tional tendency to focus on interoceptive stimuli across daily life.
Example items from relevant questionnaires include “During most
situations, I am aware of how fast I am breathing” (Porges, 1993)
or “I notice when I am uncomfortable in my body” (Mehling et al.,
2012).

Magnitude. Magnitude was measured using self-reported in-
tensity of sensation in response to an experimentally induced
stimulus—such as the administration of pressure, heat, or cold
stimuli to a specific muscle, digit, or localized area of skin. Ratings
may also include the point of pain threshold, or the point at which
a participant judges a stimulus increasing in intensity crosses the
threshold to where the sensation is perceived as painful. In this
meta-analysis, studies were only accepted into this category if the
methodology combined objective, experimental administration of
an interoceptive sensation combined with self-report perceptions
about that stimulus administration.

Detection. Detection is a binary variable that is measured as a
participant’s perception of a stimulus as being present or absent.
Like magnitude, studies were only included into the detection
category when combining the experimental administration of a
stimulus with self-perceived report of the point at which the
stimulus could be detected.

Insight. Insight is a metacognitive measure operationalized as
the correspondence between subjective and objective measures—
for example, the correspondence between accuracy and perfor-
mance confidence on specific tasks or the correspondence between
objective and self-report arousal in response to emotionally arous-
ing stimuli. A greater correspondence between self-report percep-
tions and objective realities represents greater metacognitive “in-
sight” of one’s own interoceptive awareness.

Moderator Variable: Clinical Diagnosis

Mentioned earlier, alexithymia is associated with many psychi-
atric, developmental and physical disorders and illnesses. While
most independent samples incorporated into this meta-analysis
included only healthy typically developing individuals (k � 46),
smaller subsets of studies utilized samples with autism spectrum
disorder (ASD; k � 6), eating disorders (k � 8), and other
sporadically measured populations which we grouped as “other
clinical” (k � 5). Described earlier, alexithymia is associated with
both neurological and environmental risk factors.

Results

Summary Effects

In total, 66 independent samples from 44 separate published
articles or unpublished dissertations met our inclusion criteria,
yielding a total of 80 effect sizes. The total combined sample size
of all participants in this meta-analysis was 7,146. A table speci-
fying the authors, year of publication, sample characteristics, and
details of how interoceptive constructs and alexithymia were mea-
sured for each independent sample can be found in the online
supplemental material.

The overall summary effect size representing the average
strength of the association between interoceptive awareness and
alexithymia across all independent samples was r � �.162, p �
.001, 95% CI [�.252, �.068]. There was statistically significant
effect size heterogeneity, Q(65) � 972.728, p � .001, indicating
statistically significant effect size heterogeneity. In addition,
93.3% of between-studies variance can be explained by study-level
covariates (I2 � 93.318), indicating that only 6.6% of the variance
was due to sampling error. These statistics indicate substantial
variability among effect sizes justifying further exploration of the
study-level covariates that contribute to this variability. In the
following section, we report the influence of two hypothesized
covariates: (1) measurement methods for assessing interoceptive
awareness (by categorizing interoceptive awareness into the dif-
ferent components theorized by Khalsa et al., 2018) and (2) par-
ticipant diagnosis.

Interoceptive Awareness Components

In many cases, multiple effects characterizing relationships
among alexithymia and different interoceptive awareness compo-
nents were extracted from the same study. Thus, treating this
variable as a moderator would involve including multiple effects
from the same samples, which would violate the assumption of
statistical independence. Thus, in Table 1, we report each intero-
ceptive awareness construct in relation to alexithymia but do not
directly compare effect size strength among the categories as part
of a formal moderator analysis, as such an analysis would be
biased by statistical dependence.

The results demonstrate that alexithymia is moderately associ-
ated with lower Subjective IAcc, r(22) � �.437, p � .001, 95%
CI [�.551, �.307]. In contrast, there was a nonsignificant asso-
ciation between objective IAcc and alexithymia, r(31) � �.049,
p � .288, 95% CI [�.138, �.041]. It should also be mentioned
that two studies found significant positive associations between
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these two variables, while five found significant negative associ-
ations (see the online supplemental material), which may cancel
effects when averaging all studies together. However, the majority
of studies (25 out of 32) found nonsignificant associations, reduc-
ing the risk that the null association was purely due to meaningful
positive and negative associations cancelling each other out.

Although there was no significant relationship between alex-
ithymia and sensibility overall, r(15) � .077, p � .211, 95% CI
[�.044, .195], the relationship between these two variables ap-
pears to be more complex. In a follow-up mixed effects moderator
analysis, we found that the relationship between these variables
was significantly moderated by the specific questionnaire that was
used to measure sensibility, Q(4) � 35.783, p � .001. In partic-
ular, there was a significant positive relationship between alex-
ithymia and sensibility averaged across the 6 studies that used the
BPQ (Porges, 1993), r(5) � .262, p � .001, 95% CI [.126, .389],
but there was a significant negative relationship between alexithy-
mia and sensibility averaged across the four studies that used the
Noticing and Emotional Awareness subscales of the MAIA
(Mehling et al., 2012), r(3) � �.213, p � .011, 95% CI
[�.366, �.050].

Nonsignificant associations of magnitude, r(5) � .095, p �
.227, 95% CI [�.059, .246], and detection, r(1) � �.085, p �
.705, 95% CI [�.482, .341], with alexithymia were found suggest-
ing that alexithymia is not associated with a disposition toward
experiencing externally administered stimuli with greater intensity
or sensitivity. However, the small number of studies in the mag-
nitude and detection categories prevent confidence in drawing
conclusions about the true associations of these variables with
alexithymia. Finally, while only one study examined the associa-
tion between alexithymia and Insight, this study found a fairly
strong association (r � �.570, p � .002, 95% CI [�.784, �.234]),
suggesting that alexithymia is associated with greater discrepan-
cies between self-reported and objective arousal in response to
emotionally arousing stimuli.

Moderating Effect of Participant Diagnosis

The moderating effect of participant diagnosis was examined by
categorizing this variable into four groups: (1) typically develop-
ing, (2) ASD, (3) eating disordered, or (4) other clinical. Other
clinical included miscellaneous populations that did not have
enough samples to justify creating their own category, including
one sample that consisted of a variety of psychiatric disorders, one

of functional motor disorders, one of depersonalization/derealiza-
tion disorders, one of drug and alcohol addicts, and one of fibro-
myalgia syndrome. Some studies collapsed clinical and typically
developing participants into a single group for correlational anal-
yses. In such cases, we included these samples into the clinical
categories. We confirmed that the same pattern of results was
obtained when only including pure clinical samples, and therefore
decided to include the combined samples groups to maximize
statistical power.

For this analysis, effect sizes from the same samples were
collapsed to maintain statistical independence which allowed us to
test whether effect sizes from different diagnosis groups are sta-
tistically different from each other. The between-levels difference
using a Mixed Effects model was statistically significant, QB(3) �
23.057, p � .001. Correlations between alexithymia and intero-
ceptive awareness were strongest for samples with ASD,
r(5) � �.507, p � .001, 95% CI [�.738, �.169] and eating
disorders, r(7) � �.521, p � .001, 95% CI [�.676, �.320],
followed by other clinical, r(4) � �.214, p � .170, 95% CI
[�.484, .093], suggesting less interoceptive awareness is associ-
ated with alexithymia in these clinical populations. In contrast,
there was a nonsignificant association between interoceptive
awareness and alexithymia averaged across the typically develop-
ing samples, r(46) � �.042, p � .294, 95% CI [�.120, .036].

Publication Bias

As researchers are prone to reporting significant over nonsig-
nificant results, and because journals are more likely to prioritize
publication of significant findings, meta-analyses are subject to the
risk of publication bias that tends to exaggerate aggregate effect
sizes. This risk is also exacerbated by the tendency for some
researchers to report nonsignificant associations (e.g., “there was
no relationship” or p � .05) without providing the necessary
statistical information needed for meta-analytic extraction. To
mitigate this risk, we emailed all corresponding authors of articles
that did not report the effect size information needed. We addi-
tionally examined the risk of publication bias by using Duval and
Tweedie’s (2000) trim and fill procedure using a funnel plot (see
Figure 2). The trim and fill procedure identified no missing effect
sizes to the right of the mean indicating the distribution of effect
sizes in this sample is unlikely to be influenced by publication bias.

Discussion

The majority of effect sizes included in this meta-analysis fell
into one of three categories—subjective interoceptive accuracy,
objective interoceptive accuracy, and sensibility. We found that
alexithymia is associated with poorer subjective interoceptive ac-
curacy, suggesting that alexithymia is associated with difficulties
linking physiological indicators of affective arousal with feeling
states (e.g., recognizing heart-racing or bodily tension with fear or
anxiety), or difficulties discriminating different patterns of affec-
tive arousal which may result in a general awareness of being
“upset” but not being able to specify which emotion is being
experienced. However, another possibility is that because alexithy-
mia is also assessed via self-report, this relationship could be
exaggerated by common-method variance attributed to systematic
response biases (e.g., a tendency to respond to items in an exces-
sively negative way).

Table 1
Associations Between Alexithymia and Various Interoceptive
Awareness Constructs

95% CI

Construct k Sample size Pearson’s r p Lower Upper

Subjective IAcc 23 2314 �.437 �.001 �.551 �.307
Objective IAcc 32 2565 �.049 .288 �.138 .041
Sensibility 16 2741 .077 .211 �.044 .195
Magnitude 6 439 .095 .227 �.059 .246
Detection 2 99 �.085 .705 �.482 .341
Insight 1 26 �.570 .002 �.784 �.234

Note. k � number of effects; CI � confidence interval.
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A related issue is an overreliance on self-report measures of
alexithymia in the existing research. The most widely used tool to
assess alexithymia in research contexts is the self-report Toronto
Alexithymia Scale (TAS-20; Bagby, Taylor, & Parker, 1994).
Self-report measures raise concerns about whether individuals
with severe levels of alexithymia possess enough emotional aware-
ness to accurately reflect and characterize their own emotional
awareness (Lane, Weihs, Herring, Hishaw, & Smith, 2015). For
example, it is possible that individuals with severe alexithymia
may not know that they lack certain capacities that self-report tools
like the TAS-20 attempt to measure (Taylor et al., 2016). It
remains an urgent priority for future research to develop objective
methods for measuring alexithymia in diverse populations.

No Association Between Alexithymia and Objective
Interoceptive Accuracy

In contrast to self-reported interoceptive accuracy, we found a
nonsignificant association between alexithymia and measures of
objective interoceptive accuracy. It is possible that this nonsignif-
icant association is true, challenging interoceptive explanations of
alexithymia. A second possibility is that there is a true association
that is masked either by large sources of measurement error or is
confounded by other variables. The majority (28 of 32) studies in
this category measured objective interoceptive accuracy using
heartbeat tracking tasks described earlier (Schandry, 1981; White-
head et al., 1977), and there is a growing awareness of the

limitations of these measures. Indeed, up to 40% of healthy indi-
viduals have no conscious awareness of their own heartbeat
(Khalsa et al., 2018), calling to question whether this task is
appropriate for participants in the lower ability range. Moreover,
performance on heartbeat tracking tasks can be confounded by a
number of factors unrelated to interoceptive awareness, (Knapp-
Kline & Kline, 2005; Murphy, Brewer, Hobson, et al., 2018;
Murphy, Geary, Millgate, Catmur, & Bird, 2018). For example, in
a large sample of 287 typically developing adults, Murphy,
Brewer, Hobson, et al. (2018) reported that the relationship be-
tween heartbeat perception and alexithymia marginally increased
from r � �.079, p � .182 to r � �.192, p � .014, in the expected
direction after controlling for age, gender, knowledge of typical
heartrates and accuracy in estimating time, depression, anxiety,
body mass index, systolic blood pressure, heartrate variability, and
mean heartrate. Although a formal analysis to examine how simple
correlations change as a function of controlling for various vari-
ables (as in Murphy, Brewer, Hobson, et al., 2018) could be
beneficial, we do not report partialed correlation coefficients in our
study because (a) the majority of studies only reported simple
correlations without controlling for potential confounds, (b) the
studies that did control for potential confounds partialed out the
effects of different variables yielding inconsistency across studies,
and (c) because prevailing methods for converting standardized
betas from multiple regression outputs into simple correlation
coefficients (Peterson & Brown, 2005) tend to introduce large

Figure 2. The funnel plot demonstrates that the effect sizes are relatively evenly distributed around the mean
at all levels of the y-axis, suggesting a lack of evidence for publication bias. See the online article for the color
version of this figure.
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sources of bias, which led Roth et al. (2018) to recommend only
using existing correlations in meta-analysis. If studies are to con-
tinue to use heartbeat perception tasks, then it should become
standard practice for researchers to control for a particular set of
confounding variables, such as those methods used in Murphy,
Brewer, Hobson, et al. (2018). Future research is needed to vali-
date these measures and to develop new methods for objectively
measuring interoceptive accuracy that encapsulate a variety of
interoceptive domains to reduce overreliance on the rather narrow
domain of heartbeat perception.

Alexithymia and Sensibility

There was no overall significant association between sensibility
and alexithymia, but this appears to be due to positive and negative
relationships among different measures cancelling each other out.
The majority of studies (10 of 16) that examined sensibility in
relation to alexithymia used either the MAIA or the BPQ. These
two measures may be the most widely used measures of sensibility
and are the two measures that Khalsa et al. (2018) featured in their
detailed description of sensibility in their article’s supplement.
Comparing studies that used these respective measures, there was
a significant negative association between the MAIA Noticing and
Emotional Awareness subscales—the subscales that most closely
measure Khalsa et al.’s definition of sensibility related to aware-
ness bodily and emotional feelings. In contrast, there was a sig-
nificant positive association between BPQ and alexithymia. The
BPQ captures general awareness of specific bodily sensations such
as “mouth being dry” or “noises associated with digestion.” As the
MAIA and BPQ comprise the majority of sensibility research but
differ in their relation to alexithymia, one possibility is that they
are measuring distinct underlying constructs. Future work is
needed to determine the key differences between these respective
scales to better understand the relationship between sensibility and
alexithymia.

Moderating Effects of Diagnosis and Implications for
Psychiatric Disorders

A key finding from this study was the moderating effect of
participant diagnosis. Although alexithymia was moderately asso-
ciated with reduced interoceptive awareness across participants
with diagnoses of ASD, eating disorders or other clinical diagno-
ses, there was a nonsignificant association between interoceptive
awareness and alexithymia in typically developing, healthy partic-
ipants. Clinical characterizations of alexithymia have sometimes
distinguished between primary and secondary alexithymia, where
primary alexithymia is a result of neurological and genetic vulner-
abilities, whereas secondary alexithymia emerges as a coping
mechanism to distance oneself from distressing negative affect,
often as a result of psychological trauma (Krystal, 1988; Sifneos,
1983). The pattern of results in this meta-analysis provides indirect
support for the intriguing possibility that alexithymia in the general
population is driven by psychological trauma or other environmen-
tal factors not accounted for in the present study, whereas alex-
ithymia in clinical populations may be largely manifested by
atypical signaling of internal bodily information to the brain (i.e.,
interoceptive deficits).

In the case of ASD, Quattrocki and Friston (2014) presented a
theoretical framework proposing that the emergence of atypical

development seen in ASD stems in part from dysfunctional intero-
ceptive processing. Although the present meta-analysis did not
examine interoceptive processes in ASD compared with other
populations (see, DuBois, Ameis, Lai, Casanova, & Desarkar,
2016, for a review of this topic) our data show that interoceptive
awareness is moderately and negatively related to alexithymia
within this population, suggesting that interoceptive differences
may play a particular role in atypical emotion processing observed
in ASD. Quattrocki and Friston (2014) suggest that alexithymia
may stem in part from a failure to attenuate interoceptive signals.
This possibility would suggest that alexithymia may result from an
overloading of interoceptive sensory information which leads to a
failure to habituate trivial interoceptive sensations, a failure to
differentiate trivial from meaningful interoceptive cues, and diffi-
culties making implicit and explicit paired associations between
interoceptive cues and physiological states. In turn, this interocep-
tive confusion would inhibit one’s ability to regulate bodily, emo-
tional and cognitive functioning—possibly contributing to the high
co-occurrence of alexithymia in ASD. It is critical to emphasize
that while alexithymia appears to be significantly heightened in the
ASD population, approximately half of this population may be
relatively unaffected by clinically relevant levels of alexithymia
(Hill, Berthoz, & Frith, 2004; Samson, Huber, & Gross, 2012). In
a similar vein, interoceptive deficits may be more prevalent in
ASD than in the general population and associated with elevated
levels of certain emotion-processing symptoms (Bird & Cook,
2013) but may not be elevated in all individuals with ASD and,
therefore, may not play a direct causal role in the onset of ASD or
its core symptoms (Brewer, Happé, Cook, & Bird, 2015). In the
case of eating disorders, the link between interoceptive failures and
alexithymia appears more straightforward. Anorexia may be asso-
ciated with feeling overly full after eating a small meal or with
poor perception of hunger signals. Conversely, obesity, binge
eating disorder, and bulimia may result in part from poor percep-
tion of satiety. Thus, interoceptive difficulties that disorganize
feelings of hunger or satiation may also play a role in interoceptive
confusion related to emotion (i.e., alexithymia).

Of the studies in this meta-analysis conducted on clinical sam-
ples, the majority were conducted on samples of participants with
either ASD or eating disorders. However, it is important to con-
sider the relationship between interoceptive awareness and alex-
ithymia in other clinical populations. Higher alexithymic traits
have been implicated in a wide array of physical and psychological
illnesses. This has led some authors to suggest that interoceptive
processes may represent the p factor (Caspi et al., 2014), repre-
senting common disruption in neural circuitry that gives rise to
disordered bodily and mental functioning across conditions (see
Murphy et al., 2017 for a relevant argument). Although this cannot
be ruled out, additional factors are implicated given the multiple
phenotypes deriving from this putatively common cause. A more
likely possibility is that the p factor is not domain-general but
relatively domain-specific, calling for additional research to clarify
the disparate dimensions of interoception and their potential influ-
ence on different psychological and physical illnesses.

It is important that researchers always report and consider the
role of variance in evaluating the relationship between interocep-
tive awareness and alexithymia. It is possible that restricted ranges
of scores in typically developing samples or more extreme scores
in the clinical samples exaggerated effect size strength differences
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between the groups in our meta-analysis to some extent. This was
difficult for us to directly assess, as many studies included in this
meta-analysis did not report any metric of variance. A related issue
is that many researchers did not report reliability coefficients of
their measures, which may have attenuated correlations in some
instances where reliabilities were low. Nevertheless, where stan-
dard deviations were reported, there was still substantial variance
in interoceptive awareness and alexithymia scores in the typically
developing groups, so there is little evidence to suggest that the
strong differences in effect size strength we observed are due
purely to differences in variances.

Conclusion

Difficulties conceptualizing and measuring interoceptive aware-
ness continue to hamper theoretical and empirical understanding of
this construct and its relation to alexithymia. The present meta-
analysis advances understanding by meta-analyzing extant re-
search in the context of a novel theoretical framework of intero-
ceptive awareness (Khalsa et al., 2018). Results provide insights
about the manner in which various components of interoceptive
awareness relate to alexithymia and how these associations may
differ according to the presence or absence of other conditions. We
found that poorer interoceptive accuracy is associated with alex-
ithymia but only when measured via self-report and not using
objective methods, and that a dispositional tendency to focus on
interoceptive stimuli (i.e., sensibility) can be either positively or
negatively associated with alexithymia depending on the measure-
ment tools used. We also found that across studies poorer intero-
ceptive awareness is much more strongly related to alexithymia in
participants with various psychiatric disorders (predominantly eat-
ing disorders and ASD) than in the general population.

The study of interoceptive processes may be fruitful in applying
a dimensional approach to the study of psychopathology, such as
transdiagnostic perspectives provided by the research domain cri-
teria (Insel et al., 2010). Neither interoceptive processes nor alex-
ithymia are currently represented in the DSM–5 (American Psy-
chiatric Association, 2013), but both may play a useful role in
defining and identifying shared and distinct symptomology among
developmental and psychological disorders at a biological level by
bridging neural, physiological and psychological factors (Khalsa et
al., 2018).
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