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A B S T R A C T   

There is growing evidence of beneficial effects of mindfulness developed through engaging in mindfulness 
training/practices on sensory and cognitive processing, emotion regulation and mental health. Mindfulness has 
also been conceptualised as a dispositional ‘trait’, i.e. the naturally-occurring ability of meditation-naïve in-
dividuals to display, in varying degree, a non-judgmental non-reactive present-moment awareness in everyday 
life. In this study we examined possible associations between dispositional mindfulness, alexithymia and sensory 
processing. Eye-blink startle responses to acoustic stimuli of varying intensity [90-dB or 100-dB over 70-dB (A) 
background] were assessed in 26 meditation-naïve adults (50 % men) using electromyographic recordings of the 
orbicularis muscle. All participants completed the Five Facet Mindfulness Questionnaire and the 20-item Toronto 
Alexithymia Scale. A negative association was found between dispositional mindfulness and alexithymia (r =
− 0.513). There was stronger startle habituation to 100-dB, compared to 90-dB probes. Stronger startle habitu-
ation (larger negative habitation slope values) to 100-dB probes was significantly associated with higher 
dispositional mindfulness (r = − 0.528) and with lower alexithymia at trend level (r = 0.333). As indicated by 
commonality analysis, 10.6 % of explained variance in habituation (100-dB probes) was common to both 
alexithymia and mindfulness, 17.3 % was unique to mindfulness, but alexithymia made negligible unique 
contribution (0.5 %). These findings indicate similar startle habituation pattern in people with a high level of 
dispositional mindfulness to that reported previously by Antonova et al. (2015) in people with moderate 
mindfulness meditation practice intensity. Future studies should investigate the mechanisms, such as intero-
ceptive awareness, that might underly these relationships.   

1. Introduction 

There is growing evidence for a positive impact of mindfulness 
developed through training (‘cultivated’ mindfulness) on sensory and 
cognitive processing (Chiesa et al., 2011; Gallant, 2016; Kumari et al., 
2017), emotion regulation and mental health (reviews, Antonova et al., 
2021; Goldberg et al., 2018; Keng et al., 2011; Li and Bressington, 2019; 
Mandal et al., 2011). There are early indications that mindfulness-based 
interventions can also reduce alexithymia (Norman et al., 2019) which is 
characterised by difficulty in expressing and understanding one's 
emotional state and an externally-oriented thinking style (Preece et al., 
2017). In addition to cultivated mindfulness (Ivanovski and Malhi, 
2007), mindfulness has also been conceptualised as a ‘dispositional’ 

personality trait, referring to the naturally-occurring tendency in 
meditation-naïve people to display, in varying degree, a non-judgmental 
and non-reactive present-moment awareness in everyday life (Brown 
and Ryan, 2003). In line with various documented benefits of cultivated 
mindfulness, dispositional mindfulness is found to correlate negatively 
with affective symptoms, including anxiety, depression and stress, in the 
general population (meta-analysis, Carpenter et al., 2019). 

Mindfulness, as a state and trait, has been shown to be multifaceted 
(Baer et al., 2006, 2008) with five facets capturing distinct processes or 
skills that characterise mindfulness as a mode of relating to one's 
present-moment experiences, whether ‘internal’ (thoughts, feelings, 
sensations) or ‘external’ (objects of perception): (i) observing (i.e. 
noticing or attending to experiences), (ii) describing (expressing/ 
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labelling experiences in words), (iii) acting with awareness (attending to 
activities of the moment rather than running on automatic pilot), (iv) 
non-judging (refraining from evaluating experiences as pleasant or un-
pleasant); and (v) non-reactivity (allowing experiences to come and go 
without being caught up in them). These skills were found to be 
strengthened by mindfulness training in pre-to-post training evaluations 
(Baer et al., 2008; de Bruin et al., 2012; Wallmark et al., 2013), as well as 
to have positive associations with cognitive functioning and well-being, 
and negative associations with alexithymia and depression in correla-
tional research (Baer et al., 2006; Baer et al., 2008; de Bruin et al., 2012). 
The exact cognitive mechanisms underlying these positive effects, 
however, are yet to be empirically established, and may vary according 
to particular style/s of mindfulness meditation practice (Lutz et al., 
2015) or particular facets of mindfulness being displayed naturally in 
the case of meditation-naïve individuals (Himichi et al., 2021). 

Startle response models may be particularly useful to further our 
understanding of the effects of mindfulness on sensory and information 
processing mechanisms (Antonova et al., 2015; Kumari et al., 2015). The 
startle reflex to acoustic probes is easily measurable in a human labo-
ratory setting using an eye-blink, which is an automatic (involuntary) 
physiological response to startling stimuli, with the resulting data being 
free of culture-related context/influences and relatively immune to de-
mand characteristics. In line with the potential utility of the startle reflex 
paradigm to advance neuroscientific study of mindfulness, our previous 
study (Antonova et al., 2015) yielded tentative evidence of reduced 
acoustic startle habituation in meditators with intensive practice rou-
tines (i.e., practicing for more than 1 h a day on average over the years of 
regular practice), consistent with the notion that mindfulness should 
foster openness to incoming stimulus, even if repetitive or aversive; 
there was, however, evidence of greater startle habituation in medita-
tors with moderate practice. 

Extending this line of enquiry to dispositional mindfulness, the pre-
sent study examined associations between facets of dispositional 
mindfulness, as conceptualised by Baer et al. (2006), and sensory pro-
cessing as indexed by the amplitude and habituation of the acoustic 
startle response. Given that the startle response is sensitive to parametric 
manipulations and increases with stimulus intensity (Blumenthal and 
Berg, 1986; Blumenthal et al., 2005), and that it may be more or less 
sensitive to individual differences at different intensity manipulations 
(Kumari et al., 1996), we included acoustic stimuli of both medium (90- 
dB) and high (100-dB) intensity. Based on our earlier observations 
(Antonova et al., 2015), we expected a positive association between 
dispositional mindfulness and habituation of the startle response, 
assuming a shared neurobiology between non-meditators with a high 
dispositional (naturally-occurring) mindfulness and meditators with 
moderate (rather than intense) practice. Furthermore, we sought to 
confirm previously reported negative associations between mindfulness 
and alexithymia (de Bruin et al., 2012), and tentatively hypothesised 
weaker habituation (i.e., an opposite pattern to that expected in relation 
to dispositional mindfulness) in association with a high level of alex-
ithymia. Previous studies have consistently shown moderate positive 
correlations between self-reported alexithymia and depression (meta- 
analysis, Li et al., 2015), and also reported elevated blood pressure or 
hypertension in association with both alexithymia (Casagrande et al., 
2019; Jula et al., 1999) and depression (e.g., Okajima et al., 2015). 
Given that both depression (Allen et al., 1999; Dichter and Tomarken, 
2008; Kaviani et al., 2004) and hypertension (Shukla et al., 2020) are 
found to be associated with hypo-startling, we also explored and ex-
pected lower startle amplitude in association with a high level of 
alexithymia. 

2. Materials and methods 

2.1. Participants and design 

The study involved 30 non-meditating healthy adults recruited from 

the general population. The inclusion criteria required all participants to 
be free from any hearing impairment, have normal/corrected vision, not 
diagnosed with neuropsychiatric disorders, not be on regular medica-
tion, not have a substance misuse past, and be non-smoking and not 
drinking >28 units of alcohol per week [1 unit = 1/2 pint of beer (285 
mls) or 25 ml of spirits or 1 glass of wine], or >6 units of caffeinated 
beverage a day (all assessed with self-report). All included participants 
were assessed on a single occasion. The study used a correlation design. 
To examine the hypothesised association between higher dispositional 
mindfulness and stronger startle habituation (p < 0.05) with sufficient 
power (80 %) to detect correlation coefficient of at least 0.5, the mini-
mum required sample size is 23 as determined using G*power3 (Faul 
et al., 2007). In absence of any direct data testing this association (the 
only previous study on this topic examined experienced meditators 
versus meditation-naïve individuals; Antonova et al., 2015), we arbi-
trarily chose a medium effect size of r = 0.5 (Cohen, 1992) to power the 
study, but recruited slightly more participants (n = 30) to ensure the 
minimum required final sample size. Of these 30 individuals, 26 in-
dividuals (13 males, 13 females; sex as determined at birth) provided 
usable psychophysiology and self-report data (1 participant excluded 
because of <70 % startle response probability, 1 participant excluded 
because of noisy EMG data, and 2 participants excluded due to incom-
plete self-report data), allowing us 80 % power to detect correlation 
coefficient of at least 0.467. 

The study was approved by the college of Health, Medicine and Life 
Sciences ethics committee, Brunel University London. All participants 
provided written informed consent prior to taking part, and were 
compensated for their time and travel. 

2.2. Self-report measures of dispositional mindfulness and alexithymia 

For dispositional mindfulness, all participants completed the Five 
Facet Mindfulness Questionnaire (FFMQ; Baer et al., 2006). Its five 
facets, as per Baer et al.'s model (2006; 2008) described earlier, are: (1) 
observing (e.g., “When I'm walking, I deliberately notice the sensations of 
my body moving.”), (2) describing (e.g., “I'm good at finding words to 
describe my feelings.”), (3) acting with awareness (e.g., “I find myself 
doing things without paying attention.” with reverse scoring), (4) non- 
judging (e.g., “I tell myself I shouldn't be feeling the way that I am 
feeling.”) and (5) non-reactivity (e.g. “I watch my feelings without get-
ting lost in them.”). It has 39 items in total (8 items each for observing, 
describing, acting with awareness, and non-judging, and 7 items for non- 
reactivity facet), with each item rated on a 5-point Likert scale (‘never or 
very rarely’, ‘rarely’, ‘sometimes’, ‘often’, ‘very often’ or ‘always true’; 
scored 1 to 5). Higher scores indicate higher mindfulness. The FFMQ is 
currently one of the most frequently used measures of dispositional 
mindfulness. FFMQ scales have high internal consistency with Cron-
bach's alpha ranging from 0.75 to 0.93 (Baer et al., 2008; Christopher 
et al., 2012; Shallcross et al., 2020); Cronbach's alpha for the current 
sample ranged from 0.799 to 0.907). Since Baer et al. (2006, 2008) have 
advised against using the observing subscale in meditation-naïve samples 
(this facet appears to exist only in experienced meditators; e.g., Williams 
et al., 2014), we assessed dispositional mindfulness as the sum of the 
scores on the remaining facets of the FFMQ (describing, acting with 
awareness, non-judging and non-reactivity). 

For alexithymia, all participants completed the 20-item Toronto 
Alexithymia Scale (TAS-20; Bagby et al., 1994). It consists of three 
subscales: (1) Difficulty Describing Feelings (5 items, e.g., “It is difficult 
for me to reveal my innermost feelings, even to close friends.”), (2) 
Difficulty Identifying Feeling (7 items, e.g., “When I am upset, I don't 
know if I am sad, frightened, or angry.”), and (3) Externally-Oriented 
Thinking (8 items, e.g., “I prefer talking to people about their daily ac-
tivities rather than their feelings.”). Each item is rated on a 5-point Likert 
scale (‘strongly disagree’ to ‘strongly agree’; scored 1 to 5), and 5 out of 
20 items are inversely scored. A total score of 60 or above indicates a 
presence of alexithymia, and 52 or below indicates a definite absence of 
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alexithymia (Parker et al., 1993). The TAS-20 is the most often used 
instrument for assessing alexithymia and reported to have acceptable to 
adequate psychometric properties across countries and cultures though 
internal consistency for Externally-Oriented Thinking subscale has been 
found to be low (e.g., Cronbach's alpha of 0.45) in some studies (review, 
Kooiman et al., 2002). Cronbach's alpha for the current sample ranged 
from 0.475 (Externally-oriented Thinking) to 0.869 (Difficulty Identi-
fying Feelings). 

Both questionnaires were completed in a quiet laboratory in the 
presence of a researcher. 

2.3. Startle experiment: paradigm, procedure and data scoring 

During the experiment, participants received 20 acoustic stimuli in 
total, of which 10 consisted of a 50-ms presentation of 90-dB (A) white 
noise and 10 consisted of a 50-ms presentation of 100-dB (A) white 
noise, both over 70-dB (A) continuous background noise. After one 90- 
dB and one 100-dB stimulus presentation, the 90-dB and 100-dB stimuli 
were ordered pseudo-randomly in three blocks (with each block con-
taining three stimuli at each intensity), avoiding repetition of any 
particular intensity in a row. Inter-trial intervals were, on average, 20 s 
(range 15–25 s). The experiment began with a 2-min acclimatization 
period consisting of 70-dB (A) continuous white noise which was used as 
background noise throughout the experiment. Acoustic stimuli were 
presented to study participants binaurally through headphones. The 
experiment lasted approximately 9 min. 

A commercially available computerized human startle response 
monitoring system (SR-Lab, San Diego, California) was used to generate 
and deliver the acoustic stimuli (through headphones), and record and 
score the EMG activity for 1000 ms (sample interval 1 ms) from the onset 
of the acoustic stimulus. The eye blink component of the startle response 
was indexed by recording EMG activity of the orbicularis oculi muscle 
directly beneath the right eye by positioning two miniature silver/silver 
chloride electrodes filled with Dracard electrolyte paste (SLE, Croydon, 
UK). The ground electrode was attached behind the right ear on the 
mastoid. The amplification gain control for EMG signal was kept con-
stant for all participants. Recorded EMG activity was band-pass filtered, 
as recommended by the SR-Lab. Analogue bandpass filtering occurred 
before digitising. The high-pass and low-pass cut-off frequencies were at 
50 Hz and 1000 Hz, respectively. EMG data were scored off-line, blind to 
self-report data, using the semi-automatic analytic programme of this 
system for response amplitude and baseline EMG (the average of the 
minimum and maximum values recorded during the first 18 ms for each 
stimulus). Prior to scoring of eye blinks, EMG data were reviewed offline 
on a trial-to-trial basis for each participant to exclude unusable/noisy 
trials, and then scored using the analytic programme of this system for 
response amplitude [in arbitrary Anolouge-to-Digit (A/D) units; 1 unit 
= 2.62 μV]. The scoring programme contained a rolling average routine 
(10 samples included in each average) which smoothed the rectified 
EMG response. Response onset was defined by a shift of 10 A/D units 
from the baseline value occurring within 20–100 ms from the onset of 
startle stimulus. The latency to response peak was defined as the latency 
to the point of maximal amplitude that occurred within 20–120 ms from 
the onset of startle stimuli. Responses were rejected if there was no 
visible blink response with the peak occurring within 120-ms of probe 
presentation. Participant's data were excluded from the dataset if >70 % 
trials were rejected; the maximum number of rejected trials for low or 
high intensity probes for the participants included in the final analysis 
was 5 %. Scoring criteria were identical to those reported in Sedgwick 
et al. (2018). 

EMG recordings were taken with participants sitting comfortably in a 
chair in a moderately-lit psychophysiology laboratory. Participants were 
told before starting the experiment that they were going to hear a 
number of auditory clicks through headphones that they would wear 
over about 10 min but no action was required from them and that they 
should stay relaxed but keep their eyes open during this period. 

2.4. Statistical analysis 

The amplitude and habituation of the startle response over 90-dB and 
100-dB intensity probes were the main parameters for hypothesis 
testing. In all analyses, data on the first two probes (one 90-dB probe, 
one 100-dB probe) were excluded in order to avoid exaggerated initial 
startle reactivity. The startle habituation was quantified as a slope across 
9 trials of each intensity (over three blocks), i.e., a habituation slope for 
the 90-dB probes and a habituation slope for the 100-dB probes. The 
habituation slopes were calculated using the formula: 

Y = a+ bX  

where X corresponds to the log-transformed startle stimulus number 
(trial number), Y corresponds to the square root of the response 
amplitude for that stimulus, a is an intercept corresponding to the level 
of initial reactivity (i.e., the response amplitude to the first startle 
stimulus), and b is the slope corresponding to the individual rate of 
habituation. Square-root transformed absolute amplitudes (Y of the 
above regression equation) that are used to calculate the slopes reduce 
variability, skewness, and heteroscedasticity associated with extremely 
large physiological responses occurring in some individuals, so calcu-
lating the slopes using square root of absolute amplitudes not only ad-
dresses the issue of standardization but also improves the data in 
meeting the assumptions of parametric tests when investigating the re-
lationships of habituation with dispositional mindfulness and alex-
ithymia measures using correlations, and when comparing the 
habituation slopes for low and high intensity probes. The slopes were 
calculated using subject-level regressions (i.e., regression performed on 
each individual's amplitude data separately) for all 90-dB probes (i.e., an 
overall habituation to 90-dB probes) and all 100-dB probes (i.e., an 
overall habituation to 100-dB probes). Negative slope values indicate 
decreased responding over time, with larger negative values indicating 
faster and steeper habituation. The approach of quantifying startle 
habituation using slopes has been employed in previous studies (Orr 
et al., 1997; Shalev et al., 1992; Antonova et al., 2015). 

Response amplitude data were analysed using a 2 (Probe Intensity; 
90-dB and 100-dB over 70-dB background) x 3 (Block; Blocks 1–3, with 
each block representing the mean value of valid responses to three 
probes within that block at each intensity) x 2 (Sex; males, females) 
analysis of variance (ANOVA) with Probe Intensity and Block as within- 
subjects factors, and Sex as the between-subjects factor, mainly to 
confirm the effects of probe intensity and explore any sex differences in 
these data. Effect sizes, where reported, are partial eta squared (ηp2; the 
proportion of variance associated with a factor). 

Correlational analyses (Pearson's r) were then conducted to examine 
the relationship of dispositional mindfulness (FFMQ total) with startle 
habituation slopes (main hypothesis) and the overall startle amplitude 
(mean startle amplitudes over 90-dB and 100-dB probes). Correlational 
analyses (Pearson's r) were also used to examine the expected negative 
association between self-reported dispositional mindfulness (FFMQ total 
score) and alexithymia (TAS-20 total score), and to explore possible 
associations between alexithymia and startle measures. Correlation co-
efficients found to be significant at alpha level 0.05 were re-evaluated 
after applying Bonferroni correction to control for family-wise Type-I 
error (Curtin and Schulz, 1998), i.e. at the alpha level of 0.0125. For this 
study, our a priori hypotheses involved ‘dispositional mindfulness’ and 
‘alexithymia’ as constructs of interest rather than any particular facets or 
subscales measuring these constructs (i.e., no specific hypotheses were 
made in relation to FFMQ facets or TAS-20 subscales). The exploratory 
correlations between FFMQ facets and TAS-20 dimensions, as well as 
their associations with the startle measures, are therefore reported in 
Supplementary Tables 1 and 2, to guide hypothesis testing in future 
studies. 

Since dispositional mindfulness and alexithymia were found to be 
inversely associated with each other, and both showed an association in 
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a predicted direction (albeit at trend level for alexithymia) with startle 
habituation to 100-dB trials (see Results, Table 2), we explored the 
unique and common/shared variance explained by these trait measures 
in startle habituation slope (100-dB probes only) using the commonality 
analysis, an analysis method most often recommended for this purpose 
given the multicollinearity of the predictors (Kraha et al., 2012). 

Lastly, baseline EMG (akin to skin conductance, a non-specific in-
dicator of arousal in a novel laboratory environment) was analysed as a 
control measure to determine the specificity of the hypothesised asso-
ciations with response amplitude (if found), following the same analysis 
strategy as described for startle response amplitude (ANOVAs and 
correlational analyses). 

All analyses were performed using the Statistical Package for Social 
Sciences (for Windows, version 27; IBM, New York, USA). Alpha level 
for hypothesis testing was maintained at 0.05 unless stated otherwise. 

3. Results 

3.1. Sample characteristics 

Descriptive statistics for the demographic characteristics of the final 
study sample as well as their mindfulness (FFMQ) and alexithymia (TAS) 
scores are presented in Table 1. Males and females did not differ 
significantly in age, mindfulness or alexithymia scores (all p > 0.05). 
There were 17 participants with a TAS total score of 52 or below 
(indicating absence of alexithymia), 5 people (3 men, 2 women) with a 
TAS score of 54–59 (borderline alexithymia), and 4 participants (2 men, 
2 women) with a total score 60 or above (presence of alexithymia). 

3.2. Amplitude of the startle response: probe intensity, block and sex 
effects 

The main effect of Probe Intensity was significant [F (1,24) = 41.31, 
p < 0.001; Greenhouse–Geisser epsilon =1.00, corrected p < 0.001; ηp2 

= 0.633] indicating higher startle amplitudes on 100-dB compared to 

90-dB probes on all three blocks [Block 1: t (25) = 6.17, p < 0.001; Block 
2: t (25) = 5.49, p < 0.002; Block 3: t (25) = 3.09, p = 0.005] (Fig. 1). 
The main effect of Block was also significant [F (2,48) = 12.61, p =
0.001; Greenhouse–Geisser epsilon =0.561, corrected p = 0.001; ηp2 =

0.345] indicating a significant reduction in startle amplitude from Block 
1 to Block 3 of trials [linear F (1,24) = 12.64, p = 0.002] (Fig. 1). There 
was no main effect of Sex and no interaction involving Sex (all F > 0.40). 
There was, however, a marginally significant Probe Intensity x Block 
interaction [F (2,48) = 3.25, p = 0.047; Greenhouse-Geisser epsilon 
=0.923, corrected p = 0.05; ηp2 = 0.119]. This interaction was due to a 
significant amplitude reduction from Block 1 to Block 2 for both 90-dB [t 
(25) = 3.91, p = 0.001] and 100-dB probes [t (25) = 3.54, p = 0.002], 
but a significant reduction from Block 2 to Block 3 only for 100-dB 
probes [t (25) = 2.78, p = 0.032] and not for 90-dB probes [t (25) =
0.544, p = 0.59]. Confirming a difference between habituation to 100- 
dB and 90-dB probes further, we found a significantly steeper habitua-
tion slope for 100-dB probe trials (mean: − 6.649, SEM: 1.659), 
compared to the slope for 90-dB probe trials (mean: − 1.496, SEM: 
0.395), across the entire experimental session (t (25) = 3.737, p <
0.001). 

The Probe Intensity × Block × Sex ANOVA for baseline EMG 
revealed no significant main or interaction effects (all p > 0.10). 

3.3. Association between dispositional mindfulness and alexithymia 

As expected based on previous literature, there was a negative cor-
relation (r = − 0.513, p = 0.007; 95 % CI: − 0.7511, − 0.1568) between 
dispositional mindfulness (FFMQ) and alexithymia (TAS-20) (for the 
exploratory correlations between FFMQ facets and TAS-20 subscales, 
see Supplementary Table 1). 

3.4. Dispositional mindfulness, alexithymia and startle measures 

As hypothesised, higher dispositional mindfulness scores were 
associated with stronger startle habituation (i.e., steeper slopes) over 
100-dB probes with a medium-to-large effect size (Table 2, Fig. 2). The 
correlation between alexithymia and startle habituation, although in the 
expected direction, failed to reach statistical significance (Table 2). The 
results of the commonality analyses (Table 3) indicated that 10.6 % of 
explained variance (37.18 % of total explained variance) in startle 
habituation to 100-dB probes was common to both alexithymia and 
mindfulness, 17.3 % of explained variance was unique to mindfulness 
(61.01 % of the total explained variance), while alexithymia uniquely 
contributed only 0.5 % of the variance (1.82 % of the total explained 
variance). 

The correlations between alexithymia and startle amplitudes on 90- 
dB and 100-dB probe trials were in the expected direction (i.e., negative) 
with a small-to-medium effect size but not statistically significant 
(Table 2). No correlation was found between dispositional mindfulness 
and mean startle amplitude (over the entire session) or startle habitua-
tion to 90-dB probes. Lastly, no significant associations were found 
(none expected) between baseline EMG and mindfulness (FFMQ) or 
alexithymia (TAS-20) scores (see Supplementary Table 2), confirming 
specificity of the hypothesised and observed relationships of mindful-
ness and alexithymia with startle habituation and reactivity measures. 

4. Discussion 

The findings of this study confirmed previously reported negative 
association between dispositional mindfulness and alexithymia and, for 
the first time to our knowledge, showed a positive association between 
startle response habituation and dispositional mindfulness (i.e., more 
habituation in individuals with a high level of naturally-occurring 
mindfulness) with a medium-to-large effect size. Notably, there was a 
significant unique contribution of dispositional mindfulness to startle 
habituation, with alexithymia explaining very little additional variance 

Table 1 
Sample characteristics.   

Men (n =
13) 

Women (n 
= 13) 

Entire sample 
(n = 26) 

Entire 
sample 

Mean (SD) Mean (SD) Mean (SD) Range 

Age (years) 33.62 
(11.06) 

31.00 
(11.19) 

32.31 (10.99) 19–52 

FFMQa: observingc 20.31 
(7.92) 

26.31 
(7.66) 

23.31 (8.22) 8–40 

FFMQa: describing 27.23 
(9.81) 

29.54 
(4.16) 

28.38 (7.47) 11–40 

FFMQa: acting with 
awareness 

27.62 
(6.81) 

28.46 
(5.67) 

28.04 (6.15) 18–40 

FFMQa: non-judging 27.46 
(7.52) 

24.77 
(4.88) 

26.12 (6.36) 11–40 

FFMQa: non-reactivity 24.00 
(6.68) 

21.38 
(4.11) 

22.69 (5.59) 10–34 

FFMQa: totalc 126.61 
(19.13) 

130.46 
(15.11) 

128.54 
(17.00) 

81–160 

FFMQa: total without 
observing 

106.31 
(17.28) 

104.15 
(11.10) 

105.23 
(14.27) 

71–129 

TAS-20b: difficulty 
describing feelings 

13.54 
(2.96) 

13.08 
(4.01) 

13.31 (3.46) 7–20 

TAS-20b: difficulty 
identifying feelings 

11.92 
(6.55) 

10.92 
(4.91) 

11.42 (5.69) 7–31 

TAS-20b: externally 
oriented thinking 

26.85 
(5.34) 

25.31 
(5.76) 

26.08 (5.50) 11–36 

TAS-20b: total 52.31 
(11.02) 

49.31 
(12.19) 

50.81 (11.49) 28–77  

a Five Facet Mindfulness Questionnaire. 
b Toronto Alexithymia Scale – 20 Items. 
c Observing facet included only for the sake of completeness (not found to 

exist in non-meditating samples, Baer et al., 2006, 2008; Williams et al., 2014). 
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in startle habituation after accounting for the effect of dispositional 
mindfulness. The correlations between alexithymia and startle ampli-
tude on high or low intensity probes were not significant, although these 
were present in the expected direction with small-to-medium effect sizes 
(i.e., higher alexithymia and lower startle amplitude). In line with pre-
vious literature (e.g., Blumenthal and Berg, 1986) and confirming our 
task manipulations, we observed higher startle amplitude and stronger 
startle response habituation on 100-dB probes, relative to 90-dB probe 
trials. Interestingly, associations of startle habituation with mindfulness 
(significant) and alexithymia (trend) were also present only for 100-dB 
probe trials. 

Our finding of relatively stronger habituation in individuals with 
higher dispositional mindfulness is consistent with our hypothesis and 
suggests an overlap of sensory information processing styles between 

meditation-naïve individuals who are naturally mindful and individuals 
who consistently engage in mild-to-moderate mindfulness practice. In 
our previous study (Antonova et al., 2015), we observed more startle 
habituation in mild-to-moderate mindfulness practitioners but less 
startle habituation in long-term intense mindfulness practitioners, 
relative to meditation-naïve controls. The current finding, taken 
together with these earlier findings, suggest that, while intense long- 
term mindfulness practice may result in a stable state of receptive and 
non-preferential awareness leading to a state of ‘open presence’ and less 
startle habituation, a dispositional tendency to attend and be aware of 
inner and outer experiences without judgment and reaction may be 
more akin to the state of awareness or consciousness experienced by 
mild-to-moderate mindfulness practitioners. Alternatively, it is also 
possible that the only people who continue with mindfulness training 

Fig. 1. Mean startle amplitudes in Analouge-to-Digit (A/D) units (1 unit = 2.62 μV) for three blocks of 90-dB and 100-dB acoustic probes. Errors bars represent 
+1 SEM. 

Table 2 
Relationship of dispositional mindfulness and alexithymia with startle measures.   

Dispositional mindfulness (FFMQa total score without observingc) Alexithymia (TAS-20b total score) 

r (uncorrected p) [95 % confidence 
interval] 

r (uncorrected p) [95 % confidence 
interval] 

r (uncorrected p) [95 % confidence 
interval] 

r (uncorrected p) [95 % confidence 
interval] 

90-dB probes 100-dB probes 90-dB probes 100-dB probes 

Mean startle 
amplitude 

0.198 (0.332) [− 0.205, 0.544] 0.021 (0.920) [− 0.369, 0.405] − 0.358 (0.073) [− 0.655, 0.034] − 0.208 (0.307) [− 0.551, 0.195] 

Startle habituation 
slope 

− 0.217 (0.287) [− 0.557, 0.186] − 0.528 (0.006)* [− 0.760, − 0.177] 0.205 (0.316) [− 0.199, 0.548] 0.333 (0.097) [− 0.063, 0.638]  

a Five Facet Mindfulness Questionnaire. 
b Toronto Alexithymia Scale – 20 Items. 
c Observing facet not found to exist in non-meditating samples (Baer et al., 2006, 2008; Williams et al., 2014). 
* This correlation survived Bonferroni correction to control for family-wise Type-I error (i.e. p ≤ 0.0125 when uncorrected p divided by 4) with four sets of 

dispositional mindfulness-startle measure correlations forming a family of hypotheses. 

V. Kumari et al.                                                                                                                                                                                                                                 



International Journal of Psychophysiology 184 (2023) 20–27

25

long enough to become ‘mild-to-moderate practitioners’ are those who 
already have the dispositional tendency. If so, self-report measures of 
dispositional mindfulness, as well as the rate of startle habituation, 
might provide useful predictors of training success in future studies. 
Extraversion, a trait reported to be positively associated with practicing 
mindfulness (van den Hurk et al., 2011), too has been found to be 
associated with faster startle habituation in some (LaRowe et al., 2006) 
but not all studies (Blanch et al., 2014), with this discrepancy possibly 
explained by marked between-study differences in stimulus and task 
parameters (e.g. probe intensity, number of trials, inter-trial interval) as 
well as habituation indices (O'Gorman, 1977). Even in the current study, 
a positive mindfulness-startle habituation association was present only 
for the 100-dB intensity probes, and not for the 90-dB probes. Further 
studies are needed to fully delineate the impact of dispositional or 
cultivated trait mindfulness and state mindfulness on habituation within 
different response systems which may be modulated by different, or only 
partially overlapping, processes and brain mechanisms (O'Gorman, 
1977). 

The tentatively hypothesised negative association between alex-
ithymia and startle habituation was present only at a trend level. The 
commonality analysis showed that there was a sizable amount of 

variance (10.6 %) that was common to both mindfulness and alex-
ithymia, a sizable unique contribution of dispositional mindfulness 
(17.3 %), and only a small and non-significant unique contribution of 
alexithymia (0.5 %) to this association. One potential explanation for the 
pattern of associations observed across alexithymia and mindfulness 
may be in terms of known links between mindfulness and (good) 
interoception (Gibson, 2019) and between alexithymia and (poor) 
interoception (emotion-specific but also non-affective) (Brewer et al., 
2016; Edwards and Lowe, 2021; Trevisan et al., 2019). 

A meta-analysis (Norman et al., 2019) revealed that mindfulness- 
based interventions that increase awareness of the present-moment 
experience, including awareness of bodily sensations, are effective in 
reducing alexithymia. Mindfulness has also been reported to influence 
the structural and functional properties of the insula (reviews, Gibson, 
2019, Pernet et al., 2021), a key brain area involved in interoceptive 
awareness (Craig, 2009; Singer et al., 2009) and implicated in alex-
ithymia (e.g., Hogeveen et al., 2016). Furthermore, an increase in right 
insula thickness has been found to correlate with a decrease in alex-
ithymia following mindfulness-based training in meditation-naïve in-
dividuals (Santarnecchi et al., 2014). Interestingly, the visceral afferent 
signals which contribute to interoceptive awareness (Dworkin, 2007) 
have also been found to modulate eyeblink startle response (e.g., Münch 
et al., 2019), lending further support to our proposed explanation of 
observed startle habituation-mindfulness association. Future studies 
investigating the mechanisms underlying the associations of mindful-
ness and/or alexithymia with startle habituation and reactivity (ampli-
tude) should utilise the objective measure(s) of interoceptive awareness. 

Our observations also point towards a possible negative association 
between alexithymia and startle amplitude with a small-to-medium ef-
fect size that may be worthy of future research involving sufficiently 
large sample sizes, given the known association of alexithymia with 
depression (Li et al., 2015) and hypertension (Casagrande et al., 2019; 
Jula et al., 1999), both of which have been linked with hypo-startling (e. 
g. Kaviani et al., 2004; Shukla et al., 2020). There may well be a common 

Fig. 2. Relationship between mindfulness (FFMQ Total Score without Observing) and startle habituation slope (with large negative values indicating faster and 
steeper habituation) over 100-dB probes. 

Table 3 
Results of commonality analysis showing unique and common variance 
explained by dispositional mindfulness and alexithymia in startle habituation for 
100-dB probe trials.   

Coefficient % total 

Unique to alexithymia (TAS-20b total)  0.005  01.82 
Unique to mindfulness (FFMQa total without observing)  0.173  61.01 
Common to alexithymia and mindfulness  0.106  37.18 
Total  0.284  100  

a Five Facet Mindfulness Questionnaire. 
b Toronto Alexithymia Scale – 20 Items. 
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mechanism linking these conditions characterised by affective diffi-
culties and reduced amplitude of the (defensive) startle reflex response, 
possibly mediated by the amygdala (Davis et al., 1999). 

The main limitations of the study include the sample size allowing 
for 80 % power to detect medium-to-large correlations (r coefficients of 
0.467 or above), but insufficient for reliably detecting small-or medium- 
sized correlations. Based on our power analysis using G*power3 with the 
effect sizes observed in this study (Faul et al., 2007), 52 and 141 people 
are needed to detect the negative association between alexithymia and 
startle amplitude to 90-dB (observed r = − 0.340) and 100-dB probes 
(observed r = − 0.208), respectively, with 80 % power to be significant 
at p < 0.05 level. Furthermore, the current experiment had only 10 trials 
per probe intensity (9 analysed), with the startle habituation slopes 
calculated across all trials over three blocks at each of the two in-
tensities. Future studies should examine individual differences in 
habituation over a longer session with more trials in each block, 
allowing to estimate habituation slopes for each block separately to 
better quantify habituation over the course of the experiment, consid-
ering the potential startle response recovery between two consecutive 
blocks. It might also be of interest to quantify startle habituation with 
and without discarding the initial probes; these are usually discarded as 
the startle blink to the initial probe may be exaggerated in size before a 
more gradual habituation occurs. This initial reactivity to the first trial 
might hold relevant information for the studies of individual differences 
in relation to the main constructs of the study. Overall, given the limi-
tations, our findings encourage further research with sufficiently large 
sample sizes and extended (number of trials per block) habituation 
paradigms to further test our observations and to examine interoceptive 
awareness as a potential psychological mechanism underlying faster and 
stronger habituation in people with high dispositional mindfulness and/ 
or low alexithymia, along with associated neural mechanisms. Our 
findings also highlight potential utility of startle-based objective 
markers to examine the effectiveness of mindfulness-based interventions 
in reducing alexithymia and depression. 

5. Conclusions 

The findings of this study confirm a significant negative association 
between dispositional mindfulness and alexithymia as reported in pre-
vious studies (Teixeira and Pereira, 2015), and indicate similar or 
overlapping sensory information processing styles, at least as indexed by 
habituation of the startle response, in people who are naturally mindful 
to those reported previously (Antonova et al., 2015) in long-term 
mindfulness practitioners engaging in mild-to-moderate meditation 
practices. In addition, lower startle amplitude in association with alex-
ithymia, if found in future studies with sufficiently large sample sizes, 
may suggest an overlapping profile of people with alexithymia, elevated 
blood pressure (Shukla et al., 2020) or depression (Allen et al., 1999; 
Dichter and Tomarken, 2008; Kaviani et al., 2004). 
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Münch, E.E., Vögele, C., Van Diest, I., Schulz, A., 2019. Respiratory modulation of 
intensity ratings and psychomotor response times to acoustic startle stimuli. 
Neurosci. Lett. 5 (711), 134388 https://doi.org/10.1016/j.neulet.2019. 

Norman, H., Marzano, L., Coulson, M., Oskis, A., 2019. Effects of mindfulness-based 
interventions on alexithymia: a systematic review. Evid. Based Ment. Health 22 (1), 
36–43. https://doi.org/10.1136/ebmental-2018-300029. 

O'Gorman, J.G., 1977. Individual differences in habituation of human physiological 
responses: a review of theory, method, and findings in the study of personality 
correlates in non-clinical populations. Biol. Psychol. 5 (4), 257–318. 

Okajima, K., Yamanaka, G., Oinuma, S., Kikichi, T., Yamanaka, T., Otsuka, K., 
Cornelissen, G., 2015. Even mild depression is associated with among-day blood 
pressure variability, including masked non-dipping assessed by 7-d/24-h ambulatory 
blood pressure monitoring. Clin. Exp. Hypertens. 37 (5), 426–432. https://doi.org/ 
10.3109/10641963.2015.1013114. 

Orr, S.P., Solomon, Z., Peri, T., Pitman, R.K., Shalev, A.Y., 1997. Physiologic responses to 
loud tones in israeli veterans of the 1973 yom kippur war. Biol. Psychiatry 41, 
319–326. 

Parker, J.D.A., Taylor, G.J., Bagby, R.M., 1993. Alexithymia and the processing of 
emotional stimuli: an experimental study. Exp. Clin. Psychiatr. 9, 9–14. 

Pernet, C.R., Belov, N., Delorme, A., Zammit, A., 2021. Mindfulness related changes in 
grey matter: a systematic review and meta-analysis. Brain Imaging Behav. 15 (5), 
2720–2730. https://doi.org/10.1007/s11682-021-00453-4. 

Preece, D., Becerra, R., Allan, A., Robinson, K., Dandy, J., 2017. Establishing the 
theoretical components of alexithymia via factor analysis: introduction and 
validation of the attention-appraisal model of alexithymia. Personal. Individ. Differ. 
119, 341–352. 

Santarnecchi, E., D'Arista, S., Egiziano, E., Gardi, C., Petrosino, R., Vatti, G., Reda, M., 
Rossi, A., 2014. Interaction between neuroanatomical and psychological changes 
after mindfulness-based training. PLoS One 4. https://doi.org/10.1371/journal. 
pone.0108359. 

Sedgwick, O., Young, S., Greer, B., Arnold, J., Parsons, A., Puzzo, I., Terracciano, M., 
Das, M., Kumari, V., 2018. Sensorimotor gating characteristics of violent men with 
comorbid psychosis and dissocial personality disorder: relationship with antisocial 
traits and psychosocial deprivation. Schizophr. Res. 198, 21–27. PMID: 28689756.  

Shalev, A.Y., Orr, S.P., Peri, T., Schreiber, S., Pitman, R.K., 1992. Physiologic responses 
to loud tones in israeli patients with posttraumatic stress disorder. Arch. Gen. 
Psychiatry 49, 870–875. 

Shallcross, A., Lu, N.Y., Hays, R.D., 2020. Evaluation of the psychometric properties of 
the five facet of mindfulness questionnaire. J. Psychopathol. Behav. Assess. 42 (2), 
271–280. https://doi.org/10.1007/s10862-019-09776-5. 

Shukla, M., Lau, J.Y.F., Lissek, S., Pandey, R., Kumari, V., 2020. Reduced emotional 
responsiveness in individuals with marginal elevation in blood pressure within the 
normal range: evidence from altered affect-modulated startle response. Int. J. 
Psychophysiol. 153, 18–26. https://doi.org/10.1016/j.ijpsycho.2020.04.013. 

Singer, T., Critchley, H.D., Preuschoff, K., 2009. A common role of insula in feelings, 
empathy and uncertainty. Trends Cogn. Sci. 13, 334–340. https://doi.org/10.1016/ 
j.tics.2009.05.001. 

Teixeira, R.J., Pereira, M.G., 2015. Examining mindfulness and its relation to self- 
differentiation and alexithymia. Mindfulness 6, 79–87. https://doi.org/10.1007/ 
s12671-013-0233-7. 

Trevisan, D.A., Altschuler, M.R., Bagdasarov, A., Carlos, C., Duan, S., Hamo, E., Kala, S., 
McNair, M.L., Parker, T., Stahl, D., Winkelman, T., Zhou, M., McPartland, J.C., 2019. 
A meta-analysis on the relationship between interoceptive awareness and 
alexithymia: distinguishing interoceptive accuracy and sensibility. J. Abnorm. 
Psychol. 128 (8), 765–776. https://doi.org/10.1037/abn0000454. 

van den Hurk, P.A., Wingens, T., Giommi, F., Barendregt, H.P., Speckens, A.E., van 
Schie, H.T., 2011. On the relationship between the practice of mindfulness 
meditation and personality - an exploratory analysis of the mediating role of 
mindfulness skills. Mindfulness 2 (3), 194–200. 

Wallmark, E., Safarzadeh, K., Daukantaite, D., Maddux, R.E., 2013. Promoting altruism 
through meditation: an 8-week randomized controlled pilot study. Mindfulness 4, 
223–234. https://doi.org/10.1007/s12671-012-0115-4. 

Williams, M.J., Dalgleish, T., Karl, A., Kuyken, W., 2014. Examining the factor structures 
of the five-facet mindfulness questionnaire and the self-compassion scale. Psychol. 
Assess. 26 (2), 407. https://doi.org/10.1037/a0035566. 

V. Kumari et al.                                                                                                                                                                                                                                 

https://doi.org/10.3389/fpsyt.2021.498614
https://doi.org/10.1016/j.neuropsychologia.2016.01.021
https://doi.org/10.1016/j.neuropsychologia.2016.01.021
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252586073
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252586073
https://doi.org/10.1161/01.hyp.33.4.1057
https://doi.org/10.1161/01.hyp.33.4.1057
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250337654
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250337654
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250337654
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252592383
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252592383
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252599823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252599823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082252599823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250509413
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250509413
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250500833
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250500833
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082250500833
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253005043
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253005043
https://doi.org/10.1016/j.concog.2016.10.008
https://doi.org/10.1016/j.biopsycho.2005
https://doi.org/10.1016/j.biopsycho.2005
https://doi.org/10.1111/inm.12568
https://doi.org/10.1111/inm.12568
https://doi.org/10.1016/j.psychres.2015.02.006
https://doi.org/10.1037/a0039585
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251275283
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251275283
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251275283
https://doi.org/10.1016/j.neulet.2019
https://doi.org/10.1136/ebmental-2018-300029
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253032153
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253032153
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253032153
https://doi.org/10.3109/10641963.2015.1013114
https://doi.org/10.3109/10641963.2015.1013114
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253046303
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253046303
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253046303
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251351653
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251351653
https://doi.org/10.1007/s11682-021-00453-4
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251471743
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251471743
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251471743
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082251471743
https://doi.org/10.1371/journal.pone.0108359
https://doi.org/10.1371/journal.pone.0108359
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253068823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253068823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253068823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253068823
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253051933
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253051933
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf202212082253051933
https://doi.org/10.1007/s10862-019-09776-5
https://doi.org/10.1016/j.ijpsycho.2020.04.013
https://doi.org/10.1016/j.tics.2009.05.001
https://doi.org/10.1016/j.tics.2009.05.001
https://doi.org/10.1007/s12671-013-0233-7
https://doi.org/10.1007/s12671-013-0233-7
https://doi.org/10.1037/abn0000454
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf9005
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf9005
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf9005
http://refhub.elsevier.com/S0167-8760(22)00275-6/rf9005
https://doi.org/10.1007/s12671-012-0115-4
https://doi.org/10.1037/a0035566

	Dispositional mindfulness, alexithymia and sensory processing: Emerging insights from habituation of the acoustic startle r ...
	1 Introduction
	2 Materials and methods
	2.1 Participants and design
	2.2 Self-report measures of dispositional mindfulness and alexithymia
	2.3 Startle experiment: paradigm, procedure and data scoring
	2.4 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Amplitude of the startle response: probe intensity, block and sex effects
	3.3 Association between dispositional mindfulness and alexithymia
	3.4 Dispositional mindfulness, alexithymia and startle measures

	4 Discussion
	5 Conclusions
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


