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Regulating emotion to improve physical health through
the amygdala
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The opinion of mind–body interaction has been increasingly acknowledged in recent years, as exemplified by accumulating evidence indicating that
physical health (body) is associated with emotion and emotion regulation (mind). Yet, the neural basis linking emotion regulation with physical health
remains largely uninvestigated. Here we used magnetic resonance imaging to investigate the neural basis of this pathway in a large population of
healthy young adults. With a systematic study revealing the association of self-reported physical health and emotion traits of personality and general
affective experiences, we further demonstrated that, for better physical health, individuals needed to regulate their emotion more effectively.
Importantly, individuals who had larger gray matter (GM) volume in the amygdala reported not only a higher ability of emotion regulation but also
better physical health. Further, GM volume in the amygdala mediated the correlation between emotion regulation ability and physical health. Our
findings suggest that the amygdala plays a critical role in the neural circuit through which emotion regulation may influence physical health. Therefore,
our study takes the first step toward exploring the neuroanatomical basis for body–mind interaction and may inform interventions aimed at promoting
physical health by augmenting skills of emotion regulation.
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INTRODUCTION

Historically, the most popular opinion on the body–mind problem is

the dualism that the body and mind are distinct substances, and the

body is a machine-like entity separate from the mind (Descartes, 1985

[1641]). A specific example of the mind–body problem in medical

practice and health psychology is the relationship between mental con-

structs (mind) and physical health (body) (e.g., Pelletier, 1992; Bates

et al., 1997; Ryff and Singer, 1998; Astin et al., 2003). Owing to the

dominance of this tradition of dualism in modern medical practices,

physical health and mental health are viewed as separate entities, lead-

ing to the avoidance of considering mental constructs as a critical

factor in physical health. In recent years, both theoretical and technical

advances have illustrated the intrinsic link between physical health and

mental characteristics such as emotion and personality in research of

health psychology (e.g., Adler and Matthews, 1994; Smith et al., 2012).

Yet, a critical issue that remains largely uninvestigated is the neural

basis (brain) through which physical health (body) is linked with

mental constructs (mind).

There is accumulating evidence indicating the association between

physical health and emotion. For example, both negative and positive

emotions have been shown to have an impact on physical health, as

indexed by variables such as mortality, morbidity, disease severity,

functioning of the immune and cardiovascular systems and self-reports

of physical symptoms (Herbert and Cohen, 1993; Kiecolt-Glaser et al.,

2002; Krantz and McCeney, 2002; Pressman and Cohen, 2005; Suls and

Bunde, 2005; Chida and Hamer, 2008). In addition, neuroticism (i.e.,

the tendency to experience negative emotions such as depression and

anxiety) and Type A behavioral pattern (i.e., hostility, anger and

aggressiveness) have been acknowledged as well-established personality

risks for physical health outcomes as diverse as heart disease, asthma,

hypertension, longevity and symptom reporting (Goodwin and

Friedman, 2006; Smith, 2006; Hampson and Friedman, 2008; Chida

and Steptoe, 2009; Smith et al., 2012). Based on the association be-

tween physical health and emotion, it can be deduced that higher

ability of emotion regulation, which promotes adaptive coping with

environmental demands, as encompassed in the construct of emotional

intelligence (Salovey and Mayer, 1990; Bar-On, 1997), contributes to

better physical health (Schutte et al., 2007; Martins et al., 2010). A

variety of cognitive and behavioral mechanisms have been proposed

in the research of emotion intelligence (EI) to account for the associ-

ation between emotion regulation ability and physical health (Woolery

and Salovey, 2004; Zeidner et al., 2006; van Heck and den Oudsten,

2008; Keefer et al., 2009). However, the underlying neural basis

through which emotion regulation ability may exert influences on

physical health has not been examined. Here, we used magnetic res-

onance imaging (MRI) to identify the neural basis that bridges emo-

tion regulation ability and physical health.

To do this, we first systematically examined the association between

self-reported physical health and emotion traits of personality and

general affective experiences in a large population of healthy young

adults (N¼ 253). With a firmly established association between phys-

ical health and emotion at hand, we further tested the hypothesis that

higher emotion regulation ability was associated with better physical

health through the amygdala because (i) both functional and structural

MRI studies indicate the amygdala as a core component in the neural

circuit of emotion processing (Davis and Whalen, 2001; Phelps and

LeDoux, 2005; Holmes et al., 2012) and emotion regulation

(Tottenham et al., 2010; Ochsner et al., 2012), and (ii) the amygdala

is critical in regulating physiological stress responses of the hypothal-

amic–pituitary–adrenal (HPA) axis (Herman and Cullinan, 1997;

Tsigos and Chrousos, 2002), and individual differences in both activa-

tion and gray matter (GM) volume of the amygdala were associated

with stressor-related physiological parameters, which linked to physical

health (Urry et al., 2006; Gianaros et al., 2008, 2009; Taylor et al., 2008;

Gianaros and Sheu, 2009).
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MATERIALS AND METHODS

Participants

Two hundred and fifty three college students (mean age: 22.6 years;

s.d.: 1.01; 135 females) from Beijing, China, participated in this study.

Participants had no history of cognitive or neurological disorders (e.g.,

mental retardation, traumatic brain injury or psychiatric illnesses). The

study was approved by the Institutional Review Board of Beijing

Normal University. Written informed consent was obtained from all

participants before the experiment.

Assessment of physical health

Participants’ physical health was assessed with Chinese Constitution

Questionnaire (CCQ), which is a national standard inventory on

health in China (Zhu et al., 2007). The questionnaire consists of 60

questions on a variety of physical symptoms and health problems, such

as, ‘I catch cold more easily than others’. Participants were instructed

to answer each question, based on their general experiences, on a

5-point Likert scale ranging from ‘Never’ to ‘All the time’. Nine

items in the questionnaire are related to psychological problems,

such as, ‘I get anxious and worried easily’. Given that we focused on

examining the association between emotional regulation ability and

physical health in this study, and that emotion regulation ability is

tightly linked with mental health outcomes such as anxiety and de-

pression (Schutte et al., 2007; Martins et al., 2010), the nine mental

health items were excluded in the analyses to obtain a pure measure of

physical health not contaminated by mental health. Scores of the re-

maining 51 items were summed up to yield an overall index of par-

ticipants’ physical health, with higher scores indicating better physical

health. Previous studies have shown that the questionnaire has high

reliability and validity (Zhu et al., 2007, 2008). To further validate the

CCQ in this study, we asked participants to evaluate their physical

health status by responding to one statement: ‘In general, would you

say your health is’, with response options ranging from 1 (very poor)

to 6 (excellent).

Assessment of personality

Participants’ personality was assessed with the NEO Personality

Inventory-Revised (NEO PI-R) (Costa and McCrae, 1992). The NEO

PI-R is a self-report inventory consisting of 120 items adhering to the

five-factor model of personality. Participants were instructed to rate

their agreement to each item on a 5-point Likert scale ranging from

‘strongly disagree’ to ‘strongly agree’. This hierarchically structured

inventory allows measurement of personality at both the dimensional

and facet level. The five dimensions include neuroticism, extraversion,

openness, agreeableness and conscientiousness. Each of the five dimen-

sions has six interrelated but independent subscales measuring person-

ality facets. For example, the neuroticism dimension consists of the

facets of anxiety, angry hostility, depression, self-consciousness, impul-

siveness and vulnerability. Dimension scores are computed by sum-

ming up the corresponding facet scores.

Assessment of general affective experiences

Affective experiences can be measured either as transient fluctuations

in mood or as stable individual differences in general affective experi-

ence. In our study, participants’ general experiences of positive affect

(PA) and negative affect (NA) were measured using the Positive and

Negative Affect Schedule (PANAS) in the ‘general’ format (Watson

et al., 1988). The PANAS consists of 20 items, half of which represent

characteristics of PA, and the remaining items represent that of NA. PA

items include ‘determined’, ‘proud’ and ‘inspire’; NA items include

‘jittery’, ‘guilty’ and ‘shamed’. Participants indicated to what extent

they experienced each affect ‘in general’, that is, how they feel ‘on

average’ on a 5-point Likert scale ranging from ‘very slightly’ to

‘extremely’.

Assessment of emotion regulation ability

EI is conceptualized as an array of abilities to perceive, use, understand

and regulate emotions that leads to adaptive functioning, and the abil-

ity to regulate emotions is one core component in all EI models (e.g.,

Bar-On, 1997; Mayer and Salovey, 1997). In our study, emotion regu-

lation ability was assessed by the Stress Management Scale of the

Emotional Quotient Inventory (EQ-i) (Bar-On, 1997), which is a stan-

dardized self-report measure of various aspects of EI. The Stress

Management Scale consists of two subscales, each of which composed

of nine items. The subscale of stress tolerance assesses the competency

to effectively and constructively manage emotions (e.g., ‘I know how to

deal with upsetting problems’), and the subscale of impulse control

assesses the competency to effectively and constructively control emo-

tions (e.g., ‘It is a problem controlling my anger’) (Bar-On, 1997; Bar-

On et al., 2003). Participants were asked to indicate the extent to which

each statement accurately described them on a 5-point Likert-type

scale, ranging from ‘very seldom or not true of me’ to ‘very often

true of me or true of me’.

MRI data acquisition and analysis

Scanning was performed on a Siemens 3T Trio scanner (MAGENTOM

Trio with a Tim system) with a 12-channel phased-array head coil at

the BNU Imaging Center for Brain Research, Beijing, China. MPRAGE,

an inversion-prepared gradient echo sequence (bandwidth¼ 190 Hz/

pixel, flip angle¼ 78, TR/TE/TI ¼2.53 s/3.39 ms/1.1 s), was used to

acquire 3D T1-weighted whole brain structural images (voxel size

1 mm� 1 mm�1.33 mm, 128 slices).

Voxel-based morphometry (VBM) was used to explore the neural

correlates of the behaviorally observed association. VBM provides a

quantitative measure of tissue volume per unit volume of spatially

normalized image (Ashburner and Friston, 2000). VBM preprocessing

was performed with SPM8 (http://www.fil.ion.ucl.ac.uk/spm).

Specifically, the images were first segmented into GM, white matter

and cerebral spinal fluid, using the unified segmentation approach

(Ashburner and Friston, 2005). The segmented GM images were

aligned and warped to an iteratively improved study-specific template

using nonlinear registration in the DARTEL (Ashburner, 2007). Then,

we used the normalization function in the DARTEL to normalize GM

images to the Montreal Neurological Institute (MNI) space (2 mm

isotropic voxel). The normalized GM images were modulated by

multiplying the Jacobian determinants derived from the normalization

to preserve the local tissue volumes. The modulated GM images were

then smoothed with a Gaussian kernel of 8 mm full width at half

maximum. The resulted smoothed modulated normalized GM

images were used for further analyses.

We used the Harvard–Oxford subcortical probabilistic structural

atlas (Smith et al., 2004) with a probability threshold of 50% to

define the left and right amygdalae as regions of interest (ROI). We

calculated averaged GM volume across all voxels in each ROI. To de-

termine the neural correlates of behavioral measures, we evaluated

Pearson correlations between average GM volume of the left and

right amygdalae and the behavioral measures of physical health and

emotion regulation. Another way of calculating volumes of the amyg-

dala is based on the automated segmentation procedure (Fischl et al.,

2002) provided in Freesurfer 5.1 (http://surfer.nmr.mgh.harvard.edu).

The procedure assigns a neuroanatomical label to each voxel in an MR

volume based on probabilistic information automatically estimated

from a manually labeled training set. The automated segmentations
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have been found to be statistically indistinguishable from manual

labeling (Fischl et al., 2002). Pearson correlations were also calculated

between the volumes of bilateral amygdala and behavioral measures.

Total brain volume (TBV) was calculated based on all gray and white

matter volumes and ventricular volumes to correct for individual dif-

ferences in whole brain size.

RESULTS

Association between physical health and emotion

The mean, standard deviation and internal reliability of all behavioral

measures are shown in Table 1. As indicated in Table 1, the self-report

measures of physical health, personality, PA, NA and emotion regula-

tion ability had good internal consistency. In addition, participants’

physical health assessed by CCQ (Zhu et al., 2007, 2008) was positively

correlated with their self-report on their general physical health status,

which they rated on a 6-point Likert scale ranging from ‘very poor’ to

‘excellent’ (r¼ 0.34, P < 0.001). This confirmed that the CCQ had good

validity.

To explore the link between physical health and personality traits,

we used a stepwise linear regression, with self-reported physical health

as a dependent variable, and the five dimensions of personality assessed

by the NEO PI-R (Costa and McCrae, 1992) and gender as predictor

variables. We found that the personality dimensions were able to sig-

nificantly predict self-reported physical health, with 16.1% of the vari-

ance of physical health accounted for by all the personality dimensions

together (F¼ 24.07, P < 0.001, R2
¼ 0.161) (Table 2). Interestingly, the

two dimensions that are most relevant to emotion, neuroticism

(�¼�0.346, P < 0.001) and extraversion (�¼ 0.123, P¼ 0.04),

uniquely contributed to the prediction of physical health. None of

the remaining three dimensions or gender contributed significantly

to physical health (P > 0.05 in all cases). Post hoc correlation analyses

further revealed that individuals who scored lower on neuroticism

(r¼�0.38, P < 0.001; with gender regressed out: r¼�0.37,

P < 0.001) or higher on extraversion (r¼ 0.23, P < 0.001; with gender

regressed out: r¼�0.24, P < 0.001) were likely to have better physical

health (Figure 1, top).

To gain a more specific picture of the health–personality relationship,

we performed two additional stepwise linear regression analyses, using

self-reported physical health as the dependent variable and the six facets

comprising neuroticism and those comprising extraversion as predictor

variables, respectively. We found that in neuroticism, only the facet of

anxiety (�¼�0.39, P < 0.001) uniquely contributed to the prediction of

physical health (F¼ 45.88, P < 0.001, R2
¼ 0.155) (Table 3), whereas in

extraversion, only the facet of positive emotions (�¼ 0.30, P < 0.001)

contributed significantly in this context (F¼ 24.74, P < 0.001, R2
¼ 0.09)

(Table 4). Taken together, participants’ self-reported physical health

seemed to be largely affected by the emotional characteristics of their

personality traits. As personality traits of neuroticism and extraversion

are defined as dispositions influencing how much positive and negation

emotions one generally experiences in daily life (Costa and McCrae,

1992), we then explored whether the association between personality

and physical health could be confirmed by and extended to the associ-

ation between participants’ physical health and their general experiences

of a broad range of PA and NA.

To do this, we correlated participants’ self-reported physical health

with the PA and NA they generally experienced during their daily lives,

measured by the PANAS in the ‘general’ format (Watson et al., 1988).

We found that individuals who generally experienced more NA were

likely to have worse physical health (r¼�0.27, P < 0.001; with gender

regressed out, r¼�0.27, P < 0.001), whereas those who experienced

more PA had a tendency to have better physical health (r¼ 0.33,

P < 0.001; with gender regressed out, r¼ 0.31, P < 0.001) (Figure 1,

bottom). Because individuals who experienced more PA were likely

to have less NA (r¼�0.16, P¼ 0.009), we further examined the rela-

tionship between physical health and PA with NA regressed out (and

vice versa) to test whether PA (and NA) contributed to physical health

independently. We found that participants’ physical health was signifi-

cantly predicted by PA alone (with NA regressed out: r¼ 0.30,

P < 0.001) or NA alone (with PA regressed out, r¼�0.23, P < 0.001),

consistent with the aforementioned finding that neuroticism and

extraversion of personality traits contributed to physical health

independently.

Association between physical health and
emotion regulation ability

The close link between physical health and emotion leads to a logical

implication that we can improve our physical health by regulating our

emotions. To test this hypothesis, we correlated participants’ self-

reported physical health with their ability to regulate their emotions,

measured by the Stress Management Scale of the EQ-i (Bar-On, 1997).

Conceptually, the Stress Management Scale covers an array of emotion

regulation abilities to effectively and constructively manage and con-

trol emotions that are involved in coping with stressful situations (Bar-

On et al., 2003; Wood et al., 2009). We found that individuals who

reported to be better at regulating their emotions under stressful situ-

ations possessed better physical health (r¼ 0.39, P < 0.001; with gender

regressed out, r¼ 0.37, P < 0.001) (Figure 2a). Emotion regulation in-

volves reducing, strengthening or maintaining the experience of both

positive and negative emotions depending on the current goals of an

individual (Gross, 1998; Gross and John, 2003). Consistently, in our

study, individuals who were more skilled in regulating emotions had a

Table 1 Descriptive statistics of all behavioral measures used in the study

Mean s.d. Reliability

Physical health 187.94 21.89 0.922
Personality

Neuroticism 45.56 11.55 0.871
Extraversion 50.43 8.84 0.753
Openness 56.62 8.25 0.714
Conscientiousness 59.75 10.60 0.730
Agreeableness 61.74 7.46 0.883

PANAS
PA 34.28 4.68 0.811
NA 24.19 4.57 0.783

Emotion regulation 62.41 7.75 0.845

The reliability of all behavioral measures was Cronbach’s alpha for items in the questionnaires.

Table 2 Results of stepwise linear regression predicting physical health with the five
dimensions of personality

Beta t-value P-value

Dependent variable: physical health (N¼ 253)
Neuroticism �0.346 �5.69 <0.001
Extraversion 0.123 2.02 0.044
Openness 0.025 0.43 0.669
Conscientiousness 0.103 1.59 0.112
Agreeableness 0.071 1.20 0.233
Gender �0.097 �1.66 0.099

R2 F P

0.161 24.07 <0.001

Amygdala and physical health SCAN (2015) 525

. 
SD
,
positive
and 
negative affect
,
; Zhu etal.
``
''
``
''
p 
 .
F 
p
 .
 .
-
p
 .
 .
p
 .
p
 .
-
p
 .
-
p
 .
 .
p
 .
-
p
 .
-
-
p
 .
F 
p
 .
 .
 .
p
 .
F 
p
 .
 .
positive 
negative affect
``
''
-
p
 .
-
p
 .
 .
p
 .
 .
p
 .
-
p
 .
,
 .
p
 .
-
p
 .
. 
 .
p
 .
 .
p
 .
,


[26.3.2015–9:20am] [523–530] Paper: OP-SCAN140083

tendency to experience more PA (r¼ 0.30, P < 0.001) and less NA

(r¼�0.50, P < 0.001). Thus, it is possible that the association between

physical health and emotion regulation ability was fully accounted for

by the association between physical health and emotion. To rule out

this possibility, we reexamined the correlation between self-reported

physical health and emotion regulation ability after regressing out in-

dividual differences in affective experiences. We found that the correl-

ation between physical health and emotion regulation ability remained

significant after PA, NA and gender were regressed out (r¼ 0.24,

P < 0.001), suggesting that the emotion regulation ability itself could

affect physical health, where individuals better at regulating their emo-

tions would exhibit better physical health, regardless of their emotional

predisposition and general mood states.

GM volume of the amygdala as a mediator

We then explored the neural basis through which emotion regulation

ability linked with physical health. To do this, we focused on the

amygdala, based on the converging evidence from neuropsychological

and neuroimaging studies, indicating that the amygdala is a core com-

ponent in neural circuits involved in EI (Bar-On et al., 2003; Killgore

and Yurgelun-Todd, 2007) and emotion regulation (Ochsner et al.,

2012). In addition, the amygdala has been found to be critical in

modulating biological responses of the HPA axis and the sympa-

thetic–adrenomedullary (SAM) system to stress, with profound

health consequences (Tsigos and Chrousos, 2002). We used VBM to

correlate average GM volume of the amygdala with behavioral meas-

ures of physical health and emotion regulation ability, respectively. The

VBM analysis showed that individuals with higher self-reported ability

of emotion regulation were likely to have greater GM volume in both

the left (r¼ 0.17, P¼ 0.007; with TBV regressed out: r¼ 0.14, P¼ 0.03)

and the right amygdala (r¼ 0.20, P¼ 0.001; with TBV regressed out:

r¼ 0.18, P¼ 0.004). Although previous studies have consistently

shown that adaptive regulation of negative emotions leads to decreased

activation in the amygdala (Killgore and Yurgelun-Todd, 2007;

Fig. 1 Relationship between physical health and mental constructs. Scatter plots for correlation between physical health indexed by CCQ score and (a) neuroticism, (b) extroversion, (c) NA and (d) PA.
Neuroticism and extraversion were measured by NEO PI-R; PA and NA were measured by PANAS.

Table 4 Results of stepwise linear regression predicting physical health with the six
facets of extraversion

Beta t-value P-value

Dependent variable: physical health (N¼ 253)
Warmth 0.008 0.12 0.905
Gregariousness 0.024 0.38 0.705
Assertiveness 0.044 0.72 0.475
Activity 0.114 1.83 0.069
Excitement-seeking �0.006 �0.11 0.917
Positive emotions 0.300 4.97 <0.001

R2 F P

0.090 24.74 <0.001

Table 3 Results of stepwise linear regression predicting physical health with the six
facets of neuroticism

Beta t-value P-value

Dependent variable: physical health (N¼ 253)
Anxiety �0.393 �6.77 <0.001
Angry hostility �0.083 �1.33 0.185
Depression �0.133 �1.64 0.103
Self-consciousness �0.073 �1.04 0.301
Impulsiveness �0.073 �1.17 0.244
Vulnerability �0.013 �0.18 0.859

R2 F P

0.155 45.88 <0.001
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Ochsner et al., 2012), the relationship between emotion regulation

ability and amygdala GM volume was largely unclear. One recent

study showed that greater amygdala GM volume predicts decreased

stress-induced amygdala activation (Gianaros et al., 2008), which was

in accordance with our results. More importantly, we found that in-

dividuals with better self-reported physical health also had a tendency

to have larger GM volume in both the left (r¼ 0.19, P¼ 0.003; with

TBV regressed out: r¼ 0.15, P¼ 0.02) and the right amygdala

(r¼ 0.19, P¼ 0.002; with TBV regressed out: r¼ 0.15, P¼ 0.02). The

result is in line with the recent study showing negative correlation

between GM volume of the amygdala and stressor-evoked blood pres-

sure reactions (Gianaros et al., 2008). Because similar results were

observed in both hemispheres, the average GM volume across left

and right amygdalae were collapsed (average GM volume of the amyg-

dala and emotion regulation ability: r¼ 0.19, P¼ 0.002; average GM

volume of the amygdala and physical health: r¼ 0.19, P¼ 0.002)

(Figure 2b and c). Another way of calculating the volume of the amyg-

dala is based on the automated segmentation procedure (Fischl et al.,

2002), provided in Freesurfer 5.1 (http://surfer.nmr.mgh.harvard.edu).

We observed a similar pattern in the association between volume of the

amygdala and emotion regulation ability (r¼ 0.14, P¼ 0.03) and be-

tween volume of the amygdala and physical health (r¼ 0.13, P¼ 0.04).

We have shown that individuals who had larger GM volume in the

amygdala not only possessed a higher ability of emotion regulation but

also exhibited better physical health. This is indicative of the likelihood

that the amygdala serves as the neural substrate through which emo-

tion regulation is associated with physical health. To test this hypoth-

esis, we conducted a mediation analysis with self-reported emotion

regulation ability as the predictor, the GM volume of the amygdala

as the mediator and self-reported physical health as the outcome. The

mediation analysis showed that the correlation between emotion regu-

lation ability and physical health decreased (r ¼ 0.37, P < 0.001) after

their correlation (r¼ 0.39, P < 0.001) was adjusted by the GM volume

of the amygdala (Figure 2d). Bootstrap simulation (n¼ 5000) further

confirmed that the indirect effect through the amygdala was significant

(P¼ 0.03) with 95% confidence interval of (0.005, 0.057). In addition,

the indirect effect through the amygdala remained largely unchanged

with PA and NA regressed out from all three variables in the mediation

model (P¼ 0.03, bootstrapping simulation with n¼ 5000 iterations),

suggesting that emotional regulation may affect physical health

through the amygdala independent of the general emotion experiences.

In short, the mediation analysis suggests that individuals capable of

regulating their emotions more effectively are healthier, in part, be-

cause they have greater GM volume in the amygdala.

DISCUSSION

Biomedical advances in the past century have led to a dramatic change

on the patterns of health problems, that is, the leading causes of health

problems are no longer infectious diseases, but rather those related to

chronic stress and unhealthy lifestyles. Our study sheds new light on

such modern health problems and implies promising solutions accord-

ingly. With a systematic study revealing the association between self-

reported physical health and emotion, we further demonstrated that,

for better physical health, individuals needed to regulate their emotion

more efficiently. Importantly, the amygdala was found to serve as a

mediator in the link between self-reported emotion regulation ability

and physical health, suggesting its critical role in the neural circuit

through which emotion regulation influences physical health.

Fig. 2 Relationship between GM volume in the amygdala, emotion regulation ability and physical health. Scatter plots for correlation between (a) physical health and emotion regulation ability indexed by
score on Stress Management Scale in the EQ-i, (b) emotion regulation ability and average GM volume in the amygdala and (c) physical health and average GM volume in the amygdala. (d) GM volume in the
amygdala as a mediator in the correlation between emotion regulation ability and physical health in the mediation analysis. Path coefficients are shown next to arrows indicating each link in the analysis. For
the association between emotion regulation ability and physical health, the value below the arrow indicates the zero-order correlation, and the value above the arrow represents the correlation after controlling
the mediator of GM volume in the amygdala. All values represent standardized betas. *P < 0.01; **P < 0.001.
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Why do individuals more capable of emotion regulation have better

physical health? Research in health psychology has developed several

models under the framework of stress coping to delineate the cognitive

and behavioral mechanisms that link emotion regulation with physical

health (Woolery and Salovey, 2004; Zeidner et al., 2006; van Heck and

den Oudsten, 2008; Keefer et al., 2009). For example, the transactional/

interactional stress-illness model suggests that individuals with differ-

ent abilities of emotion regulation differ in the selection, manipulation

and appraisal of stressful circumstances and coping responses, which in

turn modulate physiological responses to stressors, subsequently con-

tributing to illness and physical health (van Heck and den Oudsten,

2008). Alternatively, the health behavior model suggests that emotion

regulation influences the degree to which a person engages in various

health-promoting or health-degrading habits and coping behaviors

(e.g., smoking, exercise), which mediates the association between emo-

tion regulation and physical health (van Heck and den Oudsten, 2008).

In contrast to the models hypothesizing causal relationships between

emotion regulation and physical health, the constitutional predispos-

ition model suggests that these two are not causally related; rather, they

are co-effects of an underlying third set of variables (e.g., genetic or

other psychobiologic factors) (Smith, 2006).

Our study provides neural constraints for these models by showing

that the amygdala plays a pivotal role in the process through which

emotion regulation improves physical health. On one hand, individ-

uals’ emotion regulation ability was correlated with GM volume of the

amygdala, consistent with previous studies in which the amygdala was

found to be the core node of the neural network for regulating emo-

tion (Bar-On et al., 2003; Killgore and Yurgelun-Todd, 2007; Ochsner

et al., 2012). On the other hand, the GM volume of the amygdala was

correlated with physical health, in accordance with previous findings

that individual differences in GM volume and activation of the amyg-

dala were associated with stressor-evoked cortisol release (Taylor et al.,

2008), diurnal rhythm of cortisol secretion (Urry et al., 2006) and

physiological responses to stress (e.g., blood pressure, preclinical ath-

erosclerosis), which, in turn, contributed to physical health (Gianaros

et al., 2008, 2009; Gianaros and Sheu, 2009). More importantly, our

study indicated that the amygdala is a key node in the neural circuit

underlying the link between the central processing of emotion regula-

tion and peripheral expression of individual differences in physical

health, thus bridging mental processes and bodily activities. Based

on these results, it is likely that the transactional/interactional stress-

illness model, among the several available models linking emotion

regulation and physical health, more naturally accommodates the

neural constraints placed by the amygdala. That is, when facing

chronic stress, individuals with better ability to regulate emotion pro-

duce more positive appraisal and proactive coping responses (Keefer

et al., 2009); consequently, they are less susceptible to stress-induced

plasticity of neuronal activity in the amygdala, which cumulates in the

alteration of the neuronal morphology (Roozendaal et al., 2009). Then,

better preserved amygdala may diminish the prolonged excessive ac-

tivity of the HPA axis and the SAM system through the projection

from the amygdala to the hypothalamus, which exert adverse effects on

neuroendocrine, cardiovascular and immune systems and ultimately

on physical health (Tsigos and Chrousos, 2002) (Figure 3).

Note that physical health was measured by self-report questionnaire

in our study. Self-report scales have been widely used in health psych-

ology research because they clearly contain a valid component reflect-

ing actual physical health, as evidenced by their extensive associations

with objective health outcomes (e.g., blood pressure levels, disease in-

cidence, mortality rates) (e.g., Watson and Pennebaker, 1989), though

they also partly reflect individuals’ recognition or interpretation of

their actual physical health (Watson and Pennebaker, 1989;

Pressman and Cohen, 2005). Moreover, as for the association between

emotion regulation and physical health, previous studies have shown

that emotions and emotion regulation exert direct physiological con-

sequences on physical health (Cohen and Rodriquez, 1995; Salovey

et al., 2000), in addition to influencing how individuals perceive and

interpret their actual physical health (Cohen and Rodriquez, 1995;

Cohen et al., 2003). Given the critical role of the amygdala in regulat-

ing stress-related physiological responses through the HAP axis

(Herman and Cullinan, 1997), it seems more likely to mediate the

association between emotion regulation and actual physical health.

Future studies are needed to further address this issue with objective

measures of physical health.

In sum, our study takes the first step toward exploring the neural

basis for the mind–body interaction and identifies the amygdala as a

critical component in one of the candidate mind-brain-body pathways

through which the brain may link emotion regulation with physical

health. Accordingly, our study has considerable practical and theoret-

ical implications. In practice, our study implies that by simply learning

skills of emotion regulation, one can improve physical health, regard-

less of the extent of the NA or PA the person generally experiences. The

ability to regulate emotion can be effectively developed by training in

adults as well as children (Parker et al., 2005); therefore, our study may

spur new means of promoting physical health by augmenting skills of

emotion regulation. Future studies are needed to reveal the effective-

ness of the different aspects of emotion regulation, such as regulation

of subjective experience or behavioral responses, in interventions to

improve physical health.

Theoretically, although it is well recognized that the brain plays a

central role in the body–mind interaction through its coordination of

emotion, cognition and physiological responses, surprisingly little is

known about the putative neural pathways that link emotion regula-

tion with physical health. Thus, our study serves as a starting point for

future studies on delineation of mind-brain-body pathways to eluci-

date the neural mechanisms underlying the interaction of emotion

regulation and physical health, in addition to the cognitive and behav-

ioral mechanisms proposed in the existing models. Future studies are

invited to reveal more brain regions possibly implicated in the complex

interaction of emotion regulation and physical health, such as the

hippocampus, prefrontal cortex and cingulate regions, to elucidate

more neural pathways underlying the body–mind interaction. By

doing this, our study advocates the emergence of a new research

field of health cognitive neuroscience that relies on the combination

of theoretical hypotheses from health psychology (Adler and

Matthews, 1994; Baum and Posluszny, 1999; Suls and Rothman,

2004) with empirical evidence from health neuroscience (Gianaros

and Sheu, 2009; McEwen and Gianaros, 2010).

Fig. 3 Model of the mind-brain-body pathways that links emotion regulation ability, the amygdala
and physical health. HPA: the hypothalamic–pituitary–adrenal axis; SAM: the sympa-
thetic–adrenomedullary system.
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