
RESEARCH ARTICLE

A sympathetic nervous system evaluation of

obesity stigma

Michael D. Oliver1*, Subimal Datta1,2, Debora R. Baldwin1

1 Department of Psychology, College of Arts and Sciences, The University of Tennessee, Knoxville,

Tennessee, United States of America, 2 Department of Anesthesiology, Graduate School of Medicine, The

University of Tennessee, Knoxville, Tennessee, United States of America

* moliver8@utk.edu

Abstract

The portrayal of obesity in the media is often one of negativity. Consequently, it may gener-

ate an increase in stigma. Obesity stigma, a form of social discrimination, is responsible for

many of the negative psychological and physiological effects on individual wellness. These

effects not only impact individual health, but also affect the economy, and ultimately, societal

wellness. In an attempt to examine the influence of the media on obesity stigma, this study

tested the hypothesis that positive priming would lead to a reduction in obesity stigma.

To further our understanding of this relationship, we: 1) examined the role of priming on

physiological measures (e.g. salivary alpha amylase and skin conductance) in 70 college

students by introducing positive and negative media images of individuals with obesity, and

2) assessed psychological measures (e.g. perceived stress, need to belong, and self-

esteem, and Body Mass Index). After the priming manipulation, participants read a vignette

depicting the discrimination of an individual with obesity and answered subsequent ques-

tions assessing participants’ attributional blame of obesity. Results of this study revealed

that priming affects physiological responding to obesity stigmatization. In conclusion, these

findings suggest that incorporating positive media images of individuals with obesity may be

an effective tool for reducing stigma and the various physiological consequences associated

with it, which in turn, can enhance societal health and wellness.

Introduction

One-fifth of children and adolescents and more than one-third of adults in the United States

are obese [1]. In addition to the well-known negative health consequences of obesity, millions

of US citizens classified as obese also suffer from ubiquitous discrimination. Obesity stigma, a

form of social discrimination, is responsible for a host of negative psychological [2,3,4,5] and

physiological [6,7] effects on individual well-being. For example, increased risk of depression

[8], decreased self-esteem [9], suicidality [10], elevated blood pressure [11], and dysregulations

of stress response systems in the body [12] are some of the detrimental effects various forms of

social discrimination places on individual well-being. The media’s negative portrayals of obe-

sity often lead to deleterious consequences not only for the stigmatized target individuals, but
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also for others who are exposed [13]. These frequent negative media portrayals promote the

belief that individuals with obesity lack self-discipline [14]. In addition, higher exposure to

mass media outlets is positively correlated with stigmatizing attitudes towards obese children

[15]. More importantly, research indicates that the most significant predictor of stigmatizing

attitudes towards this group is personal causal attributions [14], and there are significantly

more media references alluding to personal responsibility rather than social determinants or

attributions of responsibility [16].

The Autonomic Nervous System (ANS) is influenced by psychosocial factors that affect

health and disease outcomes [17]. With regard to obesity stigma, the psychophysiological cor-

relates are not well defined. Various studies exploring obesity stigma have almost exclusively

examined the stress hormone cortisol, an indicator of long-term stress regulated by Hypotha-

lamic-pituitary-adrenal (HPA) axis activity in the Sympathetic Nervous System (SNS)

[18,19,20,21]. In a study by Schvey, Puhl, & Brownell [22] it was reported that exposure to obe-

sity stigma is associated with greater cortisol reactivity in both overweight, as well as, lean

female participants. This study posits that although one might not expect mere exposure to

stigmatizing material that is not personally relevant to affect them, it could in fact be poten-

tially harmful physiologically. In addition, studies exploring obesity stigma are conducted

almost exclusively on women, and the data are limited in terms of men and their responses

[23]. In one study, Hebl & Turchin [24] examined obesity stigma in a population of males. In

this study, a questionnaire was employed assessing the degree to which men stigmatize obesity.

The authors concluded that men both stigmatize obesity, and are stigmatized for being over-

weight. These aforementioned studies support the premise that obese men and women both

experience stigma as a consequence of their weight. Although this study provides data on self-

report responses to obesity stigma among men, this particular study did not employ the use of

physiological measures, thus research is lacking in terms of how men respond physiologically

to this phenomenon in conjunction with self-report.

Although cortisol has been profoundly used as a biomarker in examining stress [25,26], sal-

ivary Alpha-Amylase (sAA) has received more modern attention in terms of examining psy-

chosocial stress. In a study by Rohleder et al. [27], it was proposed that protein enzyme alpha-

amylase, regulated by the Sympathomedullary Pathway (SAM), was activated in a psychosocial

stress-induced paradigm. The SAM system, reactive in response to short term stress, intro-

duced the notion of sAA as a biomarker for psychosocial stress research. Further studies such

as Nater et al. [28], van Stegeren, Wolf, & Kindt [29], Nater & Rohleder [30], and Engert et al.

[31] have since corroborated the assumption and validated sAA as a non-invasive biomarker

of SNS activity for short term evaluations of psychosocial stress. By incorporating sAA, paired

with Skin Conductance (SC), a SNS measure of arousal, we believe we can garner a more com-

plete physiological understanding of the phenomenon of stigma as it relates to the sympathetic

division of the ANS response to stress. We know that obesity stigma is a psychosocial stressor,

however, the research is limited with regard to the autonomic responses as a result of exposure

to such stigma.

The purpose of this study was to examine the psychophysiological aspects of obesity stigma.

Through priming, an approach designed to influence attitudes and perceptions both implicitly

and explicitly, we assessed whether one’s attributional blame for obesity can be modified.

Images of individuals with obesity were introduced in both stigmatizing and non-stigmatizing

fashion in an attempt to prime participants to think either positively or negatively about obe-

sity. We expected to reduce the negative connotations associated with personal responsibility

for obesity in the positive primed group. That is, by altering the associative structure between

obesity and negativity, and associating obesity with more positivity, we hypothesize that indi-

viduals will subsequently feel less discriminatory and hold less stigmatizing views toward this
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population. Studies such as Olson & Fazio [32] show that by reassigning evaluative condition-

ing of an attitude, subsequent attitude change can result. First, we hypothesize that the group

exposed to positive non-stigmatizing images of individuals with obesity will exhibit less physi-

ological responsiveness of the SNS than individuals exposed to negative stigmatizing images of

individuals with obesity. Moreover, when given an actual discrimination vignette, the positive

primed group will place less attributional blame on the obese individual than their negative

group counterparts. We anticipate that the positive images will be a less stressful and arousing

stimulus because they avoid triggering the societal stigma associated with obesity. We believe

that by reducing the negative stigma surrounding obesity, this group’s image in society can be

improved.

Using biomarkers of SNS activation, our study is the first to our knowledge, to test the phys-

iological effects of priming on individuals exposed to this form of stigma. To our knowledge,

our study is the first to examine if men also respond in similar fashion as women to stigmatiz-

ing obesity stimuli from a physiological standpoint. Secondly, we hypothesize that women

will be more reactive both psychologically, as well as physiologically, to obesity stigma com-

pared to men. In this study, we aim to expand upon extant findings and provide a more com-

plete picture of the sex responses to obesity stigma by examining whether or not physiological

responses to obesity stigma manifest themselves similarly in men and women. Both salivary

Alpha-Amylase (sAA) and skin conductance (SC) were employed to measure SNS arousal.

Our third hypothesis is that individuals with obesity will have a different perspective in terms

of psychological responding than their normal weight counterparts [22]. With regards to need

to belong, we expect individuals with obesity to self-report greater need to belong. A number

of studies have suggested that overweight individuals may feel ostracized and excluded from

normal weight group activities [33,34,35]. Stigma is a form of a social stressor, so we expect

higher levels of perceived stress as well as noted by Zeiders, Hoyt, & Adams [12]. Moreover,

self-esteem has a social component. According to Myers & Rosen [36], we expect individuals

with obesity to report lower self-esteem compared to their normal weight counterparts.

Finally, fat phobia is another measure of stigma towards weight. We expect obese participants

to have less fat phobic attitudes and place less attributional blame on their in-group compared

to the normal weight (out-group) participants.

The current study examines the role of positive and negative media images of individuals

with obesity on attitudes and physiological responding in relation to an actual discrimination

incident. Our fourth and final hypothesis is that the positive priming manipulation will result

in a decrease of stigmatizing/discriminatory views of obesity. More specifically, the positively

primed group is expected to exhibit lower levels of sAA and SC post-vignette compared to

their negative group counterparts. By positively priming individuals, the feelings of negativity

toward the obese individual should be reduced, thus resulting in less stress and arousal from

the vignette. Finally, we expect that females will exhibit larger increases in sAA and SC arousal

in comparison to males across priming conditions.

Materials and methods

Participants

Participants consisted of a total of 70 students ranging from 18–53 years of age (50 female, 20

male; mean age = 20.94, SD = 6.11) recruited from undergraduate Psychology courses at a

large southeastern university. The participants were primarily White (75.7%). Prior to partici-

pation, participants signed an informed consent form indicating their willingness to partici-

pate fully in this study. Additionally, participants were administered a short screening

questionnaire designed to assess exclusion criteria previously noted in the literature [28].

Psychophysiology of obesity stigma
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Participants were also asked to refrain from tobacco use, eating, and consuming caffeine for

the 12 hours prior to data collection [37]. A self-report questionnaire was used to obtain infor-

mation on age, race, height, gender, relationship status, and other demographic information

about these participants. The participants were randomly assigned to either the negative

(n = 36) or positive priming group (n = 34). The average Body Mass Index (BMI) for this

study sample was 26.48 (SD = 6.10), which is considered “Overweight” according to the Cen-

ters for Disease Control and Prevention (CDC). It must be noted that the BMI categories were

constructed after the study’s manipulations for the sole purpose of testing the hypothesis that

there would be differences in survey responses based upon this factor. In this study, partici-

pants were not divided into categories prior to the performance of any manipulation. Partici-

pants all experienced the exact same stressor (introduction of the vignette) and the only

difference between group assignment was whether or not they viewed positive or negative

images. Each participant received either course credit or extra credit depending on professor

preference for their participation. The experiment was a 2 (priming group: positive vs nega-

tive) x 2 (time condition: pre-vignette vs post-vignette) x 2 (sex: male vs female) factorial study

design. All studies reported in this manuscript were carried out in accordance with the NIH

guidelines and approved by the University of Tennessee Institutional Review Board. This

study was conducted during the 2014–2015 academic year.

Measures

Fat phobia scale (short form). We used this scale to assess attitudes and stereotypical feel-

ings toward individuals with obesity. This 14-item short form of the original 50-item scale was

developed by Bacon, Scheltema, and Robinson [38] to study, measure, and treat fat phobic atti-

tudes, fat prejudice and body image, and stigmatization caused by obesity. Responses range

from 1 (having the least fat phobic attitudes) to 5 (having the most fat phobic attitudes). Higher

total scores suggest higher fat phobic attitudes. Bacon et al. [38] reported a Cronbach’s alpha of

0.87 in their 1984–1991 sample, and a Cronbach’s alpha of 0.91 in their 1999 sample. Both

samples consisted of predominately White adults. The current study had a Cronbach’s alpha

of 0.75.

Perceived stress scale. We incorporated this scale in an attempt to examine participant’s

current perceived life stress. This scale was developed by Cohen, Kamarck and Mermelstein

[39] to assess global non-specific stress levels during the last month. This survey is comprised

of 14-items, of which 7 are positively formulated (i.e. “In the last month, how often have you

felt things are going your way?”), and 7-items which are negatively formulated (i.e. “In the last

month, how often have you felt that you were unable to control the important things in your

life?”). This is a widely used instrument, and higher scores indicate greater stress levels. Coeffi-

cient alpha reliability for this measure was 0.84, 0.85, and 0.86 in a test of three student samples

[39]. This study reported a Cronbach’s alpha of 0.70 for this sample of college students.

Other scales included for exploratory purposes

Participants were administered other surveys for exploratory purposes to test potential media-

tors of the stress effects of exposure to stigmatized others. For example, participants higher in

perceived stress or need to belong may show greater responses to the images.

Need to belong scale. We used this scale to gauge social factors that could influence par-

ticipants’ social stress. This scale assesses the degree to which respondents desire to be accepted

by others, seek opportunities to belong to social groups, and react negatively when they are

shunned, rejected, or ostracized [40]. This is a 10-item scale, and participants will respond on

a 5-point scale ranging from “strongly disagree” (1) to “strongly agree” (5). Higher scores
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indicate a greater need to belong. Mellor and colleagues [41] reported a Cronbach’s alpha of

0.78 in an adult Australian sample. In the current college student sample, a Cronbach’s alpha

of 0.60 was observed.

Rosenberg self-esteem scale. We employed this scale to measure self-esteem of our par-

ticipants prior to study manipulation. This is a popular scale developed by Rosenberg [42].

This scale consists of 10 items. The scale ranges from 0 to 30, and scores between 15 and 20 are

within normal range. Scores lower than 15 are considered indicative of low self-esteem. This

study reports a Cronbach’s alpha of 0.60.

Physiological measures

We also examined stigma in terms of Autonomic Nervous System (ANS) responses. More spe-

cifically, we targeted the Sympathetic Nervous System (SNS) and the stress response resulting

from SNS activation. In order to assess the psychosocial stress analyses (vignette) in a more

immediate manner, we obtained samples of saliva for alpha amylase. Arousal, a direct result of

SNS activation, is measured by skin conductance. Therefore, we included a measure of skin

conductance in our study as well.

Salivary alpha amylase (sAA). Alpha Amylase was obtained from saliva samples. More

specifically, the “pool-and-drool” technique of salivary data collection was employed. Partici-

pants were asked to salivate into a sanitized 50 mL test tube for pre- and post- stressor analyses.

sAA concentrations were determined via an assay kit (Salimetrics, State College, PA) expressed

in U/mL. Higher levels of sAA are indicative of higher levels of SNS activity. sAA has been

used as an alternative way to measure levels of stress in the body, as the Sympathetic-Adrenal-

Medullary (SAM) system is activated in short term fight or flight responses to stressful stimuli

[43,44]. In relation to psychological stress, sAA is used as a marker to examine adrenergic

activity [45]. Rohleder and colleagues [27] examined stress-induced increases of sAA using a

psychosocial stress test known as the Trier Social Stress Test (TSST). The authors concluded

that acute psychosocial stress, does in fact, increase levels of sAA. Increases in sAA have been

observed immediately upon introduction of stress [28]. For this reason, we employed sAA in

our study as a more immediate indicator of social stress assessed via SNS activity.

Skin conductance. Skin conductance (SC), another indicator of SNS activity, was mea-

sured using cuffs with sensors placed on the middle and index fingers of the non-dominant

hand. These sensors were connected to the ProComp Infinity (Thought Technology Ltd., CA)

analog-to-digital converter. Five-minute pre- and post- stressor recordings were taken and

participants were asked to relax during this process. SC is measured in micro-Siemens units. A

higher level of skin conductance indicates higher levels of arousal. SC has been used to exam-

ine the autonomic nervous system response to stress and other psychophysiological stimuli

[46]. Many studies have been conducted which indicate the effectiveness of SC as a good mea-

surement tool for SNS activity. Bursts of sympathetic nervous system (SNS) activity lead to

changes in SC [47]. Increases in SC, or Galvanic Skin Response (GSR), are positively correlated

with increases in levels of stress as demonstrated by Perala & Sterling [48]. Similarly, Sharma

et al. [49] demonstrated that mean GSR increases with the introduction of stress. Therefore,

we can infer a link between SC and the stress response.

Procedure

The experiment was a 2 (priming group: positive vs negative) x 2 (time condition: pre-vignette

vs post-vignette) x 2 (sex: male vs female) factorial study design. It must be noted that sAA

exhibits a diurnal circadian rhythm and thus variations could be seen in flow rate or concen-

trations of sAA if not controlled for time of day [45]. To avoid the potential effect of circadian
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variation, in this study, we examined delta change. The time difference between pre- and post-

measures are half an hour, so delta change values from individual to individual are not affected

by circadian variation being that we are conducting within-group comparisons of sAA. There-

fore, the effects observed in this study were not due to differences in circadian variation.

A document of informed consent was presented on a desktop computer using an online

survey generator (i.e. Qualtrics). After providing their consent to the study, the participant was

asked to complete all of the surveys on the computer. The participant was then guided into a

separate examination room where they were first asked to step onto the scale to assess body

weight and then asked to render a saliva sample, which was used to assess baseline sAA levels.

First, participants were asked to rinse their mouths with a few ounces of water that was pro-

vided to them in a small Dixie cup. This was to ensure no extraneous particles in the mouth

would interfere with the analyses. Next, the participant was asked to relax and sit quietly in a

chair for ten minutes while allowing the saliva to pool in their mouth and also to avoid sample

dilution before the saliva collection [37]. Then, all participants were asked to salivate into a

sanitized 50 ml collection tube. All participants were specifically instructed not to spit into the

tube as spitting may alter the amount and quality of the enzyme being collected. This “pool-

and-drool” process took place three times, and the collection time was approximately five min-

utes. Samples were centrifuged and further distributed into microtubes and stored at -70˚C

until subsequent analysis.

In this experimental room, the participants were also asked to relax in a chair for five min-

utes, while being attached to the encoder (Thought Technology Ltd. Software) where subse-

quent SC was measured. For skin conductance, the electrode strap was fastened around both

fingers on the non-dominant hand tightly enough that the electrode surface was in contact

with the finger pad, but not so tightly that it limited blood circulation. The leads were con-

nected to the multichannel Procomp Infiniti hardware and Biograph software from Thought

Technology (Montreal, Canada). SC data was collected at 256 Hz. After five minutes of data

collection, the sensors were turned off and the participants were exposed to the priming sti-

muli based upon their previously assigned group.

Regardless of group, all participants were exposed to pictures of obesity in society. Various

pictures were obtained from the UCONN Rudd Center’s website. These pictures have been

identified as positive images of obese adults and youth engaging in healthy behaviors. These

pictures were paired with Google images and given to trained raters to decide which ones were

“negative” and “positive” in nature. The validation group consisted of nine raters who viewed

over 75 positive and 75 negative images on a computer. The validation group was asked to rate

each picture on a -3 to 3 scale from negative to positive. The top 21 images in both categories

were chosen for this study. After validation of positive and negative images by nine raters, the

pictures with the highest polarized ratings were the ones chosen for this study. The negative

group was shown pictures that represented negative societal views of obesity (e.g. obese indi-

viduals sitting on a couch watching TV, obese individuals eating profusely, etc.). The positive

group was shown pictures that represented a more hopeful positive societal view of obesity

(e.g. obese individuals working out, plus size models, fat loss transformations, etc.). Both

groups were shown 21 pictures via slideshow on a laptop for about five seconds per picture.

This procedure was repeated for a total of two viewings. This exposure time is consistent with

previous studies examining emotional induction due to visual stimuli [50].

After exposing all participants to pictures of individuals with obesity, a vignette was intro-

duced. The same vignette was used for both groups. The vignette was given to the participants

to read in which an airline kicked an obese individual off of the plane because the individual

was too large and could not fully fit in the seat. This vignette is a real-life scenario of discrimi-

nation that many people can actually relate to. The vignette served as the stressor in this study.

Psychophysiology of obesity stigma
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Immediately after the vignette, the participant was asked to answer six brief questions designed

to discover whether the positive or negative pictures influenced participants’ attitudes toward

the stigmatized obese individual. Questions such as: “Was this individual wronged?” and

“Who is at fault, the airline or the obese individual?” were asked. These questions were open-

ended in nature, and all participants wrote down their reaction to this vignette.

A second saliva sample for alpha amylase was obtained via the “pool-and-drool” technique.

Similar to the first collection process, the participant rendered a three-minute sample of saliva.

Finally, another five-minute baseline measure of SC was obtained for each participant. Upon

completion of this task the participant was debriefed, thanked for their time, and their partici-

pation was complete.

Data analyses

All data were analyzed using SPSS version 22 (SPSS, Chicago, USA). The hypothesis testing

included paired samples T-test, correlations analysis, chi-squared analysis, and repeated mea-

sures analysis of variance (ANOVA). In order to test the hypothesis of differences between

BMI groups on self-report measures, a t-test was performed. A 2 (priming group) x 2 (Time

condition) x 2 (Sex) repeated measures ANOVA, as well as a paired samples T-test, were con-

ducted on the physiological measures of sAA and SC. When examining whether or not sex

played a key role in determining responding to sAA, an independent T-Test was computed. In

order to examine the relationship between sAA and SC, correlational analyses were performed.

In order to assess differences in responding based on priming group, Chi Square analyses were

performed. The alpha levels were set at 0.05 for all analyses. Mean change scores on the physio-

logical measures were computed by subtracting post-vignette scores from pre-vignette scores.

Results

Analysis of self-report measures

Descriptive statistics for the survey questionnaires, physiological measures, and demographic

information for this study are presented in Table 1. Results indicated no significant differences

between BMI groups on perceived stress, t(68) = -0.246, p = 0.807, fat phobia, t(68) = 0.639,

p = 0.525, need to belong, t(68) = 0.498, p = 0.620, and self-esteem, t(68) = 0.217, p = 0.829. For

Table 1. Descriptive statistics for the survey questionnaires, physiological measures, and

demographics.

Dependent Measures Mean Std. Dev.

PSS 34.24 4.35

Fat Phobia 2.99 0.75

NTB 32.71 3.82

SE 14.09 2.19

sAApre 18.89 31.94

sAApost 23.49 36.10

SCpre 3.18 2.24

SCpost 2.60 2.53

Age 20.94 6.11

BMI 26.48 6.10

Abbreviations: PSS: Perceived Stress Scale; NTB: Need to Belong; SE: Self-Esteem; sAApre: salivary

Alpha-Amylase pre-stressor; sAApost: salivary Alpha-Amylase post-stressor; SCpre: Skin Conductance

pre-stressor; SCpost: Skin Conductance post-stressor; BMI: Body Mass Index.

https://doi.org/10.1371/journal.pone.0185703.t001
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exploratory purposes, we also examined whether there were differences between the priming

groups in terms of the self-report measures (see Table 2). This was done to identify possible

extraneous differences among the groups prior to the manipulation that could confound the

results. Only the self-report measure of Need to Belong showed a statistically significant differ-

ence among the priming groups, t(68) = -2.45, p = 0.02 (Table 2). To examine the association

between the self-reported measures and BMI, a correlational analysis was computed. This cor-

relational analysis revealed a positive correlation between perceived stress and fat phobia

(r = 0.33, p< 0.01) and negative correlations between perceived stress and self-esteem (r =

-0.40, p< 0.01), self-esteem and fat phobia (r = -0.46, p< 0.01), and self-esteem and need to

belong (r = -0.33, p< 0.01). However, there was no significant relationship between the self-

report measures and BMI.

Analysis of physiological measures

Relationship between sAA and SC. Correlational analyses revealed positive relationships

between sAA pre- and post- vignette (r = 0.74, p< 0.01) and SC pre- and post- vignette

(r = 0.84, p< 0.01). Interestingly, these analyses also revealed a positive linear relationship

between sAA pre- and SC post- vignette (r = 0.28, p< 0.05).

Salivary alpha amylase (sAA). Means and Standard Deviations are provided in Table 3.

When testing for between-subject effects, the repeated measures ANOVA revealed no signifi-

cant main effect of priming, F(1, 66) = 0.37, p = 0.55, sex, F(1, 66) = 0.30, p = 0.59, nor the

interaction between priming and sex, F(1, 66) = 0.03, p = 0.87. When testing for within-subject

effects, there was no significant main effect of time, F(1, 66) = 2.43, p = 0.12. Also, the interac-

tion between time and sex, F(1, 66) = 0.12, p = 0.73, and the 3-way interaction between time,

priming, and sex yielded no significant results, F(1, 66) = 2.09, p = 0.15. However, the analysis

Table 2. Independent samples T-test of priming group on dependent measures.

Priming Group

Positive Negative

Surveys Mean SD Mean SD t p

Self-Esteem 13.91 2.38 14.25 2.00 0.64 0.52

Need to Belong 33.82 3.75 31.67 3.63 -2.45 0.02*

Fat Phobia 3.01 0.67 2.97 0.82 -0.22 0.82

Perceived Stress Scale 34.24 3.81 34.25 4.85 0.01 0.99

* = p� 0.05.

https://doi.org/10.1371/journal.pone.0185703.t002

Table 3. Means and Standard Deviations of sAA & SC by priming group.

sAA SC

Pre Post Pre Post

Priming Group Mean SD Mean SD Mean SD Mean SD

Negative 19.17 30.93 28.90* 42.97 3.32 2.38 2.49** 2.41

Positive 18.60 33.45 17.76 26.49 3.03 2.12 2.73 2.68

Total 18.89 31.94 23.49 36.10 3.18 2.24 2.60** 2.53

Abbreviations: sAA: salivary Alpha-Amylase; SC: Skin Conductance; pre: pre-stressor means; post: post-stressor means.

* = p� 0.05,

** = p� 0.01.

https://doi.org/10.1371/journal.pone.0185703.t003
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did indicate a significant time x priming interaction, F(1, 66) = 5.18, p = 0.03. When examining

the means, the negative priming group responded with higher sAA levels post-vignette than

did the positive group (see Fig 1). There was a significant increase in sAA post-vignette in both

men and women, t(35) = -2.82, p = 0.01. When collapsing across priming group and examin-

ing sAA as a function of time, there was a positive linear trend in the change scores between

sAA pre- and post-vignette, F(1, 69) = 3.32, p = 0.07.

Skin conductance (SC)/ Galvanic Skin Response (GSR). When testing for between-sub-

ject effects, the repeated measures ANOVA revealed no significant main effect of priming, F(1,

66) = 0.13, p = 0.72, sex, F(1, 66) = 0.35, p = 0.56, nor an interaction between priming and sex,

F(1, 66) = 0.89, p = 0.35. When testing for within-subject effects, there was a significant main

effect of time, F(1, 66) = 7.24, p = 0.01. When holding group and sex constant, all participants

exhibited a decrease in SC post-vignette compared to pre-vignette (see Fig 2). The interaction

between time and priming was significant, F(1, 66) = 7.06, p = 0.01. When collapsing across

groups, both priming groups showed a decrease in SC post-vignette. When examining differ-

ences by group, there were no significant differences among the participants in the positive

group (t = 1.47, df = 33, p = 0.15). However, the negative priming group showed a significant

decrease in SC post-vignette, t = 3.40, df = 35, p< 0.01.

Fig 1. Mean sAA level comparisons by priming group. Negative: all males and females assigned to the

negative priming group; Positive: all males and females assigned to the positive priming group; Total: all

males and females collapsed across priming groups; Pre: pre-stressor means; Post: post-stressor means.

* = p� 0.05.

https://doi.org/10.1371/journal.pone.0185703.g001
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The 3-way interaction between time, priming, and sex yielded significant results as well F(1,

66) = 6.60, p = 0.01. Although both priming groups experienced decreases in SC post-vignette,

those in the negative priming group experienced the greatest decreases in SC when compared

with their positive group counterparts (see Table 3). Females also exhibited a significant

decrease post-vignette, whereas their male counterparts did not (see Tables 4 and 5). Males in

the negative priming group pre-vignette exhibited the highest SC reactivity, while females in

the negative priming group post-vignette exhibited the lowest SC responding. However, the

Fig 2. Mean SC level comparisons by priming group. Negative: all males and females assigned to the

negative priming group; Positive: all males and females assigned to the positive priming group; Total: all

males and females collapsed across priming groups; Pre: pre-stressor means; Post: post-stressor means.

* = p� 0.01.

https://doi.org/10.1371/journal.pone.0185703.g002

Table 4. Means and Standard Deviations of sAA & SC by sex.

sAA SC

Pre Post Pre Post

Sex Mean SD Mean SD Mean SD Mean SD

Female 20.57 29.14 24.55 36.33 3.16 1.97 2.42* 2.06

Male 14.70 38.59 20.81 36.32 3.24 2.88 3.06 3.46

Total 18.89 31.94 23.49 36.10 3.18 2.24 2.60* 2.53

Abbreviations: sAA: salivary Alpha-Amylase; SC: Skin Conductance; pre: pre-stressor means; post: post-stressor means.

* = p� 0.01.

https://doi.org/10.1371/journal.pone.0185703.t004
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results did not indicate a significant time x sex interaction F(1, 66) = 2.71, p = 0.10 when col-

lapsing across priming groups. Change scores in SC were not significant F(1, 68) = 2.78,

p = 0.10. However, the paired samples t-test indicated that there was a statistically significant

difference in the scores for SC pre- (M = 3.18, SD = 2.25) and post-vignette (M = 2.60,

SD = 2.53) collapsed across condition, t(69) = 3.53, p< 0.01.

Analysis of sex differences on the dependent measures

Salivary alpha amylase (sAA). When examining whether or not sex played a key role in

determining responding to sAA, it was concluded that when collapsed across priming condi-

tions and looking at all of the participants as a whole, sex was not significant t(69) = 1.56,

p = 0.12. There were also no significant differences in sAA response between pre- to post-

vignette in both women t(49) = 1.30, p = 0.20 and men t(19) = 0.87, p = 0.40 when holding the

other sex constant (see Fig 3). Overall, men had lower sAA both pre- and post-vignette com-

pared to women (see Table 4).

Skin conductance (SC)/ Galvanic Skin Response (GSR). In terms of SC, there was a sig-

nificant main effect of sex in regard to time, t(69) = 3.53, p< 0.01. When collapsing across

priming groups, both males and females experienced a decline in SC. When parceling out

to see where the significance lies, we found that there were no differences in SC for males,

t(19) = 0.45, p = 0.66. However, for females there was a significant decrease in SC post-stressor,

t(49) = 4.55, p< 0.01 (see Fig 4).

Analysis of priming manipulation

In order to address the question of whether or not priming affected participants’ view of dis-

crimination, qualitative responses to the vignette had to be coded. Items were coded on attri-

bution of blame to either the airline, obese individual, or both. The question of “who was at

fault?” was asked of the participants. When conducting the chi-square analyses to examine the

degree of attribution of blame for the post-vignette questions, no significant attribution of

blame being placed on the airline [χ2 = 3.32, p = 0.07], nor the obese individual [χ2 = 0.30,

p = 0.58] was found as the result of priming. Both groups were fairly equal on all response

items (see Table 6).

Discussion

The primary purpose of this study was to examine whether or not the priming of individuals

to either positive or negative images of obesity would influence subsequent responding to an

actual obesity discrimination incident in the media. Principle findings of this study were: 1) an

increase in sAA existed when exposed to the psychosocial stressor across both priming groups,

2) a time by priming interaction yielded differences in sAA responding, 3) differences in SC

Table 5. Paired samples T-tests of sAA and SC.

sAA (pre-post) SC (pre-post)

Sex Mean SD t p Mean SD t p

Female -3.98 21.68 -1.30 0.20 0.74 1.14 4.55 0.00**

Male -6.12 31.49 -0.87 0.40 0.18 1.76 0.45 0.66

Abbreviations: sAA (pre-post): salivary Alpha-Amylase pre-stressor means minus post-stressor means; SC (pre-post): Skin Conductance pre-stressor

means minus post-stressor means.

** = p� 0.01

https://doi.org/10.1371/journal.pone.0185703.t005
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between pre and post measures, 4) the interaction between time and priming with regard to

SC, 5) a time by priming by sex interaction in terms of SC, 6) the priming manipulation was

ineffective in polarizing the way individuals attributed blame, and 7) a main effect of sex was

present for SC, but not for sAA.

It was hypothesized that there would be differences between individuals classified as over-

weight and normal BMI on the self-report measures. In terms of BMI classification, there were

no significant differences on the measures of perceived stress, fat phobia, need to belong, or

self-esteem. Differences in perceived stress were expected based upon a study by Farag et al.

[51] in which higher levels of perceived stress were correlated with higher salivary cortisol lev-

els and BMI. Previous research indicated that individuals with obesity also tend to exhibit

decreased levels of self-esteem [52]. However, our findings are consistent with that of Dutton

et al. [53] in which we found no relationship between need to belong and BMI. One reason

why we did not observe the expected results in this study could be that higher levels of BMI are

more prevalent in today’s society, specifically in the Southeast. Individuals may not feel as

though they are inherently different from others around them. Thus, they do not feel as ostra-

cized, nor exhibit lower self-esteem. It must be noted that the participants in this current study

displayed a mean BMI that is considered overweight. More importantly, our findings are con-

sistent with Hayran et al. [54] who also reported no significant differences in fat phobic

Fig 3. Mean sAA level comparison by sex. Female: all females collapsed across priming groups; Male: all

males collapsed across priming groups; Total: all males and females collapsed across priming groups; Pre:

pre-stressor means; Post: post-stressor means.

https://doi.org/10.1371/journal.pone.0185703.g003
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attitudes as a function of BMI. A more diverse sample in regard to weight may be necessary to

explore these psychological differences.

Our second hypothesis was that there would be differences between the positive and nega-

tive obesity primed groups on the physiological measures. In terms of sAA, psychosocial stress

has been shown to induce increases in this salivary enzyme [55]. The analyses revealed no dif-

ferences in a main effect of priming, sex, or time. Neither the priming by sex, time by sex, nor

priming by sex by time interactions showed significant results. There are several reasons for

the null findings regarding sAA. It could be that our sample size was too small to detect such

changes, the priming manipulation was not strong enough, and/or that the stressor was not

Fig 4. Mean SC level comparison by sex. Female: all females collapsed across priming groups; Male: all

males collapsed across priming groups; Total: all males and females collapsed across priming groups; Pre:

pre-stressor means; Post: post-stressor means. * = p� 0.01.

https://doi.org/10.1371/journal.pone.0185703.g004

Table 6. Chi Square results for all vignette questions.

Vignette Questions Chi-square Df p

Individual Wronged 1.15 2 0.56

Extent Wronged 2.20 2 0.33

Attributional Blame 3.32 2 0.19

Extent Blame on Individual 0.30 1 0.58

Extent Blame on Airline 3.32 1 0.07

https://doi.org/10.1371/journal.pone.0185703.t006
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sensitive enough to evoke noticeable changes. However, there was a significant priming by

time interaction.

The negative priming group at time 2 (post-vignette), exhibited the highest overall

response, indicating greater reactivity to the vignette. This could be because individuals in the

negative group may have experienced negative thoughts about the obese images prior to read-

ing the vignette. Thus, upon reading the vignette and imagining the embarrassment or dis-

comfort the obese individual may have felt after being kicked off of the airline, participants in

this group may have experienced more stress. An increase in sAA at time 2 alludes to the

notion that the vignette was successful in evoking stress in all participants. This psychosocial

stressor consequently induced activation of the sympathetic nervous system causing the

increase in sAA. Finally, there was a trend in the hypothesized direction in terms of change

scores from pre to post-vignette for sAA. After the introduction of the vignette, sAA increased

at time 2, relative to time 1, when collapsed across priming groups. This increase in sAA is

consistent with previous literature in that the introduction of a psychosocial stressor has been

used to evoke increases in sAA when stressed [28]. This increase is indicative of something

that is uniform in both conditions, such as the introduction of the vignette. This could play a

role in sAA responding that differs depending on the time sAA was obtained. sAA peaks dur-

ing psychological and/or psychosocial stressful situations [56]. Being that this vignette incor-

porated a real-life stressful situation, evocation of sAA may be imminent. Furthermore, sAA

appears to be a good indicator of the effectiveness of positive priming. When comparing

means for the positive and negative priming groups pre-stressor, they are fairly identical; how-

ever, after introduction of the priming manipulations, they differ drastically. This seems to

allude to the notion that positive priming may serve as a buffer for sympathetic nervous system

activation as the stressful encounter was not as pronounced in this group.

When examining SC, there was a significant decrease in arousal between time 1 and time 2.

The introduction of the vignette could be an explanation for such changes. SC was obtained at

time 1 prior to the vignette, as well as, time 2, after the vignette. The vignette appears to have

played an important role in the physiological arousal of the participants that manifested itself

via SC response. Even though both groups showed a decline in SC in response to the vignette,

the negative group was the one most affected by the priming manipulation. Significant

decreases were shown within the negative group manifesting itself post-vignette. This seems to

suggest that those individuals within the negative priming group were less aroused by the

vignette than their counterparts. It is plausible that the negative priming facilitated a blunted

affect to the vignette in these participants. However, the positive priming may have facilitated

an unexpected affect in participants, which lead to less of a decline in SC. Our findings are sim-

ilar to Graves, Cassisi, & Penn [57] in which a dampening of negative affect and Skin Conduc-

tance were associated with reductions to stigma of schizophrenia.

Interestingly, there was a significant 3-way interaction on SC reactivity. Males in the nega-

tive priming group pre-vignette exhibited the highest SC reactivity, while females in the nega-

tive priming group post-vignette exhibited the lowest SC responding. SC is used to assess

arousal. In this sample of college students, males and females reported similar levels of arousal

prior to the introduction of the vignette. This finding is expected as no experimental manipu-

lation has occurred thus far. However, after introducing the vignette, females decline drasti-

cally in their SC responding compared with males. This is indicative of sustained arousal in the

males and decreased arousal in the females. This could either suggest that our sample of men

were more sympathetic to the stigmatization scenario or that body image issues tend to be

arousing to them. On the other side of this interesting finding, is the fact that women in our

sample dropped significantly in SC arousal. This could be due to a number of factors. First,

women in general may become conditioned to dealing with weight issues, and our scenario
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does not affect them as much. Therefore, reducing their arousal levels to the vignette due to

repeated exposure to similar situations. Secondly, our female participants may not have viewed

the obese images as threatening and therefore were less aroused. Furthermore, compared to

the women in the negative priming manipulation, the female participants in the positive prim-

ing group were not aroused. This may be due to feelings of satisfaction, which were sparked by

the positive images.

When examining mean change scores, we did see that the negative stigma group exhibited

significantly less SC responding compared to the positive priming group. This blunted

response could be due to the fact that this group was already primed to negativity pre-vignette

and therefore did not experience the same arousal, as did those who were primed in a more

positive manner. This finding is consistent with the previous literature, in that acute psycho-

logical stress has been shown to cause blunted physiological responding [58]. However, a more

plausible explanation is that of cognitive dissonance. Individuals in the positive priming group

were confronted with images that may have conflicted with their preconceived ideas on obe-

sity, thus causing an increase in SC.

Our third hypothesis was that the priming manipulation would have an influential effect on

participants’ view of discrimination. Priming has been shown to induce differences based

upon group assignment [59]. After coding the responses, it was concluded that there were no

differences in response to the vignette. We expected that the priming manipulation would con-

tribute to either more support and less attribution in the positive group or more attribution

and less support for the obese in the negative group. The results indicated that regardless of

group, most attributed blame to the airline company and not to the individual. Although it is

good that there was less individual attribution overall, it does not support our hypothesis that

the priming manipulation would influence this attribution of blame. Our findings contradict

Crocker and Major (2003) who suggest that perceived controllability and visibility of the stig-

matized condition are important determinants of targeted stigmatization [60]. This particular

vignette may have elicited feelings of empathy given that the obese individual was potentially

publicly humiliated by being asked to exit the flight because she was considered “too fat to fly”.

As stated earlier, our sample was overweight and primarily from the southeast. According to

the Centers for Disease Control and Prevention, prevalence rate of self-reported obesity

among adults in the south is very high. In support of this explanation, we found the attitudes

about obesity in our sample tend to be more positive in general. That in and of itself is a great

finding. Future research on this topic should examine populations in other regions of the

United States such as the west coast or even in the northern states to see if this trend still holds.

Our fourth and final hypothesis was that there would be sex differences on the dependent

measures of sAA and SC. In terms of sAA, males and females did not differ as a function of

time. Both males and females responded similarly in both situations pre- and post-vignette.

Both groups experienced an increase in sAA in response to the vignette, which was in the

hypothesized direction. In terms of SC, sex played an important role in responding. Females

decreased significantly more than their male counterparts post-vignette. As mentioned previ-

ously, this finding could be due to a developed blunted affect that manifested itself in our sam-

ple of college-aged women. In the current study, the men were essentially equally aroused pre-

and post-vignette. This finding could lend contradiction to the previously assumed norms in

the literature that men do not care about body image [61]. However, men may still not care

about their body image, but may be interested in the image of others, which in this vignette

happened to be a female. In conclusion, sex was only a factor in SC responding.

It is important to note that there was no clear reciprocal correlation between sAA and SC

for both pre- and post-vignette. However, sAA pre and SC post were significantly correlated

and in the same positive direction. This is an important finding as it is indicative of differing
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mechanisms between the two physiological measures that may be driving these results. We

posit that sAA and SC may have differing reaction times to social stressors. sAA is an immedi-

ate measure of stress whereas SC tends to vary in its’ time course. Bach, Flandin, Friston, and

Dolan [62] reported that the variance in skin conductance could be explained by differing

event-related skin conductance responses. Event-related SC responses tend to peak in seconds,

whereas non-stimulus-locked SC responses can vary up to minutes. Although the vignette

proved to stimulate the sAA response, it may not have been enough to evoke immediate SC

responding. This suggests a time parameter continuity in the SNS in which sAA is activated

due to an immediate stressor. However, the ruminating effects of the stressor may later activate

SC. Future research should assess the differing SC time courses (e.g. last minute of baseline

and first minute post vignette) to assess the mechanism of action related to SC and SNS activity

in regard to psychosocial stressors.

Several strengths of the current study should be noted. First, we assessed both men and

women, whereas much of the existing literature focused solely on women [24,63]. Second, we

examined two different physiological modalities responding to psychosocial stress. In regard

to sAA, we found that the vignette seemed to evoke stress. SNS activation occurred in response

to the social stressor. We found that SC was also a sensitive measure of obesity stigma. There

were differences among stigma groups on the SC measure in response to the vignette. We

therefore attributed these significant differences to the sympathetic nervous system’s stress

response evoked by the vignette. Our results suggest that although seemingly responding in

different fashions, both sAA and SC can be utilized in assessments of the SNS’s response to

psychosocial stressors, and more specifically, to obesity-related stimuli. We expanded upon

the literature via the inclusion of a qualitative analysis component. We reviewed the written

responses to attribution of blame and it provided us with insight as to how the participants in

our study actually felt about real-life stigma as reported by the media.

A number of study limitations are also present. We aimed to assess both men and women

in our study, but there were over twice as many women than men who participated. In order

to obtain a more accurate representation, more men need to be recruited to examine potential

sex effects. Future studies should include a larger and more diverse sample size in order to

increase the generalizability of the findings. It is also possible that due to the order of opera-

tions with weight being taken before participants viewing of the images, individuals were

inherently more stressed prior to the manipulation. One simple solution to this is that weight

could be taken at the close of future studies to eliminate potential confounding results.

Another limitation is the chosen vignette utilized in this study. It is possible that the vignette

elicited empathy, and therefore lessened the impact of the priming manipulation. The vignette

included a woman in the stigmatizing situation. Also, participants read the article and did not

witness this event first hand or by visual representation. Future studies should manipulate the

gender of the person in the vignette and test whether the delivery of the discrimination influ-

ences results. Finally, the priming manipulation may not have been strong enough. Partici-

pants were shown either positive or negative images of individuals with obesity and were

expected to respond to the vignette accordingly. The positive pictures may not have been “pos-

itive” enough and the negative pictures not “negative” enough. Although we had nine people

rate the pictures in terms of positive or negative images, with 75% agreement, the pictures may

not have been sensitive enough to evoke the response we were looking for. It must be noted

that the priming manipulation had an influence on ANS responses, but it was not sensitive

enough to change behavioral responses to obesity stigma. Future studies should incorporate a

control group in which an attitude assessment is administered before and after the experimen-

tal priming manipulation to better assess attitude change.
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The current study found college students to be largely unaffected by the positive or negative

images of individuals with obesity. Regardless of priming group, participants were less likely to

indicate a dispositional attribution to the individual removed from the flight because of weight

issues. There was some support for the stressfulness of the vignette used in this study. Partici-

pants in the negative prime image condition displayed greater change SC values from Time 1

to Time 2 than those in the positive prime image group. All participants showed an increase in

sAA post-stressor as well. This further illustrates the utility of both sAA and SC as dependent

measures in stigma related studies.

In conclusion, the media is very powerful. Overweight people remain among the last

acceptable target of derogatory behavior in both TV and film [10]. They are commonly seen

engaging in stereotypical eating behaviors and are rarely depicted in romantic relationships

[64]. Ultimately, and most importantly, in identifying and documenting variables that contrib-

ute to the stigma of obesity, adverse health outcomes associated with this form of social stigma

can also be reduced. This can in turn contribute to a society with greater mental and psycho-

logical well-being in the long run. The current study found that individuals in the negative

priming group had significantly more SC arousal and exhibited the highest overall sAA

response post-vignette when compared to the positively primed group. Our findings suggest

that by reducing negative portrayals of obesity in the minds of individuals in society, we can

reduce stigma and the various physiological consequences associated with it. Therefore, clini-

cians addressing stigma issues should consider the use of positively primed images as a method

for reducing the possible long-term physiological consequences of such exposure.
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