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Abstract

Objective—Weight discrimination is associated with increased risk of obesity. The mechanism 

of this relationship is unknown, but being overweight is a highly stigmatized condition and may be 

a source of chronic stress that contributes to the development and pathophysiology of obesity. The 

objective of this study was to test whether weight stigma is associated with physiological risk 

factors linked to stress and obesity, including hypercortisolism and oxidative stress, independent 

of adiposity.

Method—We examined the frequency of experiencing situations involving weight stigma and 

consciousness of weight stigma in relation to hypothalamic–pituitary–adrenal axis activity and 

oxidative stress (F2-isoprostanes) in 45 healthy overweight to obese women.

Results—Independent of abdominal fat, weight stigma was significantly related to measures of 

cortisol (including salivary measures of cortisol awakening response and serum morning levels) as 

well as higher levels of oxidative stress. Perceived stress mediated the relationship between weight 

stigma consciousness and the cortisol awakening response.
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Conclusion—These preliminary findings show that weight stigma is associated with greater 

biochemical stress, independent of level of adiposity. It is possible that weight stigma may 

contribute to poor health underlying some forms of obesity.

Keywords

social stigma; weight stigma; oxidative stress; cortisol; stress; obesity; cortisol awakening 
response

The rise in obesity prevalence in the United States has elicited a heated dialogue across 

government, medical, and academic institutions, centering on the negative consequences of 

an obese society, such as chronic health conditions, shorter life expectancy (Fontaine, 

Redden, Wang, Westfall, & Allison, 2003), and economic costs (Hammond & Levine, 

2010). The framing of obesity as a health threat and social burden creates fertile ground for 

stigma to develop. Discrimination rates based on weight are similar to those based on race 

and gender, and higher in some instances, such as those involving interpersonal 

mistreatment (Puhl & Heuer, 2009).

Could exposure to weight stigma have negative health consequences? In a nationally 

representative study (Sutin & Terracciano, 2013), weight discrimination was associated with 

a 2.5-fold increased risk of becoming obese over 4 years. Weight stigma could contribute to 

the development and/or pathophysiology of obesity independent of adiposity by initiating 

stress processes, as social–evaluative threat triggers hypothalamic–pituitary–adrenocortical 

(HPA) axis activation (Dickerson & Kemeny, 2004). Hypercortisolism drives overeating, 

increased adiposity, and is implicated in conditions comorbid with obesity, including Type 2 

diabetes and cardiovascular disease (Muennig, 2008). Weight stigma is associated with 

higher cardiovascular reactivity (Major, Eliezer, & Reick, 2012) and modulates the 

relationship between central adiposity and glycemic control (Tsenkova, Carr, Schoeller, & 

Ryff, 2011). Our first aim, therefore, was to test whether weight stigma relates to increased 

cortisol indices. Secondly, stigma processes may affect disease risk factors in addition to 

cortisol. Racial stigma has been associated with increased oxidative stress (Szanton et al., 

2012), a pathogenic mechanism underlying numerous disease states comorbid with obesity 

(Basu, 2008). Increased stress-related hormones, including cortisol, may disrupt the activity 

of antioxidant enzymes (Patel et al., 2002). Our second aim, therefore, was to provide an 

initial test of whether weight stigma relates to oxidative stress.

Method

The parent study of the current study was a randomized waitlist-controlled trial of a 

mindfulness-based intervention for stress eating (Daubenmier et al., 2011). The current 

analyses include all 47 women from the parent study who completed the measures below, all 

collected prior to randomization. The University of California, San Francisco, Committee on 

Human Research approved all procedures, and all participants provided written informed 

consent. Eligibility criteria were: body mass index (BMI) of 25–40 kg/m2; premenopausal; 

no history of diabetes, cardiovascular disease, or active endocrinologic disorder; not 

pregnant or less than 1 year postpartum; no prior/current meditation or yoga practice; not 
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currently on a diet plan; no current self-reported eating disorder, alcohol, nicotine, or drug 

addiction; and not taking opiates, steroids, or antipsychotic medications.

Eligible participants underwent two in-lab baseline assessments, which included dual-energy 

x-ray absorptiometry (DEXA), and responded to questionnaires at home. Nursing staff 

measured height and weight and conducted blood draws. Participants took home saliva kits 

and collected samples across 4 days at awakening, 30 min post awakening, and across 3 

days hourly between 1:00 and 4:00 p.m., and bedtime. Participants then returned to submit 

their saliva samples and provided fasting blood samples.

Measures

See supplemental materials online for methodologic details.

Adiposity—Nursing staff conducted weight and height measurements, and DEXA assessed 

abdominal and total body fat.

Weight stigma—To capture both exposure to and consciousness of weight stigma, we 

used two scales and also created a composite score. The Stigmatizing Situations Inventory 

(Myers & Rosen, 1999) measures how often respondents experienced 50 specific weight-

stigmatizing situations. Cronbach’s alpha was .94. The Stigma Consciousness Scale (Pinel, 

1999), which measures consciousness of stigma due to race/gender/sexual orientation, was 

adapted for weight stigma. Cronbach’s alpha was .80. To capture the total experience of 

weight stigma, we calculated a sum score of the two measures’ z scores. The Cronbach’s 

alpha of this composite measure was .95.

Cortisol—Salivary free cortisol samples were collected using standard diurnal cortisol 

sampling protocols. We derived three salivary cortisol indices: (a) total daily secretion using 

the area-under-the-curve-g formula (Pruessner, Kirschbaum, Meinlschmidt, & Hellhammer, 

2003), (b) cortisol awakening response (CAR), by subtracting the waking sample from the 

30-min sample, and (c) diurnal slope, the bedtime value subtracted from the waking value 

(lower numbers indicate steeper slope). Serum cortisol concentrations were measured from 

fasting morning blood samples.

Oxidative stress—F2-isoprostane levels assessed systemic in vivo oxidant stress status 

(Milne et al., 2007). Blood was collected in 10 ml ethylenediaminetetraacetic acid tubes, 

centrifuged, divided into 2-ml aliquots, and stored immediately at −80°C.

Covariates—Self-reported income, self-reported education, and global perceived stress, as 

measured by the Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983), were 

included in analyses as possible confounding variables.

Results

Descriptive statistics appear in Table 1. See supplemental materials online for detailed 

results. To isolate the association of weight stigma with cortisol and oxidative stress, 

multivariate regression analyses modeled the relation between predictor and outcome 
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variables controlling for abdominal adiposity, because abdominal fat in particular has been 

linked to cortisol levels— both high (Champaneri et al., 2013) and low (Steptoe, Kunz-

Ebrecht, Brydon, & Wardle, 2004)—and oxidative stress (Pou et al., 2007). Oxidative stress 

analyses additionally controlled for age (Jacob, Hooten, Trzeciak, & Evans, 2013). Analyses 

adjusted for the potential confounds of income, education, and global perceived stress when 

any were significantly related to either stigma or outcomes. Perceived stress, however, may 

be a mediator rather than a confound, such that weight stigma may contribute to greater 

perceptions of perceived stress, which in turn may increase cortisol levels, consistent with 

the model put forth by Dickerson and Kemeny (2004). When perceived stress was related to 

any outcome measure, therefore, we also tested mediation models using the INDIRECT 

macro available from Preacher and Hayes (2008).

After adjusting for confounds, the composite measure of weight stigma was positively 

related to morning serum cortisol levels and F2-isoprostanes (see Table 2). Weight stigma 

frequency was positively related to morning serum cortisol levels and CAR. Weight stigma 

consciousness was positively related to morning serum cortisol levels and F2-isoprostanes. 

Furthermore, perceived stress mediated the relationship between weight stigma 

consciousness and CAR. These effects were similar among those in the lowest quartile of 

BMI (<27.7, see supplemental Figure S1) as in the rest of the sample.

Any effect of experiencing stigmatizing events may be dependent on having higher stigma 

consciousness (Kaiser, Vick, & Major, 2006). However, no Frequency × Consciousness 

moderation models revealed significant interactions (see supplemental Results).

Discussion

We observed significant relationships between weight stigma and markers of HPA 

activation and oxidative stress. Even after accounting for adiposity, weight stigma was 

positively related to two independent indices of cortisol output (from a blood draw and CAR 

on separate days) and F2-isoprostane levels, an indicator of oxidative stress. Specifically, the 

frequency of experiencing weight stigma was positively related to both morning cortisol 

indices, and consciousness of weight stigma was positively related to oxidative stress in 

addition to morning cortisol levels. When combined, the composite measure of weight 

stigma was positively related to both morning cortisol levels and oxidative stress. We found 

that abdominal adiposity was associated with cortisol and oxidative stress, as found in prior 

studies (e.g., Steptoe et al., 2004; Pou et al., 2007); however, weight stigma was associated 

with morning serum cortisol and oxidative stress above and beyond that accounted for by 

abdominal or total adiposity. Oxidative stress unfolds slowly and is proximal to disease 

outcomes, suggesting that weight stigma may contribute to the development of chronic 

disease. Indeed, our sample had higher levels of F2-isoprostanes than healthy normal adults, 

suggesting that both adiposity and perceptions of stigma may increase oxidative stress levels 

among overweight and obese women (60 vs. 35 pg/ml; Milne et al., 2007). Taken together, 

these findings are consistent with a novel idea that, in addition to the well-recognized health 

effects of adiposity, living with weight stigma in itself may contribute to obesity 

pathophysiology.
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Our findings are somewhat consistent with Szanton et al. (2012), who found positive 

associations between racial discrimination and oxidative stress, although they used only a 

measure of frequency of experiencing stigma. We also found a significant positive 

association between frequency of experiences with weight stigma and oxidative stress but 

not after controlling for adiposity. In the case of weight stigma, it may be more difficult to 

disentangle the effects of excess adiposity on the relation between frequency of stigmatizing 

events and oxidative stress. Greater adiposity may influence both exposure to stigmatizing 

events and oxidative stress, thereby accounting for the relation between frequency of 

stigmatizing experiences and oxidative stress. Interestingly, exposure to stigmatizing 

situations but not consciousness of weight stigma was related to total adiposity (see 

supplemental Table S1), lending some support to this alternative hypothesis. However, the 

standardized coefficients for stigmatizing events were on par with those of stigma 

consciousness, which remained significant after controlling for adiposity (Table 1), 

suggesting weight stigma frequency may have also been significantly related to oxidative 

stress given more power to detect such a relationship, such as a larger sample.

Weight stigma frequency and consciousness were moderately correlated here, as in other 

studies (e.g., Bunn, Solomon, Miller, & Forehand, 2007). Stigma consciousness can 

represent a form of vigilance or prejudice expectations that direct attention toward 

threatening cues that could be then classified as a stigmatizing event (Kaiser et al., 2006). 

However, our interaction analyses indicated that the effect of stigmatizing events was not 

dependent on stigma consciousness. Instead, weight stigma consciousness was associated 

with higher global perceived stress, which in turn mediated the relationship between stigma 

consciousness and CAR.

The following limitations qualify these findings. Our sample size was small and, therefore, 

all findings should be considered preliminary. The study was cross-sectional, which 

precludes statements about causality. Although reverse causation (oxidative stress causing 

weight stigma) is unlikely, some third variable, such as depression (Golden, 2007), rejection 

sensitivity (Slavich, O’Donovan, Epel, & Kemeny, 2010), or menstrual phase (Roca et al., 

2003), may explain these findings. The study contained only women, and stigma processes 

may operate differently in overweight/obese women, members of two groups that 

experience discrimination, versus overweight/obese men, members of one.

Our findings, if replicated, have important implications. We found the same pattern of 

associations of weight stigma with HPA activity and oxidative stress indices in those at the 

lower and higher BMI ranges in our sample (see supplemental Figure S1). These findings 

are consistent with the notion that weight stigma may not only be harmful for obese 

individuals, but in fact may also affect women who are nearer to what is considered 

“normal” weight. In other words, it is likely the self-perception or appraisal of weight rather 

than objective BMI that is most relevant in the weight stigma domain. Weight stigma, 

therefore, may need to be treated in addition to obesity. Some public health and policy 

efforts have used weight stigma as a strategy to motivate individuals to lose weight, such as 

Georgia’s controversial Strong 4 Life campaign that uses images of overweight children 

with stigmatizing messages (Teegardin, 2012). Our results imply that such policies may be 
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ineffective, if not counterproductive. As we treat obesity and its comorbidities, it may be 

important not to stigmatize the very patients we wish to treat.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Supported by the Robert Wood Johnson Foundation Health and Society Scholars program; Mount Zion Health 
Fund; The William Bowes, Jr., Fund; the Robert Deidrick Fund; National Center for Complementary and 
Alternative Medicine, National Institutes of Health (Grant K01AT004199 awarded to Jennifer Daubenmier); and 
the National Institutes of Health/National Center for Research Resources University of California, San Francisco, 
Clinical and Translational Science Institute (Grant ULI RR024131). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the National Center for Complementary and 
Alternative Medicine or the National Institutes of Health. We thank Nicole Maninger, PhD, University of 
California, Davis; and Margaret Kuwata, BA, and Kinnari Jhaveri, BA, at the University of California, San 
Francisco, for collecting the data. We are grateful for assistance in manuscript preparation from Angela C. 
Incollingo Belsky and Jolene Nguyen-Cuu.

References

Basu S. F2-isoprostanes in human health and diseases: From molecular mechanisms to clinical 
implications. Antioxidants & Redox Signaling. 2008; 10:1405–1434. [PubMed: 18522490] 

Bunn JY, Solomon SE, Miller C, Forehand R. Measurement of stigma in people with HIV: A 
reexamination of the HIV Stigma Scale. AIDS Education and Prevention. 2007; 19:198–208. 
[PubMed: 17563274] 

Champaneri S, Xu X, Carnethon MR, Bertoni AG, Seeman T, DeSantis AS, Golden SH. Diurnal 
salivary cortisol is associated with body mass index and waist circumference: The Multiethnic 
Study of Atherosclerosis. Obesity. 2013; 21:E56–E63. [PubMed: 23404865] 

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. Journal of Health and 
Social Behavior. 1983; 24:385–396. [PubMed: 6668417] 

Daubenmier J, Kristeller J, Hecht FM, Maninger N, Kuwata M, Jhaveri K, Epel E. Mindfulness 
intervention for stress eating to reduce cortisol and abdominal fat among overweight and obese 
women: An exploratory randomized controlled study. Journal of Obesity. 2011; 2011:651936. 
[PubMed: 21977314] 

Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: A theoretical integration and 
synthesis of laboratory research. Psychological Bulletin. 2004; 130:355–391. [PubMed: 15122924] 

Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of life lost due to obesity. JAMA: 
Journal of the American Medical Association. 2003; 289:187–193.

Golden SH. A review of the evidence for a neuroendocrine link between stress, depression and 
diabetes mellitus. Current Diabetes Reviews. 2007; 3:252–259. [PubMed: 18220683] 

Hammond RA, Levine R. The economic impact of obesity in the United States. Diabetes, Metabolic 
Syndrome and Obesity: Targets and Therapy. 2010; 3:285–295.

Jacob KD, Hooten NN, Trzeciak AR, Evans MK. Markers of oxidant stress that are clinically relevant 
in aging and age-related disease. Mechanisms of Ageing and Development. 2013; 134:139–157. 
[PubMed: 23428415] 

Kaiser CR, Vick SB, Major B. Prejudice expectations moderate preconscious attention to cues that are 
threatening to social identity. Psychological Science. 2006; 17:332–338. [PubMed: 16623691] 

Major B, Eliezer D, Rieck H. The psychological weight of weight stigma. Social Psychological & 
Personality Science. 2012; 3:651–658.

Milne GL, Yin H, Brooks JD, Sanchez S, Jackson Roberts L 2nd, Morrow JD. Quantification of F2-
isoprostanes in biological fluids and tissues as a measure of oxidant stress. Methods in 
Enzymology. 2007; 433:113–126. [PubMed: 17954231] 

Tomiyama et al. Page 6

Health Psychol. Author manuscript; available in PMC 2015 December 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Muennig P. The body politic: The relationship between stigma and obesity-associated disease. BMC 
Public Health. 2008; 8:128. [PubMed: 18426601] 

Myers A, Rosen JC. Obesity stigmatization and coping: Relation to mental health symptoms, body 
image, and self-esteem. International Journal of Obesity. 1999; 23:221–230. [PubMed: 10193866] 

Patel R, McIntosh L, McLaughlin J, Brooke S, Nimon V, Sapolsky R. Disruptive effects of 
glucocorticoids on glutathione peroxidase biochemistry in hippocampal cultures. Journal of 
Neurochemistry. 2002; 82:118–125. [PubMed: 12091472] 

Pinel EC. Stigma consciousness: The psychological legacy of social stereotypes. Journal of Personality 
and Social Psychology. 1999; 76:114–128. [PubMed: 9972557] 

Pou KM, Massaro JM, Hoffmann U, Vasan RS, Maurovich-Horvat P, Larson MG, Fox CS. Visceral 
and subcutaneous adipose tissue volumes are cross-sectionally related to markers of inflammation 
and oxidative stress: The Framingham heart study. Circulation. 2007; 116:1234–1241. [PubMed: 
17709633] 

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing indirect 
effects in multiple mediator models. Behavior Research Methods. 2008; 40:879–891. [PubMed: 
18697684] 

Pruessner JC, Kirschbaum C, Meinlschmidt G, Hellhammer DH. Two formulas for computation of the 
area under the curve represent measures of total hormone concentration versus time-dependent 
change. Psychoneuroendocrinology. 2003; 28:916–931. [PubMed: 12892658] 

Puhl RM, Heuer CA. The stigma of obesity: A review and update. Obesity: A Research Journal. 2009; 
17:941–964.

Roca CA, Schmidt PJ, Altemus M, Deuster P, Danaceau MA, Putnam K, Rubinow DR. Differential 
menstrual cycle regulation of hypothalamic-pituitary-adrenal axis in women with premenstrual 
syndrome and controls. Journal of Clinical Endocrinology & Metabolism: Clinical and 
Experimental. 2003; 88:3057–3063.

Slavich GM, O’Donovan A, Epel ES, Kemeny ME. Black sheep get the blues: A psychobiological 
model of social rejection and depression. Neuroscience and Biobehavioral Reviews. 2010; 35:39–
45. [PubMed: 20083138] 

Steptoe A, Kunz-Ebrecht SR, Brydon L, Wardle J. Central adiposity and cortisol responses to waking 
in middle-aged men and women. International Journal of Obesity. 2004; 28:1168–1173. [PubMed: 
15211363] 

Sutin AR, Terracciano A. Perceived weight discrimination and obesity. PLoS ONE. 2013; 
8(7):e70048. [PubMed: 23894586] 

Szanton SL, Rifkind JM, Mohanty JG, Miller ER 3rd, Thorpe RJ, Nagababu E, Evans MK. Racial 
discrimination is associated with a measure of red blood cell oxidative stress: A potential pathway 
for racial health disparities. International Journal of Behavioral Medicine. 2012; 19:489–495. 
[PubMed: 21913047] 

Teegardin C. Grim childhood obesity ads stir critics. Atlanta Journal Constitution. 2012 Jan 1.

Tsenkova VK, Carr D, Schoeller DA, Ryff CD. Perceived weight discrimination amplifies the link 
between central adiposity and nondiabetic glycemic control (HbA1c). Annals of Behavioral 
Medicine. 2011; 41:243–251. [PubMed: 21136227] 

Tomiyama et al. Page 7

Health Psychol. Author manuscript; available in PMC 2015 December 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tomiyama et al. Page 8

Table 1

Descriptive Statistics

Variables % or M SD Minimum Maximum

Age (years) 40.89 7.32 21.00 50.00

Body mass index (kg/m2) 31.35 4.76 24.89 42.62

Abdominal fat (g) 2,119.47 651.93 999.00 3,610.00

Race

  White 61.70

  Asian/Pacific Islander 19.10

  Hispanic/Latino 14.90

  Other 4.30

Income 5.36 1.61 1 7

Education 1.85 0.98 1 4

Perceived Stress Scale 1.90 0.59 0.40 3.5

Weight stigma

  Composite (z-score) 0.01 0.44 −0.64 1.14

  Stigmatizing situations 89.00 33.36 52.00 193.00

  Stigma consciousness 40.27 7.58 26.00 57.00

Cortisol

  Morning serum (µg/dl) 9.97 1.48 4.18 22.20

  Daily total AUC (nmol/L) 9.03 1.42 4.39 27.11

  Awakening response (nmol/L) 8.50 1.84 1.82 22.65

  Diurnal slope (nmol/L) −14.59 5.58 −5.81 −28.97

F2-isoprostanes (ng/ml) 0.06 0.03 0.03 0.20

Note. Stigma variables represent sum scores. Q-Q plots indicated cortisol and F2-isoprostane values were non-normal and were natural-log-

transformed. One participant with a body mass index (BMI) higher than our inclusion criterion of 40 kg/m2 was included due to a discrepancy 
between self-reported BMI during the eligibility screening and BMI measured in the lab.

AUC = area under the curve. Income categories were represented as 1 = Under $25,000, 2 = $25,000–$34,999, 3 = $35,000–$49,999, 4 = $50,000–
$74,999, 5 = $75,000–$99,999, 6 = $100,000–$149,999, and 7 = Above $150,000. Educational attainment categories were represented as highest 
level of education completed, with 1 = Less than 12 years, 2 = High school graduate, 3 = Some college or technical school, 4 = AA degree, 5 = 
Bachelor’s degree, and 6 = Advanced degree.
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