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Perceived inequality in society may 
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Abstract 

Background Greater levels of socioeconomic inequality across societies have been associated with higher rates of 
obesity and cardiometabolic disease. While these relationships could be attributed to poorer quality of health services 
and lower access to healthier lifestyles among disadvantaged groups in societies with greater economic inequality, 
this explanation does not account for those who experience relative economic security in such unequal societies (e.g., 
the middle and upper classes). Here, we tested whether perceptions of greater disparities between social classes in 
one’s society (i.e., perceived societal inequality) may promote eating behaviors that risk excess energy intake.

Methods In two studies, participants completed an experimental manipulation that situated them as middle class 
within a hypothetical society that was presented to have either large disparities in socioeconomic resources between 
classes (high inequality condition) or low disparities (low inequality condition), while keeping the participants’ objec-
tive socioeconomic standing constant across conditions. In Study 1 (pre-registered), participants (n = 167) completed 
the perceived societal inequality manipulation before a computerized food portion selection task to measure desired 
portion sizes for a variety of foods. Study 2 (n = 154) involved a similar design as Study 1, but with inclusion of a neu-
tral control condition (no awareness of class disparities) followed by ad libitum consumption of potato chips.

Results While the high inequality condition successfully elicited perceptions of one’s society as having greater socio-
economic inequalities between classes, it did not generate consistent feelings of personal socioeconomic disadvan-
tage. Across both studies, we observed no differences between conditions in average selected portion sizes or actual 
energy intake.

Conclusions Taken together with prior research on the effects of subjective socioeconomic disadvantage on 
increased energy intake, these findings suggest that perceptions of inequality in one’s society may be insufficient to 
stimulate heightened energy intake in the absence of personal socioeconomic disadvantage or inadequacy.

Keywords Social class, Perceived social inequality, Eating behaviors, Portion selection

Open Access

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2023. Open 
Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, 
distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permit-
ted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecom-
mons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

*Correspondence:
Bobby K. Cheon
bobby.cheon@nih.gov
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-6815-619X
http://orcid.org/0000-0002-2352-999X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16138-0&domain=pdf


Page 2 of 13Cheon et al. BMC Public Health         (2023) 23:1237 

Introduction
Past findings have shown that lower socioeconomic sta-
tus (SES) is largely associated with consumption of more 
energy-dense foods, higher body mass index (BMI), and 
obesity, albeit with some variations across societies [1–
4]. One explanation is that healthier foods are often less 
affordable and accessible to individuals of low SES back-
grounds, thus increasing consumption of cheaper and 
more abundant energy-dense foods [1, 2, 5]. On the other 
hand, recent research has demonstrated that low subjec-
tive SES (SSES), or subjective feelings of lacking socioec-
onomic resources relative to other people can stimulate 
appetite, resulting in higher food intake, even in the 
absence of actual SES deprivation [6, 7]. Here, we refer 
to appetite as the desire or drive to eat, which may be 
generated by subjective hunger as well as various inter-
nal or external cues (e.g., anticipated pleasure of eating, 
food-related cues) [8]. Although personal experiences 
of SES disadvantage may stimulate appetite, individuals 
may perceive high levels of disparities and inequalities in 
their broader social environment without directly feeling 
disadvantaged by it [9]. Thus, it remains unknown if per-
ceptions of social inequality in one’s society are enough 
to stimulate appetite and increased energy intake even 
in the absence of personal feelings of disadvantage com-
pared to others. The present research aims to investigate 
if the perception of greater levels of social inequality 
within one’s environment contributes to increased appe-
tite and energy intake independent of individuals’ subjec-
tive SES.

Subjective SES disadvantage and appetite
Prior research has identified that SSES is a strong pre-
dictor of various health-related outcomes, and these 
relationships are independent of objective SES indica-
tors such as educational attainment, occupation, and 
actual wealth [10–12]. SSES has also been associated 
with health outcomes linked to appetite and dietary pat-
terns [13, 14], which may partially explain socioeconomic 
disparities in outcomes such as obesity and cardiometa-
bolic health. Recent research has also suggested that the 
perception of being socioeconomically disadvantaged 
compared to others may increase vulnerability to socio-
economic disruptions caused by the COVID-19 pan-
demic, which in turn may increase intentions to consume 
larger food portions [15].

Beyond such correlational and cross-sectional findings, 
research that has examined the effects of experimentally 
manipulated experiences of SSES disadvantage has sug-
gested that SSES may have causal influences on appetite 
and eating behaviors. Notably, when participants were 
experimentally induced to experience disadvantage in 

socioeconomic standing compared to others, they con-
sumed more calories from subsequent snacks and meals 
[6, 13, 16], showed greater sensitivity to energy-signaling 
sensory properties of beverages [17, 18], and exhibited 
increased circulation of the appetite-stimulating hor-
mone ghrelin [19], even while controlling for their objec-
tive SES (e.g., income). Likewise, various experimental 
manipulations to generate acute feelings of personal rela-
tive deprivation (e.g., receiving unfair material outcomes 
compared to others) have subsequently led to the selec-
tion of larger food portion sizes and preferences for more 
palatable rewarding foods [7, 20].

Perceived inequality in society, obesity, and eating 
behaviors
While experimental studies have demonstrated potential 
causal influences of perceptions of personal socioeco-
nomic disadvantage on appetite, food preferences, and 
eating behavior, inequalities and disparities can also be 
a characteristic perceived in one’s immediate environ-
ment or society. As opposed to one’s SSES or personal 
relative deprivation, which captures people’s personal 
perceived social standing compared to others, perceived 
social inequality depicts the distribution of wealth across 
the population of a given society [9]. It encompasses dif-
ferences in opportunities and outcomes to attain wealth, 
social standing, connections, and privileges for indi-
viduals of different social classes [21, 22]. In societies or 
environments with greater degrees of social inequality, 
differences in access to SES resources between those of 
higher and lower SES backgrounds may be more salient, 
conspicuous, and considered more meaningful.

At a societal level, prior research has demonstrated 
that the degree of social inequality may correlate with 
health outcomes across societies [23, 24]. For instance, 
province-level income inequality is associated with lower 
subjective well-being and psychological distress [25]. 
Likewise, obesity rates and higher BMIs across societies 
also associated with greater levels of income inequality 
[26–28].

Excess calorie intake through overeating or selection 
of palatable calorie-dense foods may be one behavio-
ral mechanism in which the magnitude of inequality 
in society may contribute to obesity rates, even in the 
absence personal disadvantage or deprivation. This may 
be because greater levels of perceived inequality in one’s 
society may indirectly signal one’s environment as being 
harsh, resource-scarce, unpredictable, and indicating 
competitiveness and distrustfulness between people [9, 
29, 30]. Such perceptions may motivate greater energy 
intake, consumption of palatable energy-dense foods, or 
eating in the absence of hunger [31–33]. Furthermore, 
such environments may also be stressful, which may 
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contribute to stress-induced eating or selection of larger 
portion sizes [34–36].

Despite this prior research on the relationships 
between societal inequality and obesity and/or food 
intake, there have been limited attempts to disentangle 
and distinguish the effects of subjective socioeconomic 
standing that individuals personally experience from the 
effects of social inequality that individuals perceive in 
their societies. Although an individual is situated within 
a society with high levels of socioeconomic inequality 
(more obvious disparities in resources and opportuni-
ties between social classes), he or she may enjoy relatively 
high subjective socioeconomic standing within that soci-
ety. Although experimental studies have suggested that 
perceptions of personal disadvantaged status or relative 
deprivation may have a causal influence on appetite and 
eating behaviors [7, 20], there has been limited research 
that sought to examine whether perceptions of greater 
degrees of inequality within one’s environment (i.e., 
societal inequality) may likewise stimulate appetite and 
motivations for increased energy intake. Although cross-
sectional studies have shown that societies by higher 
degrees of income inequality may be associated with 
unhealthier dietary patterns and increased risk of obe-
sity and metabolic disease [24, 26, 28], to our knowledge 
there have not been any experimental studies that have 
directly tested whether the magnitude of inequality inci-
dentally perceived in one’s local environment may influ-
ence appetite and eating behavior.

The present research
The present study tested whether experimentally manip-
ulated perceptions of socioeconomic inequality in one’s 
environment could lead to higher levels of appetite and 
food intake. While structural, economic, and institutional 
factors may play a role in determining the dietary quality 
and habits of people in more unequal societies, the pre-
sent research sought to isolate and test the influence of 
perceptions of one’s society as being more unequal. We 
hypothesized that when participants perceived a higher 
level of socioeconomic inequality in society, they would 
select larger food portion sizes (Study 1) and/or consume 
greater amounts of energy from a palatable snack (Study 
2), compared to participants who perceived a lower level 
of socioeconomic inequality in society.

Study 1

Introduction
Study 1 sought to experimentally manipulate the effect of 
perceived inequality in one’s society on appetite. To do so, 
we adopted the Bimboola paradigm [37, 38]. This manip-
ulation involved asking participants to imagine living in 

a new society called Bimboola, where they are provided 
with a middle-class income and lifestyle. We operational-
ized socioeconomic inequality as the differences in earn-
ings, and material products that signal social class and 
privilege between the upper- and lower-income groups 
in Bimboola, with larger disparities between the classes 
representing a more unequal society. Participants’ appe-
tite (represented by the intended amount of food intake) 
was then measured with a computerized Portion Selec-
tion Task in which participants selected desired portion 
sizes for a range of food items [7, 39]. Portion selection 
behavior was targeted as the outcome for Study 1 given 
that it represents intentions to consume greater amounts 
(more energy) of foods, which may reflect stronger appe-
tite following our manipulation.

Methods
Participants
Using G*Power [40], at least 200 participants were 
required to assume a medium effect size of d = 0.40 and 
achieve 80% power (α = 0.05). A total of 204 participants 
were recruited from the United States through Prolific, 
an online platform for recruiting research participants 
and administering online surveys and compensated the 
equivalent of 3£ (pound sterling) for completing the 
survey. Participants who did not properly complete the 
survey (n = 16) were excluded from the study. Addition-
ally, participants who reported currently being on a diet 
(n = 20) or did not respond to this question (n = 1) were 
also excluded from analyses, leaving a final sample of 
167 participants (72 females; Age: 33.76 ± 11.63  years; 
BMI: 26.61 ± 7.81  kg/m2). The study was approved by 
the university’s institutional review board (IRB) and per-
formed in accordance with the relevant guidelines and 
regulations. Informed consent was obtained from all 
participants.

Procedure and materials
This study was pre-registered on Open Science Frame-
work (osf.io/u6v4d) prior to completion of data collection 
and any analysis. Participants were told that the purpose 
of the study was to investigate the relationship between 
individual perceptions of society and food preferences 
before proceeding with an online survey.

Baseline appetite
Participants first completed an appetite rating assess-
ment by rating their levels of hunger (“How hungry do 
you feel right now?”), fullness (“How full do you feel right 
now?”), prospective food consumption (“How much 
do you think you can eat right now?”), and desire to eat 
(“How much do you want to eat right now?”), using 100-
point visual analogue scales (VAS), ranging from “not at 
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all” (0) to “very much” (100), as adapted from Flint and 
colleagues [41]. These items were averaged (with fullness 
reverse-scored) to compute a composite variable of base-
line appetite (α = 0.78).

Perceived societal inequality manipulation
Next, to experimentally manipulate the perception of 
societal socioeconomic inequality, participants were 
asked to imagine living in a hypothetical society called 
Bimboola [37, 38]. Participants were told that Bimboola 
was comprised of three income groups and this categori-
zation was derived from the amount of Bimbolian Dollars 
(BD) that Bimbooleans earned. Participants were ran-
domly assigned to one of two conditions: high inequality 
(n = 84) or low inequality (n = 83), where each condition 
depicted the degree of income inequality in Bimboola. 
In both conditions, participants saw the average monthly 
incomes of 3 income groups in Bimboola. High income 
inequality was represented by the greater income gap 
between the first and the third income groups in the 
high inequality condition compared to the low inequal-
ity condition (see Fig. 1). In each condition, participants 
saw the corresponding distribution of income groups and 
were told that they belonged to the second income group, 
earning 7,000 BD/month. Thus, participants’ income and 
social class (second income group) was identical across 
both the low and high inequality conditions, despite 
greater income disparities between the upper and lower 
social class groups in the high inequality condition.

To increase the saliency and reinforce the manipula-
tion, participants were also exposed to greater (high 
inequality) or lower (low inequality) disparities in 
material and symbolic resources available to people in 
Bimboola. Participants were asked to select a house, 
a car, and a vacation destination to begin a new life in 
Bimboola. For each purchase category, participants 
were presented with images of nine options, divided 
into three brackets (three in each bracket) depending 

on their affordability to the three income groups. For 
example, options in the middle bracket were afford-
able to individuals in the first and the second income 
group (upper and middle class), but not to those in the 
third income group (lower class). Thus, participants 
could only select one out of six options (in the second 
and the third income bracket) per purchase category 
as they could not afford any items in the first bracket 
(exclusively available to the upper class). One exception 
was the vacation options for those in the high inequal-
ity condition. Participants could only choose one out 
of three vacation destinations (in the second income 
bracket) as there were no options in the third income 
bracket, representing the lower class group’s inability to 
afford a vacation at all under high inequality.

As in the income-related component of the manipu-
lation, the disparities in the quality of the houses, cars, 
and vacation options between the high income group 
and low income group were much greater in the high 
inequality condition compared to the low inequality 
condition, while the options presented in the middle 
bracket were identical between the two conditions. For 
instance, in the low inequality condition, the homes 
available to the upper class were large and stylish sin-
gle-family houses while homes available to the lower 
class consisted of trailers or small/modest houses. Yet 
in the high inequality condition, the homes available to 
the upper class consisted of extravagant mansions while 
the homes available to the lower class consisted of small 
houses that were dilapidated and in extreme disrepair.

This manipulation of the magnitude of perceived 
inequality within one’s society has been successfully 
applied in prior research to show that greater perceived 
inequality is associated with subsequent hostility to 
immigration [37], higher levels of independent self-
construal and individualism among participants [30, 
38], and perceived competitiveness that might result in 
higher levels of status anxiety and social vigilance [42, 
43].

Fig. 1 Depiction of income distributions between the upper class (#1), middle class (#2), and lower class (#3) in Bimboola in the high and low 
perceived societal inequality conditions of Studies 1 and 2. Participants were presented to be in the middle class (circled) in both conditions
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Attention/manipulation check
As an attention and manipulation check, respectively, 
two questions were asked: “Which of the following 
income groups were you assigned to?” (1, 2, or 3) and 
“To what extent do you perceive the economic distribu-
tion in Bimboola to be unequal?” using a 100-point VAS 
(0 = “very equal” to 100 = “very unequal”).

Portion selection task
Participants then completed an adaptation of a com-
puterized Portion Selection Task (PST) [7, 39, 44–46]. 
Participants selected their ideal portion sizes of eight 
different food items (chicken nuggets, mixed fruit salad, 
mixed salad with dressing, penne pasta with tomato 
sauce, pepperoni pizza, Pringles original potato chips, 
ramen noodles, and yang chow fried rice), presented 
individually in a randomized order. For each food item, 
participants could dynamically adjust the image of the 
portion size displayed on the screen, with a range of 50 
portion size images per item (see Fig. 2). Each successive 
portion size differed by 20 kcal increments, starting from 
20 kcals up to 1000 kcals. Participants used a keyboard 
to adjust the portion sizes according to the instruction, 
“Your task is to select the portion of that particular food 
item which you would serve yourself for your next meal 
as a citizen of Bimboola.” The average portion size (in 
kcals) across the eight food items was computed.

Subjective socioeconomic status in Bimboola
Next, participants were presented with the MacArthur 
Scale of Subjective Social Status [10] but reworded to 
refer to the society of Bimboola to assess their subjec-
tive socioeconomic standing as a citizen of Bimboola. 
This measure was intended to assess whether the per-
ceived inequality manipulation was influencing societal 

perceptions independent of perceptions of personal 
socioeconomic disadvantage in Bimboola. An image of 
a 10-rung ladder was shown to participants with the fol-
lowing text:

“Think of this ladder as representing where people 
stand in Bimboola. At the TOP of the ladder are the 
people in Bimboola who are the BEST OFF — those 
who have the most money, most education, and 
most respected jobs. At the BOTTOM are the peo-
ple in Bimboola who are the WORST OFF — those 
who have the least money, least education, and least 
respected jobs.
Please select the number that corresponds to the 
rung where you think you stand on this ladder.”

Ratings of food items
Participants also answered how much they liked, how fill-
ing they thought, and how much they wanted to eat each 
of the food items presented in the PST using a 100-point 
VAS (0 = “not at all” to 100 = “very much”). The ratings of 
each of these attributes across the eight foods were com-
puted to generate a composite variable for average liking 
(α = 0.63), perceived fillingness (α = 0.77), and desire to 
eat the food items (α = 0.63). Participants also answered 
how often they ate each of the items, using an 8-point 
Likert-type scale (1 = “never” to 8 = “once a day or more”).

Eating behavior measures
Next, participants completed a series of measures assess-
ing individual differences in eating behaviors. Seven 
items from the restrained eating subscale of the Dutch 
Eating Behavior Questionnaire (DEBQ) [47] were used 
to measure participants’ tendency to restrict food intake 
using a 5-point Likert-type scale (α = 0.95). Participants 
also completed the Tendency to Overeat Scale (TTOS) 
[48], which included items such as, “I stop eating when 

Fig. 2 Sample food item (fried rice) and selected images from the computerized food portion selection task. For each item presented, participants 
could change the portion size depicted on the plate by pressing the ‘left’ and ‘right’ arrow keys. Each food item consisted of 50 portion sizes that 
differed by 20 kcal increments
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I am full” and “I know when I am full”, using a 5-point 
Likert-type scale (1 = “disagree” to 5 = “agree”) (α = 0.87).

Personal relative deprivation
Participants also completed the four-item Personal Rela-
tive Deprivation Scale (PRDS) which assessed their dis-
content for personally feeling worse off than other people 
(α = 0.70) [49]. For example, participants answered “I feel 
resentful when I see how prosperous other people seem 
to be”, using a 5-point Likert-type scale (1 = “disagree” to 
5 = “agree”). This measure was included to confirm that 
participants assigned to the low or high inequality groups 
did not systematically differ in chronic feelings of per-
sonal relative deprivation.

Demographics
Participants finally stated their gender, age, height, mass, 
ethnicity, gross household monthly income,1 and whether 
they were dieting or having any dietary restrictions, as 
well as completed the MacArthur Scale of Subjective 
Social Status but in the context of the USA. Participants 
were debriefed at the conclusion of the survey.

Results
Participant characteristics across conditions
Overall, one-way ANOVAs and chi-squared tests (for 
gender) showed that participants in the high and low 

inequality conditions did not systematically differ in 
variables related to appetite, eating behaviors, or demo-
graphic background (see Table  1). No significant dif-
ferences were observed between the two groups on: 
distribution of gender across conditions, age, BMI,2 
baseline appetite composite, average ratings of food lik-
ing, how filling the foods were, how frequently the foods 
were consumed and wanting to eat the foods were that 
were presented in the portion selection task; DEBQ aver-
age ratings, TTOS average ratings, PRDS average ratings, 
and household income. The mean ratings for monthly 
household income of both the low and high inequality 
groups were in the $6000 to $7999 range. These findings 
suggest that participants in both conditions did not sys-
tematically differ in potentially confounding background 
characteristics.

Attention/manipulation check
All participants correctly identified that they had 
been assigned to the second (middle) income group in 
Bimboola. T-test revealed there was a significant dif-
ference between conditions on perceptions of ine-
quality in Bimboola. Participants in high inequality 
condition (M = 79.42 ± 18.03) rated Bimboola as being 
more unequal than participants in low inequality condi-
tion (M = 54.77 ± 25.00), t(165) = 7.31, p < 0.001. There 
was, however, no significant difference between high 
inequality (M = 5.77 ± 1.01) and low inequality conditions 
(M = 5.64 ± 1.22) on perceptions of personal SES within 
Bimboola, t(165) = 0.78, p = 0.44.

Table 1 Study 1 participant characteristics

DEBQ Dutch Eating Behavior Questionnaire, TTOS Tendency to Overeat Scale, PRDS Personal Relative Deprivation Scale

Variable Low Inequality (M ± SD) High Inequality (M ± SD) t (or  X2 for 
Gender)

df p

Gender N = 37 females
N = 46 males

N = 35 females
N = 49 males

.14 1 .704

Age 34.46 ± 11.87 33.07 ± 11.41 .77 165 .221

BMI 26.01 ± 7.77 27.21 ± 7.92 1.00 165 .160

Baseline appetite composite 42.68 ± 9.22 44.92 ± 8.21 1.66 165 .099

Liking 64.84 ± 14.80 66.59 ± 12.39 .83 165 .408

Filling 61.80 ± 13.61 61.63 ± 14.17 .08 165 .939

Frequency of consumption 3.43 ± 0.92 3.39 ± 0.88 .24 165 .811

Wanting 56.14 ± 16.08 59.70 ± 13.41 1.55 165 .123

DEBQ 2.31 ± 0.83 2.17 ± 0.71 1.17 165 .245

TTOS 3.98 ± 0.73 3.87 ± 0.86 .92 165 .357

PRDS 2.55 ± 0.87 2.70 ± 0.91 1.12 165 .263

Household income 4.75 ± 4.27 4.95 ± 4.06 .32 165 .751

1 Participants answered their household income on a 13-point Likert-
type scale with each point indicating a range of possible income values: 1) 
$0-$1999; 2) $2000—$3999; 3) $4000—$5999; 4) $6000—$7999; 5) $8000—
$9999; 6) $10,000—$11,999; 7) $12,000 – 13,999; 8) $14,000—$15,999; 9) 
$16,000—$17,999; 10) $18,000—$19,999; 11) $20,000—$21,999; 12) $22,000—
$23,999; 13) more than $24,000.

2 Although BMI data were collected, a number of values were found to be too 
extreme and hence treated as potentially invalid (e.g., some participants may 
have misreported their height or weight).



Page 7 of 13Cheon et al. BMC Public Health         (2023) 23:1237  

Hypothesis testing
An ANCOVA was conducted to test the effect of percep-
tions of inequality on the average portion size selected 
(in kcals) during the portion selection task while control-
ling for baseline appetite composite as a covariate. There 
was no significant difference between high inequal-
ity (M = 429.20 ± 132.92) and low inequality conditions 
(M = 436.75 ± 155.08) on average portion size selected, 
F(1, 164) = 0.27, p = 0.60, and thus our hypothesis was not 
supported.

We conducted an equivalence test [50], to determine 
whether the effect size for the differences in mean por-
tion sizes selected between the low and high inequal-
ity conditions may indeed be considered statistically 
equivalent (rather than statistically different, as tested 
with an ANCOVA above). The lower and upper equiva-
lence bounds for the effect size comparing mean portion 
size across the two conditions were set to  dlower = -0.40 
and  dupper = 0.40, respectively. An effect size of 0.40 is 
the effect that the current study was powered to detect. 
The 90% confidence intervals of the effect size for dif-
ferences in portion sizes between the low and high ine-
quality conditions ranged from -0.31 to 0.20. Given that 
the confidence interval was within the lower and upper 
equivalence bounds, one can reject the hypothesis that 
the true effect is more extreme than -0.04 or 0.04, sug-
gesting the effect of the inequality condition is statisti-
cally equivalent.

Study 1 Discussion
Study 1 aimed to investigate the effect of perceived ine-
quality in one’s society on appetite as measured by par-
ticipants’ desired portion sizes. While the Bimboola 
paradigm successfully generated differences in par-
ticipants’ perceptions of societal inequality, we did not 
observe support for our hypothesis that higher levels of 
perceived societal inequality would contribute to selec-
tion of larger portion sizes.

One possible explanation is that participants may not 
have felt personally disadvantaged even if they perceived 
their society (e.g., Bimboola) to be more unequal in the 
high inequality condition, given no significant differences 
in subjective SES reported within Bimboola between 
the two conditions. Although prior studies have found 
societal income inequality is associated with diet qual-
ity and obesity [26–28], these processes may emerge 
through more unequal environments generating feel-
ings of personal disadvantage. This is in line with more 
recent observations that societal inequality may need to 
be perceived or experienced in order to affect health and 
well-being [9], possibly by contributing to impressions of 
personal disadvantage.

An alternate explanation for the lack of differences in 
portion sizes observed between conditions is that the low 
inequality condition may unintentionally be producing 
some perceptions of inequality. Although impressions of 
disparities between the income groups in Bimboola were 
much smaller in the low inequality condition (vs. the high 
inequality condition), the low inequality condition still 
exposed participants to class differences in Bimboola. 
Due to a lack of a neutral control condition in Study 1, we 
were not able to assess this possibility.

Another limitation of Study 1 was that the effect of 
perceived societal inequality on appetite may not be ade-
quately captured by portion selection behavior. Although 
commonly consumed food items were presented in 
the portion selection task, there was a relatively limited 
selection of eight food items. It is also possible that the 
effects of perceived societal inequality may not necessar-
ily manifest in planning of how much to eat, but could be 
expressed in other eating behaviors, such as the amount 
of palatable snack foods consumed ad  libitum. Thus, we 
conducted Study 2 to address these limitations and to 
conceptually replicate the null findings for our hypothesis 
in Study 1.

Study 2

Introduction
Study 2 sought to confirm that perceived societal ine-
quality does not robustly affect appetite in the absence of 
perceived personal disadvantage. We sought to conceptu-
ally replicate Study 1 using the same Bimboola paradigm 
to manipulate perceptions of socioeconomic disparities 
in one’s society, except with the addition of a neutral con-
trol condition (without salient class disparities). Finally, 
instead of measuring participants’ desired portion sizes 
in response to the experimental manipulation, partici-
pants’ actual food intake was measured through ad  libi-
tum consumption of a palatable, yet energy-dense snack 
(potato chips), given prior research suggesting that the 
influence of signals of scarcity or relative deprivation on 
eating behaviors may be more sensitive for energy-dense 
foods [31, 32].

Methods
Participants
Using G*Power [40], approximately 159 participants were 
required to assume a medium effect size of f = 0.25 and 
achieve 80% power (α = 0.05). Data from an initial set of 
participants were first collected and analysed for a stu-
dent project (n = 79) before continuing with another 
round of continued data collection (n = 90), as analysis of 
the first set of data collected was required for completion 
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of the student project. Thus, a total of 169 participants 
from a Singaporean university completed the survey. Par-
ticipants were either compensated 5 Singaporean Dol-
lars or awarded one research participation class credit 
for participation. Participants who reported being on a 
diet were excluded from analyses (n = 14). An additional 
participant was also excluded for completing the survey 
quickly with haphazard responses, leaving a final sample 
of 154 participants (108 females; Age: 23.16 ± 2.00; BMI: 
21.23 ± 3.08 kg/m2). The study was approved by the uni-
versity’s IRB and performed in accordance with the rel-
evant guidelines and regulations. Informed consent was 
obtained from all participants.

Procedure and materials
Like Study 1, participants were told that the purpose of 
the study was to investigate the relationship between 
individual perceptions of society and food preferences.

Baseline appetite
Participants first completed the same baseline appetite 
questions presented in Study 1 (hunger, fullness, pro-
spective food consumption, and desire to eat), using 100-
point visual analogue scales (VAS), ranging from “not at 
all” (0) to “very much” (100) [48]. These items were aver-
aged (with fullness reverse-scored) to compute a com-
posite variable of baseline appetite (α = 0.92).

Perceived societal inequality manipulation
Participants completed a similar Bimboola manipula-
tion but were randomly assigned to one of three, instead 
of two, groups: high inequality (n = 54), low inequality 
(n = 47), or control (n = 53). The control condition was 
introduced to examine if perceived inequality generally 
increases appetite regardless of the magnitude of income 
inequality (high or low) in Bimboola. As such, the dis-
tribution of income groups in Bimboola was not shown 
to the control group. Rather, they began by selecting a 
house, a car, and a holiday destination to start living in 
Bimboola. Participants in the control condition were only 
given the three options in the middle income bracket 
(middle class) per purchase category, while those in other 
conditions (high and low inequality) could still see the 
options available to the low and high income groups, 
as in Study 1. Holiday destinations in Study 2 were also 
modified to fit into the Singaporean context. One exam-
ple was the addition of a vacation at Genting Highlands 
(in nearby Malaysia) to replace the option for a motor-
home road trip in the middle income bracket in Study 
1. Housing and car options remained unchanged from 
Study 1.

Manipulation check
Participants completed the manipulation check of per-
ceived inequality in Bimboola used in Study 1 of the 
income group they were assigned to in Bimboola and 
the degree of economic inequality in Bimboola, although 
those in the control condition were not required to verify 
their income group.

Subjective socioeconomic status in Bimboola
As in Study 1, participants indicated their subjective soci-
oeconomic status within Bimboola on the MacArthur 
Scale of Subjective Social Status. Additionally, partici-
pants rated the extent to which they would experience 6 
different feelings or emotions in Bimboola on 100-point 
VAS scales (0 = “strongly disagree” to 100 = “strongly 
agree”): “I am envious of what others have in Bimboola,” 
“I am grateful for what I have in Bimboola,” “What I have 
in Bimboola may be inadequate,” “I am happy with what 
I have in Bimboola,” “I feel stressed living as a citizen in 
Bimboola,” and “I feel anxious living as a citizen in Bim-
boola.” These items were included in Study 2 to assess 
the influence of other incidental negative or positive 
experiences produced by the inequality manipulation on 
eating behavior. The items for envy, gratefulness (reverse-
scored), inadequacy, and happiness (reverse-scored) were 
averaged into a composite measure of the experience of 
emotions associated with perceived deprivation and dis-
advantage (α = 0.70).

Ad libitum snack consumption
Unlike Study 1, participants were not required to com-
plete the computerized portion selection task. Instead, 
they were provided with the opportunity for ad  libitum 
snack consumption in the form of a bogus taste test [51] 
once they had completed the first half of the survey. Par-
ticipants were presented with a bowl of approximately 
75 g of potato chips (approximately 210 g total weight of 
chips and serving bowl combined) and instructed to con-
sume as many potato chips as required to reliably evaluate 
the chips’ levels of sweetness, pleasantness, flavourfulness, 
blandness, and bitterness, using 100-point VAS (0 = “not 
at all” to 100 = “very much”). This was a bogus taste 
test intended to prevent potential demand characteris-
tics from participants. Participants were also told that 
since any leftover chips would be disposed of after the 
study, they were allowed to continue eating throughout 
the remaining of the study. Participants then rated how 
much they liked, how filling they thought, and how much 
they wanted to generally eat chips using 100-point VAS 
(0 = “not at all” to 100 = “very much”). They also answered 
how often they ate potato chips, using an 8-point Likert-
type scale (1 = “never” to 8 = “once a day or more”).
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Individual difference measures and demographics
Finally, participants completed the same items from the 
restrained eating subscale of the Dutch Eating Behavior 
Questionnaire (DEBQ) as in Study 1 (α = 0.90), Personal 
Relative Deprivation Scale (PRDS) (α = 0.71), and demo-
graphic questions that were presented in Study 1. The 
TTOS was excluded in Study 2 since it was not central 
to testing our hypotheses and to reduce participant bur-
den with the amount of measures in the study. The sec-
ond MacArthur Scale of Subjective Social Status was also 
included with respect to participants’ standing in their 
actual society (Singapore), rather than Bimboola. Partici-
pants were debriefed accordingly.

Results
Participant characteristics across conditions
Overall, participants in high inequality, low inequality, 
and control conditions did not systematically differ in 
background variables related to appetite, eating behav-
iors, or demographic background (see Table 2). One-way 
ANOVAs and chi-squared test (for gender) revealed no 
significant differences between the three groups on: dis-
tribution of gender across conditions, age, BMI, baseline 
appetite composite, average ratings of liking and how 
filling and wanting to eat potato chips, taste test ratings 
of whether chips were pleasant, sweet, bland, salty, and 
flavourful, DEBQ average ratings, PRDS average ratings, 
household income, and Singapore SSES ladder.

However, there was a significant difference between 
conditions on the reported frequency of consumption 
of potato chips, F(2, 151) = 6.14, p = 0.003. Bonferroni 
post-hoc comparisons showed that participants in the 
high inequality condition (M = 3.89 ± 1.27) consumed 
potato chips significantly more frequently than those in 
the low inequality condition (M = 3.13 ± 1.14), p = 0.006, 
and those in the control condition (M = 3.23 ± 1.20), 
p = 0.02. Participants in the low inequality and control 
conditions did not significantly differ in their frequency 
of consumption of potato chips, p = 1.000. Since the 
frequency of consumption was found to differ across 
conditions, it was included as a covariate in subsequent 
hypothesis tests.

Manipulation check
Similar to Study 1, a one-way ANOVA revealed there 
was a significant difference between conditions on per-
ceptions of inequality in Bimboola, F(2, 151) = 17.55, 
p < 0.001. Bonferroni post-hoc comparisons showed 
that participants in the high inequality condition 
(M = 66.54 ± 21.42) perceived Bimboola to be signifi-
cantly more unequal than low inequality participants 
(M = 46.53 ± 21.17), p < 0.001, as well as participants in 
the control condition (M = 44.21 ± 21.34), p < 0.001. Par-
ticipants in the low inequality and control conditions did 
not significantly differ in their perceptions of inequality 
in Bimboola, p = 1.00.

Table 2 Study 2 participant characteristics

DEBQ Dutch Eating Behavior Questionnaire, TTOS Tendency to Overeat Scale, PRDS Personal Relative Deprivation Scale

Variable High Inequality (M ± SD) Low Inequality (M ± SD) Control (M ± SD) F (or  X2 for 
Gender)

df p

Gender N = 35 females
N = 19 males

N = 31 females
N = 16 males

N = 42 females
N = 11 males

3.221 2 .200

Age 20.98 ± 1.73 21.23 ± 1.96 21.28 ± 2.27 .35 2, 151 .707

BMI 20.84 ± 2.82 21.75 ± 3.59 21.17 ± 2.81 1.09 2, 150 .399

Baseline appetite composite 49.81 ± 29.16 51.30 ± 25.95 48.93 ± 26.11 .10 2, 151 .908

Liking 69.00 ± 19.34 65.38 ± 21.96 62.98 ± 20.29 1.17 2, 151 .313

Filling 48.78 ± 23.49 49.79 ± 21.37 45.94 ± 22.80 .40 2, 151 .674

Wanting 64.17 ± 20.65 58.26 ± 21.30 56.08 ± 21.96 2.06 2, 151 .131

Frequency of consumption 3.89 ± 1.27 3.13 ± 1.14 3.23 ± 1.20 6.14 2, 151 .003

Pleasant 72.22 ± 17.37 70.26 ± 18.54 69.13 ± 16.68 .43 2, 151 .653

Sweet 28.83 ± 21.34 29.38 ± 21.33 28.58 ± 21.03 .02 2, 151 .982

Bland 34.41 ± 23.46 34.19 ± 23.86 39.91 ± 20.24 1.07 2, 151 .340

Salty 57.54 ± 18.96 60.04 ± 18.93 53.87 ± 21.40 1.24 2, 151 .294

Flavourful 57.59 ± 20.05 57.26 ± 19.90 58.49 ± 18.46 .06 2, 151 .947

DEBQ 2.30 ± 0.73 2.31 ± 0.71 2.53 ± 0.85 1.17 2, 151 .312

PRDS 2.37 ± 0.82 2.35 ± 0.66 2.39 ± 0.80 .03 2, 151 .973

Household income 5.07 ± 2.89 4.68 ± 2.31 5.31 ± 2.54 .44 2, 151 .648

Singapore SSES ladder 5.89 ± 1.53 6.02 ± 1.19 6.00 ± 1.37 .14 2, 151 .871
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However, unlike Study 1, participants also significantly 
differed across conditions on where they placed them-
selves on the subjective SES ladder in Bimboola, F(2, 
151) = 4.33, p = 0.02. Using Bonferroni post-hoc com-
parisons, we found that participants in the low inequality 
condition (M = 6.02 ± 1.05) rated their SSES in Bimboola 
significantly lower than those in the control condition 
(M = 6.66 ± 1.33), p = 0.01. High inequality participants 
(M = 6.28 ± 0.86) did not rate their SSES in Bimboola 
significantly differently than those in the  low inequal-
ity condition, p = 0.73, or those in the control condition, 
p = 0.22.

Next, there was a significant difference between condi-
tions on composite feelings of envy, gratefulness, inad-
equacy, and happiness in Bimboola, F(2, 151) = 3.42, 
p = 0.04. Using Bonferroni post-hoc comparisons, par-
ticipants in the control condition (M = 32.85 ± 12.32) 
scored significantly lower on composite feelings of disad-
vantage than participants in the high inequality condition 
(M = 39.23 ± 15.57), p = 0.047. However, no difference 
was found between participants in the low inequal-
ity (M = 38.28 ± 12.19) and high inequality conditions, 
p = 1.00, and between participants in the low and control 
condition, p = 0.14.

Furthermore, we found a significant difference 
across conditions on feelings of stress in Bimboola, 
F(2, 151) = 4.21, p = 0.02. Bonferroni post-hoc com-
parisons revealed that participants in the low inequal-
ity condition (M = 32.60 ± 18.77) scored significantly 
lower than participants in the high inequality condition 
(M = 43.70 ± 19.67), p = 0.01. Participants in the control 
condition (M = 39.70 ± 19.46) did not score differently 
than high inequality participants, p = 0.86, and low ine-
quality participants, p = 0.21.

Lastly, we found a significant difference across condi-
tions on feelings of anxiety in Bimboola, F(2, 151) = 5.94, 
p = 0.003. According to Bonferroni post-hoc com-
parisons, participants in the low inequality condition 
(M = 28.70 ± 18.01) scored significantly lower than those 
in the high inequality condition (M = 41.93 ± 20.15), 
p = 0.002, but they did not score differently than those in 
the control condition (M = 37.23 ± 19.79), p = 0.09. There 
was no difference between the high inequality and con-
trol conditions, p = 0.64.

Hypothesis testing
We tested the effect of perceptions of inequality in soci-
ety on the amount of chips consumed with a one-way 
ANCOVA controlling for baseline appetite composite 
and frequency of consumption of chips as covariates. 
The amount of chips consumed by participants had a 
positive skew and was not normally distributed, as 
indicated by a Kolmogorov–Smirnov test of normality, 

p < 0.001. A square-root transformation was applied, 
which produced a normal distribution of the amount 
of chips consumed, p = 0.20. Using untransformed 
data, there was no significant difference between par-
ticipants in the high inequality (M = 20.64 ± 18.37, low 
inequality (M = 18.69 ± 14.90), and control conditions 
(M = 19.89 ± 15.23), F(2, 149) = 0.10, p = 0.90. Similar 
results were observed using the transformed data for 
chips consumption: high inequality (M = 4.15 ± 1.86, 
low inequality (M = 3.94 ± 1.79), and control conditions 
(M = 4.11 ± 1.76), F(2, 149) = 0.19, p = 0.83.

As in Study 1, we conducted an equivalence test to 
determine whether the effect size for the differences in 
mean chips consumed between the high inequality and 
neutral control condition may indeed be considered 
statistically equivalent. We focused on these two condi-
tions, since perceiving high inequality in society is con-
ceptualized as a risk for increased appetite and energy 
intake, rather than perceiving low inequality as having 
an appetite-suppressing effect. As in Study 1, the lower 
and upper equivalence bounds for the effect size com-
paring outcomes across these two conditions were set 
to  dlower = -0.04 and  dupper = 0.04, respectively. The 90% 
confidence intervals of the effect size for differences in 
among of chips consumed between the high inequal-
ity and control conditions ranged from -0.36 to 0.27, 
suggesting the effect of high inequality is statistically 
equivalent to a neutral control condition. However, the 
90% confidence interval for the effect did not fall within 
the equivalence bounds when comparing the effect of 
the low inequality and control condition (-0.25 to 0.41) 
or when comparing the low and high inequality condi-
tions (-0.44 to 0.21).

Unlike Study 1, our Bimboola manipulation in Study 
2 seemed to induce some feelings of personal disad-
vantage (e.g., placing oneself lower on the ladder of 
subjective SES in Bimboola, reporting higher compos-
ite feelings of disadvantage). We ran a hypothesis test 
while additionally controlling for subjective SES, F(2, 
148) = 0.18, p = 0.84, and composite feelings of disad-
vantage, F(2, 148) = 0.13, p = 0.88, but still found no 
differences between conditions on chips consumption. 
Similar results were observed using the transformed 
data for chips consumption while controlling for sub-
jective SES, F(2, 148) = 0.354, p = 0.70, and composite 
feelings of disadvantage, F(2, 148) = 0.24, p = 0.79.

Study 2 Discussion
Study 2 was intended to verify the null results of Study 1 
while addressing some limitations of Study 1. Even with 
the inclusion of a neutral control condition and directly 
measuring ad  libitum snack consumption, we observed 
parallel results of the two studies, such that perceptions 
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of greater levels of inequality in society did not lead to 
increased food intake.

Nonetheless, unlike Study 1, Study 2 generated some 
differences in participants’ ratings of perceived personal 
disadvantage or low SSES in Bimboola. Yet, these differ-
ences were largely observed between the control condi-
tion and the low inequality condition, suggesting that 
even lower levels of perceived disparities between social 
classes could generate such feelings compared to an 
absence of any salient socioeconomic disparities in the 
control condition. Finally, controlling for these feelings in 
our hypothesis test still revealed no unique effect of per-
ceived inequality in society on food intake patterns, sup-
porting the idea that disparities perceived incidentally in 
one’s environment may alone be insufficient to stimulate 
appetite.

General discussion
The current research sought to isolate and explore the 
effects of perceived socioeconomic inequality in one’s 
society, rather than subjective personal disadvantage per 
se, on appetite and eating behavior. Unlike prior cross-
sectional research on the relationship between society-
level indicators of inequality (e.g., Gini coefficient) on 
aggregate diet quality or incidences of obesity across 
societies, the current studies were designed to test the 
causal effect that salient disparities between classes have 
on eating behavior. Both studies did not show support for 
the prediction that greater perceived inequality in soci-
ety influences participants’ desired portion sizes and the 
amount of snack food consumed.

Despite the null findings, the perceived societal ine-
quality manipulations used in the current studies were 
largely successful in isolating and generating impres-
sions of one’s society (Bimboola) as being more/less 
unequal while minimizing influences on perceptions of 
personal socioeconomic disadvantage in society. While 
the high inequality condition consistently perceived Bim-
boola to be more unequal in both studies, participants 
in high and low inequality conditions in Study 1 did not 
report differences in subjective feelings of disadvantage 
within Bimboola. Although participants reported differ-
ences in subjective SES in Bimboola across conditions 
in Study 2, this experience of personal disadvantage was 
not consistent or confounded with perceptions of soci-
etal inequality, such that participants in the low inequal-
ity (instead of high inequality) condition reported lower 
subjective SES than the control condition, and the low 
and high inequality conditions did not differ in impres-
sions about personal disadvantage. Furthermore, the null 
effect of perceived societal inequality on eating behav-
iors persisted even after controlling for subjective SES 

and composite feelings of disadvantage in Bimboola. 
Overall, these two studies provide a novel investigation 
of whether greater salience of socioeconomic disparities 
between classes in one’s society may stimulate appetite in 
the absence of perceived personal socioeconomic depri-
vation or disadvantage.

A notable potential implication of the null effects of 
perceived societal inequality is that subjective feelings 
of personal disadvantage may be an important com-
ponent for perceived inequality in one’s society to con-
tribute to increased appetite and energy intake. Prior 
cross-societal research has suggested that societies and 
communities marked by greater economic inequality are 
associated with higher incidences of obesity and poorer 
diets [24, 26, 27, 52], while a growing body of research 
using experimental methods has revealed that personal 
feelings of socioeconomic deprivation and unequal out-
comes may have a causal contribution to motivations for 
increased energy intake [6, 7, 13, 16, 18, 20]. The design 
of the current studies falls between these two bodies of 
prior research, by experimentally situating individuals 
and their eating behaviors within a local environment 
perceived as more (or less) socioeconomically unequal 
to examine whether perceiving greater class disparities 
in society could contribute to similar obesogenic behav-
iors and dietary outcomes. The null effects along with 
equivalence tests in our studies may provide some recon-
ciliation between the aforementioned bodies of literature, 
suggesting that salient socioeconomic inequalities may 
be affecting appetite and energy intake through personal 
feelings of disadvantage. We recommend substantiating 
this conclusion with further confirmatory research, such 
as studies that systematically examine when and how 
perceived inequality in society may generate personal 
feelings of disadvantage.

One limitation of this research is that the Bimboola 
manipulation and personal SES disadvantage measures 
were framed within a hypothetical society (Bimboola) 
and not within participants’ actual society. Addition-
ally, the portion selection task was also framed to 
reflect portions participants would ideally consume 
as a citizen of Bimboola. Consequently, perceived ine-
quality in Bimboola may be less predictive of appetite 
and eating behaviors in other contexts. Yet, one pos-
sible counterargument is that prior studies using the 
Bimboola paradigm have shown that perceived soci-
etal inequality in Bimboola may still affect partici-
pants’ real-world social judgments and attitudes [53]. 
Nonetheless, future research should manipulate and 
contextualize perceived disparities within participants’ 
own society (e.g., highlighting increasing inequality in 
one’s country) to address whether perceived societal 
inequalities have a unique contribution to obesogenic 
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eating behaviors or exert their influence through some 
forms of personal socioeconomic disadvantage. Anxi-
ety and stress associated with inequality, rather than 
perceived disadvantage produced by inequality per se, 
are other important considerations for future research. 
Finally, although we did not observe effects of per-
ceived inequality on behaviors related to the quantity 
of food one may consume (desired portion sizes or 
amount of food consumed), perceived inequality may 
exert effects on other outcomes such as food prefer-
ences or choice, which may be promising targets for 
future research.

Abbreviations
SES  Socioeconomic status
BMI  Body mass index
SSE  Subjective socioeconomic status
VAS  Visual analogue scale(s)
BD  Bimbolian Dollars
PST  Portion Selection Task
DEBQ  Dutch Eating Behavior Questionnaire
TTOS  Tendency to Overeat Scale
PRDS  Personal Relative Deprivation Scale

Acknowledgements
We would like to thank Ciaran Forde and Edwin Chia for the preparation of the 
computerized portion selection task stimuli and Jin Jin Lim for assistance with 
data organization.

Authors’ contributions
BKC and XL designed the study, managed and analyzed data. XL conducted 
the experiments and collected data. DJW and AL provided inputs on interpre-
tation of results. BKC and DJW wrote the manuscript with feedback from AL 
and XL.

Funding
Open Access funding provided by the National Institutes of Health (NIH) BKC’s 
contribution to this work was supported by the Ministry of Education (MOE) 
Academic Research Fund Tier 1 Grant (2018-T1-002–024), A*STAR Industry 
Alignment Fund Pre-Positioning (IAF-PP) Grant (BMSI/17-07805E-R20H), and 
by the Intramural Research Program of theEunice Kennedy ShriverNational 
Institute of Child Health and Human Development (ZIAHD009004-01656312). 
AL’s contribution to this work was supported by a Ministry of Education Academic 
Research Fund Tier 1 Grant (RG153/18).

Availability of data and materials
Data can be accessed online from OSF.io.
Study 1 data: https:// mfr. osf. io/ render? url= https:// osf. io/ az87f/? direct% 
26mode= render% 26act ion= downl oad% 26mode= render
Study 2 data: https:// mfr. osf. io/ render? url= https:// osf. io/ egvxq/? direct% 
26mode= render% 26act ion= downl oad% 26mode= render

Declarations

Ethics approval and consent to participate
Ethics review and approval was completed by the Institutional Review Board 
of Nanyang Technological University. All methods were carried out in accord-
ance with the relevant guidelines and regulations. All participants provided 
informed consent to participate in the study.

Consent for publication
Not applicable.

Competing interests
Authors have no competing/conflicting interests to declare.

Author details
1 Social and Behavioral Sciences Branch, Division of Intramural Population 
Health Research, Eunice Kennedy Shriver National Institute of Child Health 
and Human Development, National Institutes of Health, 6710B Rockledge Dr., 
Room 3166, Bethesda, MD 20817, USA. 2 School of Social Sciences (Psychol-
ogy), Nanyang Technological University, Singapore, Singapore. 

Received: 27 April 2022   Accepted: 16 June 2023

References
 1. Darmon N, Drewnowski A. Does social class predict diet quality? Am J 

Clin Nutr. 2008;87(5):1107–17.
 2. Darmon N, Drewnowski A. Contribution of food prices and diet cost to 

socioeconomic disparities in diet quality and health: a systematic review 
and analysis. Nutr Rev. 2015;73(10):643–60.

 3. Fradkin C, Wallander JL, Elliott MN, Tortolero S, Cuccaro P, Schuster MA. 
Associations between socioeconomic status and obesity in diverse, 
young adolescents: variation across race/ethnicity and gender. Health 
Psychol. 2015;34:1–9.

 4. McLaren L. Socioeconomic status and obesity. Epidemiol Rev. 
2007;29:29–48.

 5. Hojjat TA, Hojatt R: Economics of Obesity: Springer; 2021.
 6. Cheon BK, Hong Y-Y. Mere experience of low subjective socioeco-

nomic status stimulates appetite and food intake. Proc Natl Acad Sci. 
2017;114(1):72–7.

 7. Sim AY, Lim EX, Forde CG, Cheon BK. Personal relative depriva-
tion increases self-selected portion sizes and food intake. Appetite. 
2018;121:268–74.

 8. Rogers PJ, Brunstrom JM. Appetite and energy balancing. Physiol Behav. 
2016;164:465–71.

 9. Willis GB, García-Sánchez E, Sánchez-Rodríguez Á, García-Castro JD, 
Rodríguez-Bailón R. The psychosocial effects of economic inequality 
depend on its perception. Nature Reviews Psychology. 2022;1(5):301–9.

 10. Adler NE, Epel ES, Castellazzo G, Ickovics JR. Relationship of subjec-
tive and objective social status with psychological and physiological 
functioning: preliminary data in healthy white women. Health Psychol. 
2000;19:586–92.

 11. Singh-Manoux A, Adler NE, Marmot MG. Subjective social status: its deter-
minants and its association with measures of ill-health in the Whitehall II 
study. Soc Sci Med (1982). 2003;56(6):1321–33.

 12. Singh-Manoux A, Marmot MG, Adler NE. Does subjective social status 
predict health and change in health status better than objective status? 
Psychosom Med. 2005;67(6):855–61.

 13. Bratanova B, Loughnan S, Klein O, Claassen A, Wood R. Poverty, inequality, 
and increased consumption of high calorie food: experimental evidence 
for a causal link. Appetite. 2016;100:162–71.

 14. Moore CJ, Cunningham SA. Social position, psychological stress, and 
obesity: a systematic review. J Acad Nutr Diet. 2012;112(4):518–26.

 15. Cheon BK, Lee LL. Subjective socioeconomic disadvantage is indirectly 
associated with food portion selection through perceived disruption of 
personal resources during a nationwide COVID-19 stay-at-home order. 
Appetite. 2022;178: 106158.

 16. Cardel M, Johnson S, Beck J, Dhurandhar E, Keita A, Tomczik A, Pavela G, 
Huo T, Janicke D, Muller K. The effects of experimentally manipulated 
social status on acute eating behavior: a randomized, crossover pilot 
study. Physiol Behav. 2016;162:93–101.

 17. Cheon BK, Lim EX, McCrickerd K, Zaihan D, Forde CG. Subjective socioec-
onomic status modulates perceptual discrimination between beverages 
with different energy densities. Food Qual Prefer. 2018;68:258–66.

 18. Lim EX, Forde CG, Cheon BK. Low subjective socioeconomic status alters 
taste-based perceptual sensitivity to the energy density of beverages. 
Physiol Behav. 2020;223: 112989.

 19. Sim AY, Lim EX, Leow MK, Cheon BK. Low subjective socioeconomic 
status stimulates orexigenic hormone ghrelin – a randomised trial. 
Psychoneuroendocrinology. 2018;89:103–12.

https://mfr.osf.io/render?url=https://osf.io/az87f/?direct%26mode=render%26action=download%26mode=render
https://mfr.osf.io/render?url=https://osf.io/az87f/?direct%26mode=render%26action=download%26mode=render
https://mfr.osf.io/render?url=https://osf.io/egvxq/?direct%26mode=render%26action=download%26mode=render
https://mfr.osf.io/render?url=https://osf.io/egvxq/?direct%26mode=render%26action=download%26mode=render


Page 13 of 13Cheon et al. BMC Public Health         (2023) 23:1237  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 20. van Rongen S, Handgraaf M, Benoist M, de Vet E. The effect of personal 
relative deprivation on food choice: an experimental approach. PLoS 
ONE. 2022;17(1): e0261317.

 21. Peterson EWF. Is economic inequality really a problem? a review of the 
arguments. Social Sci. 2017;6(4):147.

 22. Payne K: The broken ladder: How inequality affects the way we think, live, 
and die: Penguin; 2018.

 23. Pickett KE, Wilkinson RG. Child wellbeing and income inequality in rich 
societies: ecological cross sectional study. BMJ (Clinical research ed). 
2007;335(7629):1080.

 24. Wilkinson RG, Pickett KE. Income inequality and social dysfunction. Ann 
Rev Sociol. 2009;35(1):493–511.

 25. Du H, King RB, Chi P. Income inequality is detrimental to long-term 
well-being: a large-scale longitudinal investigation in China. Soc Sci Med. 
2019;232:120–8.

 26. Wilkinson R, Pickett K: The spirit level: Why greater equality makes socie-
ties stronger: Bloomsbury Publishing USA; 2011.

 27. Vogli RD, Kouvonen A, Elovainio M, Marmot M. Economic globalization, 
inequality and body mass index: a cross-national analysis of 127 coun-
tries. Crit Public Health. 2014;24(1):7–21.

 28. Kim D, Kawachi I, Hoorn SV, Ezzati M. Is inequality at the heart of it? cross-
country associations of income inequality with cardiovascular diseases 
and risk factors. Soc Sci Med (1982). 2008;66(8):1719–32.

 29. Buttrick NR, Oishi S. The psychological consequences of income inequal-
ity. Soc Pers Psychol Compass. 2017;11(3): e12304.

 30. Sánchez-Rodríguez Á, Willis GB, Jetten J, Rodríguez-Bailón R. Economic 
inequality enhances inferences that the normative climate is individualis-
tic and competitive. Eur J Soc Psychol. 2019;49(6):1114–27.

 31. Laran J, Salerno A. Life-history strategy, food choice, and caloric con-
sumption. Psychol Sci. 2013;24(2):167–73.

 32. Swaffield J, Roberts SC. Exposure to cues of harsh or safe environmental 
conditions alters food preferences. Evol Psychol Sci. 2015;1(2):69–76.

 33. Maner JK, Dittmann A, Meltzer AL, McNulty JK. Implications of life-history 
strategies for obesity. Proc Natl Acad Sci USA. 2017;114(32):8517–22.

 34. Lim EX, Sim AY, Forde CG, Cheon BK. The role of perceived stress and 
gender on portion selection patterns. Physiol Behav. 2018;194:205–11.

 35. Hill D, Conner M, Clancy F, Moss R, Wilding S, Bristow M, O’Connor DB. 
Stress and eating behaviours in healthy adults: a systematic review and 
meta-analysis. Health Psychol Rev. 2022;16(2):280–304.

 36. Sproesser G, Schupp HT, Renner B. The bright side of stress-induced 
eating: eating more when stressed but less when pleased. Psychol Sci. 
2014;25(1):58–65.

 37. Jetten J, Mols F, Postmes T. Relative deprivation and relative wealth 
enhances anti-immigrant sentiments: The V-Curve Re-Examined. PLoS 
ONE. 2015;10(10): e0139156.

 38. Sánchez-Rodríguez Á, Willis GB, Rodríguez-Bailón R. Economic and social 
distance: Perceived income inequality negatively predicts an interde-
pendent self-construal. Int J Psychol. 2019;54(1):117–25.

 39. Forde CG, Almiron-Roig E, Brunstrom JM. Expected satiety: application 
to weight management and understanding energy selection in humans. 
Curr Obes Rep. 2015;4(1):131–40.

 40. Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175–91.

 41. Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and validity 
of visual analogue scales in assessment of appetite sensations in single 
test meal studies. Int J Obes. 2000;24(1):38–48.

 42. Cheng L, Hao M, Wang F: Beware of the ‘Bad Guys’: economic inequality, 
perceived competition, and social vigilance. Int Rev Soc Psychol 2021.

 43. Melita D, Willis GB, Rodríguez-Bailón R. Economic inequality increases sta-
tus anxiety through perceived contextual competitiveness. Front Psychol. 
2021;12:637365.

 44. Sim AY, Cheon BK. Influence of impending healthy food consumption 
on snacking: Nudging vs. compensatory behaviour. Physiol Behav. 
2019;198:48–56.

 45. Kim EB, Chen C, Cheon BK. Preschoolers exhibit conformity to computer-
simulated food portion selection behaviors of remote peers. Appetite. 
2019;139:164–71.

 46. Wilkinson LL, Hinton EC, Fay SH, Ferriday D, Rogers PJ, Brunstrom JM. 
Computer-based assessments of expected satiety predict behavioural 

measures of portion-size selection and food intake. Appetite. 
2012;59(3):933–8.

 47. van Strien T, Frijters JER, van Staveren WA, Defares PB, Deurenberg P. The 
predictive validity of the Dutch Restrained Eating Scale. Int J Eat Disord. 
1986;5(4):747–55.

 48. Tan CC, Holub SC. Children’s self-regulation in eating: associations with 
inhibitory control and parents’ feeding behavior. J Pediatr Psychol. 
2011;36(3):340–5.

 49. Callan MJ, Shead NW, Olson JM. Personal relative deprivation, delay 
discounting, and gambling. J Pers Soc Psychol. 2011;101(5):955.

 50. Lakens D. Equivalence tests: a practical primer for t tests, correlations, and 
meta-analyses. Soc Psychol Pers Sci. 2017;8(4):355–62.

 51. Robinson E, Haynes A, Hardman CA, Kemps E, Higgs S, Jones A. The 
bogus taste test: validity as a measure of laboratory food intake. Appetite. 
2017;116:223–31.

 52. Mackenbach JD, Lakerveld J, van Oostveen Y, Compernolle S, De Bour-
deaudhuij I, Bárdos H, Rutter H, Glonti K, Oppert J-M, Charreire H, et al. 
The mediating role of social capital in the association between neigh-
bourhood income inequality and body mass index. Eur J Pub Health. 
2016;27(2):218–23.

 53. Caballero A, Fernández I, Aguilar P, Muñoz D, Carrera P. Does poverty 
promote a different and harmful way of thinking? the links between eco-
nomic scarcity, concrete construal level and risk behaviors. Curr Psychol. 
2023;42(10):8402–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Perceived inequality in society may not motivate increased food intake in the absence of personal socioeconomic disadvantage
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Subjective SES disadvantage and appetite
	Perceived inequality in society, obesity, and eating behaviors
	The present research

	Study 1
	Introduction
	Methods
	Participants
	Procedure and materials
	Baseline appetite
	Perceived societal inequality manipulation
	Attentionmanipulation check
	Portion selection task
	Subjective socioeconomic status in Bimboola
	Ratings of food items
	Eating behavior measures
	Personal relative deprivation
	Demographics

	Results
	Participant characteristics across conditions
	Attentionmanipulation check
	Hypothesis testing

	Study 1 Discussion
	Study 2
	Introduction
	Methods
	Participants
	Procedure and materials
	Baseline appetite
	Perceived societal inequality manipulation
	Manipulation check
	Subjective socioeconomic status in Bimboola
	Ad libitum snack consumption
	Individual difference measures and demographics

	Results
	Participant characteristics across conditions
	Manipulation check
	Hypothesis testing

	Study 2 Discussion
	General discussion
	Acknowledgements
	References


