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Abstract
Objective—Individuals who perceive unfair treatment because of their body weight have been
found to be at increased risk of poor health outcomes, including risk of dementia. The present
research examines the relation between weight discrimination and performance in five cognitive
domains (episodic memory, speed-attention, visuospatial ability, language, numeric reasoning) and
whether the associations extend to other common attributions for discrimination (age, gender,
race).
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Method—Participants (N=2,593) were from the Harmonized Cognitive Assessment Protocol
(HCAP) sub-study of the Health and Retirement Study (HRS). HCAP participants completed a
battery of cognitive tasks that measured the five focal cognitive domains. Participants reported on
their perceived experiences with discrimination at the previous regular HRS assessment.
Results—In models that accounted for demographic covariates and BMI, weight discrimination
(reported by 6% of participants) was associated with a two-fold increased risk of poor
performance on tasks of episodic memory, speed-attention, visuospatial ability, and numeric
reasoning. Body mass index was largely unrelated to performance in the five cognitive domains.
The other attributions for discrimination were generally unrelated to cognition, but there were sexand race-specific associations for gender and race discrimination, respectively.
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Conclusions—The present study identified attribution- and domain-specific associations
between discrimination and cognitive performance in older adulthood.
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Individuals with overweight and obesity are often the target of unfair treatment.1 Such
weight stigma is common across multiple settings, including at work, with healthcare
providers, and by family members or strangers out in public.2 In addition to being
unpleasant in the moment, these experiences have widespread implications for mental and
physical health (for a review, see3). Weight discrimination, for example, has been associated
with poor mental health,4 physiological dysregulation,5, 6 chronic disease burden,7 and,
ultimately, premature mortality.8
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There is some evidence that the poor health outcomes associated with weight discrimination
extend to cognitive outcomes: Individuals who perceive weight discrimination are at greater
risk of incident dementia.9 Of note, this association is independent of body mass index
(BMI), which indicates that the stigma associated with weight, rather than higher weight
itself, increases risk of poor cognitive outcomes. There is also evidence, however, that
weight discrimination is unrelated to performance in some specific cognitive domains.10 As
such, it is unclear whether the detrimental association of weight discrimination on cognition
is limited to severe impairments in overall function or whether it is associated with worse
performance in specific cognitive domains not yet tested.
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There are a number of factors that may contribute to the association between weight
discrimination and cognitive performance.11 Individuals who perceive weight
discrimination, for example, carry a higher burden of disease,10 are more likely to use
substances like alcohol and tobacco,12 get lower quality sleep,13 and are less likely to
engage in physical activity.14 Disease burden,15 substance use,16 sleep,17 and physical
activity18 are associated with cognitive function and risk of cognitive impairment. Further,
discrimination may erode self-efficacy,19 and reduced self-efficacy (in the form of perceived
constraints on personal control) is associated with worse cognition.20 Lower cognitive
function, in turn, may be a risk factor for severe cognitive impairment late in life and thus
may serve as one mechanism on the pathway from discrimination to dementia risk.
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Other forms of discrimination have been associated with cognitive function. Discrimination
based on race, for example, has been associated with worse episodic memory10, 21 and
processing speed.21 Further, previous research has found that African Americans who
perceive discrimination had lower overall cognitive function and worse episodic memory
and processing speed but no differences in semantic memory, working memory, or
visuospatial ability.22 Although some studies have found that perceived discrimination,
regardless of the reason, to be associated with worse memory,23 not all find this relation.24
Less research has addressed the relation between other forms of discrimination and cognitive
function, but there is some evidence that discrimination based on sex and age is associated
with better overall mental status.10 Few studies, except for Barnes and colleagues22 have
examined the association between discrimination and cognitive outcomes other than
impairment and memory. Unfair treatment may have differential associations across
cognitive domains. For example, domains such as speed-attention may be more sensitive to
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psychosocial stressors.25, 26 Speed-attention may be the most vulnerable to psychosocial
stress because these functions are among the most basic cognitive functions.27 As such,
there may be less ability to compensate and/or develop strategies to offset deficits.
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The present research takes a relatively comprehensive approach to examine the association
between weight discrimination and multiple domains of cognitive function and whether the
pattern of associations between weight discrimination and cognition extends to other
common attributions for discrimination. Specifically, we examine the association between
perceived discrimination based on weight, age, gender, and race and performance in five
domains of cognitive function: episodic memory, speed-attention, language, visuospatial
skills, and numeric reasoning. In addition, across all attributions, we examine whether the
associations vary by the target of the attribution (i.e., BMI for weight discrimination, age for
age discrimination, sex for gender discrimination, and race and ethnicity for race
discrimination). Finally, as a point of comparison for weight discrimination, we also report
the association between BMI and cognitive function.

Method
Participants and Procedure
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A subsample of participants from the Health and Retirement Study (HRS) were selected to
participate in a comprehensive assessment of cognition. HRS is a study of adults living in
America aged 50 years or older and their spouses. Participants who completed the regular
2016 HRS assessment and who were 65 years or older were eligible to participate in the
Harmonized Cognitive Assessment Protocol (HCAP). A random subsample of eligible
participants (N=5,500) was invited to participate, and a total of 3,496 HRS participants
completed at least some of the assessment. Detailed information on the HCAP assessment,
sampling, and how to obtain the data can be found at https://hrs.isr.umich.edu/news/2016harmonized-cognitive-assessment-protocol-hcap-early-version-10. For the current research,
participants from HCAP who also reported on their experiences with discrimination in the
2014 or 2016 Leave-Behind Questionnaire (N=2,593) were included in the analysis.
Participants who completed at least some of the HCAP assessment but who did not have
information available on discrimination (n=903) were older (d=.18, p<.01), more likely to be
a race other than white (χ2=51.44, p<.01), more likely to be of Latinx ethnicity (χ2=38.38,
p<.01), and had fewer years of education (d=.28, p<.01) than our analytic sample. There
were no differences by participant sex.
Measures
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Perceived discrimination.—Participants completed a 6-item version of the Everyday
Experiences with Discrimination measure28 included in the Leave-Behind Questionnaire.
After rating the items, participants were asked to attribute the unfair treatment (if reported)
to a number of personal attributes, including weight, age, gender, and race. All attributions
were assessed on a yes/no scale.29
Cognitive function.—The HCAP measure included tasks that tapped into five domains of
cognitive function. See Weir and colleagues30 for detailed information on the cognitive
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tasks, protocol, and scoring. Episodic memory was assessed with the CERAD Word List
Learning and Recall Task, the Brave Man, and the Wechsler Memory Scale Logical Memory
I. Speed-attention was measured with Backward Count, the Letter Cancellation Test, Trails
A and B, and the Symbol-Digit Modalities Test. Visuospatial skills were measured with
CERAD Constructional Praxis and Raven’s matrices. Language was measured with an
animal fluency task. Numeric Reasoning was measured with the HRS Number Series. All
measures were scored based on standard criteria30 and aggregated within domain for
domains measured with multiple tasks. For the aggregation, the individual tasks within each
domain were standardized to a mean of 0 and standard deviation of 1 and the mean taken
across the measures. Trails A and B were multiplied by −1 before standardization so that the
scoring would be in the same direction as the other measures in the speed-attention domain.
In addition to the continuous scores, threshold scores were calculated as one standard
deviation below the mean (coded as 1) compared to all other scores (coded as 0).
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Covariates.—Sociodemographic covariates were self-reported age in years, sex (female=1,
male=0), race (African American=1 [dummy variable 1], other/unknown=1 [dummy
variable 2] both compared to white=0], Latinx ethnicity (yes=1, no=0), and education in
years. Body mass index (BMI) was derived as kg/m2 from staff-measured weight and height
at the 2014–2016 assessment.
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Participants reported on other health-related factors in the same HRS wave as perceived
discrimination (i.e., 2014 or 2016). Disease burden was the sum of seven health conditions
(hypertension, diabetes, heart disease, cancer, lung disease, stroke, and arthritis). Alcohol
consumption was the average number of alcoholic drinks consumed per day over the past
three months. Physical activity was the mean of two items about the frequency of
engagement in moderate and vigorous physical activity rated from 1 (more than once a
week) to 4 (hardly ever or never). Smoking was the average number of cigarettes smoked per
day. Sleep quality was the mean of four items that measured frequency of trouble falling
asleep, waking during the night, waking too early, and feeling unrested in the morning rated
from 1 (rarely or never) to 3 (most of the time). Perceived constraints on personal control
were measured with the five items from the Sense of Control Scale31 (e.g., “I often feel
helpless in dealing with the problems of life”) on a scale from 1 (strongly disagree) to 6
(strongly agree). All potential mechanisms were scored in the direction of greater risk (e.g.,
lack of physical activity, worse sleep quality, greater constraints, etc.). In some analyses,
these factors were included as additional covariates.
Statistical Approach
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Linear regression was used to examine the association between the attributions for
discrimination and the continuous cognitive domain scores, controlling for the
sociodemographic covariates. The attributions were entered simultaneously (results were
similar if entered separately). Logistic regression was used to examine whether the
attributions (entered simultaneously) were associated with increased risk of performing at
least one standard deviation below the mean for each domain. We also tested whether the
association between the attributions for discrimination and the cognitive outcomes was
moderated by the target of the attribution for discrimination. As such, we tested interactions
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between BMI and weight discrimination, age and age discrimination, sex and gender
discrimination, and race/ethnicity and race discrimination. We did three additional sets of
analyses. First, because weight discrimination is more prevalent among individuals with
overweight or obesity than normal weight,32 we repeated the analyses limiting the sample to
participants with a BMI≥25. Second, for comparison, we report the associations between
BMI and the five cognitive domains. Specifically, we used linear regression to test the
association between BMI and the cognitive domain scores, logistic regression to test the
association with risk of performing at least one standard deviation below the mean in each
domain, and multivariate analysis of covariance (MANCOVA) to test whether cognitive
performance differed by BMI category, comparing the overweight (BMI 25–29.9) and
obesity (BMI≥30) categories to normal weight (BMI between 18.50 and 24.99). All analyses
for BMI controlled for the covariates. Third, we tested the associations with weight
discrimination further adjusting for the additional potential confounders/mediators.
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Results

Author Manuscript
Author Manuscript

Table 1 shows the descriptive statistics for all study variables. The sample included 60%
women, the average age was over 75, and the average BMI was almost 30 (scores ≥30 meet
criteria for obesity). Discrimination based on age was the most prevalent (31%), followed by
discrimination based on gender (10%), race (7%), and weight (6%). Table 2 shows the
results of the linear and logistic regressions. Weight discrimination was associated with
significantly worse performance on tasks that measured speed-attention, visuospatial
abilities, and numeric reasoning. Weight discrimination was further associated with an
approximately 2-fold increased risk of scoring at least one standard deviation below the
mean on memory, as well as speed-attention, visuospatial abilities, and numeric reasoning
(Table 2). None of the associations between weight discrimination and the cognitive
domains was moderated by BMI (Table 3). The linear associations were similar when the
sample was limited to participants with overweight or obesity (βMemory=−.02, ns, n=2,016;
βSpeed-attention=−.04, p<.05, n=2,015; βVisuospatial abilities=−.07, p<.01, n=2,012; βLanguage=
−.01, ns, n=2,016; βNumeric reasoning=−.04, ns, n=1,781). And, likewise, the results of the
logistic regressions were similar when the sample was limited to participants with
overweight or obesity (ORMemory=2.35, 95% CI=1.37–4.02, n=2,016; ORSpeed-attention=1.84,
95% CI=1.01–3.34, n=2,015; ORVisuospatial abilities=1.89, 95% CI=1.14–3.14, n=2,012;
ORLanguage=1.31 95% CI=.78–2.20, n=2,016; ORNumeric reasoning=1.96, 95% CI=1.10–3.47,
n=1,781). The pattern of associations was similar, but reduced, when disease burden, alcohol
consumption, physical activity, smoking, sleep quality, and perceived constraints were added
as additional covariates (βMemory=−.01, ns, n=2,536; βSpeed-attention=−.03, ns, n=2,532;
βVisuospatial abilities=−.05, p<.01, n=2,532; βLanguage=.00, ns, n=2,536; βNumeric reasoning=
−.03, ns, n=2,249). These associations, however, should be interpreted with caution because
some of the additional covariates could be considered as mediators as well as confounders.
By comparison, BMI was generally unrelated or associated with better cognitive function
(Table 4). Higher BMI was associated with better memory function in both the linear and
logistic analyses, better performance in the speed-attention domain in the logistic analysis,
and individuals with overweight performed better in this domain than individuals of normal
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weight. Finally, higher BMI was associated with worse performance on the numeric ability
task in the continuous analysis, but not in the logistic analysis or the MANCOVA analysis.
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Finally, across the other three attributions for discrimination, there was only one main
effect1 (Table 2): Participants who reported gender discrimination performed better on
numeric reasoning. Sex did, however, moderate the relation between gender discrimination
and four of the five cognitive domains (Table 3). Specifically, men who reported
discrimination based on gender performed worse in the memory, speed-attention,
visuospatial, and language domains, whereas these interactions indicated that women who
reported discrimination based on gender performed slightly better in the memory and
language domains and was unrelated to performance in the speed-attention and visuospatial
domains. A somewhat similar pattern emerged for discrimination based on race. White
participants who reported discrimination based on race performed worse in the speedattention, visuospatial, and numeracy domains, whereas race discrimination was unrelated to
performance in these domains among African American participants. The association
between race discrimination and the cognitive domains was not moderated by Latinx
ethnicity. Age discrimination was not associated with the cognitive measures and none of the
associations was moderated by age. In the logistic analysis, there was one association
between race discrimination and better memory function (Table 2).

Discussion

Author Manuscript

The present study indicated that unfair treatment on the basis of weight was associated with
worse performance in specific cognitive domains. In particular, weight discrimination was
associated with an about two-fold increased risk of poor performance on tasks that measured
episodic memory, speed-attention, visuospatial ability, and numeric reasoning. By
comparison, body mass index was generally unrelated to performance across the five
cognitive domains. At the sample level, these associations did not extend to other common
attributions for discrimination. There was, however, evidence of interactions between the
target characteristic and gender and race discrimination on cognitive function.
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Previous research on discrimination and cognition has suggested that individuals who
perceive unfair treatment tend to perform worse on tasks of cognitive function,22 although
not all find this relation.24 The relation between weight discrimination and cognition has
likewise been mixed. Weight discrimination in the HRS, for example, has been associated
with risk of significant impairment9 but unrelated to memory function.10 The present
research starts to reconcile these disparate findings and suggests that there is a threshold
effect for weight discrimination on memory. That is, there does not seem to be a linear
association between weight discrimination and memory performance; rather, individuals
who experience weight discrimination are more likely to perform really poorly on memory
tasks, thus the association past a threshold. Also consistent with previous work on
discrimination and cognition,22 weight discrimination was associated with worse

1The sum of the four attributions was also largely unrelated to cognitive function (median β=−.02), which is likely because the
associations for age, gender, and race discrimination were generally either zero or positive, so combining them with weight
discrimination into one measure essentially eliminated the associations; only the association with visuospatial abilities (β=−.03, p=.04)
was statistically significant.
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performance in the speed-attention domain. This association may be due, in part, to the
social stress of weight discrimination, since stress can impair processing speed.25
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There was little evidence that the other common attributions for discrimination were
associated with cognitive function in the specific domains. A noteworthy pattern, however,
emerged from the interaction analyses for gender and race discrimination. Specifically, the
association between discrimination and cognitive performance was worse in groups that are
not the historical target of the attribution for discrimination (i.e., men and white participants)
whereas performance was either better or unrelated to discrimination in the groups who are
the historical targets (i.e., women and African Americans). This pattern is similar to what we
found previously using different cognitive measures in the HRS.10 Women and African
Americans with higher education and higher cognitive function may be more likely to be in
situations, such as the workforce, where they may experience discrimination. And, indeed,
African Americans are more likely to report discrimination at higher incomes and education,
whereas white individuals are more likely to report it at lower incomes and education.33
Interestingly, there was no association between age discrimination and cognition, which is
inconsistent with the literature on negative self-perceptions of aging and worse cognitive
outcomes.34 It may be that internalized views of aging are more important for cognitive
performance35 than perceived unfair treatment on the basis of age.
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The inclusion of the additional covariates in the analysis reduced the association between
weight discrimination and cognitive function. This reduction may be due to either residual
confounding or mechanisms of the association between weight discrimination and cognitive
function. For example, disease burden may be a consequence of obesity that contributes to
cognitive outcomes rather than a consequence of weight discrimination. There is evidence,
however, that individuals who perceive weight discrimination tend to increase in disease
burden over time,10 which may be a risk factor for incident dementia.15, 20 With the current
data, however, it is not possible to disentangle mediational pathways from confounding
variables. As such, these associations should be interpreted with caution due to the
possibility of over adjustment.
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The stress associated with weightism may be a factor that contributes to worse cognitive
performance. Stress, for example, has physiological effects on the body that are also
associated with cognition. Stress is associated with greater systemic inflammation and
cortisol,36 which is also implicated in worse cognitive performance over time.37, 38 In
addition, stress may promote rumination and other psychological interference39 that reduce
the ability to perform well on tests of cognitive function.40 And, indeed, weight
discrimination is associated with greater systemic inflammation41 and cortisol reactivity,42
and greater rumination.43 It is likely that multiple pathways contribute to the association
between weight discrimination and cognitive function.
The pattern of associations in the current study does raise the question, however, as to why
the associations would be apparent for weight discrimination but not for other forms of
discrimination that are presumably as stressful. There are several potential reasons. First, the
perpetrators of weight discrimination are often family members or close friends, in addition
to strangers.44 As such, the people who should be a source of support and safety for the
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individual may be harmful. Second, because weight discrimination continues to remain
socially acceptable, people who experience weight discrimination may get less support and
understanding from their social support networks than individuals who experience
discrimination based on other personal characteristics. That is, although the other forms of
discrimination were more prevalent than weight discrimination (e.g., 31% for age
discrimination versus 6% for weight discrimination), there may be less support offered by
close others than for the other forms of discrimination. For example, a spouse may express
sympathy for being mistreated because of age but be less sympathetic for mistreatment
because of weight. Third, there may be differences based on the perceived controllability of
the characteristics. That is, individuals who experience weight discrimination may be more
likely to blame themselves because they hold the belief that they have control over their
body weight and/or have internalized negative attitudes toward higher weight.45 In contrast,
individuals tend to have less control over their sex, race, and age. The greater shame and
internalization of discrimination based on weight may take a greater toll of the cognitive
health of the individual.
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The present research had several strengths, including a relatively large sample of older
adults, a comprehensive assessment of cognitive function, and multiple attributions for
discrimination. There are also limitations. For example, there was no information available
about the source, setting, or frequency of each attribution for the unfair treatment, and the
cognitive data were assessed only once. In future research, it would be helpful to have more
information about the experience of each form of discrimination and how perceived
discrimination is associated with change in the five cognitive domains over time. Further,
more work needs to address and identify the distinct mechanisms that explain why weight
discrimination, but not other forms of discrimination, is associated with worse cognitive
performance. Future work is also needed to distinguish between mediation and confounding
for intervening variables. Despite these limitations, the present research provides evidence
that unfair treatment on the basis of body weight is associated with intermediate markers of
cognitive health and suggests a pathway to impairment.
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Weight discrimination was associated with worse cognitive function in four
domains

•

The associations were independent of measured body mass index

•

Gender and race discrimination had counterintuitive associations with
cognition

•

Age discrimination was unrelated to cognitive function
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29.59 (5.92)

Body mass index

31% (807)
10% (259)
7% (183)

Age(yes/no)

Gender (yes/no)

Race (yes/no)
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.66 (1.16)
1.68 (.51)
.08 (.26)
2.12 (1.13)

Daily alcohol (n=2588)

Poor sleep

Daily smoking

Perceived constraints (n=2567)

c
d

Numeric Reasoning (n=2272)

Language (n=2569)

b

524.14 (30.40)

16.67 (6.32)

.00 (.83)

b

−.05 (.85)

Speed-Attention (n=2565)

Visuospatial Ability (n=2565)

−.01 (.73)

Memory (n=2569)

Cognition

b

2.52 (1.06)

Physical inactivity

a

2.38 (1.32)

Disease burden

Mechanisms

a

6% (151)

Weight (yes/no)

Discrimination

12.93 (2.97)

Education (years)

4% (115)

Race (Other)

9% (234)

14% (359)

Race (African American)

82% (2,119)

60% (1,542)

Sex (female)

Latinx (yes)

75.59 (7.29)

Age (years)

Race (white)

Mean (SD) or % (n)

Variable
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Descriptive Statistics for All Study Variables
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Score is a composite of multiple tasks that were standardized before aggregating.

W-score based on item difficulty.

d

c
Number of animals said in 60 seconds.

b

a
ns vary due to missing data.

Note. N=2,593. Disease burden is the sum of seven diseases. Physical inactivity is the mean of two items measuring the frequency of moderate and vigorous physical activity rated on a scale from 1 (more
than once a week) to 4 (hardly ever or never). Daily alcohol is the number of estimated average number of alcoholic drinks consumed per day over the last three months. Poor sleep is the mean of four items
on the quality of sleep measured on a scale from 1 (rarely or never) to 3 (most of the time). Perceived constraints is the mean of five items rated on a scale from 1 (strongly disagree) to 6 (strongly agree).
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.00

1.98 (1.11–3.53)*

.03
.03

2.23 (1.32–3.79)**

Gender Discrimination

Race Discrimination

Weight Discrimination

.99 (.59–1.66)

.52 (.30-.91)*

Race Discrimination

.61 (.37–1.00)

1.31 (.86–1.99)

.97 (.74–1.28)

1.89 (1.14–3.11)*

Logistic Analysis

.00

.00

−.01

−.07**

Linear Analysis

Visuospatial Ability

.74 (.46–1.18)

.93 (.61–1.43)

.99 (.77–1.28)

1.28 (.76–2.13)

.02

.03

.02

−.02

Language

.93 (.55–1.58)

.61 (.36–1.02)

1.16 (.85–1.58)

2.08 (1.18–3.66)*

.00

.04*

−.03

−.05*

Numeric Reasoning

p<.01.

p<.05.

**

*

Note. N=2,593. Analytic ns range from 2,272 (Numeric Reasoning) to 2,569 (Memory and Language) due to missing data. Cognitive function measures were an aggregate of standardized subscale measures
in the linear analysis. Cognitive function measures were dichotomized in the logistic analysis (1 standard deviation or more below the mean = 1, others = 0). All analyses control for age, sex, race, Latinx
ethnicity, education, and body mass index.

1.05 (.65–1.70)

1.05 (.66–1.67)

Gender Discrimination

1.22 (.91–1.64)

1.03 (.78–1.35)

Age Discrimination

.00

−.01

−.01

Age Discrimination

−.05**

Speed-Attention

−.03

Memory

Weight Discrimination

Discrimination

Linear and Logistic Regression Predicting Cognitive Function from Perceived Discrimination
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.04
.03

a

b
−.03

.00

.08*

.10**

.01

.00

Visuospatial Ability

−.01

.03

.08*

−.01

.00

Language

.00

.08*

.04

−.04

.01

Numeric Reasoning

p<.01.

p<.05.

**

*

Interaction with Latinx ethnicity (Latinx ethnicity versus not Latinx ethnicity). All analyses control for age, sex, race, Latinx ethnicity, education, and body mass index.

b

Interaction with race (African American versus white).

a

Note. N=2,593. Analytic ns range from 2,272 (Numeric Reasoning) to 2,569 (Memory and Language) due to missing data.

Race Discrimination

.09**

.09**

.10**

Gender Discrimination

Race Discrimination

.00

.01

.02

.00

Speed-Attention

Age Discrimination

Memory

Weight Discrimination

Discrimination

Interaction between Attribution of Discrimination and the Target of the Attribution
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.02

Speed-Attention

1.00 (.98–1.02)

.01
−.04*

Language
526.14 (1.20)

17.41 (.26)

a

524.23 (.90)

17.09 (.20)

.13 (.02)

.13 (.02)*

.08 (.02)

Overweight

BMI Category

523.31 (.83)

17.49 (.18)

.14 (.02)

.08 (.02)

.11 (.02)

Obesity

p<.01.

**

p<.05.

*

a
N=2,249 due to complete data on all cognitive measures and exclusion of participants in the underweight BMI category (n=23). Results were similar if these participants were included.

Note. N=2,593. Analytic ns range from 2,272 (Numeric Reasoning) to 2,569 (Memory and Language) due to missing data. BMI=body mass index. OR=odds ratio. CI=confidence interval. Analyses control
for age, sex, race, Latinx ethnicity, and education.

Numeric Ability

.98 (.96–1.00)

.02

Visuospatial Ability

.12 (.03)

.05 (.03)

.97 (.94–.99)**

Memory

.99 (.97–1.01)

.06 (.03)

.96 (.94–.98)**

Normal

OR (95% CI)

.04*

Continuous BMI
β

Cognitive Domain
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Association Between Body Mass Index and Cognitive Function
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