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ARTICLE INFO ABSTRACT

Keywords: Background: The social consequences of obesity may influence health and mortality rate (MR), given obesity’s
MOYtaliFY rate status as a highly stigmatized condition. Hence, a high absolute body mass index (BMI) in conjunction with the
Longevity stigmatization of a high BMI may each independently increase the rate of MR.

]S“g;g:n Objectives: We tested whether relative BMI, defined as ordinal rank within a social reference group jointly defined
Epidemiology by age, sex, and race/ethnicity, is associated with MR independent of absolute BMI.

Relative weight Methods: Data were from three nationally representative datasets: the Health and Retirement Study (n = 31,115),
Deviance the National Health Interview Survey (NHIS, n = 529,362), and the National Health and Nutrition Examination
Obesity Survey (n = 31,115). Relative BMI kg/m? deciles were calculated within twenty-four subgroups jointly defined

BMI by age (6 levels), sex (2 levels), and race/ethnicity (4 levels). The association between ordinal rank BMI and MR
was assessed using Cox survival generalized additive models in each dataset with adjustments for age, race, sex,
smoking, educational attainment, and absolute BMI.

Results: Absolute BMI had a significant non-monotonic association with MR, such that BMI was positively
associated with mortality at BMI levels above approximately 25 kg/m?. Contrary to expectations, results from
NHIS indicated that individuals in the first decile of relative BMI had the highest MR whereas relative BMI was
not associated with MR in the NHANES and HRS.

Conclusion: We hypothesized that the stigmatization of obesity might lead to an increased MR after controlling
for absolute BMI. Contrary to expectations, a higher relative BMI was not associated with an increased MR in-
dependent of absolute BMI.

1. Introduction was one of the first stigmatized conditions to be examined by sociolo-

gists (Gutin, 2021), one in which persons who are overweight or obese

1.1. The stigmatization of obesity

Discrimination against individuals with obesity is substantial and
associated with physical and psychological harm (R. M. Puhl & Heuer,
2010). Weight stigma, sometimes termed “weight bias” or “weight
prejudice”, is the discrediting of an individual based on their weight.
Drawing on the classic sociological understanding of stigma, weight
stigma is the belief that an individual with obesity is “not quite human”
and disqualified from full social acceptance (Goffman, 1963). In the US,
fatness has long been recognized as a stigmatized condition; indeed, it

are perceived as socially deviant and morally responsible for their
weight status (Maddox, Back, & Liederman, 1968). Recent surveys of the
US population reflect the continued stigmatization of obesity, with
substantial negative stereotyping of individuals with obesity observed,
including beliefs that individuals who are obese are inactive and lack
self-control (T. J. Kim, Makowski, & von dem Kim, Makowski, & von-
demKnesebeck, 2019). Consistent with negative stereotyping, in-
dividuals with obesity experience discrimination in a variety of settings,
including employment, education, and interpersonal relationships
(Goffman, 2009; Rebecca M; Puhl & Heuer, 2009). The stigmatization
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and negative stereotyping of individuals with obesity has spurred the
development of destigmatization strategies by groups such as the Na-
tional Association to Advance Fat Acceptance (NAAFA), founded in
1969 as a fat-rights organization modeling itself after the NAACP (Saguy
& Ward, 2011). Given the pervasiveness and consequences of obesity’s
stigmatization, a 2020 joint international consensus statement by a
multidisciplinary group of experts and scientific organizations
concluded that "[w]eight stigma can mislead clinical decisions, and
public health messages, and could promote unproductive allocation of
limited research resources. Weight bias and stigma can result in
discrimination, and undermine human rights, social rights, and the
health of afflicted individuals” (Rubino et al., 2020).

1.2. The health consequences of stigmatization and discrimination

A growing body of evidence suggests that the experience of dis-
crimination—be it based on race, sex, sexual orientation, weight, or
other social identities—is associated with adverse health outcomes,
including an increased risk of mortality, higher levels of cardiovascular
stress biomarkers, and psychological distress (Alimoradi et al., 2020;
Goosby, Malone, Richardson, Cheadle, & Williams, 2015; Major, Eliezer,
& Rieck, 2012; Muennig, 2008). Accordingly, weight-based social iden-
tity threat occurs when individuals with overweight or obesity are aware
of the cultural devaluation of their weight status, an awareness made
especially acute by the experience of discrimination (Hunger, Major,
Blodorn, & Miller, 2015; Steele, Spencer, & Aronson, 2002). In an
analysis using nationally representative US data, discrimination because
of one’s weight was associated with a 60% increase in the mortality rate
(MR)'—a greater increase than that attributed to other forms of
perceived discrimination, including race, sex, and age (Sutin, Stephan, &
Terracciano, 2015). Finally, greater weight-related self-stigma and
perceived stigma are positively associated with depression and anxiety
(Alimoradi et al., 2020). These results indicate that the stigmatization of
obesity, both internalized and perceived, is associated with, and may
drive, significant adverse psychological and physiologic health out-
comes (Tomiyama et al., 2018).

In line with the joint consensus statement’s recognition of the
detrimental health effects of weight bias and discrimination and prior
research documenting an association between a threatened social
identity and adverse health outcomes, here we test the hypothesis that a
high body mass index (BMI; kg/mz) relative to one’s sex, race, and birth
cohort is associated with an increased MR. We test this hypothesis using
a novel operationalization of relative BMI (BMIr) to address a meth-
odologic challenge to analyzing the effects of BMIr on health and MR
independent of the effects of absolute BMI (BMIa): i.e., perfect collin-
earity between BMIa and BMIr.

1.3. Operationalizing relative and absolute BMI

Little research has separately estimated and compared the associa-
tions of BMIa and BMIr with health outcomes. Several challenges may
underlie this lack of research, including the construction of appropriate
reference groups to define relative BMI and jointly fitting BMIa and BMIr
given their perfect collinearity within a reference group. An individual’s
perception of the social appropriateness of their weight and the weight
of others depends on social context (Chang & Christakis, 2003), with
social norms surrounding eating and body image exerting important
influences on body weight (Hammond, 2010). In the United States, as
the number of individuals who are overweight or obese increased, the
probability that an individual self-classified as being overweight

! The words risk and rate are sometimes used interchangeably and incon-
sistently but herein we use risk to refer to the probability of an event in a
defined and finite period or interval of time and rate to be the tangent to the
survival distribution (Centers for Disease Control and Prevention, 2012).
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decreased, consistent with the social comparison hypothesis that what is
considered a “normal” body size increases as average body size increases
(Burke, Heiland, & Nadler, 2010). One’s body size relative to a peer
group thus shapes perceptions about the appropriateness of one’s weight
and how others perceive the appropriateness of our weight, with ample
evidence that those perceived as having an abnormally high weight
experience discrimination.

In the US, what is perceived as a “normal” body size may change as
the number of individuals who are overweight or obese increases. Be-
tween 1999/2000 and 2017/2018, the number of US adults aged 20 and
over who were obese increased from 30.5% to 42.4%. Further, the
percentage of US adults with a BMI of 40 or higher nearly doubled, from
4.7 to 9.2%. Non-Hispanic black adults had the highest prevalence of
obesity among women; however, the prevalence of obesity did not vary
by race or ethnicity among men. Similarly, the prevalence of obesity did
not significantly vary by age, with an estimated prevalence of obesity of
40.0%, 44.8%, and 42.8% among individuals aged 20-39 years, 40-59
years, and aged 60 and over, respectively (Hales, MD, Fryar, & Ogden,
2020). In addition to changing perceptions of normative body size in
response to changes in population average body sizes, there is evidence
that body size ideals vary by sex and race/ethnicity, with the ideal fe-
male figure in Western countries (and increasingly non-Western coun-
tries) characterized by thinness (Swami, 2015) and the ideal male figure
characterized by leanness, muscularity, and a smaller waist-to-chest
ratio (Garza, Heredia, & Cieslicka, 2017; Swami, 2006). Regarding
racial and ethnic differences in body shape and weight norms in the US,
evidence suggests Asian-American and White females may more
strongly adhere to thinness norms, whereas Black females trend to
report a stronger preference for a “curvier” body shape with larger
buttocks (Overstreet, Quinn, & Agocha, 2010). Previous research has
also characterized body size norms among females as existing along a
“thinness norm spectrum, with Asian American girls most strongly
adhering to thinness norms, followed jointly by non-Hispanic white and
Hispanic girls, and lastly Black girls with the weakest adherence to
thinness norms” (Martin, Thomas, Adler, & Kreager, 2020). Thus, what
is perceived as “normal” body weight may be affected by changing
population distributions as well as sex and racial/ethnic specific norms
surrounding body weights and shapes and calculating one’s BMI relative
to mean BMI one’s age, sex, and race-group may more precisely capture
deviations from these norms.

Regarding the problem of collinearity, if one were to naively
construct a measure of BMIr as equal to the difference between BMIa and
the mean BMI of the sample, and then include measures of both BMIr
and BMIa as predictors in a regression model, BMIr and BMIa would be
perfectly collinear. The threat of multicollinearity when jointly
modeling absolute and relative rank within a distribution is also
apparent in research that seeks to estimate the independent contribu-
tions of relative and absolute income to personal well-being (Verme,
2013). Of course, research that relies solely on measures of BMIa to draw
conclusions about the psychological and physiologic consequences of
the stigmatization of larger body sizes due to greater adiposity, or
otherwise test social-psychological theories of the consequences of
larger body size, is unable to distinguish between BMIa and the associ-
ations or effects of BMIr. Similarly, research relying solely on measures
of BMIr is unable to control for the associations or effect of BMIa. As
noted by Kim, Makowski, and vondemKnesebeck (2019), "controlling
for absolute body weight is critical because it allows us to compare those
who have the same weight but different ranks due to exposure to the
different BMI distributions of each reference group” [13].

Given a general lack of research on the health consequences of BMIr,
Kim et al. (2019) operationalized rBMI as ordinal rank within a defined
reference group, finding that individuals in a higher BMI decile-defined
group (within a demographic reference group defined by 10-year age
groups, county of residence, and gender) reported lower life satisfaction
scores, on average, than did those in a lower BMI decile-defined group
[13]. While a higher BMIr was negatively associated with life
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satisfaction for both men and women, the results also suggested the
importance of considering race in constructing reference groups. Kim
et al. (2019) hypothesized that a high BMI relative to one’s social
reference group might influence life satisfaction through both the
comparative and normative functions of reference groups. Individuals
who perceive themselves to be comparatively heavier than others might
experience more negative emotions about their weight and be subject to
social sanctions associated with a high relative BMI, including
discrimination. Consistent with discrimination as one mechanism
through which individuals with a high relative BMI are subjected to
social sanctions, Janssen et al. (Janssen & Fahr, 2014) found that de-
viations from the median BMI of one’s peer group are associated with
reduced wages, independent of deviations from “an optimal BMI in a
clinical sense,” akin to the concept of absolute BMI we use here.

In sum, a growing body of evidence documents the psychological and
physiologic consequences of stigmatization, and recent research has
operationalized BMIr as an indicator of the social experience of over-
weight and obesity. Acknowledging that BMIr may indicate more than
social experiences (e.g., variation in lean body mass), we build upon this
research by testing the hypothesis that a positive deviation from the
reference group mean BMI (i.e., a higher BMIr) will incur the deleterious
consequences of obesity’s stigmatization and will thus be associated
with an increased MR, independent of the association between BMIa and
MR. A better understanding of the association between BMIr and MR
independent of BMIa will provide insight into the adverse health effects
of discrimination against individuals with obesity and the potential
health risks associated with other stigmatized conditions.

2. Methods
2.1. Data

Data come from three nationally representative datasets: the
1992-2014 waves of the Health and Retirement Study (HRS, n =
31,115), the 1997-2014 waves National Health Interview Survey (NHIS,
n = 529,362), and the 1990-2014 waves of the National Health and
Nutrition Examination Survey (NHANES, n = 45,033) (Lynn A. Blewett,
Julia A. Rivera Drew, Miriam L. King, & Kari C.W. Williams, 2019). The
Health and Retirement assesses the economic, health, marital, and
family status of the US population over 50 on a biennial schedule and is
sponsored by the National Institute of Aging (grant number NIA
U01AG009740). The final year of follow-up for each study (2014) was
the last year NHIS and NHANES respondents could be linked to the
National Death Index (NDI) at the time of the analysis. Both the NHIS
and NHANES are repeated cross-sectional studies of the US population
that collect demographics, health information, and numerous other
measures from the US population on an annual basis. We used the
IPUMS NHIS dataset to download harmonized NHIS data between 1997
and 2014 (Lynn A. Blewett, Rivera Drew, King, & Williams, 2019). These
three datasets were selected because of their representativeness of the
US population, large sample sizes in anticipation of high multi-
collinearity between relative BMI and absolute BMI, and availability of
information on respondent mortality. We extracted measures of BMI,
sex, age, race, educational attainment, smoking status, and MR from
each of the three studies, as summarized below.

2.2. Survival time and MR

For participants from the HRS, we calculated the survival times of
right-censored observations using the baseline age accompanying the
first observation of BMI and attained age, calculated as the age of re-
spondents at the end of their interview in the 2014 wave of the HRS. We
calculated the survival times of individuals who died during the study
period by using the baseline age accompanying the first observation of
BMI and age at death. Respondent MR was ascertained using the vari-
able R12IWSTAT, a derived variable indicating MR status in the RAND
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HRS Longitudinal File 2014 (RAND, 2013), a cleaned and processed
version of the raw data with consistent naming of variables across waves
and imputations for key variables often missing in the raw data, and
funded by the National Institute on Aging and the Social Security
Administration. For participants from the NHIS, we calculated survival
times of right-censored observations by using the year of study entry and
attained age, calculated as the age of respondents through December 31,
2015. We calculated the survival times of individuals who died during
the study period by using the year of study entry and year of death.
Respondent MR was ascertained using the NHIS variable MORTDODY,
which is available for all persons aged >18 years included in the NHIS
during survey years 1986-2014 who provided sufficient data for linkage
to the National Death Index (NDI). To help account for differences in
participants based on the availability of data linkage, we weighted ob-
servations from the NHIS using an eligibility-adjusted weight variable
(MORTWT) developed by the National Center for Health Statistics. For
NHANES participants, we calculated survival times by using the number
of person-months of follow-up from the NHANES interview date.
Respondent follow-up times and MR were ascertained via the NHANES
public use linked MR files via the variable MORTSTAT (National Center
for Health Statistics, 2015 2015). All analyses accounted for complex
survey design.

2.3. BMI

We calculated BMI from self-reported height and weight for HRS and
NHIS observations and from objectively measured height and weight for
NHANES observations.

2.4. Demographics and smoking

We included age, smoking status, and educational attainment in the
analyses. We did not include other variables believed to lie on the causal
path between exposure to BMI and MR, such as blood pressure, serum
lipids, and glucose tolerance measures. As others have observed (Man-
son, Stampfer, Hennekens, & Willett, 1987; Sjostrom, 1992), controlling
for such variables is inappropriate “over-control” that may remove the
effect one is studying. Across all three studies in the pooled dataset, age
is measured (in years). Ordinal rank BMI was calculated within one’s
reference group jointly defined using age (2 levels), race or ethnicity (4
levels), and sex (2 levels).

2.5. Absolute BMI and relative BMI

We refer to observed BMI calculated from height and weight as ab-
solute BMI. We calculated BMIr by first defining social reference groups
based on age, sex, and race. To define the social reference groups, the
continuous variable, age, was categorized into six groups: (<30), (30,
39), (40, 49), (50, 59), (60, 69), and >70 years old. Because sex is,
practically speaking, a two-level factor (i.e., male or female) and race is
a four-level factor (i.e., Hispanic, non-Hispanic White, non-Hispanic
Black, and other), there were 48 reference groups (= 6*2*4). Similar
to Kim’s (2021) approach, we defined relative BMI as the respondents’
ordinal BMI rank, computed as their percentile in the BMI distribution of
the reference group. Thus, relative BMI was defined as a 10-level factor,
representing the ten bins created by cutting the distribution at the nine
decile points of the local distribution.

2.6. Survey-weighted proportional hazards model

We used survey-weighted proportional hazards models (Lumley,
2010) to jointly analyze the associations between MR, BMIa, and BMIr,
adjusting for age, race, sex, smoking, and education. We used natural
cubic splines to model possible non-linear relationships between BMI,
age, and MR. The proportional hazards model for jointly analyzing ab-
solute BMI and relative BMI can be expressed as:
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h(t | data) = ho(t) expl Zoe + bmi.r p + s;(bmi) + sz(age)]

where hg(t) is a common baseline hazard function of arbitrary form;
Z consists of two binary covariates, sex and education, and two dummy
variables, race and smoking status, and the vector a represents their
coefficients; bmi.r is the relative BMI, a 10-level factor as defined above,
and f is the vector of coefficients of bmi.r; and s;(bmi) and sy(age) are
natural cubic splines for the continuous predictors, bmi and age,
respectively. A natural cubic spline is a linear combination of basic
functions, i.e., s(x) = b(x) r, where r is a vector of K coefficients with K
being the degree of freedom, and b(x) is the design matrix of the basis
functions. We used the R package splines to generate the design matrix.
The expression, Za + bmi.r f + s;(bmi) + sz(age), represents the log
hazard ratio (log HR).

The complex survey design was incorporated into the model fitting
procedure to account for the reduction in variance from stratified sam-
pling and the increase in variance from having only a small number of
clusters (Lumley, 2010). We used the package survey to estimate the
model described above and to summarize results. The degrees of
freedom of the natural cubic splines in the above model were set to be
10, the default value in the commonly used package mgev (Wood, 2017)
for analyzing generalized additive models. As a supplement to our an-
alyses reported herein, we estimated models without race and sex
covariates, as their inclusion may induce multicollinearity between
absolute BMI and relative BMI, rendering parameter estimates unstable
and/or inflating estimated variance given that relative BMI was defined
as BMI within age, race, and sex groupings (Verme, 2013). Finally, we
compared models with and without BMIr to determine whether the in-
clusion of BMIr as a covariate improved overall model fit.

3. Results

The demographic characteristics of the sample stratified by dataset
are described in Table 1, where the values for the continuous predictors,
survival time, BMI, and age, are the mean, 2.5%, and 97.5% quantiles.
Across the three studies, the mean BMI was 27.3 kg/m2 (NHIS), 28.5 kg/
m? (NHANES) and 27.4 kg/m? (HRS). The average sample age ranged

Table 1
Descriptive statistics.
NHIS NHANES HRS
Total Sample Size 529,362 45,033 31,115
Mean Survival Time 9.6 (2.0, 18.0) 8.1 (1.6, 15.8) 10.6 (0.5, 21.8)
(years)
Mortality Status (%)
Alive 87.6 87.6 61.0
Dead 12.4 12.4 39.0
Sex (%)
Female 56.0 52.7 54.9
Male 44.0 48.3 46.1
Age (years) 47.4 47.4 60.7
Race/Ethnicity (%)
Hispanic 17.0 26.3 10.4
Non-Hispanic White 63.4 45.3 68.6
Non-Hispanic Black 14.5 21.6 18.2
Other 5.1 6.7 2.7
Education (%)
Less than High School 16.3 29.9 27.3
High School or More 83.6 70.0 72.7
Smoking Status (%)
Never 56.8 53.8 41.4
Former 22.1 24.8 37.4
Current 21.1 21.4 21.2
BMla 27.3 28.5(19.8, 27.4 (20.0,
(19.7,38.4) 40.9) 37.6)

Note. Values for survival time, BMI, and age are the mean(2.5, 97.5 quantiles).
HRS, Health and Retirement Study; NHIS, National Health Interview Survey;
NHANES, National Health and Nutrition Examination Survey; BMIa, absolute
body mass index.
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from 47.4 years (NHIS) to 60.7 years (HRS), with the majority of re-
spondents in each survey being female, non-Hispanic White, with at
least a high school education.

Table 2 summarizes the parametric components of the fitted models
for each of the three datasets (i.e., Za and bmi.r $), including the esti-
mates of the parametric linear effects, their standard error, and p-values
for testing the hypotheses aj = 0 and p; = 0. Although the individual
coefficients in the natural cubic splines s;(bmi) and sy(age) were esti-
mated, Table 2 does not present these estimates because they are not
interpretable separately; instead, Figs. 1-3 visually display the marginal
estimates of MR by absolute and relative BMI, demonstrating the non-
monotonic relationship between BMI and MR.

Results from the NHANES and HRS indicated that relative BMI decile
was not associated with MR; however, results NHIS indicated that in-
dividuals in the second through fourth deciles of BMI had a significantly
lower MR compared to individuals in the lowest relative BMI decile,
whereas individuals in the fifth through tenth deciles did not have a
statistically significant higher MR. Thus, only in the NHIS was there an
association between relative BMI decile and mortality, and in a direction
opposite of what was hypothesized. Results also indicated that those
with less than a high school education, and current or former smokers,
had a higher hazard of MR than those with a high school education or
more and never smokers, respectively. Most of the coefficients in the
splines s;(bmi) and sy(age) were estimated to be significantly nonzero,
indicating that BMIa had a significant non-linear association with MR.
Figs. 1-3 display the estimated effects of relative and absolute BMI using
the NHIS, NHANES, and HRS datasets, respectively. The top panel of
Fig. 1 plots the marginal effects of BMI ordinal rank as estimated by
using NHIS data and indicates that the lowest decile-defined group of the
percentile BMI rank had the highest hazard ratio. The bottom panel of
Fig. 1 plots the marginal effects of absolute BMI, indicating that in-
dividuals with a BMI of approximately 27 kg/m? had the lowest hazard
of MR. As expected, owing to sparse data, the confidence interval for the
estimated marginal effect with high BMI was wider. The top panel of
Fig. 2 plots the marginal effects of BMI ordinal rank as estimated using
NHANES, indicating a similar MR across all deciles of relative BMI. As in
the NHANES data, the bottom panel of Fig. 2 suggests that individuals
with a BMI of approximately 25 kg/m? had the lowest hazard of MR.
Finally, Fig. 3 plots the marginal effects of BMI ordinal rank as estimated
using the HRS, suggesting a similar MR across deciles of relative BMI,
consistent with findings from NHANES. The bottom panel of Fig. 3
suggests that individuals with a BMI of approximately 26 kg/m? had the
lowest hazard of MR. Finally, we assessed whether the inclusion of BMIr
as a covariate improved model fit using AIC. The AIC for the models with
or without the relative BMI were 261400.2 and 264291.4 for HRS,
100451.7 and 100665.9 for NHANES, 1262544 and 1263551 for NHIS,
respectively, providing evidence that including BMIr as a covariate
improved model fit. Finally, Supplemental Table 1 and Supplemental
Figs. 1-3 present results from models that do not include race and sex as
covariates. Including race and sex in models estimating the association
between relative BMI (defined as ranking within one’s age, race, and sex
group) increases multicollinearity between absolute and relative BMI;
nonetheless, not including them as covariates would likely lead to
omitted variable bias. We thus present results from models without their
inclusion in supplemental materials.

4. Discussion

Scientific analyses of the relationship between obesity and MR
extend back more than a century (Dublin & Marks, 1951; Rogers, 1901),
and debate about the strength and nature of the relationship continues
to the present (Hughes, 2013; Stefan, Schick, & Haring, 2017). Notably,
much of this research has focused on the physiologic consequences of
obesity per se on the health and MR of individuals. Yet, given growing
evidence that the experience of discrimination can harm the health of
individuals, and the status of obesity as a highly stigmatized condition,
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Table 2
Estimates of parametric effects in the survey-weighted Cox proportional hazards models.
Variable NHIS NHANES HRS
Estimate se p-value Estimate se p-value Estimate se p-value
Male 0.37 0.01 <0.0001 0.43 0.04 <0.0001 0.35 0.02 <0.0001
Race/Ethnicity
Non-Hispanic White (ref) - - - - - - - - -
Hispanic 0.01 0.02 0.6233 0.19 0.12 0.1727 -0.15 0.05 0.0024
Non-Hispanic Black 0.17 0.02 <0.0001 0.10 0.11 0.4870 0.17 0.03 <0.0001
Other —0.06 0.03 0.0911 0.24 0.12 0.1143 —0.03 0.07 0.0656
Education
High School or Higher (ref) - - - - - - - - -
Less than High School 0.32 0.01 <0.0001 0.33 0.04 <0.0001 0.25 0.02 <0.0001
Smoking Status
Never (ref) - - - - - - - - -
Former 0.28 0.01 <0.0001 0.23 0.04 <0.0001 0.24 0.02 <0.0001
Current 0.84 0.01 <0.0001 0.87 0.05 <0.0001 0.85 0.03 <0.0001
BMIr Decile-defined group
1 - - - - - - - - -
2 —0.10 0.02 0.0002 —0.03 0.11 0.8088 —0.06 0.05 0.3293
3 —0.12 0.03 0.0006 —0.04 0.14 0.8079 —0.00 0.06 0.9849
4 -0.14 0.04 0.0012 —0.05 0.17 0.7925 0.03 0.07 0.7288
5 —0.09 0.04 0.0512 —0.04 0.19 0.8640 0.05 0.08 0.5579
6 —0.05 0.05 0.3177 —0.12 0.21 0.5552 0.07 0.09 0.4940
7 —0.08 0.05 0.1990 0.19 0.23 0.4075 0.16 0.10 0.1603
8 —0.08 0.06 0.2516 —0.09 0.24 0.7435 0.16 0.11 0.1406
9 —0.08 0.07 0.2877 —0.07 0.26 0.7960 0.09 0.12 0.4724
10 -0.11 0.07 0.2055 -0.07 0.28 0.8181 0.03 0.14 0.8367
N 529,362 45,033 31,115

Note. HRS, Health and Retirement Study; NHIS, National Health Interview Survey; NHANES, National Health and Nutrition Examination Survey; BMIa, absolute body

mass index.
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Fig. 1. NHIS data. The top plot shows the estimates (points) and 95% intervals (bars) of the effects of relative BMI. The numbers (1-10) on the x-axis represent the
levels of BMI, with lower (higher) levels representing lower (higher) BMI. The bottom plot shows the estimated splines (black curve) and 95% pointwise confidence
intervals (shaded region) of absolute BMI. The tick marks on the x-axis indicate the observed values of BMI.

this research tested whether a high BMI relative to one’s age, sex, and
racial/ethnic group was associated with an increased rate of MR, inde-
pendent of one’s absolute BMI. Contrary to our hypotheses that a higher
relative BMI would be associated with an increased rate of MR, a higher
relative BMI was not associated with an increased MR. Our findings
contrast with recent research using an ordinal rank approach to oper-
ationalize BMIr. In an analysis of the relationship between BMIr and life
satisfaction, Kim et al. (J. Kim, 2021) found evidence that individuals
with a higher decile-defined BMIr reported lower life satisfaction rela-
tive to individuals in the fifth decile-defined group, although the
magnitude of the association and statistical significance of different
BMIr decile-defined groups was sensitive to the specification of

reference groups. In particular, Kim et al. found race/ethnicity to be a
“crucial element in defining a reference group for weight comparison”
for women, but not for men (J. Kim, 2021). These findings underscore
the importance of how social reference groups are constructed and that
conclusions about the effects of BMIr on health outcomes may be sen-
sitive to the construction of reference groups.

One notable difference between the research presented herein and
that of Kim et al. in the construction of social reference groups for
calculating BMIr is Kim et al.’s use of county of residence to define
reference groups; that is, BMI deciles were calculated for individuals
within age group-sex-race/ethnicity and county. The present analysis
did not account for county of residence when defining social reference
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groups owing to a lack of data; this may be an important limitation given
evidence that county-level BMI distributions influence individual-level
weight perceptions. For example, Wedow et al. (Wedow, Masters,
Mollborn, Schnabel, & Boardman, 2018) found that county-level weight
norms influence adolescents’ perceptions of their own weight status,
with those residing in counties with a heavier weight norm being less
likely to perceive themselves as being overweight relative to those
residing in counties with a lighter weight norm, independent of actual
BMI. Wedow et al.’s use of perceived (self-reported) weight status
relative to one’s peers, rather than a more objective indicator of relative
BMI (e.g., BMI decile), has the benefit of avoiding the problem of perfect
collinearity between BMIa and BMIr. Finally, Wedow at al. [26] found
that the influence of county-level weight norms appeared to be stronger
for women than men, again indicating the importance of adequately
defining social reference groups. Given the potential influence of
county-level weight norms on self-perception of weight status, and that
both internalized and perceived stigmatization of obesity are associated

with significant adverse psychological and physiologic health outcomes
(Alimoradi et al., 2020; Panza et al., 2019), the present analysis may
underestimate the potential influence of BMIr on the rate of MR.
Nonetheless, recent research that examined deviations from community
mean BMI indicated absolute (i.e., personal) BMI was a stronger pre-
dictor of weight-related perceptions and satisfaction (Feng & Wilson,
2022). Research that seeks to understand the potential health conse-
quences of weight discrimination per se may be better suited by using
more direct measures of discrimination (e.g., self-reported measures of
discrimination) rather than a measure of relative BMI, which only
indirectly captures possible weight discrimination while introducing the
added complexity of jointly modeling both relative and absolute BMI in
statistical models. Nonetheless, there are advantages to using relative
BMI as an indicator of potential weight-based discrimination. First, the
threat of instrument reactivity is reduced, as it does not require in-
vestigators to directly query respondents about past weight-based
discrimination, which may lead respondents to the conclusion that
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previous experiences of discrimination were due to weight. Similarly,
directly querying respondents about improvements in their quality of
life as a result of weight change might create the impression that weight
loss should, in fact, lead to a better quality of life and thereby altering
respondent perceptions (e.g., The Impact of Weight on Quality of Life
Scale (Kolotkin & Crosby, 2002)). Second, asking individuals about past
instances of weight-based discrimination may ask “more than we can
know”, drawing from Nisbett and Wilson’s (1977) critique on verbal
reports of mental processes, as individuals may be unaware that they
were discriminated against, or mistakenly believe that they were
discriminated against because of their weight (Nisbett & Wilson, 1977).
Another strength of this research relative to previous literature exam-
ining the influence of relative BMI on health is the use of longitudinal
data. The average survival time from observed BMI was 10.60 years
(ranging from 1.83 to 22.99 years); thus, while factors that confound the
relationship between BMIr and MR cannot be ruled out owing to the
observational design, our findings are less susceptible to the risk of
immediate reverse causality, as might be the case in research investi-
gating self-reported outcomes (e.g., life satisfaction) contemporaneous
with measures of BML Still, illness-related weight loss may confound the
estimated relationship between BMI and rate of MR in longitudinal
studies, although this bias appears to be small and methods used to
account for illness-related weight loss may themselves introduce bias
(Flegal, Graubard, Williamson, & Cooper, 2011).

Regarding the findings for absolute BMI, BMI is a strong predictor of
overall MR both above and below the apparent optimum of about
22.5-25 kg/m2 (Prospective Studies Collaboration et al., 2009). BMI has
a J-shaped curve relationship (for both males and females) such that
among those with a BMI>25, the higher the BMI, the higher the yearly
deaths per 1000 cases of all-cause MR. Also, median survival time may
be reduced by about 8-10 years in those categorized as having Class III
obesity (BMI >40). While the “J-shaped” or “U-shaped” association
between BMI and MR is well-known, such that individuals who are
underweight have an increased rate of MR (Cao, Moineddin, Urquia,
Razak, & Ray, 2014), the present analyses included statistical adjust-
ment for BMIa, accounting for underlying health conditions (and other
factors) associated with being underweight that might increase the
mortality hazard. Regarding the unexpected finding that in the NHIS,
ordinal rank BMI in the second, third, or fourth deciles was associated
with a reduced MR relative to the lowest decile, it may be that adjusting
for BMIa in our analyses did not fully account for the health risks
associated with being underweight, nor the selection of unhealthy in-
dividuals into the underweight BMI category. Another possibility dis-
cussed below is the problem of multicollinearity. Finally, another
limitation of this research, though perhaps a necessary one to address
collinearity between BMIr and BMIa, is the coarse categorization of in-
dividuals into decile-defined groups based on their exact value of BMIr.
While coarse categorization appears to sufficiently address collinearity
such that joint estimation of BMIa and BMIr is possible, it may merely
disguise the collinearity.

4.1. Intertwined statistical and conceptual issues

Testing the conceptual hypothesis that relative BMI (that is, the de-
gree to which one’s, individual BMI deviates from the norm of one’s
reference group) is a contributor to the hypothesized negative health
effects of stigma, in addition to, or more strongly than the association or
effects of absolute BMI on MR presents several challenges. The first is
conceptual. Because the concept of relative BMI is subjective, there is no
intrinsic a priori scaling that is definitively correct. Apart from the
perhaps reasonable presumption that above and below the mean or
median BMI, the relationship between perceived deviation and stigma
will be monotonic with actual BMI, the shape of those monotonic re-
lations on either side of an absolute BMI reference point are unknown.
Therefore, any monotonic transformation of relative BMI might be
reasonable, yet the choice of transformation is open to question. The
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second challenge is distinguishing the introduction of measurement
error from a transformation that preserves monotonicity, reduces
collinearity, and is conceptually sound. For example, in the present
research, we used a rank transformation in this paper, following the
work of Kim (J. Kim, 2021). This reduces the collinearity (although only
very modestly) but whether it does so by introducing additional mea-
surement error into the variable via coarse categorization or whether it
more accurately captures the underlying construct of interest is un-
known, and these two possibilities are not mutually exclusive.

In terms of how the hypothesis test is statistically established, one
can ask whether relative BMI is associated with MR after controlling for
absolute BMI; whether the strength of the association between relative
BMI and MR is greater than the strength of the association between
absolute BMI and MR when strength of association is quantified in terms
of slopes; whether the strength of the relation between absolute BMI and
MR is reduced when controlling for relative BMI (i.e, Clogg’s test of
collapsibility); or whether the strength of the association between
relative BMI and MR is greater than the strength of the association be-
tween absolute BMI and MR when strength of association is quantified in
terms of predictive ability or “variance explained."

Such questions can be addressed by modeling both relative BMI and
absolute BMI together in a single model, by testing for interaction effects
between absolute BMI and the reference norms which define relative
BM], by testing for differences in coefficients when both relative BMI
and absolute BMI are included in the same model (In a generalized
variant of the method described by Neter in Section 7.3), and by
comparing the predictive ability of non-nested models as, for example,
described here (Neter, Wasserman, & Kutner, 1989). All of this is made
more complicated by the extraordinary degree of collinearity between
relative BMI and absolute BMI, which, though we were able to reduce by
using subgroup-defined relative BMI, multiple cohorts, and non-linear
estimates of the association between absolute BMI and MR, remains
high.

A second challenge is the marked nonlinearity in the association
between BMI, and likely relative BMI as well, with MR necessitating
models that do not readily permit characterization of that relationship
by a single coefficient that can be compared to a single coefficient for a
different variable or a different model. We have tested and utilized one
set of approaches herein, but we believe that other approaches merit use
in future research and that methodologic research on how to best
address these questions is also warranted.

5. Conclusion

Finally, it is important to reiterate that explicit discrimination is not
the sole means by which social identity threat occurs. Steele et al. (Steele
et al., 2002) propose that social identity threat is “aroused by any cue
relevant to the evaluative jeopardy of people with a given social iden-
tity”, including minority status in a given setting, the cultural
centeredness of an identity other than one’s own, and ambiguous
criteria for evaluation and upward progression in a given setting.” Thus,
threat to the social identity of individuals with a high BMIr may be
frequently aroused if they often find themselves in settings in which they
appear to have a higher BMI than others, are consistently exposed to
cues that smaller body sizes are normative or are employed in settings
where the evaluative criteria of one’s performance are sufficiently vague
as to arouse concern that one’s body size is a barrier to advancement.
Given that the dominant ideal body type in Western countries remains a
“slim and toned physique” (Aniulis, Sharp, & Thomas, 2021), US adults
with a high BMIr likely find themselves in settings that frequently arouse
social identity threat, though we did not find evidence that a high BMIr
ultimately leads to an increased MR.
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