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Abstract
Objectives: We investigate whether obesity accounts for widening socioeconomic disparities in pain. Methods: Based on
nationally representative samples of Americans aged 25–74 in 1995–1996 and 2011–2014, we use logistic regression to model
period change in headaches, backaches, and joint aches as well as physical limitations and to determine whether those changes
vary by a multidimensional measure of socioeconomic status. Results: Prevalence of backaches, joint aches, physical limitations,
and obesity increased between the mid-1990s and the early 2010s, particularly among more disadvantaged Americans. So-
cioeconomic disparities in frequent backaches, frequent joint pain, and physical limitations more than doubled over this period.
We estimate that obesity and health conditions may account for nearly a quarter of the widening disparity in frequent backaches
and about half of the widening disparity in frequent joint pain and physical limitations. Discussion: Widening disparities in
backaches, joint pain, and physical limitations have coincided with growing obesity.
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Introduction

Reported pain in the United States has increased since the
early 1990s (Nahin et al., 2019; Zimmer & Zajacova, 2020).
Pain has a detrimental effect on physical function and quality
of life (Duenas et al., 2016) and imposes enormous health
care and productivity costs (Gaskin & Richard, 2012). Prior
research has highlighted growing socioeconomic disparities
in mental health (Goldman et al., 2018), drug misuse (Glei
et al., 2020), physical function (Zajacova & Montez, 2017),
and mortality (Chetty et al., 2016). A similar pattern for pain
would provide further evidence of widening inequality in
health and well-being. A recent study suggested that socio-
economic status (SES) is inversely associated with the in-
crease in pain (Glei et al., 2020); three other studies noted
growing educational or income disparities in pain (Case et al.,
2020; Cutler et al., 2020; Zajacova et al., 2021).

Rising pain does not appear to be merely a result of
population aging: increases have been observed at all adult
ages and in both sexes (Institute of Medicine, 2011). While it
is possible that the increase reflects changes over time in
reporting or perception, prior studies have reported a recent
increase in physical/functional limitations in the United
States (Iezzoni et al., 2014)—particularly at working ages
(Freedman et al., 2013; Martin & Schoeni, 2014) and among

those with less than a high school degree (Zajacova &
Montez, 2017). Those findings suggest that rising pain
may represent more than a statistical artifact.

Another potential contributor to rising pain is obesity
(Institute of Medicine, 2011; Stokes et al., 2020; Zimmer &
Zajacova, 2020). The age-adjusted prevalence of obesity (i.e.,
body mass index greater than 30) among US adults grew from
15% in 1976–1980 to 42% in 2017–2018 (Fryar et al., 2018;
Hales, 2020). Evidence regarding recent trends in the so-
cioeconomic disparity in obesity among US adults is mixed
(Ljungvall & Zimmerman, 2012; Ogden et al., 2010; Yu,
2016), although Frederick et al. (2014) report that obesity has
risen faster among adolescents with less educated parents.
Obesity could increase pain through two primary mecha-
nisms (Okifuji & Hare, 2015): 1) excess weight—particularly
overloading the lower back, hip, and knee joints—amplifies
the mechanical stresses on the body, which may cause
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structural damage and wear-and-tear on the joints leading to
osteoarthritis and pain; and 2) obesity is associated with
chronic low-grade inflammation, which may also induce
pain. Prior studies have demonstrated that obesity is asso-
ciated with various types of pain including lower back pain
(Shiri et al., 2010; Walsh et al., 2018), joint pain (Walsh et al.,
2018), and headaches (Chai et al., 2014), but the relationship
may be stronger for lower back pain than headaches (Wright
et al., 2010). Previous research suggest that obesity accounts
for 19–32% of the recent increase in pain (Case et al., 2020;
Stokes et al., 2020; Zajacova et al., 2021), but none of those
studies quantified the extent to which obesity may account for
widening SES disparities in pain.

Here, we address the overarching question: does obesity
account for widening socioeconomic disparities in pain
among Americans? We evaluate period differences in the
frequency of headaches as well as backaches and joint aches
because if rising pain is related to obesity, then we would
expect to see a larger increase over time in musculoskeletal
pain (e.g., back and joints) than in headaches. Unlike prior
studies that used a proxy measure of SES such as education or
income (Case et al., 2020; Zajacova et al., 2021), we use
a multidimensional measure of SES that enables us to
evaluate changes1 over time in pain for fixed quantiles (i.e.,
percentiles) of the population, thereby avoiding the problem
of lagged selection bias (Dowd &Hamoudi, 2014) that biases
analyses of period trends by education. To measure obesity,
we include a measure of abdominal obesity (i.e., waist cir-
cumference) as well as body mass index (BMI).

Methods

Data

The data came from two cross-sectional waves of Midlife in
the United States (MIDUS), each of which targeted a national
probability sample of non-institutionalized, English-speaking
adults aged 25–74 in the contiguous United States. In 1995–
1996, respondents were selected by random digit dialing with
oversampling of older people and men (Brim et al., 2016);
3487 respondents completed the phone interview (70% re-
sponse rate) and 3034 also completedmail-in self-administered
questionnaires (SAQs). In 2011–2014, a new refresher co-
hort was drawn from the national population using a sam-
pling frame that included both landlines and cell phones
(Ryff et al., 2016); 3577 individuals participated in the phone
interview (59% response rate) and 2598 also completed
the SAQ. We restricted our analyses to respondents who
completed the SAQ (pooled analysis sample: N = 5632).
The MIDUS survey protocols were reviewed and approved
by the Education and Social/Behavioral Science Institu-
tional Review Board at University of Wisconsin-Madison.
The data used in this analysis are publicly available from
the Inter-university Consortium for Political and Social
Research (https://www.icpsr.umich.edu/icpsrweb/ICPSR/

studies/2760; https://www.icpsr.umich.edu/web/ICPSR/studies/
36532).

Measures

Pain. Respondents were asked how often, during the past
30 days, they experienced: 1) headaches; 2) lower backaches;
and 3) aches/stiffness in joints. The six response categories
ranged from “not at all” to “almost every day.” For each of
the three outcomes, we created an additional dichotomous
measure indicating frequent pain, defined as pain “almost
every day.” Although MIDUS did not distinguish between
chronic and acute pain, frequent pain is likely to be more
debilitating than occasional pain and may be closer to the
construct of “chronic pain.” MIDUS did not capture all
types of pain, but prior literature has suggested that lower
back and joint pain are likely to be the most prevalent
types of pain at the population level (Johannes et al.,
2010).

Physical function. Respondents were asked, “How much does
your health limit you in doing each of the following? Lifting
or carrying groceries; climbing several flights of stairs;
bending, kneeling, or stooping; walking more than a mile;
walking several blocks; walking one block; vigorous activity
(e.g., running and lifting heavy objects); and moderate ac-
tivity (e.g., bowling and vacuuming).” Each question had
four response categories (i.e., not at all, a little, some, and
a lot). Like prior studies (e.g., Iezzoni et al., 2014; Martin &
Schoeni, 2014), we created a dichotomous variable indicating
whether the respondent reported any limitation on at least one
of the eight physical tasks. To better capture impairment that
may be more strongly correlated with frequent pain, we coded
a second binary measure to indicate whether the respondent
reported “a lot” of limitation on any of those same tasks
(hereafter referred to as “major limitation”).

Obesity. The respondent was asked to report current height,
weight, and waist circumference as well as weight 1 year prior
to the survey. We computed BMI (kg/m2) based on current
height and the higher of the two weight measures to help
avoid the problem that someone may have lost weight owing
to a recent illness. Then, we categorized BMI using theWorld
Health Organization cutoffs for underweight (<18.5), normal
weight (18.5–24.9), overweight (25–29.9), class I obesity
(30–34.9), class II obesity (35–39.9), and class III obesity
(40+).

Health conditions. We included 11 health conditions that were
likely to be associated with obesity and potentially cause
pain. Dichotomous variables indicated whether the respon-
dent ever had heart trouble suspected or confirmed by a
doctor and whether s/he ever had cancer. The respondent
was also asked: “In the past 12 months, have you experienced
or been treated for any of the following?” (as worded in
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the questionnaire): 1) Asthma, bronchitis, or emphysema;
Tuberculosis; Other lung problems (we combined these 3 sets
of conditions); 2) Arthritis, rheumatism, or other bone or joint
disease; 3) Recurring stomach trouble, indigestion, or
diarrhea; 4) Gallbladder trouble; 5) Persistent foot trouble
(e.g., bunions, ingrown toenails); 6) Lupus or other au-
toimmune disorders; 7) Diabetes or high blood sugar; 8)
Multiple sclerosis, epilepsy, or other neurological dis-
orders; and 9) Stroke. The relationship between obesity
and these health conditions was likely to be bidirectional:
obesity may have precipitated illness, which in turn could
have caused weight loss (e.g., obesity contributed to the
development of type II diabetes, which caused sudden
weight loss). Thus, failure to control for diabetes could
underestimate the association between obesity and pain.
Of course, these health conditions also represent key
pathways through which obesity may increase pain. By
including both obesity and health conditions, we were able
to more fully capture the potential effects of obesity on
pain.

Control variables. We controlled for age, sex, race,2 smoking
history, and a composite measure of relative SES, all of which
may confound the relationship between obesity and perceived
pain. For example, the inverse association between smoking
and obesity is well-established, and several studies describe
mechanisms by which smoking can influence pain sensitivity
(Aamodt et al., 2006; Ditre et al., 2011; Waldie et al., 2008).
Other reviews (e.g., Campbell & Edwards, 2012, Mossey,
2011) suggest there may be racial differences in pain sen-
sitivity and/or under-reporting of pain. To test for a period
effect, we included a dichotomous variable for survey wave.
As described in detail in Supplementary Material, we cre-
ated the SES index based on education, occupation, income,
and assets, which we then converted to a percentile rank
representing the individual’s position within the distribution
at that wave. For ease of interpretation, we reverse-coded
and rescaled the SES variable to range from 0 (top per-
centile) to 1 (bottom percentile), such that a one-unit change
denotes the difference between the bottom and top per-
centile of SES.

Analytic Strategy

We used standard practices of multiple imputation to handle
missing data (see Supplementary Material for details). All
analyses used post-stratification weights (Brim et al., 2019;
Palit et al., 2016) to ensure that the weighted samples show
very similar distributions (in terms of age, sex, race, edu-
cation, and marital status) as the corresponding Current
Population Survey.

To assess the change in pain levels between the mid-1990s
and early-2010s and determine whether those changes vary
by SES, we began by examining the frequency distribu-
tion for each type of pain by wave and SES quintile. We

performed similar analyses for physical function to determine
whether the pattern mirrored the changes in pain.

Next, we used a logit model to regress each of the di-
chotomous measures for frequent pain of each type and
physical limitations on sociodemographic characteristics,
smoking history, survey wave, and an interaction between
period and SES. We compared linear, quadratic, and quintile
specifications for SES, but the linear specification produced
the best model fit (according to the Bayesian information
criterion); there was no evidence of non-linearity. Thus,
Model 1 evaluated the magnitude of the SES disparity in
1995–1996 (i.e., the main effect of SES), the difference
between 1995–1996 and 2011–2014 among those in the top
percentile of SES (i.e., main effect of period), and the change
in the SES disparity over time (i.e., interaction between
period and SES).

To explore whether obesity and health conditions might
account for widening disparities in pain and physical func-
tion, we first examined the period change by low versus high
SES (median split). We expected to find greater increases in
obesity and adverse health conditions among those with low
SES than those with high SES. Next, we graphed BMI
(distribution across categories) and waist circumference (box
plot) by period and SES quintile. Finally, we added the
measures of obesity (Model 2) and health conditions (Model
3) to the logit models to determine the extent to which they
explained the widening SES disparity in pain.

Unlike linear models, we could not simply compare the
coefficients across models to quantify the extent to which
selected variables account for the period increase in pain/
physical limitations or widening of the SES disparity. The
coefficients from nested nonlinear models are not comparable
because of rescaling; therefore, we used the Karlson–Holm–

Breen method to obtain those estimates (Karlson et al., 2012).
We performed four sensitivity analyses. First, because

smoking was likely to confound the relationship between
obesity and health, we re-estimated the models, restricting the
sample to never smokers. Second, in order to exclude people
who may recently have lost weight because of serious illness,
we refitted the models after excluding respondents who re-
ported a history of cancer, heart trouble, stroke, diabetes, lung
problems, autoimmune, or neurological disorders. Third, we
explored robustness to the exclusion of outliers on BMI and
waist circumference. Finally, we fitted an alternative version
of Model 3 that included only the health conditions expected
to be strongly associated with obesity: diabetes, heart disease,
stroke, and arthritis.

Results

As shown in Figure 1, there were substantial increases be-
tween 1995–1996 and 2011–2014 in reported frequency of
lower backaches and joint aches but little change in head-
aches. Change in backaches and joint pain was much greater
at lower levels of SES, while there was little SES variation in
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headaches. Among those with low SES, the percentage re-
porting frequent lower backaches doubled (11% in 1995–
1996 vs. 23% in 2011–2014) and frequent joint aches
nearly doubled (15% vs. 29%, respectively; Supplementary
Material eTable 1). For those with high SES, the period
differences were much smaller: 7% in 1995–1996 vs. 9% in
2011–2014 for back pain and 11% vs. 17%, respectively, for
joint pain.

As shown in Figure 2, physical limitations increased,
particularly at lower levels of SES, in a manner similar to the
patterns observed for back and joint pain. The percentage
who reported any physical limitation increased from 71% in

the mid-1990s to 79% in the early-2010s among those with
low SES, whereas there was a much smaller change among
their more advantaged counterparts (60% vs. 63%, re-
spectively; Supplementary Material eTable 1). The pattern
was similar for prevalence of a major limitation.

After controlling for sociodemographic characteristics and
smoking history, we found no significant period effect for
headaches at any level of SES (Supplementary Material
eTable 2, Model 1), but the period effect for the other out-
comes was much larger at lower levels of SES, and thus, SES
disparities widened (Supplementary Material eTable 3–6).
For example, the interaction between period and SES in
Supplementary Material eTable 3 (OR = 2.69, 95% CI 1.33–
5.46) indicated that the period increase in the odds of frequent
backache was nearly 2.7 times as high for someone in the
bottom percentile of SES than it was for someone in the top
percentile of SES (represented by the main effect of period).
The main effect of SES implied that the odds of frequent
backache in 1995–1996 were 3.2 times as high for someone
in the bottom percentile of SES relative to someone in the top
percentile (OR = 3.17, 95% CI 1.90–5.28). To simplify in-
terpretation, Table 1 shows the odds ratios for the period
effects at the bottom (A) and top (B) of the SES continuum,
the SES disparity in 1995–1996 (C) and 2011–2014 (D), and
the degree to which the SES disparity widened over that
period (E).

The odds of frequent backaches and frequent joint aches
more than doubled between 1995–1996 and 2011–2014
among those in the bottom percentile of SES (Table 1,
Panel A). The odds of any physical limitation nearly doubled,
while the odds of a major limitation were 70% higher
in 2011–2014 than in 1995–1996 among those with the
lowest SES. In contrast, the corresponding period effects for
someone in the top percentile of SES were much smaller
(Panel B). Consequently, the SES disparity widened con-
siderably. For example, the odds ratios for the SES disparity
in frequent backaches were 3.2 in 1995–1996 (Panel C) but

Figure 2. Limitations on any of 8 physical tasks by period and
socioeconomic status quintile.

Figure 1. Pain by period and socioeconomic status quintile:
(a) Headaches; (b) lower backaches; and (c) joint aches/stiffness.
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rose to 8.5 by 2011–2014 (Panel D). The disparity in the odds
of frequent backaches, frequent joint aches, and physical
limitations were more than twice as a high in 2011–2014 than
in 1995–1996 (Panel E). The widening of disparity for fre-
quent headaches was smaller and not significant.

Mean levels of both BMI and waist circumference were
higher in 2011–2014 than in 1995–1996 (Supplementary
Material eTable 1), but the aggregate change was much
greater for those with low SES than for those with high SES.
Graphs by SES quintile further demonstrated that BMI

(Figure 3) and waist circumference (Supplementary Material
eFigure 1 increased over time, especially at lower levels of
SES.

When the obesity measures were added to Model 2,
neither BMI nor waist circumference was significantly as-
sociated with headaches (Supplementary Material eTable 2)
or backaches (Supplementary Material eTable 3), but BMI
was positively associated with joint pain (Supplementary
Material eTable 4). Both BMI and waist circumference
were related to the two measures of physical limitations

Table 1. Odds ratios for selected effects and the percent of those effects explaineda by obesity and health conditions: Period effects for
those in the bottom (A) and top (B) percentile of SES, SES disparity in 1995–1996 (C) and 2011–2014 (D), and widening of the disparity over
that period (E).

Frequent Pain Physical Limitations

Headaches Backaches Joints Any Major

A) Period effect at bottom percentile of SES
Odds ratio (Model 1)b 1.28 2.84��� 2.65��� 1.98��� 1.70��
% explained by obesity (Model 2) c 13.8 30.4 73.5 81.3
% explained by obesity and health (Model 3) c 10.3 21.4 71.3 88.3

B) Period effect at top percentile of SES
Odds ratio (Model 1)d .92 1.06 1.28 0.71�� 0.76
% explained by obesity (Model 2) c c c �19.2 c

% explained by obesity and health (Model 3) c c c 30.3 c

C) SES disparity in 1995–1996
Odds ratio (Model 1)e 3.26�� 3.17��� 2.24��� 2.23��� 4.16���
% explained by obesity (Model 2) 8.3 5.4 18.9 27.4 12.7
% explained by obesity and health (Model 3) 19.3 21.7 51.2 52.1 26.1

D) SES disparity in 2011–2014
Odds ratio (Model 1)f 4.52�� 8.52��� 4.62��� 6.23��� 9.27���
% explained by obesity (Model 2) 23.3 8.7 27.1 37.7 24.8
% explained by obesity and health (Model 3) 43.6 22.7 49.2 55.6 39.9

E) Widening of the SES disparity
Odds ratio (Model 1)g 1.39 2.69�� 2.06� 2.79��� 2.23��
% explained by obesity (Model 2) c 12.5 35.9 45.2 44.9
% explained by obesity and health (Model 3) c 23.5 47.4 58.3 63.4

Note. SES = socioeconomic status.
aThe percent explained is calculated using the Karlson–Holm–Breen (KHB) method (Karlson et al., 2012) with the Stata user-written program “khb” (Kohler
et al., 2011). KHB estimates are computed for each multiple imputation dataset, and then, we use the Stata program “micombine”written by Gérman Rodrı́guez
to combine the estimates. The contribution of individual variables is computed as the mean of the estimates across the five multiple imputation datasets.
bRepresents the odds ratio (OR) of the main effect for period ðORPeriodÞ multiplied by the OR of the interaction between period and SES ðORPeriod×SESÞ from
Model 1 (Supplementary Material eTable 2–6). We present the OR for the bottom (A) and top (B) percentiles of SES to demonstrate the full range, but the OR
for any quantile of the distribution can be computed as exp½lnðORPeriodÞ þ ð1� X=100Þ∗lnðORPeriod × SESÞ�, where X represents the quantile of interest. For
example, the odds of frequent joint pain for someone at the 50th percentile would be exp½lnð1:28Þ þ 0:5∗lnð2:06Þ� ¼ 1:83.
cWe do not show the percent explained in cases where the odds ratio is not significant. In such cases, the results can be erratic because the denominator is small.
dRepresents the OR of the main effect for period.
eTheOR of themain effect for SES, which represents the odds of the outcome for someone in the bottom relative to the top percentile of SES in 1995–1996. The
corresponding odds ratio for any two quantiles (X and Y) of SES can be computed as ðORSESÞ½ðY�XÞ=100�. For example, the odds of frequent joint pain for someone
in the 25th relative to the 75th percentile of SES in 1995–1996 would be ð2:24Þ0:5 ¼ 1:50.
fRepresents the OR of the main effect for SES ðORSESÞmultiplied by the OR of the interaction between period and SES ðORPeriod×SESÞ. The corresponding odds
ratio for any two quantiles (X and Y) of SES in 2011–2014 can be computed as ðORSES∗ORPeriod×SESÞ½ðY�XÞ=100�. For example, the odds of frequent joint pain for
someone in the 25th relative to the 75th percentile of SES in 2011–2014 would be ð4:61Þ0:5 ¼ 2:15.
gRepresents the OR of the interaction between period and SES, which can be interpreted as the change in the SES disparity between 1995–1996 and 2011–2014,
or alternatively, as the relative difference between the period effects for the bottom versus the top percentile of SES. This OR is equivalent to the ratio of the
ORs of the period effects for the bottom (A) relative to the top percentile of SES (B). It is also equivalent to the ratio of the ORs for the effect of SES at 2011–
2014 (D) relative to 1995–1996 (C).���p < .001, ��p < .01, � p < .05.
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(Supplementary Material eTable 5 and 6). For those in the
bottom percentile of SES, obesity accounted for 14% of the
period increase in backaches and 30% of the increase in joint
aches but an even greater share of the increase in any physical
limitation (74%) and a major limitation (81%; Table 1, Panel
A). Obesity explained a much larger share of the SES dis-
parity in 2011–2014 (Table 1, Panel D) than in 1995–1996
(Table 1, Panel C). Finally, we estimated the degree to which
obesity accounted for widening of the SES disparity over that
same period (13% for backaches, 36% for joint pain, and 45%
for physical limitations; Table 1, Panel E).

Among the selected health conditions (Supplementary
Material eTable 1), only diabetes exhibited a pattern that
was highly consistent with that of pain and physical limi-
tations: prevalence increased over time, especially among
those with low SES (+10 percentage points vs. +3 percentage
points for those with high SES). The prevalence of other
conditions increased over time for those with low SES but
was virtually unchanged (i.e., neurological disorder and
autoimmune disorder) or declined (i.e., lung problems and
arthritis) among those with high SES. Thus, the SES dif-
ferentials in the trends in prevalence of these health con-
ditions were consistent with the larger increase in pain and
physical limitations among those with low SES.

The remaining conditions were unlikely to explain why
pain and physical limitations increased over time at lower
levels of SES. There was little SES differential in increased
prevalence of heart trouble. Cancer increased over time, but
more so at high SES, perhaps because of SES differences in
diagnosis. Prevalence declined over time for the other con-
ditions (i.e., stroke, recurring stomach problems, gallbladder
trouble, and persistent foot trouble).

When health conditions were added to Model 3, we found
that arthritis was strongly associated with frequent backaches
(Supplementary Material eTable 3) and even more so for
frequent joint aches (Supplementary Material eTable 4).
Arthritis was also associated with physical limitations, but the

effect size was weaker (Supplementary Material eTable 5 and
6). Neurological disorders had the strongest effect on physical
limitations, but they were not significantly associated with
frequent pain of any type. Health conditions did not yield
added value for explaining the period increase in backaches
or joint aches: the combined contribution of obesity and
health conditions was actually less than that of obesity alone
(Table 1, Panel A).

In contrast, these conditions made an incremental con-
tribution to the increase in a major physical limitation, largely
because of the increased prevalence of diabetes, lung prob-
lems, and neurological disorders among those with low SES.

Health conditions also helped account for the widening
SES disparity (Table 1, Panel E). Together, obesity and the
health conditions accounted for 24% of the widening dis-
parity in frequent backaches and an even larger share for joint
aches (47%) and physical limitations (58–63%). Among the
health conditions, the biggest contributor to the widening
SES disparity was arthritis (results not shown), for which
prevalence increased at low SES while declining at high SES
(Supplementary Material eTable 1). Lung disorders also
made a notable contribution to the widening disparity in
physical function because lung disorders increased at low
SES while decreasing at high SES.

Additional sensitivity analyses demonstrate that restricting
the analysis to never smokers exacerbated the widening SES
disparities in pain and physical function, but obesity generally
accounted for a smaller share of the widening SES disparity.
After excluding respondents who reported a history of se-
lected serious illnesses, the share of SES widening that could
be accounted for by obesity was generally smaller. Exclusion
of outliers on BMI and waist circumference had no substantive
effect on the results. Finally, when controls for health conditions
were limited to diabetes, heart trouble, stroke, and arthritis, they
accounted for a smaller percentage of SES widening (See
Supplementary Material for more details regarding the sensi-
tivity analyses.) In sum, these tests of robustness suggested that
declines in smoking may have tempered SES widening, and
some of the explanatory power of health conditions may not
necessarily have been a result of obesity.

Discussion

Our results suggest that widening SES disparities in back
pain, joint aches, major physical limitations, and disability are
linked with the obesity epidemic. In contrast, there was little
change in reported frequency of headaches, which is also
consistent with the idea that rising pain is driven by obesity.
We expected obesity to have a bigger effect on musculo-
skeletal pain than on headaches because of the additional
mechanical stresses that excess weight imposes on muscles,
bones, and connective tissue and because obesity is associ-
ated with up-regulation of pro-inflammatory cytokines se-
creted by adipose tissue, such as leptin, which has been linked
with osteoarthritis (Walsh et al., 2018; Yan et al., 2018).

Figure 3. Body mass index by period and socioeconomic status
quintile.
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Some researchers have suggested that rising levels of
reported pain may reflect changes in reporting (Institute of
Medicine, 2011; Zimmer & Zajacova, 2020). If so, why
would it have affected those with low SES much more than
those with high SES and why do not we see the same pattern
for headaches? The fact that the patterns of physical function
were similar to patterns for back and joint pain also counters
the notion that it reflects increased pain sensitivity or greater
expectation for pain relief.

Deteriorating mental health has also been cited as a po-
tential explanation for rising pain, but it is difficult to de-
termine the direction of causation because the relationship
between emotional distress and pain is bi-directional. Mental
health may also have a bi-directional relationship with obesity
(Luppino et al., 2010). Thus, it is not clear whether we should
treat mental health as an obesity-pain confounder or as an
intermediate mediator. It would be pointless to add mental
health to the model because even if it attenuated the period
effect, we would not be able to say whether that was because
mental distress exacerbated pain or because pain caused
mental distress (i.e., reverse-causality).

Case et al. (2020) argue that rising pain may be a conse-
quence of deteriorating social and economic conditions faced
by less-educated Americans, but that hypothesis does not
preclude the possibility that obesity acts as a mediator. In-
deed, Deaton (2017) suggested that “if obesity is the cause [of
an increase in heart disease mortality], as many argue, some
of these deaths might also be classed as deaths of despair (p.
2)…heavy drinking, obesity, increasing social isolation,
drugs, and suicide are plausible outcomes of these cumulative
processes that deprive white working class lives of their
meaning (p. 4).”

Even if the obesity epidemic is a proximate determinant of
the rise in pain, we need a better understanding of its un-
derlying causes if we want to combat the problem effectively.
Obesity is the result of an imbalance between energy intake
(i.e., diet) and expenditure (i.e., physical activity). Most re-
search on the obesity epidemic has focused on these “Big
Two” (Cardel et al., 2011), but other factors such as diet
composition (Cordain et al., 2005) and exposure to
endocrine-disrupting compounds and other environmental
obesogens (Grün & Blumberg, 2006) may play a role.
Obesogens may affect lipid metabolism by interfering with
the endocrine system, hypothalamic–pituitary–adrenal axis,
or adipose tissue biology (Grün & Blumberg, 2009). Food,
food packaging, and the water supply expose us to thousands
of compounds; food preparation can result in further exposure
to potential obesogens such as perfluorochemicals (PFCs)
from non-stick cookware and bisphenol A (BPA) from mi-
crowaving plastic containers (Simmons et al., 2014). Al-
though there are plausible biological mechanisms as well as
animal studies that support the obesogen hypothesis, there is
not yet strong evidence that any environmental contaminant
causes obesity (Simmons et al., 2014).

Factors that may have contributed to a change in (the
amount and/or composition of) energy intake include the
marketing, affordability, and availability of cheap, convenient
high-calorie processed food versus healthy, whole foods. The
US subsidizes corn, soybeans, wheat, rice, sorghum, dairy,
and livestock, much of which is converted into high-fat meat
and dairy products, refined grains, sugar-sweetened bev-
erages, and processed foods (Siegel et al., 2016). One study
found an inverse relationship between indicators of SES (i.e.,
education and income) and the proportion of calories derived
from major subsidized food commodities; furthermore,
higher subsidy scores were associated with increased risk of
obesity and abdominal adiposity (Siegel et al., 2016). Cutler
et al. (2003) argue that the increase in calorie consumption
since 1980 resulted from the shift to mass-produced, pre-
prepared food, which lowered the time costs of food con-
sumption (e.g., between 1965 and 1995, the amount of time
devoted to preparing and cleaning up after meals fell by up to
50% among women). Given resource limitations and an
increased likelihood of living in a “food desert” (Dutko et al.,
2012), disadvantaged Americans may be more likely to
consume cheap, processed food, which affects nutritional
content and may result in greater exposure to obesogens.

Lavizzo-Mourey & McGinnis (2003, p. 1386) argue that
transformations of the built environment—which influence
how we work, where we live, and how we get around—have
effectively “engineered physical activity out of Americans’
lives.” We have become increasingly dependent on cars, and
communities are often designed to optimize vehicle flow
rather than to allow safe pedestrian and bike routes (Lavizzo-
Mourey & McGinnis, 2003). A study of US children showed
that parental education was positively associated with
neighborhood environmental conditions (e.g., access to
sidewalks, parks, and recreation centers), which in turn had
a negative effect on the risk of childhood obesity (Singh et al.,
2010). Studies focused on adults have also documented a link
between SES, the availability of places to exercise, and
obesity (Lovasi et al., 2009). Thus, Americans with low SES
status may be particularly vulnerable to obesity in part be-
cause their neighborhood environment is less conducive to
physical activity.

Limitations

We cannot determine the direction of causation from the
cross-sectional data in this study. It is possible that pain
causes or exacerbates obesity, in which case our analyses may
over-estimate the proportion of the rise in pain explained by
obesity. Nonetheless, we can say that obesity, back/joint pain,
and physical limitations appeared to follow similar changes
over time. Regardless of causal direction, the close rela-
tionships among obesity, pain, and physical function suggest
the need to look deeper for underlying causes that may affect
all these outcomes.
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We must also acknowledge the limitations of our meas-
ures. The questions in the initial wave ofMIDUS do not allow
us to distinguish between acute and chronic pain. Our obesity
measures are based on self-reports. Based on comparisons of
self-reported values versus anthropometric measurements
among the subset of MIDUS refresher who participated in the
examination component, we know that respondents tend to
under-report weight and over-report height, and thus BMI
tends to be under-estimated. However, we find no evidence
that reporting of BMI or waist circumference varies signif-
icantly by SES or prevalence of frequent pain. Thus, mea-
surement error is unlikely to bias our estimates regarding the
associations between SES, obesity, and pain. Furthermore,
we do not have full information regarding the development of
obesity over the respondent’s lifetime. Unmeasured illness
that causes both weight loss and pain could downwardly bias
estimates of the relationship between obesity and pain. Although
we included many health conditions likely to be associated with
obesity, their inclusion may overestimate the contribution of
obesity. If some of those health conditions cause pain but were
not a result of obesity, then their inclusion would inflate our
estimates. For example, arthritis is a major contributor to the
widening SES disparity. Although arthritis increased over time
among those with low SES, it declined among those with high
SES even as obesity increased. Thus, obesity cannot explain the
decline in arthritis at high levels of SES.

Conclusions

Prevalence of backaches, joint aches, physical limitations, and
obesity were higher in the early 2010s than in the mid-1990s,
particularly among more disadvantaged Americans. Overall,
the socioeconomic disparity in frequent backaches, frequent
joint aches, and physical limitations more than doubled be-
tween 1995–1996 and 2011–2014. Our estimates suggest that
obesity and health conditions may account for nearly a quarter
of the widening SES disparity in frequent backaches and about
half of the widening disparity in frequent joint pain and
physical limitations. If widening SES disparities in backaches,
joint pain, and physical limitations are linked with growing
obesity, then we need to better understand the underlying
factors that caused the rapid increase in obesity over recent
decades in order to develop effective interventions to combat
obesity. The past year has demonstrated the power of vaccines,
but there is no vaccine for obesity on the horizon.

Author Contributions

D.A. Glei led the study, performed the analyses, and wrote the first
draft of the paper. All authors contributed to the design of the study,
editing the manuscript, and approved the final version.

Declaration of Conflicting Interest

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Institute on Aging [grant numbers
P01 AG020166 and U19AG051426] and the Graduate School of
Arts and Sciences, Georgetown University.

ORCID iD

Dana A. Glei  https://orcid.org/0000-0002-2865-9355

Supplemental Material

Supplemental material for this article is available online.

Notes

1. In this article, we use the term “change” to refer to a period
difference in aggregate-level values rather than within-individual
changes.

2. We did not include ethnicity because the 1995–1996 wave of
MIDUS did not ask respondents to report their ethnicity.
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