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Abstract

Determining long-term trends in chronic pain prevalence is critical for evaluating and shaping U.S. 

health policies, but little research has examined such trends. This study (1) provides estimates of 

pain trends among U.S. adults across major population groups; (2) tests whether 

sociodemographic disparities in pain have widened or narrowed over time; and (3) examines 

socioeconomic, behavioral, psychological, and medical correlates of pain trends. Regression and 

decomposition analyses of joint, low back, neck, facial/jaw pain, and headache/migraine using the 

2002–2018 National Health Interview Survey for adults aged 25–84 (N = 441,707) assess the 

trends and their correlates. We find extensive escalation of pain prevalence in all population 

subgroups: overall, reports of pain in at least one site increased by 10%, representing an additional 

10.5 million adults experiencing pain. Socioeconomic disparities in pain are widening over time, 

and psychological distress and health behaviors are among the salient correlates of the trends. This 

study thus comprehensively documents rising pain prevalence among Americans across the adult 

life span and highlights socioeconomic, behavioral, and psychological factors as important 

correlates of the trends. Chronic pain is an important dimension of population health, and 

demographic research should include it when studying health and health disparities.
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Introduction

This study analyzes trends in chronic pain prevalence from 2002 to 2018 among U.S. adults 

aged 25–84.1 We show that pain prevalence—already high at baseline—increased 

substantially during the study period, with the increase evident in all leading pain sites (joint, 

low back, neck, facial/jaw pain, and headache/migraine). Although the rise in pain 

prevalence occurred in nearly all population subgroups, adults at lower socioeconomic levels 

experienced steeper pain increases, resulting in widening pain disparities by socioeconomic 

status (SES). We also identify a cluster of salient intermediate and proximal correlates of the 

pain increases, which include psychological distress, alcohol use, body weight, and arthritis. 

This study thus provides the first comprehensive portrait of recent pain trends and their 

individual-level correlates in the U.S. adult population.

Chronic pain is a major public health problem given its high prevalence and costs (Croft et 

al. 2011). Nationally, the number of people experiencing chronic pain exceeds those affected 

by heart disease, cancer, and diabetes combined (Institute of Medicine 2011). In 2012, the 

annual economic cost of pain in the United States was estimated at more than $600 billion 

(Gaskin and Richard 2012) and has likely increased since then. For individuals, chronic pain 

is a key determinant of quality of life (Dueñas et al. 2016), healthcare utilization (Song et al. 

2016), and disability (Rice et al. 2016). Moreover, pain and pain treatments are linked to the 

unprecedented up-surge of opioid-related overdoses and deaths among American adults 

(Ahmad et al. 2018)—a public health crisis in its own right.

Recent decades have seen an “explosion” (Gatchel et al. 2007) of research on chronic pain in 

the health sciences, epidemiology, and psychology. Demographers, however, have remained 

largely silent on the topic. For example, Demography, one of the highest impact journals in 

population science, has in its 56-year history published only two articles with “pain” in their 

title or abstract, neither of which treated pain as their primary topic (Hamilton et al. 2019; 

Reither et al. 2009). This may be a function of the peculiar status of pain, which until 

recently was viewed largely as a symptom of other conditions rather than as a condition in 

itself (Cohen et al. 2013; Raffaeli and Arnaudo 2017). However, there is a growing 

consensus in the medical literature that chronic pain should be considered a disease in its 

own right (Siddall 2013; Volkow and McLellan 2016)—as formalized by the inclusion of a 

“chronic pain” classification in the ICD-11 (Smith et al. 2019)—and that pain’s high 

population burden necessitates focused interdisciplinary attention (Croft et al. 2011). Our 

study thus adds a much-needed demographic perspective on pain in the United States.

Assessing the future burden of chronic pain (Interagency Pain Research Coordinating 

Committee 2018) requires an understanding of recent trends in pain prevalence. 

Unfortunately, the literature on pain trends is sparse. Scattered studies have focused on pain 

at specific body sites or in particular clinical or community dwelling populations. For 

instance, studies have found that adults in North Carolina experienced increasing back pain 

1Our analysis focuses on chronic pain (which we often abbreviate as “pain”). Chronic pain is typically Conceptualized as pain that 
“lasts more than several months” (Institute of Medicine. 2011:33). For instance, the ICD-11 defined chronic pain as “persistent or 
recurrent pain lasting Longer than 3 months” (Treede et al. 2015:1004). The question Wording in the National Health Interview 
Survey, described in the Methods section, is within the spectrum of commonly used definitions of chronic pain.
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from 1992 to 2006 (Freburger et al. 2009); nursing home residents reported less chronic pain 

from 2006 to 2009 (Shen et al. 2015); and non-Hispanic Whites aged 45–64 experienced 

increases in chronic pain from 1999 to 2013 (Case and Deaton 2015). We are aware of only 

three U.S. studies using nationally representative samples to examine pain trends. However, 

two of those (Grol-Prokopczyk 2017; Zimmer and Zajacova 2020) included only older 

adults, and the third (Nahin et al. 2019) focused on ICD-coded “painful conditions” rather 

than general chronic pain. All three, nonetheless, reported increasing prevalence. For 

example, the proportion of adults with at least one “painful health condition” increased from 

33% in 1997 to 41% in 2014, a statistically significant and substantively meaningful 

increase (Nahin et al. 2019).

This limited literature leaves unexplored important topics that we address here. Specifically, 

we generate up-to-date estimates of pain trends (the most recent published data are from 

2014). We include individuals across the adult life span, aged 25–84, while also examining 

the data across age groups (25–44, 45–64, and 65–84), representing different life course 

stages and birth cohorts. This is important because older adults report more pain than 

younger adults (Kennedy et al. 2014; Nahin 2015), and pain correlates may also vary by age 

(Edwards 2006; Grol-Prokopczyk et al. 2017). We also examine trends by sex, race, and 

SES. Pain prevalence differs substantially across these characteristics: it is higher among 

women than men (Bartley and Fillingim 2013); higher for adults with lower SES (Jay et al. 

2019; Riskowski 2014); and, in most U.S.-based studies, higher among non-Hispanic Whites 

than among minorities (Kennedy et al. 2014; Nahin 2015). It is therefore reasonable to ask 

whether pain trends also differ across sociodemographic groups. To our knowledge, the 

single prior study that tested for group heterogeneity in pain trends found no significant 

differences, albeit only among older adults (Grol-Prokopczyk 2017). The present study 

formally tests for trend differences to ascertain whether social and demographic disparities 

in pain are decreasing or increasing over time.

Beyond describing pain trends, it is critical to identify salient social and medical factors 

associated with the trends. Utilizing the rich set of covariates available in the National 

Health Interview Survey (NHIS) and linking them to changes in pain over time, our study 

provides the first comprehensive findings on this topic. Although such correlational analyses 

cannot establish causality, they provide suggestive insights regarding processes that underlie 

changes in population pain prevalence and can motivate future in-depth causal analyses of 

key correlates.

Informed by the WHO health determinants framework (Solar and Irwin 2010) and social 

determinants of pain models (Craig and Fashler 2013), we conceptualize pain prevalence as 

a function of a complex web of causation that includes sociodemographic characteristics 

(which shape exposure to risk and access to resources), intermediate-level health-behavioral 

and psychological characteristics, and proximate pain-producing medical conditions. 

Importantly, the WHO framework also posits a critical upstream level comprising the 

socioeconomic-political context that shapes all individual-level relationships, but available 

data restrict the scope of our study to individual-level factors. Socioeconomic factors closely 

linked to pain include education (Zajacova et al. 2020), employment status (Fliesser et al. 

2017), and economic resources (Riskowski 2014). Demographic characteristics include age, 
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sex, race, nativity, and language (Kennedy et al. 2014; Nahin 2015). Health behaviors/
characteristics shown to impact pain include smoking, alcohol use, body weight, and 

physical activity (Kennedy et al. 2014; van Hecke et al. 2013). Psychological factors linked 

to pain include depression and psychological well-being (Goosby 2013; Hooten 2016). 

Finally, proximate medical conditions strongly related to pain include arthritis, cancer, 

diabetes, and respiratory disease (Janevic et al. 2017; Nahin 2015). Admittedly, correlates of 

pain trends may differ from correlates of pain prevalence, and theories of the former are 

lacking. However, demographic studies have identified similar sociodemographic, 

intermediate, and proximate determinants of disability and mortality trends (Martin and 

Schoeni 2014; Montez et al. 2019; Zajacova and Montez 2018).

An admitted challenge in any study of long-term pain trends is that norms surrounding pain 

reporting may change. Recent popular authors speculate that cultural and institutional 

developments, driven partly by aggressive marketing of opioid analgesics by pharmaceutical 

companies, may have led Americans to report pain more readily than in the past (Lembke 

2016; Quinones 2015). In our Discussion section, we evaluate relevant evidence and 

conclude that although reporting differences may play some role, they are unlikely to fully 

explain our findings.

The present study fills the gaps in knowledge about pain trends and their correlates using 

2002–2018 data from the NHIS. We pose three questions central to describing pain and pain 

trends among American adults. First, what are the aggregate trends in pain prevalence for 

leading pain sites? Unlike prior studies, which examined only one pain site or used a global 

pain measure, we provide separate estimates for five specific pain sites as well as for a 

summary pain index. This generates a more granular portrayal of U.S. pain trends. Second, 

are the trends similar for major sociodemographic groups, and if not, are pain experiences 

converging or diverging over time? And third, how do sociodemographic, health-behavioral, 

psychological, and medical factors correlate with the observed pain trends? These three 

questions collectively allow us to assess how pain prevalence has evolved in the United 

States from 2002 to 2018, to describe heterogeneity in the trends across groups, and to 

identify salient individual-level factors linked to the trends.

Methods

Data

We use the 2002–2018 NHIS data, harmonized by IPUMS (Blewett et al. 2019). The NHIS 

is an ongoing cross-sectional, nationally representative survey of the noninstitutionalized 

population in the United States. It is the best available source of data for this study because it 

includes adults of all ages, multiple questions about site-specific pain that remain consistent 

over time, a large set of relevant covariates, ongoing data collection that yields up-to-date 

estimates, and a large sample size that permits subgroup analyses. All variables needed for 

our analyses have been collected consistently since 2002; the most recent wave available at 

the time of writing is from 2018.

The analytic sample is defined as “sample adult” women and men aged 25–84 who were 

interviewed in a survey wave between 2002 and 2018. The “sample adult” is a random 
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subsample of about 43% of all adult NHIS respondents that was administered the detailed 

health measures we utilize. The lower age boundary was chosen to minimize the proportion 

of respondents who were enrolled in a postsecondary educational institution (National 

Center for Education Statistics 2018) given that their social status information (educational 

attainment, employment status, and income) remains to be established. The upper age 

boundary is set at 84 because NHIS respondents’ ages are top coded at 85, and thus 85 

encompasses a wide range of actual respondent ages. From the total 443,237 respondents, 

we excluded 1,530 (0.35%) who had the highest amount of missing independent variables 

(0.19%) or had missing pain information (0.16%), yielding an analytic sample size of 

441,707. The annual sample sizes vary from 19,040 in 2008 to 32,149 in 2014.

Measures

Pain—The NHIS core questionnaire includes questions about pain in five body sites, 

representing the most common and/or disabling types of pain (Rice et al. 2016). Four 

questions followed this prompt: “During the past three months, did you have [low back pain, 

neck pain, severe headache or migraine, or facial or jaw ache or pain]?” The fifth pain 

indicator (joint pain) was collected with two linked questions. First, respondents were asked 

whether they had “any symptoms of pain, aching, or stiffness in or around a joint.” 

Respondents who answered affirmatively were then asked whether the onset was at least 

three months prior. We used a positive response to this follow-up question as an indicator of 

chronic joint pain so that all pain measures in this study capture chronic pain occurring over 

the last three months. The wording of the pain questions differs slightly: joint pain is 

described as “lasting at least 3 months,” whereas the other sites refer to pain “during the last 

3 months.” Nonetheless, as shown later, joint pain is one of the most commonly reported 

pain sites, and findings were broadly similar across all sites. We also created a measure for 

“any pain” in which those who responded affirmatively to any of the five pain sites were 

coded as having pain.

Correlations among the pain sites are moderate, ranging from r = .15 between headache/

migraine and joint pain to r = .39 between low back and neck pain (tetrachoric r = .28 

and .66, respectively). These results fit with the knowledge that most people will experience 

pain in multiple sites (Carnes 2011), but they also indicate that each pain measure 

contributes independent information about respondents’ pain status and can meaningfully be 

analyzed either separately or jointly.

Time—The date of the interview is the key predictor. The NHIS provides information about 

the month and year of the interview. We created a measure of continuous time, normalized to 

have a 0 to 1 range, using the formula continuous time = ( year  − 2002) +  montℎ −1
12 /17. As a 

result, a one-unit change in the trend coefficient estimated in regression models can be 

interpreted as the change in pain level from the start (January 2002) to the end (December 

2018) of the observation period; that is, the coefficient captures the change across the 17-

year period.

Covariates—We include covariates that are consistent with the social determinants 

framework and its chain of causation from demographic and social factors, through health 

Zajacova et al. Page 5

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



behaviors and psychological distress, to chronic conditions. Age is treated in two ways. 

First, age in single years is included in all models as a continuous covariate. Second, the 

sample is stratified into three 20-year age groups: 25–44, 45–64, and 65–84. (The age 

stratified models also control for age, as appropriate for the 20 year age spans of each 

group.) Sex is coded with male as reference. Race/ethnicity categories are non-Hispanic 

White (reference), non-Hispanic Black, Hispanic, and other. Region of residence is 

Northeast (reference), Midwest, South, and West. We also control for information provided 

by proxy interview respondents rather than the target individual (reference). Foreign-born 

status (U.S.-born as the reference) and interviews conducted in a language other than 

English (English as the reference) are included because immigrant status and language of 

interview may impact pain experience and/or reporting (Nahin 2015; Viruell-Fuentes et al. 

2011).

Two measures of social ties are included. Marital status is categorized as married or 

cohabiting (reference) versus not married. The presence of children—own, step-, or adopted

—currently residing in the household is dichotomous, with no children as the reference.

We include several covariates that measure SES. Educational attainment is categorized as 

less than high school or a GED, high school diploma, some college or associate degree, and 

bachelor’s degree or more (reference). GED is grouped with “less than high school” because 

prior studies found that the health of GED recipients is more comparable to that of high 

school dropouts than graduates (Zajacova and Montez 2017a). “Some college” is retained as 

a separate category because this heterogeneous group differs from both high school and 

college graduates in important ways (Zajacova et al. 2012), including specifically in pain 

prevalence (Zajacova et al. 2020). Economic well-being is captured with four indicators. 

First, current employment status is coded as employed (reference) versus not. Second, we 

include information about employment one year prior to the interview: respondent worked 

all 12 months (reference), only a part of the year, or not at all. Third, we control for family 

income-to-poverty ratio calculated by the NHIS. The reported total family income is 

compared with the year-specific U.S. Census poverty threshold based on family size and the 

number of children under 18. This adjustment means the family income controls for 

household composition and for inflation. We refer to this variable as “income” for 

parsimony and categorize it as more than 4 times the poverty threshold (reference), 2–3.9 

times the threshold, 1–1.9 times the threshold, and below the poverty threshold. Fourth, 

homeownership captures a longer term economic resource and is categorized as homeowner 

(reference) versus not.

Health behaviors include smoking, alcohol use, body mass index (BMI), and physical 

activity. Smoking is categorized as never (reference), former, and current. Alcohol use is 

coded as never, former, current moderate (reference), and excessive current use. The latter is 

defined as any binge use in the past year (5 or more drinks per day; since 2014, this question 

was altered in the NHIS for females to 4 or more drinks) or heavy use (8 or more drinks per 

week for women and 15 or more for men) (Esser et al. 2014). BMI, conceptualized as a 

measure of long-term dietary behaviors, was calculated by the NHIS from self-reported 

height and weight and is included in models as a continuous covariate. Physical activity is a 

dichotomous measure capturing whether a respondent met federal guidelines for physical 
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activity (reference) or not. The threshold to meet the guidelines is 150 minutes of moderate 

activity or 75 minutes of vigorous exercise per week (U.S. Department of Health and Human 

Services 2018). Health conditions were assessed in the NHIS using this prompt: “Have you 

ever been told by a doctor or other health professional that you had [this condition]?” The 

conditions comprise respiratory disease (COPD or chronic bronchitis), heart disease, 

arthritis, cancer, diabetes, hypertension, kidney disease, liver condition, and stroke. Finally, 

the Kessler Scale (K6), which measures psychological distress in the past month (Kessler et 

al. 2002), is included as a continuous covariate ranging from 0 to 24.

Approach

The analysis comprised five steps. We used data collected continually from 2002 to 2018, 

with two exceptions: the descriptive statistics in Step 1 used only 2002 and 2018 data, and 

the decomposition analysis in Step 5 used only 2002–2004 and 2016–2018 data. Extensive 

robustness checks were conducted and are summarized in the online appendix.

In Step 1, we summarized pain prevalence and population characteristics in the first and last 

year of the study period --2002 and 2018. For Table 1, we estimated the prevalence and age-

standardized prevalence of pain at each site and “any pain” in 2002 and in 2018, and tested 

whether the difference was statistically significant using design-adjusted chi-square-

alternative F tests. The age standardization was based on the 2010 U.S. population age 

structure. We also calculated the relative change in pain prevalence, defined as (pain20l8 – 

pain2002)/pain2002, and the absolute percentage point change. The target population 

characteristics in 2002 and 2018 are summarized in Table 2; the table also shows the p value 

associated with tests of differences in the distribution of each variable between these two 

years using design-adjusted Wald tests for continuous variables and F tests for categorical 

variables.

Next, we established the functional form of the pain trend in Step 2. This step was important 

to determine the most parsimonious specification for the time variable. We estimated a series 

of age-adjusted models of pain with a flexibly specified time trend. These were 

semiparametric partial-linear models of the form Pi = α + f (ti) + γ xi, estimated using the 

plreg command in Stata (Lokshin 2006). Here, Pi is the presence of pain (“any pain” = 1), xi 

is age, and ti captures the date of interview as specified in the Measures section. The smooth 

function of time f (ti) was estimated by the lowess procedure in Stata (Cleveland 1979). This 

model allowed us to capture the time trend nonparametrically while additively including 

additional variables, such as demographics. The results are plotted as line graphs so the 

detailed but smoothed shape of the trend can be observed (Figure 1).

In Step 3, we estimated the direction and magnitude of changes in pain over time in 

demographics-adjusted models for the full sample and major population subgroups. We 

estimated age-adjusted logistic regression models of each pain measure of the form Logit 

(Pi) = α + β ti + γ xi, where Pi is the presence of pain, xi is age, and ti captures the date of 

interview. The key coefficient β shows the change in the logit of pain over the observation 

period (as explained earlier, we coded the date of interview to range from 0 to 1 for this 

purpose). We estimated demographics-adjusted logit models for “any pain” and each 
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individual pain measure for the total sample, as well as for major population subgroups. The 

results are shown in Table 3.

For Step 4, we tested whether the pain trends differ statistically across population subgroups. 

We estimated logistic models of each pain indicator as in the prior step, but instead of 

stratifying, we included trend by group interactions. For example, to test whether the pain 

trend differs by sex, we estimated a model of the form Logit(Pi) = α + βti + δ fi + τ(ti × fi) + 

γ xi, where fi is a binary indicator of gender (fi = 0 indicates male; fi = 1 indicates female), 

and τ is the coefficient for the interaction between gender and time. In Table 3, we bolded 

the respective coefficient where differences in trends were statistically significant at p < .05.

Finally, in Step 5, we explored factors that correlate with the pain trends. We followed a 

four-pronged approach to complete this analytically nontrivial task because no single 

method or model provided a full answer.

First, we examined the role of each covariate independently. This step was important 

because we consider covariates at different levels of the “chain of causation.” Thus, 

proximate mechanisms (e.g., medical conditions) may attenuate the role of intermediate 

mechanisms (e.g., health behaviors), which in turn could attenuate the role of socioeconomic 

characteristics such as education and income. We estimated pairs of nested models of “any 

pain.” One model estimated pain as a function of demographics as in Table 3, row 1. The 

second model added a single covariate and we calculated the percentage change in the log 

odds of the pain trend coefficient. In Table 4, we list the coefficients in the order that they 

attenuate or increase the trend coefficient the most; we also show the percentage change in 

the pain trend coefficient. This approach is widely used in the social sciences to understand 

the “explanatory” role of covariates on the effect of another predictor. Here, it shows which 

covariates may be individually salient to the pain trends. However, it also has a major 

limitation: the models are potentially misspecified because we omit from them other 

covariates that also significantly impact pain; that is, the results are necessarily biased by 

omitted variables that are correlated with both the included single covariate and the trend.

Second, we estimated fully adjusted models of pain (Table 5) to observe the pain trend after 

accounting for all covariates. This model shows what the pain trends would have been if 

none of the variables’ distributions or effects on pain changed over time. It also shows the 

average effect of each covariate on pain prevalence. However, such additive models assume 

that the effect of all variables on pain does not change over time; we therefore next relax this 

assumption.

Third, we estimated fully adjusted models where each covariate was interacted with time. 

This model allows us to observe which covariates’ association with pain varies significantly 

over time (with the caveat that we are allowing only linear change over time while the actual 

changes might be nonlinear). For parsimony, Table 5 indicates the direction and p value of 

only statistically significant interactions beside the pertinent covariate.

Fourth, Table 6 summarizes findings from the counterfactual Oaxaca-Blinder nonlinear 

decomposition, which quantifies how much of the difference in pain prevalence between the 

beginning and end of the observation period is due to different population characteristics 
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(compositional changes) or different relationships between the characteristics and pain 

(coefficient changes; Blinder 1973; Oaxaca 1973). Conceptually, the observed difference in 

pain prevalence yl − ye, where yl is the mean pain level late in the observation period and ye
is the mean pain level early in the observation period, is defined as 

yl − ye = F Xlβ l − F Xeβe , where the Xl, and Xe are matrices of observed covariates late 

and early in the observation period, respectively. Their associated vectors of β  s are 

estimated with the logit model, and F() is the cumulative distribution function of the logistic 

distribution. We added and subtracted F Xeβ l  to obtain: 

yl − ye = F Xlβ l − F Xeβ l + F Xeβ l − F Xeβe . The first bracket captures the difference 

between the two groups due to the differences in characteristics, whereas the second bracket 

captures the part due to differences in coefficients. Because available decomposition 

approaches rely on the comparison of two groups, we pooled observations collected in the 

first three years of the observation period (2002–2004) and the most recent three years 

(2016–2018). We used the mvdcmp extension in Stata for decomposition (Powers et al. 

2011), combined with the new utility for grouping individual covariates for detailed 

decomposition, mvdcmpgroup (D. Powers, personal communication, February 8, 2020). The 

effects for categorical variables in this approach are normalized as deviations from a grand 

mean, which enables calculation of effects for all levels and yields results that are the same 

regardless of which level is the omitted reference category (Jann 2008).

Overall missingness in the NHIS 2002–2018 data is low. In our analytic sample defined 

earlier, half of the variables had no missing cases, 13 variables had less than 1% of cases 

missing, 4 variables had less than 4% missing, and only physical activity (5.4% missing) and 

family income (13.5% missing) had higher amounts of missingness. Respondents who were 

older, were female, needed a proxy to complete the interview, resided in the Northeast, 

and/or had lower SES were more likely to be missing information on select variables than 

respondents who were younger, male, higher-SES, and/or who resided outside the Northeast. 

To deal with missingness, we used multiple imputation (MI) via chained equations (Royston 

and White 2011) for the seven variables with the highest degree of missingness. We created 

10 imputed data sets and used Rubin’s rules for combining results in regression models 

(Rubin 1987). We used a single, randomly selected, multiply imputed data set in the 

decomposition analysis. We also preprocessed the data via single imputation of select 

variables. For variables with less than 1% missingness and a clear mode comprising more 

than 80% of observations, we imputed the mode. For variables with up to 0.5% missingness 

but a less clear mode, we employed single imputation using all available nonmissing 

variables. The preprocessing yielded stable and replicable MI results with satisfactory 

diagnostics.

All regression analyses consider the complex sampling structure of the NHIS. Sampling 

weights were adjusted for pooling across multiple years (National Center for Health 

Statistics 2017), and variance adjustment was based on Taylor series linear approximation 

(Lumley 2004). The analyses were estimated in Stata 15.1 (StataCorp 2017).
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Results

Table 1 shows the weighted crude and age-standardized prevalence of each pain site and 

“any pain” in the U.S. population aged 25–84 in 2002 and 2018. Prevalence of pain in each 

body site increased. Correspondingly, so did the prevalence of “any pain,” which increased 

from 49% to 54%—a change of approximately 10% over time in relative terms. The steepest 

increases occurred for the highest prevalence pain sites, especially joint pain, which 

increased by 21% over the 17-year period, and for low back and neck pain (15% and 16% 

increase, respectively). Facial/jaw pain increased by 13%, and headache/migraine prevalence 

increased by 5%. Age-standardized estimates in panel B adjust for the changing age 

structure of the population. If the U.S. population structure remained unchanged at the 2010 

level, prevalence of any pain would increase by only 8%. The relative increases would also 

be smaller for joint and low back pain (14% and 13%, respectively) but larger for facial/jaw 

pain (15%) and especially headache/migraine (10%), which occurs more frequently at 

younger ages.

Table 2 shows the characteristics of the target population in 2002 and in 2018, as well as the 

p values of tests for differences between these two years. Overall, there were noticeable (and 

statistically significant) changes in most characteristics. The population in 2018 was older 

and more non-White, with a larger proportion of foreign-born and college graduates 

compared with 2002. Health behaviors changed as well: smoking declined sharply, and the 

proportion meeting federal guidelines for physical activity increased, but so did excessive 

alcohol use and BMI. The prevalence of chronic conditions generally increased except for 

the prevalence of respiratory conditions, which declined.

Figure 1 visualizes the age-adjusted trend in “any pain” by age group and sex, summarizing 

results from our analytic Step 2. Overall, in all age/sex groups, pain increased 

monotonically. For men and women aged 45–64, there was stagnation or even a decrease 

(not significant) in the last few years, while for those aged 65–84, the increase appears to 

accelerate. Over the full 17 years, however, the trend is roughly linear for the three age 

groups. The linearity is substantively problematic because it indicates continued increases in 

pain, but convenient methodologically, as it allows us to employ a parsimonious linear 

specification for the trend in subsequent analyses. Additional figures showing trends by 

income are in the online appendix.

Table 3 summarizes findings from analytic Step 3 to examine pain trends across population 

subgroups, using demographics-adjusted logistic models of each pain indicator. As noted 

earlier, the time trend is scaled to a 0–1 range so that the odds ratio for pain trend shown in 

the table can be interpreted as the relative change in pain prevalence over the 17-year 

observation period. Several findings are important. First, net of changes in demographic 

composition, U.S. adults had 24% higher odds of reporting pain in 2018 compared with 

2002. Second, the prevalence of pain in all individual pain sites significantly increased, 

especially joint pain (26% higher odds in 2018 compared with 2002) and low back pain 

(20% higher odds). Third, the pain increases were systemic: almost all groups experienced a 

significant increase pain over time. Fourth, across the 204 separate models summarized in 

Table 3, plus additional ones estimated as robustness checks, no group and no pain indicator 
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showed a significant decrease. Fifth, at the same time, the pain trends varied significantly 

across groups. Male, Black, lower-income, and less-educated respondents experienced 

significantly steeper increases in at least some pain sites compared with their female, White, 

higher-income, and higher-educated counterparts. The trends were also steeper for older 

adults and those from earlier generations.2

Tables 4–6 present findings from analytic Step 5 (investigation of correlates of pain trends). 

Table 4 summarizes how each covariate individually changes the pain trend. The covariates 

are ordered from “their inclusion attenuated the pain trend the most” to “their inclusion 

increased the pain trend the most.” Among adults aged 25–44 and 45–64, the coefficients 

whose inclusion attenuated the pain trend the most are psychological distress (K6), alcohol 

use, and BMI; controlling for smoking, physical activity, and educational attainment resulted 

in a steeper pain trend gradient, making these suppressor covariates. Among adults 65–84, 

controlling for BMI, hypertension,3 and diabetes attenuated the pain trend the most; 

education, income, and physical activity yielded a steeper pain trend.

Table 5 shows how all covariates jointly correlate with pain. Net of all included covariates, 

the odds ratio for the pain trend estimated for the total population is 1.11 (p < .001), 

compared with 1.24 in Table 3. We also see that age group differences become more 

pronounced: for adults aged 65–84, the upward pain trend remains largely unchanged from 

the demographics-adjusted models in Table 3 (OR = 1.30, p < .001 vs. OR = 1.35, p < .001). 

In contrast, the pain trend in the 25–44 age group becomes flat (OR = 1.02, nonsignificant, 

vs. OR = 1.17, p < .001). Another key take-away is that the effect of covariates on pain level 

is in the direction expected based on prior literature. Being female, White, having lower 

income, smoking, excessive alcohol use, and high BMI are all correlated with higher odds of 

reporting pain, as are most chronic conditions.

Table 6 shows findings from the nonlinear decomposition in which we decomposed the 

difference in pain between “early” in the observation period (2002–2004) and “late” (2016–

2018) to differences in composition and differences in covariate effects. In the total sample, 

pain increased by 5.9 percentage points. About 67% of this increase can be attributed to 

differences in population composition, and the remaining 33% either is due to changes in the 

effects of covariates or is unexplained. This aggregate decomposition differs across age. 

Among adults aged 25–44, 71% of the pain difference is due to changes in population 

composition. The respective percentages are 51% among the middle-aged and 28% among 

older adults. These findings fit well with results in the prior analytic step shown in Table 5: 

most of the pain increase over time for young adults could be explained by differences in 

population characteristics, whereas most of the pain increase among older adults was not 

explained.

2An exception is the Greatest Generation adults, who experienced no significant pain increases in most sites. This could be an artifact 
of mortality selection because the number of respondents in this generation dwindled to 0 by the 2017 and 2018 survey years. We can 
assume that between 2002 and 2016, the Greatest Generation sample was increasingly shaped by selective mortality (Zajacova and 
Burgard 2013), so that the remaining members of this cohort will be more and more advantaged and healthier than the original cohort.
3While hypertension is dubbed the “silent killer” because it causes no pain or other noticeable symptoms (WHO 2013), adults with 
pain may be more likely to visit healthcare providers who can diagnose hypertension. Adults with hypertension may also be more 
likely to have comorbidities that cause pain.
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The detailed decomposition for the total population shows that changes in the composition 

(panel B1) of most characteristics were significantly related to the pain increase. Among 

adults aged 25–44, psychological distress is the most important covariate: about half of the 

pain increase is linked to the increase in distress. Changes in alcohol use, BMI, and smoking 

are also highly salient. Similarly, in the 45–64 age group, changes in psychological distress 

are strongly linked to pain increases, as are alcohol use and BMI. However, in this age 

group, arthritis is the most salient correlate: 20% of pain increase in this group is due to an 

increase in arthritis. Among older adults, the most important covariate is BMI; and alcohol 

use and arthritis are also important, but to a lesser degree. These covariates are fairly similar 

to those that were prominent for pain trends individually (Table 4), where psychological 

distress, alcohol use, and BMI attenuated the pain trended the most. Figure 2, which 

visualizes the estimated coefficients, highlights that changes in the population composition 

with respect to psychological distress, alcohol use, and BMI were significant predictors of 

changes in pain prevalence in all three age groups and had large effect sizes. The coefficient 

for arthritis is particularly salient in the 45–64 age group. It is also sizable among adults 

aged 65–84, for whom hypertension and other chronic conditions also have significant if 

modest effect sizes.

The estimation of changes in coefficients (Table 6, panel B2) yielded large standard errors, 

so only a few covariates were statistically significant. The model indicates that changes in 

the relationship between arthritis and pain in older adults, between physical activity and pain 

in adults aged 25–44 and 45–64, and between alcohol use and pain in younger adults all 

contributed significantly to the pain increase. All these significant effects were also picked 

up as significant interactions in the fully adjusted interaction models, as indicated by the 

directional (+ or −) sign and associated p value in Table 5.

Discussion

Chronic pain is a common, disabling, and both personally and economically costly health 

problem. Assessing trends in its prevalence and social distribution is crucial for 

understanding and ultimately improving U.S. population health. In this study, we analyzed 

pain trends from 2002 to 2018 in the U.S. adult population (ages 25–84), tested group 

differences in the trends, and identified socioeconomic, behavioral, psychological, and 

medical factors correlated with the trends.

Already in 2002, pain was very common, affecting 49% of American adults. By 2018, 

prevalence had risen to 54%—an increase of approximately 10% in relative terms, 

corresponding to an extra 10.5 million Americans experiencing pain.4 Moreover, these 

increases were systemic: most population groups experienced increasing pain prevalence in 

most pain sites. Indeed, we found no population group and no pain site for which pain 

declined significantly. The sites with the steepest relative increases (joint and low back pain) 

were also those with the highest prevalence at baseline; correspondingly, the summary “any 

pain” measure increased substantially as well. This upward trend corroborates prior reports 

4The population aged 25–84 was 223.29 million in 2018. If the proportion with pain remained at 2002 levels (49.1%), 109.63 million 
adults would report pain. Instead, 120.13 million individuals (53.8%) reported pain in 2018, corresponding to 10.5 million more 
people.
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of pain increases among U.S. Whites aged 45–54 (Case and Deaton 2015) and adults older 

than 50 (Grol-Prokopczyk 2017; Zimmer and Zajacova 2020), as well as a rise in painful 

health conditions in the total U.S. population (Nahin et al. 2019).

Although all groups experienced increasing pain over time, we found important differences 

that suggest attenuation of demographic (sex and Black White) disparities but amplification 

of socioeconomic disparities. We replicated prior findings that men and racial/ethnic 

minorities are less likely to report pain than women and Whites, respectively (Bartley and 

Fillingim 2013; Kennedy et al. 2014; Nahin 2015). (These static comparisons are evident in 

Table 5 as significant positive effects for females and negative effects for racial/ethnic 

minorities.) Men and Black adults, however, experienced significantly steeper increases in 

“any pain” and some specific pain sites (bolded coefficients in Table 3), leading to 

reductions in disparities across these demographic groups. We underscore that these 

disparity reductions should not be celebrated: rather than less healthy groups faring better 

over time, here is a case of all groups—especially previously better-off ones—faring 

progressively worse.

Also worrisome are the significant and growing chronic pain disparities by SES (Table 3). 

From 2002 to 2018, adults whose family income was at least four times the poverty level 

experienced a 14% increase in the odds of pain, whereas adults with less than twice the 

poverty level—corresponding to a 2018 family income below $50,000 for a family of four—

experienced roughly a 40% increase. Educational disparities mirrored those by income: 

college graduates experienced a 17% increase in the odds of pain, whereas adults who never 

attended college experienced a 40% increase. These findings are consistent with other 

studies that found increasing socioeconomic disparities in other health outcomes, including 

other chronic conditions, disability, and mortality (Sasson 2016; Singh and Jemal 2017; 

Zajacova and Montez 2017b).

As anticipated, the picture of pain trend correlates is complex for several reasons. First, 

correlates of pain trends are not necessarily the same as correlates of pain levels. Our study 

focused on the former, exploring how changes in the distribution of covariates in the 

population over time, and/or changes in the effects of these covariates, correlate with 

changes in pain. Second, pain is influenced by a complex web of causes, from 

sociodemographic characteristics to intermediate factors like health behaviors to proximal 

factors like pain-producing health conditions (Craig and Fashler 2013). Moreover, as 

highlighted in the WHO social determinants of health framework (Solar and Irwin 2010), all 

individual-level determinants and their effects on health are inextricably grounded in a given 

socioeconomic-political context, encompassing a broad array of upstream institutional and 

cultural influences. Although data limitations prevented us from exploring the distal 

contextual factors, the ubiquitous pain increases we describe here suggest that broad changes 

in the socioeconomic-political context may underlie these undesirable trends. A third reason 

why this picture is complex is that even though we restricted our attention to individual level 

variables, there are likely recursive causal effects. For example, low income may raise the 

risk of pain via mechanisms such as stress and depression or poor health behaviors; at the 

same time, chronic pain may increase stress and depression or impact health behaviors. 
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Although our cross-sectional data do not permit us to unpack such causal effects, we 

highlight important correlations that we hope will be explored further in future research.

Psychological distress, a widely used index combining depressive and anxiety-related 

symptoms (Kessler et al. 2002; Kessler et al. 2003), was the most prominent correlate of 

pain increases in adults under 65. In the 25–44 age group, for example, the increase in 

psychological distress accounted for 50% of the difference in pain prevalence between the 

start and end of the study period (Table 6). The prominent role of distress should not be 

surprising. Psychological distress and depression are widely considered risk factors for 

chronic pain (Gatchel et al. 2007; Wilson et al. 2019), although the associations are clearly 

bidirectional (Janevic et al. 2017; van Hecke et al. 2013). We also note intriguing parallels 

with the literature on trends in disability and mortality, which has pinpointed despair as a 

potential critical factor in their worrisome increases (Case and Deaton 2015; Monnat and 

Brown 2017). Perhaps in addition to “deaths of despair,” we need to understand and address 

“pain of despair.”

Health behaviors represent the second set of salient characteristics associated with pain 

trends, again especially among adults younger than 65. From 2002 to 2018, average body 

weight increased significantly in the United States, as did excessive alcohol use (Table 2). At 

the same time, the percentage of current smokers declined from 22% to 15%, and physical 

activity increased. All these lifestyle variables predicted pain trends both independently and 

jointly. For example, among adults aged 25–44, 21% of the pain increase was attributable to 

changes in alcohol use, and an additional 10% was attributable to increased BMI (Table 6). 

This result coincides with a recent report on older U.S. adults, for whom 10% to 32% of the 

pain increase from 1992 to 2016 was attributable to the increases in BMI during that time 

(Stokes et al. 2020). The associations between health behaviors and pain trends described 

here mirror those for health behaviors and pain prevalence (Gale et al. 2012; Katz 2006; 

Okifuji and Hare 2015). There may also be a vicious spiral among psychological stress, 

distress, “self-destructive health behaviors” (Stein et al. 2017:1541), and pain: alcohol use 

and obesity may reflect maladaptive coping mechanisms for social stress (Lazarus and 

Folkman 1984; Park and Iacocca 2014), culminating in an increased risk of pain.

A complex pattern pertains to income and education. Although pain trends differed 

significantly between adults with high versus low income and education, and education was 

a prominent suppressor of the pain trend on its own, these characteristics became largely 

nonsignificant in the decomposition analysis (Tables 4–6). We surmise that the 

decomposition analysis—which included intermediate and proximate correlates of pain, 

such as health behaviors and chronic conditions—effectively “explained” the links between 

changing distributions of socioeconomic factors and pain trends (Brunello et al. 2016; Link 

and Phelan 1995). However, more research is needed to understand how social factors and 

pain changes over time are connected.

We conducted all analyses separately by age group because of anticipated differences across 

different life course stages. Indeed, although pain increased in all age groups, we found 

important differences. First, older adults experienced steeper pain increases than younger 

adults in most pain sites (Table 3). Second, the correlates of the pain trends differed by age. 
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For younger and middle aged but not older adults, for instance, psychological distress was 

the most prominent correlate of trends (Tables 4 and 6; Figure 2). Alcohol use was a more 

prominent correlate in the youngest group, whereas arthritis and other conditions had greater 

importance in the older groups. Finally, a higher proportion of the pain trend remained 

unexplained in older versus younger ages. The pain trend was steeper for older adults net of 

only demographics (Table 3) and in fully adjusted models (Table 5) compared with their 

younger counterparts; in decomposition analyses a larger percentage of pain increase for 

older age groups was attributed to different effects of correlates or remained unexplained 

(Table 6, panel A). We describe these tendencies in terms of age groups; however, whether 

these differences in fact reflect age, birth cohort, and/or period influences is difficult to 

disentangle (Bell and Jones 2014, 2018). However, there clearly are age or generational 

differences in pain trends, and we hope that future studies, ideally with longitudinal data, 

might gain traction on this issue.

We note three limitations of the NHIS data. First, their cross-sectional structure is a 

limitation because it restricts our analyses to correlational associations. The decomposition 

offers a counterfactual perspective that slightly enhances our ability to understand the 

complex links between pain and its covariates. It is also useful to remember that our focus is 

on linking changes in the population distribution of covariates to changes in pain rather than 

on identifying causes of pain in individuals. Ultimately, however, we cannot overcome the 

potential endogeneity in our models, and thus we urge caution in interpreting the findings. A 

second limitation, which does not impact our findings about trends but does complicate 

cross study comparisons, pertains to the specific questions used to assess pain. The NHIS 

asks about only five sites of pain and excludes others, including highly distressing ones like 

abdominal pain (Townsend et al. 2005). In a 2010 supplement, the NHIS included 

“persistent pain” questions, defined as frequent or constant pain during the past three 

months. Under this definition, 19% of U.S. adults (age 18+) reported pain (Kennedy et al. 

2014). We thus urge caution in comparing pain prevalence across data sets with different 

definitions and operationalizations. Finally, in the NHIS data, questions about pain 

frequency, severity, and pain’s impact on everyday functioning are either not available or 

available only for a subset of years or respondents. Future studies should explore other data 

sources with such information to gain a fuller picture of pain burden in the United States.

A critical question about our findings is whether pain prevalence is really increasing or 

whether our findings are artifacts of changing reporting styles. That is, are Americans 

experiencing more pain or simply reporting more pain? There is no objective biomarker for 

pain, so researchers and clinicians rely on self-reports (Unruh et al. 2013:1), and social 

context shapes how pain is perceived, experienced, and reported (Craig and Fashler 2013). 

Indeed, a number of institutional and cultural developments in the United States could have 

potentially encouraged greater pain reporting since the mid-1990s. The influential “pain as 

the fifth vital sign” campaign launched in 1995, resulting in more aggressive assessment and 

treatment of pain (Scher et al. 2018). Simultaneously, pharmaceutical companies developed 

and aggressively marketed numerous new and reformulated opioid analgesics, most 

notoriously Purdue Pharma’s OxyContin, introduced in 1996 (Jones et al. 2018; Tompkins et 

al. 2017). Americans may have begun reporting pain more readily, in the (mistaken) belief 

that chronic pain was effectively and safely treatable. It is theoretically possible that such 
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reporting changes would manifest not only in clinical settings but also in surveys such as the 

NHIS.

On the other hand, several forms of evidence argue against the idea that the rise in U.S. pain 

prevalence is artifactual. First, Nahin et al.’s (2019) documentation of steep rises in U.S. 

pain from 1997 to 2014 relies on diagnosed pain-related health conditions and ICD-9 

categories (e.g., osteoarthritis, temporomandibular joint disorder), which are arguably more 

resistant to changing reporting norms than questions about less well-specified pain. Next, 

studies provide evidence that U.S. pain prevalence increased before the regulatory and 

commercial developments of the mid-1990s/early 2000s (Zimmer and Zajacova 2020) as 

well as after the CDC’s 2011 declaration of an opioid epidemic and the subsequent backlash 

against the “fifth vital sign” and opioid manufacturers (Jones et al. 2018). That is, pain levels 

increased before, during, and after the cultural shifts theorized to shape reporting. 

Furthermore, pain appears to be increasing globally (Shupler et al. 2019; Zimmer et al. 

2020), including in Western European countries with different therapeutic regimes and much 

tighter regulation of pharmaceutical marketing than found in the United States (Meyer et al. 

2020). The findings we report here are thus not unique to the U.S. political-economic 

context. Additionally, two recent analyses (using data from 2004–2016 and 2002–2010) 

found no change over time in the association between self-reported pain and more objective 

measures of pain-related function—specifically, walking speed and work disability (Grol-

Prokopczyk et al. 2019; Wynne-Jones et al. 2018). Finally, our own findings show that the 

correlation between most health conditions and pain has not changed over time (Table 6, 

panel B2). However, we also acknowledge that among older adults, a large component of the 

pain increase could not be explained by the changing distribution of pain determinants 

(Table 6, panel A), leaving open the possibility of reporting changes as partial contributors 

to the observed trends. Overall, however, although reporting factors may be at play and 

should be explored further, evidence of rising pain prevalence now comes from too many 

countries, contexts, and data sources to be easily dismissed.

There are highly plausible potential mechanisms for rising U.S. pain prevalence, including 

some that were assessed in our study. For instance, rising obesity may contribute to the 

increase in pain prevalence (Stokes et al. 2020). Obesity can cause or exacerbate pain via 

multiple mechanisms, such as mechanically in terms of stress on the musculoskeletal system 

(McVinnie 2013) or chemically via inflammatory cytokines (Okifuji and Hare 2015). One 

potential mechanism that we were unable to assess is the rise in use of prescription opioid 

analgesics. Disturbingly, there is no evidence that long-term use of opioid “painkillers” is 

effective in treating chronic pain (Chou et al. 2015; Kissin 2013; Sommer et al. 2020). A 

recent randomized yearlong trial actually found that opioids reduced pain less than 

nonopioids like Tylenol (Krebs et al. 2018), and other studies have found that prescription 

opioids predict more intense pain, lower functioning, higher disability, and higher healthcare 

utilization among chronic pain patients (Eriksen et al. 2006; Morasco et al. 2017). Of 

particular relevance to the current study is the growing evidence from both human and 

animal-model studies that opioid use can exacerbate pain in the long term and thus may 

contribute to its increasing prevalence in the population (Ballantyne and Shin 2008; Feehan 

and Zadina 2019; Green-Fulgham et al. 2019; Lee et al. 2011). In summary, our findings in 
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this study are not an argument for increased opioid use; in contrast, we posit that opioids 

may have contributed to the rise of pain prevalence in the United States.

Conclusion

This study has documented steep, sustained, and pervasive increases in chronic pain among 

Americans across the adult life span. This is a concerning finding that should stimulate new 

research in demography and other social sciences. We found that key correlates of the rise in 

pain prevalence include not only specific diagnoses, such as arthritis, but also psychological 

distress, increased body weight, and heavier alcohol use—factors that highlight the 

psychosocial roots of pain in populations (Carr 2016). Given its links to both physical and 

psychological well-being, chronic pain could be conceptualized as a holistic measure of 

population health and could supplement the disability and longevity measures that have long 

been the central focus of health demography. Our findings support the need for broad 

interdisciplinary research on, and interventions for effective responses to, the growing 

problem of pain in the United States.
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Acknowledgments

We thank the three anonymous reviewers for their constructive and cogent comments. We also greatly appreciate 
the expert analytic advice from Dan Powers and Cecilia Diaz Campo. Research reported in this study was supported 
by the National Institute on Aging of the National Institutes of Health under award number R01AG06535101 (Grol-
Prokopczyk) and by the Social Sciences and Humanities Research Council of Canada via the Canada Research 
Chairs program (Zimmer). The content is solely the responsibility of the authors and does not necessarily represent 
the official views of the National Institutes of Health or the Social Sciences and Humanities Research Council of 
Canada.

References

Ahmad FB, Rossen LM, Spencer MR, Warner M, & Sutton P (2018). Provisional drug overdose death 
counts (NCHS report). Atlanta, GA: National Center for Health Statistics, Centers for Disease 
Control and Prevention.

Ballantyne JC, & Shin NS (2008). Efficacy of opioids for chronic pain: A review of the evidence. The 
Clinical Journal of Pain, 24, 469–478. [PubMed: 18574357] 

Bartley EJ, & Fillingim RB (2013). Sex differences in pain: A brief review of clinical and experimental 
findings. British Journal of Anaesthesia, 111, 52–58. [PubMed: 23794645] 

Bell A, & Jones K (2014). Another ‘futile quest’? A simulation study of Yang and Land’s hierarchical 
age-period-cohort model. Demographic Research, 30, 333–360. 10.4054/DemRes.2014.30.11

Bell A, & Jones K (2018). The hierarchical age-period-cohort model: Why does it find the results that 
it finds? Quality & Quantity, 52, 783–799. [PubMed: 29568132] 

Blewett LA, Rivera Drew JA, King ML, & Williams KCW (2019). IPUMS health surveys: National 
Health Interview Survey, version 6.4 [Data set] Minneapolis, MN: IPUMS.

Blinder AS (1973). Wage discrimination: Reduced form and structural estimates. Journal of Human 
Resources, 8, 436–455.

Brunello G, Fort M, Schneeweis N, & Winter Ebmer R (2016). The causal effect of education on 
health: What is the role of health behaviors? Health Economics, 25, 314–336. [PubMed: 25581162] 

Carnes D (2011). Patterns of chronic pain in the population. International Journal of Osteopathic 
Medicine, 14(3), 81–85.

Zajacova et al. Page 17

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Carr DB (2016). “Pain is a public health problem”—What does that mean and why should we care? 
Pain Medicine, 17, 626–627. [PubMed: 27052886] 

Case A, & Deaton A (2015). Rising morbidity and mortality in midlife among white non-Hispanic 
Americans in the 21st century. Proceedings of the National Academy of Sciences, 112, 15078–
15083.

Chou R, Turner JA, Devine EB, Hansen RN, Sullivan SD, Blazina I, … Deyo RA (2015). The 
effectiveness and risks of long term opioid therapy for chronic pain: A systematic review for a 
National Institutes of Health Pathways to Prevention workshop. Annals of Internal Medicine, 162, 
276–286. [PubMed: 25581257] 

Cleveland WS (1979). Robust locally weighted regression and smoothing scatterplots. Journal of the 
American Statistical Association, 74, 829–836.

Cohen M, Quintner J, & Buchanan D (2013). Is chronic pain a disease? Pain Medicine, 14, 1284–
1288. [PubMed: 23294511] 

Craig KD, & Fashler SR (2013). Social determinants of pain. In van Griensven H, Strong J, & Unruh 
AM (Eds.), Pain: A textbook for therapists (2nd ed., pp. 21–31). Edinburgh, Scotland: Elsevier.

Croft P, Blyth FM, & van der Windt D (2011). Chronic pain as a topic for epidemiology and public 
health. In Croft P, Blyth FM, & van der Windt D (Eds.), Chronic pain epidemiology: From 
aetiology to public health (pp. 3–8). Oxford, UK: Oxford University Press.

Dueñas M, Ojeda B, Salazar A, Mico JA, & Failde I (2016). A review of chronic pain impact on 
patients, their social environment and the health care system. Journal of Pain Research, 9, 457–
467. [PubMed: 27418853] 

Edwards RR (2006). Age differences in the correlates of physical functioning in patients with chronic 
pain. Journal of Aging and Health, 18, 56–69. [PubMed: 16470966] 

Eriksen J, Sjøgren P, Bruera E, Ekholm O, & Rasmussen NK (2006). Critical issues on opioids in 
chronic non-cancer pain: An epidemiological study. Pain, 125, 172–179. [PubMed: 16842922] 

Esser MB, Hedden SL, Kanny D, Brewer RD, Gfroerer JC, & Naimi TS (2014). Prevalence of alcohol 
dependence among US adult drinkers, 2009–2011. Preventing Chronic Disease, 11, E206. 
10.5888/pcd11.140329 [PubMed: 25412029] 

Feehan AK, & Zadina JE (2019). Morphine immunomodulation prolongs inflammatory and 
postoperative pain while the novel analgesic ZH853 accelerates recovery and protects against 
latent sensitization. Journal of Neuroinflammation, 16, 100. 10.1186/s12974-019-1480-x 
[PubMed: 31109346] 

Fliesser M, Huberts JDW, & Wippert P-M (2017). The choice that matters: The relative influence of 
socioeconomic status indicators on chronic back pain—A longitudinal study. BMC Health 
Services Research, 17, 800. 10.1186/s12913-017-2735-9 [PubMed: 29197372] 

Freburger JK, Holmes GM, Agans RP, Jackman AM, Darter JD, Wallace AS, … Carey TS (2009). The 
rising prevalence of chronic low back pain. Archives of Internal Medicine, 169, 251–258. 
[PubMed: 19204216] 

Gale CR, Deary IJ, Cooper C, & Batty GD (2012). Intelligence in childhood and chronic wide-spread 
pain in middle age: The National Child Development Survey. Pain, 153, 2339–2344. [PubMed: 
23137899] 

Gaskin DJ, & Richard P (2012). The economic cost of pain in the United States. Journal of Pain, 13, 
715–724.

Gatchel RJ, Peng YB, Peters ML, Fuchs PN, & Turk DC (2007). The biopsychosocial approach to 
chronic pain: Scientific advances and future directions. Psychological Bulletin, 133, 581–624. 
[PubMed: 17592957] 

Goosby BJ (2013). Early life course pathways of adult depression and chronic pain. Journal of Health 
and Social Behavior, 54, 75–91. [PubMed: 23426854] 

Green-Fulgham SM, Ball JB, Kwilasz AJ, Fabisiak T, Maier SF, Watkins LR, & Grace PM (2019). 
Oxycodone, fentanyl, and morphine amplify established neuropathic pain in male rats. Pain, 160, 
2634–2640. [PubMed: 31299018] 

Grol-Prokopczyk H (2017). Sociodemographic disparities in chronic pain, based on 12-year 
longitudinal data. Pain, 158, 313–322. [PubMed: 28092650] 

Zajacova et al. Page 18

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Grol-Prokopczyk H, Luo W, & Karraker A (2017, 4). What underlies educational disparities in chronic 
pain? Paper presented at the annual meeting of the Population Association of America, Chicago, 
IL.

Grol-Prokopczyk H, Zimmer Z, & Zajacova A (2019, 8). Have American pain-reporting styles 
changed over time? An assessment using objective measures of function. Paper presented at the 
annual meeting of the American Sociological Association, New York, NY

Hamilton ER, Hale JM, & Savinar R (2019). Immigrant legal status and health: Legal status disparities 
in chronic conditions and musculoskeletal pain among Mexican-born farm workers in the United 
States. Demography, 56, 1–24. [PubMed: 30519846] 

Hooten WM (2016). Chronic pain and mental health disorders: Shared neural mechanisms, 
epidemiology, and treatment. Mayo Clinic Proceedings, 91, 955–970. [PubMed: 27344405] 

Institute of Medicine. (2011). Relieving pain in America: A blueprint for transforming prevention, 
care. Washington, DC: National Academies Press.

Interagency Pain Research Coordinating Committee. (2018). Federal pain research strategy (Report). 
Retrieved from https://www.iprcc.nih.gov/federal-pain-research-strategy-overview/federal-
research-pain-strategy

Janevic MR, McLaughlin SJ, Heapy AA, Thacker C, & Piette JD (2017). Racial and socioeconomic 
disparities in disabling chronic pain: Findings from the Health and Retirement Study. Journal of 
Pain, 18, 1459–1467.

Jann B (2008). The Blinder Oaxaca decomposition for linear regression models. Stata Journal, 8, 453–
479.

Jay MA, Bendayan R, Cooper R, & Muthuri SG (2019). Lifetime socioeconomic circumstances and 
chronic pain in later adulthood: Findings from a British birth cohort study. BMJ Open, 9, e024250. 
10.1136/bmjopen-2018-024250

Jones MR, Viswanath O, Peck J, Kaye AD, Gill JS, & Simopoulos TT (2018). A brief history of the 
opioid epidemic and strategies for pain medicine. Pain and Therapy, 7, 13–21. [PubMed: 
29691801] 

Katz JN (2006). Lumbar disc disorders and low-back pain: Socioeconomic factors and consequences. 
Journal of Bone and Joint Surgery, 88(Suppl. 2), 21–24.

Kennedy J, Roll JM, Schraudner T, Murphy S, & McPherson S (2014). Prevalence of persistent pain in 
the U.S. adult population: New data from the 2010 National Health Interview Survey. Journal of 
Pain, 15, 979–984.

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-LT, … Zaslavsky AM. (2002). 
Short screening scales to monitor population prevalences and trends in non-specific psychological 
distress. Psychological Medicine, 32, 959–976. [PubMed: 12214795] 

Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, … Walters EE (2003). Screening 
for serious mental illness in the general population. Archives of General Psychiatry, 60, 184–189. 
[PubMed: 12578436] 

Kissin I (2013). Long term opioid treatment of chronic nonmalignant pain: Unproven efficacy and 
neglected safety? Journal of Pain Research, 6, 513–529. [PubMed: 23874119] 

Krebs EE, Gravely A, Nugent S, Jensen AC, DeRonne B, Goldsmith ES, … Noorbaloochi S (2018). 
Effect of opioid vs nonopioid medications on pain-related function in patients with chronic back 
pain or hip or knee osteoarthritis pain: The SPACE randomized clinical trial. JAMA, 319, 872–
882. [PubMed: 29509867] 

Lazarus RS, & Folkman S (1984). Stress, appraisal, and coping. New York, NY: Springer.

Lee M, Silverman S, Hansen H, Patel V, & Manchikanti L (2011). A comprehensive review of opioid-
induced hyperalgesia. Pain Physician, 14, 145–161. [PubMed: 21412369] 

Lembke A (2016). Drug Dealer, MD: How doctors were duped, patients got hooked, and why it’s so 
hard to stop. Baltimore, MD: Johns Hopkins University Press.

Link BG, & Phelan J (1995). Social conditions as fundamental causes of disease. Journal of Health and 
Social Behavior, 35(Extra issue), 80–94.

Lokshin M (2006). Semi-parametric difference-based estimation of partial linear regression models. 
Stata Journal, 6, 377–383.

Zajacova et al. Page 19

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.iprcc.nih.gov/federal-pain-research-strategy-overview/federal-research-pain-strategy
https://www.iprcc.nih.gov/federal-pain-research-strategy-overview/federal-research-pain-strategy


Lumley T (2004). Analysis of complex survey samples. Journal of Statistical Software, 9(8). 10.18637/
jss.v009.i08

Martin LG, & Schoeni RF (2014). Trends in disability and related chronic conditions among the forty-
and-over population: 1997–2010. Disability and Health Journal, 7(Suppl. 1), S4–S14. [PubMed: 
24456683] 

McVinnie DS (2013). Obesity and pain. British Journal of Pain, 7, 163–170. [PubMed: 26516520] 

Meyer A, Leclair C, & McDonald JV (2020). Prescription opioid prescribing in Western Europe and 
the United States. Rhode Island Medical Journal, 103(2), 45–48.

Monnat SM, & Brown DL (2017). More than a rural revolt: Landscapes of despair and the 2016 
presidential election. Journal of Rural Studies, 55, 227–236. [PubMed: 29269990] 

Montez JK, Zajacova A, Hayward MD, Woolf SH, & Beckfield J (2019). Educational disparities in 
adult mortality across the 50 U.S. states: How do they differ and have they changed since the 
mid-1980s? Demography, 56, 621–644. [PubMed: 30607779] 

Morasco BJ, Yarborough BJ, Smith NX, Dobscha SK, Deyo RA, Perrin NA, & Green CA (2017). 
Higher prescription opioid dose is associated with worse patient-reported pain outcomes and more 
health care utilization. Journal of Pain, 18, 437–445.

Nahin RL (2015). Estimates of pain prevalence and severity in adults: United States, 2012. Journal of 
Pain, 16, 769–780.

Nahin RL, Sayer B, Stussman BJ, & Feinberg TM (2019). Eighteen-year trends in the prevalence of, 
and health care use for, noncancer pain in the United States: Data from the Medical Expenditure 
Panel Survey. Journal of Pain, 20, 796–809.

National Center for Education Statistics. (2018). Percentage of the population 3 to 34 years old 
enrolled in school, by age group: Selected years, 1940 through 2016 (NCES Table 103.20) 
Washington, DC: U.S. Department of Education. Retrieved from https://nces.ed.gov/programs/
digest/d16/tables/dt16_103.20.asp

National Center for Health Statistics. (2017). 2016 National Health Interview Survey: Survey 
description. Hyattsville, MD: National Center for Health Statistics, Division of Health Interview 
Statistics.

Oaxaca R (1973). Male-female wage differentials in urban labor markets. International Economic 
Review, 14, 693–709.

Okifuji A, & Hare BD (2015). The association between chronic pain and obesity. Journal of Pain 
Research, 8, 399–408. [PubMed: 26203274] 

Park CL, & Iacocca MO (2014). A stress and coping perspective on health behaviors: Theoretical and 
methodological considerations. Anxiety, Stress & Coping, 27, 123–137.

Powers DA, Yoshioka H, & Yun M-S (2011). mvdcmp: Multivariate decomposition for nonlinear 
response models. Stata Journal, 11, 556–576.

Quinones S (2016). Dreamland: The true tale of America’s opiate epidemic. New York, NY: 
Bloomsbury Press.

Raffaeli W, & Arnaudo E (2017). Pain as a disease: An overview. Journal of Pain Research, 10, 2003–
2008. [PubMed: 28860855] 

Reither EN, Hauser RM, & Swallen KC (2009). Predicting adult health and mortality from adolescent 
facial characteristics in yearbook photographs. Demography, 46, 27–41. [PubMed: 19348107] 

Rice ASC, Smith BH, & Blyth FM (2016). Pain and the global burden of disease. Pain, 157, 791–796. 
[PubMed: 26670465] 

Riskowski JL (2014). Associations of socioeconomic position and pain prevalence in the United 
States: Findings from the National Health and Nutrition Examination Survey. Pain Medicine, 15, 
1508–1521. [PubMed: 25138172] 

Royston P, & White IR (2011). Multiple imputation by chained equations (MICE): Implementation in 
Stata. Journal of Statistical Software, 45(4), 1–20.

Rubin DB (1987). Multiple imputation for nonresponse in survey. New York, NY: Wiley & Sons.

Sasson I (2016). Trends in life expectancy and lifespan variation by educational attainment: United 
States, 1990–2010. Demography, 53, 269–293. [PubMed: 26813781] 

Zajacova et al. Page 20

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://nces.ed.gov/programs/digest/d16/tables/dt16_103.20.asp
https://nces.ed.gov/programs/digest/d16/tables/dt16_103.20.asp


Scher C, Meador L, Van Cleave JH, & Reid MC (2018). Moving beyond pain as the fifth vital sign and 
patient satisfaction scores to improve pain care in the 21st century. Pain Management Nursing, 19, 
125–129. [PubMed: 29249620] 

Shen X, Zuckerman IH, Palmer JB, & Stuart B (2015). Trends in prevalence for moderate-to-severe 
pain and persistent pain among Medicare beneficiaries in nursing homes, 2006–2009. Journals of 
Gerontology, Series A: Biological Sciences and Medical Sciences, 70, 598–603.

Shupler MS, Kramer JK, Cragg JJ, Jutzeler CR, & Whitehurst DGT (2019). Pan-Canadian estimates of 
chronic pain prevalence from 2000 to 2014: A repeated cross-sectional survey analysis. Journal of 
Pain, 20, 557–565.

Siddall P (2013). Is chronic pain a disease? Pain Medicine, 14, 1289–1290. [PubMed: 24028420] 

Singh GK, & Jemal A (2017). Socioeconomic and racial/ethnic disparities in cancer mortality, 
incidence, and survival in the United States, 1950–2014: Over six decades of changing patterns 
and widening inequalities. Journal of Environmental and Public Health, 2017, 2819372. 
10.1155/2017/2819372 [PubMed: 28408935] 

Smith BH, Fors EA, Korwisi B, Barke A, Cameron P, Colvin L, … IASP Taskforce for the 
Classification of Chronic Pain. (2019). The IASP classification of chronic pain for ICD-11: 
Applicability in primary care. Pain, 160, 83–87. [PubMed: 30586075] 

Solar O, & Irwin A (2010). A conceptual framework for action on the social determinants of health 
(Social Determinants of Health Discussion Paper 2). Geneva, Switzerland: World Health 
Organization.

Sommer C, Klose P, Welsch P, Petzke F, & Häuser W (2020). Opioids for chronic non-cancer 
neuropathic pain. An updated systematic review and meta-analysis of efficacy, tolerability and 
safety in randomized placebo-controlled studies of at least 4 weeks duration. European Journal of 
Pain, 24, 3–18. [PubMed: 31705717] 

Song M, Jin X, Ko HN, & Tak SH (2016). Chief complaints of elderly individuals on presentation to 
emergency department: A retrospective analysis of South Korean national data 2014. Asian 
Nursing Research, 10, 312–317. [PubMed: 28057320] 

StataCorp. (2017). Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC.

Stein EM, Gennuso KP, Ugboaja DC, & Remington PL (2017). The epidemic of despair among White 
Americans: Trends in the leading causes of premature death, 1999–2015. American Journal of 
Public Health, 107, 1541–1547. [PubMed: 28817333] 

Stokes AC, Xie W, Lundberg DJ, Hempstead K, Zajacova A, Zimmer Z, … Preston SH (2020). 
Increases in BMI and chronic pain for US adults in midlife, 1992 to 2016. SSM-Population Health, 
12, 1–8. 10.1016/j.ssmph.2020.100644.

Tompkins DA, Hobelmann JG, & Compton P (2017). Providing chronic pain management in the “fifth 
vital sign” era: Historical and treatment perspectives on a modern-day medical dilemma. Drug and 
Alcohol Dependence, 173, S11–S21. [PubMed: 28363315] 

Townsend CO, Sletten CD, Bruce BK, Rome JD, Luedtke CA, & Hodgson JE (2005). Physical and 
emotional functioning of adult patients with chronic abdominal pain: Comparison with patients 
with chronic back pain. Journal of Pain, 6, 75–83.

Treede R-D, Rief W, Barke A, Aziz Q, Bennett M, Benoliel R, … Wang SJ (2015). A classification of 
chronic pain for ICD-11. Pain, 156, 1003–1007. [PubMed: 25844555] 

Unruh AM, Strong J, & van Griensven H (2013). Introduction to pain. In van Griensven H, Strong J, & 
Unruh AM (Eds.), Pain: A textbook for therapists (2nd ed., pp. 1–7). Edinburgh, Scotland: 
Elsevier.

U.S. Department of Health and Human Services. (2018). Physical activity guidelines for Americans 
(2nd ed.). Washington DC: Department of Health and Human Services, Centers for Disease 
Control and Prevention.

van Hecke O, Torrance N, & Smith BH (2013). Chronic pain epidemiology—Where do lifestyle 
factors fit in? British Journal of Pain, 7, 209–217. [PubMed: 26516524] 

Viruell-Fuentes EA, Morenoff JD, Williams DR, & House JS (2011). Language of interview, self-rated 
health, and the other Latino health puzzle. American Journal of Public Health, 101, 1306–1313. 
[PubMed: 21164101] 

Zajacova et al. Page 21

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Volkow ND, & McLellan AT (2016). Opioid abuse in chronic pain—Misconceptions and mitigation 
strategies. New England Journal of Medicine, 374, 1253–1263.

WHO. (2013). A global brief on hypertension: Silent killer, global public health crisis (Report). 
Geneva, Switzerland: World Health Organization.

Wilson SJ, Padin AC, Birmingham DJ, Malarkey WB, & Kiecolt Glaser JK (2019). When distress 
becomes somatic: Dementia family caregivers’ distress and genetic vulnerability to pain and sleep 
problems. Gerontologist, 59, e451–e460. 10.1093/geront/gny150 [PubMed: 30476041] 

Wynne-Jones G, Chen Y, Croft P, Peat G, Wilkie R, Jordan K, & Petersson IF (2018). Secular trends in 
work disability and its relationship to musculoskeletal pain and mental health: A time trend 
analysis using five cross-sectional surveys (2002–2010) in the general population. Occupational 
and Environmental Medicine, 75, 877–883. [PubMed: 30154215] 

Zajacova A, & Burgard SA (2013). Healthier, wealthier, and wiser: A demonstration of compositional 
changes in aging cohorts due to selective mortality. Population Research and Policy Review, 32, 
311–324. [PubMed: 25075152] 

Zajacova A, & Montez JK (2017a). The health penalty of the GED: Testing the role of noncognitive 
skills, health behaviors, and economic factors. Social Science Quarterly, 98, 1–15.

Zajacova A, & Montez JK (2017b). Physical functioning trends among US women and men age 45–64 
by education level. Biodemography and Social Biology, 63, 21–30. [PubMed: 28287310] 

Zajacova A & Montez JK (2018). Explaining the increasing disability prevalence among mid-life US 
adults, 2002 to 2016. Social Science & Medicine, 211, 1–8. [PubMed: 29864712] 

Zajacova A, Rogers RG, Grodsky E, & Grol Prokopczyk H (2020). The relationship between 
education and pain among adults aged 30–49 in the United States. Journal of Pain, 21, 1270–
1280.

Zajacova A, Rogers RG, & Johnson Lawrence V (2012). Glitch in the gradient: Additional education 
does not uniformly equal better health. Social Science & Medicine, 75, 2007–2012. [PubMed: 
22920276] 

Zimmer Z, & Zajacova A (2020). Persistent, consistent and extensive: The trend of increasing pain 
prevalence in older Americans. Journals of Gerontology, Series B: Psychological Scienes and 
Social Sciences, 75, 436–447.

Zimmer Z, Zajacova A, & Grol Prokopczyk H (2020). Trends in pain prevalence among adults 50 and 
older across Europe, 2004 to 2015. Journal of Aging and Health, 32, 1419–1432. [PubMed: 
32583713] 

Zajacova et al. Page 22

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Pain trends 2002–2018 for U.S. adults ages 25–84. Results from a semiparametric age- and 

sex-stratified, demographics-adjusted logistic model of “any pain.”

Zajacova et al. Page 23

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Contribution of changes in composition, by age group. The figure shows coefficients and 

their 95% confidence intervals (CIs) estimating the contribution of compositional differences 

between 2002–2004 and 2016–2018 populations to pain prevalence differences. For several 

estimates, the standard errors are small enough that the plotted CI is not clearly visible 

around the point estimate.

Zajacova et al. Page 24

Demography. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zajacova et al. Page 25

Table 1

Pain prevalence and age-standardized pain prevalence among U.S. adults aged 25–84, 2002 and 2018

Any Pain Joint Back Neck Headache/Migraine Facial/Jaw

A. Prevalence

 2002 49.1 26.9 27.4 14.8 15.0 4.7

 2018 53.8 32.5 31.4 17.2 15.6 5.3

 Percentage change 9.7 20.6 14.9 15.9 4.5 12.6

 Percentage point change 4.7 5.5 4.1 2.4 0.7 0.6

 Test of difference ( p value) <.001 <.001 <.001 <.001 .097 .020

B. Age-Standardized Prevalence

 2002 49.4 27.7 27.5 14.9 14.6 4.7

 2018 53.2 31.5 31.1 17.1 16.1 5.4

 Percentage change 7.8 13.9 12.9 15.4 9.8 14.6

 Percentage point change 3.9 3.8 3.5 2.3 1.4 0.7

 Test of difference ( p value) <.001 <.001 <.001 <.001 .106 .023

Notes: Panel A shows weighted proportions in the total sample. Panel B shows weighted age-standardized proportions using the 2010 U.S. 
population age structure. Prevalence and age-adjusted prevalence for each single year from 2002 to 2018 are available in the online appendix.

Source: NHIS 2002 and 2018.
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Table 2

Characteristics of the target population, U.S. adults aged 25–84, 2002 and 2018, and difference across the two 

years

2002 2018 Difference (p)

Demographics

 Age, mean (SD) 48.2 (15.0) 50.2 (15.6) <.001

 Female 52.1 51.8 .584

 Race <.001

  White 74.1 64.6

  Black 11.1 12.1

  Hispanic 10.5 15.7

  Other 4.4 7.6

 Proxy responder 1.0 1.5 <.001

 Foreign-born 14.1 19.4 <.001

 Interview not English 4.9 5.9 .017

 Region <.001

  Northeast 19.4 17.7

  Midwest 24.2 21.5

  South 37.0 37.4

  West 19.5 23.4

Social Ties

 Not married 35.0 40.9 <.001

 Children at home 45.7 42.6 <.001

SES

 Education <.001

  Less than high school 19.0 13.8

  High school 26.5 21.0

  Some college 27.5 28.8

  Bachelor’s degree or more 27.0 36.4

 Not employed (currently) 34.1 35.2 .074

 Work status prior year <.001

  Worked all 12 months 58.7 57.3

  Worked 1–11 months 12.3 11.3

  Did not work for pay 29.0 31.4

 Income <.001

  Below poverty level 9.7 9.4

  1–1.9 times poverty level 16.2 16.4

  2–3.9 times poverty level 32.0 28.1

  4 times poverty level 42.1 46.2

 Rents (not a homeowner) 25.2 30.8 <.001

Health Behaviors

 Smoking <.001
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2002 2018 Difference (p)

  Never 53.3 61.2

  Former 24.8 24.0

  Current 22.0 14.8

 Alcohol use <.001

  Never 20.4 16.8

  Former 16.4 15.0

  Current moderate 43.9 42.1

  Current excessive 19.3 26.2

 BMI, mean (SD) 27.2 (5.6) 28.5 (6.4) <.001

 Physical activity (meets guidelines) 41.1 51.1 <.001

Chronic Conditions

 Arthritis 23.0 25.9 <.001

 Cancer 7.7 10.0 <.001

 Respiratory disease 5.8 5.0 <.001

 Heart disease 11.8 12.5 .037

 Diabetes 8.3 13.9 <.001

 Hypertension 26.8 34.2 <.001

 Kidney disease 1.4 2.6 <.001

 Liver disease 1.3 2.0 <.001

 Stroke 2.5 3.2 <.001

 Distress (K6), mean (SD) 2.2 (3.8) 2.8 (4.1) <.001

Notes: Adjusted for the complex survey design. Difference between 2002 and 2018 in categorical variables is tested with a design-based F test 
(equivalent to a chi-squared test but appropriate for complex survey data); for continuous variables we test the equality of survey design-adjusted 
year-specific means.

Source: NHIS 2002 and 2018.
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Table 3

Pain trends in aggregate population and in subgroups, logistic models, 2002–2018

Any Pain Joint Back Neck Headache/Migraine Facial/Jaw

Full Sample 1.24*** 1.26*** 1.20*** 1.17*** 1.14*** 1.13***

By Age Group

 25–44 1.17*** 1.24*** 1.13*** 1.11** 1.15*** 1.15**

 45–64 1.26*** 1.24*** 1.22*** 1.21*** 1.19*** 1.12*

 65–84 1.35*** 1.29*** 1.31*** 1.27*** 1.17** 1.17*

By Cohort (generation)

 Greatest Generation (1918–1932) 1.08 1.18 1.26* 0.97 0.97 1.22

 Silent (1933–1945) 1.54*** 1.47*** 1.36*** 1.33*** 1.08 1.17

 Early Boomer (1946–1954) 1.28*** 1.34*** 1.22** 1.20* 1.23* 1.23

 Late Boomer (1955–1964) 1.19** 1.14* 1.22*** 1.16* 1.02 1.11

 Generation X (1965–1980) 1.19*** 1.30*** 1.11** 1.12* 1.17*** 1.05

 Millennial (1981–1993) 1.21* 1.32* 1.13 1.02 1.22* 0.98

By Sex

 Men 1.28*** 1.31*** 1.24*** 1.24*** 1.23*** 1.18**

 Women 1.19*** 1.22*** 1.16*** 1.12*** 1.10*** 1.11**

By Race

 White 1.23*** 1.27*** 1.18*** 1.17*** 1.16*** 1.13**

 Black 1.37*** 1.23*** 1.39*** 1.24*** 1.15* 1.12

 Hispanic 1.20*** 1.20*** 1.15** 1.10 1.06 1.24*

 Other 1.11 1.27** 1.04 1.16 1.01 0.99

By Region

 Northwest 1.15*** 1.27*** 1.05 1.03 1.10 1.22*

 Midwest 1.17*** 1.20*** 1.12** 1.16*** 1.25*** 1.11

 South 1.29*** 1.26*** 1.33*** 1.26*** 1.11** 1.03

 West 1.30*** 1.33*** 1.19*** 1.17*** 1.13** 1.27***

By Interview Type

 Self-respondent 1.23*** 1.26*** 1.19*** 1.16*** 1.14*** 1.13***

 Proxy 1.37* 1.30 1.27 1.80*** 1.67** 1.60

By Nativity

 U.S.-born 1.25*** 1.26*** 1.21*** 1.18*** 1.16*** 1.12**

 Foreign born 1.15*** 1.26*** 1.10* 1.08 1.00 1.23*

By Language of Interview

 English 1.24*** 1.26*** 1.21*** 1.17*** 1.14*** 1.13***

 Not English 1.14* 1.25** 0.97 1.06 1.05 1.17

By Education
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Any Pain Joint Back Neck Headache/Migraine Facial/Jaw

 Less than high school 1.40*** 1.43*** 1.41*** 1.34*** 1.24*** 1.31***

 High school 1.40*** 1.43*** 1.40*** 1.30*** 1.20*** 1.08

 Some college 1.29*** 1.30*** 1.25*** 1.13*** 1.24*** 1.08

 Bachelor’s degree or more 1.17*** 1.18*** 1.15*** 1.19*** 1.17*** 1.24***

By Income

 Below poverty level 1.38*** 1.45*** 1.39*** 1.34*** 1.15** 1.19*

 1–1.9 times poverty level 1.42*** 1.35*** 1.38*** 1.37*** 1.30*** 1.25**

 2–3.9 times poverty level 1.29*** 1.35*** 1.24*** 1.18*** 1.16*** 1.19**

 4 times poverty level 1.14*** 1.16*** 1.09*** 1.08* 1.08* 1.06

Notes: N = 441,707 in aggregate population. Each cell shows the odds ratio for the effect of time. We estimated logistic models of “any pain” as a 
function of a continuous linear time trend plus basic controls. The time trend is scaled to range from 0 to 1 so that the odds ratio can be interpreted 
as the difference in the odds of reporting pain at the end of the observation period relative to the beginning (2018 vs. 2002). The controls are age, 
sex, race, region, foreign-born, language of interview, and proxy respondent status. Models that stratify for a given characteristic omit that 
characteristic from the list of covariates except for age, which is included in the age stratified and cohort stratified analyses. Missing values are 
imputed as discussed in the Methods section; estimation takes into account NHIS complex sampling design. The bolded cells indicate statistically 
significantly different trends across groups: we estimated additional logistic models of each pain measure for which we did not stratify but 
interacted the variable of interest (such as sex, race, and cohort) with the linear continuous time trend. For parsimony, rather than show a full set of 
results from these interaction models, we highlight in this table those characteristics that interacted significantly (p < .05) with the time trend. The 
omitted categories in these models were, respectively, age 25–44, Millennial cohort, male, White, Northwest, self-respondent, U.S.-born, language 
of interview was English, and the highest educational and income categories. Thus, for instance, the bolded coefficients for the Greatest Generation 
indicate that the “any pain,” joint, neck, and headache/migraine pain trend for this generation differs significantly from the pain trend in the 
Millennial generation, net of included covariates.

Source: NHIS 2002–2018.

*
p < .05;

**
p < .01;

***
p < .001
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Table 4

Percentage change in pain trend when adjusting for single covariates in models of pain trends, 2002–2018

Age 25–44 Age 45–64 Age 65–84 Total

Covariate % Change Covariate % Change Covariate % Change Covariate % Change

Distress (K6) −76 Distress (K6) −36 BMI −21 Distress (K6) −40

Alcohol Use −34 BMI −23 Hypertension −13 BMI −25

BMI −31 Alcohol Use −14 Diabetes −9 Alcohol Use −20

Hypertension −16 Diabetes −9 Kidney Cond. −7 Hypertension −13

Homeowner −14 Homeowner −8 Alcohol Use −6 Diabetes −9

Diabetes −8 Hypertension −7 Cancer −6 Homeowner −8

Married −7 Married −4 Distress (K6) −5 Cancer −3

Liver Cond. −3 Cancer −3 Liver Cond. −2 Married −3

Stroke −3 Liver Cond. −1 Homeowner −1 Liver Cond. −2

Heart Cond. −3 Stroke −1 Married 0 Kidney Cond. −2

Cancer −1 Kidney Cond. −1 Children 0 Stroke 0

Arthritis 0 Income 0 Stroke 1 Children 0

Employment 1 Children 1 Smoking 2 Arthritis 1

Kidney Cond. 1 Respiratory 6 Arthritis 4 Employment 1

Prior Empl. 1 Prior Empl. 7 Employment 4 Prior Empl. 2

Children 2 Employment 7 Prior Empl. 4 Heart Cond. 4

Income 3 Heart Cond. 8 Respiratory 5 Income 6

Phys. Activity 9 Arthritis 14 Heart Cond. 7 Respiratory 7

Respiratory 10 Education 17 Phys. Activity 12 Phys. Activity 14

Smoking 28 Phys. Activity 18 Education 14 Smoking 19

Education 30 Smoking 24 Income 14 Education 20

Notes: Each cell in the table shows the percentage change in the log odds of the coefficient for time trend when each covariate is added to a logistic 
model of “any pain” estimated as a function of demographics (age, sex, race, region, proxy respondent status, nativity, and language of interview). 
In each age group, the individual covariates are then arranged in order from the most attenuated to the most strengthened coefficient associated with 
the time trend. Variables with negative % values could be understood as “mediators,” and those with positive % values could be thought of as 
“suppressors.”

Source: NHIS 2002–2018.
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Table 5

Logistic models of any pain, adjusted for all covariates, 2002–2018

Age 25–44 Age 45–64 Age 65–84 Total

Time Trend 1.02 1.19*** 1.30*** 1.11***

Age 1.01*** 0.99*** 0.99** 1.00*** +**

Female 1.35*** 1.27*** 1.29*** 1.32*** −*

Race (ref. = non-Hispanic White)

 Black 0.72*** +*** 0.77*** 0.83*** 0.76*** +**

 Hispanic 0.86*** 0.84*** 0.90* 0.85***

 Other 0.77*** 0.83*** 0.86** 0.80***

Region (ref. = Northeast)

 Midwest 1.02 1.03 1.16*** 1.05**

 South 0.99 1.03 1.18*** 1.04*

 West 1.15*** 1.19*** 1.26*** 1.19*** +*

Proxy Responder 0.78* 0.75*** 0.78*** 0.75***

Foreign-born 0.87*** 0.84*** 0.89** 0.86***

Interview Not in English 0.83*** 0.97 0.94 0.89***

Not Married 0.92*** 0.94*** 0.89*** 0.91***

Children at Home 1.11*** 1.05** 1.01 1.11***

Education (ref. = bachelor’s degree+)

 Less than high school 1.04 1.01 1.01 1.03

 High school 1.01 0.98 0.94* 0.99

 Some college 1.18*** 1.10*** 1.05 1.13***

Not Employed (currently) 1.03 1.05 1.08 1.02

 Worked Last Year (ref. = 12 months)

 Worked 1–11 months 1.09*** −** 1.14*** 1.05 1.10*** −***

 Did not work 0.94* 1.12*** 0.98 0.97

Income (ref. = 4 times poverty level)

 Below poverty level 1.12*** 1.13*** 1.15** 1.13***

 1–1.9 times poverty level 1.12*** 1.16*** 1.08* 1.11***

 2–3.9 times poverty level 1.06** 1.05* 1.05 1.04**

Rents (not a homeowner) 1.01 0.96* 1.02 +* 0.98 +*

Smoking (ref. = never)

 Former 1.26*** 1.16*** 1.11*** 1.17***

 Current 1.36*** +** 1.20*** +* 1.15*** 1.30*** +**

BMI 1.02*** −** 1.02*** 1.03*** 1.02***

Alcohol Use (ref. = never)

 Former 1.43*** −** 1.41*** 1.13*** 1.35***
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Age 25–44 Age 45–64 Age 65–84 Total

 Current moderate 1.46*** 1.42*** 1.19*** 1.39***

 Current excessive 1.63*** 1.53*** 1.18*** 1.52***

Physical Activity 0.99 +* 1.06** +*** 1.13*** +** 1.03** +***

Chronic Conditions

 Arthritis 5.93*** 6.33*** 6.01*** −*** 6.09*** −**

 Cancer 1.36*** 1.19*** 1.12*** 1.14***

 Diabetes 1.06 0.99 +** 1.05 +* 1.04* +***

 Hypertension 1.38*** 1.15*** 1.17*** 1.22***

 Kidney disease 1.54*** 1.39*** 1.42*** 1.44***

 Liver disease 1.38*** 1.74*** 1.49*** 1.64***

 Stroke 1.65*** 1.13* 1.07 1.11***

 Respiratory disease 1.97*** 1.74*** 1.33*** +* 1.63***

 Heart disease 1.82*** 1.41*** 1.25*** 1.37***

 Distress (K6) 1.17*** 1.15*** 1.13*** 1.16*** −*

Notes: N = 441,707. Multiply imputed models; estimation takes into account NHIS complex sampling design. The odds ratios and associated p 
values shown are from an additive fully adjusted model of “any pain.” The column with a directional sign (+ or −) and p value indicates significant 
interactions with time. We estimated additional fully adjusted logistic models of pain in which we interacted all covariates with the linear 
continuous time trend. For parsimony, we do not show the full results from these models, but we indicate which covariates had a significant 
interaction with time and in which direction. For instance, among adults 25–44, the coefficient for Black has a + sign and p < .001. That indicates 
that the pain trend for Blacks is significantly different—steeper—than the trend for Whites in the fully adjusted and fully interacted models.

Source: NHIS 2002–2018.

*
p < .05;

**
p < .01;

***
p < .001
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Table 6

Nonlinear decomposition of pain prevalence differences in 2002–2004 and 2016–2018 into changes in 

composition versus changes in coefficients

Age 25–44 Age 45–64 Age 65–84 Total

A. Total Decomposition

 Pain prevalence 2002–2004 43.7*** 54.4*** 57.6*** 50.2***

 Pain prevalence 2016–2018 47.1*** 59.2*** 63.0*** 56.1***

 Difference (percentage point) 3.5*** 4.7*** 5.4*** 5.9***

 Decomposed to:

  Composition 2.4*** 2.4*** 1.5*** 3.9***

  Coefficient 1.0* 2.3*** 3.9*** 1.9***

 Expressed in percentage

  % due to composition difference 70.5 51.2 28.2 66.6

  % due to coefficient difference 29.4 48.8 71.8 33.4

B. Detailed Decomposition

 B1. Percentage due to compositional changes in:

  Education −0.5 −1.5 4.2 −0.2

  Income −2.6 −0.4 −6.5** −1.8***

  Smoking −9.2** −6.3*** 0.0 −4.1***

  Alcohol use 21.3*** 10.3*** 7.8*** 9.0***

  BMI 10.0*** 8.6*** 11.9*** 8.1***

  Physical activity −2.3 −4.5*** −6.8*** −3.5***

  Arthritis 1.9*** 18.8*** 7.6*** 30.3***

  Hypertension 3.7*** 2.4*** 2.8*** 4.8***

  Respiratory −3.8*** −0.4*** −1.0*** −0.2***

  Other conditions 2.7** 6.2*** 2.6* 7.2***

  Distress (K6) 50.2*** 20.2*** 5.4*** 17.1***

  Other control variables −1.0 −2.2 0.3 0.1

 B2. Percentage due to coefficient changes in:

  Education −2.1 −1.1 1.3 −0.6

  Income −1.3 −7.7 −3.6 −3.2

  Smoking −8.3 −5.5 2.7 −3.0

  Alcohol use 19.3** 2.3 −5.4 2.5

  BMI −68.6 −3.7 41.7 −10.5

  Physical activity 32.4* 33.9** 22.6 27.5***

  Arthritis −3.4 −13.4 −32.0** −10.6**

  Hypertension −5.5 0.3 −3.6 −2.7

  Respiratory −0.5 −1.5 4.1 −0.5

  Other conditions −8.6* 10.9 2.4 1.0

Demography. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zajacova et al. Page 34

Age 25–44 Age 45–64 Age 65–84 Total

  Distress (K6) −1.1 −8.9 −3.6 −6.1

  Other control variables −68.2 46.7 88.3 −2.4

N 62,018 57,573 35,971 155,562

Source: NHIS 2002–2004 and 2016–2018.

*
p < .05;

**
p < .01;

***
p < .001
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