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ABSTRACT Determining long-term trends in chronic pain prev a lence is crit i cal for eval-
u at ing and shap ing U.S. health pol i cies, but lit tle re search has ex am ined such trends. 
This study (1) pro vi des es ti ma tes of pain trends among U.S. adults across ma jor pop-
u la tion groups; (2) tests whether sociodemographic disparities in pain have wid ened 
or narrowed over time; and (3) ex am ines so cio eco nom ic, be hav ior al, psy cho log i cal, 
and med i cal cor re lates of pain trends. Regression and de com po si tion an a ly ses of joint, 
low back, neck, fa cial/jaw pain, and head ache/mi graine us ing the 2002–2018 National 
Health Interview Survey for adults aged 25–84 (N  =  441,707) as sess the trends and their 
correlates.Wefindextensiveescalationofpainprevalenceinallpopulationsubgroups:
over all, re ports of pain in at least one site in creased by 10%, representing an ad di tional 
10.5 mil lion adults ex pe ri enc ing pain. Socioeconomic disparities in pain are wid en ing 
over time, and psy cho log i cal dis tress and health be hav iors are among the sa lient cor re-
lates of the trends. This study thus com pre hen sively doc u ments ris ing pain prev a lence 
among Amer i cans across the adult life span and high lights so cio eco nom ic, be hav ior al, 
and psy cho log i cal fac tors as im por tant cor re lates of the trends. Chronic pain is an 
im por tant di men sion of pop u la tion health, and de mo graphic re search should in clude it 
when study ing health and health disparities.
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Introduction

This study an a lyzes trends in chronic pain prev a lence from 2002 to 2018 among 
U.S. adults aged 25–84.1 We show that pain prev a lence—al ready high at base line—
in creased sub stan tially dur ing the study pe ri od, with the in crease ev i dent in all  lead ing 
pain sites (joint, low back, neck, fa cial/jaw pain, and head ache/mi graine). Although 

1 Our anal y sis fo cuses on chronic pain (which we of ten ab bre vi ate as “pain”). Chronic pain is typ i cally 
con cep tu al ized as pain that “lasts more than sev eral months” (Institute of Medicine. 2011:33).Forinstance,
theICD-11definedchronicpainas“persistentorrecurrentpainlastinglongerthan3months”(Treedeetal.
2015:1004).ThequestionwordingintheNationalHealthInterviewSurvey,describedintheMethodssec-
tion,iswithinthespectrumofcommonlyuseddefinitionsofchronicpain.
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the rise in pain prev a lence oc curred in nearly all  pop u la tion sub groups, adults at lower 
so cio eco nomic lev els ex pe ri enced steeper pain in creases, resulting in wid en ing pain 
disparities by so cio eco nomic sta tus (SES). We also iden tify a clus ter of sa lient in ter-
me di ate and prox i mal cor re lates of the pain in creases, which in clude psy cho log i cal 
distress, alcohol use, bodyweight, and arthritis.This study thus provides the first
com pre hen sive por trait of re cent pain trends and their in di vid u al-level cor re lates in 
the U.S. adult pop u la tion.

Chronic pain is a ma jor pub lic health prob lem given its high prev a lence and costs 
(Croft et al. 2011). Nationally, the num ber of peo ple ex pe ri enc ing chronic pain ex-
ceeds those af fected by heart dis ease, can cer, and di a be tes com bined (Institute of 
Medicine 2011). In 2012, the an nual eco nomic cost of pain in the United States 
was es ti mated at more than $600 bil lion (Gaskin and Richard 2012) and has likely 
increasedsincethen.Forindividuals,chronicpainisakeydeterminantofqualityof
life (Dueñas et al. 2016), healthcare uti li za tion (Song et al. 2016), and dis abil ity (Rice 
et al. 2016). Moreover, pain and pain treat ments are linked to the un prec e dented up-
surge of opi oid-re lated over doses and deaths among Amer i can adults (Ahmad et al. 
2018)—a pub lic health cri sis in its own right.

Recent de cades have seen an “ex plo sion” (Gatchel et al. 2007) of re search on 
chronic pain in the health sci ences, ep i de mi  ol ogy, and psy chol o gy. Demographers, 
however,haveremainedlargelysilentonthetopic.Forexample,Demography, one 
of the highest im pact jour nals in pop u la tion sci ence, has in its 56-year his tory pub-
lished only two ar ti cles with “pain” in their ti tle or ab stract, nei ther of which treated 
pain as their pri mary topic (Hamilton et al. 2019; Reither et al. 2009). This may be a 
func tion of the pe cu liar sta tus of pain, which un til re cently was viewed largely as a 
symp tom of other con di tions rather than as a con di tion in itself (Cohen et al. 2013; 
Raffaeli and Arnaudo 2017). However, there is a grow ing con sen sus in the med i cal 
lit er a ture that chronic pain should be con sid ered a dis ease in its own right (Siddall 
2013; Volkow and McLellan 2016)—as for mal ized by the in clu sion of a “chronic 
pain”classificationintheICD-11(Smithetal.2019)—and that pain’s high pop u la-
tion bur den ne ces si tates fo cused in ter dis ci plin ary at ten tion (Croft et al. 2011). Our 
study thus adds a much-needed de mo graphic per spec tive on pain in the United States.

Assessing the fu ture bur den of chronic pain (Interagency Pain Research Coordi-
nating Committee 2018) requiresanunderstandingof recent trends inpainpreva-
lence. Unfortunately, the lit er a ture on pain trends is sparse. Scattered stud ies have 
focusedonpainatspecificbodysitesorinparticularclinicalorcommunity-dwelling
populations. For instance, studies have found that adults inNorthCarolina expe-
rienced increasing back pain from 1992 to 2006 (Freburger et al. 2009); nurs ing 
home res i dents reported less chronic pain from 2006 to 2009 (Shen et al. 2015); 
and non-His panic Whites aged 45–64 ex pe ri enced in creases in chronic pain from 
1999 to 2013 (Case and Deaton 2015). We are aware of only three U.S. stud ies us ing 
na tion ally rep re sen ta tive sam ples to ex am ine pain trends. However, two of those 
(Grol-Prokopczyk 2017; Zimmer and Zajacova 2020) in cluded only older adults, 
and the third (Nahin et al. 2019) fo cused on ICD-coded “pain ful con di tions” rather 
than gen eral chronic pain. All three, none the less, reported in creas ing prev a lence. 
For example, theproportionof adultswith at least one “painful health condition”
increasedfrom33%in1997to41%in2014,astatisticallysignificantandsubstan-
tively mean ing ful in crease (Nahin et al. 2019).
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This lim ited lit er a ture leaves un ex plored im por tant top ics that we ad dress here. 
Specifically,wegenerateup-to-dateestimatesofpaintrends(themostrecentpub-
lished data are from 2014). We in clude in di vid u als across the adult life span, aged 
25–84, while also ex am in ing the data across age groups (25–44, 45–64, and 65–84), 
representing dif fer ent life course stages and birth co horts. This is im por tant be cause 
older adults re port more pain than youn ger adults (Kennedy et al. 2014; Nahin 2015), 
and pain cor re lates may also vary by age (Edwards 2006; Grol-Prokopczyk et al. 
2017). We also ex am ine trends by sex, race, and SES. Pain prev a lence dif fers sub-
stantiallyacrossthesecharacteristics:itishigheramongwomenthanmen(Bartley
and Fillingim2013); higher for adults with lower SES (Jay et al. 2019; Riskow-
ski 2014); and, in most U.S.-based stud ies, higher among non-His panic Whites than 
among mi nor i ties (Kennedy et al. 2014; Nahin 2015). It is there fore rea son able to 
ask whether pain trends also dif fer across sociodemographic groups. To our knowl-
edge, the sin gle prior study that tested for group het ero ge ne ity in pain trends found 
nosignificantdifferences,albeitonlyamongolderadults(Grol-Prokopczyk2017). 
The pres ent study for mally tests for trend dif fer ences to as cer tain whether so cial and 
de mo graphic disparities in pain are de creas ing or in creas ing over time.

Beyonddescribingpaintrends,itiscriticaltoidentifysalientsocialandmedical
fac tors as so ci ated with the trends. Utilizing the rich set of covariates avail  able 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 cor re la tional an a ly ses can not es tab lish cau sal i ty, they pro vide sug ges tive in-
sights re gard ing pro cesses that un der lie changes in pop u la tion pain prev a lence and 
can mo ti vate fu ture in-depth causal an a ly ses of key cor re lates.

Informed by the WHO health de ter mi nants frame work (Solar and Irwin 2010) 
andsocialdeterminantsofpainmodels(CraigandFashler2013), we con cep tu al ize 
pain prev a lence as a func tion of a com plex web of cau sa tion that includes sociode-
mographic char ac ter is tics (which shape ex po sure to risk and ac cess to re sources), 
in ter me di ate-level health-be hav ioral and psy cho log i cal char ac ter is tics, and prox-
i mate pain-pro duc ing med i cal con di tions. Importantly, the WHO frame work also 
pos its a crit i cal up stream level com pris ing the so cio eco nom ic-po lit i cal con text that 
shapes all  in di vid u al-level re la tion ships, but avail  able data re strict the scope of our 
study to in di vid u al-level fac tors. Socioeconomic fac tors closely linked to pain in-
clude ed u ca tion (Zajacova et al. 2020),employmentstatus(Fliesseretal.2017), and 
eco nomic re sources (Riskowski 2014). Demographic char ac ter is tics in clude age, 
sex, race, na tiv i ty, and lan guage (Kennedy et al. 2014; Nahin 2015). Health be hav
iors/char ac ter is tics shown to im pact pain in clude smok ing, al co hol use, body weight, 
and phys i cal ac tiv ity (Kennedy et al. 2014; van Hecke et al. 2013). Psychological fac
tors linked to pain in clude de pres sion and psy cho log i cal well-be ing (Goosby 2013; 
Hooten 2016).Finally,proximatemed i cal con di tions strongly re lated to pain in clude 
ar thri tis, can cer, di a be tes, and re spi ra tory dis ease (Janevic et al. 2017; Nahin 2015). 
Admittedly, cor re lates of pain trends may dif fer from cor re lates of pain prev a lence, 
and the o ries of the for mer are lacking. However, de mo graphic stud ies have iden ti-
fiedsimilarsociodemographic,intermediate,andproximatedeterminantsofdisabil-
ity and mor tal ity trends (Martin and Schoeni 2014; Montez et al. 2019; Zajacova and 
Montez 2018).
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An ad mit ted chal lenge in any study of long-term pain trends is that norms sur-
rounding pain reporting may change. Recent pop u lar au thors spec u late that cul tural 
and in sti tu tional de vel op ments, driven partly by ag gres sive mar ket ing of opi oid an al-
ge sics by phar ma ceu ti cal com pa nies, may have led Amer i cans to re port pain more 
read ily than in the past (Lembke 2016; Quinones 2015). In our Discussion sec tion, 
we eval u ate rel e vant ev i dence and con clude that al though reporting dif fer ences may 
playsomerole,theyareunlikelytofullyexplainourfindings.

Thepresentstudyfillsthegapsinknowledgeaboutpaintrendsandtheircorrelates
using2002–2018datafromtheNHIS.Weposethreequestionscentraltodescribing
painandpaintrendsamongAmericanadults.First,whataretheaggregatetrendsin
pain prev a lence for lead ing pain sites? Unlike prior stud ies, which ex am ined only one 
painsiteorusedaglobalpainmeasure,weprovideseparateestimatesforfivespe-
cificpainsitesaswellasforasummarypainindex.Thisgeneratesamoregranular
por trayal of U.S. pain trends. Second, are the trends sim i lar for ma jor sociodemo-
graphic groups, and if not, are pain ex pe ri ences con verg ing or di verg ing over time? 
And third, how do sociodemographic, health-be hav ior al, psy cho log i cal, and med i cal 
factorscorrelatewith theobservedpain trends?These threequestionscollectively
al low us to as sess how pain prev a lence has evolved in the United States from 2002 
to 2018, to de scribe het ero ge ne ity in the trends across groups, and to iden tify sa lient 
in di vid u al-level fac tors linked to the trends.

Methods

Data

Weusethe2002–2018NHISdata,harmonizedbyIPUMS(Blewettetal.2019). The 
NHIS is an on go ing cross-sec tion al, na tion ally rep re sen ta tive sur vey of the non in sti-
tu tion al ized pop u la tion in the United States. It is the best avail  able source of data for 
thisstudybecauseitincludesadultsofallages,multiplequestionsaboutsite-specific
pain that re main con sis tent over time, a large set of rel e vant covariates, on go ing data 
col lec tion that yields up-to-date es ti ma tes, and a large sam ple size that per mits sub-
group an a ly ses. All var i ables needed for our an a ly ses have been col lected con sis-
tently since 2002; the most re cent wave avail  able at the time of writ ing is from 2018.

Theanalyticsampleisdefinedas“sampleadult”womenandmenaged25–84who
were interviewed in a sur vey wave be tween 2002 and 2018. The “sam ple adult” is a 
ran dom sub sam ple of about 43% of all  adult NHIS re spon dents that was ad min is tered 
the de tailed health mea sures we uti lize. The lower age bound ary was cho sen to min i-
mize the pro por tion of re spon dents who were en rolled in a post sec ond ary ed u ca tional 
in sti tu tion (National Center for Education Statistics 2018) given that their so cial sta-
tus in for ma tion (ed u ca tional at tain ment, em ploy ment sta tus, and in come) re mains to 
be established. The up per age bound ary is set at 84 be cause NHIS re spon dents’ ages 
are top coded at 85, and thus 85 encompasses a wide range of ac tual re spon dent ages. 
Fromthetotal443,237respondents,weexcluded1,530(0.35%)whohadthehighest
amount of miss ing in de pen dent var i ables (0.19%) or had miss ing pain in for ma tion 
(0.16%), yield ing an an a lytic sam ple size of 441,707. The an nual sam ple sizes vary 
from 19,040 in 2008 to 32,149 in 2014.
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Measures

Pain

TheNHIScorequestionnaireincludesquestionsaboutpaininfivebodysites,repre-
senting the most com mon and/or dis abling types of pain (Rice et al. 2016).Fourques-
tionsfollowedthisprompt:“Duringthepastthreemonths,didyouhave[lowback
pain,neckpain,severeheadacheormigraine,orfacialorjawacheorpain]?”Thefifth
painindicator(jointpain)wascollectedwithtwolinkedquestions.First,respondents
were asked whether they had “any symp toms of pain, ach ing, or stiff ness in or around 
ajoint.”Respondentswhoansweredaffirmativelywerethenaskedwhethertheonset
wasatleastthreemonthsprior.Weusedapositiveresponsetothisfollow-upques-
tion as an in di ca tor of chronic joint pain so that all  pain mea sures in this study cap ture 
chronicpainoccurringoverthelastthreemonths.Thewordingofthepainquestions
differs slightly: joint pain is described as “lasting at least 3months,”whereas the
other sites re fer to pain “dur ing the last 3 months.” Nonetheless, as shown lat er, joint 
pain is one of themost commonly reported pain sites, and findingswere broadly
sim i lar across all  sites. We also cre ated a mea sure for “any pain” in which those who 
respondedaffirmativelytoanyofthefivepainsiteswerecodedashavingpain.

Correlations among the pain sites are mod er ate, rang ing from r  =  .15 be tween 
head ache/mi graine and joint pain to r  =  .39 be tween low back and neck pain (tetra-
choric r  =.28and.66,respectively).Theseresultsfitwiththeknowledgethatmost
peo ple will ex pe ri ence pain in mul ti ple sites (Carnes 2011), but they also in di cate 
that each pain mea sure con trib utes in de pen dent in for ma tion about re spon dents’ pain 
sta tus and can mean ing fully be an a lyzed ei ther sep a rately or joint ly.

Time

The date of the in ter view is the key pre dic tor. The NHIS pro vi des in for ma-
tion about the month and year of the in ter view. We cre ated a mea sure of con tin u-
ous time, nor mal ized to have a 0 to 1 range, us ing the for mula continuous time = 

( year − 2002)+ month−1
12

⎡

⎣
⎢

⎤

⎦
⎥ / 17.Asa result,aone-unitchange in the trendcoeffi-

cient es ti mated in re gres sion mod els can be interpreted as the change in pain level 
from the start (Jan u ary 2002) to the end (De cem ber 2018) of the ob ser va tion pe ri od; 
thatis,thecoefficientcapturesthechangeacrossthe17-yearperiod.

Covariates

We in clude covariates that are con sis tent with the so cial de ter mi nants frame work and 
its chain of cau sa tion from de mo graphic and so cial fac tors, through health be hav iors 
andpsychologicaldistress,tochronicconditions.Ageistreatedintwoways.First,
age in sin gle years is in cluded in all  mod els as a con tin u ous covariate. Second, the 
sample isstratified into three20-yearagegroups:25–44,45–64,and65–84. (The
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age-stratifiedmodelsalsocontrolforage,asappropriateforthe20-yearagespans
of each group.) Sex is coded with male as ref er ence. Race/eth nic ity categories are 
non-HispanicWhite (reference), non-HispanicBlack,Hispanic, andother.Region
of res i dence is Northeast (ref er ence), Midwest, South, and West. We also con trol 
for in for ma tion pro vided by proxy in ter view re spon dents rather than the tar get in di-
vidual (reference).Foreign-bornstatus(U.S.-bornas thereference)and interviews
conducted in a lan guage other than En glish (En glish as the ref er ence) are in cluded 
be cause im mi grant sta tus and lan guage of in ter view may im pact pain ex pe ri ence 
and/or reporting (Nahin 2015;Viruell-Fuentesetal.2011).

Two mea sures of so cial ties are in clud ed. Marital sta tus is cat e go rized as mar ried 
or cohabiting (ref er ence) ver sus not mar ried. The pres ence of chil dren—own, step-, 
or adopted—cur rently re sid ing in the house hold is di chot o mous, with no chil dren as 
the ref er ence.

We in clude sev eral covariates that mea sure SES. Educational at tain ment is cat-
e go rized as less than high school or a GED, high school di plo ma, some col lege or 
as so ci ate de gree, and bach e lor’s de gree or more (ref er ence). GED is grouped with 
“less than high school” be cause prior stud ies found that the health of GED re cip i ents 
is more com pa ra ble to that of high school drop outs than grad u ates (Zajacova and 
Montez 2017a). “Some col lege” is retained as a sep a rate cat e gory be cause this het-
ero ge neous group dif fers from both high school and col lege grad u ates in im por tant 
ways (Zajacova et al. 2012),includingspecificallyinpainprevalence(Zajacovaetal.
2020).Economicwell-beingiscapturedwithfourindicators.First,currentemploy-
ment sta tus is coded as employed (ref er ence) ver sus not. Second, we in clude in for-
mationaboutemploymentoneyearpriortotheinterview:respondentworkedall12
months (ref er ence), only a part of the year, or not at all . Third, we con trol for fam ily 
in come-to-pov erty ra tio cal cu lated by the NHIS. The reported to tal fam ily in come 
iscomparedwith theyear-specificU.S.Censuspoverty thresholdbasedonfamily
size and the num ber of chil dren un der 18. This ad just ment means the fam ily in come 
controls for household composition and for inflation.We refer to this variable as
“in come” for par si mony and cat e go rize it as more than 4 times the pov erty thresh-
old (ref er ence), 2–3.9 times the thresh old, 1–1.9 times the thresh old, and be low the 
povertythreshold.Fourth,homeownershipcapturesalonger-termeconomicresource
and is cat e go rized as homeowner (ref er ence) ver sus not.

Health behaviors include smoking, alcohol use, body mass index (BMI), and
phys i cal ac tiv i ty. Smoking is cat e go rized as never (ref er ence), for mer, and cur rent. 
Alcohol use is coded as nev er, for mer, cur rent mod er ate (ref er ence), and ex ces sive 
currentuse.Thelatterisdefinedasanybingeuseinthepastyear(5ormoredrinks
perday;since2014,thisquestionwasalteredintheNHISforfemalesto4ormore
drinks) or heavy use (8 or more drinks per week for women and 15 or more for men) 
(Esser et al. 2014).BMI,conceptualizedasameasureoflong-termdietarybehaviors,
was cal cu lated by the NHIS from self-reported height and weight and is in cluded in 
mod els as a con tin u ous covariate. Physical ac tiv ity is a di chot o mous mea sure cap tur-
ing whether a re spon dent met fed eral guide lines for phys i cal ac tiv ity (ref er ence) or 
not. The thresh old to meet the guide lines is 150 min utes of mod er ate ac tiv ity or 75 
min utes of vig or ous ex er cise per week (U.S. Department of Health and Human Ser-
vices 2018).HealthconditionswereassessedintheNHISusingthisprompt:“Have
youeverbeentoldbyadoctororotherhealthprofessionalthatyouhad[thiscondi-
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tion]?” The con di tions com prise re spi ra tory dis ease (COPD or chronic bron chi tis), 
heart dis ease, ar thri tis, can cer, di a be tes, hy per ten sion, kid ney dis ease, liver con di tion, 
andstroke.Finally,theKesslerScale(K6),whichmeasurespsychologicaldistressin
the past month (Kessler et al. 2002), is in cluded as a con tin u ous covariate rang ing 
from 0 to 24.

Approach

Theanalysiscomprisedfivesteps.Weuseddatacollectedcontinuallyfrom2002to
2018,withtwoexceptions:thedescriptivestatisticsinStep1usedonly2002and2018
da ta, and the de com po si tion anal y sis in Step 5 used only 2002–2004 and 2016–2018 
da ta. Extensive ro bust ness checks were conducted and are sum ma rized in the online 
ap pen dix.

In Step 1, we sum ma rized pain prev a lence and pop u la tion char ac ter is tics in the 
firstandlastyearofthestudyperiod--2002and2018.ForTable 1, we es ti mated the 
prev a lence and age-stan dard ized prev a lence of pain at each site and “any pain” in 
2002andin2018,andtestedwhetherthedifferencewasstatisticallysignificantusing
design-adjustedchi-square-alternativeF tests. The age stan dard i za tion was based on 
the 2010 U.S. pop u la tion age struc ture. We also cal cu lated the rel a tive change in pain 
prevalence, defined as ( pain2018 − pain2002 ) /pain2002, and the ab so lute per cent age 
point change. The tar get pop u la tion char ac ter is tics in 2002 and 2018 are sum ma rized 
in Table 2; the ta ble also shows the p value as so ci ated with tests of dif fer ences in the 
dis tri bu tion of each var i able be tween these two years us ing de sign-ad justed Wald 
tests for con tin u ous var i ables and F tests for cat e gor i cal var i ables.

Next, we established the func tional form of the pain trend in Step 2. This step was 
importanttodeterminethemostparsimoniousspecificationforthetimevariable.We
estimatedaseriesofage-adjustedmodelsofpainwithaflexiblyspecifiedtimetrend.
These were semiparametric par tial-lin ear mod els of the form Pi = α + f (ti )+ γ xi , 
es ti mated us ing the plreg com mand in Stata (Lokshin 2006). Here, Pi  is the pres ence 
of pain (“any pain” = 1), xi is age, and ticapturesthedateofinterviewasspecified
in the Measures sec tion. The smooth func tion of time f (ti ) was es ti mated by the 
lowess pro ce dure in Stata (Cleveland 1979). This model allowed us to cap ture the 
time trend nonparametrically while ad di tively in clud ing ad di tional var i ables, such 
as de mo graph ics. The re sults are plot ted as line graphs so the de tailed but smoothed 
shape of the trend can be ob served (Figure1).

In Step 3, we es ti mated the di rec tion and mag ni tude of changes in pain over time 
in de mo graph ics-ad justed mod els for the full sam ple and ma jor pop u la tion sub-
groups. We es ti mated age-ad justed lo gis tic re gres sion mod els of each pain mea sure 
of the form  Logit(Pi ) = α +β ti + γ xi , where Pi is the pres ence of pain, xi is age, and ti 
capturesthedateofinterview.Thekeycoefficientβshowsthechangeinthelogitof
pain over the ob ser va tion pe riod (as explained ear li er, we coded the date of in ter view 
to range from 0 to 1 for this pur pose). We es ti mated de mo graph ics-ad justed logit 
mod els for “any pain” and each in di vid ual pain mea sure for the to tal sam ple, as well 
as for ma jor pop u la tion sub groups. The re sults are shown in Table 3.

ForStep4,we testedwhether thepain trendsdiffer statisticallyacrosspopula-
tion sub groups. We es ti mated lo gis tic mod els of each pain in di ca tor as in the prior 
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718 A. Zajacova et al.

step,butinsteadofstratifying,weincludedtrend-by-groupinteractions.Forexam-
ple, to test whether the pain trend dif fers by sex, we es ti mated a model of the form 
Logit(Pi ) = α +βti + δ fi + τ(ti × fi )+ γ xi, where fi is a bi nary in di ca tor of gen der 
( fi = 0 in di cates male; fi   =1indicatesfemale),andτisthecoefficientfortheinterac-
tion be tween gen der and time. In Table 3,weboldedtherespectivecoefficientwhere
differencesintrendswerestatisticallysignificantatp  <  .05.

Finally,inStep5,weexploredfactorsthatcorrelatewiththepaintrends.Wefol-
lowed a four-pronged ap proach to com plete this an a lyt i cally non triv ial task be cause 
no sin gle method or model pro vided a full an swer.

First,weexaminedtheroleofeachcovariateindependently.Thisstepwasimpor-
tant be cause we con sider covariates at dif fer ent lev els of the “chain of cau sa tion.” 
Thus, prox i mate mech a nisms (e. g., med i cal con di tions) may at ten u ate the role of 
in ter me di ate mech a nisms (e. g., health be hav iors), which in turn could at ten u ate the 
role of so cio eco nomic char ac ter is tics such as ed u ca tion and in come. We es ti mated 
pairs of nested mod els of “any pain.” One model es ti mated pain as a func tion of 
de mo graph ics as in Table 3, row 1. The sec ond model added a sin gle covariate and 
wecalculatedthepercentagechangeinthelogoddsofthepaintrendcoefficient.In
Table 4,welistthecoefficientsintheorderthattheyattenuateorincreasethetrend
coefficientthemost;wealsoshowthepercentagechangeinthepaintrendcoefficient.
This ap proach is widely used in the so cial sci ences to un der stand the “ex plan a to ry” 
role of covariates on the ef fect of an other pre dic tor. Here, it shows which covariates 
maybeindividuallysalienttothepaintrends.However,italsohasamajorlimitation:
themodelsarepotentiallymisspecifiedbecauseweomitfromthemothercovariates
thatalsosignificantlyimpactpain;thatis,theresultsarenecessarilybiasedbyomit-
ted var i ables that are cor re lated with both the in cluded sin gle covariate and the trend.

Second, we es ti mated fully ad justed mod els of pain (Table 5) to ob serve the pain 
trend af ter ac count ing for all  covariates. This model shows what the pain trends would 
have been if none of the var i ables’ dis tri bu tions or ef fects on pain changed over time. 
It also shows the av er age ef fect of each covariate on pain prev a lence. However, such 
ad di tive mod els as sume that the ef fect of all  var i ables on pain does not change over 
time; we there fore next re lax this as sump tion.

Third, we es ti mated fully ad justed mod els where each covariate was interacted 
with time. This model al lows us to ob serve which covariates’ as so ci a tion with pain 
variessignificantlyovertime(withthecaveatthatweareallowingonlylinearchange
overtimewhiletheactualchangesmightbenonlinear).Forparsimony,Table 5 in di-
cates the di rec tion and pvalueofonlystatisticallysignificantinteractionsbesidethe
per ti nent covariate.

Fourth,Table 6summarizesfindingsfromthecounterfactualOaxaca-Blindernon-
lineardecomposition,whichquantifieshowmuchofthedifferenceinpainprevalence
be tween the be gin ning and end of the ob ser va tion pe riod is due to dif fer ent pop u la tion 
char ac ter is tics (com po si tional changes) or dif fer ent re la tion ships be tween the char ac-
teristicsandpain(coefficientchanges;Blinder1973; Oaxaca 1973). Conceptually, the 
ob served dif fer ence in pain prev a lence yl − ye, where yl is the mean pain level late in 
the ob ser va tion pe riod and ye is the mean pain level early in the ob ser va tion pe ri od, is 
definedasyl − ye = F(Xlβ̂l )− F(Xeβ̂e ), where the Xl  and Xe are matrices of ob served 
covariates late and early in the ob ser va tion pe ri od, re spec tive ly. Their as so ci ated vec-
tors of β̂ s are es ti mated with the logit mod el, and F() is the cu mu la tive dis tri bu-
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719Pain Trends Among Amer i can Adults 2002–2018

tion func tion of the lo gis tic dis tri bu tion. We added and subtracted F(Xeβ̂l )toobtain:
yl − ye = F(Xlβ̂l )− F(Xeβ̂l )⎡⎣ ⎤⎦ + F(Xeβ̂l )− F(Xeβ̂e )⎡⎣ ⎤⎦.Thefirstbracketcapturesthe
dif fer ence be tween the two groups due to the dif fer ences in char ac ter is tics, whereas 
thesecondbracketcapturesthepartduetodifferencesincoefficients.Becauseavail-
able de com po si tion ap proaches rely on the com par i son of two groups, we pooled 
observationscollectedinthefirstthreeyearsoftheobservationperiod(2002–2004)
and the most re cent three years (2016–2018). We used the mvdcmp ex ten sion in Stata 
for de com po si tion (Powers et al. 2011), com bined with the new util ity for group-
ing in di vid ual covariates for de tailed de com po si tion, mvdcmpgroup (D. Powers, per-
sonalcommunication,February8,2020).Theeffectsforcategoricalvariablesinthis
ap proach are nor mal ized as de vi a tions from a grand mean, which en ables cal cu la tion 
of ef fects for all  lev els and yields re sults that are the same re gard less of which level is 
the omit ted ref er ence cat e gory (Jann 2008).

Overall missingness in the NHIS 2002–2018 data is low. In our an a lytic sam-
pledefinedearlier,halfofthevariableshadnomissingcases,13variableshadless
than 1% of cases miss ing, 4 var i ables had less than 4% miss ing, and only phys i cal 
ac tiv ity (5.4% miss ing) and fam ily in come (13.5% miss ing) had higher amounts of 
missingness. Respondents who were older, were fe male, needed a proxy to com plete 
the in ter view, re sided in the Northeast, and/or had lower SES were more likely to be 
miss ing in for ma tion on se lect var i ables than re spon dents who were youn ger, male, 
higher-SES, and/or who re sided out side the Northeast. To deal with missingness, we 
usedmultipleimputation(MI)viachainedequations(RoystonandWhite2011) for 
the seven var i ables with the highest de gree of missingness. We cre ated 10 im puted 
data sets and used Rubin’s rules for com bin ing re sults in re gres sion mod els (Rubin 
1987). We used a sin gle, ran domly se lect ed, mul ti ply im puted data set in the de com-
po si tion anal y sis. We also preprocessed the data via sin gle im pu ta tion of se lect var-
iables.For variableswith less than1%missingness and a clearmode comprising
morethan80%ofobservations,weimputedthemode.Forvariableswithupto0.5%
missingness but a less clear mode, we employed sin gle im pu ta tion us ing all  avail -
able nonmissing var i ables. The preprocessing yielded sta ble and rep li ca ble MI re sults 
with sat is fac tory di ag nos tics.

All re gres sion an a ly ses con sider the com plex sam pling struc ture of the NHIS. 
Sampling weights were ad justed for pooling across mul ti ple years (National Center 
for Health Statistics 2017), and var i ance ad just ment was based on Taylor se ries lin ear 
ap prox i ma tion (Lumley 2004). The an a ly ses were es ti mated in Stata 15.1 (StataCorp 
2017).

Results

Table 1 shows the weighted crude and age-stan dard ized prev a lence of each pain 
site and “any pain” in the U.S. pop u la tion aged 25–84 in 2002 and 2018. Preva-
lence of pain in each body site in creased. Correspondingly, so did the prev a lence 
of “any pain,” which in creased from 49% to 54%—a change of ap prox i ma tely 10% 
over time in rel a tive terms. The steepest in creases oc curred for the highest prev-
a lence pain sites, es pe cially joint pain, which in creased by 21% over the 17-year 
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period,andforlowbackandneckpain(15%and16%increase,respectively).Facial/
jaw pain in creased by 13%, and head ache/mi graine prev a lence in creased by 5%. 
Age-standardizedestimatesinpanelBadjustforthechangingagestructureofthe
pop u la tion. If the U.S. pop u la tion struc ture remained un changed at the 2010 lev el, 
prev a lence of any pain would in crease by only 8%. The rel a tive in creases would also 
be smaller for joint and low back pain (14% and 13%, re spec tive ly) but larger for 
fa cial/jaw pain (15%) and es pe cially head ache/mi graine (10%), which oc curs more 
frequentlyatyoungerages.

Table 2 shows the char ac ter is tics of the tar get pop u la tion in 2002 and in 2018, as 
well as the p val ues of tests for dif fer ences be tween these two years. Overall, there 
were noticeable (and statistically significant) changes in most characteristics. The
pop u la tion in 2018 was older and more non-White, with a larger pro por tion of for eign-
bornandcollegegraduatescomparedwith2002.Healthbehaviorschangedaswell:
smok ing de clined sharp ly, and the pro por tion meet ing fed eral guide lines for phys i-
calactivityincreased,butsodidexcessivealcoholuseandBMI.Theprevalenceof
chronic con di tions gen er ally in creased ex cept for the prev a lence of re spi ra tory con di-
tions, which de clined.

Figure1 vi su al izes the age-ad justed trend in “any pain” by age group and sex, 
sum ma riz ing re sults from our an a lytic Step 2. Overall, in all  age/sex groups, pain 
increasedmonotonically.Formenandwomenaged45–64,therewasstagnationor
evenadecrease(notsignificant)inthelastfewyears,whileforthoseaged65–84,the
in crease ap pears to ac cel er ate. Over the full 17 years, how ev er, the trend is roughly 
lin ear for the three age groups. The lin e ar ity is sub stan tively prob lem atic be cause it 
in di cates con tin ued in creases in pain, but con ve nient meth od o log i cal ly, as it al lows 
ustoemployaparsimoniouslinearspecificationforthetrendinsubsequentanalyses.
Additionalfiguresshowingtrendsbyincomeareintheonlineappendix.

Table 1 Pain prev a lence and age-stan dard ized pain prev a lence 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 dif fer ence ( p val ue) <.001 <.001 <.001 <.001 .097 .020
B.Age-StandardizedPrevalence
   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 dif fer ence ( p val ue) <.001 <.001 <.001 <.001 .106 .023

Notes:PanelAshowsweightedproportionsinthetotalsample.PanelBshowsweightedage-standardized
pro por tions us ing the 2010 U.S. pop u la tion age struc ture. Prevalence and age-ad justed prev a lence for each 
sin gle year from 2002 to 2018 are avail  able in the online ap pen dix.

Source: NHIS 2002 and 2018.
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721Pain Trends Among Amer i can Adults 2002–2018

Table 2 Characteristics of the tar get pop u la tion, U.S. adults aged 25–84, 2002 and 2018, and dif fer ence 
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
  His panic 10.5 15.7
  Other 4.4 7.6
 Proxy re sponder 1.0 1.5 <.001
 Foreign-born 14.1 19.4 <.001
 Interview not En glish 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 mar ried 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 col lege 27.5 28.8
  Bachelor’sdegreeormore 27.0 36.4
 Not employed (cur rent ly) 34.1 35.2 .074
 Work sta tus 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
  Belowpovertylevel 9.7 9.4
  1–1.9 times pov erty level 16.2 16.4
  2–3.9 times pov erty level 32.0 28.1
  4 times pov erty level 42.1 46.2
 Rents (not a homeowner) 25.2 30.8 <.001
HealthBehaviors
 Smoking <.001
  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 mod er ate 43.9 42.1
  Current ex ces sive 19.3 26.2
 BMI,mean(SD) 27.2 (5.6) 28.5 (6.4) <.001
 Physical ac tiv ity (meets 

guide lines) 41.1 51.1 <.001
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Table 3summarizesfindingsfromanalyticStep3toexaminepaintrendsacross
pop u la tion sub groups, us ing de mo graph ics-ad justed lo gis tic mod els of each pain 
in di ca tor. As noted ear li er, the time trend is scaled to a 0–1 range so that the odds 
ra tio for pain trend shown in the ta ble can be interpreted as the rel a tive change in 
painprevalenceoverthe17-yearobservationperiod.Severalfindingsareimpor-
tant.First,netofchangesindemographiccomposition,U.S.adultshad24%higher
odds of reporting pain in 2018 com pared with 2002. Second, the prev a lence of 
paininallindividualpainsitessignificantlyincreased,especiallyjointpain(26%
higher odds in 2018 com pared with 2002) and low back pain (20% higher odds). 
Third,thepainincreasesweresystemic:almostallgroupsexperiencedasignifi-
cantincreasepainovertime.Fourth,acrossthe204separatemodelssummarized
in Table 3, plus ad di tional ones es ti mated as ro bust ness checks, no group and no 
pain indicator showed a significant decrease. Fifth, at the same time, the pain
trends varied significantly across groups.Male, Black, lower-income, and less-
educatedrespondentsexperiencedsignificantlysteeperincreasesinatleastsome
pain sites com pared with their fe male, White, higher-in come, and higher-ed u cated 
coun ter parts. The trends were also steeper for older adults and those from ear lier 
gen er a tions.2

Tables 4–6presentfindings fromanalyticStep5 (investigationofcorrelatesof
pain trends). Table 4 sum ma rizes how each covariate in di vid u ally changes the pain 
trend. The covariates are or dered from “their in clu sion at ten u ated the pain trend the 

2 AnexceptionistheGreatestGenerationadults,whoexperiencednosignificantpainincreasesinmost
sites. This could be an ar ti fact of mor tal ity se lec tion be cause the num ber of re spon dents in this gen er a-
tion dwin dled to 0 by the 2017 and 2018 sur vey years. We can as sume that be tween 2002 and 2016, the 
GreatestGenerationsamplewasincreasinglyshapedbyselectivemortality(ZajacovaandBurgard2013), 
so that the remaining mem bers of this co hort will be more and more advan taged and health ier than the 
orig i nal co hort.

2002 2018 Difference (p)

Chronic Conditions
 Arthritis 23.0 25.9 <.001
 Cancer 7.7 10.0 <.001
 Respiratory dis ease 5.8 5.0 <.001
 Heart dis ease 11.8 12.5 .037
 Diabetes 8.3 13.9 <.001
 Hypertension 26.8 34.2 <.001
 Kidney dis ease 1.4 2.6 <.001
 Liver dis ease 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 com plex sur vey de sign. Difference be tween 2002 and 2018 in cat e gor i cal var i ables 
is tested with a de sign-based Ftest(equivalenttoachi-squaredtestbutappropriateforcomplexsurvey
data);forcontinuousvariableswetesttheequalityofsurveydesign–adjustedyear-specificmeans.

Source: NHIS 2002 and 2018.

Table 2 (continued)

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/58/2/711/909748/711zajacova.pdf by guest on 13 M

arch 2024



723Pain Trends Among Amer i can Adults 2002–2018

Age 25–44

Age 45–64

Age 65–84

.35

.45

.55

.65

P
ro

p
o

rt
io

n
 W

it
h

 P
ai

n

2002 2006 2010 2014 2018
Year

a. Men

Age 25–44

Age 45–64

Age 65–84

.35

.45

.55

.65

P
ro

p
o

rt
io

n
 W

it
h

 P
ai

n
2002 2006 2010 2014 2018

Year

b. Women

Fig. 1 Paintrends2002–2018forU.S.adultsages25–84.Resultsfromasemiparametricage-andsex-stratified,
demographics-adjusted logistic model of “any pain.”

most” to “their in clu sion in creased the pain trend the most.” Among adults aged 25–
44and45–64,thecoefficientswhoseinclusionattenuatedthepaintrendthemostare
psychologicaldistress(K6),alcoholuse,andBMI;controllingforsmoking,physical
ac tiv i ty, and ed u ca tional at tain ment resulted in a steeper pain trend gra di ent, mak ing 
these suppressor covariates.Among adults 65–84, controlling forBMI, hyperten-
sion,3 and di a be tes at ten u ated the pain trend the most; ed u ca tion, in come, and phys i-
cal ac tiv ity yielded a steeper pain trend.

Table 5 shows how all  covariates jointly cor re late with pain. Net of all  in cluded 
covariates, the odds ra tio for the pain trend es ti mated for the to tal pop u la tion is 1.11 
(p  <  .001), com pared with 1.24 in Table 3. We also see that age group dif fer ences 
becomemore pronounced: for adults aged 65–84, the upward pain trend remains
largely un changed from the de mo graph ics-ad justed mod els in Table 3 (OR = 1.30, 
p  <  .001 vs. OR = 1.35, p  <  .001). In con trast, the pain trend in the 25–44 age group 
becomesflat(OR=1.02,nonsignificant,vs.OR= 1.17, p  <  .001). Another key take-
away is that the ef fect of covariates on pain level is in the di rec tion expected based 
onpriorliterature.Beingfemale,White,havinglowerincome,smoking,excessive
alcoholuse,andhighBMIareallcorrelatedwithhigheroddsofreportingpain,asare
most chronic con di tions.

Table 6showsfindingsfromthenonlineardecompositioninwhichwedecom-
posed the dif fer ence in pain be tween “ear ly” in the ob ser va tion pe riod (2002–2004) 
and “late” (2016–2018) to dif fer ences in com po si tion and dif fer ences in covariate 
ef fects. In the to tal sam ple, pain in creased by 5.9 per cent age points. About 67% 
of this in crease can be at trib uted to dif fer ences in pop u la tion com po si tion, and the 
remaining 33% ei ther is due to changes in the ef fects of covariates or is un ex plained. 

3 While hy per ten sion is dubbed the “si lent kill er” be cause it causes no pain or other no tice able symp toms 
(WHO 2013), adults with pain may be more likely to visit healthcare pro vid ers who can di ag nose hy per-
ten sion. Adults with hy per ten sion may also be more likely to have comorbidities that cause pain.
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Table 3 Pain trends in ag gre gate pop u la tion and in sub groups, lo gis tic mod els, 2002–2018

Any 
Pain Joint Back Neck

Headache/ 
Migraine Facial/Jaw

FullSample 1.24*** 1.26*** 1.20*** 1.17*** 1.14*** 1.13***
ByAgeGroup
 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*
ByCohort(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
 EarlyBoomer(1946–1954) 1.28*** 1.34*** 1.22** 1.20* 1.23* 1.23
 LateBoomer(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
BySex
 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**
ByRace
 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
 His panic 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
ByRegion
 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***
ByInterviewType
 Self-re spon dent 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
ByNativity
 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*
ByLanguageofInterview
 En glish 1.24*** 1.26*** 1.21*** 1.17*** 1.14*** 1.13***
 Not En glish 1.14* 1.25** 0.97 1.06 1.05 1.17
ByEducation
 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 col lege 1.29*** 1.30*** 1.25*** 1.13*** 1.24*** 1.08
 Bachelor’sdegreeormore 1.17*** 1.18*** 1.15*** 1.19*** 1.17*** 1.24***
ByIncome
 Belowpovertylevel 1.38*** 1.45*** 1.39*** 1.34*** 1.15** 1.19*
 1–1.9 times pov erty level 1.42*** 1.35*** 1.38*** 1.37*** 1.30*** 1.25**
 2–3.9 times pov erty level 1.29*** 1.35*** 1.24*** 1.18*** 1.16*** 1.19**
 4 times pov erty level 1.14*** 1.16*** 1.09*** 1.08* 1.08* 1.06

Notes: N  =  441,707 in ag gre gate pop u la tion. Each cell shows the odds ra tio for the ef fect of time. We es ti-
mated lo gis tic mod els of “any pain” as a func tion of a con tin u ous lin ear time trend plus ba sic con trols. 
The time trend is scaled to range from 0 to 1 so that the odds ra tio can be interpreted as the dif fer ence in 
the odds of reporting pain at the end of the ob ser va tion pe riod rel a tive to the be gin ning (2018 vs. 2002).
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The con trols are age, sex, race, re gion, for eign-born, lan guage of in ter view, and proxy re spon dent sta tus. 
Models that strat ify for a given char ac ter is tic omit that char ac ter is tic from the list of covariates ex cept 
forage,whichisincludedintheage-stratifiedandcohort-stratifiedanalyses.Missingvaluesareimputed
as discussed in the Methods sec tion; es ti ma tion takes into ac count NHIS com plex sam pling de sign. The 
bolded cells indicate statistically significantly different trends across groups: we estimated additional
lo gis tic mod els of each pain mea sure for which we did not strat ify but interacted the var i able of in ter est 
(suchassex,race,andcohort)withthelinearcontinuoustimetrend.Forparsimony,ratherthanshowafull
set of re sults from these in ter ac tion mod els, we high light in this ta ble those char ac ter is tics that interacted 
significantly(p  <  .05) with the time trend. The omit ted categories in these mod els were, re spec tive ly, age 
25–44, Millennial co hort, male, White, Northwest, self-re spon dent, U.S.-born, lan guage of in ter view was 
English,andthehighesteducationalandincomecategories.Thus,forinstance,theboldedcoefficientsfor
the Greatest Generation in di cate that the “any pain,” joint, neck, and head ache/mi graine pain trend for this 
generationdifferssignificantlyfromthepaintrendintheMillennialgeneration,netofincludedcovariates.

Source: NHIS 2002–2018.

*p  <  .05; **p  <  .01; ***p  <  .001

Table 3 (continued)

This ag gre gate de com po si tion dif fers across age. Among adults aged 25–44, 71% 
of the pain dif fer ence is due to changes in pop u la tion com po si tion. The re spec tive 
per cent ages are 51% among the mid dle-aged and 28% among older adults. These 
findingsfitwellwithresultsintheprioranalyticstepshowninTable 5:mostofthe
pain in crease over time for young adults could be explained by dif fer ences in pop-
u la tion char ac ter is tics, whereas most of the pain in crease among older adults was 
not explained.

The de tailed de com po si tion for the to tal pop u la tion shows that changes in the 
composition(panelB1)ofmostcharacteristicsweresignificantlyrelatedtothepain
in crease. Among adults aged 25–44, psy cho log i cal dis tress is the most im por tant 
covariate:abouthalfofthepainincreaseislinkedtotheincreaseindistress.Changes
inalcoholuse,BMI,andsmokingarealsohighlysalient.Similarly,inthe45–64age
group, changes in psy cho log i cal dis tress are strongly linked to pain in creases, as are 
alcoholuseandBMI.However,inthisagegroup,arthritisisthemostsalientcorrelate:
20% of pain in crease in this group is due to an in crease in ar thri tis. Among older adults, 
themostimportantcovariateisBMI;andalcoholuseandarthritisarealsoimportant,
but to a lesser de gree. These covariates are fairly sim i lar to those that were prominent 
for pain trends in di vid u ally (Table 4), where psy cho log i cal dis tress, al co hol use, and 
BMIattenuatedthepain trendedthemost.Figure2, which vi su al izes the es ti mated 
coefficients,highlightsthatchangesinthepopulationcompositionwithrespecttopsy-
chological distress, alcoholuse, andBMIwere significantpredictorsof changes in
painprevalenceinallthreeagegroupsandhadlargeeffectsizes.Thecoefficientfor
ar thri tis is par tic u larly sa lient in the 45–64 age group. It is also siz able among adults 
aged65–84,forwhomhypertensionandotherchronicconditionsalsohavesignificant
if mod est ef fect sizes.

Theestimationofchangesincoefficients(Table 6,panelB2)yieldedlargestan-
darderrors,soonlyafewcovariateswerestatisticallysignificant.Themodelindicates
that changes in the re la tion ship be tween ar thri tis and pain in older adults, be tween 
phys i cal ac tiv ity and pain in adults aged 25–44 and 45–64, and be tween al co hol use 
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Table 4 Percentage change in pain trend when adjusting for sin gle covariates in mod els 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:Eachcellinthetableshowsthepercentagechangeinthelogoddsofthecoefficientfortimetrend
when each covariate is added to a lo gis tic model of “any pain” es ti mated as a func tion of de mo graph ics 
(age, sex, race, re gion, proxy re spon dent sta tus, na tiv i ty, and lan guage of in ter view). In each age group, the 
individualcovariatesarethenarrangedinorderfromthemostattenuatedtothemoststrengthenedcoeffi-
cient as so ci ated with the time trend. Variables with neg a tive % val ues could be un der stood as “me di a tors,” 
and those with pos i tive % val ues could be thought of as “sup pres sors.”

Source: NHIS 2002–2018.

andpaininyoungeradultsallcontributedsignificantlytothepainincrease.Allthese
significanteffectswerealsopickedupassignificantinteractionsinthefullyadjusted
in ter ac tion mod els, as in di cated by the di rec tional (+ or –) sign and as so ci ated p value 
in Table 5.

Discussion

Chronic pain is a com mon, dis abling, and both per son ally and eco nom i cally costly 
health prob lem. Assessing trends in its prev a lence and so cial dis tri bu tion is cru cial 
for un der stand ing and ul ti mately im prov ing U.S. pop u la tion health. In this study, we 
an a lyzed pain trends from 2002 to 2018 in the U.S. adult pop u la tion (ages 25–84), 
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Table 5 Logistic mod els of any pain, ad justed 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-His panic White)
 Black 0.72*** +*** 0.77*** 0.83*** 0.76*** +**
 His panic 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 En glish 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. = bach e lor’s de gree+)
 Less than high school 1.04 1.01 1.01 1.03
 High school 1.01 0.98 0.94* 0.99
 Some col lege 1.18*** 1.10*** 1.05 1.13***
Not Employed (cur rent ly) 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 pov erty  

lev el)
 Belowpovertylevel 1.12*** 1.13*** 1.15** 1.13***
 1–1.9 times pov erty level 1.12*** 1.16*** 1.08* 1.11***
 2–3.9 times pov erty level 1.06** 1.05* 1.05 1.04**
Rents (not a homeowner) 1.01 0.96* 1.02 +* 0.98 +*
Smoking (ref. = nev er)
 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. = nev er)
 Former 1.43*** –** 1.41*** 1.13*** 1.35***
 Current mod er ate 1.46*** 1.42*** 1.19*** 1.39***
 Current ex ces sive 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 dis ease 1.54*** 1.39*** 1.42*** 1.44***
 Liver dis ease 1.38*** 1.74*** 1.49*** 1.64***
 Stroke 1.65*** 1.13* 1.07 1.11***
 Respiratory dis ease 1.97*** 1.74*** 1.33*** +* 1.63***
 Heart dis ease 1.82*** 1.41*** 1.25*** 1.37***
 Distress (K6) 1.17*** 1.15*** 1.13*** 1.16*** –*
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728 A. Zajacova et al.

testedgroupdifferencesinthetrends,andidentifiedsocioeconomic,behavioral,psy-
cho log i cal, and med i cal fac tors cor re lated with the trends.

Alreadyin2002,painwasverycommon,affecting49%ofAmericanadults.By
2018, prev a lence had risen to 54%—an in crease of ap prox i ma tely 10% in rel a tive 
terms, cor re spond ing to an ex tra 10.5 mil lion Amer i cans ex pe ri enc ing pain.4 More-
over,theseincreasesweresystemic:mostpopulationgroupsexperiencedincreasing
pain prev a lence in most pain sites. Indeed, we found no pop u la tion group and no pain 
siteforwhichpaindeclinedsignificantly.Thesiteswiththesteepestrelativeincreases
(joint and low back pain) were also those with the highest prev a lence at base line; cor-
re spond ing ly, the sum mary “any pain” mea sure in creased sub stan tially as well. This 
up ward trend cor rob o rates prior re ports of pain in creases 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 pain ful health con di tions in the to tal 
U.S. pop u la tion (Nahin et al. 2019).

Although all  groups ex pe ri enced in creas ing pain over time, we found im por tant 
differencesthatsuggestattenuationofdemographic(sexandBlack-White)dispar-
ities but amplification of socioeconomic disparities.We replicated prior findings
that men and ra cial/eth nic mi nor i ties are less likely to re port pain than women and 
Whites,respectively(BartleyandFillingim2013; Kennedy et al. 2014; Nahin 2015). 
(These static com par i sons are ev i dent in Table 5assignificantpositiveeffectsforfe-
malesandnegativeeffectsforracial/ethnicminorities.)MenandBlackadults,how-
ever,experiencedsignificantlysteeperincreasesin“anypain”andsomespecificpain
sites(boldedcoefficientsinTable 3), lead ing to re duc tions in disparities across these 
de mo graphic groups. We un der score that these dis par ity re duc tions should not be 
celebrated:ratherthanlesshealthygroupsfaringbetterovertime,hereisacaseofall
groups—es pe cially pre vi ously bet ter-off ones—far ing pro gres sively worse.

AlsoworrisomearethesignificantandgrowingchronicpaindisparitiesbySES
(Table 3).From2002to2018,adultswhosefamilyincomewasatleastfourtimesthe
pov erty level ex pe ri enced a 14% in crease in the odds of pain, whereas adults with 
less than twice the pov erty lev el—cor re spond ing to a 2018 fam ily in come be low 

4 The pop u la tion aged 25–84 was 223.29 mil lion in 2018. If the pro por tion with pain remained at 2002 lev-
els (49.1%), 109.63 mil lion adults would re port pain. Instead, 120.13 mil lion in di vid u als (53.8%) reported 
pain in 2018, cor re spond ing to 10.5 mil lion more peo ple.

Notes: N  =  441,707. Multiply im puted mod els; es ti ma tion takes into ac count NHIS com plex sam pling de-
sign. The odds ra tios and as so ci ated p val ues shown are from an ad di tive fully ad justed model of “any pain.” 
The col umn with a di rec tional sign (+ or –) and pvalueindicatessignificantinteractionswithtime.Weesti-
mated ad di tional fully ad justed lo gis tic mod els of pain in which we interacted all  covariates with the lin ear 
continuoustimetrend.Forparsimony,wedonotshowthefullresultsfromthesemodels,butweindicate
whichcovariateshadasignificantinteractionwithtimeandinwhichdirection.Forinstance,amongadults
25–44,thecoefficientforBlackhasa+ sign and p  <.001.ThatindicatesthatthepaintrendforBlacksis
significantlydifferent—steeper—thanthetrendforWhitesinthefullyadjustedandfullyinteractedmodels.

Source: NHIS 2002–2018.

*p  <  .05; **p  <  .01; ***p  <  .001

Table 5 (continued)
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729Pain Trends Among Amer i can Adults 2002–2018

Table 6 Nonlinear de com po si tion of pain prev a lence dif fer ences in 2002–2004 and 2016–2018 
intochangesincompositionversuschangesincoefficients

Age 25–44 Age 45–64 Age 65–84 Total

A. Total Decomposition
 Pain prev a lence 2002–2004 43.7*** 54.4*** 57.6*** 50.2***
 Pain prev a lence 2016–2018 47.1*** 59.2*** 63.0*** 56.1***
 Difference (per cent age point) 3.5*** 4.7*** 5.4*** 5.9***
 Decomposedto:
  Composition 2.4*** 2.4*** 1.5*** 3.9***
  Coefficient 1.0* 2.3*** 3.9*** 1.9***
 Expressed in per cent age
  % due to com po si tion dif fer ence 70.5 51.2 28.2 66.6
  %duetocoefficientdifference 29.4 48.8 71.8 33.4
B.DetailedDecomposition
 B1.Percentageduetocompositionalchangesin:
  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 ac tiv ity −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 con di tions 2.7** 6.2*** 2.6* 7.2***
  Distress (K6) 50.2*** 20.2*** 5.4*** 17.1***
  Other con trol var i ables −1.0 −2.2 0.3 0.1
 B2.Percentageduetocoefficientchangesin:
  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 ac tiv ity 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 con di tions −8.6* 10.9 2.4 1.0
  Distress (K6) −1.1 −8.9 −3.6 −6.1
  Other con trol var i ables −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

$50,000 for a fam ily of four—ex pe ri enced roughly a 40% in crease. Educational dis-
paritiesmirrored those by income: college graduates experienced a 17% increase
in the odds of pain, whereas adults who never attended col lege ex pe ri enced a 40% 
increase.Thesefindingsareconsistentwithotherstudiesthatfoundincreasingsocio-
eco nomic disparities in other health out comes, in clud ing other chronic con di tions, 
dis abil i ty, and mor tal ity (Sasson 2016; Singh and Jemal 2017; Zajacova and Montez 
2017b).
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730 A. Zajacova et al.

As an tic i pat ed, the pic ture of pain trend cor re lates is com plex for sev eral rea-
sons.First, correlatesofpain trends are not nec es sar ily the same as cor re lates of 
pain lev els. Our study fo cused on the for mer, ex plor ing how changes in the dis tri-
bu tion of covariates in the pop u la tion over time, and/or changes in the ef fects of 
these covariates, correlatewith changes in pain. Second, pain is influenced by a
com plex web of causes, from sociodemographic char ac ter is tics to in ter me di ate fac-
tors like health be hav iors to prox i mal fac tors like pain-pro duc ing health con di tions 
(CraigandFashler2013). Moreover, as high lighted in the WHO so cial de ter mi nants 
of health frame work (Solar and Irwin 2010), all  in di vid u al-level de ter mi nants and 
their ef fects on health are in ex tri ca bly grounded in a given so cio eco nom ic-po lit i cal 
context, encompassing a broad array of upstream institutional and cultural influ-
ences. Although data lim i ta tions prevented us from ex plor ing the dis tal con tex tual 
factors,theubiquitouspainincreaseswedescribeheresuggestthatbroadchangesin
the so cio eco nom ic-po lit i cal con text may un der lie these un de sir able trends. A third 
rea son why this pic ture is com plex is that even though we re stricted our at ten tion 
toindividual-levelvariables,therearelikelyrecursivecausaleffects.Forexample,
low in come may raise the risk of pain via mech a nisms such as stress and de pres-
sion or poor health be hav iors; at the same time, chronic pain may in crease stress 
and de pres sion or im pact health be hav iors. Although our cross-sec tional data do not 
per mit us to un pack such causal ef fects, we high light im por tant cor re la tions that we 
hope will be ex plored fur ther in fu ture re search.

Psychological dis tress, a widely used in dex com bin ing de pres sive and anx i ety-
re lated symp toms (Kessler et al. 2002; Kessler et al. 2003), was the most prominent 
cor re late of pain in creases in adults un der 65. In the 25–44 age group, for ex am ple, the 
in crease in psy cho log i cal dis tress accounted for 50% of the dif fer ence in pain prev a-
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Fig. 2 Contributionofchangesincomposition,byagegroup.Thefigureshowscoefficientsandtheir95%
confidenceintervals(CIs)estimatingthecontributionofcompositionaldifferencesbetween2002–2004
and2016–2018populationstopainprevalencedifferences.Forseveralestimates,thestandarderrorsare
small enough that the plotted CI is not clearly visible around the point estimate.
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lence be tween the start and end of the study pe riod (Table 6). The prominent role of 
dis tress should not be sur pris ing. Psychological dis tress and de pres sion are widely 
con sid ered risk fac tors for chronic pain (Gatchel et al. 2007; Wilson et al. 2019), 
al though the as so ci a tions are clearly bi di rec tional (Janevic et al. 2017; van Hecke 
et al. 2013). We also note in trigu ing par al lels with the lit er a ture on trends in dis abil-
ity and mor tal i ty, which has pinpointed de spair as a po ten tial crit i cal fac tor in their 
wor ri some in creases (Case and Deaton 2015;MonnatandBrown2017). Perhaps in 
ad di tion to “deaths of de spair,” we need to un der stand and ad dress “pain of de spair.”

Health be hav iors rep re sent the sec ond set of sa lient char ac ter is tics as so ci ated with 
paintrends,againespeciallyamongadultsyoungerthan65.From2002to2018,aver-
agebodyweightincreasedsignificantlyintheUnitedStates,asdidexcessivealcohol
use (Table 2). At the same time, the per cent age of cur rent smok ers de clined from 22% 
to 15%, and phys i cal ac tiv ity in creased. All these life style var i ables predicted pain 
trendsbothindependentlyandjointly.Forexample,amongadultsaged25–44,21%
of the pain in crease was at trib ut  able to changes in al co hol use, and an ad di tional 10% 
wasattributabletoincreasedBMI(Table 6). This re sult co in cides with a re cent re port 
on older U.S. adults, for whom 10% to 32% of the pain in crease from 1992 to 2016 
wasattributabletotheincreasesinBMIduringthattime(Stokesetal.2020). The 
as so ci a tions be tween health be hav iors and pain trends de scribed here mir ror those 
for health be hav iors and pain prev a lence (Gale et al. 2012; Katz 2006; Okifuji and 
Hare 2015). There may also be a vi cious spi ral among psy cho log i cal stress, dis tress, 
“self-de struc tive health be hav iors” (Stein et al. 2017:1541), andpain: alcohol use
andobesitymayreflectmaladaptivecopingmechanismsforsocialstress (Lazarus
andFolkman1984; Park and Iacocca 2014), cul mi nat ing in an in creased risk of pain.

A com plex pat tern per tains to in come and ed u ca tion. Although pain trends dif-
feredsignificantlybetweenadultswithhighversuslowincomeandeducation,and
ed u ca tion was a prominent sup pres sor of the pain trend on its own, these char ac ter-
isticsbecamelargelynonsignificantinthedecompositionanalysis(Tables 4–6). We 
sur mise that the de com po si tion anal y sis—which in cluded in ter me di ate and prox i-
mate cor re lates of pain, such as health be hav iors and chronic con di tions—ef fec tively 
“explained” the links be tween chang ing dis tri bu tions of so cio eco nomic fac tors and 
paintrends(Brunelloetal.2016; Link and Phelan 1995). However, more re search is 
needed to un der stand how so cial fac tors and pain changes over time are connected.

We conducted all  an a ly ses sep a rately by age group be cause of an tic i pated dif fer-
ences across dif fer ent life course stages. Indeed, al though pain in creased in all  age 
groups,wefoundimportantdifferences.First,olderadultsexperiencedsteeperpain
in creases than youn ger adults in most pain sites (Table 3). Second, the cor re lates of 
thepaintrendsdifferedbyage.Foryoungerandmiddle-agedbutnotolderadults,for
in stance, psy cho log i cal dis tress was the most prominent cor re late of trends (Tables 4 
and 6; Figure2). Alcohol use was a more prominent cor re late in the youn gest group, 
whereas ar thri tis and other con di tions had greater im por tance in the older groups. 
Finally,ahigherproportionofthepaintrendremainedunexplainedinolderversus
youn ger ages. The pain trend was steeper for older adults net of only de mo graph ics 
(Table 3) and in fully ad justed mod els (Table 5) com pared with their youn ger coun-
ter parts; in de com po si tion an a ly ses a larger per cent age of pain in crease for older 
age groups was at trib uted to dif fer ent ef fects of cor re lates or remained un ex plained 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/58/2/711/909748/711zajacova.pdf by guest on 13 M

arch 2024



732 A. Zajacova et al.

(Table 6, panel A). We de scribe these ten den cies in terms of age groups; how ev er, 
whetherthesedifferencesinfactreflectage,birthcohort,and/orperiodinfluencesis
difficulttodisentangle(BellandJones2014, 2018). However, there clearly are age or 
gen er a tional dif fer ences in pain trends, and we hope that fu ture stud ies, ide ally with 
lon gi tu di nal da ta, might gain trac tion on this is sue.

WenotethreelimitationsoftheNHISdata.First,theircross-sectionalstructureis
a lim i ta tion be cause it re stricts our an a ly ses to cor re la tional as so ci a tions. The de com-
po si tion of fers a coun ter fac tual per spec tive that slightly en hances our abil ity to un der-
stand the com plex links be tween pain and its covariates. It is also use ful to re mem ber 
that our fo cus is on linking changes in the pop u la tion dis tri bu tion of covariates to 
changes in pain rather than on iden ti fy ing causes of pain in in di vid u als. Ultimately, 
how ev er, we can not over come the po ten tial endogeneity in our mod els, and thus we 
urgecautionininterpretingthefindings.Asecondlimitation,whichdoesnotimpact
ourfindings about trends but does complicate cross-study comparisons, pertains to
thespecificquestionsusedtoassesspain.TheNHISasksaboutonlyfivesitesofpain
and ex cludes oth ers, in clud ing highly distressing ones like ab dom i nal pain (Townsend 
et al. 2005). In a2010 supplement, theNHIS included“persistentpain”questions,
definedasfrequentorconstantpainduringthepastthreemonths.Underthisdefini-
tion, 19% of U.S. adults (age 18+) reported pain (Kennedy et al. 2014). We thus urge 
cautionincomparingpainprevalenceacrossdatasetswithdifferentdefinitionsand
operationalizations.Finally,intheNHISdata,questionsaboutpainfrequency,severity,
and pain’s im pact on ev ery day func tion ing are ei ther not avail  able or avail  able only for 
asubsetofyearsorrespondents.Futurestudiesshouldexploreotherdatasourceswith
such in for ma tion to gain a fuller pic ture of pain bur den in the United States.

Acriticalquestionaboutourfindingsiswhetherpainprevalenceisre al ly in creas ing 
orwhetherourfindingsareartifactsofchangingreportingstyles.Thatis,areAmeri-
cans ex pe ri enc ing more pain or sim ply reporting more pain? There is no ob jec tive bio-
marker for pain, so re search ers and cli ni cians rely on self-re ports (Unruh et al. 2013:1),
and so cial con text shapes how pain is per ceived, ex pe ri enced, and reported (Craig and 
Fashler2013). Indeed, a num ber of in sti tu tional and cul tural de vel op ments in the United 
States could have po ten tially en cour aged greater pain reporting since the mid-1990s. 
Theinfluential“painasthefifthvitalsign”campaignlaunchedin1995,resultingin
more ag gres sive as sess ment and treat ment of pain (Scher et al. 2018). Simultaneously, 
phar ma ceu ti cal com pa nies de vel oped and ag gres sively marketed nu mer ous new and 
reformulated opi oid an al ge sics, most no to ri ously Purdue Pharma’s OxyContin, in tro-
duced in 1996 (Jones et al. 2018; Tompkins et al. 2017). Amer i cans may have be gun 
reporting pain more read i ly, in the (mis tak en) be lief that chronic pain was ef fec tively 
and safely treat able. It is the o ret i cally pos si ble that such reporting changes would man-
i fest not only in clin i cal set tings but also in sur veys such as the NHIS.

On the other hand, sev eral forms of ev i dence ar gue against the idea that the rise in 
U.S.painprevalenceisartifactual.First,Nahinetal.’s(2019) doc u men ta tion of steep 
rises in U.S. pain from 1997 to 2014 relies on di ag nosed pain-re lated health con di tions 
and ICD-9 categories (e. g., os te o ar thri tis, tem po ro man dib u lar joint dis or der), which 
are arguablymore resistant to changing reporting norms than questions about less
well-specifiedpain.Next,studiesprovideevidencethatU.S.painprevalenceincreased
be fore the reg u la tory and com mer cial de vel op ments of the mid-1990s/early 2000s 
(Zimmer and Zajacova 2020) as well as af ter the CDC’s 2011 dec la ra tion of an opi oid 
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epidemicandthesubsequentbacklashagainstthe“fifthvitalsign”andopioidmanu-
fac tur ers (Jones et al. 2018). That is, pain lev els in creased be fore, dur ing, and af ter the 
culturalshiftstheorizedtoshapereporting.Furthermore,painappearstobeincreasing
glob ally (Shupler et al. 2019; Zimmer et al. 2020), in clud ing in Western Eu ro pean 
countries with dif fer ent ther a peu tic re gimes and much tighter reg u la tion of phar ma ceu-
ti cal mar ket ing than found in the United States (Meyer et al. 2020).Thefindingswe
reportherearethusnotuniquetotheU.S.political-economiccontext.Additionally,two
re cent an a ly ses (us ing data from 2004–2016 and 2002–2010) found no change over 
time in the as so ci a tion be tween self-reported pain and more ob jec tive mea sures of pain-
related function—specifically,walking speed andwork disability (Grol-Prokopczyk
et al. 2019; Wynne-Jones et al. 2018).Finally,ourownfindingsshowthatthecorrela-
tion be tween most health con di tions and pain has not changed over time (Table 6, panel 
B2).However,wealsoacknowledgethatamongolderadults,alargecomponentofthe
pain in crease could not be explained by the chang ing dis tri bu tion of pain de ter mi nants 
(Table 6, panel A), leav ing open the pos si bil ity of reporting changes as par tial con trib u-
tors to the ob served trends. Overall, how ev er, al though reporting fac tors may be at play 
and should be ex plored fur ther, ev i dence of ris ing pain prev a lence now comes from too 
many countries, con texts, and data sources to be eas ily dismissed.

There are highly plau si ble po ten tial mech a nisms for ris ing U.S. pain prev a lence, 
includingsomethatwereassessedinourstudy.Forinstance,risingobesitymaycon-
trib ute to the in crease in pain prev a lence (Stokes et al. 2020). Obesity can cause or 
ex ac er bate pain via mul ti ple mech a nisms, such as mechanically in terms of stress on 
the mus cu lo skel e tal sys tem (McVinnie 2013)orchemicallyvia inflammatorycyto-
kines (Okifuji and Hare 2015). One po ten tial mech a nism that we were un able to as sess 
is the rise in use of pre scrip tion opi oid an al ge sics. Disturbingly, there is no ev i dence 
that long-term use of opi oid “pain kill ers” is ef fec tive in treating chronic pain (Chou 
et al. 2015; Kissin 2013; Sommer et al. 2020). A re cent ran dom ized year long trial 
ac tu ally found that opi oids re duced pain less than nonopioids like Tylenol (Krebs et al. 
2018), and other stud ies have found that pre scrip tion opi oids pre dict more in tense pain, 
lower func tion ing, higher dis abil i ty, and higher healthcare uti li za tion among chronic 
pain pa tients (Eriksen et al. 2006; Morasco et al. 2017). Of par tic u lar rel e vance to the 
cur rent study is the grow ing ev i dence from both hu man and an i mal-model stud ies that 
opi oid use can ex ac er bate pain in the long term and thus may con trib ute to its in creas-
ingprevalenceinthepopulation(BallantyneandShin2008;FeehanandZadina2019; 
Green-Fulghametal.2019; Lee et al. 2011).Insummary,ourfindingsinthisstudyare
not an ar gu ment for in creased opi oid use; in con trast, we posit that opi oids may have 
con trib uted to the rise of pain prev a lence in the United States.

Conclusion

This study has documented steep, sustained, and per va sive in creases in chronic pain 
amongAmericansacrosstheadultlifespan.Thisisaconcerningfindingthatshould
stim u late new re search in de mog ra phy and other so cial sci ences. We found that key cor-
relatesoftheriseinpainprevalenceincludenotonlyspecificdiagnoses,suchasarthritis,
but also psy cho log i cal dis tress, in creased body weight, and heavier al co hol use—fac-
tors that high light the psy cho so cial roots of pain in pop u la tions (Carr 2016). Given its 
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links to both phys i cal and psy cho log i cal well-be ing, chronic pain could be con cep tu al-
ized as a ho lis tic mea sure of pop u la tion health and could sup ple ment the dis abil ity and 
lon gev ity mea sures that have long been the cen tral fo cus of health de mog ra phy. Our 
findingssupporttheneedforbroadinterdisciplinaryresearchon,andinterventionsfor
effectiveresponsesto,thegrowingproblemofpainintheUnitedStates.■
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