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Abstract: Many recommended nonpharmacologic therapies for patients with chronic spinal pain

require visits to providers such as acupuncturists and chiropractors. Little information is available to

inform third-party payers’ coverage policies regarding ongoing use of these therapies. This study

offers contingent valuation-based estimates of patient willingness to pay (WTP) for pain reductions

from a large (n = 1,583) sample of patients using ongoing chiropractic care to manage their chronic

low back and neck pain. Average WTP estimates were $45.98 (45.8) per month per 1-point reduction

in current pain for chronic low back pain and $37.32 (38.0) for chronic neck pain. These estimates met

a variety of validity checks including that individuals’ values define a downward-sloping demand

curve for these services. Comparing these WTP estimates with patients’ actual use of chiropractic care

over the next 3 months indicates that these patients are likely “buying” perceived pain reductions

from what they believe their pain would have been if they didn’t see their chiropractor—that is, they

value maintenance of their current mild pain levels. These results provide some evidence for copay

levels and their relationship to patient demand, but call into question ongoing coverage policies that

require the documentation of continued improvement or of experienced clinical deterioration with

treatment withdrawal.

Perspective: This study provides estimates of reported WTP for pain reduction from a large sample

of patients using chiropractic care to manage their chronic spinal pain and compares these estimates

to what these patients do for care over the next 3 months, to inform coverage policies for ongoing

care.

© 2019 by the American Pain Society
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M
ore than 40% of adults in the United States
experience chronic pain, often chronic spinal
(back and neck) pain,30,31 and this pain is

expensive to the health care system32 and to employ-
ers.43 Recently a number of nonpharmacologic interven-
tions have been found to be safe and effective and
included in treatment guidelines for chronic spinal
pain.7,38,44,45 The lists of recommended interventions
include therapies that require ongoing visits to
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providers such as acupuncturists, physical therapists,
and chiropractors.
At present, health care payer plans provide limited

coverage for these therapies, usually with substantial
copayments and/or limits on the number of visits when
coverage is offered at all.27 Guidelines contain some
information about ongoing treatment plans for
patients with chronic low back pain (hereafter, back
pain) and chronic neck pain (hereafter, neck
pain),4,5,10,11,21,23,24 but the underlying evidence base is
slim to nonexistent. Care beyond the initial course of
treatment usually requires documentation of continued
improvement10,11,21,23,24 or of clinical deterioration with
treatment withdrawal.21 Given the chronic (ie, long-
term) nature of back and neck pain, the likely necessity
for some type of ongoing care, and the substantial out-
of-pocket and other costs patients face in seeing these
providers, policymakers could benefit from information
on how current patients are making decisions regarding
1317
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their use of these providers for long-term chronic pain
management.
One aspect of patients’ decisions is the value they

place on chronic pain reduction. There are several ways
to put a monetary value on a health benefit,19pp215-241

yet very little is known about patient willingness-to-pay
(WTP) to manage chronic spinal pain. Although
WTP estimates have been criticized as providing only
hypothetical answers, they can help to inform policy
on appropriate out-of-pocket expenses for care when
estimates reflect plausible real-life situations42—for
example, when obtaining WTP estimates from chronic
spinal pain patients already in care and facing ongoing
decisions as to whether further care is worthwhile.
A small Canadian study of patients with chronic pain

used a discrete choice experiment to estimate a patient
WTP of $1,428 per month to completely reduce pain
and associated morbidity.8 However, because the dis-
crete choice scenarios included extremely severe symp-
toms and high out-of-pocket costs, this pain clinic-based
study may not be applicable to the long-term use of pro-
viders of the recommended nonpharmacologic thera-
pies by patients with moderate back pain. WTP
estimates are needed for patients who have been man-
aging their chronic spinal pain using providers of recom-
mended nonpharmacologic therapies.
It would also be useful to market test the WTP esti-

mates35 by comparing what patients said regarding the
value they placed on their symptom improvement with
their behavior in terms of continued treatment over
time. Roughly 30% of those with spinal pain have vis-
ited a chiropractor,33 and many of these patients are
under long-term chiropractic care to manage their
chronic pain.12,15,26,28,37 Given the substantial out-of-
pocket expenditures,27 as well as other costs (eg, time,
travel), associated with chiropractic visits, these
patients are obviously willing to pay for this care. But
what are they buying? Under long-term care some of
these patients may have reached a symptom pla-
teau,10,11,21,23,24 and then continued care to keep their
previous symptoms from returning. This information is
important to inform ongoing coverage policies.
This study uses data collected from a large sample of

chiropractic patients with back pain and/or neck pain to
provide information regarding the care decision pro-
cesses of patients who are using ongoing chiropractic
care to manage their chronic spinal pain. We provide
estimates of patients’ reported WTP to reduce their
chronic pain, and compare these to their revealed WTP
as evidence of what patients’ are buying when they
obtain chiropractic care.
Methods
This study uses longitudinal data collected from a U.S.

sample of patients under chiropractic treatment for
nonspecific back pain and/or neck pain. These data
were collected as part of a larger project focused on the
appropriateness of spinal manipulation and mobiliza-
tion for chiropractic patients presenting with various
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subtypes of these conditions. The project used multi-
stage systematic stratified sampling to capture 3 months
of data on patients being seen at chiropractic clinics and
their providers in six regions and metropolitan areas:
San Diego, California; Tampa, Florida; Minneapolis,
Minnesota; Seneca Falls/Upstate, New York: Portland,
Oregon; and Dallas, Texas. The goal of the sampling
design was to recruit 20 chiropractors (clinics) per region
and 7 back pain and 7 neck pain cases from each clinic.
Each participating clinic was given an iPad and staff
were trained to make the iPad’s short prescreening
questionnaire available to every patient who visited the
clinic during a 4-week period. The questionnaire estab-
lished initial inclusion criteria (ie, ≥21 years of age,
English proficient, no present personal injury or workers
compensation litigation, have back or neck pain). Those
patients who met these criteria and provided an email
address were invited to the study and sent a link to a
longer screening questionnaire to determine whether
they met the criteria for chronic back pain and/or neck
pain (ie, pain for ≥3 months before seeing the chiro-
practor and/or self-report of chronicity). If they met
these criteria they were consented, asked additional
questions including on WTP, and then immediately sent
a series of 7 more questionnaires over the next 3
months: a longer baseline questionnaire, 5 shorter
biweekly questionnaires, and a final longer question-
naire at 3 months. This study used responses to WTP
questions in the screening questionnaire, patient char-
acteristics collected at baseline, and measures of pain,
function, and health care use collected in each of the 7
questionnaires following the screening survey.

More detail on the overall project13,14 and more detail
on data collection methods and sample characteristics26

can be found elsewhere. It turned out that the patients
in the sample have been in treatment for an average of
11 years26; thus, they are likely all in some sort of
ongoing care and continually making decisions about
that care.
Measures
Our primary outcome measure, WTP, was measured

separately for each type of chronic pain. For patients
with both back pain and neck pain, WTP information
was collected only for the pain that they reported as
worse at screening. Each patient was given 2 open-
ended questions: one asking for their WTP to reduce
pain to zero and one for pain reductions to one-half of
their present level. Following best practice for WTP elici-
tation, patients were reminded of their budget con-
straint before they responded, and the questions were
developed and pretested during a pilot study.42 The
WTP questions asked, “Thinking about what you can
afford to pay on a monthly basis, how much would you
be willing and able to pay out-of-pocket per month for
your pain to be reduced by half? (to go to zero?).” The
2 questions allowed a test of the validity of the WTP
responses. We expect reports of higher WTP for greater
levels of pain reduction. WTP values from open-ended
questions, such as we used, are known to be unbiased,
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
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and although values for public goods (eg, open park
space) from open-ended questions have been found to
be widely varying, imprecise, and plagued by nonre-
sponse,19 opened-ended values for private goods such
as health care have been shown to be valid.2,41

At each data collection point, all patients reported
their average pain levels over the past 7 days (pain
numerical rating scale29), and their present function
using the 10-item Neck Disability Index47 for those with
neck pain and the 10-item Oswestry Disability Index20

for those with back pain. These measures are all recom-
mended for use in their respective populations and
have a substantial literature on their validity and reli-
ability (pain numerical rating scale3,6,18,36,40; Neck Dis-
ability Index9,34,46,48; Oswestry Disability Index17,22,25).
Using similar pain scales, we also asked patients what
their pain levels would have been (ie, their projected
pain) for back pain and neck pain if they had not contin-
ued in chiropractic treatment. These questions were
added after focus groups and piloting found that some
patients reported zero levels of pain, and that many
patients viewed their ongoing chiropractic treatments
as a means to manage their pain. Patients’ expected
increase in (return of) pain if chiropractic care ended
was calculated as projected pain minus actual pain.
In the screener questionnaire, participants were asked

whether their health insurance covered any of the cost
of their chiropractic visits. Those with any coverage
were then asked their average out-of-pocket costs per
chiropractic visit. We used the chiropractor’s reported
full cost per visit for those without chiropractic cover-
age. On every questionnaire after baseline, participants
reported the number of chiropractic visits since the last
data collection point. Other variables captured patients’
income level, years with pain, and whether they had
both back pain and neck pain, worked full or part time,
and had depression according to the 4-item depression
scale from the Patient-Reported Outcomes Measure-
ment Information System-29 (scores of >52.5).1
Analysis
We descriptively examined patients’ pain, function,

visit costs and frequency, and patient characteristics
between 3 samples of participants who reported WTP
for back or neck pain. We used analysis of variance (con-
tinuous), and x2 or Fisher’s exact tests (categorical) to
examine the comparability between the full sample (all
those who provided an estimate of WTP at screening),
revealed WTP sample (those who stated a WTP
at screening and had chiropractic visits afterward),
and the pain reduction sample (those who had a reduc-
tion in both actual pain and projected pain by the end
of the study).
After trimming WTP values above the 99th percentile,

we averaged respondents’ WTP to reduce either their
back or neck pain to zero or by one-half and tested the
reasonableness of these estimates in several ways. First,
we compared the reduce to zero with the reduce by
one-half estimates; the reduce to zero values should be
larger. Next, we constructed demand curves for pain
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reduction; that is, we graphed the proportion of the
sample willing to pay any given price for a given pain
reduction. These curves allowed us to examine the full
distribution—not just mean—of the WTP estimates.
Finally, we examined the relationships between WTP
and the variables that should be related—for example,
income and pain levels. Because WTP tends to be right
skewed, we used ordinary least squares estimation on
log-transformed WTP values. In base models for back
pain and neck pain, we included as predictive variables
patient actual pain and projected pain, as well as demo-
graphic information including income, employment sta-
tus, and years of experienced pain. Errors were clustered
at the level of clinics to account for unobserved correla-
tions within clinics. We then estimated more sophisti-
cated versions of this model by including additional
patient variables (age, sex, presence of depression, and
level of education), as well as clinic fixed effects to con-
trol for any unobserved time-invariant clinic-level attrib-
utes affecting patient WTP. With the log transformation
for WTP, coefficients in these models represent the per-
centage change in WTP from a 1-unit change in the
covariate of interest.
Because their pain levels differed, different patients

were referencing different amounts of pain reduction
when asked for their WTP. Therefore, we put the WTP
estimates on a per unit of pain reduced basis. Because it
is unclear if patient stated WTP relates to reductions in
their current experienced pain or projected pain in the
absence of regular chiropractic care, we calculated indi-
viduals’ stated WTP per point reduction of each—that
is, the stated WTP for a reduction to zero divided by
actual pain, stated WTP for a reduction to zero divided
by projected pain, stated WTP for a reduction by one-
half divided by one-half of actual pain, and stated WTP
for a reduction by one-half divided by one-half of pro-
jected pain.
Revealed WTP per month was calculated for each

patient in the revealed WTP sample as each participants’
average number of chiropractic visits per month over
the next 3 months multiplied by the amount paid out of
pocket for each visit. Only those in the full sample who
had visits after baseline were included in the revealed
WTP sample. The estimate of costs per month was then
put on a per-point reduction in pain basis by dividing by
each of 3 versions of the pain reduction these patients
could be buying: reductions in actual pain over the
month, reductions in projected pain over the month,
and the average “reduction” in pain experienced with
every visit—that is, the expected reduction from pro-
jected pain to actual pain. Reductions in actual pain and
in projected pain over the month are estimated based
on each patients’ slope (change by weeks since baseline)
estimated using hierarchical linear modeling with fixed
effects and person-level random intercepts and slopes.
Only those in the revealed WTP sample who experi-
enced reductions in these measures of pain were
included in the pain reduction sample.
Our comparison of ex ante stated WTP and ex post

reported actual behaviors (revealed WTP) served as
another robustness check on the stated WTP results.
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
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Given the salience of regular expenditures on chiroprac-
tic care for these patients, we would expect stated WTP
to be roughly equal to revealed WTP (out-of-pocket
chiropractic visit costs). However, it could also be some-
what higher or lower. It could be higher because the
stated WTP may include more than patient out-of-
pocket chiropractic visit costs—for example, patients’
time and transportation costs or costs of any nonchiro-
practic visits. Stated WTP could also be higher owing to
stated preference bias—that is, respondents may
overstate their WTP because they are not held liable
to actually pay these amounts. The stated WTP could
also be lower than the revealed WTP if patients are
obtaining something of value other than simple pain
reduction from these visits—for example, functional
improvement or exercise and lifestyle advice. Never-
theless, we can use comparisons between stated and
revealed WTP to help understand what patients
are buying with their out-of-pocket chiropractic
visit costs.
All analyses were performed in R 3.4.4.39 This study

was approved by the RAND Human Subjects Protection
Committee and each participant gave consent before
answering any of the questionnaires.
Results
Of the 2,024 participants in the baseline survey,26

1,708 had nonspecific back or neck pain and 1,583
(92.7%) of those answered the WTP questions—865
about reducing low back pain and 718 about reducing
neck pain. We trimmed WTP values above the 99th per-
centile for back pain to $1,000 for reducing pain to zero
and $536 for reducing pain by one-half. The maximum
WTP values reported for back pain were $10,000 per
month for reducing their pain to zero and $2,000 per
month for reducing pain by one-half. Trimming WTP
values above the 99th percentile for neck pain reduced
those values to $1,000 for reducing pain to zero and
$500 for reducing pain by one-half. The maximum WTP
values reported for neck pain were $1,000,000 per
month for reducing their pain to zero or by one-half.
Table 1 presents descriptive socioeconomic statistics

for each primary pain type for the full sample and the 2
subsamples. The average age was >48 years for patients
with back pain and almost 46 years for neck pain.
Females were in the majority of all samples, but espe-
cially in the neck pain sample of which they comprised
more than 80%. Almost one-half of all samples had
chronic pain for >10 years. Differences in income and
other patient characteristics between the samples were
small and generally nonsignificant.
Table 2 shows the estimates of patients’ WTP for

pain reduction using different measures of pain. As
expected, estimates of WTP for pain reduced to zero
were higher than WTP estimates for reducing pain by
one-half. The differences in these estimates were small
and not statistically significant across the full and sub-
samples for patients with back pain and patients with
neck pain. If patients were thinking about their current
level of experienced pain when reporting on their WTP
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for their pain to be reduced to zero, their WTP was
almost $46 per month per 1-point reduction for the full
back pain sample and just over $37 for the full neck
pain sample. If patients were thinking about projected
pain when making their WTP estimates, because pro-
jected pain was higher than current pain, WTP estimates
per month per 1-point reduction were lower: almost $26
for back pain and just over $21 for neck pain. Overall,
patients with back pain were willing to pay more than
patients with neck pain, and estimates of WTP per
month per 1-point reduction were higher when based
on the estimates given for WTP when pain was reduced
by one-half than when based on estimates for pain
reduced to zero. This finding may indicate that initial
pain reductions are worth more than later reductions as
pain approaches zero. The pain reduction sample had
significantly lower pain scores resulting in their WTP per
1-point reduction to be slightly (but significantly in the
case of back pain) higher.

Fig 1 shows demand curves for pain reduction based
on reported WTP for patients with back pain and
patients with neck pain. These curves illustrate the full
distribution of stated WTP and demonstrate that the
share of patients willing to pay for pain reduction
decreases as price increases. These graphs also demon-
strate that the proportion of patients willing to pay for
complete pain reduction (ie, to zero) was everywhere
higher than the proportion willing to pay for reductions
in pain levels by one-half. This evidence of everywhere
downward-sloping demand curves based on the stated
WTP data lends credibility to our collected estimates.
We also see high rates of dispersion in WTP among our
samples. For example, >70% of those with back pain
have WTP of ≥$100 per month for full pain reduction
but <25% have WTP of >$200 per month. We see a simi-
larly range in WTP for pain reductions for the neck pain
sample across the $100 to $200 price range—about 65%
of the sample is willing to pay up to $100 monthly for
complete pain reduction in neck pain but just over 30%
are willing to pay ≥$200.

Table 3 presents the results of regression models
examining the predictors of stated WTP for our back
pain and neck pain full samples. As expected, patients
experiencing higher levels of pain reported higher WTP
to have their pain reduced to zero. A 1-point increase in
pain was associated with a 6% increase in WTP for those
with back pain, and with a 7% increase in WTP for those
with neck pain. The difference between patients’ cur-
rent pain and what they report that their pain would
have been if they did not see the chiropractor (an esti-
mate of patients’ expected pain increase if chiropractic
care ended) was significantly associated with higher
WTP for patients with neck pain, but not patients with
back pain. Also, as expected, income is positively associ-
ated with WTP. Although only the $100,000 to $199,000
income category coefficients tend to be statistically sig-
nificant, the estimated coefficients generally increase
across income categories. The inclusion of additional
explanatory variables in the full models caused little
change in the coefficients estimated, but added the
information that women reported 16% lower WTP than
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
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Table 1. Characteristics of Patients Included in Each Sample for Chronic Low Back Pain and Chronic
Neck Pain

VARIABLE CHRONIC LOW BACK PAIN CHRONIC NECK PAIN

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

N 865 762 488 718 632 392

Income

<$20,000 34 (4) 32 (4) 17 (3) 20 (3) 18 (3) 7 (2)

$20,000−$39,999 119 (14) 102 (13) 54 (11) 64 (9) 57 (9) 28 (7)

$40,000−$59,999 139 (16) 127 (17) 85 (17) 126 (18) 115 (18) 67 (17)

$60,000−$99,999 230 (27) 200 (26) 126 (26) 196 (27) 175 (28) 110 (28)

$100,000−$199,999 198 (23) 180 (24) 124 (25) 183 (25) 158 (25) 109 (28)

$200,000 or more 37 (4) 33 (4) 20 (4) 36 (5) 32 (5) 20 (5)

Prefer not to answer or not stated 108 (12) 88 (12) 62 (13) 93 (13) 77 (12) 51 (13)

Working full or part time 654 (76) 576 (76) 368 (75) 592 (82) 518 (82) 329 (84)

Years of pain

<1 115 (13) 99 (13)* 72 (15) 82 (11) 69 (11)** 55 (14)

1 to <2 61 (7) 54 (7)* 38 (8) 39 (5) 36 (6)** 20 (5)

2 to <5 120 (14) 99 (13)* 73 (15) 113 (16) 97 (15)** 70 (18)

5 to <10 139 (16) 123 (16)* 71 (15) 139 (19) 120 (19)** 74 (19)

≥10 413 (48) 372 (49)* 227 (47) 326 (45) 295 (47)** 164 (42)

Age, years 48.38 § 14.9 48.37§ 14.8 48.53 § 14.7 45.56§ 12.9 45.59 § 13.1 45.96 § 13.0

Gender: Female 561 (65) 493 (65)** 298 (61)** 586 (82)** 526 (83) 319 (81)

Less than a bachelors degree 397 (46) 343 (45)** 196 (40)*** 294 (41) 253 (40) 145 (37)*

Depression 215 (25) 195 (26)* 113 (23) 181 (25)* 168 (27) 98 (25)

ODI Score 20.45 § 12.5 20.5 § 12.3*** 19.22 § 11.7*** 18.25 § 8.8 18.24 § 8.9** 17.42§ 8.1**

NDI Score 20.62 § 9 20.53 § 9.1*** 19.51 § 8.2*** 22.70§ 12.3 22.88§ 12.3*** 21.35 § 11.4**

At least some chiropractic coverage 595 (69) 523 (69) 340 (70) 481 (67) 428 (68) 271 (69)

Chiropractic visit frequency over 3 months

Monthly and less than monthly — 261 (34) 175 (36) — 192 (30) 124 (32)

Biweekly up to monthly — 208 (27) 132 (27) — 202 (32) 123 (31)

Weekly up to biweekly — 194 (25) 116 (24) — 153 (24) 91 (23)

More than weekly — 99 (13) 65 (13) — 85 (13) 54 (14)

Unknown — 0 (0) 0 (0) — 0 (0) 0 (0)

Have both CLBP and CNP 439 (51)** 401 (53) 246 (50) 426 (59) 382 (60) 233 (59)

ODI, Oswestry Disability Index; NDI, Neck Disability Index.
NOTE. Values are mean § standard deviation or number (%).
yThe full sample includes all patients who answered the WTP questions. Footnotes in this column relate to the statistical significance of the differences between the
full and revealed WTP samples.
zThe revealed WTP sample includes those from the full sample who had chiropractic visits after baseline. Footnotes in this column relate to the statistical significance
of the differences between the revealed WTP and pain reduction samples.
xThe pain reduction sample includes all those in the revealed WTP sample who had a reduction over 3 months in both actual pain and in reports of what their pain
would have been without chiropractic care. Footnotes in this column relate to the statistical significance of the differences between the full and pain reduction
samples.
*Differences are statistically significant at P < .05.
**Differences are statistically significant at P < .01.
***Differences are statistically significant at P < .001.
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men and those aged ≥65 years reported 43% lower WTP
than those <30 years of age for reductions in low back
pain.
Table 4 shows inputs to and the resulting estimates of

patients’ out-of-pocket expenditures (revealed WTP)
per 1-point reduction in 3 different measures of pain.
Patients report an average of just over 12 chiropractic
visits in the 6 months before baseline (ie, biweekly visits
on average), and those who go on to continue care
(revealed WTP sample) report a consistent 6 to 7 visits
over the next 3 months. There were no statistically sig-
nificant differences between the 3 samples in these esti-
mates, nor in their reported out-of-pocket costs per visit
or over the 3 months. Patients reported an average cost
per visit of $43 to $45 overall, but those with insurance
coverage paid less and those without coverage paid
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about $30 more. The average total out-of-pocket cost
for chiropractic over the 3-month study period was just
over $300, or about $100 per month. Over the 3-month
study period, patients in the pain reduction sample had
small average reductions in actual pain of three-quar-
ters of a point (one-quarter point per month) and aver-
age reductions in projected pain of almost one point
(one-third point per month). If either of these pain
reductions were what these patients were buying with
their out-of-pocket investment in chiropractic visits,
they were paying roughly $700 to $800 per 1-point
reduction—an amount >10 times their stated WTP. One
other measure of pain reduction was what patients
thought they experienced with every chiropractic visit—
the difference between current pain and what patients
believed their pain would have been if they did not
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
. Copyright ©2020. Elsevier Inc. All rights reserved.



Table 2. Estimates of Patients’ WTP per Month for Reductions in Pain to Zero, by Half, and by
1-Point Reductions in 2 Measures of Pain

VARIABLES CHRONIC LOW BACK PAIN CHRONIC NECK PAIN

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

N 865 762 488 718 632 392

WTP pain reduced to zero $184.18 (195.6) $188.04 (198.1) $192.63 (204.3) $158.21 (167.7) $157.06 (164.5) $152.71 (141.8)

WTP pain reduced to half $102.68 (99.4) $104.74 (100.6) $107.30 (104.9) $96.09 (92.7) $96.46 (93.4) $97.68 (91.8)

Actual pain at baseline 3.64 (2.1) 3.66 (2.1)** 3.49 (2.1)* 3.99 (2.1) 4.02 (2.1)*** 3.70 (2.0)***

Projected pain at baseline 6.74 (2.2)* 6.81 (2.2)*** 6.50 (2.2)*** 6.97 (2.2)* 7.04 (2.2)*** 6.61 (2.2)***

WTP reduced to zero/actual

pain point

$45.98 (45.8) $47.02 (46.9) $49.04 (48.0)* $37.32 (38.0) $36.58 (37.1) $38.57 (37.1)

WTP reduced to half/actual pain

point

$52.20 (50.1) $53.21 (50.9) $55.79 (52.5)* $45.86 (45.5) $45.57 (45.5)* $49.03 (47.3)*

WTP reduced to zero/projected

pain point

$25.62 (26.8) $25.88 (26.8) $27.19 (27.6)* $21.18 (21.5) $20.70 (20.8) $21.58 (20.3)

WTP reduced to half/projected

pain point

$29.10 (29.0) $29.31 (29.0)* $30.90 (30.3)* $25.80 (24.6) $25.54 (24.5)* $27.36 (25.3)

yThe full sample includes all patients who answered the WTP questions. Footnotes in this column relate to the statistical significance of the differences between the
full and revealed WTP samples.
zThe revealed WTP sample includes those from the full sample who had chiropractic visits after baseline. Footnotes in this column relate to the statistical significance
of the differences between the revealed WTP and pain reduction samples.
xThe pain reduction sample includes all those in the revealed WTP sample who had a reduction over 3 months in both actual pain and in reports of what their pain
would have been without chiropractic care. Footnotes in this column relate to the statistical significance of the differences between the full and pain reduction
samples.
*Differences are statistically significant at P < 05.
**Differences are statistically significant at P < .01.
***Differences are statistically significant at P < .001.
All values in this table are presented as number (percentage) with the exception of age, and the ODI and NDI scores. Those values are mean +/- SD.

Fig 1. Demand curves for patients’ WTP for pain reductions for patients with chronic low back pain and chronic neck pain. WTP val-
ues were trimmed above the 99th percentile for back pain to $1,000 for reducing pain to zero and $536 for reducing pain by one-
half. Maximum WTP values reported for back pain were $10,000 per month for reducing their pain to zero and $2,000 per month
for reducing pain by one-half. Trimming WTP values above the 99th percentile for neck pain decreased those values to $1,000 for
reducing pain to zero and $500 for reducing pain by one-half. The maximum WTP values reported for neck pain were $1,000,000
per month for reducing their pain to zero or by one-half.
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Table 3. Ordinary Least Squares Regression Models Predicting Patients’ Log-Transformed WTP for
Pain Reductions to Zero for Full Sample

VARIABLE BASE MODELS FULL MODELS

CHRONIC LOW BACK PAIN CHRONIC NECK PAIN CHRONIC LOW BACK PAIN CHRONIC NECK PAIN

N 865 718 865 718

Intercept 4.27 (0.22)*** 3.87 (0.28)*** 3.68 (0.57)*** 3.14 (0.49)***

Actual pain rating (0−10 scale) 0.06 (0.02)*** 0.07 (0.02)*** 0.06 (0.02)** 0.07 (0.02)**

Projected pain minus actual pain 0.03 (0.02) 0.04 (0.02)* 0.03 (0.02) 0.05 (0.02)*

Income level (Ref: <$20,000)
$20,000−$29,999 0.13 (0.21) 0.46 (0.31) 0.05 (0.24) 0.74 (0.35)*

$30,000−$39,999 0.18 (0.20) 0.26 (0.31) 0.11 (0.21) 0.26 (0.33)

$40,000−$49,999 0.30 (0.20) 0.49 (0.27) 0.20 (0.23) 0.62 (0.31)*

$50,000−$59,999 0.39 (0.19)* 0.48 (0.28) 0.34 (0.21) 0.53 (0.31)

$60,000−$79,999 0.33 (0.19) 0.36 (0.27) 0.21 (0.21) 0.43 (0.30)

$80,000−$99,999 0.40 (0.19)* 0.50 (0.27) 0.32 (0.21) 0.57 (0.30)

$100,000−$199,999 0.59 (0.18)** 0.61 (0.26)* 0.51 (0.21)* 0.64 (0.29)*

≥$200,000 0.37 (0.20) 0.72 (0.29)* 0.25 (0.24) 0.63 (0.33)

Prefer not to answer 0.28 (0.19) 0.44 (0.28) 0.28 (0.21) 0.56 (0.32)

Not stated -0.07 (0.18) 0.39 (0.28) 0.16 (0.29) 0.99 (0.46)*

Not working (Ref: working full or part time) -0.15 (0.07)* -0.11 (0.09) 0.01 (0.09) -0.04 (0.12)

Working full or part time: not stated 0.34 (0.42) -0.69 (0.25)** -0.01 (0.31) -0.29 (0.32)

Years with pain (ref: <1 year)

1 to <2 0.05 (0.13) 0.09 (0.17) 0.08 (0.14) 0.01 (0.18)

2 to <5 -0.02 (0.12) 0.01 (0.12) -0.06 (0.12) 0.04 (0.14)

5 to <10 -0.16 (0.11) -0.06 (0.12) -0.11 (0.12) -0.12 (0.14)

≥10 -0.10 (0.09) -0.07 (0.10) -0.05 (0.10) -0.07 (0.12)

Unknown -0.07 (0.22) -0.30 (0.17) 0.09 (0.24) -0.27 (0.24)

Age in years (ref: <30)
30−49 -0.08 (0.12) 0.05 (0.13)

50−64 -0.09 (0.12) -0.12 (0.14)

≥65 -0.43 (0.14)** -0.24 (0.19)

Gender: female (ref: male) -0.16 (0.07)* -0.19 (0.11)

Gender: other, unknown -0.54 (0.32) -0.13 (0.28)

Depression (PROMIS ≥52.5; ref: not) 0.08 (0.08) -0.13 (0.08)

Less than a 4-year degree (ref: ≥4-year) 0.04 (0.06) -0.09 (0.08)

Education: not stated 0.00 (0.25) -0.03 (0.45)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
*Differences are statistically significant at P < .05.
**Differences are statistically significant at P < .01.
***Differences are statistically significant at P < .001.
All values in this table are presented as estimated coefficients (standard errors).
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see their chiropractor. This reduction averaged about
3 points across samples. If this was the pain reduction
patients were buying, their revealed WTP per 1-point
reduction was then about $36 for back pain and
about $42 for neck pain—amounts much closer to their
stated WTP.
Discussion
Our stated WTP estimates, although subject to the

same pitfalls as any stated preference measure, show
remarkable consistency across pain types and subsam-
ples. They also demonstrate several reasonable qualities:
estimates for full reductions in pain that were higher
than for one-half reductions, and downward sloping
demand curves where the curves for full pain reduction
were everywhere higher than those for one-half reduc-
tions. The regression results agree with intuitions that
income is positively correlated with WTP (ie, those with
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at M
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higher income can afford to pay more), and that pain
levels are positively correlated with WTP (ie, reducing
higher pain levels to zero should be worth more than
reducing lower levels). Finally, these estimates stand up
to scrutiny when compared with revealed estimates of
WTP based on what patients subsequently pay for treat-
ment over the ensuing months—at least in terms of 1
set of revealed estimates.
Beyond the WTP estimates themselves, which may be

useful to coverage policy regarding patient out-of-
pocket payments (eg, copays), their comparison to
revealed WTP can also provide evidence regarding the
version of pain reduction these patients are buying
when they pay to visit their chiropractor. Based on our
results, it does not seem that patients are buying reduc-
tions in their actual pain. Those reductions were so small
over the study period that it would mean patients
were paying $700 to $800 per month per 1-point
reduction, numbers that stand in stark contrast with
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
. Copyright ©2020. Elsevier Inc. All rights reserved.



Table 4. Estimates of Numbers of Chiropractic Visits, Cost per Visit, and Cost per 1-Point Reduction
in Different Measures of Pain (Revealed WTP)

VARIABLES CHRONIC LOW BACK PAIN CHRONIC NECK PAIN

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

FULL SAMPLE
y REVEALED

WTP SAMPLE
z

PAIN REDUCTION

SAMPLE
x

N 865 762 488 718 632 392

No. of chiropractic visits for

6 months prebaseline

12.23 (15.3) 12.56 (14.8) 12.82 (16.5) 12.09 (13.3) 12.22 (13.3) 12.38 (15.1)

No. of chiropractic visits

over 3 months

— 6.64 (5.7) 6.50 (5.7) — 6.90 (5.8) 6.69 (5.7)

Cost per visit (overall) $43.43 (31.3) $43.71 (31.5) $43.98 (32.4) $45.24 (31.2) $45.06 (31.0) $43.8 (30.1)

Cost per visit (with

insurance)

$32.95 (27.0) $33.36 (27.9) $34.57 (29.5) $36.08 (29.8) $36.07 (29.8) $35.14 (27.6)

Cost per visit (without

insurance)

$66.53 (27.6) $66.38 (26.8) $65.59 (28.1) $63.84 (25.2) $63.92 (24.1) $63.19 (26.0)

Average cost of chiropractic

care over 3 months

— $307.85 (458.8) $311.06 (491.7) — $314.1 (391.8) $304.01 (410.8)

Change in actual pain over

3 months

— — -0.76 (0.5) — — -0.77 (0.5)

Change in projected pain

over 3 months

— — -0.97 (0.6) — — -0.96 (0.6)

Expected pain reduction

with care (projected pain

minus actual pain at

baseline)

3.10 (2.0)* 3.15 (1.9)* 3.02 (1.9) 2.98 (1.9) 3.02 (1.8) 2.91 (1.7)

Cost per 1-point reduction

in actual pain

— — $784.21 (1,522.3) — — $674.87 (1,100.3)

Cost per 1-point reduction

in projected pain

— — $697.32 (1,486.9) — — $760.09 (1,584.6)

Average cost of a 1-point

reduction in expected pain

reduction with care

— $35.81 (60.2) $36.67 (63.1) — $41.41 (55.1) $42.82 (58.6)

yThe full sample includes all patients who answered the WTP questions. Footnotes in this column relate to the statistical significance of the differences between the
full and revealed WTP samples.
zThe revealed WTP sample includes those from the full sample who had chiropractic visits after baseline. Footnotes in this column relate to the statistical significance
of the differences between the revealed WTP and pain reduction samples.
xThe pain reduction sample includes all those in the revealed WTP sample who had a reduction over 3 months in both actual pain and in reports of what their pain
would have been without chiropractic care. Footnotes in this column relate to the statistical significance of the differences between the full and pain reduction
samples.
*Differences are statistically significant at P < .05.
yDifferences are statistically significant at P < .01.
zDifferences are statistically significant at P < .001.
All the values in this table are presented as means (standard deviations).
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our consistent WTP estimates of $20 to $56 per month
per 1-point reduction in pain across several samples,
levels of pain reduction (reduce to zero or by one-
half), pain measures (actual pain and projected pain),
and types of pain (back pain and neck pain). Instead,
it seems that patients are buying (ie, making their
day-to-day decisions based on) the difference between
their current pain and projected pain if they did not
see their chiropractor. Under this assumption, patients
with back pain are paying $36 per month per 1-point
reduction in pain from what it would have been, and
patients with neck pain are paying about $42, values
that are well within the range of what patients state
they are willing to pay.
If patients are valuing and making ongoing treat-

ment decisions based on their ability to maintain their
current pain levels and to avoid what they believe
their pain would be without treatment, this has impli-
cations for coverage policy. Coverage policies that
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at M
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require documentation of continued improvement
with treatment, or experienced and documented dete-
rioration without treatment, for each extension of cov-
erage are inconsistent with patients’ values and
decision making regarding ongoing care for their
chronic conditions.

We are aware of 1 other study that used another sur-
vey-based method (a discrete choice experiment) to esti-
mate patients’ WTP for reductions in chronic pain and
pain-related disability.8 The participants (n = 78) were
all patients in a pain clinic and their estimated WTP for
complete symptom relief was $1,428 out of pocket
per month. As can be seen, their estimate was approxi-
mately 7 to 9 times higher than our monthly full sample
WTP estimates for pain reduced to zero of $184 for
patients with back pain and $158 for patients with neck
pain. There are several reasons for these large differen-
ces. First, the $1,428 per month estimate was the value
for patients to go from excruciating pain and total
ount Sinai from ClinicalKey.com by Elsevier on February 27, 2020.
Copyright ©2020. Elsevier Inc. All rights reserved.
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disability to mild pain and disability. Our sample’s pain
and disability scores under chiropractic care put them
near mild pain and disability already. Second, our WTP
was only for pain reduction, whereas these patients’
WTP incorporated reductions in both pain and disabil-
ity. Third, these patients were primed with higher esti-
mates of out-of-pocket costs than experienced by our
sample: $100 to $1,000 per month. Finally, discrete
choice experiment methods often find higher WTP than
does open-ended, contingent valuation methods.2,16

This study’s WTP estimate for a 1-category decrease in
pain (from excruciating to severe) was $225, a number
much closer to our estimates.
Our study benefits from large samples of patients

with chronic low back and neck pain who have been
using chiropractic care in the long term to manage their
symptoms, but it also has limitations. Our study is obser-
vational and depends on patients’ reports of their WTP
for something likely not possible: a reduction of their
pain to zero. Therefore, it is subject to all the challenges
of stated preference bias. Our estimates of WTP were
made by individuals who were in ongoing chiropractic
care, often for many years and regularly making deci-
sions regarding their WTP, and who had just been
reminded of what they were currently paying. These
conditions likely contributed to the fact that our esti-
mates have good consistency and validity, but they
should still be interpreted with caution. For example,
our estimates would not apply to patients who have
never used or are just beginning chiropractic care. In
addition, because our sample was of current chiroprac-
tic patients, our estimates represent WTP for those who
choose and can afford to pay for these services. This
study offers little information on what WTP would be
for those who could benefit from chiropractic care but
cannot afford it. It is also unclear as to whether these
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at M
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estimates provide any information for coverage policies
for other therapies or for use of chiropractic for other
conditions.
Patients with back pain and patients with neck pain

under ongoing chiropractic care report an average WTP
of between $20 and $55 per month per 1-point reduc-
tion in pain. Based on this, it is clear that these patients
are willing to pay some level of out-of-pocket costs for
this care. The demand curves show that the number of
patients willing to pay each dollar amount for this pain
reduction decreases as the price increases and there is
wide dispersion in response, therefore, demand for
these services can be somewhat controlled through the
amount patients are required to pay out-of-pocket.
However, if the use of chiropractic or other of the rec-
ommended nonpharmacologic therapies is to be pro-
moted, some reduction in out-of-pocket costs should be
considered, especially for those with lower incomes and
higher levels of pain. These patients also seem to make
their care decisions based on the difference between
their current pain and what they believe their pain
would be if they did not receive chiropractic care. There-
fore, coverage decisions that require continued
improvement or documentation clinical deterioration
with treatment withdrawal are inconsistent with suc-
cessful pain management. Future studies that examine
the impact of lower out-of-pocket costs on the use of
providers of nonpharmacologic therapies by those with
lower incomes, and studies that consider successful
symptom management as a criterion for ongoing cover-
age are warranted.
Supplementary data
Supplementary data related to this article can be

found at https://doi.org/10.1016/j.jpain.2019.05.002.
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