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Abstract

Objective. Utilization of nonpharmacological pain management may prevent unnecessary use of opioids. Our objec-
tive was to evaluate the impact of chiropractic utilization upon use of prescription opioids among patients with spi-
nal pain. Design and Setting. We employed a retrospective cohort design for analysis of health claims data from three
contiguous states for the years 2012–2017. Subjects. We included adults aged 18–84 years enrolled in a health plan
and with office visits to a primary care physician or chiropractor for spinal pain. We identified two cohorts of sub-
jects: Recipients received both primary care and chiropractic care, and nonrecipients received primary care but not
chiropractic care. Methods. We performed adjusted time-to-event analyses to compare recipients and nonrecipients
with regard to the risk of filling an opioid prescription. We stratified the recipient populations as: acute (first chiro-
practic encounter within 30 days of diagnosis) and nonacute (all other patients). Results. The total number of subjects
was 101,221. Overall, between 1.55 and 2.03 times more nonrecipients filled an opioid prescription, as compared
with recipients (in Connecticut: hazard ratio [HR] ¼ 1.55, 95% confidence interval [CI] ¼ 1.11–2.17, P¼ 0.010; in New
Hampshire: HR ¼ 2.03, 95% CI ¼ 1.92–2.14, P< 0.0001). Similar differences were observed for the acute groups.
Conclusions. Patients with spinal pain who saw a chiropractor had half the risk of filling an opioid prescription.
Among those who saw a chiropractor within 30 days of diagnosis, the reduction in risk was greater as compared
with those with their first visit after the acute phase.
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Introduction

Opioid Prescription Crisis
The risks associated with the use of prescription opioid

analgesics are well known. Drug overdose deaths in

2017 increased by almost 10% over 2016, with opioids

accounting for almost 48,000 cases [1]. Promising im-

provement has been made in curtailing excessive and

inappropriate prescribing practices and in the acute

treatment of opioid use disorder [1]. However, to pre-

vent unnecessary use of opioids, there is a pressing

need to identify safe and cost-effective alternatives for

the treatment of pain. Increasing attention is being paid

to the potential of nonpharmacological pain treatment

as an upstream strategy for addressing the opioid

epidemic.
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Chiropractic: A Nonpharmacological Alternative

to Opioids
The Institute of Medicine has recommended the use of

nonpharmacological therapies as effective alternatives to

pharmacotherapy for patients with chronic musculoskel-

etal pain [2]. Among US adults prescribed opioids, 59%

reported having back pain [3]. Recently published clini-

cal guidelines from the American College of Physicians

recommend nonpharmacological treatment as the first-

line approach to treating back pain, with consideration

of opioids only as the last treatment option or if other

options present substantial risk to the patient [4]. In gen-

eral, it is not known if the use of nonpharmacological

therapies for musculoskeletal pain influences opioid use

[5], but in that regard there is some emerging evidence in

favor of chiropractic care.

Doctors of Chiropractic (DCs) provide nonpharmaco-

logic treatment for spinal pain, using a multimodal func-

tional approach that typically includes spinal

manipulation and exercise, in accordance with interna-

tional clinical practice guidelines [6]. A recent study of

the implementation of a conservative spine care pathway

reported that among patients treated for spinal pain, as

expenditures for manual care (chiropractic and physical

therapy) increased, expenditures for opioid therapy de-

creased, as did costs for spinal surgery and spine care

overall [7]. A retrospective claims study of 165,569

adults diagnosed with low back pain found that utiliza-

tion of services delivered by DCs was associated with re-

duced use of opioids [8]. The supply of DCs, as well as

spending on spinal manipulative therapy, is inversely cor-

related with opioid prescriptions in disabled Medicare

beneficiaries under age 65 [9]. In a cohort of 1,702

patients with a new episode of neck pain, those who re-

ceived DC care had decreased odds of being prescribed

opioids within one year of their first visit (odds ratio

[OR] ¼ 0.54, 95% confidence interval [CI] ¼ 0.39–0.76)

[10]. In a 2018 report of a study conducted among

14,025 veterans of recent wars, the percentage of patients

receiving opioid prescriptions was lower after receiving

DC care for low back pain as compared with before [11].

Also, in 2018, a study of health insurance claims for the

treatment of low back pain in New Hampshire found a

55% reduction in the likelihood of opioid prescription

fill among recipients of chiropractic care as opposed to

nonrecipients [12]. In 2019, Kazis et al. [13] reported

that patients who were initially treated by a chiropractor,

acupuncturist, or physical therapist had decreased odds

of both short- and long-term opioid use as compared

with initial treatment by a primary care physician. Also

in 2019, a systematic review of six studies examining the

association between chiropractic use and opioid use

found that opioid prescriptions were significantly lower

among chiropractic users as compared with nonusers

[14].

Reduced use of opioids among recipients of chiroprac-

tic services may in turn lead to lower costs and improved

safety. The objective of this investigation was to build

upon our research in New Hampshire with a larger study

population, a longer time frame, and more advanced

methods, evaluating data from three New England states

for the impact of chiropractic utilization upon use of pre-

scription opioids among patients with spinal pain.

Methods

Overview
We hypothesized that among patients diagnosed with

spinal pain, recipients of chiropractic services have a

lower risk of filling a prescription for an opioid analgesic

as compared with nonrecipients. To test this hypothesis,

we employed a retrospective cohort design to analyze

health insurance claims data. Our data sources were the

All Payer Claims Databases (APCDs) of the three contig-

uous states of Connecticut (CT), Massachusetts (MA),

and New Hampshire (NH), which aggregate health

claims data from third-party payers. This project was

conducted subject to the terms of data user agreements

between the principal investigator and the states. In ac-

cordance with standard rules for analysis of health

claims, cells with N< 11 were suppressed to prevent

against disclosure of protected health information. The

research methods were reviewed and approved by the in-

stitutional review board of the investigator’s university.

All statistical analyses were performed using SAS (SAS

Institute, Cary, NC, USA).

Study Population and Cohorts
Data extracted from the three APCDs were not merged

together, but analyzed separately, in accordance with the

terms of the data use agreements. We accessed health

claims data for the years 2012–2017. We only included

claims with payment amounts greater than zero. The

study population was comprised of adults aged 18–

84 years, enrolled in a health plan, and with office visits

to a primary care physician and/or DC. We included only

patients with continuous pharmacy coverage and at least

two visits associated with a primary diagnosis of a spinal

pain disorder between seven and 90 days apart. Thus, the

study population included subjects with multiple office

visits for spinal pain. Patients diagnosed with cancer at

any time during the study period were excluded. Among

those included in the study population as defined above,

we identified two cohorts of subjects: 1) Recipients of

chiropractic services (recipients) received both primary

care and chiropractic care at any point in the study pe-

riod. 2) Nonrecipients received primary care but did not

receive chiropractic care at any time during the study pe-

riod. For each subject, the first date associated with diag-

nosis of a spinal pain disorder was designated as the

index date. We excluded all subjects with an opioid
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prescription fill that occurred before the index date. We

accounted for immortal time bias by using first chiro-

practic visit only as a cohort inclusion criterion. Patients

with an opioid prescription after their index date but be-

fore their first chiropractic visit remained in the analysis.

We stratified the recipient population into two groups: 1)

acute—patients whose first chiropractic encounter oc-

curred within 30 days of the index date, and 2) nona-

cute—all other patients.

Outcomes Measurement
Following establishment of the cohorts, we modeled for

likelihood of opioid prescription fill for up to six years of

follow-up time. We controlled for patient demographics

and health status at baseline through Charlson comorbid-

ity scoring. Comorbidity scores were calculated from di-

agnoses documented during the one-year period

preceding the index date. We performed adjusted time-

to-event analyses, generating hazard ratios and Kaplan-

Meier graphs to compare recipients and nonrecipients

with regard to the risk of filling an opioid prescription

subsequent to being diagnosed with a spinal pain disor-

der. To assess the effect of receiving chiropractic care

early in an episode of care, we subanalyzed for risk of

prescription fill in the acute and nonacute groups.

Results

Subject Characteristics
Subject characteristics may be viewed in Table 1. Total

subjects, including both recipients and nonrecipients

from all three states, numbered 101,221. The population

was skewed toward younger age categories among sub-

jects in NH and nonrecipients in MA. The skewed distri-

bution was expected because Medicare claims were not

included in the data sets. Recipients dominated the popu-

lation in NH, whereas the opposite was true among sub-

jects in MA. The number of subjects extracted from the

CT database was low, considering the size of the state

population (see the Discussion section for an explanation

of the small population size for CT). Charlson comorbid-

ity scores were higher among recipients in MA and non-

recipients in NH.

Time-to-Event Analysis
Results for the time-to-event analysis are displayed in

Table 2. Overall, in the three states at any particular time

in the study period, between 1.55 and 2.03 times more

nonrecipients filled an opioid prescription, as compared

with recipients (in Connecticut: hazard ratio [HR] ¼
1.55, 95% CI ¼ 1.11–2.17, P ¼ 0.010; in New

Hampshire: HR ¼ 2.03, 95% CI ¼ 1.92–2.14,

P< 0.0001). In other words, chiropractic recipients are

at about half the risk of seeking an opioid over the six-

year follow-up period.

Significant differences were also observed for the

acute group in all three states and for the nonacute group

in NH. For the nonacute group in MA, no difference was

observed between recipients and nonrecipients (HR ¼
0.95, 95% CI ¼ 0.71–1.26, P¼ 0.71). For the nonacute

group in CT, low numbers required data suppression and

precluded statistical analysis. In both MA and NH, the

protective effect against risk of prescription fill was

higher for the acute group as compared with the nona-

cute group (in MA: HR ¼ 1.68 acute vs HR ¼ 0.95 nona-

cute; in NH: HR ¼ 1.92 acute vs HR ¼ 1.29 nonacute)

(Table 2).

The Kaplan-Meier charts in Figures 1–3 illustrate the

results of the time-to-event analysis. All six charts show a

consistent reduction in risk over time for filling a pre-

scription for opioids. The charts for CT illustrate the

stepwise pattern commonly seen in survival analyses with

smaller numbers of subjects. Also reflecting the relatively

low sample size in CT, the two curves are closer together

and P values are higher. The charts for MA and NH,

which are based in analyses of larger study populations,

show smoother time-to-event curves, greater separation

between cohorts, and more narrow confidence intervals.

For all three states, differences in risk for the acute group

as compared with the overall analysis were negligible.

Discussion

A previously published analysis of NH data on patients

with low back pain represented a snapshot in time of the

risk of taking prescription opioids after chiropractic or

nonchiropractic treatment [12]. The time-to-event analy-

sis described here yields a more accurate depiction of

comparative risk over time: It portrays the temporal rela-

tionships between the spine disorder index event and the

first opioid fill for two modes of treatment.

The Kaplan-Meier graphs (Figures 1–3) show a re-

markably consistent pattern over six years of follow-up

for three US states, illustrating a strong protective effect

of chiropractic care against risk of opioid prescription

fill. The effect was stronger for patients who saw a chiro-

practor within the first 30 days of diagnosis of a spinal

pain disorder, as compared with those who first saw a

chiropractor in later, nonacute phases. Additionally, the

protective effect of chiropractic care was sustained be-

yond 1,200 days after the index date in Massachusetts

and beyond 1,500 days in the other states, indicating that

once chiropractic treatment has been engaged in the

acute phase, patients experience a lasting benefit that is

measurable in years.

The pattern of repetitive encounters typical of a course

of chiropractic care may account for the sustained bene-

fit. The most recent chronic low back pain guidelines

suggest two to three patient encounters per week for two

to four weeks as a trial of chiropractic care [15].

Multiple opportunities for patient–doctor interaction

may allow the chiropractor to review clinical progress,
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advise on home exercise, ergonomics, and other self-

management strategies, and provide reassurance, all of

which may help improve outcomes and reduce the need

for medication.

These findings echo previous reports of superior out-

comes associated with early chiropractic intervention

[7,16,17]. Although the case mix, subject age, sex, and

comorbidity scores varied among the three states, the ad-

justed negative correlation between chiropractic care and

opioid therapy remained strong across all models. It may

prove instructive in future research to examine

differences in medication use among patients who self-

refer for chiropractic care compared with those who are

referred by a medical physician.

Heyward et al. [18] recently reported inconsistent cov-

erage for nonpharmacologic therapies for spine pain and

little integration in coverage between drug and nondrug

approaches. More consistent is the accumulating evi-

dence for increased utilization of chiropractic services as

an upstream strategy for reducing dependence upon pre-

scription opioid medications. In the context of the opioid

crisis, the imperative for patient protection mandates

Table 1. Subject characteristics

Cohort Characteristic
Connecticut Massachusetts New Hampshire

Nonrecipients Recipients Nonrecipients Recipients Nonrecipients Recipients

Overall No. 695 415 63,511 6,149 2,925 27,526

Charlson (average) 0.11 0.11 0.07 0.18 0.20 0.11

Age category, No. (%)

18–34 y 49 (7.05) 12 (2.89) 13,553 (21.34) 1,004 (16.33) 802 (27.42) 8,959 (32.55)

35–44 y 45 (6.47) — 11,390 (17.93) 897 (14.59) 686 (23.45) 6,352 (23.08)

45–54 y 55 (7.91) 16 (3.86) 13,731 (21.62) 1,112 (18.08) 737 (25.20) 6,466 (23.49)

55–64 y 35 (5.04) — 10,925 (17.20) 1,180 (19.19) 587 (20.07) 4,866 (17.68)

65–74 y 27 (3.88) — 6,641 (10.46) 1,005 (16.34) 80 (2.74) 717 (2.60)

75–84 y 23 (3.31) — 3,134 (4.93) 493 (8.02) 33 (1.13) 166 (0.60)

Missing 461 (66.33) 362 (87.23) 4,137 (6.51) 458 (7.45) . .

Sex, No. (%)

Female 153 (22.01) 29 (6.99) 36,285 (57.13) 3,522 (57.28) 1,373 (46.94) 14,661 (53.26)

Male 87 (12.52) 27 (6.51) 27,226 (42.87) 2,627 (42.72) 1,552 (53.06) 12,865 (46.74)

Missing 455 (65.47) 359 (86.51) . . . .

Acute No. 695 328 63,511 5,224 2,925 25,234

Charlson (average) 0.11 0.09 0.07 0.18 0.20 0.10

Age Category, No. (%)

18–34 y 49 (7.05) — 13,553 (21.34) 853 (16.33) 802 (27.42) 8,300 (32.89)

35–44 y 45 (6.47) — 11,390 (17.93) 786 (15.05) 686 (23.45) 5,787 (22.93)

45–54 y 55 (7.91) 12 (3.66) 13,731 (21.62) 958 (18.34) 737 (25.20) 5,883 (23.31)

55–64 y 35 (5.04) — 10,925 (17.20) 978 (18.72) 587 (20.07) 4,450 (17.63)

65–74 y 27 (3.88) — 6,641 (10.46) 844 (16.16) 80 (2.74) 663 (2.63)

75–84 y 23 (3.31) — 3,134 (4.93) 432 (8.27) 33 (1.13) 151 (0.60)

Missing 461 (66.33) 287 (87.50) 4,137 (6.51) 373 (7.14) . .

Sex, No. (%)

Female 153 (22.01) 20 (6.10) 36,285 (57.13) 2,970 (56.85) 1,373 (46.94) 13,450 (53.30)

Male 87 (12.52) 23 (7.01) 27,226 (42.87) 2,254 (43.15) 1,552 (53.06) 11,784 (46.70)

Missing 455 (65.47) 285 (86.89) . . . .

Nonacute No. 695 15 63,511 349 2,925 350

Charlson (average) 0.11 0.20 0.07 0.20 0.20 0.15

Age category, No. (%)

18–34 y 49 (7.05) — 13,553 (21.34) 60 (17.19) 802 (27.42) 105 (30.00)

35–44 y 45 (6.47) 0 (0.00) 11,390 (17.93) 50 (14.33) 686 (23.45) 89 (25.43)

45–54 y 55 (7.91) — 13,731 (21.62) 63 (18.05) 737 (25.20) 84 (24.00)

55–64 y 35 (5.04) — 10,925 (17.20) 90 (25.79) 587 (20.07) 62 (17.71)

65–74 y 27 (3.88) 0 (0.00) 6,641 (10.46) 48 (13.75) 80 (2.74) —

75–84 y 23 (3.31) 0 (0.00) 3,134 (4.93) 18 (5.16) 33 (1.13) —

Missing 461 (66.33) — 4,137 (6.51) 20 (5.73) . .

Sex, No. (%)

Female 153 (22.01) — 36,285 (57.13) 221 (63.32) 1,373 (46.94) 178 (50.86)

Male 87 (12.52) — 27,226 (42.87) 128 (36.68) 1,552 (53.06) 172 (49.14)

Missing 455 (65.47) — . . . .

Sex categories are self-reported. To reduce patient identifiability, all tabulations that can be inferred as <11 patients have been suppressed, indicated as “.”,

Acute ¼ first encounter within 30 days of index date; Charlson ¼ Charlson comorbidity score; No. ¼ number of subjects; nonacute ¼ first encounter >30 days af-

ter index date; nonrecipients ¼ subjects with encounters for primary medical care and no chiropractic visits, thus the repeated counts; recipients ¼ subjects with

encounters for both primary medical care and chiropractic.
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aggressive pursuit of all promising strategies, including

the elimination of barriers to access chiropractic services,

and benefits designs intended to encourage early utiliza-

tion of chiropractic services.

This study was subject to certain limitations. Across

the three APCDs, we encountered variation in case mix

that is reflected in differences by state in the proportion

of recipients and nonrecipients. The variation may be at-

tributable to population differences in health care utiliza-

tion and insurance coverage or to differences by state

administration in data collection, reporting, and release.

Because the CT data set did not include provider

Table 2. Risk of opioid prescription fill among patients with spinal pain

State Cohort
Recipients,
No.

Nonrecipients,
No.

Recipients with
Opioid Fill, No.

Nonrecipients with
Opioid Fill, No.

Hazard
Ratio LCL UCL

P,
Chi-Square

CT Overall 538 964 150 505 1.55 1.11 2.17 0.010*

Acute 430 964 119 505 1.47 1.04 2.07 0.03*

Nonacute 19 Suppressed 505 N/A N/A N/A N/A

MA Overall 7,790 70,931 1,979 10,172 1.73 1.64 1.82 <0.0001**

Acute 6,680 70,931 1,730 10,172 1.68 1.59 1.77 <0.0001**

Nonacute 442 70,931 130 10,172 0.95 0.71 1.26 0.71

NH Overall 32,434 3,662 6,215 1,711 2.03 1.92 2.14 <0.0001**

Acute 29,676 3,662 5,575 1,711 1.92 1.82 2.03 <0.0001**

Nonacute 460 3,662 217 1,711 1.29 1.02 1.64 0.036*

Acute ¼ first encounter within 30 days of index date; Charlson ¼ Charlson comorbidity score; LCL ¼ lower control limit; No. ¼ number of subjects; nonacute

¼ first encounter >30 days after index date; nonrecipients ¼ subjects with office visits for primary medical care and no chiropractic visits; recipients ¼ subjects

with office visits for both primary medical care and chiropractic; UCL ¼ upper control limit.

*Significant, P < 0.05; **significant, P < 0.01.

Figure 2. Risk of opioid prescription fill—Massachusetts. A) Overall. B) Chiropractic encounter within first 30 days.

Figure 1. Risk of opioid prescription fill—Connecticut. A) Overall. B) Chiropractic encounter within first 30 days.
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specialty codes, we cross-walked national provider iden-

tifiers (NPIs) to taxonomy codes and cross-referenced

those codes to provider specialty codes. This linkage

resulted in significant data loss that is reflected in much

smaller cohort sizes for CT.

In designing this study, we identified four main possi-

ble sources of bias. First, among recipients, there was po-

tential for misclassification of the time-to-event analysis

through immortal time bias. We eliminated this possibil-

ity by identifying recipients independently of the timing

of their opioid prescriptions. Thus the time interval be-

tween index date and opioid fill was similar for all sub-

jects, and measurement of time to event was consistent

across cohorts. Second, due to the observational study

design, there was potential for confounding by indica-

tion, whereby patients with more severe pain may have

been more likely to use opioid medication. Diagnoses in

claims data are unreliable indicators of pain severity. We

took steps to account for confounding by indication by

excluding cancer patients and by adjusting for Charlson

comorbidity score. Additionally, this study was subject

to chronological bias, which was apparent in the acute vs

nonacute subgroup analysis. Subjects in the nonacute

groups were fewer in number, and the effect sizes were

smaller. These differences may be attributable to differ-

ences in patient behavior or insurance benefits. Finally,

the study may be subject to selection bias if recipients dif-

fered from nonrecipients by unmeasured characteristics.

Despite these potential sources of bias and confounding,

however, the results were remarkably similar across all

three states.

Conclusions

Among patients with spinal pain disorders, for recipients

of chiropractic care, the risk of filling a prescription for

an opioid analgesic over a six-year period was reduced

by half, as compared with nonrecipients. Among those

who saw a chiropractor within 30 days of being diag-

nosed with a spinal pain disorder, the reduction in risk

was greater as compared with those who visited a chiro-

practor after the acute phase had passed.
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