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Abstract

Study Design: We combined elements of cohort and crossover-cohort design.

Objective: The objective of this study was to compare long-term outcomes for Spinal 

Manipulative Therapy (SMT) and Opioid Analgesic Therapy (OAT) regarding escalation of care 

for patients with chronic low back pain (cLBP).

Summary of Background Data: Current evidence-based guidelines for clinical management 

of cLBP include both OAT and SMT. For long-term care of older adults, the efficiency and value 

of continuing either OAT or SMT are uncertain.

Methods: We examined Medicare claims data spanning a five-year period. We included older 

Medicare beneficiaries with an episode of cLBP beginning in 2013. All patients were continuously 

enrolled under Medicare Parts A, B, and D. We analyzed the cumulative frequency of encounters 

indicative of an escalation of care for cLBP, including hospitalizations, emergency department 

visits, advanced diagnostic imaging, specialist visits, lumbosacral surgery, interventional pain 

medicine techniques, and encounters for potential complications of cLBP.

Results: SMT was associated with lower rates of escalation of care as compared to OAT. The 

adjusted rate of escalated care encounters was approximately 2.5 times higher for initial choice 

of OAT vs. initial choice of SMT (with weighted propensity scoring: rate ratio 2.67, 95% CI 

2.64–2.69, p < .0001).

Conclusions: Among older Medicare beneficiaries who initiated long-term care for cLBP with 

opioid analgesic therapy, the adjusted rate of escalated care encounters was significantly higher as 

compared to those who initiated care with spinal manipulative therapy.
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INTRODUCTION

Chronic low back pain (cLBP) can be a major disabling health condition for older adults.1 

A systematic review that included over 135,000 individuals in 35 studies found that 70% 

to 85% of the elderly population experience an episode of LBP in their lifetime, and 90% 

have more than one episode.2 In a nationally representative sample of 9,665 United States 

(US) adults with LBP, 19.3% were aged 65 years and older.3 LBP can limit the ability 

of older adults to perform everyday tasks of walking, lifting, stooping, and other basic 

activities of daily life.4 Compounding the human burden is the high cost of treating spinal 

pain. Among 154 medical conditions in 2016, the highest amount of healthcare spending 

was for spinal pain, at $134.5 billion, 30.3% of which was for patients aged 65 or older.5 

Increases in the prevalence of LBP among Medicare beneficiaries have been accompanied 

by dramatic increases in costs.6 and increased expenditure for spine care interventions 

have not correlated with improved outcomes.7 For many invasive and expensive spine care 

procedures there is insufficient evidence to justify their use.8,9 Efficiency in healthcare is 

recognized as one of six domains of health care quality.10 In the management of cLBP, 

healthcare resources are often overutilized,6 and in such cases, the care of cLBP may be 

described as unnecessarily escalated and therefore inefficient.

Current evidence-based guidelines for clinical management of cLBP include both 

pharmacological and non-pharmacological approaches.11 Both Opioid Analgesic Therapy 

(OAT) 12 and Spinal Manipulative Therapy (SMT)13 are provided to older adults with cLBP. 

The crisis of opioid overprescribing and the hazards of opioid use and misuse have been 

exhaustively documented.14,15 Compounding concerns about the safety of the long-term use 

of opioids, it is uncertain how utilization of OAT affects the escalation of care of cLBP 
16 and thus the efficiency of clinical management. Similar concerns have been expressed 

about SMT. Although SMT is established as an evidence-based treatment for cLBP,17,18 a 

series of government reports found that frequent unnecessary SMT under Medicare resulted 

in excessive costs, particularly for “maintenance care”, in which SMT is provided on an 

ongoing long-term basis to prevent spinal problems from recurring or worsening.19–21

Thus, for long-term care of cLBP, the efficiency and value of continuing either OAT or SMT 

are uncertain. The objective of this study was to compare long-term outcomes for SMT and 

OAT regarding escalation of care for patients with cLBP. We hypothesized that among older 

Medicare beneficiaries with cLBP, recipients of OAT have higher rates of escalated care for 

LBP, as compared with recipients of SMT.

METHODS

To test our hypothesis, we conducted a retrospective study using nationally representative 

samples (100% Parts A and B and 40% part D) of fee-for-service claims data spanning 

a five-year study period (2012–2016). We combined elements of cohort and crossover-

cohort design to evaluate for comparative rates of selected healthcare outcomes. The 

study population included non-institutionalized Medicare beneficiaries enrolled in Parts 

A, B, and D, aged 65–84 years and residing in a US state or the District of Columbia. 

We restricted the sample to persons with an episode of cLBP beginning in 2013. All 
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included patients received long term management of cLBP with SMT or OAT. For OAT, 

we defined long-term management as 6 or more standard 30-day supply prescription fills 

in a 12-month period.22,23 For SMT, we defined long-term management as ≥12 office visits 

for spinal manipulation for LBP in any 12-month period, including at least one visit per 

month. 21,24,25,26 We assembled primary cohorts and crossover cohorts, and for purposes 

of analysis, combined cohorts based upon the patient’s first choice of treatment. [Figure 

1] As measures of lower socioeconomic status, we captured eligibility for Medicare Part 

D low-income subsidy and dual eligibility for both Medicare and Medicaid. We calculated 

Charlson comorbidity scores and collected data on diagnosis of comorbid chronic conditions 

that may confound the indication for opioids or affect prognosis for older adults with cLBP. 

For persons who received OAT, we also collected data on class of opioid prescribed at 

the time of cohort accrual. From the index date through 2016, we analyzed the cumulative 

frequency of encounters indicative of an escalation of care for cLBP. We also analyzed for 

encounters for potential complications of cLBP and spinal injuries, which may rarely occur 

as a complication of SMT of the lower back.

We tried to estimate the causal difference between initial choice of the two approaches 

to treatment. To estimate the adjusted incidence rate ratio, we conducted a comparison of 

outcomes between cohorts OATC and SMTC using Poisson regression with robust standard 

errors, controlling for individual characteristics and measures of health status including age, 

sex, race, state of residence, Charlson comorbidity index, LBP diagnostic category, and the 

presence of specific comorbidities such as hip or knee arthritis, depression, or fibromyalgia. 

We repeated this comparison using a propensity score approach. In the first step, we derived 

a model for the propensity of OAT vs SMT using a flexible logistic regression in terms of 

the covariates listed above. Next, we compared outcomes between OAT and SMT using both 

inverse weighted propensities and binned propensities (i.e., controlling for the categorical 

variable created by taking deciles of the propensity). A more detailed description of the 

methods may be viewed in the Appendix.

RESULTS

Table 1 displays demographic characteristics and measures of health status by cohort. The 

overall study sample included 28,160 individuals: 4,998 individuals (18%) in cohort SMT, 

20,947 (74%) in cohort OAT, 1,431 (5%) in cohort SMTX, 784 (3%) in cohort OATX, 6,429 

individuals in cohort SMTC and 21,731 individuals in cohort OATC. Within all cohorts, 

average age at cohort accrual ranged between 72.6 and 73.1 years; approximately two thirds 

of persons were 74 years of age or younger. Females outnumbered males by approximately 

3:1 within all cohorts. Persons who identified as White greatly outnumbered other racial/

ethnic groups within all cohorts. The proportion of individuals with lower socioeconomic 

status was approximately five times higher in the OAT cohort, as compared to the SMT 

cohort. Comorbidity scores were also higher in the OAT cohort, with more than twice the 

proportion of patients with scores of 2, 3, or 4 in the OAT cohort as compared to the SMT 

cohort.

Most cases were categorized as non-specific LBP. There were higher proportions of 

individuals diagnosed with radiculopathy and spinal stenosis among patients who received 
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only OAT, as compared to those who received only SMT. Cases of herniated disc and 

spondylolisthesis were also higher in the OAT cohort, while in the other three cohorts, the 

frequency of cases was so low that data suppression was required. Diagnosis of sprain/strain 

occurred infrequently, and frequency data in this category were suppressed for the crossover 

cohorts. Multiple comorbidities, including musculoskeletal conditions, were common among 

included persons and may have impacted their use of opioids. Higher proportions of patients 

in the OAT cohort were diagnosed with depressive disorder and osteoarthritis of the hip 

or knee, as compared to the SMT cohort. Among the combined cohorts, choice of OAT 

as initial treatment was associated with indications of lower socioeconomic status, higher 

comorbidity scores, and higher rates of depressive disorder and osteoarthritis of the hip and 

knee. As in the primary and crossover cohorts, most patients in the combined cohorts had 

non-specific LBP. Diagnoses of radiculopathy, spondylolisthesis and spinal stenosis were 

higher among patients who chose OAT as the initial approach to treatment. Most patients 

(81–82%) who initially chose OAT were prescribed a schedule 2 opioid; approximately 3% 

were prescribed schedule 3, and 15% were prescribed a schedule 4 drug.

Table 2 displays the proportion by cohort of patients with at least one escalated care 

encounter. Escalated care encounters occurred in all cohorts, but in general, such encounters 

occurred most frequently in the OAT and OATC cohorts, in which patients chose OAT as 

the initial approach to care. The single exception to this pattern was the occurrence of spinal 

injury, which was more than 50% higher among patients who chose SMT as the initial 

approach to care. Spinal surgeries occurred infrequently, requiring suppression of rates in 

all cohorts. For cohort OATC vs. cohort SMTC, the adjusted rate of any escalated care 

encounter was 2.43 times higher with binned propensity scoring, and 2.67 times higher with 

weighted propensity scoring. [Table 3].

DISCUSSION

For long-term care of cLBP, the efficiency and value of continuing either OAT or SMT 

are uncertain. The objective of this study was to compare long-term outcomes for SMT 

and OAT regarding escalation of care for patients with cLBP. The results support our 

hypothesis that among older Medicare beneficiaries with cLBP, recipients of OAT have 

higher rates of escalated care for LBP, as compared with recipients of SMT. The results 

impact all included demographic groups, but predominately white women aged 65–74. In 

their evaluation of propensity scoring methods for studies of Medicare claims, Weeks et al. 

found that the method of inverse weighting offered the advantage of maintaining sample 

size and preserving external validity.27 Therefore, the better of the two estimates resulting 

from our regression analyses may be the higher rate ratio of 2.67, indicating that the rate of 

escalated care encounters was more than 2.5 times higher for patients who initiated care with 

OAT as compared to SMT. Higher rates of escalation of care suggest that care pathways for 

patients who initially choose OAT involve less efficient utilization of clinical resources.

Previous studies have reported reductions in clinical resource utilization for patients who 

saw a chiropractor first (CMS claims data on chiropractic services are equivalent to data on 

SMT, because SMT is the only chiropractic service covered under Medicare).13 Keeney et 

al. reported that among patients with work-related back injuries, less than 2% of workers 
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who first saw a chiropractor for their injury underwent surgery, as compared to 42% 

who first consulted a surgeon.28 Several large-scale studies have found that utilization of 

chiropractic care is associated with decreased opioid use,29–31 and that early use of spinal 

manipulation may reduce unnecessary escalation of care, with greater efficiency and lower 

costs.32,33,34

Pain, loss of function, and the adverse effects of pain medications can all put older patients 

with cLBP at risk of a fall, which can result in serious injury. Krebs et al. conducted a 

nine-year longitudinal cohort study of more than 2,900 men aged 65+ with persistent back, 

hip, or knee pain. They found no significant correlation between opioid use and increased 

risk of falls or fractures.35 By contrast, the results of this study indicate that among patients 

who used SMT or initiated care with SMT, rates of a same-level fall with associated hip 

fracture or head injury were less than half those for the OAT cohort. When these results are 

considered along with the risk of abuse, overdose, and death associated with use of OAT, 

SMT appears to offer a more efficient and safer treatment alternative for older patients with 

cLBP. This inference may need to be tempered, however, considering the higher rates of 

spinal injury observed among recipients of SMT.

Spinal injury was the single exception to the pattern of higher rates of escalated care for 

OAT as compared to SMT. The rationale for investigating rates of spinal injury was the 

possibility of iatrogenic injury due to SMT: because manipulation involves the delivery of 

physical force to the body, it is reasonable to hypothesize that SMT may carry a risk of 

injury. However, the results contrast sharply with those of an observational study of more 

than 6.6 million Medicare beneficiaries, which found that the adjusted risk of physical 

injury following a chiropractic office was much lower at 7 days than that following a visit 

to a primary care physician (hazard ratio, 0.24; 95% confidence interval, 0.23–0.25).36 

The higher rates reported here likely reflect the large difference in the period of outcomes 

measurement (up to 48 months for the current study vs. 7 days for the previous study). 

Future research should explicitly estimate the causal difference in risk of acute injury due to 

SMT as compared to other treatment approaches.

Our findings are generally consistent with previous findings regarding overall care for LBP, 

and offer new insights into differences in outcomes for OAT vs. SMT:

• We found higher rates of hospitalization for OAT as compared to SMT. Most 

patients with back pain do not require hospitalization. Martin et al. found that 

from 1997 to 2006, the proportion of US adults with spine problems who had 

any hospitalization decreased from 3.5 to 2.6%.37 and in 2012 Waterman et al. 

estimated that only 1.2% of US LBP patients required hospital admission.38

• Manchikanti et al. found that between 2009 and 2018, utilization of 

interventional techniques for Medicare patients with chronic pain declined by 

6.7%.39 In the context of this overall decline, we found that the proportion of 

patients who received injections and other interventional procedures for LBP was 

nearly five times greater for the OAT cohort as compared to SMT.

• Not inconsistent with the findings of Kim et al., who reported that only 1.2% of 

adults with a new diagnosis of LBP or lower extremity pain between 2008 and 
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2015 received surgery,40 we found that that rates of spinal surgery were too low 

to report under CMS data suppression rules.

• We found that recipients of OAT were more likely to receive advanced 

spinal imaging than recipients of SMT. Imaging for LBP is often unnecessary 

and is associated with increased costs and other potentially unnecessary 

procedures.41–43 In a recent analysis of Medicare data, Davis et al. found that 

increased beneficiary access to chiropractic care was correlated with a significant 

decrease in spending on spinal imaging and testing.44

• We found a significantly higher risk of specialist visits for patients receiving 

OAT as compared to SMT. Chenot et al. found that consulting a specialist 

for LBP was associated with increased use of imaging and therapeutic 

interventions.45

• We found that recipients of OAT were much more likely to seek emergency 

department care than recipients of SMT. Patients presenting with LBP can 

impose a significant burden on emergency department resources: Edwards et 

al. estimated the prevalence of LBP in emergency settings to be 4.39%.46

Implications for Practice and Policy

Chiropractors provide 94% of all SMT services in the US.47 The reduced escalation of care 

associated with SMT should equate with lower costs, but a series of reports by the Office of 

Inspector General (OIG), found chiropractic care provided under Medicare to be excessively 

costly. However, the OIG did not compare costs for chiropractic with other approaches to 

spine care, and did not correlate costs with outcomes.19–21 By contrast, Weeks et al. found 

that under Medicare, chiropractic costs for care of patients with cLBP were significantly 

lower than those for conventional medical care.33 More recently, Davis and colleagues 

concluded that increased access to chiropractic services correlated with reduced costs of 

spine care for older Medicare beneficiaries.44 Nevertheless, coverage for spinal manipulation 

as provided by chiropractors under Medicare remains tightly restricted; Medicare does 

not cover physical examinations performed by chiropractors, or any service other than 

spinal manipulation.13 Increased patient access to chiropractic services may enhance the 

capacity of the Medicare workforce to care for the growing population of older adults with 

spinal pain. Medicare policy makers should consider expansion of Medicare coverage for 

chiropractic services.48

Limitations

The general limitations of using health claims data for research include inconsistencies in 

billing practices and coding of procedures and diagnoses. For example, we identified SMT 

by CPT codes that are specific for spinal manipulation and commonly used by chiropractors, 

but some clinicians may code SMT with other procedure codes that denote manipulative and 

physical medicine procedures. Other limitations of this study include a lack of an indication 

of pain severity, and lack of diagnoses in pharmacy claims data, and the retrospective 

design, which required us to rely upon CMS for accurate recordkeeping and prevented 

us from controlling exposures and the assessment of outcomes. With this study there is 
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potential for confounding by indication; while the different rates of escalation of care may 

be associated with worse outcomes leading to the escalations, they may instead be related to 

underlying differences in the patients that lead to their choice of treatment cohort in the first 

place. However, we controlled for comorbid chronic conditions (knee or hip osteoarthritis) 

that might confound the results, and for fibromyalgia and depressive disorder, which can 

impact prognosis of patients with cLBP. Because selection bias can influence the results of 

observational research, we employed robust approaches to propensity scoring intended to 

minimize the risk of selection bias in this study. Despite these measures, we were unable to 

consider all confounding variables, the inherent limitations of observational design inhibit 

causal inference, and explicit assessment of changes in patients’ underlying health status 

were not possible. Claims data lack sufficient clinical granularity to completely adjust 

for clinical level differences in populations. Unmeasured confounders (factors that affect 

treatment selection but are not part of the dataset) may affect patient perceptions regarding 

treatments, the capacity to benefit from those treatments, and clinician decisions regarding 

whether such interventions are indicated. However, the analysis of large multi-year claims 

datasets allows cost-efficient conduct of long-term evaluations, and sensitive detection of 

events that are uncommon or may take extended time in treatment to develop.

Conclusion

Among older Medicare beneficiaries who initiated long-term care for chronic low back 

pain with opioid analgesic therapy, the adjusted rate of escalated care encounters was 

significantly higher as compared to those who initiated care with spinal manipulative 

therapy.

Acknowledgments:

This study was conducted in accordance with data use agreement # DUA: RSCH-2019-52662 with the Centers 
for Medicare and Medicaid Services. The authors gratefully acknowledge the valuable contributions of student 
researchers Maria Bangash and Kayla Sagester.

The manuscript submitted does not contain information about medical device(s)/drug(s).

This research was supported by the National Center for Complementary and Integrative Health (NCCIH) of the 
National Institutes of Health (award number 1R15AT010035).

Relevant financial activities outside the submitted work: board membership, consultancy, grants, royalties, travel/
accommodations/meeting expenses.

APPENDIX - DETAILED METHODS

Overview

To test our hypothesis, we conducted a retrospective study using nationally representative 

samples of fee-for-service (FFS) claims data spanning a five-year study period (2012–2016). 

We combined elements of cohort and crossover-cohort design to evaluate for comparative 

rates of selected healthcare outcomes. The study population included non-institutionalized 

Medicare beneficiaries aged 65–84 years and residing in a US state or the District of 

Columbia. We excluded subjects over the age of 84 at baseline due to age-related reduction 

in the utilization of spinal manipulation; we also excluded subjects with a primary diagnosis 
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of cancer or use of hospice care during the study period. All patients were continuously 

enrolled throughout the study period under Medicare Parts A (inpatient), B (outpatient), 

and D (pharmacy). Thus, all patients had prescription drug coverage throughout the period 

of outcomes measurement. We restricted the sample to subjects with an episode of cLBP 

beginning in 2013. Because cLBP lasts three months or longer,1 we defined an episode of 

cLBP as occurring with the recording of two paid claims with primary diagnosis of LBP at 

least 90 days but less than 180 days apart. Claims were restricted to outpatient office visits 

as defined by Place of Service code 11. LBP was identified by ICD-9 or ICD-10 diagnosis 

code.

This study was conducted in accordance with a data use agreement with the Centers for 

Medicare and Medicaid Services (CMS), which allowed access to Medicare administrative 

data for research purposes. In accordance with CMS rules for analysis of health claims, 

cells with n<11 were suppressed to prevent disclosure of protected health information. The 

research methods were reviewed and approved by the principal investigators’ institutional 

review board.

This study was conducted in the context of a multi-aim NIH-funded investigation of the 

comparative value of OAT vs. SMT for long-term care of older Medicare beneficiaries with 

cLBP. Thus, aspects of the methods used for sampling and cohort assembly are identical to 

those described in reports on other aims of this research project.2

Cohort Definitions

All included patients received long term management of cLBP with SMT or OAT. SMT 

was identified in clinical claims data by Current Procedural Terminology (CPT) code 

98940, 98941, or 98942. OAT was identified as opioid analgesics or analgesic medications 

containing opioids, identified by drug code 3 and obtained by prescription through an 

outpatient pharmacy. For OAT, we defined long-term management as 6 or more standard 

30-day supply prescription fills in a 12-month period.4,5 For SMT, we defined long-term 

management as ≥12 office visits for spinal manipulation for LBP in any 12-month period, 

including at least one visit per month.1,6,7,8

We assembled the included patients into cohorts. The date of accrual (index date) for 

patients into each cohort was the date of the first office visit associated with an episode 

of cLBP. For subjects with more than one episode of cLBP, only the first episode was 

counted for purposes of cohort accrual. A look-back period, defined as the 12-month period 

ending with the index date, allowed exercise of population inclusion and exclusion criteria 

and capture of patient characteristics including comorbidity scores. We assembled primary 

cohorts and crossover cohorts, and for purposes of analysis, combined cohorts based upon 

the patient’s first choice of treatment. [Figure 1]

Measurement of Patient Characteristics

Subject age in years at index date was categorized as 65–69, 70–74, 75–79, and 80–84. Sex 

as a biological variable was collected as male or female. Race and ethnicity data are multiply 

categorized in CMS data, but adherence to data suppression rules required aggregating 
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these data to only two categories: “White” and “Other / Unknown”. As measures of lower 

socioeconomic status, we captured eligibility for Medicare Part D low-income subsidy 

and dual eligibility for both Medicare and Medicaid. As measures of health status, we 

calculated Charlson comorbidity scores, and collected data on diagnosis of comorbid 

chronic conditions (osteoarthritis of the hip or knee, which may confound the indication 

for opioids, and fibromyalgia and depressive disorder, which may affect prognosis for 

older adults with cLBP). Diagnostic codes for LBP were categorized as non-specific LBP, 

radiculopathy, herniated disc, spondylolisthesis, sprain/strain, or spinal stenosis. For subjects 

who received OAT, we also collected data on class of opioid prescribed at time of cohort 

accrual.

Outcomes Measurement and Statistical Analysis

From index date through 2016, we analyzed the cumulative frequency of encounters 

indicative of an escalation of care for cLBP. We measured by Current Procedural 

Terminology (CPT) code for secondary care encounters for LBP, including hospitalizations, 

emergency department visits, advanced diagnostic imaging, specialist visits, lumbosacral 

surgery, and interventional pain medicine techniques (including epidural injections, 

adhesiolysis procedures, facet joint interventions, discography, disc decompression, 

sacroiliac joint blocks, and other nerve blocks). We also analyzed for encounters for 

potential complications of cLBP: same level fall (identified by E-code) resulting in hip 

fracture or head injury, and spinal injuries (lumbosacral sprain, dislocation, or fracture) 

which may rarely occur as a complication of SMT of the lower back.

We generated descriptive statistics on subject characteristics and on the frequency of 

outcomes by cohort and analyzed to estimate the causal difference between initial choice 

of the two approaches to treatment. Previous studies have found that initial choice of 

treatment for LBP can significantly affect outcomes.9,10 We accounted for selection bias by 

modeling of the outcome by covariates and by propensity scoring. To estimate the adjusted 

incidence rate ratio using a multivariable model (e.g., ratio of average count) we conducted 

a comparison of outcomes between cohorts OATC and SMTC using Poisson regression with 

robust (sandwich) standard errors, controlling for age, sex, race, beneficiary residence ZIP 

code, Part D low-income subsidy, dual eligibility status, LBP diagnostic category, Charlson 

comorbidity score, and comorbid chronic conditions (osteoarthritis of the hip or knee, 

fibromyalgia, and depressive disorder). We repeated this comparison using a propensity 

score approach. In the first step, we derived a model for the propensity of OAT vs SMT 

using a flexible logistic regression (e.g., non-parametric regression including interactions) 

in terms of the covariates above. Next, we compared outcomes between OAT and SMT 

using both inverse weighted propensities and binned propensities (i.e., controlling for the 

categorical variable created by taking deciles of the propensity). All statistical analyses were 

performed using SAS 9.4 (SAS Institute, Cary, NC).

Whedon et al. Page 9

Spine (Phila Pa 1976). Author manuscript; available in PMC 2023 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Propensity Models

An iterative statistical process was undertaken for the development and fitness testing of the 

propensity models. The following is a list of the variables examined for inclusion along with 

their descriptions:

zipcode – residence of subject in the analysis year

age – five categories: 65–69, 70–74, 75–79, 80–84, exclusion category 85 years & above

sex – m/f

race – two categories: White and Other

Charlson – Summary of 2013 Charlson comorbidity score in 5 categories: 0, 1, 2, 3 and 4+

lics – Any Low-income Subsidy in 2013, inferred from Medicare Part D claims

dual_elig - Flag for beneficiary Dual Eligibility (Medicare/Medicaid) in 2013

chronic_cat - Chronic Condition 1: Osteoarthritis of the Hip

Chronic Condition 2: Osteoarthritis of the Knee

Chronic Condition 3: Fibromyalgia

Chronic Condition 4: Depressive Disorder

severity – LBP diagnostic categories 1, 3, 4, 6, 11, 12 (non-specific low back 

pain, radiculopathy, herniated disc, spondylolisthesis, sprain/strain, & spinal stenosis, 

respectively)

The process included step-by-step identification of correct covariates to include in 

the models – removing the ones (e.g., zipcode, LBP severity categories) that led to 

misspecification or nonconvergence of the model and adding in the ones that were integral to 

the study (such as sex of the patient and geographic unit Census data).

The primary (or most important) covariates were identified using the following SAS 

command and criteria: variable importance >1 by GLMSELECT method, corroborated 

by lasso and random forest methods. This process led to the inclusion of the following 

variables: age (5 categories); race (2 categories); Charlson comorbidity score (5 categories); 

low income subsidy in 2013; chronic condition (Osteoarthritis of the Knee and Depressive 

Disorder); and diagnostic severity of lbp (severity category 1). This process also identified 

key interaction terms to include in the model as well as identified variables to remove from 

the model (low back pain, severity category 11).

As a result of this iterative process of covariate selection, the final model included 

the following variables covariates: census division (geographic units); age; sex; race; 

Charlson score; low income subsidy; Osteoarthrities of the knee & Depressive Disorder; 
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and LBP diagnostic severity category. The final model also included the following 

interaction terms: Depressive Disorder*Charlson score; low income subsidy*age; low 

income subsidy*Osteoarthritus; low income subsidy*Depressive Disorder; lbp severity 

category1*Charlson score; lbp severity category1*Depressive Disorder; and lbp severity 

category1*race.
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Figure 1. 
Study Timeline: Cohort Assembly and Outcomes Measurement
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Table 1.

Patient Characteristics and Health Status

Cohorts
Primary Crossover Combined Total 

N

SMT OAT SMTX OATX SMTC OATC

N 4,998 20,947 1,431 784 6,429 21,731 28,160

Age at cohort 
accrual (years)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD -

73.1 4.8 72.6 4.8 73.1 4.9 72.9 4.7 73.1 4.8 72.6 4.8 -

Age Category 
(years) n % N % n % n % n % n % -

65–69 1,599 32.0% 7,817 37.3% 461 32.2% 254 32.4% 2,060 32.0% 8,071 37.1% 10,131

70–74 1,721 34.4% 6,787 32.4% 495 34.6% 283 36.1% 2,216 34.5% 7,070 32.5% 9,286

75–79 1,125 22.5% 4,254 20.3% 302 21.1% 172 21.9% 1,427 22.2% 4,426 20.4% 5,853

80–84 553 11.1% 2,089 10.0% 173 12.1% 75 9.6% 726 11.3% 2,164 10.0% 2,890

Sex

Male 1,440 28.8% 5,543 26.5% 355 24.8% 191 24.4% 1,795 27.9% 5,734 26.4% 7,529

Female 3,558 71.2% 15,404 73.5% 1,076 75.2% 593 75.6% 4,634 72.1% 15,997 73.6% 20,631

Race/Ethnicity

White 4,768 95.4% 17,586 84.0% 1,359 95.0% 741 94.5% 6,127 95.3% 18,327 84.3% 24,454

Other / Unknown 230 4.6% 3,361 16.1% 72 5.0% 43 5.5% 302 4.7% 3,404 15.7% 3,706

Socioeconomic 
Status

Low income 
subsidy 497 9.9% 10,291 49.1% 330 23.1% 106 13.5% 827 12.9% 10,397 47.8% 11,224

Dual eligibility 414 8.3% 8,882 42.4% 265 18.5% 89 11.4% 679 10.6% 8,971 41.3% 9,650

Charlson 
Comorbidity 
Score

0 3,195 63.9% 8,740 41.7% 723 50.5% 444 56.6% 3,918 60.9% 9,184 42.3% 13,102

1 1,146 22.9% 6,148 29.4% 408 28.5% 195 24.9% 1,554 24.2% 6,343 29.2% 7,897

2 445 8.9% 3,412 16.3% 177 12.4% 93 11.9% 622 9.7% 3,505 16.1% 4,127

3 148 3.0% 1,499 7.2% 79 5.5% 33 4.2% 227 3.5% 1,532 7.0% 1,759

4+ 64 1.3% 1,148 5.5% 44 3.1% 19 2.4% 108 1.7% 1,167 5.4% 1,275

Chronic 
Condition

Osteoarthritis of 
the Hip 122 2.4% 1,309 6.3% 101 7.1% 35 4.5% 223 3.5% 1,344 6.2% 1,567

Osteoarthritis of 
the Knee 459 9.2% 3,427 16.4% 273 19.1% 124 15.8% 732 11.4% 3,551 16.3% 4,283

Fibromyalgia 1,402 28.1% 6,015 28.7% 602 42.1% 258 32.9% 2,004 31.2% 6,273 28.9% 8,277

Depressive 
Disorder 412 8.2% 6,146 29.3% 311 21.7% 122 15.6% 723 11.2% 6,268 28.8% 6,991
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Cohorts
Primary Crossover Combined Total 

N

SMT OAT SMTX OATX SMTC OATC

N 4,998 20,947 1,431 784 6,429 21,731 28,160

LBP Diagnosis 
Category

Non-Specific 
LBP 4,833 96.7% 15,646 74.7% 1,301 90.9% 730 93.1% 6,134 95.4% 16,376 75.4% 22,510

Radiculopathy 113 2.3% 3,272 15.6% 79 5.5% 35 4.5% 192 3.0% 3,307 15.2% 3,499

Herniated Disc * * 44 0.2% * * * * * * 44 0.2% 44

Spondylolisthesis * * 274 1.3% * * * * 11 0.2% 276 1.3% 274

Sprain/Strain 24 0.5% 125 0.6% * * * * 30 0.5% 130 0.6% 149

Spinal Stenosis 23 0.5% 1,586 7.6% 36 2.5% 12 1.5% 59 0.9% 1,598 7.4% 1,657

Notes: Cohort Definitions: SMT = subjects who initiated SMT in 2013 for long-term management of cLBP, with no concurrent OAT; OAT = 
subjects who initiated OAT in 2013 for long-term management of cLBP, with no concurrent SMT; SMTX = subjects with any occurrence of SMT 
in 2013, followed by initiation in 2013 of OAT for long-term management of cLBP; OATX = subjects with any occurrence of OAT in 2013, 
followed by initiation in 2013 of SMT for long-term management of cLBP; SMTC = combination of SMT and SMTX; OATC = combination of 
OAT and OATX; n = number of subjects; n/a = not applicable;

*
= data suppressed in accordance with CMS rules

Spine (Phila Pa 1976). Author manuscript; available in PMC 2023 February 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Whedon et al. Page 18

Table 2.

Proportion of Clinical Encounters Indicative of Escalation of Care

Primary Cohorts Crossover Cohorts Combined Cohorts Total

Cohort SMT OAT SMTX OATX SMTC OATC

N 4,998 20,947 1,431 784 6,429 21,731 28,160

Encounters [n (%)]

Secondary Care Encounter for 
Primary Diagnosis of LBP

Any Secondary Care Encounter 2,563 (51.3) 19,488 (93.0) 1,189 (83.1) 542 (69.1) 3,752 (58.4) 20,030 (92.2) 23,782

Hospitalization 38 (0.8) 1,026 (4.9) 50 (3.5) 18 (2.3) 88 (1.4) 1,044 (4.8) 1,132

Injections and other interventional 
procedures 509 (10.2) 10,348 (49.4) 575 (40.2) 179 (22.8) 1,084 (16.9) 10,527 (48.4) 11,611

Advanced Diagnostic Imaging 740 (14.8) 9,426 (45.0 594 (41.5) 217 (27.7) 1,334 (20.7) 9,643 (44.4) 10,977

Specialist Visit 967 (19.3) 16,493 (78.7) 802 (56.0) 307 (39.2) 1,769 (27.5) 16,800 (77.3) 18,569

Emergency Department Visit 229 (4.6) 4,787 (22.9) 201 (14.0) 59 (7.5) 430 (6.7 4,846 (22.3) 5,276

Potential Complications of LBP

Encounter for Same -level Fall with 
Trauma 1,192 (23.8) 12,676 (60.5) 702 (49.1) 282 (36.0) 1,894 (29.5) 12,958 (59.6) 14,852

Encounter for Spinal Injury 920 (18.4) 2,514 (12.0) 279 (19.5) 144 (18.4) 1,199 (18.6) 2,658 (12.2) 3,857

Notes: SMT = subjects who initiated SMT in 2013 for long-term management of cLBP, with no concurrent OAT; OAT = subjects who initiated 
OAT in 2013 for long-term management of cLBP, with no concurrent SMT; SMTX = subjects with any occurrence of SMT in 2013, followed by 
initiation in 2013 of OAT for long-term management of cLBP; OATX = subjects with any occurrence of OAT in 2013, followed by initiation in 
2013 of SMT for long-term management of cLBP; SMTC = combination of primary and crossover cohorts, in which all patients chose SMT as 
the initial treatment; OATC = combination of primary and crossover cohorts, in which all patients chose OAT as the initial treatment; n = number 
of subjects; Secondary care encounters = patient visits for primary diagnosis of LBP, identified by Current Procedural Terminology (CPT) code; 
Trauma = Head injury or Hip Fracture; Spinal Injury = sprain, dislocation, or fracture of the lumbosacral spine
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Table 3.

Secondary Care Encounters for OAT vs. SMT as Initial Approach to Long-term Care of cLBP

Propensity Scoring Method Rate Ratio CI SE P

Binning 2.43 2.40 – 2.46 0.01 <.0001

Weighting 2.67 2.64 – 2.69 0.00 <.0001

Estimate = exponentiated log of rate ratio for Cohort OATC vs. SMTC

SMTC: Initiation of care of cLBP with SMT in 2013 (combination of SMT and SMTX)

OATC: Initiation of care of cLBP with OAT in 2013 combination of OAT and OATX)

CI = confidence interval; SE = standard error; P = probability
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