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Abstract

Objectives—To compare outcomes and healthcare utilization of older patients who did versus 

did not fill opioid prescriptions within 90 days of initiating care for low back pain.
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Materials and Methods—For patients ≥ 65 years with new back pain visits, we used propensity 

scores to match those who filled no opioid prescriptions to those who filled ≥2 opioid prescriptions 

within 90 days (and the first opioid prescription within 30 days) of the index visit. Over 24 

months, we examined patient-reported outcomes, healthcare utilization, and subsequent opioid 

prescription fills.

Results—Among 1954 patients eligible for matching, 238 (12%) filled ≥2 opioid prescriptions 

within 90 days; 200 of these were matched to controls. Patients with versus without early opioid 

prescriptions had similar patient-reported outcomes but were more likely to have filled ≥1 opioid 

prescription 18–24 months after the index visit (odds ratio (95% CI) = 2.4 (1.5–3.9)) and to have 

had ≥1 visit to the emergency department in the subsequent 24 months (OR 1.6; 95% CI 1.0–2.5).

Discussion—Among older patients with new back pain visits, filling ≥2 opioid prescriptions 

within 90 days of a the visit was associated with similar back pain-related outcomes but increased 

likelihood of filling opioid prescriptions 18–24 months later compared to matched patients who 

did not fill early opioid prescriptions.

Keywords

Low back pain; Opioids; Patient-reported outcomes; Roland-Morris Disability Questionnaire 
(RDQ)

Introduction

Low back pain in older adults is common and can result in substantial disability [1, 2]. 

Opioids are widely prescribed early in the course of low back pain, in spite of guideline 

recommendations against this practice [3–7]. Furthermore, some research has shown 

associations between opioid prescriptions and poor outcomes, including worse pain and 

function after six months [8], increased likelihood of surgery [9], increased risk of long-term 

disability [9, 10], and increased likelihood of use of opioids up to two years later [9]. 

Additionally, chronic opioid therapy has been associated with more overall healthcare 

utilization as well as increased risk of opioid dependence, abuse, and overdose [11–13].

Although much research has been devoted to characterizing opioid use among middle-aged 

and younger low back pain patients [14, 15], less research has focused on opioid use among 

older adults. This is of particular importance because the proportion of the U.S. population 

65 years and older is increasing dramatically. Additionally, older adults are more susceptible 

to the adverse effects of opioids such as falls [16], sedation, constipation, and confusion 

[17]. Although rates of opioid abuse are lower in older adults compared to younger 

populations, the mortality rate resulting from misuse of opioids among older adults has 

increased steadily in the past decade [18].

We used data from a longitudinal cohort study of older patients with new episodes of care 

for low back pain. The purpose of these secondary analyses was to compare patient-reported 

outcomes (PROs), subsequent opioid use, and healthcare utilization over 24 months among 

patients who filled ≥2 prescriptions for opioids within 90 days of initiating care to a matched 

group of patients who received no opioid prescriptions during this time. We hypothesized 

that patients who filled ≥2 opioid prescriptions within 90 days would have, on average, 
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worse subsequent pain, function, and quality of life and greater healthcare utilization 

compared to otherwise similar patients who did not fill opioid prescriptions within 90 days 

of their index low back pain visits.

Materials and Methods

Study Design

The Back pain Outcomes using Longitudinal Data (BOLD) study was a prospective, 

longitudinal cohort study of patients aged 65 years or older seeking care for low back pain at 

primary care clinics, urgent care clinics, or emergency departments who did not have 

healthcare visits for back pain within the previous six months [19, 20]. Of the 13,376 

patients identified as potentially eligible, 15% could not be contacted, 15% were ineligible, 

and 27% declined to participate [20]. Index visits took place between March 2011-March 

2013 at three study sites: Henry Ford Health System, Kaiser Permanente Northern California 

(Kaiser), and Harvard Vanguard Medical Associates. However, analyses for this manuscript 

were restricted to participants from Kaiser because that was the only site with complete 

filled prescription data. All participants provided informed consent and we obtained 

institutional review board approval from each institution.

Opioid Exposure Assessment

We counted dispensed prescriptions from Kaiser electronic pharmacy data as opioids if any 

words in the drug name fields for each prescription matched to the terms for brand name or 

generic opioids listed in Supplemental Digital Content 1. We defined patients who filled ≥2 

prescriptions for opioids within 90 days (with the first opioid prescription being filled within 

≤30 days) of their index visit dates, including prescriptions filled on the date of the index 

visit, as early opioid recipients. We also calculated the mean daily morphine equivalent dose 

(MED) from the day of the index back pain visit through 90 days later for the early opioid 

group [21].

Patient-Reported Outcome Measures

At the initial assessment, which occurred 0–31 days after the index visit, we collected 

demographic data and patients provided information about their back pain, including how 

long they had had back pain and their level of confidence that the back pain would resolve in 

three months (on a scale of 0–10). At the initial assessment and at 3, 6, 12, and 24 months 

after the initial assessment, patients completed measures of back pain-related disability, pain 

severity, and health-related quality of life. The pre-specified primary outcome was the 

Roland-Morris Disability Questionnaire (RDQ), consisting of 24 questions, modified to 

assess both back and leg pain-related physical disability [22, 23]. Scores range from 0–24, 

with higher scores indicating worse function. We also analyzed the number of patients who 

had ≥30% improvement (which some consider to be the minimal clinically important 

improvement) [24] in RDQ scores between the initial and 24-month assessments. We also 

queried patients on the Brief Pain Inventory (BPI) Interference scale [25], which assessed 

back pain interference with usual activities. This score ranges from 0–10, with higher scores 

indicating greater interference with activities [26]. We assessed quality of life using the 

EuroQoL Group (EQ-5D) Index, a measure that examines mobility, self-care, usual 
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activities, pain/discomfort, and anxiety/depression [27]. This score ranges from 0–1, with 0 

indicating death and 1 indicating perfect health. We also investigated the EQ visual analog 

scale (EQ-5D-VAS), a quality of life assessment scored from 0 (worst imaginable health 

state) to 100 (best imaginable health state) [27]. We also included the Patient Health 

Questionnaire-4 (PHQ-4), a screen for depression and anxiety [28]. The scale ranges from 

0–12, with higher scores indicating greater depression/anxiety. Finally, patients reported 

their average back and leg pain intensity in the previous week, rated separately on a 0–10 

numerical rating scales (NRS) [29].

Relative Value Units (RVUs)

We obtained electronic health record (EHR) data from 12 months prior to the index visit 

date until 24 months later. These data contained information about hospitalizations and 

outpatient visits, including Current Procedural Terminology (CPT) codes [30] for each 

procedure or visit. We mapped each CPT code to its year-specific relative value unit (RVU) 

[31–34]. For each patient, we summed RVUs accumulated from the index visit date through 

24 months later and separately summed all RVUs accumulated in the 12 months prior to the 

index visit date. Similarly, we summed RVUs that were specific to the diagnosis and 

treatment of back pain (hereafter termed “spine-specific” RVUs) for healthcare utilization 

between the index visit and 24 months. When possible, we used an algorithm that combined 

CPT and International Classification of Diseases, Clinical Modification (ICD-9-CM) codes 

[35] to determine whether RVUs were spine-specific; however, most of the data did not 

include ICD-9-CM codes. Because some CPT codes are generic (e.g., evaluation and 

management visits), we only counted procedures as spine-related if they took place on the 

same date as other spine-related CPT codes (e.g., x-ray of lumbar spine) or if they occurred 

on the index visit date. We subdivided spine RVUs into those for injection therapy, spine 

imaging, and spine surgery. We included physical therapy in overall, but not spine-related, 

RVUs, because we often could not be certain that physical therapy was spine-related. 

Additionally, some data in the EHR included patient encounters for procedures such as 

vaccinations that did not include CPT codes. We assigned these the year-appropriate RVUs 

for CPT code 99211, a 5-minute evaluation and management visit that did not involve 

physician interaction.

Opioid Prescription, Emergency Department Visits, and Hospitalization Outcomes

We counted the number of opioid prescriptions filled from the end of month 3 until the end 

of 24 months, as well as in the 3- <6, 6- <12, 12-<18, and 18–24 month periods following 

the index visit dates. We also used the EHR data beginning with the index visit through 24 

months to assess the number of emergency department (ED) visits and hospitalizations.

Exclusion Criteria

Prior to matching, we excluded patients who had had lumbar spine surgery in the year before 

their index visit dates and patients who withdrew from the study or died within 24 months of 

their index visits. We also excluded patients who had filled prescriptions for ten or more 

days’ supply of opioids within the six months prior to their index visits because we wanted 

our analysis to exclude patients with substantial recent opioid use, but allow patients who 

filled short-term opioid prescriptions for indications such as dental procedures. We also 
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excluded patients who filled only one opioid prescription in days 0–90, because some 

evidence indicates that opioid users often consume less opioid medication than they are 

prescribed [36] and we assumed that patients who filled at least two prescriptions were more 

likely to have actually consumed the medication. Finally, we excluded patients who filled 

their first opioid prescriptions >30 days after their index back pain visits because they might 

have differed importantly from patients who filled opioids prescriptions soon after their 

index visits.

Propensity Matching

We matched patients who filled early opioid prescriptions to patients who did not. We used 

propensity score matching because filling two or more early opioid prescriptions was 

infrequent in this population and propensity-score matching was a statistically efficient 

method to adjust for the many variables that we suspected would act as confounders in the 

relationship between filling early opioid prescriptions and the outcomes of interest [37]. We 

constructed a propensity score [38] as the logit function of the probability of receiving ≥2 

early opioid prescriptions for patients with specific characteristics that have previously been 

found to be associated with receipt of opioid prescriptions [39], including gender [40, 41], 

age [40, 41], race [40], Hispanic ethnicity [40], education [40], smoking status [42], marital 

status [41], Quan co-morbidity category [40, 43], and initial patient-reported back pain and 

function scores [41]. We also matched for back pain characteristics that we theorized were 

related to opioid prescriptions, including back pain diagnosis at the index visit (categorized 

as axial back pain, back and leg pain, spinal stenosis, or other), back pain duration, and 

confidence that the back pain would resolve within three months. We also believed that 

RVUs in the 12 months prior to the index visit would be associated with receipt of early 

opioid prescriptions as well as utilization in the 24 months after the index back pain visits. 

Because initial PROs were almost always assessed after first opioid prescriptions had been 

filled and therefore might have been affected by opioid use, we also matched on the number 

of days between the index back pain visit and the initial PRO assessment. We matched each 

patient who filled ≥2 early opioid prescriptions to the closest control patient using a greedy 

algorithm, which found the closest match of early opioid prescription recipients to non-early 

opioid prescription recipients without replacement until no further matches could be 

identified [44].

Statistical analysis

To compare characteristics of patients who filled early opioid prescriptions with those of 

matched patients who did not, we used McNemar’s tests for categorical variables and paired 

t-tests for continuous variables. We used linear mixed effects models to compare each PRO 

measured at the initial assessment, and at 3, 6, 12, and 24 months of those who filled early 

opioid prescriptions to those who did not. We used generalized linear regression to compare 

total RVUs and spine-specific RVUs from the index visit through 24 months later for 

patients who filled early opioid prescriptions versus those who did not. We also used 

generalized linear models with log link and Poisson distribution to evaluate the relationships 

between filling ≥2 early opioid prescriptions and counts of ED visits, hospitalizations and 

the number of opioid prescriptions filled from days 91–730. Because most patients did not 
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have any ED visits or hospitalizations, we compared counts of ED visits and hospitalizations 

only among patients with at least one of these in each respective analysis.

We used conditional logistic regression to analyze the odds of having ≥30% improvement in 

RDQ between the initial PRO assessment and 24 months, having ≥1 ED visit, having ≥1 

hospitalization between the index visit and 24 months, and having ≥1 fill of opioid 

prescriptions in the 3-<6, 6-<12, 12-<18, and 18–24 month periods after the index back pain 

visits. We decided a priori to adjust all models for sex, age, baseline back/leg pain diagnosis 

category, baseline back pain duration, and RVUs in the 12 months prior to the index visit, 

even after matching for these variables, because we hypothesized that there might be 

residual confounding due to these variables. Finally, to examine differences in trends in 

utilization over time, we examined unadjusted, summed RVUs per month between the 12 

months prior to the index visit through 24 months after the index visit, stratified on early 

receipt of opioid prescriptions. We then performed t-tests to examine the unadjusted 

differences between cumulative RVUs between the two opioid groups: one t-test examined 

the difference in cumulative RVUs in the pre-index visit period and the other test analyzed 

the post-index visit period. We performed all analyses using SAS 9.4 (Cary, NC).

Sensitivity Analyses

We performed several sensitivity analyses of these data. First, we conducted all of the 

analyses described above, except we did not include initial PROs and the number of days 

between the index back pain visit and the first PRO assessment as matching variables. We 

also performed the same analyses as above except we included the patients who filled only 

one opioid prescription in days 0–90. Finally, we considered assessing and adjusting for pain 

medications besides opioids, but we did not have access to data on over-the-counter pain 

medications. We did, however, perform the same analyses described above and included an 

adjustment variable for prescription fills of acetaminophen, non-steroid anti-inflammatory 

drugs (NSAIDs), and skeletal muscle relaxants.

Results

Patient characteristics

The flow of patients in the study is shown in Figure 1. Among the 1210 excluded patients, 

497 (41% of those excluded) filled prescriptions for 10+ days’ supply of opioids in the 6 

months before the index visit date; 3 (0.2%) had lumbar spine surgery in the year prior to the 

index visit; 131 (11%) withdrew from the study within 24 months; 37 (3%) died within 24 

months, 135 (11%) filled two opioids within 90 days of the index visit, but filled their first 

prescription more than 30 days after the index visit; and 407 (34%) filled only one opioid 

prescription in days 0–90. Of the 1954 patients eligible for the matched analysis, 238 (12%) 

received at least two opioid prescriptions within 90 days (and the first prescription within 30 

days) of their index back pain visits. The final matched analysis included 200 patients who 

did not have early opioid prescriptions and 200 patients who did.

Table 1 shows characteristics of the matched group of patients who did not fill early opioid 

prescriptions compared to those who did. We observed no statistically significant differences 
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on the matching variables between the two groups. Patients who received early opioid 

prescriptions filled their first prescriptions a mean of 3 days after their index visits; 63% of 

patients filled their first opioid prescription on the same day as their index visits (data not 

shown). Patients who filled early opioid prescriptions were also more likely to have filled 

non-opioid pain medications in the first 90 days after the index back pain visit. The number 

of days between the index back pain visit and the first PRO assessment were closely 

matched between the group that did and did not fill early opioid prescriptions (Supplemental 

Digital Content 2).

Patient Outcomes

Pain and functional outcomes among patients who did and did not fill prescriptions for early 

opioids improved over the 24-month study period are shown in Figures 2a-2g. While pain 

and functional outcomes improved in both groups, we observed no meaningful differences in 

PROs at any time point between those who filled early opioid prescriptions compared to 

those who did not. In the sensitivity analyses in which we did not match on initial PROs and 

the number of days from the index back pain visit until the initial PRO interview 

(Supplemental Digital Content 3a-3g), we observed that patients in the early opioid group 

had worse pain and function at the first PRO assessment relative to those who did not fill 

early opioid prescriptions. Patients in both groups improved over time on average, but the 

scores of early opioid prescription recipients were generally worse through the 24-month 

assessments. In the sensitivity analyses in which we included patients who filled only 1 

opioid prescription among the early opioid group (Supplemental Digital Content 4a-4g) and 

the analyses in which we adjusted for non-opioid prescription pain medication fills 

(Supplemental Digital Content 5a-5g), we observed similar trends as the primary analysis; 

that is, no meaningful differences in PROs at any time points.

Compared with those who did not, patients who filled early opioid prescriptions did not 

differ significantly in overall utilization (adjusted mean difference in 24-month cumulative 

RVUs of 38; 95% confidence interval (95% CI): −5.4, 82) (Table 2) or spine-specific RVUs. 

We did observe a borderline statistically significant difference in spine injection RVUs 

(adjusted mean difference of 2.0; 95% CI: 0.8, 3.3).

Patients who filled early opioid prescriptions filled a greater number of opioid prescriptions 

from months 3–24 (mean difference 3.3 (2.3, 4.4) but had slightly fewer hospitalizations in 

the subsequent 24 months (adjusted mean difference −0.2 (−0.3, −0.004) relative to patients 

who did not fill early opioid prescriptions. Patients who filled early opioid prescriptions 

were more likely to have had at least 1 ED visit in the 24 months after index and to have 

filled at least 1 opioid prescription in the 3-<6, 6-<12, 12-<18, and 18–24 month periods 

after the index visit. Similar proportions in each group had RDQ improvement by at least 

30% between the initial PRO assessment and 24 months.

Results were similar in the sensitivity analyses (Supplemental Digital Content 6–8), We also 

found equal proportions of patients with ≥30% RDQ improvement among patients who did 

and did not fill prescriptions for early opioids. .
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The number of RVUs accumulated per month between 12 months prior to the index visit and 

24 months after the index visit, stratified by whether ≥2 early opioid prescriptions were 

filled, is shown in Figure 3. Prior to their index visits, patients who did not fill early opioid 

prescription had similar utilization compared to those who did (p=0.99 for differences in 

cumulative RVUs). However, following the index visit, those who filled ≥2 early opioid 

prescriptions had significantly greater cumulative utilization compared to those who did not 

(p=0.001). Similar results were observed in the sensitivity analyses (Supplemental Digital 

Content 9 and 10).

Discussion

In this cohort of older adults with new visits for low back pain, those who filled two or more 

opioid prescriptions within 90 days of the index visit had similar adjusted PROs at each 

study time point compared to a matched group of patients who did not fill early opioid 

prescriptions. Patients who filled ≥2 early opioid prescriptions were also significantly more 

likely to have filled prescriptions for non-opioid pain medications in the first 90 days and to 

have filled one or more opioid prescriptions well after their index back pain visits. These 

findings may indicate both a propensity to use opioids and to use prescription pain 

medications in general in this group. Although most guidelines recommend that opioid use 

for acute low back pain, if any, be limited to 2 weeks or less [17], we found that early opioid 

recipients were more likely to fill opioid prescriptions months after initiating care for their 

low back pain. Although our study sample consisted of “young” older patients, with a mean 

age of 73 years, this finding is of particular concern in older populations due to their 

increased susceptibility to adverse events linked to opioids such as delirium [45, 46], 

pneumonia [47], constipation, nausea, dizziness [48], mortality [49], and falls [16].

We cannot be certain what factors caused some patients in our analyses to receive early 

opioid prescriptions while others did not, since both groups were similar in terms of baseline 

back pain, disability, and sociodemographic factors. Evidence indicates that opioid 

prescribing patterns vary widely among individual providers in emergency departments [50]. 

We did not have enough patients per provider to examine whether some providers were more 

likely than others to prescribe opioids, but we speculate that individual provider preferences 

and practice patterns may have played a role in determining whether patients received 

opioids soon after their index visits.

Although we did not observe statistically significant adjusted differences in overall or spine-

specific RVUs between the group that received early opioid prescriptions and the group that 

did not, we did find increased utilization in the early opioid group in terms of unadjusted, 

per month RVUs after the index visit, as well as the summed 24-month RVUs from spine 

injections. Prior studies have also reported associations between opioid prescriptions and 

increased short-term healthcare utilization [11, 51]. One of the contributors to the greater 

RVUs may have been that opioid prescriptions require provider visits, and those visits have 

associated RVUs; however, RVUs associated with evaluation and management visits are 

minimal, ranging from 0.2 to 2.1 in 2012.
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A major strength of this study was the availability of PRO and EHR data from a large 

sample of older adults with low back pain. However, an important limitation of our study is 

that, in almost all cases, the PROs of the patients in cohort who filled early opioid 

prescriptions were not assessed until after the opioid prescriptions had been filled, and 

therefore we cannot know the effect the early opioids had on the initial PROs. It remains 

possible that those who received opioids within 90 days of the index visit were different in 

important ways not measured in this study; for example, the two groups may have differed in 

opioid use prior to the 6 months before the index visit or in provider characteristics 

associated with both tendency to prescribe opioids and patient outcomes. However, when we 

performed sensitivity analyses that did not match on initial PROs or the number of days 

between the index back pain visit and the initial PRO assessment, we found results in terms 

of utilization and subsequent opioid use that were similar to those in the primary analyses.

Another limitation of our study is that we had data only on prescription fills of opioid 

medications, which does not necessarily indicate that the patients consumed the medications. 

Our intent in limiting the early opioid group to those who had ≥2 fills within 90 days was to 

increase the likelihood that they actually consumed opioids. We also did not have 

information on the indications for the opioid prescriptions, so we cannot be certain that the 

patients were filling the opioid prescriptions for their low back pain. We hoped to increase 

the likelihood that the opioids were prescribed for the back pain that was associated with the 

index visit by requiring fills of opioid prescriptions within 90 days. Another limitation is that 

it is possible that some patients who were classified as non-opioid recipients may have filled 

prescriptions for opioids outside of the Kaiser system; however, because Kaiser patients 

incurred out-of-pocket costs if they filled their prescriptions at outside pharmacies, we do 

not expect that many patients did so. Additionally, patients who were more likely to ask for 

and fill early opioid prescriptions might also have been more likely to have had high 

subsequent healthcare utilization. We attempted to adjust for this patient characteristic by 

including RVUs from the prior year in the propensity score and as an adjustment variable.

Conclusions

Among older adults with new visits for back pain, those who filled ≥2 opioid prescriptions 

within the next 90 days had similar scores on measures of pain and function across all time 

points, and similar healthcare utilization over the next 24 months, but were more likely to 

have filled prescriptions for opioids well after their index back pain visits compared to a 

matched cohort of patients who did not. Further research is indicated to determine optimal 

pharmacologic and non-pharmacologic strategies for treating older adults initiating care for 

low back pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study Sample.
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Figure 2. 
a-g. Adjusted means and 95% confidence intervals of patient-reported outcomes (PROs) 

among patients who had ≥2 early opioid prescriptions compared to those who did not.
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Figure 3. 
Cumulative Relative Values Units (RVUs) Per Month Stratified by Baseline Opioid Status.
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