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Objectives:   Patients receiving chiropractic spinal manipulation (CSM) for low back pain (LBP) are less likely to receive any opioid prescription for subsequent pain management. However, the likelihood of specifically being prescribed tramadol, a less potent opioid, has not been explored. We hypothesised that adults receiving CSM for newly diagnosed radicular LBP would be less likely to receive a tramadol prescription over 1-year follow-up, compared with those receiving usual medical care.

Design:   Retrospective cohort study.

Setting:   US medical records-based dataset including >115 million patients attending academic health centres (TriNetX, Inc), queried 9 November 2023.

Participants:   Opioid-naive adults aged 18-50 with a new diagnosis of radicular LBP were included. Patients with serious pathology and tramadol use contraindications were excluded. Variables associated with tramadol prescription were controlled via propensity matching.

Interventions:   Patients were divided into two cohorts dependent on treatment received on the index date of radicular LBP diagnosis (CSM or usual medical care).

Primary and secondary outcome measures:   Risk ratio (RR) for tramadol prescription (primary); markers of usual medical care utilisation (secondary).

Results:   After propensity matching, there were 1171 patients per cohort (mean age 35 years). Tramadol prescription was significantly lower in the CSM cohort compared with the usual medical care cohort, with an RR (95% CI) of 0.32 (0.18 to 0.57; p<0.0001). A cumulative incidence graph demonstrated that the reduced incidence of tramadol prescription in the CSM cohort relative to the usual medical care cohort was maintained throughout 1-year follow-up. Utilisation of NSAIDs, physical therapy evaluation and lumbar imaging was similar between cohorts.

Conclusions:   This study found that US adults initially receiving CSM for radicular LBP had a reduced likelihood of receiving a tramadol prescription over 1-year follow-up. These findings should be corroborated by a prospective study to minimise residual confounding.
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From the FULL TEXT Article:

Background

Tramadol is an atypical, synthetic opioid with comparatively lower potency that has been increasingly prescribed in the USA for low back pain (LBP). [1, 2] Chiropractors are healthcare clinicians who often treat LBP using spinal manipulation (ie, chiropractic spinal manipulation (CSM)), a manual therapy directed to the joints of the spine. [3, 4] While previous studies have found that individuals with LBP receiving CSM are less likely to be prescribed any opioid, [5–9] no study has specifically focused on the likelihood of tramadol prescription.

Tramadol functions via dual mechanisms, whereby it both stimulates opioid receptors and inhibits norepinephrine and serotonin reuptake. [10, 11] The strength of tramadol as measured by morphine milligram equivalents (MMEs) is comparatively low at 0.2 MME, as compared with other prescription opioids, such as morphine and hydrocodone, which are both 1.0 MME. [11] In addition, tramadol is short-acting, with a half-life of approximately 6?hours. [10] According to the US Food and Drug Administration, tramadol is a schedule IV drug, whereas other stronger potency prescription opioids (eg, morphine, hydrocodone) are schedule II drugs and thus more stringently regulated. [12] In the setting of increased overuse, misuse and abuse of opioids in the USA, tramadol may be prescribed in place of stronger potency opioids as it is often perceived as a safer alternative, [13–15] with fewer and less severe associated adverse events such as constipation, pruritus and neuropsychological symptoms. [16, 17] However, several major clinical practice guidelines for LBP do not provide recommendations for or against tramadol prescription. [18–21]

Globally, tramadol is the most consumed opioid in terms of MME per 1000 inhabitants per day. [22] According to one study based on a large, nationally representative US sample (n=50?201), overall opioid prescriptions slightly declined from 2005 to 2018; however, prescription of tramadol increased during this time period. [13] In another survey of US military members (n=809), 77% of whom had LBP, 35% reported being prescribed tramadol over the preceding 3?months.1 In addition, tramadol is often prescribed for individuals with radicular LBP, [23, 24] which is characterised by radiating pain into the lower extremity, with or without corresponding neurological deficits (ie, weakness, sensory loss).

While respiratory depression, constipation and safety events requiring hospitalisation are less prevalent with tramadol compared with other prescription opioids, [10, 16] tramadol still carries the risk of chronic, persistent opioid use, and may trigger deleterious sequelae such as neurobehavioural disorders. [25] One retrospective cohort study of cancer-free, opioid-naive individuals in the USA undergoing elective surgery (n=444?764) found that those receiving tramadol had a 6% increased risk of additional opioid prescription over the following 180 days compared with those receiving other short-acting opioids.12 However, it remains unclear whether tramadol prescribed for LBP increases the risk of long-term opioid use. [24]

As portal-of-entry clinicians, chiropractors frequently care for patients with LBP, often using CSM. [3, 4, 8, 26] CSM has been found to be effective for radicular LBP [27] and is recommended by numerous clinical practice guidelines for treatment of this condition. [20, 28, 29] While chiropractors do not prescribe opioids, several studies have found that individuals receiving CSM for LBP are less likely receive any opioid prescription. [5, 6, 8, 9] However, to our understanding, these studies did not differentiate between individual types of opioid prescriptions. Therefore, it is unclear if previous studies’ findings reflected a decrease in tramadol versus non-tramadol prescription opioids.

Prior studies have proposed several potential mechanisms for the association between initial CSM and reduced opioid prescribing. First, spinal manipulation may reduce pain and increase back-related function, thereby reducing the need for opioids. [5] Second, as chiropractors do not prescribe medications, their patients would not receive an opioid prescription at an initial visit and could only receive a prescription if subsequently visiting a medical clinician. [5, 6] These mechanisms may apply broadly to other types of non-pharmacological care, such as physical therapy, [5, 8, 9] examination of which is beyond the scope of the present study.

Objectives

Considering the recent increase in tramadol prescribing for LBP, the current study aimed to examine the association between receipt of CSM and tramadol prescription among adults with a new diagnosis of radicular LBP. We hypothesised that adults receiving CSM on the index date of radicular LBP diagnosis would have a reduced likelihood of tramadol prescription relative to those receiving non-chiropractic usual medical care over 1-year follow-up.

Materials and methods

      Study design

We used a retrospective cohort design with new-user, active-comparator features to reduce bias, [30, 31] and registered our protocol a priori in the Open Science Framework. [32] Study reporting follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement. [33] This study was deemed Not Human Subjects Research by the University Hospitals Institutional Review Board (Cleveland, Ohio, USA, STUDY20230159).


Figure 1

Considering that the prescribing of tramadol has increased over the past decade, [13, 34] we only used data from 1 January 2017 to the query date (9 November 2023). Patients were included up to 1 year prior to the query date (9 November 2022), to allow for sufficient follow-up time to capture the outcome. To limit loss to follow-up, patients were required to have an additional healthcare visit any time from 1?day to 1 year after radicular LBP diagnosis (Figure 1). We made two alterations to our a priori protocol wherein we (1) controlled for receipt of any prescription medication over the previous year via propensity matching, as a strategy to reduce any potential selection bias related to patients’ preference towards receiving pharmacological versus non-pharmacological care, [5, 35–37] and serve as an improvement on an E-value sensitivity analysis, [38] and (2) added a cumulative incidence graph as a sensitivity analysis to provide greater insights into the timing of tramadol prescription between cohorts.

      Setting and data source

The present study derived data from a US research database (TriNetX, Inc) which includes aggregated deidentified medical records from over 115?million patients seeking care across 80 academic healthcare institutions. [39] The TriNetX platform uses several strategies to safeguard patient information, such as maintaining anonymity of the specific participating healthcare institutions and geographic locations. This database may be searched using standardised nomenclature, such as the International Classification of Diseases, 10th Edition (ICD-10) diagnosis codes. The TriNetX data are routinely examined for completeness, [39, 40] and one validation study reported that its data for medications were at least 87% complete.41 Although specific healthcare sites cannot be revealed, chiropractors employed in the types of academic, integrated settings included in this network typically have at least 21 years of clinical experience. [42] Only 5% of chiropractors are employed within large integrative health settings such as those included in the TriNetX dataset. [4]

      Participants

Eligibility criteria

      Inclusions

We included adults aged 18–50 on the index date of a diagnosis of radicular LBP, which was defined as the first occurrence of this diagnosis in the dataset. Rather than all types of LBP, radicular LBP was chosen for analysis to create homogeneity between the CSM and usual medical care cohorts, considering that tramadol could be more often prescribed in this subset of LBP. [23, 24] In addition, radicular LBP is diagnosed in the presence of specific signs and symptoms (ie, radiating, dermatomal pain, paresthesia and/or segmental neurological deficits). [43] Thus, specifically analysing patients with radicular LBP helped ensure that both cohorts had a similar degree of LBP complexity.

Young to middle-aged adults were included, given that radicular LBP is typically the result of a lumbar disc herniation in patients in this age range. [44, 45] In contrast, older adults with radicular LBP may have lumbar stenosis, an often chronic disorder with different pathophysiology and potentially different management. [46] Narrowing the study population by age and diagnosis aimed to create a more predictable case definition for radicular LBP and thus allow for greater comparability between cohorts.

Patients with radicular LBP were included by requiring the presence of at least one of several diagnosis codes describing lumbar or sacral radiculopathy or sciatica (online supplemental table 1). [47] We did not include diagnoses describing disc degeneration or displacement, which may cause localised LBP without radicular symptoms. [48]

We divided patients into two cohorts depending on whether they did or did not receive CSM on the index date of radicular LBP diagnosis. Those receiving any of the Current Procedural Terminology (CPT) codes specifying CSM (online supplemental table 2), which are used almost entirely by chiropractors in the USA, [49] were included in the CSM cohort. Those not receiving CSM on the index date of diagnosis formed the usual medical care cohort. For the purposes of this study, usual medical care was considered any of a range of medical services, such as medications, interventional procedures, surgery, healthcare encounters, physical therapy, or exercise, barring CSM.

      Exclusions

We excluded individuals prescribed opioids at baseline, thus only including opioid-naive patients as part of our new-user design. We excluded patients with any opioid prescription within the preceding year, a duration at the high end of previous studies [50–52] (online supplemental table 3). We also excluded several conditions over a 1-year window preceding and following the index date of radicular LBP diagnosis to make cohorts more comparable: serious pathology (ie, cancer, infection, fracture and cauda equina syndrome), fibromyalgia, lumbar surgery, lumbosacral plexopathy, multiple sclerosis, myelopathy, scoliosis and spondylolisthesis; and those with contraindications to tramadol prescription (ie, monoamine oxidase inhibitor prescription, [53] opioid sensitivity [10] and pregnant women). [10]

      Variables

Tramadol   We examined tramadol prescription by identifying any occurrence of its RxNorm code (10689) over a 1-year follow-up after the index date of radicular LBP diagnosis. As radicular LBP typically improves over the course of 3?months to a year, we considered a 1-year follow-up window to be clinically relevant. [54, 55]

We chose to focus our study on tramadol prescription rather than other opioids for several reasons. First, tramadol is commonly prescribed for radicular LBP. [1, 23, 24] Second, tramadol has a unique pharmacological profile, including the inhibition of norepinephrine and serotonin reuptake. In contrast to other opioids, it is contraindicated in individuals who are also prescribed a monoamine oxidase inhibitor, [53] thus requiring a customised study design. Third, our exclusion of patients with serious pathology would likely lead to underestimates of the prescription rates for more potent opioids (eg, morphine and fentanyl), which are often prescribed for cancer-related pain. [56]


      Potential confounders

To reduce selection bias, we used propensity-score matching to balance confounding variables between cohorts associated with tramadol prescription.30 Variables present within 1 year preceding and including the index date of radicular LBP diagnosis were eligible for matching. Confounders with a negative or positive association with tramadol prescription were selected. To help account for any potential patient preference to avoid prescription medications in the CSM cohort, [35] we controlled for receipt of any prescriptions in the year preceding the index date (online supplemental table 4):

Antidepressants (negative). [57]

Asthma (positive) [58]

Demographics: age, sex, race, ethnicity (positive or negative) [58, 59]

Medication prescription in the preceding year (positive) [35]

Gastrointestinal disorders (negative) [58]

Radiographs (positive). [60]

Social determinants of health: problems related to education59 and economic circumstances (positive) [60]

      Study size

We calculated a total required sample size of 396 using G*Power (V.3.1.9.7, University of Kiel, DE). We used a z-test for determining the difference between two proportions, using data from a recent study regarding opioid prescription and CSM versus medical care (ie, 0.35 vs 0.19), [61] two tails, alpha error of 0.05 and power of 0.95. Comparison with cohort sizes from our previous work examining radicular LBP and CSM using the same database suggested that we would have a sufficient sample. [62]

      Statistical methods

We compared key features of both cohorts using a Pearson ?2 or independent-samples t test. Propensity-score matching was conducted in real-time within the TriNetX dataset viewing platform using a greedy nearest-neighbour algorithm with one-to-one matching and a calliper width of 0.1 pooled SD, using a standardised mean difference (SMD) of <0.1 as a marker of successful covariate balance. [63] The risk ratio (RR) for tramadol prescription was derived by dividing the risk (incidence proportion) in the CSM cohort by the risk in the usual medical care cohort. There were no imputations for missing data. To provide better insight regarding the timing of prescription over follow-up, we conducted a post-hoc sensitivity analysis to graph the cumulative incidence of tramadol prescription per cohort with 95% CIs.

To examine the proportion and RR of various treatments during follow-up we added secondary outcomes of CSM in the usual medical care cohort (CPT: 98940, 98941, 98942), and markers of usual medical care in both cohorts including physical therapy evaluations (CPT: 1029677), non-steroidal anti-inflammatory drugs (NSAIDs (Veterans Health Administration National Drug File: CN104 and MS102)), and a composite outcome of lumbar spine imaging including lumbosacral radiography (CPT: 1010381), lumbar computed tomography (CPT: 1010395) and lumbar magnetic resonance imaging (CPT: 1010405 and 1010408). [64] We deemed RR point estimates less than 0.73 and greater than 1.38 to represent meaningful between-cohort difference. [65]

      Patient and public involvement

No patient or public involvement.

Results

      Participants

Our query identified eligible patients from several healthcare organisations (CSM: 9; usual medical care: 73). The total CSM population within TriNetX at the time of the query was 141?532. Only 2,467 patients met the base CSM population definition, receiving CSM on the first date of a diagnosis of radicular LBP. This cohort size was further reduced by 20% when applying age criteria, by 25% after exclusions for diagnoses and contraindications, by 19% after excluding those with prior opioid prescriptions and reduced by 3% when restricting to the desired time window.


Table 1

Before propensity-score matching there were 1,171 patients in the CSM cohort and 258?041 patients in the usual medical care cohort (Table 1; available data for baseline characteristics). [66] After matching, there were 1,171 patients in both cohorts (mean age: 35 years, SD=8) as this process discarded usual care patients who did not match a CSM patient. Before matching, patients in the CSM cohort were younger, less often identified as Asian, Hispanic or Latino, or black or African American, and less often were prescribed any medication, yet more often prescribed a selective serotonin reuptake inhibitor or serotonin and norepinephrine reuptake inhibitor antidepressant over the preceding year (SMD >0.1 for each). After propensity matching there were no meaningful between-cohort differences for any matched variable (SMD <0.1 for each).

      Descriptive data

The mean number of data points per patient per cohort was sufficient (CSM: 1,287; usual medical care: 850). After propensity matching, the frequency of unknown demographic variables was similar for both cohorts: unknown ethnicity (15%, SMD=0.005), unknown sex (<1%, SMD=0) and unknown age (0%, SMD=0). A graph of the propensity score density showed that the cohorts were well-balanced following matching (online supplemental figure 1; available data for figure [67]). These findings suggested that there were negligible between-cohort differences with regards to missing data, data density, and covariate balance.

      Key results


Table 2

The proportion of patients who received a tramadol prescription over 1 year following the index event of radicular LBP diagnosis was lower in the CSM cohort compared with the usual care cohort (Table 2). After propensity matching, 1.3% of the CSM cohort had received a tramadol prescription, compared with 4.0% of the usual medical care cohort, yielding an RR (95%?CI) of 0.32 (0.18 to 0.57; p<0.0001) for our primary outcome.

      Sensitivity analysis

Figure 2

A cumulative incidence graph suggested that the incidence of tramadol prescription in the usual medical care cohort increased relative to the CSM cohort early during follow-up (Figure 2; available data for cumulative incidence). [68] The cumulative incidence curves did not converge during or at the end of the 1-year follow-up window, suggesting that a significant difference in prescription incidence was maintained.

      Secondary outcomes

After matching, compared with the CSM cohort, patients in the usual medical care cohort seldom received CSM during follow-up (?10 patients, <1%), yielding an RR of 105.60 (95% CI: 56.95 to 195.80). Markers of usual medical care were similar between cohorts during follow-up, including NSAIDs (CSM: 24%; usual medical care: 27%; RR=0.90 (95% CI: 0.78 to 1.03); p=0.1277), lumbar spine imaging (CSM: 14%; usual medical care: 18%; RR=0.75 (95% CI: 0.62 to 0.90); p=0.0020) and physical therapy evaluation (CSM: 9%; usual medical care: 8%; RR=1.03 (95% CI: 0.79 to 1.35); p=0.8233).

Discussion

To our knowledge, this retrospective cohort study was the first to examine the association between CSM and tramadol prescription, and used a propensity-matched sample of opioid-naive US adults. These real-world findings support our hypothesis that adults initially receiving CSM for a new diagnosis of radicular LBP have a reduced likelihood of receiving a tramadol prescription over 1-year follow-up.

Analysis of care utilisation markers suggested that patients in the usual medical care cohort seldom received CSM following the index date. In addition, both cohorts demonstrated similar utilisation of usual medical care (ie, NSAIDs, physical therapy and lumbar imaging).64 Therefore, the cohorts were distinct with respect to CSM use, but similar with respect to usual medical care services. These findings further strengthen our results by highlighting that tramadol prescribing differed while other markers of usual medical care remained similar between cohorts.

We suggest that receiving initial CSM for radicular LBP could reduce the likelihood of tramadol prescription either via direct pain relief mechanisms or due to entry into a non-pharmacological care pathway. First, the known efficacy of CSM in alleviating radicular LBP27 could provide patients with substantial pain relief, therefore obviating the need for pharmacological treatment. Second, radicular LBP has a favourable natural history;54 55 thus, if patients first visited a non-pharmacological clinician for CSM, they may not have presented to a clinician with a scope of practice capable of prescribing tramadol when most symptomatic.

In the present study, we found a relatively low incidence of tramadol prescription in both cohorts compared with previous studies (eg, <5% for both cohorts compared with >15% in prior studies).1 23 One study reported that 35% of US military members, mostly with LBP, received a tramadol prescription over a span of 3?months.1 In another study conducted in Switzerland, 16% of patients with LBP received a tramadol prescription over a 6-month follow-up.23 The comparatively lower incidence of tramadol prescription in our study is likely explained by our methods of (1) excluding patients who received an opioid prescription over the preceding year, (2) excluding patients with serious pathology who would be more likely to receive an opioid prescription and (3) including patients with a new radicular LBP diagnosis, which helped exclude patients more likely to receive pharmacologic pain management for chronic LBP.

Although our CSM cohort had a small absolute reduction in tramadol prescription (~3%), we cannot rule out a clinically important effect of this care pathway. Considering that tramadol users may develop addiction, physical dependence or long-term use,10 12 a longer-duration follow-up study that expressly investigates these outcomes is warranted. In addition, some evidence suggests that adults with LBP receiving CSM have a significantly reduced odds of adverse drug events.69 As tramadol is also associated with adverse sequelae such as seizures and serotonin syndrome,25 it would be beneficial to investigate these potential adverse events in a similar follow-up study. Such a study would require a larger sample size and consider tramadol dosage and other medications concurrently prescribed, features which were not feasible in the present study.

Our findings are similar to previous studies which found that patients receiving CSM for LBP were less likely to receive an opioid, benzodiazepine or gabapentin prescription.6 9 38 62 These medications are similarly not endorsed by clinical practice guidelines for treating LBP.18–21 Accordingly, our study adds to existing evidence that patients initiating care for LBP with CSM are more likely to enter a guideline-concordant pathway with respect to medication prescribing.6 9 62 Furthermore, our findings corroborate previous authors’ suggestions that chiropractors, along with other non-pharmacological care clinicians (eg, physical therapists) may serve as an initial point of contact for LBP.5 8 70 71

As a retrospective, real-world study, our findings should be corroborated or extended with future research. A prospective observational study or pragmatic trial would minimise sources of confounding and enable measurement of several key medications used for the management of LBP in tandem, such as types of opioids, gabapentinoids, benzodiazepines and non-steroidal anti-inflammatory medications.72 Further, other measures of pain severity, disability, adverse events and health-related quality-of-life could be examined alongside these pharmacological outcomes. Future studies could also focus on a different population (eg, older adults, paediatric patients, chronic LBP or private practice healthcare environments).

Further research is also needed to determine whether there is a broad impact of non-pharmacological care on tramadol prescribing for radicular LBP. Ideally this would include several cohorts representing pharmacological clinicians, such as primary care physicians, orthopaedists and physical medicine and rehabilitation specialists, as well as non-pharmacological clinicians, such as chiropractors, physical therapists and acupuncturists. Given the differences in direct access among non-pharmacological providers,26 73 the study would be modified from our current design to implement a flexible inclusion window to account for a potential lag between the date of diagnosis and date of initiating care. Such an analysis is beyond the scope and capacity of our present study and methods.

      Limitations

The main limitation of this study is the potential for unmeasured confounders to influence results. Certain variables that may influence the likelihood of tramadol prescription are unavailable or poorly represented in the TriNetX dataset, including pain severity,58 60 income,60 insurance type,60 geographic location,60 type of medical clinician seen,74 75 education level,59 marital status,59 patients’ requests for medication (ie, pressure to prescribe), or conversely, reluctance to consider taking a prescription opioid.36 37 76 Although the TriNetX database contains medical record data, we did not have access to detailed patient charts to directly validate our results due to the deidentified, aggregated nature of the dataset sourced from multiple healthcare organisations.

As such, we may have misclassified patients according to having a new diagnosis of radicular LBP. Variables included in propensity matching could also be incorrect or missing for each patient. While tramadol prescriptions were temporally associated with the index radicular LBP diagnosis, it is possible these may have been prescribed for another condition or procedure. This possibility was minimised by accounting for common indications for tramadol via exclusion (eg, serious pathology)18 and propensity matching (eg, fibromyalgia)14. We were unable to access data regarding MMEs, which limited our insight into possible tramadol dosing variability between cohorts during follow-up. The results of this study may only be generalisable to patients receiving care and chiropractors delivering CSM at large academic healthcare organisations in the USA. Other regions may have different drug scheduling status for tramadol, prescription guidelines, or management strategies for LBP.

Conclusion

This propensity-matched retrospective cohort study found that US adults initially receiving CSM for a new index diagnosis of radicular LBP had a reduced likelihood of receiving a tramadol prescription over 1-year follow-up compared with those receiving usual medical care. Our findings may not be broadly generalisable given they derive from academic healthcare settings in the US and should be corroborated by a prospective study to minimise residual confounding.
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