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Abstract

Objectives: Fractures of the hip, distal radius, and proximal humerus are common in the 

Medicare population. This study’s objective was to characterize patterns and duration of opioid 

use, including regional variations in use, after both surgical and non-operative management.

Design: Population-based cohort study

Setting and Participants: A cohort of opioid-naïve community-dwelling United States (US) 

Medicare beneficiaries who survived a hip, distal radius, or proximal humerus fracture between 

January 1st, 2007 and December 31st, 2010. Cohort members were required to be opioid-naïve for 

4 months prior to fracture.

Measures: We analyzed the proportion of patients with an active opioid prescription in each 

month following the index fracture, and report continued fills at 12 months post-fracture. We also 

compared opioid prescription use in fractures treated surgically and non-surgically and 

characterized state-level variation in opioid prescription use at three months post-fracture.

Results: There were 91,749 patients included in the cohort. Hip fracture patients had the highest 

rate of opioid use at 12 months (6.4%), followed by proximal humerus (5.7%), and distal radius 

(3.7%). Patients who underwent surgical fixation of proximal humerus and wrist fractures had 

higher rates of opioid use in each of the first 12 postoperative months compared to those managed 

non-operatively. There was significant variation of opioid use at the state level, ranging from 7.6% 

to 18.2% of fracture patients filling opioid prescriptions 3 months after the index fracture.
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Conclusions/Implications: Opioid-naïve patients sustaining fragility fractures of the hip, 

proximal humerus or distal radius are at risk to remain on opioid medications 12 months after their 

index injury, and surgical management of proximal humerus and distal radius fractures increases 

opioid use in the 12 months after the index fracture. There is significant state-level variation in 

opiate consumption after index fracture in non-vertebral geriatric fragility fractures. Opportunity 

exists for targeted quality improvement efforts to reduce the variation in opioid use following 

common geriatric fragility fractures.
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Introduction

Fractures of the hip, distal radius and proximal humerus are the most common non-vertebral 

fragility fractures in patients over the age of 65.1–3 Although the incidence of these fractures 

varies among different demographic groups and geographic regions of the United States4–6, 

the incidence of these fractures is projected to increase.7–9 The morbidity, mortality, and 

costs associated with fragility fractures have been well-documented10–12, with one study 

noting that 30% of patients with a fragility fracture will enter a post-acute care facility for 

the first time.13

In the acute setting, pain management often assumes a central role after fracture. While pain 

management can take many forms depending on the clinical presentation of the patient, 

opioid pain medications are often used for analgesia. A recent study found that in Medicare 

patients with hip, distal radius, or proximal humerus fragility fractures, opiate use increased 

in a statistically significant manner after the fracture event.14 Though failure to manage pain 

for these patients in the acute setting can increase morbidity and delay discharge15,16, 

narcotic use comes with its own risks, including but not limited to dependence17; increased 

risk of balance disturbance and falling18; increased risk of secondary fracture at higher 

doses19; and multiple side effects including sedation, dizziness and balance problems, 

nausea, vomiting, constipation, and respiratory depression.20 These risks are especially 

pronounced in the US, which consumes upwards of 80% of the global opioid supply and up 

to 99% of the world’s oxycodone and hydrocodone.21,22 Indeed, on a societal level, US 

prescription opiate use and concomitant abuse has increased substantially over the past 2 

decades.21,23–25 Additionally, in the “flood of opioids”26, deaths attributable to prescription 

opioids in the general population more than tripled between 1999 and 2014.27

Opioid prescribing patterns among US patients with fragility fractures is an important area 

for investigation. A recent study found that over 14% of opioid-naïve Medicare beneficiaries 

admitted to a hospital were given a new narcotic prescription at hospital discharge.28 This, 

along with data about the high prevalence of opioid use after fragility fractures in the 

Medicare population14, raises the concern that people with acute injuries resulting in 

fracture may be a population at particular risk of prolonged exposure to prescription opioids.

The purpose of this study was to characterize the patterns and duration of opioid use, 

including regional variations in use, after both surgical and non-operative management of 
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fragility fractures in the hip, proximal humerus and distal radius in the US Medicare 

population. We hypothesized that a proportion of previously opioid-naïve patients would 

continue to use opioid medications 12 months after the fracture, that surgical treatment 

would lead to less opioid use, and that there would be significant state-level variation in 

opioid use.

Methods

Study Cohort

The study was approved by the Committee for the Protection of Human Subjects at XXX 

(STUDY0002338, last approval date 04/27/17). The cohort used in this study consisted of 

US Medicare beneficiaries who sustained a fracture of the hip, proximal humerus or distal 

radius between January 1st, 2007 through December 31st, 2010. Fractures were identified 

using International Classification of Diseases, Ninth Revision codes and had to be 

accompanied by an appropriate surgical procedure code (Current Procedural Terminology 

code) in the case of hip fracture or a code for a radiographic examination within 7 days of 

the diagnosis of a proximal humerus or distal radius fracture and immobilization or 

treatment. Beneficiaries sustaining a second fracture after the index fracture were excluded. 

Beneficiaries had to be enrolled in Medicare Parts A and B without managed care 

enrollment for one year before and one year after the fracture or until death. Beneficiaries 

were also required to be enrolled in Medicare Part D (prescription drug coverage) for four 

months prior to the index fracture and for 12 months after the fracture or until death. The 

beneficiaries were further required to be community dwelling at the time of the fracture and 

for at least 30 days within the four months following the fracture to ensure that retail 

pharmacy prescriptions would be captured in the database. Finally, beneficiaries were only 

included in the cohort if they were opioid-naïve prior to their index fracture. We defined 

opioid-naïve as no opioid prescription fills in the four months prior to fracture, excluding the 

immediate seven days prior to account for possible discrepancies between the date of 

diagnosis and the date a fracture occurred. Beneficiaries with hip fractures treated non-

operatively were excluded because this small proportion of patients often are at the end of 

life and not appropriate for examination of long-term pharmaceutical use. A full description 

of the details regarding cohort selection, the database and the algorithm used to identify 

index fractures among beneficiaries has previously been published.29

Opioid Use

Pharmacy claims from the Part D Prescription Drug Event file were used to identify opioid 

prescriptions filled by patients in outpatient pharmacies. After the index fracture date, some 

beneficiaries may initiate opiates for reasons unrelated to the fracture. To reduce this 

possibility, measurement of chronic post-fracture opiate use was limited to those patients 

who had their first prescription fill within 3 months of the fracture.

Statistical Analysis

The demographic characteristics of the study population were summarized according to 

fracture type. Generalized linear mixed models were applied to binary indicators of 

individual opiate use in each month post fracture using a logit link function, and interaction 
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terms were used to estimate monthly rates stratified by index fracture type. By modeling 

monthly rates, we estimated the use among survivors for each month in question. 

Beneficiary identifier numbers and indicators of state of residence were used as random 

effects. Age, gender, race, Charlson comorbidity score, operative vs. non-operative treatment 

and month post fracture were used as fixed effects. The adjusted percentage of fracture 

patients with opiate fills was then plotted over time, excluding the first month. This month 

had high missing data because prescription fills for patients in hospital or inpatient 

rehabilitation are not present in Part D files. To estimate the effects of surgery, separate 

models including the interaction of month and operative status were fit to obtain the adjusted 

percentage of fracture patients filling opiate prescriptions by operative status.

Regional variation in opiate use is presented by state. The adjusted percentage of opioid 

users at the third month post fracture were estimated for each state using empirical Bayes 

methods which adjust for demographic factors and the potential instability in raw rates due 

to variable population sizes. States were placed into population-weighted quintiles and the 

results were presented as a map. The third month post-fracture was chosen to avoid the 

problem of missing prescription data in the first month while also capturing a time point 

where a substantial proportion of beneficiaries would still be using opioids after their 

fracture.

Results

The cohort consisted of 91,749 patients who met the inclusion criteria for this study. The 

flowchart describing the cohort creation is shown in Figure 1. The demographics, 

comorbidities, and fracture types of the cohort are summarized in Table 1. Across all 

fracture types, the mean age was 80.4 years, 84.2% were women and 89.2% were white. The 

majority (65.3%) had zero or one Charlson comorbidity and 6.2% died within one year of 

their index fracture. Of the entire cohort, 61.1% were treated surgically, with 29.5% and 

22.0% of distal radius and proximal humerus fractures treated surgically, respectively.

Opiate prescriptions after fracture

The percent of patients filling an opioid prescription per month after the index fracture based 

on the generalized linear mixed model is shown in Figure 2. In general, opiate use drops off 

quickly after a fracture but stops declining approximately six months post fracture, never 

going to less than 3.8% for any fracture type. At 12 months, hip fractures had the highest 

percentage of patients continuing to fill opiate prescriptions (6.4%), followed by proximal 

humerus fractures (5.7%) and distal radius fractures (3.8%). The hip and humerus fracture 

use rates were not significantly different from each other, while the rates of use after distal 

radius fracture were significantly lower than the hip and proximal humerus cohorts.

Opiate exposure after surgical versus nonoperative treatment

For both proximal humerus and distal radius fractures, patients who were treated surgically 

had a higher rate of opiate use every month after the index procedure up to month 6, after 

which the differences gradually became less pronounced and often non-significant. 

Significantly higher opiate use among surgical patients persisted longer for proximal 
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humerus (out to month 11) than for distal radius fracture patients. A proportion of patients in 

both the operative and non-operative cohorts remained on opioids after 12 months, ranging 

from a high of 6.0% in the operatively treated proximal humerus group to a low of 3.8% in 

the non-operative distal radius group.

Regional variation in opiate use

There was significant regional variation in opiate use after fracture among states (Figure 3). 

There was 2.4-fold variation in opiate use, ranging from a high of 18.2% (Oklahoma) to a 

low of 7.5% (Connecticut), with clustering of the highest-use states in the Southeast and 

Northwest regions.

Adjusted associations with opiate use according to type of fracture

Adjusted associations with opiate use according to type of fracture are shown in Table 2. 

The multivariable model adjusted for age, sex, race, Charlson co-morbidity index, month 

post-fracture, and treatment type (surgical vs. non-surgical). In all fracture types, increasing 

age, female sex, and increasing number of Charlson Comorbidity Indices were significantly 

association with opioid use in the year following fracture.

Discussion

Our study has three primary findings. First, between 3.8–6.4% of opiate-naïve US Medicare 

beneficiaries who sustain fragility fractures of the hip, distal radius or proximal humerus 

continued to fill opioid prescriptions one year after their index fracture. While the 

percentage varies with the fracture type, all three fracture cohorts had some proportion of 

their initial opiate-naïve cohort still receiving opioids at one year. Second, surgical treatment 

of distal radius and proximal humerus fractures resulted in a statistically significant increase 

in the proportion of patients using opioids in the first six months after index fracture than 

non-surgically managed patients; this effect became less pronounced over the ensuing six 

months. Finally, there was significant regional variation at the state level in prescription 

opiate exposure following fragility fractures of the hip, distal radius and proximal humerus. 

While we cannot comment on the “correct” rate of opiate use following these fractures, a 

2.5-fold variation suggests potential regional over- and under-prescribing patterns.

This paper contributes to the growing literature on opiate prescriptions for acute conditions 

that lead to long-term use. We examined persistence of opiate prescribing after non-vertebral 

fragility fractures in opiate-naïve elderly patients. Our study methodology and results are 

perhaps most consistent with those of Clarke et al,30 who found that 3.1% of their cohort of 

39,140 opioid-naïve Canadian patients age 66 or older undergoing major elective surgery 

continued to receive opioids for more than 90 days after surgery. While this is lower than the 

rate at 3 months across all fracture types in our study, the authors did not specify how far 

beyond 90 days their follow-up continued. Important differences in the comorbidities of the 

patient populations and countries between the two studies also need to be understood. 

Despite the inherent difficulties of comparing studies in a fledgling field, our study is 

consistent with the idea that contact with the health system, whether represented by 

hospitalization, acute trauma, or surgery, is associated with long-term opioid exposure.
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In our study, US Medicare beneficiaries who underwent surgical fixation of proximal 

humerus and distal radius fractures had significantly more prescription opiate use in the first 

six months after the index fracture than those who were treated non-operatively, although 

this difference became less pronounced in the ensuing six months. The persistent 

discrepancy seen after fracture between operative and non-operative patients is unlikely to 

be explained by acute postoperative pain alone. The difference may be the result of clinician 

prescribing behavior or increased frequency of interaction with the health care system after 

surgery, leading to more opportunities for opiate prescription renewals. However, these 

differences seem to be mitigated with the passage of time. Indeed, at one year there is 

minimal difference in the rate of opiate prescriptions between operatively and non-

operatively treated patients. This provides an important new insight, as previous studies have 

not compared operatively to non-operatively treated patients with the same injury and have 

not examined rates of opiate prescriptions for up to one year after an index event.

While the geographic variation in hospital care, surgical intervention and medical costs has 

been well-documented31–33, relatively little is known about the variation in prescription 

opiate use in the United States, and even less is known about such variation after fracture. 

Studies have examined variation in prescription opiate use at the state level among Medicaid 

patients34, at the hospital level among Medicare patients28, and at the Hospital Referral 

Region (HRR) level among disabled Medicare beneficiaries.35 All studies found significant 

variation among prescribing patterns. Our study corroborates these findings. Our results 

must be interpreted with caution, however. The “correct” rate for opioid use after fractures in 

this population is unknown. Specifically, it is unknown whether the opioid prescribing was 

appropriate or inappropriate given that the experience of pain varies at the individual 

level36,37, according to demographic factors such as age38, sex39–41, and race42, and with co-

morbidities such as anxiety and depression.43 Additionally, the influence of larger systemic 

factors such as hospital characteristics, culture and incentive measures related to the quality 

of inpatient pain management are difficult to measure and control.44–46 Nonetheless, the 

patients with fragility fractures, especially hip fractures, can be viewed as a population that 

is similarly ill across geographic regions.33,47 Moreover, there is documented variation in 

opioid prescribing between the US and other countries after fracture.48 In aggregate, these 

studies imply that variation in opioid prescribing is being driven by something in addition to 

differences in patient factors.

The strengths of our study include its large sample size and wide geographic representation 

of the study cohort. Additionally, we benefit from the comprehensive drug information 

available through Medicare Part D data. We acknowledge several limitations. First, our data 

do not permit a comparison of our cohort with opiate-naïve Medicare patients who did not 

sustain fragility fractures. Therefore, we are unable to ascertain whether the rate of opiate 

consumption is lower, higher, or similar among this comparison cohort. It is possible that 

patients in this age group have a baseline “risk” of opiate exposure given their comorbidities. 

Second, our follow-up is limited to one year. While this is a longer follow-up than seen in 

other studies examining long-term opioid use, analysis of opiate use beyond 1 year from 

index fracture may reveal trends that are not evident with our current follow-up time frame. 

Third, our cohort study design does not permit a meaningful description of possible 

predictive characteristics of the patients still receiving opiates at 12 months after their 
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fracture. Presumably, the underlying reasons are a complex blend of physiological, 

psychological and social forces that we are not adequately able to capture with our data set. 

Similarly, we were not able to explore the characteristics of the providers prescribing the 

opiates. Fourth, by requiring patients in our cohort to be community dwellers for at least 30 

days in the first 4 months after their index fracture, we necessarily excluded the chronically 

institutionalized from our analysis, biasing our cohort to a healthier population. Our data 

only permitted an analysis of filled opioid prescriptions as a proxy for the rate of opioid use 

among the cohort. This is well-accepted in the pharmacoepidemiology literature49–51 but 

does not permit an understanding of the exact rate of consumption or diversion of the 

prescriptions. Moreover, the limitations of our data precluded quantification of how many 

patients underwent post-acute care as well as their post-fracture treatment site (hospital or 

community). Finally, our data precludes an analysis of intensity of use as measured by the 

daily morphine equivalent dose (MED).

Conclusions/Relevance

A proportion of opiate-naïve US Medicare beneficiaries who sustain fragility fractures of the 

hip, proximal humerus or distal radius will remain exposed to opiates up to one year after 

the index fracture. Additionally, surgery for fractures of the distal radius and proximal 

humerus in these patients leads to significant increases in opiate prescriptions in the six 

months following surgery. Finally, there is significant variation in opiate prescribing at the 

state level after fragility fractures of the hip, proximal humerus and distal radius. This study 

adds to the small but growing literature showing an increased risk of long-term prescription 

opiate exposure after surgery, hospitalization, and acute injury. The results of this study 

suggest that targeted efforts by healthcare organizations to determine the mechanisms by 

which patients obtain opioids after acute medical events can result in actionable data to 

reduce the risks associated with excess opioid consumption. On a larger level, the aggregate 

of our data suggests the opportunity for targeted quality improvement to reduce the 

documented variation in opioid use after common geriatric fractures.
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Figure 1: 
Cohort selection
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Figure 2: 
Percent of patients with an active opioid prescription by month according to fracture type
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Figure 3: 
State-level variation in percentage of Medicare beneficiaries with fragility fractures filling 

prescription opioids in 3rd month after fracture
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