1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JSES Rev Rep Tech. Author manuscript; available in PMC 2022 July 08.

-, HHS Public Access
«

Published in final edited form as:
JSES Rev Rep Tech. 2021 November ; 1(4): 309-316. doi:10.1016/j.xrrt.2021.06.009.

Trends in rotator cuff repair rates and comorbidity burden
among commercially insured patients younger than the age of
65 years, United States 2007-2016

Elizabeth L. Yanik, PhD, ScM&", Aaron M. Chamberlain, MD, MScP, Jay D. Keener, MDP

aDepartment of Orthopaedic Surgery and Department of Surgery, Washington University School
of Medicine, St. Louis, MO, USA

bDepartment of Orthopaedic Surgery, Washington University School of Medicine, St. Louis, MO,
USA

Abstract

Background: Prior US studies have shown increasing rotator cuff repair rates through 2009. We
hypothesize that rotator cuff repair rates are continuing to increase and the comorbidity profiles of
patients are becoming more complex over time.

Methods: We identified rotator cuff repairs in a large US cohort of people 18-64 years of age
with =1 year of commercial insurance coverage. Repair rate trends across time were standardized
by age, sex, and geographic region. Procedures were categorized as inpatient vs. outpatient and
as arthroscopic vs. open. Prevalent comorbidities were defined as 1 inpatient diagnosis claim

or 2 outpatient diagnosis claims during the year before rotator cuff repair. General population
comorbidity prevalence was determined based on a random 5% sample of the commercially
insured population and compared with patients with rotator cuff repair using standardized
morbidity ratios.

Results: From 2007 to 2016, 314,239 rotator cuff repairs were identified (165 repairs per
100,000 person-years). Rotator cuff repairs were performed more frequently in men, older people,
and in the Midwest. Across time, cuff repair rates increased by 1.6% per year (95% confidence
interval [CI] = +1.4%-1.7%) adjusting for demographics. The highest increases in repair rates
were observed among patients aged 50-64 years (+2.0%, 95% CI = +1.8%—2.2%). Rotator cuff
repairs were more frequently performed using an arthroscopic approach and in an outpatient
setting in later calendar years. In 2016, 83% of rotator cuff repairs were arthroscopic procedures
and 99% were performed as outpatient procedures. Comorbidity prevalence in rotator cuff repair
patients increased across calendar time by 4.5% per year for hypertension (95% Cl = +4.2%
-4.7%), 2.3% per year for diabetes (+1.9%—2.7%), 0.9% per year for hypercholesterolemia
(+0.3%—1.5%), 2.9% for congestive heart failure (+0.8%-4.9%), 4.2% for peripheral vascular
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disease (+2.4%-6.0%), and 4.2% for chronic pulmonary disease (+3.6%—4.8%). Comorbidity
prevalence in repair patients was higher than prevalence in the general population, and prevalence
relative to the general population was most heightened during later calendar years. For example,
hypertension prevalence was 1.58 times higher in repair patients than the general population in
2007 (95% CI = 1.53-1.62), and 2.06 times higher in 2016 (95% CI = 2.02-2.11).

Conclusion: Rotator cuff repair is becoming more frequent in the US commercially insured
population, particularly in those 50-64 years of age. More rotator cuff repairs are being performed
using an arthroscopic approach and in an outpatient setting. Over time, the comorbidity profile

of patients undergoing rotator cuff repair is becoming more complex with greater prevalence of
numerous conditions, including hypertension, peripheral vascular disease, and chronic pulmonary
disease.

Keywords

Rotator cuff repair; Arthroscopy; Hypertension; Diabetes; Hypercholesterolemia; Peripheral
vascular disease; Chronic pulmonary disease

Rotator cuff disease is the most common cause of shoulder pain and disability in middle-
aged and elderly populations with advancing age representing the most important risk
factor for the development of rotator cuff tears.3334 Rotator cuff repair rates in the United
States have been increasing steadily, with the most recent studies tracking trends through
2009 in private insurance3® and 2014 in Medicare.3 For degenerative rotator cuff tears,
randomized trials have not demonstrated conclusive evidence favoring operative treatment
over nonoperative treatment in all settings.18:2> However, certain patients may be more
likely to benefit from operative treatment, such as patients with traumatic tears, acute on
chronic tears, or degenerative tears in patients younger than 65 years of age that have
failed nonoperative management.1® The degree to which increasing repair rates in the United
States are driven by increases in disease rates vs. expanding indications for surgery is
unclear. A clearer understanding of the trends in healthcare utilization for rotator cuff
disease is an important step toward defining policy and allocating resources related to care.

The prevalence of a number of comorbidities that could increase the risk of surgical
complications is increasing in the US general population, including diabetes, hypertension,
and hypercholesterolemia.”-26 These in turn can influence cardiovascular comorbidities
such as peripheral vascular disease and congestive heart failure. As diabetes, hypertension,
and hypercholesterolemia have been hypothesized to increase the risk of developing a
symptomatic rotator cuff tear,110.15 one would expect that these conditions are becoming
more common in the rotator cuff repair patient population as well. We hypothesize that
rotator cuff repair is continuing to become more frequent over time and that the comorbidity
profile of the patient population is becoming more complex over time. To investigate

these trends in a nationally representative sample of the adult population, we used a large
administrative claims database of commercially insured individuals.
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Materials and methods

Study population and measurements

Analysis

A large cohort of commercially insured US adults 18-64 years of age was identified

using the IBM MarketScan Commercial Database (MarketScan).2 The MarketScan database
contains administrative claims data from approximately 100 employer-sponsored health
insurance plans which cover all 50 states and has been used previously in studies of
orthopedic procedures.12.23:32 |t includes claims from both inpatient and outpatient settings
and allows tracking of patients over time with encrypted patient identifiers. We obtained
access to the MarketScan data covering the years 2006 through 2016.

Our study population included people 18-64 year of age, as the MarketScan database does
not include data on people 65 years of age and older. Furthermore, we limited our cohort to
people with at least 1 year of commercial insurance coverage to allow time for the capture
of prevalent comorbidities before rotator cuff repair. As a result, rotator cuff repairs were
captured from 2007 to 2016.

Rotator cuff repairs were defined based on the presence of Current Procedural Terminology
(CPT)-4 or International Classification of Disease (ICD) procedure codes indicating a
rotator cuff repair (CPT-4 = 29827, 23410, 23412, or 23420, ICD-9-CM = 83.63, ICD-10-
PCS =0LQ14ZZ,0LQ24ZZ, 0LQ10ZZ, 0LQ20ZZ). Repairs were categorized as an
arthroscopic approach if a CPT-4 code of 29827, ICD-9-CM code of 80.21, or ICD-10-
PCS codes of 0LQ14ZZ or 0LQ24ZZ were present and an open approach otherwise.

The MarketScan database also provides patient demographic data, such as age, sex, and
geographic region at the beginning of the enrollment period. Geographic region provides
information on the census region in which each enrollee resides. Prevalent comorbidities
at the time of rotator cuff repair were defined based on a standard algorithm in which a
comorbidity was defined as the presence of two outpatient diagnostic claims more than

30 days apart or 1 inpatient diagnostic claim in the year before the date of rotator cuff
repair.13:21.27 We examined prevalence of hypertension, diabetes, hypercholesterolemia,
peripheral vascular disease, congestive heart failure, and chronic pulmonary disease. An
Elixhauser readmission score was also calculated for each rotator cuff repair patient using
the index developed by the Agency for Healthcare Research and Quality.24 To compare the
observed prevalence of comorbidities in the rotator cuff repair patients to the expected
prevalence in the general commercially insured population, we took a 5% sample of
enrollees in each calendar year and assessed the presence of comorbidities in the 1 year
before July 1 using the same claims definition.

This study was determined to be exempt from ethical review by the Washington University
Institutional Review Board as only deidentified data were used.

Repair rates were calculated by dividing the total number of rotator cuff repairs by

the total number of enrollees in the MarketScan database in a given calendar year. As
trends over calendar time may be influenced by changing demographics of the underlying
population included in the Marketscan data, standardized rates were calculated to account
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for differences in age, sex, and geographic region across time. For standardized estimates,
stratum-specific rates (stratified by sex, geographic region, and 1-year age groups) for each
calendar year were weighted to reflect the distributions of these groups in the year 2010,
thus reflecting the estimated rotator cuff repair rates if the MarketScan database population
had maintained the same population age, sex, and geographic region characteristics across
time. Calendar trends were described overall and within three age groups (18-34, 35-49,
and 50-64 years of age). Poisson regression models were used to calculate incidence rate
ratios to estimate the associations between age, sex, geographic region, and calendar year
with rotator cuff repair rates. Multivariable Poisson models included age, sex, geographic
region, and calendar year in the same model. When trends over calendar time did not
appear linear, spline terms were used in models to estimate separate incidence rate ratios for
different time periods.

Among rotator cuff repair cases, the proportion with different comorbidities was calculated
for each calendar year.24 Changes in the prevalence of comorbidities across calendar time
were calculated using log-binomial regression to estimate prevalence ratios. Multivariable
log-binomial regression models were used to adjust for age, sex, and geographic region.
Mean Elixhauser comorbidity scores were also estimated for rotator cuff repair cases in each
calendar year and the average change in score with increasing calendar year was estimated
with linear regression models adjusted for age, sex, and geographic region.

To compare comorbidity prevalence in rotator cuff repair cases to that of the general
commercially-insured population, expected prevalence estimates were calculated based on
age-, sex-, geographic regione—, and calendar year-specific prevalence in a 5% random
sample of the full MarketScan database population (this 5% sample includes more than
600,000 people in each calendar year). Specifically, stratum-specific prevalence estimates
calculated from the 5% sample were applied to the relevant subgroups of rotator cuff repair
cases in each calendar year to produce the number of affected rotator cuff repair cases

we would expect if comorbidity prevalence was the same as the general population. The
observed number of affected cases was then divided by the expected numbers of cases

in each calendar year to calculate standardized morbidity ratios to compare comorbidity
prevalence in rotator cuff repair cases with the general population prevalence.

From 2007 to 2016, a total of 119,547,573 people with at least 1 full year of commercial
insurance were included in the MarketScan database. People were covered for a median
of 1.9 years beyond their first year of coverage (interquartile range = 0.9-3.7 years). In
total, 314,239 rotator cuff repairs were identified for a rate of 165 repairs per 100,000
person-years in this population.

Across time, rotator cuff repair rates increased by 1.2% per year (95% confidence interval
[CI]: +1.1, +1.4%) (Fig. 1, A). Rotator cuff repairs were performed more frequently in men
than women, with a rate of 203 repairs per 100,000 person-years in men (95% CI: 202, 204).
When examined by geographic region, rates were highest in the Midwest (183 repairs per
100,000 person-years; 95% ClI: 181, 184) and lowest in the West (147 repairs per 100,000
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person-years; 95% ClI: 146, 148). Rotator cuff repair rates also increased consistently with
age, though notably our population did not include people older than 64 years of age (Table
). These rates ranged from 8 repairs per 100,000 person-years among those 18-34 to 423
repairs per 100,000 person-years among those 50-64.

After accounting for these predictors of repair rates simultaneously in a Poisson regression
model, the same associations were observed with higher rates in men, older people, and
those living in the Midwest (Table 1). After accounting for demographic differences across
time, repair rates increased by 1.6% per year (95% Cl: +1.4, +1.7%). The highest increases
in repair rates across time were observed among patients aged 50-64 years (+2.0%, 95% CI:
+1.8, +2.2%; Fig. 1, B). By contrast, repair rates decreased slightly in those 18-34 years of
age (-1.3%, 95% ClI: -2.2, —0.4%). As trends did not appear linear across time, we assessed
changes in rates before and after 2010. From 2007 to 2010, overall rates increased by 3.4%
per year (95% CI: +3.0, +3.9), while from 2011 to 2016, significantly smaller increases

of 0.9% per year were observed (95% CI: +0.7, +1.1). Similar patterns were observed in
specific age groups. In those 18-34 and 35-49 years of age, increase in repair rates was
observed from 2007 to 2010 but not during 2011 to 2016 (18-34 years = —3.2%, 95% CI:
-4.6%, —1.8%; 35-49 years = —0.1%, 95% CI: —0.5%, +0.4%). In those 50- to 64-years-old
individuals, significant increases in repair rates were still observed during the later 2011—
2016 period (+1.5%, 95% CI: +1.3%, +1.8%), but these increases were smaller than those
observed in the previous 2007-2010 period (+3.3%, 95% CI: +2.8%, +3.8%).

Rotator cuff repairs were more frequently performed using an arthroscopic approach and
in an outpatient setting in later calendar years (Fig. 2). In 2007, 60% of rotator cuff
repairs were arthroscopic procedures and 96% were performed as outpatient procedures.
By contrast, in 2016, 83% of rotator cuff repairs were arthroscopic procedures and 99%
were performed as outpatient procedures.

Prevalence of examined comorbidities in rotator cuff repair patients increased significantly
across calendar time by 4.5% per year for hypertension (95% CI: +4.2, +4.7%), 2.3% per
year for diabetes (+1.9, +2.7%), 0.9% per year for hypercholesterolemia (+0.3, +1.5%),
2.9% for congestive heart failure (+0.8, +4.9%), 4.2% for peripheral vascular disease (+2.4,
+6.0%), and 4.2% for chronic pulmonary disease (+3.6, +4.8%) (Fig. 3, A—F). Elixhauser
readmission comorbidity scores also increased across time from a mean score of 2.08 in
2007 to a mean score of 2.82 in 2016 with an average increase of 0.07 per year (95% CI:
0.07, 0.08; Table II).

Prevalence of these comorbidities in the rotator cuff repair population was consistently
higher than prevalence observed in the general commercially insured population. In 2007,
the prevalence of all comorbidities examined, except congestive heart failure, was higher in
rotator cuff repair patients than in the general commercially insured population even after
accounting for age, sex, and geographic region (Table I11). Furthermore, the heightened
prevalence increased across calendar time. The elevations in prevalence observed in 2016
were significantly higher than those observed in 2007 for all comorbidities. For example,
hypertension prevalence was 1.58 times higher in patients with rotator cuff repair than the
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general population in 2007 (95% CI = 1.53-1.62) and 2.06 times higher in patients with cuff
repair than the general population in 2016 (95% CI = 2.02-2.11).

Discussion

This study represents one of the most comprehensive assessments of rotator cuff repair
trends in the US population younger than 65 years of age. We demonstrated that rotator
cuff repair rates have continued to increase over time, largely driven by older patients. In
addition, we saw increasing trends in the prevalence of numerous comorbidities among cuff
repair patients, which could in turn influence complication rates and functional outcomes.

Prior articles have shown increasing US rotator cuff repair rates in the early 2000s.3:35

We observed these same trends and also showed continued increases in repair rates

through 2016. However, the rate of increase slowed after 2010. Increasing repair rates also
coincided with continued increases in the proportion of procedures that were performed
arthroscopically and in the outpatient setting as has been observed in previous years.%:17:35
It may appear paradoxical that procedures are more frequently being performed in the
outpatient setting over the same time period when comorbidities are becoming more
common in patients. However, trends toward less-invasive surgical approaches and better
regional pain control have likely made these procedures more amenable to the outpatient
setting even in patients with comorbidities. After looking at trends for different age groups,
we found that most of the increase in repair rates was attributable to trends in older patients,
specifically those 50 to 64 years of age. In fact, this was the only age group in which
increases in repair rates were observed after 2010. This could be owing to greater increases
in symptomatic cuff tears in this age group and/or larger changes in preferences for surgical
cuff repair over other treatment options.

Geographically, the highest rotator cuff repair rates were seen in the South and the

Midwest. Studies have shown that geographic variation can directly relate to surgeon
availability and geographic differences in surgical indications.311 Variation could also be
driven by occupational differences, as more individuals hold jobs requiring physical labor

in the Midwest and South. For instance, a significantly higher proportion of the working
population in the Midwest and South was used in the manufacturing industry compared with
the Northeast and West during 2014-2018.31 This may be particularly relevant to the cuff
repair rates in our study population which consisted of people who are still below traditional
retirement age.

Among patients undergoing rotator cuff repair we observed an increasing prevalence of all
the comorbidities, we examined over time. In later calendar years compared to earlier years,
the average patient generally appeared to be in poorer health as captured by the Elixhauser
comorbidity readmission score. Higher prevalence of comorbidities was observed in cuff
repair patients than the general population, which may be attributable to these comorbidities
serving as risk factors for rotator cuff degeneration or being closely linked to risk factors
for rotator cuff degeneration such as smoking and obesity.14:6.10.18 However, not only was
prevalence in patients with cuff repair higher than in the general population but prevalence
increased more rapidly over time in patients with cuff repair than in the general population.
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This likely represents an expansion in the population being indicated for rotator cuff repair
surgery. Whether because of increasing prevalence in the US population or changes in
surgical indications, as comorbidities become more prevalent in patients with cuff repair,
this may have important implications for surgical outcomes. Beyond the higher Elixhauser
readmission scores we calculated, presence of many of these comorbidities will lead to
higher scores for several indices such as the Modified Frailty Index, Charlson comorbidity
index, and American Society of Anesthesiologists classification, which have been shown
to predict risk of complications in orthopedic surgery generally and rotator cuff repair
specifically.2028-30 Meanwhile, inferior functional and radiographic outcomes are reported
among patients with diabetes and hypercholesterolemia.814.22

This study has several strengths. It provides a very large, geographically representative
sample of the adult US population younger than the age of 65 years. Using this sample, we
are able to produce some of the most up-to-date assessments of trends in cuff repairs. In
addition, we identified numerous chronic comorbidities in patients with cuff repair, enabling
a more detailed characterization of the condition of these patients going into surgery than
most prior studies.

This study also has important limitations. First, while we had a large sample population,

the MarketScan database does not cover all patients obtaining cuff repairs in United States
and disproportionately captures people working for large corporations. As a result, our
population likely under-samples people with lower socioeconomic status who may have
more comorbidities, worse overall health, and worse surgical outcomes. As most people in
the United States of age 65 years and older use Medicare rather than commercial insurance,
our study did not include this older age group, even though these individuals would be most
at risk for developing new symptomatic rotator cuff tears. Furthermore, while administrative
data provide reliable capture of rotator cuff repairs, it is a less reliable source for rotator cuff
disease as capture is dependent on presentation to clinical care and appropriate diagnosis.
As such, we cannot determine the extent to which differences in surgery rates are due to
differences in underlying disease rates.

Conclusions

From 2007 to 2016 rotator cuff repairs became more frequent in the US commercially
insured population, particularly in those 50-64 years of age. In later calendar years,

more rotator cuff repairs were being performed using an arthroscopic approach and in an
outpatient setting. Over the same time period, the comorbidity profile of patients undergoing
rotator cuff repair became more complex with greater prevalence of numerous conditions,
including hypertension, peripheral vascular disease, and chronic pulmonary disease. These
increases in comorbidities were not explained by proportionate increases in the general
population and could lead to worsening surgical outcomes.
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Rotator cuff repair rates by calendar year (A) overall and (B) stratified by age. Standardized
rates and adjusted % change estimates account for changes in the distribution of age, sex,
and geographic region of population over time. 95 C/, 95% confidence interval.
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Figure 2.
Rotator cuff repair cases by approach and hospital admission. Arthroscopic approach

defined as procedures coded with CPT code 29827. Open approach defined as procedures
coded with CPT codes 23410, 23412, and 23420. CPT, Current Procedural Terminology.
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Adjusted % change among RCR cases per year: +2.3% (95CI: +1.9, +2.7)
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Observed prevalence among rotator cuff repair cases and expected prevalence based on

the general commercially insured population for (A) hypertension, (B) diabetes, (C)
hypercholesterolemia, (D) congestive heart failure, (E) peripheral vascular disease, and

(F) chronic obstructive pulmonary disease. Comorbidities were defined as presence of 1
inpatient claim or 2 outpatient claims within the past year. Expected prevalence is calculated
by applying age-specific prevalence estimates from a 5% sample of the MarketScan
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database’s commercially insured population to age strata in the rotator cuff repair population
during each calendar year.
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Standardized morbidity ratios comparing observed prevalence of comorbidities in patients with rotator cuff

repair with expected comorbidities based on a 5% sample of the commercially insured population.

Comorbidity 2007 2016
SMR 95% ClI SMR 95% CI

Hypertension 1.58 1.53,1.62 2.06 2.02,2.11
Diabetes 146 140,152 194 188,201
Hypercholesterolemia 1.55 145,165 231 2.18, 2.45
Congestive heart failure 0.91 0.73,1.10 135 1.12,1.61
Peripheral vascular disease ~ 1.22 1.00,1.47 264 2.29, 3.03
Chronic pulmonary disease  1.65 155,176 3.25 3.09, 3.41

Cl, confidence interval, SMR, standardized morbidity ratio.
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