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Background: Despite the considerable public health burden of rotator cuff tears, there is no consensus on risk factors associated with
symptomatic rotator cuff tears. In this study, a large data source was used to identify factors associated with symptomatic rotator cuff
tears. We defined cases of rotator cuff tears as those verified by imaging or operative reports and controls as symptomatic shoulders
without rotator cuff tears as verified by imaging or operative reports.

Methods: We performed a case-control study of patients with and without symptomatic rotator cuff tears by use of the Vanderbilt Uni-
versity Medical Center de-identified electronic medical record system, the Synthetic Derivative, with records on >2.5 million patients
from 1998 to 2017. Cases and controls were confirmed by individual chart review and review of imaging and/or operative notes. A final
set of 11 variables were analyzed as potential risk factors for cuff tears: age, sex, body mass index (BMI), race, smoking history, hy-
pertension, depression/anxiety, dyslipidemia, carpal tunnel syndrome, overhead activity, and affected side. Multivariable logistic regres-
sion was used to estimate the association between predictor variables and the risk of having a rotator cuff tear.

Results: A total of 2738 patients were selected from the Synthetic Derivative, which included 1731 patients with rotator cuff tears and
1007 patients without rotator cuff tears. Compared with individuals without tears, those with rotator cuff tears were more likely to be
older (odds ratio [OR], 2.44; 95% confidence interval [CI], 2.12-2.89), to have a higher BMI (OR, 1.45; 95% CI, 1.24-1.69), to be of
male sex (OR, 1.56; 95% CI, 1.32-1.85), and to have carpal tunnel syndrome (OR, 1.41; 95% CI, 1.03-1.93). Patients with rotator cuff
tears were less likely to have left shoulder symptoms (OR, 0.68; 95% CI, 0.57-0.82) and to have depression/anxiety (OR, 0.77; 95% CI,
0.62-0.95) compared with the control group, which had symptomatic shoulder pain without rotator cuff tears.

Conclusions: In a large imaging and operative report—verified case-control study, we identified advancing age, male sex, higher BMI,
and diagnosis of carpal tunnel syndrome as risk factors significantly associated with an increased risk of rotator cuff tears. Left shoulder
symptoms and depression/anxiety were less likely to be associated with rotator cuff tears compared with symptomatic shoulders without
rotator cuff tears. Contrary to some prior reports in the literature, smoking was not associated with rotator cuff tears.
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Rotator cuff tears are a common cause of shoulder pain,
with a lifetime incidence between 25% and 40% in the
United States.*"** An estimated 272,148 rotator cuff re-
pairs are performed annually in the United States,” and the
rates of these procedures have been increasing over
time.”*"" Despite their considerable public health burden,
data on the risk factors associated with symptomatic rotator
cuff tears are sparse. Several studies have investigated risk
factors for both symptomatic and asymptomatic rotator cuff
tears in variable study populations.'"'**%-*23%404¢ However,
recruitment of a large study population with rotator cuff
tears has been difficult from a logistical and financial
perspective, and some of these studies have had smaller
sample sizes. Nevertheless, a recent UK-based study did
explore risk factors for surgery in patients with rotator cuff
tears in a population cohort of 2156 patients.”’

An improved understanding of the etiology of rotator cuff
tears can help to identify at-risk individuals and improve
future treatment options. Age, sex, ethnicity, body mass
index (BMI), smoking history, and family history have all
been proposed as risk factors.'*'®*7**** We hypothesized
that age and overhead activity would be the risk factors most
likely to be associated with the presence of a rotator cuff tear
given that rotator cuff tears are thought to be an age-related
degenerative process. Thus, we performed a case-control
study of 2738 patients to identify risk factors associated
with the likelihood of a symptomatic rotator cuff tear by
using an electronic medical record (EMR) repository of >2.5
million patients. We defined cases as patients with symp-
tomatic rotator cuff tears verified by imaging or operative
reports and controls as patients with shoulder symptoms
without tears by imaging or operative reports.

Materials and methods
Patient population

Patients were selected from a de-identified version of an EMR
depository, the Synthetic Derivative (SD), with records on >2.5
million patients at Vanderbilt University Medical Center (Nash-
ville, TN, USA) from 1998 to 2017.°° In brief, the SD was
designed to provide researchers and administrators a secure and
reliable method to query clinical data. The SD can be considered a
de-identified, reorganized mirror of clinical data collected at
Vanderbilt University Medical Center including, but not limited
to, laboratory data, provider order entry, provider and nursing
documentation, and various other ancillary data including radi-
ology data.'”

Patient selection

With the assistance of a bioinformatics programmer and using an
algorithm previously described,'” we extracted a sample of 2738
total patients with shoulder symptoms. Of these patients, 1731
were identified to have rotator cuff tears (cases) and 1007 patients
were found to be without rotator cuff tears (controls). All of these
cases and controls were individuals aged between 40 and 75 years.
Individual chart reviews were performed to determine whether
patients had rotator cuff tears.

Case definition

Patients with magnetic resonance imaging (MRI) or operative
reports documenting rotator cuff tendon tears or a surgical history
of rotator cuff repair were classified as having rotator cuff tears
(cases). Both partial- and full-thickness tears were included as
rotator cuff tears. Patients with distinct documentation of MRI or
operative findings of rotator cuff tears in the physician notes,
despite a lack of formal MRI or operative reports, were also
classified as having rotator cuff tears.

Control definition

A control was defined as a patient without a partial- or full-
thickness rotator cuff tear. A patient who presented with shoulder
pain but was documented to have an intact rotator cuff by MRI
and/or operative report was defined as a patient without a rotator
cuff tear and, thus, a control patient. Other pathologies may have
been the underlying etiology for these patients’ shoulder pain, but
all control patients had intact rotator cuff tendons. Imaging or
operative documentation of an intact cuff is essential to classify a
patient as having a normal rotator cuff because imaging data show
that 40%-65% of individuals aged > 50 years without shoulder
symptoms have rotator cuff tears.'’

Risk factor selection

Initially, 34 variables were selected a priori as potential risk fac-
tors of interest based on expert opinion and previously published
peer-reviewed data,'?%222-3038404146 Rick factors were deter-
mined by keyword queries and data extraction from structured
fields within the SD de-identified EMR database. The presence or
absence of these risk factor variables in cases and controls was
then identified in the SD de-identified electronic record by a
bioinformatics programmer. Data extraction from the SD was
performed in a systematic manner with guidance from our clinical
experts via data from structured fields in the EMR by using
keyword queries and International Classification of Diseases,
Clinical Modification (ninth revision and tenth revision) codes.
Risk factors were categorized as demographic characteristics (age,
sex, race, ethnicity), physical factors (height, weight), social fac-
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tors (tobacco use, alcohol use, occupation, marital status, educa-
tion level), presence of medical comorbidities (hypertension,
hyperlipidemia, diabetes, rheumatoid arthritis, depression, anxiety,
arthritis), laboratory values (C-reactive protein level, high-density
lipid level, low-density lipid level), and shoulder-related factors
(duration of symptoms, history of overhead activity, dominant
shoulder, contralateral shoulder problems, history of adhesive
capsulitis, shoulder osteoarthritis, history of fluoroquinolone use).

Statistical analysis

Redundancy analysis was conducted and variables with R > 0.9
were removed to avoid collinearity. Hierarchical clustering using
the Spearman correlation metric was estimated to assess whether a
set of variables provide similar information. From the initial 34
variables selected a priori, redundancy and clustering analysis was
used to eliminate variables providing similar information. A final
set of 11 variables were analyzed as potential risk factors for cuff
tears. Differences in these risk factors between the case and
control groups were tested by the Pearson test for categorical
variables and the Wilcoxon rank sum test for continuous variables.
These variables comprised age, sex, BMI, race, smoking history
(currently or formerly), hypertension, depression/anxiety, dysli-
pidemia, carpal tunnel syndrome, overhead activity, and affected
side (left or right). To adjust for missing data, 20 imputation data
sets were analyzed using predictive mean matching. Estimates of
standard errors among these data sets were calculated using
Rubin’s rules.’’ Logistic regression was used to estimate the
association between predictor variables and the probability of
a rotator cuff tear. All analyses were conducted using R,
version 3.4.1.%

Results

Of the 2738 patients included from the SD, 1731 had ro-
tator cuff tears and 1007 did not have rotator cuff tears
(Table I). As compared with patients without rotator cuff
tears, those with rotator cuff tears were older (mean age +
standard deviation, 64 + 8 years vs. 59 + 9 years), had a
greater BMI (mean BMI = standard deviation, 31 + 7 kg/
m” vs. 29 + 7 kg/m?), and were more likely to be male
patients (n = 929 [54%] vs. n = 432 [43%]) (P < .001).

For ease of clinical interpretation, we have presented the
odds ratios (ORs) comparing the 75th percentile with the
25th percentile for continuous variables (Fig. 1). In the
multivariable logistic regression model, advancing age
(OR, 2.44 for 75th percentile of age [69 years] vs. 25th
percentile of age [56 years]; 95% confidence interval [CI],
2.13-2.80), higher BMI (OR, 1.45 for 75th percentile of
BMI [34 kg/mz] vs. 25th percentile of BMI [25 kg/mz];
95% CI, 1.24-1.69), male sex (OR, 1.56; 95% CI, 1.32-
1.85), and diagnosis of carpal tunnel syndrome (OR, 1.41;
95% CI, 1.03-1.93) were associated with higher odds of
having rotator cuff tears.

Risk factors protective against the presence of a rotator
cuff tear were left-sided symptoms (OR, 0.68; 95% CI,
0.57-0.82) and depression/anxiety (OR, 0.77; 95% CI, 0.62-

0.95) (Table II). Smoking, race, hypertension, dyslipidemia,
and overhead activity were not significantly associated with
the diagnosis of rotator cuff tears. Overall, the variable with
the greatest relative contribution to our multivariable lo-
gistic regression model was age, followed by sex, BMI, and
affected side (P < .001; Fig. 2).

Discussion

This case-control study compared patients with and without
rotator cuff tears to determine variables associated with an
increased likelihood of rotator cuff tears. Overall,
increasing age, male sex, a higher BMI, and a diagnosis of
carpal tunnel syndrome were significantly associated with
an increased likelihood of rotator cuff tears. A diagnosis of
depression/anxiety and left-sided symptoms were signifi-
cantly associated with a decreased likelihood of rotator cuff
tears. Contrary to some previous reports,”’ smoking was
not associated with the presence of a rotator cuff tear.

Prior literature has identified that advancing age is an
independent risk factor for degenerative rotator cuff
tears.”>*7*!*° The prevalence of rotator cuff tears is
estimated to be as high as 80% after the age of 80 years.”®
Advanced patient age has a strong association with
diminished tendon healing rates and further progression of
disease.”?”*'** Thus, the association of aging with rotator
cuff tears is likely due to a degenerative process.

Prior studies have reported conflicting results on the
association of male sex with rotator cuff tears. Several
studies of smaller, single-site cohorts have shown an
equivocal association of sex with rotator cuff tears. %"
However, in our analysis, male sex was the second most
strongly associated risk factor with the presence of a rotator
cuff tear. A potential explanation for this relationship is
shoulder overuse and physical labor among male in-
dividuals.” Moreover, the protective effect of estrogen on
tendon structure and mechanical properties has been re-
ported in several studies.”'''*?!

Our findings also correspond to recently reported liter-
ature on the association between an increasing BMI and the
diagnosis of rotator cuff tears."”’***>** The exact mech-
anism for this relationship is still unclear. The shoulder is
not a weight-bearing joint, and thus, it would be unexpected
for an increased BMI to contribute to the mechanism of
injury for a rotator cuff tear. However, BMI may be a
surrogate for obesity and other metabolic syndrome dis-
eases such as diabetes, hypertension, and hyperlipidemia
that affect the microvascular supply to the rotator cuff
tendons, particularly near the footprint of the supra-
spinatus.'*® Increased adiposity may also have a delete-
rious effect on tendon health through promotion of
proinflammatory cytokines and oxidative stress.”'®*

We found an increasing likelihood of rotator cuff tears
with the presence of a previous diagnosis of carpal tunnel
syndrome. An association between carpal tunnel syndrome
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TableI Baseline characteristics of patients with and without rotator cuff tears selected from Synthetic Derivative cohort from 1998 to

2017 (N = 2738)

Characteristic Rotator cuff tear group (n = 1731) Control group (n = 1007)
Age, yr” 64 + 8 59 + 9
BMI, kg/m?" 31+7 29 + 7
Sex”
Male 929 (54) 432 (43)
Female 802 (46) 575 (57)
Race
Black 196 (12) 104 (11)
White 1455 (87) 864 (88)
Other 30 (2) 16 (2)
Smoking history”
Current smoker 148 (11) 108 (13)
Former smoker 261 (19) 128 (16)
Never smoker 946 (70) 571 (71)
Hypertension 875 (50) 462 (46)
Depression/anxiety " 974 (56) 628 (62)
Dyslipidemia® 565 (33) 270 (27)
Carpal tunnel syndrome® 168 (10) 70 (7)
Overhead activity and/or sport” 133 (8) 107 (11)
Affected side”
Left 605 (41) 430 (48)
Right 883 (59) 472 (52)
BMI, body mass index.
Data are presented as mean =+ standard deviation or number (percentage).
* Statistically significant difference at P < .05.
Odds ratio
A 1 ! .
Age ;
1 ]
BMI !
Male E
Race: Blackz- E g
Race: Other ' *
Current smoker :
Former smoker ] .
Hypertension »—:rv.——q
Depression S E
Dyslipidemia ] —
Carpal Tunnel Syndrome - E
Overhead activity/sports ‘—0—5
. H Model p < 0.001
Affected side: Left A T TR ! Pseudo R*2=0.10
O,"S 0.'8 1 .'O 1 .'2 1 .l-‘i 2.I2 2,14 2.1!3 2.l8

Figure 1  Risk factors associated with degenerative, symptomatic rotator cuff tears in a cohort of patients selected from the Synthetic
Derivative database (N = 2738). Bars represent 95% confidence intervals. 'Odds ratios for age and body mass index (BMI) comparing 75th
percentile with 25th percentile. Odds ratios for race comparing black race and other race with white race.

and rotator cuff tears was also found in a study of Latino
manual workers by Cartwright et al.® Rather than a direct
association between carpal tunnel syndrome and rotator

cuff tears, this finding may be a result of the relationship of
repetitive upper-extremity activity increasing the risk of
overuse injuries such as carpal tunnel syndrome and rotator
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Table II  ORs of patient characteristics associated with rotator cuff tears
Risk factor OR 95% CI
Lower Upper

Age (75th percentile [69 yr] vs. 25th percentile [56 yr]) 2.44 2.13 2.80
Sex (male vs. female) 1.56 1.32 1.85
BMI (75th percentile [34 kg/m?] vs. 25th percentile [25 kg/m?]) 1.45 1.24 1.69
Race

Black vs. white 1.21 0.93 1.59

Other vs. white 1.45 0.76 2.76
Smoking

Current vs. never 0.85 0.65 1.12

Former vs. never 0.97 0.76 1.25
Hypertension 1.19 0.96 1.46
Depression 0.77 0.62 0.95
Dyslipidemia 1.12 0.91 1.38
Carpal tunnel syndrome 1.41 1.03 1.93
Overhead activity 0.75 0.56 1.00
Affected shoulder (left vs. right) 0.68 0.57 0.82

OR, odds ratio; BMI, body mass index; CI, confidence interval.

PP
Smoking | ® 1.3 0.5283
Dyslipidemia | ® 1.1 0.2886
Race | ¢ 3.1 0.2113
Hypertension | 25 0.1113
OverheadSports . 3.8 0.0514
CTS | e 4.6 0.0313
Depression . 5.7 0.0167
Side . 17.6 0.0000
BMI . 21.1 0.0000
Sex . 26.4 0.0000
Age ® | 165.9 0.0000
T T T T
0 50 100 150
¥ - df

Figure 2 Relative contribution to multivariable logistic regres-

sion model of selected risk factors to probability of rotator cuff
tear, in ascending order. C7TS, carpal tunnel syndrome; BMI, body
mass index.

cuff tears. Our findings also indicate a predilection for
right-shoulder involvement in patients with rotator cuff
tears. Given that the prevalence of right-handedness is
about 90% in the general population,”” our observation of
rotator cuff tears occurring in the dominant shoulder is in
line with the idea of shoulder overuse that may lead to tears
in the cuff. This finding is supported by prior studies.’”***°

The diagnosis of depression/anxiety was associated with
a decreased likelihood of degenerative rotator cuff tears.
However, in the literature, poor mental health has been
associated with worse patient-reported shoulder pain and an
increased risk of rotator cuff tears.'**>*> Our results are
likely contrary to those in the prior literature owing to the

subset of the patient population presenting with shoulder
pain in which MRI is warranted (controls in our study).
This patient population may be more likely to have chronic,
undifferentiated or nonspecific shoulder symptoms and thus
an increased prevalence of depression/anxiety. Finally,
smoking has been previously associated with rotator cuff
tears.*’ However, smoking was not associated with rotator
cuff tears in our study. Clinicians may need to consider this
new evidence in their practice because surgeons may be
more hesitant to operate on patients who are current
smokers.

The limitations of our study include a control group that
may not be directly comparable to the general population
because it consists of a selected group of patients who
underwent shoulder MRI indicated by a symptomatic
shoulder. Recruiting a random set of controls from the
community and offering a research shoulder MRI scan were
not feasible in our study. Although we had a large sample
size and assessed several risk factors, selection bias may
play a role in explaining some of our findings as we have
done so for associations between rotator cuff tears and
depression, as well as rheumatic disorders. Furthermore,
residual confounding for factors such as smoking status and
reverse causality for factors such as BMI may explain some
of our findings in part. Our reported findings should best be
interpreted as hypotheses and associations worthy of further
investigation in longitudinal settings rather than as defini-
tive causal associations. However, regardless of causality,
these associations may be used to characterize frequently
reported comorbidities in individuals with rotator cuff tears
for surgical consideration.
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Conclusion

Identifying factors associated with rotator cuff tears is
critical in diagnostic prediction, disease prevention, and
understanding the pathophysiology of disease. In a large
imaging and operative report—verified case-control
study, we identified increasing age, male sex, higher
BMI, carpal tunnel syndrome, and dominant-shoulder
involvement as risk factors significantly associated with
rotator cuff tears. Contrary to some prior reports in the
literature, smoking was not associated with rotator cuff
tears. Conclusions from this large electronic health re-
cord study should be limited to associations rather than
definitive causal inferences related to rotator cuff tears,
particularly given that the control group was a selected
group of patients who underwent shoulder MRI indi-
cated by a symptomatic shoulder.
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