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Background: Metabolic factors have been linked to tendinopathies, yet few studies have investigated the association between
metabolic factors and lateral epicondylitis.

Purpose: To evaluate risk factors for lateral epicondylitis, including several metabolic factors.

Study Design: Case-control study; Level of evidence, 3.

Methods: We evaluated 1 elbow in each of 937 volunteers from a rural region that employs many agricultural laborers. Each
participant received a questionnaire, physical examinations, blood tests, simple radiographic evaluations of both elbows, magnetic
resonance imaging of bilateral shoulders, and an electrophysiological study of bilateral upper extremities. Lateral epicondylitis was
diagnosed using 3 criteria: (1) pain at the lateral aspect of the elbow, (2) point tenderness over the lateral epicondyle, and (3) pain
during resistive wrist dorsiflexion with the elbow in full extension. Multivariable logistic regression analysis was used to calculate
the odds ratios (ORs) and 95% CIs for various demographic, physical, and social factors, including age, sex, waist circumference,
dominant-side involvement, smoking habit, alcohol intake, and participation in manual labor; the comorbidities of diabetes,
hypertension, thyroid dysfunction, metabolic syndrome, ipsilateral biceps tendon injury, ipsilateral rotator cuff tear, and ipsilateral
carpal tunnel syndrome; and the serologic parameters of serum lipid profile, glycosylated hemoglobin A1c, level of thyroid
hormone, and high-sensitivity C-reactive protein.

Results: The prevalence of lateral epicondylitis was 26.1% (245/937 participants). According to the multivariable logistic
regression analysis, female sex (OR, 2.47; 95% CI, 1.78-3.43), dominant-side involvement (OR, 3.21; 95% CI, 2.24-4.60), manual
labor (OR, 2.25; 95% CI, 1.48-3.43), and ipsilateral rotator cuff tear (OR, 2.77; 95% CI, 1.96-3.91) were significantly associated with
lateral epicondylitis (P < .001 for all). No metabolic factors were significantly associated with lateral epicondylitis.

Conclusion: Female sex, dominant-side involvement, manual labor, and ipsilateral rotator cuff tear were found to be risk factors for
lateral epicondylitis. The study results suggest that overuse activity is more strongly associated with lateral epicondylitis than are
metabolic factors.
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Lateral epicondylitis is a common tendinopathy, with a
0.3% to 12.2% prevalence in the adult population,11,14,38,44

yet little is known regarding its causes and risk factors.
Several factors, such as overuse, repetitive activity, and
age, have been proposed as causes of lateral epicondylitis,
but no factor has been clearly established. Several risk fac-
tors have been described as associated with lateral epicon-
dylitis: rotator cuff pathology, De Quervain disease, carpal
tunnel syndrome (CTS), oral corticosteroid therapy, smok-
ing, obesity, rheumatoid arthritis,27,36,38,41 intensive man-
ual occupations, and occupations involving vibratory
machines.37,38 A particularly strong association of rotator
cuff pathology with lateral epicondylitis has been

described.12,41,45 Recently, studies have linked various ten-
dinopathies to metabolic factors such as hyperglycemia,
obesity, hypertension, dyslipidemia, and metabolic syn-
drome (MetS).{ Hyperglycemia (diabetes) has been
reported to be associated with rotator cuff tendon tear,1,25

obesity with rotator cuff tear47 and Achilles tendinopa-
thy,20 and dyslipidemia with several tendinopathies,
including those of the Achilles tendon,19,28,33 rotator cuff
tendon,2,26 patellar tendon,6,7 and biceps tendon.8 Dyslipi-
demia has also been evaluated as a possible risk factor for
lateral epicondylitis, but that relationship remains
unproved.38 Despite increased interest in the relationships
of metabolic factors to tendinopathies, few reported studies
have investigated the association of metabolic factors with
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lateral epicondylitis. Therefore, the purpose of this study
was to evaluate risk factors for lateral epicondylitis, includ-
ing several metabolic factors.

METHODS

This study included a cohort of 1149 volunteers from the
same rural region who participated between June 2013 and
December 2015. The volunteers were recruited for a survey
of upper extremity morbidity in a rural area; they did not
receive compensation. The volunteer participants com-
pleted a questionnaire and underwent physical examina-
tions of both elbows by an orthopaedic surgeon (J.-Y.G.),
fasting blood testing, simple radiographic evaluations of
bilateral elbows (anteroposterior and lateral views), bilat-
eral shoulder magnetic resonance imaging (MRI), and
bilateral upper extremity electrophysiological assessment.
For each volunteer, all physical examinations, as well as
blood, imaging, and electrophysiological tests, were per-
formed on the same day. This study received institutional
review board approval.

A total of 212 volunteers were excluded from the study
for the following reasons: (1) 17 volunteers (32 elbows) did
not have a complete imaging study; (2) 72 volunteers
(144 elbows) had at least 1 elbow affected by gross defor-
mity, a history of trauma or surgery around the elbow,
ankylosis, elbow arthritis, or a cervical radiculopathy con-
firmed by an electromyography study; and (3) 123 volun-
teers (246 elbows) were taking medication that might have
affected their serum lipid profiles. The total number of
participants included in our final analysis was 937
(937 elbows, as only 1 elbow per participant was included
in our analysis) (Figure 1). In participants with either bilat-
eral lateral epicondylitis or no lateral epicondylitis, 1 elbow
was randomly excluded (using random-number genera-
tion). For participants with unilateral lateral epicondylitis,
only the involved elbow was included.

The 937 study participants had a mean ± SD age of 59.7 ±
8.6 years. Among the 449 male participants (47.9%), the
mean age was 60.8 ± 8.7 years; among the 488 female par-
ticipants (52.1%), the mean age was 58.6 ± 8.4 years. Age-
and sex-related data are summarized in Table 1.

Lateral epicondylitis was diagnosed based on the following
symptoms and signs observed during physical examination:
(1) pain at the lateral aspect of the elbow, (2) point tenderness
over the lateral epicondyle, and (3) pain during resistive wrist
dorsiflexion with the elbow in full extension.39 No further

diagnostic imaging (ultrasonography or MRI) was performed
at the elbow.

The evaluated physical factors were age, sex, waist cir-
cumference, and dominant-side involvement. The evalu-
ated social factors were smoking habit, alcohol intake,
and participation in manual labor, based on occupation.
The investigated comorbidities were diabetes, hyperten-
sion, hyper- and hypothyroidism, MetS, ipsilateral biceps
tendon injury, ipsilateral rotator cuff tear, and ipsilateral
CTS. The evaluated serologic factors were serum lipid pro-
file, glycosylated hemoglobin A1c (HbA1c), and levels of
thyroid hormones and high-sensitivity C-reactive protein
(hs-CRP).

Patients with prior diagnoses of diabetes were accepted;
new diagnoses were made upon finding serum HbA1c levels
of �6.5%.5 Diagnoses of hypertension were based on

*Address correspondence to Hyung Bin Park, MD, PhD, Department of Orthopaedic Surgery, Gyeongsang National University School of Medicine and
Gyeongsang National University Changwon Hospital, 11 Samjeongja-ro Seongsan-gu, Changwon, Republic of Korea, 51472 (email: hbinpark@gnu.ac.kr).

†Department of Orthopaedic Surgery, Gyeongsang National University School of Medicine and Gyeongsang National University Changwon Hospital,
Changwon, Republic of Korea.

‡Gyeongsang Institute of Health Sciences, Gyeongsang National University, Jinju, Republic of Korea.
§Department of Orthopaedic Surgery, Gyeongsang National University Changwon Hospital, Changwon, Republic of Korea.
kDepartment of Radiology, School of Medicine, Gyeongsang National University, and Gyeongsang National University Hospital, Jinju, Republic of Korea.
Final revision submitted August 5, 2020; accepted August 25, 2020.
One or more of the authors has declared the following potential conflict of interest or source of funding: This study was funded by a grant from the

Farmers’ Musculoskeletal Disease Investigation of the Korean Rural Development Administration. AOSSM checks author disclosures against the Open
Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

Ethical approval for this study was obtained from Gyeongsang National University Hospital (study No. GNUH 2015-02-001).

Included: 937 par�cipants (245 had 
lateral epicondyli�s at least in 1 elbow)

Exclusion criteria

1149 volunteers from a single area

Excluded: 212 volunteers
•Incomplete image study = 17
•Gross deformity = 3
•Trauma history = 15
•Previous surgery = 9
•Ankylosis = 15
•Elbow osteoarthri�s = 19
•Cervical radiculopathy = 11
•Medica�on that could affect 

lipid profiles = 123

Inclusion criteria:
•Bilateral shoulder MRI and elbow 

radiographs
•Physical examina�on of bilateral elbows
•Fas�ng blood tests
•Electromyographic test on the bilateral 

upper extremi�es
• Informed consent

Figure 1. Flowchart showing exclusion and inclusion criteria
for this study. MRI, magnetic resonance imaging.
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medical history and the detection of at least 140 mm Hg
systolic blood pressure or at least 90 mm Hg diastolic
pressure.13 Prior diagnoses of hyper- and hypothyroidism
were accepted. New diagnoses were based on the results of
thyroid function tests, in which serum-free T4 levels
>1.70 ng/dL indicated hyperthyroidism and levels
<0.93 ng/dL indicated hypothyroidism.17 Clinical identifi-
cation of MetS was based on meeting at least 3 of the fol-
lowing criteria: (1) fasting plasma glucose �100 mg/dL or
patient taking antidiabetes medication; (2) systolic blood
pressure �130 mm Hg or diastolic blood pressure
�85 mm Hg or patient taking antihypertensive medication;
(3) a serum triglyceride (TG) level of �150 mg/dL; (4) high-
density lipoprotein (HDL)<40 mg/dL in men or<50 mg/dL in
women; and (5) a waist circumference of �90 cm for men or
�85 cm for women.3 The waist circumference criteria for
obesity were adjusted according to Korean norms.24

Biceps tendon injuries and rotator cuff tendon tears were
diagnosed primarily on the basis of individual MRI find-
ings. Biceps tendon injuries were classified according to
MRI findings: partial tear was determined based on atten-
uation of the tendon and increased T2-weighted intratendi-
nous signal intensity; full-thickness biceps tear was
identified by the absence of the long head of the biceps
tendon intra-articularly or within the groove.35 Rotator cuff
tears were diagnosed as either partial-thickness tears or
full-thickness tears. High signal intensity within the cuff
tendon that extended to its bursal or articular surface indi-
cated a partial-thickness tendon tear. High signal intensity
that passed through the entire thickness of the tendon indi-
cated a full-thickness tear.43 CTS was diagnosed based on
electrophysiological findings, after consideration of symp-
toms and findings on physical examination. Electrophysio-
logical diagnoses were based on established criteria:
median nerve distal motor latency of >4.0 milliseconds,
distal sensory latency of>3.6 milliseconds, or distal latency
delay of >0.5 milliseconds, as compared with conduction
measurements of the median nerve and the ulnar nerve
in the fourth digit.18

Serum lipid profiles were evaluated as scale and categor-
ical variables. The scale variables were total cholesterol,
TG, low-density lipoprotein (LDL), HDL, and non-HDL
levels. The categorical variables included the following dys-
lipidemias: hypercholesterolemia (total cholesterol

�200 mg/dL), hypertriglyceridemia (TG �150 mg/dL),
hyper-LDLemia (LDL �100 mg/dL), hypo-HDLemia (HDL
<40 in men and <50 in women), and hyper non–HDLemia
(non-HDL of �130 mg/dL).16 Serum hs-CRP was also
evaluated.

Statistical Analysis

The strength of associations between lateral epicondylitis
and the evaluated factors was determined by calculating
the odds ratios (ORs) with 95% CIs using logistic regression
analyses. Univariate logistic regression analyses were per-
formed for all variables; multiple forward stepwise logistic
regression analysis was then performed on variables dem-
onstrating significant associations with clinically signifi-
cant effect size. A multivariable logistic regression
analysis was performed after assessment of multicollinear-
ity, using factors with a variance inflation factor (VIF) and
a condition index. Multicollinearity was considered absent
when both VIF and condition index were <10.9 Goodness of
fit for the multivariable logistic regression model was deter-
mined by the Hosmer-Lemeshow test. The model with the
lowest Akaike information criterion was selected from
among the combinations of associated factors included in
the multivariable analysis. In this study, the population of
the dependent variable to be included in the final model
was at least 15 per independent variable in order to avoid
the problem of overfitting.34 Finally, the C-statistic was
used in the final multivariable logistic regression model
to determine the model’s accuracy.10

All statistical analyses were performed using the SPSS
software program (Version 24.0; IBM SPSS Statistics for
Windows). Significance of the logistic analyses was set at
P < .05. Significance of the Hosmer-Lemeshow test was set
at P > .05.

RESULTS

In the 937 participants, the prevalence of participants with
lateral epicondylitis in at least 1 elbow was 26.1% (95% CI,
23.3%-29.1%). These 245 participants had a mean age of
58.8 ± 8.9 years. The 165 female participants (67.3%) had
a mean age of 58.4 ± 8.9 years; the 80 male participants
(32.7%) had a mean age of 59.7 ± 8.9 years. Dominant-
side involvement was 79.6% (195/245).

The prevalence of comorbidities in the participants who
had lateral epicondylitis was as follows: diabetes, 8.2%
(20/245); hypertension, 53.5% (131/245); hyperthyroidism,
1.2% (5/245); hypothyroidism, 1.6% (6/245); metabolic syn-
drome, 42.0% (103/245); ipsilateral biceps tendon injury,
15.5% (38/245); ipsilateral full-thickness rotator cuff tear,
19.6% (48/245); ipsilateral partial-thickness rotator cuff
tear, 28.6% (70/245); and ipsilateral CTS, 34.7% (86/245).
Information regarding the serum lipid levels, comorbidities,
and other epidemiological factors is summarized in Table 2.

In the univariate analyses, female sex, dominant-side
involvement, manual labor, ipsilateral rotator cuff tear,
ipsilateral CTS, and hypertriglyceridemia were signifi-
cantly associated with lateral epicondylitis. The ORs with

TABLE 1
Data on Age and Sex According to

Occupation of Enrolled Participants

No. (% Within Group) Age, y, Mean ± SD

Total enrolled 937 (100) 59.7 ± 8.6
Male 449 (47.9) 60.8 ± 8.7
Female 488 (52.1) 58.6 ± 8.4

Agricultural workers 689 (73.5) 59.8 ± 8.8
Male 327 (47.5) 60.9 ± 8.7
Female 362 (52.5) 58.9 ± 8.7

Office workers 248 (26.5) 59.2 ± 8.2
Male 122 (49.2) 60.6 ± 8.6
Female 126 (50.8) 57.7 ± 7.5
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95% CIs and the P values for all of the variables are sum-
marized in Table 3.

According to the multivariable analysis, female sex (OR,
2.47; 95% CI, 1.78-3.43), dominant-side involvement (OR,
3.21; 95% CI, 2.24-4.60), manual labor (OR, 2.25; 95% CI,
1.48-3.43), and ipsilateral rotator cuff tear (OR, 2.77; 95%

CI, 1.96-3.91) were significantly associated with lateral
epicondylitis. The result of C-statistic analysis was 0.71
(95% CI, 0.67-0.75), which indicates a good model. The VIF,
condition index, P value of Hosmer-Lemeshow test, and
ORs with 95% CIs and the P values for all the variables are
summarized in Table 3.

TABLE 3
Strength of Associations Between Lateral Epicondylitis and Various Factorsa

Studied Variable

Univariate Analysis Multivariable Analysis

P OR (95% CI) P OR (95% CI)

Female sex <.001 2.36 (1.74-3.20) <.001 2.47 (1.78-3.43)
Dominant-side involvement <.001 3.83 (2.72-5.41) <.001 3.21 (2.24-4.60)
Manual labor <.001 2.78 (1.87-4.13) <.001 2.25 (1.48-3.43)
Ipsilateral rotator cuff tear <.001 2.97 (2.19-4.03) <.001 2.77 (1.96-3.91)
Ipsilateral carpal tunnel syndrome .016 1.47 (1.07-2.01) — —
Hypertriglyceridemia .035 1.41 (1.03-1.95) — —

aVariance inflation factor ¼ 2.012; condition index ¼ 2.581; P value (Hosmer-Lemeshow test) ¼ .512. Dashes indicate no statistical
significance. OR, odds ratio.

TABLE 2
Prevalence of Studied Variables According to Presence or Absence of Lateral Epicondylitisa

Characteristic Presence of LE (n ¼ 245)b Absence of LE (n ¼ 692)b P OR (95% CI)

Age, y 58.8 ± 8.9 60.0 ± 8.5 .151 0.99 (0.97-1.01)
Female sex 165 (67.3) 323 (46.7) <.001 2.36 (1.74-3.20)
Waist circumference, cmc 83.4 ± 8.3 82.9 ± 8.0 .221 1.02 (0.98-1.04)
Dominant-side involvement 195 (79.6) 349 (50.4) <.001 3.83 (2.72-5.41)
Smoking habit 61 (24.9) 195 (28.2) .322 0.85 (0.61-1.18)
Alcohol intake 160 (65.3) 461 (66.6) .588 0.71 (0.69-1.28)
Manual labor 211 (86.1) 478 (69.1) <.001 2.78 (1.87-4.13)
Diabetes 20 (8.2) 79 (11.4) .157 0.69 (0.41-1.15)
Hypertension 131 (53.5) 362 (52.3) .755 1.05 (0.78-1.40)
Hyperthyroidism 3 (1.2) 6 (0.9) .624 1.42 (0.35-5.71)
Hypothyroidism 4 (1.6) 12 (1.7) .916 0.94 (0.30-2.94)
Metabolic syndrome 103 (42.0) 268 (38.7) .362 1.15 (0.85-1.54)
Ipsilateral biceps tendon injury 38 (15.5) 103 (14.9) .814 1.05 (0.70-1.57)
Ipsilateral rotator cuff tear 118 (48.2) 165 (23.8) <.001 2.97 (2.19-4.03)
Ipsilateral CTS 85 (34.7) 184 (26.6) .016 1.47 (1.07-2.01)
Cholesterol, mg/dLc 198.7 ± 37.3 193.7 ± 36.8 .084 1.00 (1.00-1.01)
Triglyceride, mg/dLc 110.5 [80.0-163.3] 107.0 [77.5-148.0] .273 1.00 (1.00-1.00)
LDL, mg/dLc 130.5 ± 34.2 128.8 ± 35.3 .511 1.00 (1.00-1.01)
HDL, mg/dLc 55.0 [43.0-66.0] 54.0 [46.0-65.0] .689 1.00 (0.99-1.01)
Non-HDL, mg/dLc 142.4 ± 37.5 137.5 ± 36.8 .119 1.00 (1.00-1.01)
Prevalence of dyslipidemia 215 (87.8) 597 (86.3) .558 1.14 (0.74-1.77)
Hypercholesterolemia 105 (42.9) 290 (41.9) .796 1.04 (0.77-1.40)
Hypertriglyceridemia 76 (31.0) 167 (24.1) .035 1.41 (1.03-1.95)
Hyper-LDLemia 199 (81.2) 552 (79.8) .624 1.10 (0.76-1.59)
Hypo-HDLemia 65 (26.5) 157 (22.7) .225 1.23 (0.88-1.72)
Hyper–non HDLemia 156 (63.7) 400 (57.8) .108 1.28 (0.95-1.73)
Hemoglobin A1cc 5.8 ± 0.3 5.7 ± 0.3 .624 1.39 (0.35-5.71)
Free T4c 1.3 ± 0.3 1.2 ± 0.2 .588 1.28 (0.81-1.70)
hs-CRP, mg/L 0.6 [0.3-1.1] 0.6 [0.3-1.2] .220 1.02 (0.99-1.06)

aBolded P values indicate statistically significant difference between groups (P < .05). CTS, carpal tunnel syndrome; HDL, high-density
lipoprotein; hs-CRP, high sensitivity C-reactive protein; LDL, low-density lipoprotein; LE, lateral epicondylitis; OR, odds ratio.

bData are reported as mean ± SD, median [interquartile range], or n (%).
cCategorical values are presented in Appendix Table A1.
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DISCUSSION

The results of the current study indicated that lateral epi-
condylitis is significantly associated with female sex,
dominant-side involvement, manual labor, and ipsilateral
rotator cuff tear.

The prevalence of lateral epicondylitis in this study was
relatively high at 26.1%. Previous studies reported preva-
lence of lateral epicondylitis that ranged from 0.3% to
12.2%, depending on their populations’ characteristics and
their definitions of lateral epicondylitis.11,14,38,44 Because
this study was performed in a rural area, many partici-
pants were agricultural workers whose jobs involved
high-intensity labor and variable operating postures. Sev-
eral previous studies have reported a relationship of lateral
epicondylitis to the degree of heaviness of labor, which
would explain the relatively high prevalence found in our
study.23,36,38,46

Female sex was highly associated with lateral epicondy-
litis in this study. Several previous studies have reported a
higher prevalence of lateral epicondylitis among female
participants.21,29,38,45 However, other studies have
reported that patient sex is not significantly associated
with lateral epicondylitis, thereby leaving the question
open to debate.23,39 Although some research has been con-
ducted on gene-based risk factors for lateral epicondylitis,
the possibility that sex is associated with those investigated
genes has not been completely evaluated.4 Therefore, the
possibility remains that sex is a cofactor related to genes
associated with lateral epicondylitis. Further study is also
necessary to determine whether any sex-specific activities
are associated with lateral epicondylitis.

Dominant-side involvement has been reported as a risk
factor for lateral epicondylitis in previous studies, lending
support to the results of the current study.15,23 However, 1
study reported that hand dominance was not a risk factor
for lateral epicondylitis.39 The differences in these studies’
findings come, at least in part, from their different popula-
tions and from their participants’ different occupations and
patterns of manual labor exposure and activity. Therefore,
further study must be done to evaluate the association of
lateral epicondylitis with activity patterns and activity
exposure according to occupation.

Lateral epicondylitis has been reported as a factor sig-
nificantly associated with rotator cuff tear,41 which sup-
ports our study results. Laban et al22 reported that
patients with lateral epicondylitis had previously unrec-
ognized internal rotation deficit in their shoulders, a com-
mon finding in chronic rotator cuff tear.40 Based on their
finding, those authors postulated the biomechanical
explanation that an internal rotation deficit could encour-
age eccentric movements of the hand and forearm, result-
ing in lateral epicondylitis. Chard et al12 reported that
histologic features of biopsy samples of common extensor
tendons were the same as those seen in aged supraspina-
tus tendons. Nirschl31 suggested that a “mesenchymal
syndrome” was involved in the origin of lateral epicondy-
litis via a predisposition to tendinosis at multiple sites.
These conditions included medial epicondylitis, CTS, De
Quervain disease, trigger finger, and rotator cuff

tendinosis. Many of these conditions, including rotator
cuff pathology, have since been associated with lateral
epicondylitis in other studies.41,42

Previous studies have reported that CTS is associated
with lateral epicondylitis,30,41 although those studies did
not mention specifically whether the affected side was an
influential variable. In the current study, CTS was signif-
icantly associated with lateral epicondylitis regardless of
the affected side, according to the univariate analyses.
However, CTS was not a significant independent variable
predictive of lateral epicondylitis, according to the multi-
variable analysis.

Several previous studies have reported an association
between tendinopathies and serum lipid
abnormalities.2,6-8,19,26,28,33 Using commonly indexed
serum lipid profiles, we evaluated the possibility of sig-
nificant associations between serum lipid abnormalities
and lateral epicondylitis but were unable to find any
significant association. One earlier study searched for
associations of lateral epicondylitis with both HDL and
LDL without finding any significant association
between lateral epicondylitis and those lipoproteins.38

Another study investigating any association between
hyperlipidemia and lateral epicondylitis determined
that hyperlipidemia is not a risk factor for lateral epi-
condylitis.32 The current study supports the results of
previous studies that dyslipidemia is not associated
with lateral epicondylitis. However, because the current
study and those previous studies were cross-sectional,
the long-term or cumulative effects of serum lipid
abnormalities associated with lateral epicondylitis could
not be evaluated. Therefore, further research involving
long-term follow-up is needed.

In the current study, we evaluated several metabolic fac-
tors, including hyperglycemia, obesity, thyroid abnormalities,
and MetS, which have been reported as possible risk factors
for tendinopathy, usually in studies of the rotator cuff tendon.
However, we could not find any association between these
metabolic variables and lateral epicondylitis. We suggest that
lateral epicondylitis has a greater association with overuse
activity than with metabolic factors, while also noting that
the high prevalence of lateral epicondylitis is limited to a spe-
cific age range and does not increase with age.38,39,41 This
finding suggests that lateral epicondylitis is not an age-
related degenerative process, inclusive of metabolic disorders,
but rather a process associated with overuse.

This study has several limitations. Although this was a
cohort study, we could not include all residents in the stud-
ied region, so we relied on volunteers. There may have been
a bias toward symptomatic patients being willing to volun-
teer. Because this was a cross-sectional study, we could not
evaluate the cumulative effects of serum lipid abnormali-
ties on lateral epicondylitis. In addition, because we did
not evaluate the tendon status of lateral epicondylitis using
MRI, we could not evaluate any association between dysli-
pidemia and lateral epicondylitis according to the grade or
severity of the tendinopathy. However, because lateral epi-
condylitis is a clinical disease entity whose diagnosis does
not require MRI scans, the results of this study have prac-
tical application in clinical situations. Finally, we did not

The Orthopaedic Journal of Sports Medicine Risk Factors for Lateral Epicondylitis 5



evaluate the type of occupation or sports activity or the
intensity of labor of the participants.

This study also has several strengths. Lateral epicondy-
litis was diagnosed using specific diagnostic criteria
depending on physical examination, not on patient recall
or on data based on a patient coding system. Rotator cuff
tear was diagnosed using MRI findings. CTS was diagnosed
using not only patient symptoms and signs but also objec-
tive examination using electrophysiological studies.

CONCLUSION

Female sex, dominant-side involvement, manual labor, and
ipsilateral rotator cuff tear were found to be risk factors for
lateral epicondylitis. The results of this study suggest that
overuse activity is more strongly associated with lateral
epicondylitis than are metabolic factors.
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APPENDIX

TABLE A1
Prevalence of Stratified Continuous Variables According to Presence or Absence of Lateral Epicondylitisa

Characteristic Presence of LE (n ¼ 245)b Absence of LE (n ¼ 692)b P OR (95% CI)

Waist circumference, cm 83.4 ± 8.3 82.9 ± 8.0 .221 1.02 (0.98-1.04)
<80 (men) or <75 (women) 61 (24.9) 173 (25.0) .597 1.05 (0.88-1.26)
80-89 (men) or 75-84 (women) 106 (43.3) 314 (45.5)
90-99 (men) or 85-94 (women) 67 (27.3) 180 (26.0)
�100 (men) or �95 (women) 11 (4.5) 25 (3.6)

Serum lipid levels
Cholesterol, mg/dL 198.7 ± 37.3 193.7 ± 36.8 .084 1.00 (1.00-1.01)
<200 140 (57.1) 402 (58.1) .227 1.15 (0.92-1.45)
200-249 79 (32.2) 249 (36.0)
�250 26 (10.6) 41 (5.9)

Triglycerides, mg/dL 110.5 [80.0-163.3] 107.0 [77.5-148.0] .273 1.00 (1.00-1.00)
<150 169 (69.0) 525 (75.9) .033 1.25 (1.02-1.52)
150-199 39 (15.9) 91 (13.2)
�200 37 (15.1) 76 (11.0)

LDL, mg/dL 130.5 ± 34.2 128.8 ± 35.3 .511 1.00 (1.00-1.01)
<100 46 (18.8) 140 (20.2) .696 1.05 (0.82-1.35)
100-149 132 (53.9) 377 (54.5)
�150 67 (27.3) 175 (25.3)

HDL, mg/dL 55.0 [43.0-66.0] 54.0 [46.0-65.0] .689 1.00 (0.99-1.01)
�40 (men) or �50 (women) 183 (74.7) 525 (75.9) .696 1.05 (0.82-1.35)
30-39 (men) or 40-49 (women) 47 (19.2) 128 (15.8)
<30 (men) or <40 (women) 15 (6.1) 39 (5.6)

Non-HDL, mg/dL 142.4 ± 37.5 137.5 ± 36.8 .119 1.00 (1.00-1.01)
<130 89 (36.3) 292 (42.2) .085 1.25 (0.97-1.61)
130-199 141 (57.6) 368 (53.2)
�200 15 (6.1) 32 (4.6)

Hemoglobin A1c, % 5.8 ± 0.3 5.7 ± 0.3 .624 1.39 (0.35-5.71)
<5.70 112 (45.7) 344 (49.7) .145 1.23 (0.93-1.64)
5.70-6.49 128 (52.2) 345 (49.9)
�6.50 5 (2.0) 3 (0.4)

Free T4, ng/dL 1.3 ± 0.3 1.2 ± 0.2 .588 1.28 (0.81-1.70)
<0.93 5 (2.0) 26 (3.8) .734 0.88 (0.43-1.82)
0.93-1.70 222 (90.6) 656 (94.8)
>1.70 18 (7.3) 10 (1.4)

aBolded P value indicates statistically significant difference between groups (P < .05). HDL, high-density lipoprotein; hs-CRP, high-
sensitivity C-reactive protein; LDL, low-density lipoprotein; LE, lateral epicondylitis; OR, odds ratio.

bData are reported as mean ± SD, median [interquartile range], or n (%).
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