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Abstract

Background Inflammation and mechanical demands
play a role in the development of tendon conditions and the
dysregulation of tendon healing. In patients with obesity,
high levels of pro-inflammatory cytokines and a high
mechanical demand promote chronic low-grade in-
flammation. Although controversial results have been
reported, we aimed to summarize current evidence while
highlighting the role of obesity in tendinopathy.
Questions/purposes (1) Do patients with obesity have a
greater risk of tendinopathy, stratified by upper and lower
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extremity sites, than patients who do not have obesity? (2)
Is obesity associated with a higher risk of upper and lower
extremity tendon tear and ruptures? (3) Is obesity associ-
ated with an increased risk of complications after upper and
lower extremity tendon surgery?

Methods We performed a systematic review by searching
the PubMed, Embase, and Cochrane Library databases,
combining the term “tendon” with common terms for
tendinopathy and rupture such as “tendon injury OR ten-
dinopathy OR tendon rupture” and “obese” OR “obesity.”
We included studies with any level of evidence published
from January 2000 to July 10, 2019 in peer-reviewed
journals reporting clinical results. After we removed the
duplicates, there were 365 records. Two independent
authors screened these records and excluded 320 based on
abstract and title screening. Of the remaining 45 studies, 23
were excluded because the topic did not address the re-
search questions (n = 19), the article was outdated (n = 3),
or because there was a serious risk of bias (n = 1). Finally,
we included 22 studies with 49,914 participants (5984 with
obesity), 31,100 (1884 with obesity) of whom had upper-
extremity tendinopathy, while 18,814 (4010 with obesity)
had lower-extremity tendinopathy. Obesity was defined
as a BMI = 30 kg/m? according to the WHO’s criteria.
Data were extracted and analyzed critically. Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines were applied, and the risk of bias
(ROBINS tool) of the studies was assessed, as was the
methodological quality (Coleman score). The assessment
was performed independently by two authors. Inter-rater
agreement for the assessments of the risk of bias and
methodological quality were 89% and 94%, respectively.
All studies were observational, and most were retrospec-
tive case-control studies. Any discrepancy was discussed

{=), Wolters Kluwer

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.


mailto:chisari.emanuele@gmail.com

1840 Macchi et al.

Clinical Orthopaedics and Related Research™

and solved by consensus. The articles had a moderate risk
of bias (eight articles) or a low risk of bias (fourteen arti-
cles). We excluded one article because of a serious risk of
bias. The mean (range) Coleman score was 53.5 (42-74).
Results Obesity was associated with a greater risk of upper
extremity tendinopathy (rotator cuff: odds ratio 1.25 [95%
confidence interval 1.12 to 1.40]; p < 0.001; medial epi-
condylitis: OR 1.9 [95% CI 1.0 to 3.7]; p <0.05) and lower-
extremity tendinopathy (Achilles tendon: OR 3.81 [95% CI
2.57t05.63]; OR 3.77[95% CI12.24 t0 6.34]; OR 6.56 [95%
CI 3.18 to 13.55], for obesity Classes I, II and III, re-
spectively; patellar tendon: OR 1.10 [95% CI 1.05 to 1.90];
p=0.001; plantar fascia: OR 2.97[95% CI 1.64t0 5.37];p=
0.004). Obesity was associated with a greater risk of upper
extremity tendon tear (rotator cuff: OR 2.35[95% CI 1.62 to
3.40]; p < 0.001) and rupture leading to tendon surgery
(rotator cuff in men: OR 3.13 [95% CI 1.29 to 7.61]; p <
0.001 and women: OR 3.51 [95% CI 1.80 to 6.85]; p <
0.001). However, no association was found between BMI
and lower extremity rupture (Achilles mean BMI:
27.77 kg/m® [95% CI 26.94 to 28.49] versus control:
26.66 kg/m® [95% CI 26.06 to 27.27]; p = 0.047). Upper
extremity complications (n = 359) after tendon repair sur-
gery had a weighted incidence of 13.27% and 8.13% for
rotator cuff surgery in patients with and without obesity,
respectively. In the lower extremity (n = 21,152), the
weighted incidence for Achilles tendon surgery was 11.28%
and 8.6% in patients with and without obesity, respectively.
Conclusions Obesity is associated with a higher risk of
tendinopathy, tendon tear and rupture, and complications
after tendon surgery than non-obesity. However, the high
heterogeneity and observational nature of the studies
highlight the need to be cautious about the results of our
study. We encourage researchers to perform clinical and
preclinical studies to explore pathways related to the met-
abolic state of this population.

Level of Evidence Level 1V, prognostic study.

Introduction

Obesity has been investigated as a possible risk factor for
impaired healing in patients with tendinopathy because it
could increase mechanical stress and support an inflammatory
environment [58]. Low-grade, chronic inflammation [2],
which affects this population, seems to be caused by adipo-
cytes [57]. Because of hypertrophy, adipose cells suffer from
hypoxic, mechanical, and oxidative stress, ultimately leading
to cellular apoptosis [38] with the release of intracellular pro-
inflammatory molecules [30]. Additionally, continuous
macrophage recall increases the production of pro-
inflammatory cytokines [35]. Strong evidence confirmed
that this inflammatory condition predisposes patients with
obesity to have chronic diseases such as Type II diabetes
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mellitus, cardiovascular diseases, degenerative diseases, and
autoimmune conditions, which are well-known risk factors
for musculoskeletal diseases [7, 27, 42, 43].

Although these diseases may partly explain the higher
burden of musculoskeletal issues among these patients,
chronic low-grade inflammation was recently associated
with a failed healing response in tendons [54]. However, this
evidence is still inconclusive. Although obesity is a known
risk factor for complications after tendon surgery and increa-
ses failure rates, there is still a lack of evidence on how obesity
clinically affects the outcome of tendinopathy treatment.

Our main aims were to critically describe the influence
of obesity on the occurrence, severity, and progression of
tendinopathy; identify how obesity is associated with sur-
gical and non-surgical treatment; and evaluate the differ-
ence in the postoperative risk of rupture in this population.

Therefore, we asked: (1) Do patients with obesity have a
greater risk of tendinopathy, stratified by upper and lower
extremity sites, than patients who do not have obesity? (2)
Is obesity associated with a higher risk of upper and lower
extremity tendon tear and ruptures? (3) Is obesity associ-
ated with an increased risk of complications after upper and
lower extremity tendon surgery?

Materials and Methods
Study Search Strategy

This systematic review was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [37]. A comprehensive search
was performed by two independent authors (MM, MS) using
three medical electronic databases (PubMed, Embase, and
Cochrane Library) from January 2000 to July 10, 2019
(Fig. 1). To achieve the maximum sensitivity of the search
strategy, we combined the terms “tendon” with some com-
mon terms of tendon conditions such as “tendon injury OR
(tendon damage) OR tendonitis OR tendinopathy OR
(chronic tendonitis) OR tendinosis OR (chronic tendinop-
athy) OR enthesitis)” AND “obese” OR “obesity” OR
“overweight” OR “BMI” as either keywords or Medical
Subject Heading terms. The reference lists of all articles,
previous reviews on the topic, and top hits from Google
Scholar were reviewed to further identify potentially relevant
studies, which were assessed using the inclusion and exclu-
sion criteria. To avoid overlap with other ongoing review
studies, we searched PROSPERO for any similar reviews.

Selection Criteria

Eligible studies included those investigating the influence
of obesity on patients with tendinopathy and their outcome
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Fig. 1 The distribution of the published articles split by year is shown here.

after treatment. The titles and abstracts were screened by
including only clinical studies with any level of evidence
published in peer-reviewed journals reporting clinical
results in English. We excluded studies investigating the
tendon’s response to regenerative treatments (such as
platelet-rich plasma and mesenchymal stem cells) or new
drugs related to tissue healing, which may act as a con-
founding factor for the effect of obesity. Additionally, we
excluded studies in which data were not accessible or
missing, those without an available full-text article, or
those that were not well-reported. We also excluded
duplicates and studies with poor scientific methodology,
assessed as described below. Abstracts, case reports, con-
ference presentations, reviews, editorials, and expert
opinions were excluded. Two authors (MM, MS) per-
formed the search and evaluated the articles independently.
A researcher experienced in systematic reviews (EC) re-
solved cases of doubt. First, each investigator read the
abstracts of all articles, selected relevant articles according
to the inclusion and exclusion criteria, and compared the
results with those of the other investigators. After 4 weeks,
the same studies were read again to ensure the investigators
agreed about article selection. There was no disagreement
among the investigators. One investigator (MM) entered

data from the full-text articles into an Excel spreadsheet
with structured tables to analyze each study descriptively.
Another investigator (MS) independently double-checked
the primary data from all articles. Doubts and incon-
sistencies were grouped and resolved.

Data Extraction and Criteria Appraisal

Data were extracted from article texts, tables, and figures
using the Population, Intervention, Comparison, Outcome
framework [47] and included the title, year of publication,
study design, sample size, study population, patient char-
acteristics, intervention and comparator groups (where
applicable), outcomes, funding, and conclusions. Two
investigators (SE, GS) independently reviewed each arti-
cle. Discrepancies between the two reviewers were re-
solved by discussion and consensus.

Risk of Bias Assessment

A risk of bias assessment of all included clinical studies
was performed according to the ROBINS risk of bias tool
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[51] (see Supplemental Digital Content 1, http://links.Iww.
com/CORR/A335). This assessment used low, moderate,
and high as judgement keys. Low indicated a low risk of
bias, moderate indicated a moderate risk of bias, and high
indicated a high risk of bias. The assessment was performed
by two authors (SE, GS) independently. The inter-rater
agreement was 89%. Any discrepancy was solved by con-
sensus. The articles were considered to have a moderate
(eight articles) or low risk of bias (14 articles). We excluded
one article because of a serious risk of bias.

Study Quality Assessment

The Coleman score was used to assess the studies [17] (see
Supplemental ~ Digital Content 1,  http:/links.Iww.
com/CORR/A335). It is based on two parts (A and B) with
eight and three items, respectively. Part A comprises study
size, the mean follow-up duration, percentage of patients with
follow-up, the number of interventions per group, study type,
diagnostic certainty, description of the surgical procedure, and
postoperative rehabilitation. Part B comprises outcome cri-
teria, procedure for assessing outcomes, and description of the
participant selection process. A score of 100 indicates that the
study largely avoids confounding factors and biases. The
subsections that comprise the Coleman score are based on the
subsections of the CONSORT statement for randomized

controlled trials but are modified to allow for other trial
designs. The assessment was performed by two authors (SE,
GS) independently. The inter-rater agreement was 94%. Any
discrepancy was solved by consensus among the authors. The
mean (range) score was 53.5 (42-74).

Study Selection

The initial study search resulted in 365 studies. After
reading the title and abstract and removing duplicates, we
selected 45 for full-text reading. Ultimately, we selected 22
articles for analysis, excluding 23 articles because the topic
did not address our study questions (n = 19) or the article
was outdated (n = 3) and because of a serious risk of bias
(n=1) (Fig. 2) [37].

Study Characteristics

Of'the 22 studies included in our systematic review [3, 5, 9,
11,15,19,21,24,28,29,31-34, 36, 40, 44-46, 50, 55, 60,
], eight were case-control studies [3, 5, 19, 29, 34, 40, 55,
60], five were retrospective cohort studies [9, 11, 15, 31,
33], and one was a prospective study [46]. Additionally, six
were cross-sectional studies [21, 24, 32, 36,45, 50] and two
were case series [28, 44].
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Fig. 2 A PRISMA flowchart showing the selection process is shown here.
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In the 22 included studies, we analyzed the data of
49,914 participants (5984 with obesity), 31,100 (1884 with
obesity) who had upper extremity tendinopathy while
18,814 (4010 with obesity) had lower extremity tendin-
opathy. We only examined patients with obesity (BMI =
30 kg/m?), defined according to the WHO’s criteria [41].
The total number of patients with obesity was 5912. The
weighted mean age was 50.5 = 4.6 years, and the male-to-
female ratio was 8:10.

The tissues involved were the Achilles tendon [3, 5, 9,
15,31, 32, 34, 40], rotator cuff[11, 19, 29, 33, 45, 55, 60],
patellar tendon [21], tibialis posterior tendon [44], plantaris
tendon [36], ankle and foot tendons [24, 28], upper-
extremity soft tissues [46], and insertion of the elbow
epicondyle tendon [50].

The evaluated outcomes were the effect of obesity on
the etiopathogenesis of tendinopathy. The most in-
vestigated outcomes were the association between obesity
and tendinopathy or tendon rupture [5, 19, 45, 50, 55, 60,
21, 24, 28, 32, 34, 36, 40, 44], the outcome and compli-
cations after tendon surgery in patients with obesity [9, 11,
15, 31, 33], and the effect of obesity on the treatment of
tendinopathy [34, 60]. Other outcomes were the effect of
exercise on tendinopathy in patients with obesity [3, 5, 40]
and on recovery from upper extremity soft-tissue dis-
orders [46].

The main characteristics of all included studies were
extracted and described (see Supplemental Digital Content
2, http://links.lww.com/CORR/A336)

Statistical Analysis

The statistical analysis were performed using SPSS software
version 22.0 (IBM Corp, Armonk, NY, USA) and MedCalc
program for Windows. Continuous variables were presented
as the mean value and categorical data were reported fol-
lowing the study authors preference. When possible, we
used the data reported in the text and tables to perform a
univariate analysis (t test and chi-square test for continuous
and categorical data, respectively). However, after review-
ing the data, the heterogeneity of outcomes, follow-up, and
assessments, in addition to unreported data, prevented us
from performing a meta-analysis. Thus, a descriptive anal-
ysis was performed for this systematic review.

Results
Risk of Tendinopathy
Obesity was associated with a greater risk of upper extremity

tendinopathy (rotator cuff: odds ratio 1.26 [95% confidence
interval 1.13 to 1.40]; p < 0.001; medial epicondylitis: OR

1.9 [95% CI 1.0 to 3.7]; p < 0.05) and lower extremity
tendinopathy (Achilles tendon: OR 3.81 [95% CI 2.57 to
5.63]; OR 3.77 [95% CI 2.24 to 6.34]; OR 6.56 [95% CI
3.18 to 13.55] for obesity Classes I, 11, and III, respectively;
patellar tendon: OR 1.10 [95% CI 1.05 to 1.90]; p = 0.001;
plantar fascia: OR 2.98 [95% CI 1.65to 5.37]; p=0.004). A
matched case-control study [55] and a cross-sectional study
[45] found that being overweight or obese is associated with
rotator cuff tendinopathy. In particular, although the quality
of the design affected the matched case-control study’s [55]
reporting, both studies reported similar trends, with a
reported higher risk of tendon-related pain (men: OR 1.4
[95% CI1.0t02.0]; p<0.05; women: OR 1.6 [95% CI 1.0 to
2.4]; p < 0.05) and overall risk of tendinopathy (OR 1.26
[95% CI 1.13 to 1.40]). Similar results were confirmed in
another study [28]. One study investigated lateral and medial
epicondylitis with evidence supporting a role in only medial
epicondylitis (OR 1.9 [95% CI 1.0 to 3.7]; p < 0.05). When
restricted to people with obesity only, data in multivariate
analyses were inconsistent, which may have been because of
unreported data [50]. In 2014, a cross-sectional study [21]
including 213 patents with patellar tendinopathy and 84
healthy participants found that BMI was associated with the
prevalence of patellar tendinopathy (OR 1.10 [95% CI 1.05
to 1.90]; p = 0.001). Four studies [4, 24, 32, 34] evaluated
the effect of obesity on the Achilles tendon. Two matched
case-control studies [4, 34] investigated the role of BMI in
the occurrence of Achilles tendinopathy. Patients with
obesity had a higher prevalence of tendinopathy than
patients without obesity [4, 32]. A cross-sectional study [24]
including 1411 patients, 738 of whom had a BMI >
25 kg/m?, found that being overweight or obese increases
the chances that tendinitis (OR 1.92; p < 0.001) and plantar
fasciitis (OR 1.40; p <0.040) will occur. Another study [36]
reported similar results on the risk of plantar fasciitis ten-
dinopathy (OR 2.98 [95% CI 1.65 to 5.37]; p = 0.004).
However, a large study [44] on 6879 patients with tibialis
posterior tendon tendinitis, plantar fasciitis, or both con-
cluded that were no differences in the mean BMI between
any two groups.

Risk of Tendon Tear and Rupture

Obesity was associated with a greater risk of upper ex-
tremity tendon tear than non-obesity (rotator cuff: OR 2.35
[95% CI 1.62 to 3.40]; p < 0.001) and rupture treated with
tendon surgery (rotator cuff in men: OR 3.13 [95% CI 1.29
to 7.61]; p <0.001 and women: OR 3.51 [95% CI 1.80 to
6.85]; p < 0.001); however, no association was found be-
tween BMI and lower-extremity rupture (Achilles mean
BMI: 27.77 kg/m? [95% CI 26.94 to 28.49] versus control
26.66 kg/m* [95% CI26.06 to 27.27]; p = 0.047). Patients
with obesity also had a greater risk of tendon rupture than
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patients without [19, 29, 60]. One study [29] investigated
the risk of a rotator cuff tear and two [19, 60] evaluated
rupture that eventually led to surgery. A case-control study
[29], in which patients were divided into two groups based
on BMI, found that patients with obesity had a higher in-
cidence of rotator cuff tears than did those without (OR
2.35[95% CI1.62 to 3.40]; p <0.001). On the other hand, a
matched case-control study [60] using a multiple linear
regression analysis showed an association between BMI
and shoulder surgery in men (OR 3.13 [95% CI 1.29 to
7.61]) and women (OR 3.51 [95% CI 1.80 to 6.85]).
Moreover, similar results were reported in another study
[19], in which patients who underwent arthroscopic rotator
cuff repair had a higher BMI than healthy control partic-
ipants (OR 2.11; p < 0.001). However, this was not the
same for lower extremity tendons. A matched case-control
study [40] comparing 93 patients who had Achilles tendon
ruptures with 186 controls found no difference in the mean
BMI (rupture: 27.77 kg/m2 [95% CI126.94 to 28.49] versus
control: 26.66 kg/m? [95% CI 26.06 to 27.27]; p = 0.047).

Complications

After tendon surgery, obesity was associated with a higher
proportion of complications that ranged from 2.78% to
28.6% (weighted mean: 3.07%; median: 3.1%). By con-
trast, in patients without obesity, this incidence ranged
from 0.56% to 15.8% (weighted mean: 1.77%; median:
6.2%)[9, 11, 15,31, 33]. When divided by tendon location,
the upper extremity (n = 359) weighted incidence was
13.27% versus 8.13% for rotator cuff surgery in patients
with and without obesity, respectively. In the lower ex-
tremity (n = 21,152 patients), the weighted incidence of
rotator cuff surgery was 11.28% versus 8.6% in patients
with and without obesity, respectively [9, 11, 15, 31, 33].
The analyzed complications were wound complications [9,
15, 31]; infections [15, 31]; venous thromboembolism
[15]; joint stiffness [15]; re-tear, meaning that tendon
rupture occurred after surgery to treat a primary tendon tear
[11, 33]; and other medical complications [15]. The inci-
dences of wound complications were 3.8% [15], 3.1% [9],
and 1.8% [31]. Conflicting evidence was reported about the
influence of obesity on complications after tendon surgery
[1,4,9, 11, 15, 24, 31-34]. One retrospective study [15]
reported that after Achilles tendon surgery, patients with
obesity had a greater risk of complications, including
wound complications (OR 2.1 [95% CI 1.7 to 2.6]; p <
0.001), infections (OR 1.8 [95% CI 1.5 t0 2.3]; p <0.001),
venous thromboembolism (OR 1.7 [95% CI 1.3t0 2.4];p <
0.001), medical complications (OR 3.9[95% CI12.9to0 5.1];
p <0.001), and ankle stiffness (OR 0.4 [95% CI 0.3 to 0.6];
p < 0.001) than patients without obesity. However, two
studies did not find any difference in the outcome of tendon
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surgery between patients with obesity and those without [9,
31]. Similar findings were reported for rotator cuff repair
after tendon surgery [11]. In addition, the incidence of re-
tear was higher in patients with obesity than in patients
without (OR 4.3 [95% CI 1.6 to 11.4]; p=0.008), and these
patients’ postoperative quality of life was impaired. ROM
was limited in patients with obesity (p < 0.001) [11].
Controversially, Kessler et al. [33], who used a similar
sample, did not report a higher proportion of complications
in patients with obesity. However, the follow-up duration
was shorter and the authors were not able to get a good
estimate of the re-tear risk after surgery. Although the
overall number of participants with postoperative compli-
cations was high, we caution the reader about the studies’
heterogenous designs and observational value.

Discussion

Studies have demonstrated an association between ten-
dinopathy and BMI [23, 26, 49], dyslipidemia [25], and
waist circumference (often used as a measure of body
composition and obesity) [25, 26]. However, clinical ob-
servational studies were inconclusive on the topic, leaving
clinicians without clear guidance on whether or not to treat
these patients differently. To our knowledge, this is the first
study that systematically reviewed clinical studies on the
relationship between obesity and tendinopathy and its main
consequences. The collected evidence showed that obesity
had a clinically significant role in the risk that tendinopathy
will develop and that these patients will have a tear or
rupture and suffer complications after tendon repair.

Limitations

The most important limitation of our systematic review was
the heterogeneity of the studies, not only because of the
type of study and outcomes, but also because of the quality
and risk of bias. Thus, because it was impossible to
perform a meta-analysis, this might affect the ability to
translate our findings into clinical practice. Most of the
included studies were retrospective, cross-sectional, or
case-control studies, and we found no randomized con-
trolled clinical trials. However, because randomizing
patients as being obese or not is an impossible study design,
we decided to perform a review and try to describe the
studies’ trends.

Because of the studies’ designs, none identified obesity
as playing a major role in the etiopathogenesis of tendin-
opathy, and these studies considered it only a risk factor.
Furthermore, they often did not refer specifically to obesity
but to metabolic syndrome or diabetes mellitus. In these
cases, it was crucial for us to extract data from the entire
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text and tables. In addition, data about sex, the mean age,
and mean BMI were not available in some studies, so we
were unable to discuss some of the findings in depth.
However, all authors agreed to conduct some minor de-
scriptive analyses to provide more data about the risk and
burden of obesity and tendinopathy. The evidence we
provide should be interpreted with caution, but it is based
on the best evidence we can currently collect and should be
considered to provide better care to patients.

Because it was impossible to conduct a randomized
controlled trial, we encourage researchers to perform pre-
clinical animal studies and prospective cohort studies in the
future. Although research studies with models of tendin-
opathy using animals that are randomized to a high-fat diet
or not may help us highlight the molecular pathogenesis of
tendinopathy, well-designed, multicenter, prospective,
cohort human studies examining patients with obesity
matched by age and sex to people without obesity might
shed light on the topic from a clinical point of view. In
addition, a study evaluating patients with obesity matched
by age and sex with patients who were obese in the past
may help to understand how to prevent this condition.

Obesity and the Risk of Tendinopathy

Our findings suggest that obesity is associated with a higher
risk of tendinopathy. Higher BMI was associated with
macroscopic tendon changes such as greater thickness and
lower stiffness [2, 6, 10, 22, 53, 59]. However, although
mechanical changes and systematic comorbidities could
explain the higher risk of tendinopathy in individuals with
obesity than in individuals without, the findings we showed
in upper extremity tendons weaken this conclusion. The
molecular aspects of the disease, particularly adipokines,
should be studied further for these reasons. Only one study
[46] considered this aspect and found that higher levels of
leptin were associated with a lower incidence of recovery
from upper extremity soft-tissue disorders. In contrast,
higher levels of resistin and visfatin were associated with a
higher recovery rate. Thus, the role of leptin resistance,
which is commonly found in people with obesity, may
elucidate this further [20, 39]. Mechanical changes cannot
be considered the cause of the increased risk of tendinop-
athy and should be considered a contributing factor only.
We should aim to evaluate the metabolic state of patients
with obesity.

Obesity and the Risk of Tendon Rupture

Obesity is associated with a higher risk of tear and rupture
in upper-extremity tendons. This was not true for lower-
extremity tendons. As emerging studies are confirming,

although moderate exercise plays an essential role in ten-
don homeostasis, a lack or excess of it and overuse are
associated with tendinopathy and tendon tears [3, 5, 40].
Patients with a sedentary lifestyle are more likely to have a
higher BMI than those with a more active lifestyle, which is
ultimately associated with enthesopathy and tendon ab-
normalities [1]. Our results seem to agree with previous
reviews examining a sedentary state as an explanation for
the increased risk associated with obesity [4, 12, 13, 16,
23, 25].

However, the controversial absence of greater tendon
tear and rupture might be difficult to interpret. We con-
cluded that mechanical stress that affects the feet of patients
with obesity during daily activities such as walking is un-
avoidable in this population and might somehow protect
against degenerative changes that lead to rupture but not
tendon inflammation and pain.

Obesity and the Risk of Complications After
Tendon Surgery

The risk of complications after tendon surgery was higher
in patients with obesity than in patients without obesity,
both for upper and lower extremity tendons [9, 11, 15, 31,
33]. However, three studies did not find a difference be-
tween patients with obesity and patients without [46, 49,
51]. These studies had a lower risk of bias and a higher
quality, according to our assessment; thus, we recommend
further investigation into this topic. The greater risk of
tendinopathy and complications after tendon surgery in
patients with obesity than in individuals without could be
explained by the role of obesity in impaired tendon healing.
In some preclinical studies [8, 1214, 18, 52] in which mice
were placed on either a high-fat or low-fat diet, the tendons
of rats with obesity had impaired biomechanical and
healing properties, with increased M2 polarization [8, 14,
18, 52] and microscopic collagen fibril alterations with a
lower amount of glycosaminoglycans [12, 13]. Another
explanation is the role of adipokines; leptin has been shown
to promote osteogenic differentiation of tendon-derived
stem cells and formation of heterotopic bone via mTORC1
signalling. Adiponectin stimulated the proliferation and
differentiation of the tenocyte progenitor, and tenomodulin
played a role in the pathogenesis of obesity [48, 56, 61]

Conclusion

Obesity is associated with tendinopathy and its main fea-
tures. The risk that this condition will develop, together
with the risk of complications after surgery, was higher
when either upper and lower extremity tendons were in-
vestigated. When we evaluated tendon tear and rupture,
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only upper extremity tendons seemed to be affected. This
review is the first, to our knowledge, to systematically in-
vestigate this association, and it is based only on obser-
vational evidence that did not show causation but only
association. Thus, the results should be interpreted with
caution. However, our findings highlight that obesity has a
clear role in tendinopathy, and patients should be guided in
weight loss and proper progressive physical activity. In
addition, surgery might not be the best option to treat
tendon tear and rupture because of the higher risk of
complications and impaired healing response in clinical
and preclinical studies, respectively. Future preclinical
studies are needed to confirm our results and investigate the
inflammatory and molecular pathways of this relationship,
while prospective, multicenter, matched-cohort studies
may elucidate its role clinically. In particular, they will
need to identify whether obesity is just an associated factor
or whether it has a central role in the pathogenesis of
tendinopathy.
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