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Article focus
�� This systematic review and meta-analysis 

evaluated the impact of metabolic syn-
drome (MetS) on postoperative compli-
cations after total hip arthroplasty (THA) 
and total knee arthroplasty (TKA).

Key messages
�� The available evidence shows that THA 

and TKA patients with MetS are at inc
reased risk of all-cause complications, 

cardiovascular complications, surgical site 
infection, urinary tract infection, and 
30-day readmission.

Strengths and limitations
�� This is the first systematic review and meta-

analysis to assess whether MetS alters risk 
of complications after THA and TKA, and it 
involved more than 1.3 million patients.

�� We identified several postoperative com-
plications for which MetS significantly 

Patients with metabolic syndrome have 
a greater rate of complications after 
arthroplasty
A systematic review and meta-analysis

Aims
Patients with metabolic syndrome (MetS) are known to be at increased risk of postoperative 
complications, but it is unclear whether MetS is also associated with complications after 
total hip arthroplasty (THA) or total knee arthroplasty (TKA). Here, we perform a systematic 
review and meta-analysis linking MetS to postoperative complications in THA and TKA.

Methods
The PubMed, OVID, and ScienceDirect databases were comprehensively searched and stud-
ies were selected and analyzed according to the guidelines of the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE). We assessed the methodological quality of each 
study using the Newcastle-Ottawa Scale (NOS), and we evaluated the quality of evidence 
using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE). 
Data were extracted and meta-analyzed or qualitatively synthesized for several outcomes.

Results
Ten cohort studies involving 1,352,685 patients were included. Qualitative analysis suggested 
that MetS was associated with a higher incidence of cardiovascular events, and meta-analysis 
showed that MetS increased the risk of all-cause complications (risk ratio (RR) 1.55, 95% confi-
dence interval (CI) 1.28 to 1.89), surgical site infection (SSI; RR 2.99, 95% CI 1.30 to 6.90), uri-
nary tract infection (UTI; RR 2.58, 95% CI 1.03 to 6.43), and 30-day readmission (RR 1.45, 95% 
CI 1.33 to 1.59). There was insufficient evidence for assessing an association between MetS and 
venous thromboembolism events, pulmonary or gastrointestinal complications, or mortality.

Conclusion
Patients with MetS undergoing THA and TKA are at increased risk of all-cause complications, 
cardiovascular complications, SSI, UTI, and 30-day readmission. Surgeons should be aware 
of the increased risk of these complications in MetS, and presurgical protocols for these com-
plications should give special consideration to MetS patients.
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increases risk, but we could not meta-analyze several 
other complications because of heterogeneity between 
studies, which future studies should address.

Introduction
Metabolic syndrome (MetS) comprises a constellation of 
abnormal medical conditions that increase the risk of ath-
erosclerotic cardiovascular disease, endocrine dysfunc-
tion, thromboembolic events, and osteoarthritis.1–4 There 
are several definitions of MetS with slight variations in 
diagnostic criteria, but the presence of central obesity, 
insulin resistance, hypertension, and dyslipidemia are 
components contributing to this disease complex.5–7 
MetS is estimated to affect 7% to 40% of adults and 
increases substantially with age, which brings a major 
burden for the healthcare system.8–10

Several studies show that MetS is associated with an 
increased risk of postoperative complications and mortal-
ity.11–15 For example, patients with MetS undergoing 
coronary artery bypass grafting surgery stay longer in the 
intensive care unit than patients without MetS and show 
higher risk of surgical complications such as atelectasia11 
and all-cause mortality outcomes.12 MetS is also associ-
ated with an increased risk of mortality in patients under-
going noncardiac surgical procedures,13 and an increased 
incidence of postoperative complications in patients 
undergoing fracture surgery.14,15

Total hip arthroplasty (THA) and total knee arthro-
plasty (TKA) are common surgical procedures to relieve 
pain and improve joint function in patients suffering 
from severe hip and knee joint disease.16 In the USA, 
demand for THA is expected to reach 570,000 and 
demand for TKA to reach 3.5 million by 2030.17 MetS is 
estimated to affect 10% to 15% of THA and TKA patients, 
a percentage which is expected to increase as the popula-
tion ages.18–20 Several studies have reported that MetS 
increases the risk of cardiovascular complications,21 
venous thromboembolism (VTE),22 and pulmonary 
embolism20 following arthroplasty. MetS was also 
reported to be an independent risk factor for all-cause 
complications, wound complications, and readmission 
following arthroplasty.18 However, a comprehensive 
understanding of how MetS affects risk of complications 
and poor outcomes after THA or TKA is still lacking.

Presurgical comorbidities strongly influence postsurgi-
cal outcomes, including the incidence of life-threatening 
complications. A more accurate understanding of how 
comorbidities impact the results of surgical intervention 
could help reduce postoperative risks and medical costs, 
improve quality of treatment, and increase patient satis-
faction.18 Considering the absence of systematic reviews 
in the field, we therefore performed this systematic review 
and meta-analysis of the literature to provide a detailed 
critical analysis of the effects of MetS on postoperative 
THA and TKA outcomes.

Methods
This study was conducted according to the guidelines of 
the Meta-analysis of Observational Studies in Epidemio
logy (MOOSE).23 Ethical approval was considered unnec-
essary as this study is a review of existing, peer-reviewed 
literature and did not involve any handling of individual 
patient data.
Search methodology.  Two investigators (WR, LRY) inde-
pendently searched PubMed, OVID, and ScienceDirect 
databases prior to December 2018 without limitation on 
language or publication status. The following search terms 
were used: “total joint arthroplasty”, “total joint replace-
ment”, “total hip arthroplasty”, “total hip replacement”, 
“total knee arthroplasty”, “total knee replacement”, 
“TJA”, “TJR”, “THA”, “THR”, “TKA”, “TKR”, “metabolic 
syndrome”, “insulin-resistance syndrome”, “syndrome 
X”, and “MetS”. References cited in articles found in the 
search were also manually searched for additional relevant 
articles. Language experts were contacted for translation of 
studies that were not written in English.
Study selection criteria.  Studies were included in this 
meta-analysis if they were cohort studies investigating 
the impact of MetS on postoperative complications fol-
lowing THA or TKA. Studies were excluded if they were 
not controlled (e.g. case reports or case series), were 
published only in abstract form, evaluated the impact of 
an individual aspect of MetS rather than the syndrome 
as a whole, or involved patients who underwent hemi-
arthroplasty, unicompartmental knee arthroplasty, or 
arthroscopic surgery.
Literature selection.  Potentially relevant studies were 
imported into Endnote X7 (Thomson Scientific, Stamford, 
Connecticut, USA) and duplicate records were removed. 
The two investigators (WR, LRY) who had performed the 
literature search then independently excluded irrelevant 
studies based on titles and abstracts, read the full texts 
of the remaining articles, and excluded those that did 
not meet selection criteria to produce a final list of stud-
ies. Discrepancies between the two investigators were 
resolved by discussion with a third author (WKZ).
Data extraction and assessment of study quality.  Two 
investigators (WR, LRY) independently extracted the follow-
ing data from each eligible study: first author name, pub-
lication year, sample size, study type, Newcastle-Ottawa 
Scale (NOS) score, clinical definition of MetS, and inci-
dence of complications. The outcomes of interest included 
all-cause complications, circulatory complications, urinary 
complications, pulmonary complications, gastrointesti-
nal complications, surgical site infection (SSI), mortality, 
and 30-day readmission. Circulatory complications were 
defined as the following: cardiovascular events and VTEs, 
which included deep vein thrombosis and pulmonary 
embolism; urinary complications, which were referred to 
as urinary tract infections (UTIs); and SSI, including super-
ficial and prosthetic infections.
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We used the NOS score to evaluate the methodologi-
cal quality of each study.24 The NOS score is a validated, 
widely used tool for evaluating the quality of observa-
tional studies based on the methods used to select the 
study groups (zero to four points), the comparability of 
cases and controls (zero to two points), and the method 
used to ascertain the outcome of interest (zero to three 
points). The maximum total points was nine, and this 
meta-analysis included only the studies deemed of mod-
erate or high methodological quality (at least five points). 
We assessed the quality of evidence using the Grading 
of Recommendations Assessment, Development, and Eva
luation (GRADE) in GRADEpro 3.6 (GRADE Working 
Group). The quality of evidence for each outcome was 
categorized as high, moderate, low, or very low25,26 
based on the study limitations, inconsistent results, indi-
rectness of evidence, imprecision, and publication bias. 
Quality of evidence was evaluated by two researchers 
(WR, LRY) independently, and any discrepancies were 
resolved by discussion with a third researcher (WKZ).
Statistical analysis. O utcomes were synthesized qualita-
tively if data could not be directly compared across stud-
ies, or if the studies reported insufficient data. Outcomes 
for sufficient, comparable data reported across studies 
were meta-analyzed and displayed as forest plots using 
RevMan 5.2 (The Cochrane Collaboration, Oxford, UK). 
All evaluated data were dichotomous, and effects were 
expressed as risk ratios (RRs) with 95% confidence inter-
vals (95% CIs). We used a random-effects meta-analysis 
model, which can incorporate heterogeneity, because we 
anticipated that there would be interstudy variability due 
to differing definitions of MetS. The I2 test was used to 
examine heterogeneity across studies. Heterogeneity was 
defined as absent (I2 = 0.0% to 25.0%), low (I2 = 25.1% 
to 50.0%), moderate (I2 = 50.1% to 75.0%), or high (I2 = 
75.1% to 100.0%). Once all outcomes were evaluated, a 
summary table was created using GRADEpro.

Results
Search results and characteristics of included studies.  A 
total of 440 records were identified, with no additional 
records identified by manually searching references. 
Screening using Endnote X7 removed 269 duplicates, 
and 140 records were excluded as irrelevant after read-
ing titles and abstracts. A further 21 records failed to meet 
selection criteria and were removed. Finally, ten studies  
involving 1,352,685 cases were included for meta-analysis. 
The details of study identification, inclusion, and exclu-
sion are shown in Figure 1.

Of the ten studies, one was a prospective cohort study22 
and nine were retrospective cohort studies.18–21,27–31 All 
were published within the last ten years, including six 
studies published within the last five years. Seven studies 
were conducted at a single centre, and the other three 
studies at multiple centres.18,29,30 Nine studies assessed the 

impact of MetS on postoperative outcomes following both 
THA and TKA, while one study assessed only TKA.22 
Although the definition of MetS differed slightly across 
studies, the presence of obesity, diabetes (insulin resist-
ance or dysglycemia), hypertension, and dyslipidemia 
were common criteria, except for one study that utilized 
sleep apnoea as a surrogate for obesity.19 The NOS quality 
score of the ten included studies ranged from six to eight 
points. Table I provides a detailed description of the study 
characteristics and participants, and Table II provides a 
summary of outcomes data. The details of study identifica-
tion, inclusion, and exclusion are shown in Figure 1.
Outcomes assessments.  All-cause complications: data on all-
cause complications following THA and TKA were extracted 
from four studies involving 109,004 patients.18,19,27,28 
Heterogeneity among the four studies was low (p = 0.254, 
I2 = 26.3%, forest plot). Meta-analysis showed that patients 
with MetS had a significantly higher risk of all-cause com-
plications than patients without MetS (RR 1.55, 95% CI 
1.28 to 1.89; Figure 2). The quality of evidence (GRADE) 
was low (Table III).
Circulatory complications.  Cardiovascular events: a total 
of five studies involving 1,235,105 patients reported the 
incidence of cardiovascular events,19,21,28–30 although the 
definition of cardiovascular events varied substantially 
in different studies. All five studies found that MetS was 
associated with a higher risk of cardiovascular events after 
THA and TKA. One study21 defined cardiovascular events 
as nine complications, among them atrial fibrillation, 
arrhythmia, bradycardia, cardiac arrest, and myocardial 
infarction. The study reported that patients with MetS 
had a higher cumulative risk of cardiovascular events than 
those without MetS (odds ratio (OR) 1.64; 95% CI 1.09 to 
2.46). A second study reported significantly higher risk 
of myocardial infarction and cardiac complications in the 
MetS group than in the control group, although they did 
not give a clear definition of cardiac complications.30 A 
third study found that uncontrolled MetS, but not con-
trolled MetS, led to significantly higher incidence of car-
diac events than in non-MetS patients (8.6% vs 0.8%), 
although cardiac events in this study were also not clearly 
defined.28 A fourth study reported twofold higher risk 
of postoperative myocardial infarction in patients with 
MetS.29 The remaining study also showed a higher inci-
dence of myocardial infarction in the MetS group than in 
the control group (2.5% vs 1.9%), although the differ-
ence was not statistically significant.19

Venous thromboembolism events: incidence of VTEs 
was assessed in eight studies involving 1,245,400 patie
nts.19–22,28–31 Table IV shows detailed information on VTE 
prophylaxis, diagnosis, assessment timepoints, incidence, 
and effect size in each study. Meta-analysis was not pos-
sible due to significant heterogeneity in thrombosis type, 
assessment method, and timepoints. In brief, approxi-
mately half of studies reported an association between 
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MetS and VTE after THA or TKA. Dy et al29 reported that 
MetS patients were more than three times more likely to 
experience postoperative VTE than patients without MetS, 
while Della Valle et al30 reported no difference. Another 
two out of four studies reported that MetS increased the 
risk of deep vein thrombosis by more than threefold22 or 
by 1.14- to 4-fold.31 In contrast, Zmistowski et al28 and 
Gandhi et al21 found that pulmonary embolism, but not 
deep vein thrombosis, was associated with MetS.21,28 
Mraovic et al20 also reported that MetS increased the risk 
of pulmonary embolism by 1.6-fold, but Edelstein et al19 
found no difference in pulmonary embolism incidence 
between MetS and non-MetS patients.

Urinary complications: UTI incidence was investigated 
in two studies involving 1,719 patients.19,28 Meta-analysis 
showed that patients with MetS were at higher risk of 
postoperative UTI than non-MetS patients (pooled RR 
2.64, 95% CI 1.06 to 6.55, I2 = 0%; Figure 3). The quality 
of evidence (GRADE) was low (Table III).

Pulmonary complications: pulmonary complications 
were assessed in two studies involving 1,214,399 
patients.19,30 One study found that TKA patients with 

MetS, but not THA patients with MetS, had a higher inci-
dence of pulmonary complications after surgery than 
patients without MetS.30 In contrast, Edelstein et al19 
reported no difference in the incidence of postoperative 
pulmonary complications between patients with or with-
out MetS who underwent THA or TKA.

Gastrointestinal complications: gastrointestinal com-
plications were assessed in one study with 257 patients. 
This study found no difference in the incidence of small 
bowel obstruction between patients with or without 
MetS after THA or TKA.28

Surgical site infection: SSI was assessed in two studies 
involving 1,719 patients.19,28 Meta-analysis showed that 
MetS significantly increased the risk of SSI after TKA or THA 
(pooled RR 2.99, 95% CI 1.30 to 6.90, I2 = 0%; Figure 4). 
The quality of evidence (GRADE) was moderate (Table III).

Readmission and mortality: readmission within a 
30-day follow-up was assessed in two studies, with a 
combined total of 108,579 patients.18,19 Meta-analysis 
showed that patients with MetS were at significantly 
higher risk of 30-day readmission (pooled RR 1.45, 95% 
CI 1.33 to 1.59, I2 = 0%; Figure 5). The quality of evidence 
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(GRADE) was very low (Table III). Another two studies 
involving 1,213,194 patients reported that patients with 
MetS had lower overall in-hospital mortality than patients 
without MetS,30 but there was no difference in mortality 
within two years after surgery.28

Discussion
Metabolic syndrome is known to be associated with an 
increased risk of postoperative complications.11–15 Recent 
studies have begun to link MetS with complications after 
THA and TKA, but the results are still controversial. In this 

Table II.  Summary of outcomes between metabolic syndrome and nonmetabolic syndrome patients after total hip or knee arthroplasty

Reference Outcomes assessed Summary of postoperative outcomes between groups

Gandhi et al (2009) 22 Deep vein thrombosis. The risk of symptomatic deep vein thrombosis in patients with MetS was 
3.2 times that of patients without MetS at three-month follow-up.

Edelstein et al (2017) 18 All-cause complications, wound 
complications, readmission.

MetS was associated with increased risk of all-cause complications, 
wound complications, and readmission within 30 days after surgery.

Gage et al (2014) 27 All-cause complications. MetS increased the risk of all-cause complications during hospitalization 
and within one year after surgery.

Mraovic et al (2013) 20 Pulmonary embolism. Patients with MetS were at higher risk of pulmonary embolism than 
patients without MetS.

Song et al (2016) 31 Deep vein thrombosis. MetS increased the risk of deep vein thrombosis within 30 days of surgery.
Edelstein et al (2016) 19 All-cause complications, pulmonary 

complications, cardiac events, pulmonary 
embolism, SSI, UTI, readmission.

MetS increased the risk of all-cause complications, cardiac events, 
pulmonary embolism, SSI, and UTI at one-month follow-up, with no 
difference in pulmonary complications or readmission.

Zmistowski et al 
(2013) 28

All-cause complications, periprosthetic 
complications, deep vein thrombosis, 
pulmonary embolism, cardiac events, UTI, 
small bowel obstruction, one- and two-year 
mortality.

Uncontrolled MetS patients showed greater incidence of all-cause 
complications, cardiac events, pulmonary embolism, and prosthetic joint 
infection than patients with controlled MetS and patients without MetS. 
However, not all differences were significantly different between the 
controlled MetS and non-MetS groups.

Gandhi et al (2012) 21 Cardiovascular complications, pulmonary 
embolism, deep vein thrombosis.

Patients with MetS were at higher risk of cardiovascular complications and 
pulmonary embolism than patients without MetS during hospitalization, 
with no difference in risk of deep vein thrombosis.

Dy et al (2011) 29 Myocardial infarction and VTE. Patients with MetS were at higher risk of myocardial infarction and VTE 
than patients without MetS.

Gonzalez Della Valle 
(2012) 30

Cardiac events, pulmonary complications, 
VTE, in-hospital mortality.

MetS was associated with increased risk of cardiac events after THA and 
TKA, and pulmonary complications after TKA. There was no difference in 
VTE risk. All-cause in-hospital mortality was lower among MetS patients 
than non-MetS patients.

MetS, metabolic syndrome; SSI, surgical site infection; THA, total hip arthroplasty; TKA, total knee arthroplasty; UTI, urinary tract infection; VTE, venous 
thromboembolism.

Table I. D escription of studies and participants

Reference Surgery Sample size (MetS vs 
control)

Follow-up Definition of MetS Study type NOS score

Gandhi et al (2009) 22 TKA 1,460 (135 vs 1,325) 3 mths Obesity, hypertension, diabetes, 
and dyslipidemia

P-Co, S 8

Edelstein et al (2017) 18 THA/TKA 107,117 (11,030 vs 
96,087)

1 mth Obesity, hypertension, and 
diabetes

R-Co, M 7

Gage et al (2014) 27 THA/TKA 168 (39 vs 129) 1 yr International Diabetes Foundation 
criteria*

R-Co, S 7

Mraovic et al (2013) 20 THA/TKA 7,282 (958 vs 6,324) Unclear Obesity, hypertension, 
dysglycemia, and dyslipidemia

R-Co, S 6

Song et al (2016) 31 THA/TKA 1,553 (79 vs 1,474) 1 mth World Health Organization 
criteria†

R-Co, S 8

Edelstein et al (2016) 19 THA/TKA 1,462 (237 vs 1,225) 1 mth Three criteria of diabetes, 
hypertension, dyslipidemia, and 
sleep apnoea

R-Co, S 7

Zmistowski et al (2013) 28 THA/TKA 257 (35 vs 101 vs 121)‡ Unclear Obesity, hypertension, diabetes, 
and dyslipidemia

R-Co, S 7

Gandhi et al (2012) 21 THA/TKA 4,132 (1,132 vs 3,000) Hospitalization Three criteria of obesity, 
hypertension, diabetes, and 
dyslipidemia

R-Co, S 6

Dy et al (2011) 29 THA/TKA 16,317 Mean 48 mths 
(24 to 71)

Obesity, hypertension, diabetes, 
and dyslipidemia

R-Co, M 7

Gonzalez Della Valle et al 
(2012) 30

THA/TKA 1,212,937 (107,121 vs 
1,105,816)

Hospitalization Three criteria of obesity, 
hypertension, diabetes, and 
dyslipidemia

R-Co, M 7

*International Diabetes Foundation criteria for metabolic syndrome: body mass index > 30 kg/m2 plus three of the following conditions: elevated 
triglycerides, reduced high-density lipoprotein, hypertension, or diabetes.
†World Health Organization criteria for metabolic syndrome: insulin resistance plus two of the following conditions: body mass index > 30 kg/m2, hypertension 
and/or antihypertensive medication, high-density lipoprotein cholesterol < 35 mg/dl in men or < 39 mg/dl in women, or triglycerides ≥ 150 mg/dl.
‡Uncontrolled versus controlled versus nonmetabolic syndrome patients.
M, multicentre; MetS, metabolic syndrome; NOS, Newcastle-Ottawa Scale; P-Co, prospective cohort study; R-Co, retrospective cohort study; S, single-centre; 
THA, total hip arthroplasty; TKA, total knee arthroplasty.
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study, we performed a systematic review and meta-analysis 
to identify MetS-related complications after THA and TKA. 
The available evidence suggests that MetS increases the 
risk of all-cause complications, cardiovascular complica-
tions, SSI, UTI, and 30-day readmission.

Metabolic syndrome is a pathological condition which 
comprises a cluster of abnormal metabolism-related 

components. Although it often arises in obese patients, 
MetS is not a consequence of obesity but rather a distinct 
state characterized by low-grade inflammation, and 
should be regarded as an independent risk factor for 
many diseases and surgical complications.32–35 It appears 
that low-grade inflammation accompanied by higher 
than normal circulating levels of inflammatory cytokines 

Table III.  Summarized outcomes in Grading of Recommendations Assessment, Development, and Evaluation. MetS patients were compared to non-Mets 
patients for complications after total hip arthroplasty and total knee arthroplasty

Outcome
Illustrative comparative risks* 
(95% CI)

Relative 
effect (95% 
CI)

Number of 
participants 
(studies)

Quality of 
the evidence 
(GRADE)†

Comments

  Assumed risk; 
non-MetS

Corresponding 
risk; MetS

 

All-cause 
complications

50 per 1,000 78 per 1,000 (64 
to 95)

RR 1.55 (1.28 
to 1.89)

109,004 (4 
studies)

⊕⊕⊝⊝ low N/A

Cardiovascular 
events

See comment See comment N/A 0 (5) See comment Data not presented in a format to 
allow meta-analysis. Studies found 
that MetS was associated with higher 
risk of cardiovascular events.

VTE See comment See comment N/A 0 (8) See comment Data not presented in a format to 
allow meta-analysis. Results are 
inconsistent across studies.

Urinary tract 
infection

9 per 1,000 24 per 1,000 (9 
to 58)

RR 2.64 (1.06 
to 6.55)

1,719 (2) ⊕⊕⊝⊝ low‡§ N/A

Pulmonary 
complications

See comment See comment N/A 0 (2) See comment Data not presented in a format to 
allow meta-analysis. Results are 
inconsistent across studies.

Gastrointestinal 
complications

See comment See comment N/A 0 (1) See comment Data not presented in a format to 
allow meta-analysis. One study 
found similar incidence of small 
bowel obstruction between groups.

Surgical site 
infection

10 per 1,000 31 per 1,000 (14 
to 72)

RR 2.99 (1.30 
to 6.90)

1,719 (3) ⊕⊕⊕⊝ moderate§ N/A

Readmission 31 per 1,000 45 per 1,000 (42 
to 50)

RR 1.45 (1.33 
to 1.59)

108,579 (2) ⊕⊝⊝⊝ very low¶ N/A

Mortality See comment See comment N/A 0 (2) See comment Data not presented in a format to 
allow meta-analysis. Studies found 
lower in-hospital mortality in the 
MetS group, but similar one- and 
two-year mortality between the MetS 
and non-MetS groups.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in the footnotes. The corresponding risk (and its 95% 
confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
†Grading of Recommendations Assessment, Development, and Evaluation Working Group grades of evidence: high quality, further research is very unlikely to 
change our confidence in the estimate of effect; moderate quality, further research is likely to have an important impact on our confidence in the estimate of 
effect and may change the estimate; low quality, further research is very likely to have an important impact on our confidence in the estimate of effect and is 
likely to change the estimate, very low quality, we are very uncertain about the estimate.
‡Inconsistent results across studies.
§Risk ratio > 2.
¶Inconsistent results across studies.
CI, confidence interval; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; MetS, metabolic syndrome; N/A, not applicable; 
RR, risk ratio; VTE, venous thromboembolism.

0.05 0.2 1

MetS Control

5 20

Study or subgroup
Edelstein (2016) [[19]]
Edelstein (2017) [[18]]
Gage (2014) [[27]]
Zmistowski (2013) [[28]]

Total (95% CI)
Total events
Heterogeneity: Tau2 = 0.01; Chi2 = 4.07, df = 3 (p = 0.254); I2 = 26.3%
Test for overall effect: Z = 4.42 (p < 0.001)

Events
25

774
14
25

838

Total
237

11030
39

136

11442

Weight
16.4%
66.4%
10.0%

7.2%

100.0%

Total
1225

96087
129
121

97562

Events
82

4775
21
10

4888

M-H, Random, 95% CI
1.58 (1.03, 2.41)
1.41 (1.31, 1.52)
2.21 (1.24, 3.91)
2.22 (1.11, 4.44)

1.55 (1.28, 1.89)

Risk ratio
M-H, Random, 95% CI

Risk ratioControlMetS

Fig. 2

Forest plot of all-cause complications. CI, confidence interval; M-H, Mantel-Haenszel; MetS, metabolic syndrome; Random, random-effects modelling.
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is a central feature of MetS.36,37 Elevations in systemic 
inflammatory biomarkers such as CRP and tumour necro-
sis factor-α (TNF-α) contribute to increased risk of various 
diseases and surgical complications.35,36

Our results show that patients with MetS are more likely 
to experience cardiovascular complications after THA and 
TKA than those without MetS. The persistent systemic 
inflammation in MetS is thought to increase cardiovascular 

Table IV. D etails of studies comparing venous thromboembolism events after total knee or hip arthroplasty in patients with or without metabolic syndrome

Study Follow-up 
length

Diagnostic 
method

Prophylaxis 
used

Incidence (MetS 
vs control, %)

Risk estimate 
(95% CI)

MetS increases 
thrombus risk?

Venous thrombolism events (including deep vein thrombosis and pulmonary embolism)

Dy et al (2011) 29 Mean four years Unclear Unclear Not reported HR 3.20 (0.99 to 
10.23)*

Yes

Gonzalez Della Valle 
(2012) 30

Hospitalization Unclear Unclear THA: 0.47 vs 0.49; 
TKA: 0.74 vs 0.81

Not reported No

Deep vein thrombosis
Gandhi et al (2012) 21 Hospitalization Doppler ultrasound Unclear Not reported Not reported No
Song et al (2016) 31 One month Clinical symptom 

venography
Rivaroxaban or 
LMWH

THA: 23.5 vs 18.8 
(T) / 14.7 vs 5.0 (S); 
TKA: 42.2 vs 24.8 
(T) / 13.3 vs 3.7 (S)

THA: OR 1.14 (0.50 
to 2.59)† / OR 2.96 
(1.08 to 8.11); TKA: 
OR 2.25 (1.19 to 
4.22) / OR 4.18 
(1.54 to 11.32)

Yes

Zmistowski et al 
(2013) 28

Unclear Unclear Unclear 2.9 vs 1.0 vs 0.0‡ Not reported No

Gandhi et al (2009) 22 Three months Ultrasound plus 
clinical symptom

LMWH 15.5 vs 4.5 (S) OR 3.2 (1.0-15.4)† Yes

Pulmonary embolism
Zmistowski et al 
(2013) 28

Unclear Unclear Unclear 11.4 vs 1.0 vs 0.0‡ Not reported Yes

Gandhi et al (2012) 21 Hospitalization Lung CT or 
ventilation-
perfusion scan

Unclear Not reported Not reported Yes

Edelstein et al (2016) 19 One month Unclear Warfarin 1.3 vs 2.4 Not reported No
Mraovic et al (2013) 20 Unclear Lung CT or 

ventilation-
perfusion scan

Warfarin 3.09 vs 0.85 OR 1.61 (1.01 to 
2.56)†

Yes

*Effect size was calculated by Cox proportional hazards regression modelling.
†Effect size was calculated by multivariate logistic regression analysis.
‡Uncontrolled versus controlled versus nonmetabolic syndrome patients.
CI, confidence interval; HR, hazard ratio; LMWH, low-molecular-weight heparin; MetS, metabolic syndrome; OR, odds ratio; S, symptomatic deep vein 
thrombosis; T, total deep vein thrombosis; THA, total hip arthroplasty; TKA, total knee arthroplasty.

0.01 0.1 1

MetS Control

10 100

Study or subgroup
Edelstein (2016) [[19]]
Zmistowski (2013) [[28]]

Total (95% CI)
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.12, df = 1 (p = 0.72); I2 = 0%
Test for overall effect: Z = 2.09 (p = 0.04)

Events
6
2

8

Total
237
136

373

Weight
85.5%
14.5%

100.0%

Total
1225

121

1346

Events
11

1

12

M-H, Random, 95% CI
2.82 (1.05, 7.55)

1.78 (0.16, 19.38)

2.64 (1.06, 6.55)

Risk ratio
M-H, Random, 95% CI

Risk ratioControlMetS

Fig. 3
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Forest plot of surgical site infection. CI, confidence interval; M-H, Mantel-Haenszel; MetS, metabolic syndrome; Random, random-effects modelling.
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risk by inducing endothelial cell dysfunction36,38 and acti-
vating monocytes.39 One possibility is that physiological 
stress caused by surgery may accelerate or potentiate the 
pathophysiological processes that lead to an acute occur-
rence of cardiovascular events after surgery.29 The studies 
included in our analysis found that MetS increases the risk 
of postoperative cardiovascular events either during hospi-
talization21,30 or at mean follow-up of 48 months.29 In 
addition, the risk of cardiovascular events increased with 
the number of MetS symptoms present, and the overall 
risk may be greater than the sum of the risks associated 
with the individual symptoms present.21,29

Recent studies have reported that MetS increases the risk 
of wound infection in several surgical conditions.32,37 In 
this study, the results of meta-analyses show that MetS is 
associated with a higher incidence of both SSI and UTI after 
THA and TKA. MetS has been reported to have a substantial 
negative impact on immunity and pathogen defence, 
including: the disruption of lymphoid tissue integrity; alter-
ations in leucocyte development, phenotypes, and activity; 
and the coordination of innate and adaptive immune 
responses.40 Patients with MetS may therefore be at higher 
risk of infection due to systemic immune dysfunction. The 
elevated risk of SSI and systemic UTI support the idea that 
systemic factors increase susceptibility to postoperative 
infection in MetS patients. Importantly, those previous 
studies did not analyze the incidence of superficial and 
prosthetic infections separately.19,28 Further research is 
needed to determine whether MetS differentially affects the 
risk of these two types of infections.

The relationship between MetS and VTE is still contro-
versial. Reports indicate that chronic inflammation in 
MetS patients increases plasma levels of fibrinogen, solu-
ble tissue factor, and factor VII, which promote activa-
tion of the coagulation cascade.41,42 Increased levels of 
plasminogen activator inhibitor-1 (PAI-1) and decreased 
activity of tissue-type plasminogen activator (t-PA) pro-
duce a hypofibrinolytic state,41–43 which could increase 
the risk of VTE in MetS patients. In support of this, some 
studies have reported increased thrombosis susceptibil-
ity in MetS patients.4,44,45 However, others have reached 
different conclusions.30,46 Thromboprophylaxis strongly 
influences the incidence of VTE in patients undergoing 

arthroplasty,47,48 so understanding thromboprophylaxis 
history of arthroplasty patients is key to assessing the 
potential relationship between MetS and VTE. However, 
most studies in our analysis did not describe the prophy-
lactic strategies used by patients,19,21,28–30 and the studies 
varied substantially in assessment methods and time-
points. As a result, the impact of MetS on risk of VTE after 
THA or TKA remains unclear based on the available clinical 
evidence. We suggest that effective thromboprophylaxis 
measures be given to MetS patients, but we are unable to 
assess whether thromboprophylaxis intensity should be 
higher for MetS patients than for non-MetS patients. 
Further studies on VTE in MetS patients should include 
detailed descriptions of thromboprophylaxis strategies, 
VTE diagnostic methods, and assessment timepoints.

Our systematic review found a higher incidence of 
30-day readmission in patients with MetS but did not find 
evidence of an association between MetS and pulmonary 
or gastrointestinal complications. Interestingly, one study 
found that MetS patients had lower in-hospital mortality 
than non-MetS patients, despite higher complication 
rates.30 Those authors suggested that this may be because 
MetS patients are subjected to more rigorous preopera-
tive testing and monitoring after surgery due to higher 
complication rates.

One study in our review reported that the effective 
control of MetS components (diabetes, hypertension, 
and dyslipidemia) can decrease the risk of perioperative 
complications in arthroplasty patients.28 Although that 
study involved only 257 patients, the result suggests that 
it is important to control MetS components before sur-
gery. Further work is needed to verify this finding.

Our study has several limitations. First, several out-
comes could not be meta-analyzed due to significant 
heterogeneity between studies in the definition of com-
plications, assessment method, and the timepoints. The 
fact that we could only qualitatively synthesize these 
outcomes makes our conclusions less robust. Second, 
the risk of some complications such as VTE remains ele-
vated for a substantial period after arthroplasty, but sev-
eral studies in our sample examined outcomes only 
during hospitalization21,30 or up to one month after sur-
gery,18,19,31 which may not be long enough to accurately 
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Forest plot of 30-day readmission. CI, confidence interval; M-H, Mantel-Haenszel; MetS, metabolic syndrome; Random, random-effects modelling.
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assess their occurrence. Third, functional outcomes are 
important to prognosis and quality of life, yet we did not 
find any valuable data on these outcomes to perform 
the meta-analysis or systematic review, which is also a 
limitation in our review.

Given the increasing clinical interest of this question 
and the limitations of current research, more prospective 
study in this field is needed. Future work should pay par-
ticular attention to the outcomes that our comprehensive 
review could not quantitatively address (e.g. VTE), and 
should also evaluate the functional outcomes, preferably 
with mid- to long-term follow-up. In addition, since we 
focused here on MetS as a single entity, yet the individual 
components may influence postoperative outcomes 
quite differently,27,31 future work should apply logistic 
regression and other statistical models to identify the spe-
cific component(s) of MetS most strongly associated with 
the outcome of interest.

In conclusion, this systematic review and meta-analysis 
provides an up-to-date overview of the impact of MetS 
on surgical complications after TKA or THA. We find that 
MetS is associated with an increased risk of all-cause com-
plications, cardiovascular complications, SSI, UTI, and 
30-day readmission, but the evidence is still insufficient to 
verify a relationship between MetS and VTE. Surgeons 
should be aware of these increased risks, and presurgical 
protocols should be developed to prevent and minimize 
the risk of complications in MetS patients undergoing 
TKA or THA.
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