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Metabolic abnormality and the proinflammatory state 
following hip joint surgery

Around 25,000 total hip arthroplasties (THA) 
are performed in Canada each year, as compared 
with 300,000 in the USA annually [1,101]. By 
2030, it is projected that the number of THA 
in North America could surpass 2–3 million [1].
The main indication for THA is osteoarthritis 
(OA). Over 60% of patients undergoing THA 
are over the age of 65 [1,101]. The global inci-
dence of hip fractures in adults aged 50 years 
and older is expected to exceed 7 million in the 
next 30–40 years [1]. Hip fractures are associ-
ated with significant morbidity and mortality 
despite advances in surgery and anesthesia [2]. 
Hence, patients undergoing hip surgery for OA 
or hip fracture are at increased risk for postop-
erative complications given their diagnosis and 
 underlying medical comorbidity.

Surgery evokes a series of well-characterized 
hormonal, metabolic and immunological changes 
that are often described as the ‘stress response.’ 
This physiological stress state is essential for 
survival and is very similar to that induced by 
trauma, parturition and exercise [3–8]. This stress 
response is characterized by acute phase proteins 
such as C-reactive protein (CRP), fibrinogen, 
IL-6, TNF-a and IL-1b [9]. The postoperative 
activation of cytokines and acute phase pro-
teins has been shown to not only mediate the 
inflammatory host response, but also to have an 

association with surgical recovery. For instance, 
CRP has been shown to be useful in diagnosing 
and monitoring bacterial infection [10]. Further, 
chronic postsurgical pain has been linked to ongo-
ing postoperative inflammation [11]. Postoperative 
inflammation activates the coagulation cascade, 
inhibits fibrinolysis, and plays an integral role in 
cardiovascular disease (CVD), with numerous 
studies demonstrating a consistent relationship 
between inflammatory markers (such as CRP, 
fibrinogen, IL-6 and TNF-a) and the occur-
rence of cardiovascular events [12–15]. IL-6 has 
been shown to affect the coagulation cascade at 
several levels in monocyte and liver cell lines [14]. 
In addition to IL-6, CRP, white cell count and 
increased blood viscosity, secondary to elevated 
lipids have been shown to have a graded relation-
ship to the incidence of deep vein thrombosis 
(DVT), pulmonary embolism (PE), coronary 
thrombosis and myocardial infarction (MI) [9,14].

In the setting of hip surgery the myriad of bio-
chemical processes that span the perioperative 
time frame are influenced not only by the trauma 
of surgery, but also by the patient’s underlying 
comorbidity; including the metabolic syndrome 
(MetS) and OA. Thus, understanding the inflam-
matory host response to hip surgery, especially 
in context of these underlying pathologies, pres-
ents a tremendous opportunity to ameliorate the 
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postoperative inflammatory state and improve 
patient outcomes by reducing the risk of chronic 
pain, infection and thromboembolic disease.

�n MetS & OA
There is not a definite consensus on the defini-
tion of MetS. The WHO defines the MetS by 
the following risk factors [102]:

�� Insulin resistance (Type 2 diabetes, impaired 
fasting glucose, impaired glucose tolerance) 

Plus any two of the following:

�� Elevated blood pressure

�� Plasma triglyceride of at least 150 mg/dl

�� HDL not exceeding 35 mg/dl (men) or not 
exceeding 40 mg/dl (women)

�� BMI of at least 30 and/or waist/hip circumfer-
ence of at least 0.9 (men) or at least 0.85 
(women)

�� Urinary albumin of at least 20 mg/min; 
 albumin/creatinine of at least 30 mg/g

The American Heart Association (AHA) 
defines the MetS as [16]: patients having three or 
more of the following risk factors:

�� Increased waist circumference: men, at least 
102 cm; women, at least 88 cm

�� Elevated triglycerides of at least 150 mg/dl

�� Reduced HDL cholesterol: men, less than 
40 mg/dl; women, less than 50 mg/dl

�� Elevated blood pressure of at least 130/85 mmHg

�� Elevated fasting glucose of at least 100 mg/dl

All of these features of the MetS, including 
truncal obesity, have been shown to promote a 
baseline elevation in systemic inflammation that 
increases the risk for CVD, stroke and throm-
boembolic disease [17–19]. In fact, patients with 
the MetS have been shown to have a chronically 
elevated prothrombotic state with a 1.5-times 
higher risk for PE and a two-times greater risk 
of DVT after THA when compared with those 
without MetS [20–23]. 

The metabolic derangements and inflammatory 
cytokine profile (specifically IL-6, CRP, TNF-a, 
leptin and adiponectin) that characterize the MetS 
have also been found to have independent associa-
tions with the synovial joint inflammation and 
chondrocyte death found in OA [17]. This may be 
partly explained by underlying microvascular dis-
ease, secondary to obesity-induced atherosclero-
sis, which appears to exert effects on subchondral 

bone leading to poor cartilage nutrition, cartilage 
degeneration and direct ischemic insult [24]. OA 
patients undergoing THA have been shown to 
have increased joint pain and dysfunction, both 
pre- and post-operatively, when correlated to a 
number of MetS risk factors, especially obesity and 
hypertension [17]. CVD risk factor such as hyper-
tension and hypercholesteremia were shown to 
have a correlation to self-reported OA among US 
adults according to data from the Third National 
Health and Nutrition Examination Survey [25]. 
Obesity has also been shown as an independent 
risk factor for the incidence and progression of OA 
[26]. All of these findings are best summarized by 
a recent article by Katz et al., which places OA as 
part of the MetS [27].

�n Can we predict & improve patient 
outcomes by modulating systemic 
inflammation in hip surgery? 
There is already evidence to suggest that modi-
fying the complex prothombotic, proinflamma-
tory state after hip surgery can improve patient 
outcomes. Numerous studies have shown that 
NSAIDs are effective analgesics for the control of 
postoperative pain, by principally inhibiting the 
inflammatory cyclooxygenase 1 and cyclooxygen-
ase 2 pathways [28]. The clinical benefits of these 
medications must be balanced, however, against 
their increased risk for cardiac events and so judi-
cious use must be employed to ensure patient safety 
[29]. It has also recently been shown that treatment 
with statins for hypercholesterolemia can lower 
plasma viscosity by altering systemic lipid levels, 
lowering the risk for postoperative ischemic heart 
disease (IHD) [14]. Additionally, the use of statins 
postoperatively has been shown to decrease the 
incidence of atrial fibrillation in cardiac surgery 
patients [30]. Statins have been shown to impart 
their own anti-inflammatory properties as well, 
with a few trials examining their potential use in 
the treatment of rheumatoid arthritis (RA) [31].

Studies have also shown that risk factors for 
MetS, specifically hypertension and obesity, are 
predictors for increased joint pain and dysfunc-
tion after THA [17]. Furthermore, high sensitivity 
CRP, along with fibrinogen, has been shown to be 
a well established predictor for the development 
of CVD postoperatively [12–14]. Further stud-
ies are necessary, however, to evaluate whether 
other inflammatory markers are also predictors 
for postoperative complications and diminished 
patient outcomes.

These data, taken together, further support 
and expand the need to understand the sys-
temic inflammatory response to hip surgery, 
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especially in the context of MetS and OA, and 
develop novel therapies targeted at modulat-
ing the occurrence of a protracted, prothrom-
botic, proinflammatory state. This article will 
attempt to discuss the complex relationship 
between patients’ underlying medical comorbid-
ity, specifically MetS and OA, and the systemic 
inflammatory state following hip surgery. We 
will review the key players, including the inflam-
matory cytokines (CRP, erythrocyte sedimen-
tation rate [ESR], IL-6, TNF-a, IL-1b, IL-10, 
leptin and adiponectin) and immune mediators 
(macrophages), involved in regulating the global 
response to hip surgery and explore current con-
cepts in modulating this response to improve 
patient outcomes postoperatively.

Methods
The authors completed an online search of 
PubMed, OVID MEDLINE (1950 to May 
2010), and EMBASE (1950–2010) with the 
following search terms: hip arthroplasty, hip 
replacement, hip surgery, inflammatory  markers, 
MetS, adipokines and cytokines.

We included articles relevant to the following: 

�� Patients undergoing primary THA

�� Studies examining the expression of cytokines, 
adipokines and inflammatory markers prior 
to and following hip surgery

�� Peer-reviewed literature reviews related to 
MetS, inflammatory markers and hip surgery

�� Articles examining risk factors for the develop-
ment of postoperative complications following 
THA and hip surgery

�� Articles that examined the influence of modi-
fying the inflammatory environment around 
the time of hip surgery on postoperative func-
tion and the development of postoperative 
complications

The bibliographies of included studies were 
also reviewed for potentially relevant studies not 
found in the online search. 

systemic markers of inflammation 
around the time of hip surgery
The majority of research has focused on cat-
echolamines, CRP, ESR, glucose and cortisol 
in the systemic response to THA .

�n Catecholamines
The typical time course of hip surgery shows an 
initial systemic response similar to that seen in a 
flight or fight response. This response is charac-
terized by peaking of catecholamines, adrenaline 

and noradrenaline levels, at 4 h postoperatively, 
with levels returning to baseline around 24 h 
compared with controls [3]. 

�n CRP & ESR
The trends of CRP and ESR post-hip surgery 
have been well documented in the literature, and 
have been shown to be very helpful in the diag-
nosis of postoperative infection and response to 
therapeutic treatment [10,32–40]. All of the litera-
ture demonstrates that detection of CRP is far 
more sensitive and responsive to inflammatory/
infectious changes than ESR in the postopera-
tive time period with detectable levels peak-
ing at 2–3 days. The ESR, on the other hand, 
peaks at 5–7 days, declining after day 7 and 
returning to normal levels in the third month 
postoperatively [33–36,41]. 

As such, CRP has become a useful biomarker 
in the early detection of postoperative compli-
cations, namely infection. Furthermore, high 
sensitivity-CRP, along with fibrinogen, has been 
shown to be a well established predictor for the 
development of CVD [12–14]. This is thought to 
be mediated by its involvement in the systemic 
activation of the coagulation cascade and inhi-
bition of fibrinolysis in response to the surgical 
trauma [9]. 

�n Cortisol & glucose
Of more recent interest are the trends of cor-
tisol and glucose in the perioperative period 
of hip surgery, as these biochemical markers 
have significant relevance to MetS and obesity. 
Studies have shown that glucose levels peak at 
4 h in THA, while cortisol levels peak at 8 h and 
remain elevated for 7 days [3]. 

In a recent study by Bjornsson et al. they found 
an inverse relationship between preoperative cor-
tisol levels and IL-6 (a potent inflammatory cyto-
kine) concentrations postoperatively at 6 h [42]. 
These findings are in keeping with in vitro evi-
dence showing that inflammatory cytokines, IL-6 
and IL-1b, stimulate adrenocorticotrophic hor-
mone secretion, which is known to inhibit cyto-
kine synthesis and hence, further IL-6 produc-
tion [43–47]. Although other measured cytokines 
did not demonstrate the existence of a negative 
feedback loop (i.e., minimal production of IL-10 
[an anti-inflammatory cytokine] in the wake of 
powerful IL-6 production) it is well known that 
cortisol has a powerful immunomodulating effect 
and that concentrations of cortisol increased after 
hip surgery [48,49]. Thus, cortisol presents itself as 
an important feedback mechanism to limit the 
inflammatory response to tissue damage. 
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In the Bjornsson et al. study, a positive cor-
relation between postoperative IL-6 levels and 
cortisol secretion during the first 24 h was shown 
[42]. In fact, individuals with the highest peak in 
IL-6 also had the highest cortisol response, while 
those that did not have a distinct IL-6 peak post-
operatively had higher preoperative cortisol levels 
than others. These findings not only point to the 
possibility that IL-6 drives cortisol production in 
the postoperative period, but that cortisol func-
tions as part of a potent negative feedback loop 
in the complicated  neuro-endocrino-immune 
inflammatory response. 

Macrophages & the  
immune response
Surgical trauma produces alterations in the 
metabolic and immune response of the patient. 
While some elements of the immune system 
are stimulated excessively, others are depressed. 
Protective immunity following trauma is greatly 
dictated by an appropriate cytokine balance. 
Cytokines are immune mediators that direct the 
inflammatory response to sites of injury, playing 
an integral role in wound healing [50]. The initial 
proinflammatory immune response to surgery 
is mediated primarily by the innate immune 
system. A compensatory anti-inf lammatory 
response follows, mediated primarily by cells 
of the adaptive immune system [51]. Like most 
physiologic responses, inflammation and immu-
nity are dynamic processes that if disrupted may 
cause immune dysfunction and predispose to 
complications such as infection [50]. 

The macrophage plays a key role in innate 
immunity and specifically the pathogenesis of 
chronic inflammation both in the setting of 
MetS and OA [52]. In obese individuals muscle 
cells and adipocytes are stimulated by activated 
macrophages that produce inflammatory cyto-
kines, which not only enhance acute inflamma-
tion, but also contribute to a chronic state of low-
grade inflammation [27]. Activated macrophages 
do so through the production of TH1 cytokines 
that suppress the sensitivity of insulin receptors 
on these cells [52]. This creates a feedback loop 
relationship that not only induces an inflamma-
tory reaction but also contributes to its own incit-
ing metabolic derangement of insulin resistance. 
In addition to this, the adipose tissue acts as an 
amplifier of this inflammatory cycle because of 
its increased number of macrophages [53]. 

There are several proinflammatory TH1 cyto-
kines produced by macrophages, such as IL-6 
and IL-8 [54]. IL-6 promotes inflammation in 
endothelial cells and liver cells. Again, a very 

similar cytokine profile is evident for adipose 
tissue in the context of MetS, which is char-
acterized by an increased number of activated 
macrophages producing IL-6 and IL-8 [54]. 
Interestingly, studies have shown that individu-
als with MetS, where central adiposity is a key 
feature, have higher circulating IL-6 levels than 
normal controls [55]. Hence, there is clear evi-
dence that macrophages play a key role in the 
production of inflammatory mediators in the 
setting of surgical trauma, and this in turn plays 
an important part in the systemic response to hip 
surgery in the context of MetS. 

Metabolic modulators  
of inflammation
�n Cytokines 

The cytokine cascade consists of a complex 
biochemical network in which the production 
and regulation of cytokines are pivotal pre-
liminary processes with diverse effects on the 
injured host. In the setting of surgical trauma it 
is these complex interactions that form the foun-
dational pathophysiology of inflammation [50]. 
In general, the greater the severity of inflicted 
trauma, the greater the intensity of the cytokine 
response [8,56]. The main source of cytokine pro-
duction is localized to the wound, and so sys-
temic levels of these markers do not necessarily 
reflect local reactions [50]. Most cytokine cas-
cades share similar sources of origin, for example 
monocytes, endothelial cells, fibroblasts, as well 
as T lymphocytes [42]. The role of cytokines in 
accidental trauma has been studied extensively, 
and adding to this body of knowledge are the 
increased levels identified in major elective sur-
gery, namely THA [57].

It is important to note, however, that the 
effect of cytokines on different organ systems 
is quite dependent on the timing and context 
of their expression (Box 1). A single cytokine can 
have both inflammatory and anti-inflammatory 
properties given the appropriate biochemical 
environment [58]. There are studies to show, for 
example, that depending on the time from hip 
fracture IL-6 can have regenerative properties, 
stimulating angiogenesis and promoting mesen-
chymal stem cell differentiation and proliferation 
in the initial inflammatory phase of bone heal-
ing, while subsequently demonstrating resorp-
tive properties, promoting osteoclast formation 
and bone resorption in the remodeling phase of 
bone healing [59,60]. These elevated local levels of 
IL-6 post injury then correlate with decreased 
load-bearing capability at the injury site during 
patient recovery [59,60]. Hence, the influence of 
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time and context on cytokine expression when 
examining the roles of various factors on the host 
response to hip surgery must be considered in 
order to properly identify potential opportunities 
to improve patient outcomes through targeted 
therapeutic strategies. Similar findings for the 
dual, seemingly opposing roles of IL-6 will be 
discussed further in the context of hip surgery. 

�n Proinflammatory cytokines: 
IL-6, IL-1b, TNF-a, IL-2 
& IL-2 receptor antagonist
Among the proinflammatory cytokines IL-6 has 
been shown to play a central role in the host 
response to hip surgery [8,61]. Several studies have 
confirmed that IL-6 is the principal regulator 
of most acute phase protein genes, including 
CRP, by triggering the activation of the JAK/
STAT or MAP kinase pathways and regulat-
ing the hepatic component of the acute phase 
response [50]. This is demonstrated in numerous 
studies where a postoperative elevation of CRP 
is correlated with elevated serum concentration 
IL-6 [42,62–65]. 

Although IL-b and TNF-a were origi-
nally thought to be the main mediators of the 
response to elective surgery, numerous studies 
have demonstrated the opposite [42,57,62,63,66]. 
This assumption was initially informed by ear-
lier literature that showed a dramatic elevation 
in TNF-a and IL-1b in the setting of severe 
trauma. It has since been clearly shown that 
TNF-a and IL-1b are only elevated in severe 
trauma and associated hypoxia and not in the 
setting of THA [57,60,65]. 

IL-6 has been found to increase 25-fold from 
6–24 h after THA, peaking at 4–6 h after sur-
gery and returning to normal levels around 
24–48 h [42,57,62,63,66]. The magnitude of the 
IL-6 response appears to be closely related to 
the magnitude of inflicted injury [8]. This notion 
is supported by the fact that the IL-6 response is 
50% greater in total knee arthroplasty patients, 
an operation that is theoretically more skeletally 
traumatic than THA because of the increased 
amount of bony sculpting needed to implant the 
prosthesis [36]. Consequently, a greater number 
of macrophages are released from the bone and 
bone marrow, resulting in an inflated acute 
inflammatory response [36]. Furthermore, there 
is a demonstrated significance to expressed local 
and systemic levels of IL-6 after surgery, with 
local levels demonstrating as high as a 1000-
fold increase when measured from wound 
drainage fluid [57,67,68]. These findings do not 
appear to be influenced by gender, BMI, type of 

anesthetic or type of arthroplasty [69]. The same 
studies demonstrate no statistically significant 
response or change in both TNF-a and IL-1b 
levels, although systemic levels may be somewhat 
elevated [42,50,57,62,63,66,70]. 

Finally, IL-2 and IL-2 receptor antagonist 
(IL-2Ra) are known to have a pivotal regulatory 
role in generating the host immune response in 
the early phase of inflammation via T lympho-
cytes [50]. A recent study has, in fact, shown that 
IL-2 activates monocytes [50]. Although these 
cytokines are known to have an inflammatory 
role in the initial host response, their immediate 
postoperative values do not change significantly 
after THA [50]. What is interesting, however, is 
that the IL-2 and IL-2Ra levels decrease dra-
matically 24 h after hip surgery, indicating that 
subsequent anti-inflammatory mechanisms are 
likely being activated at that surgical time point 
to counter the host inflammatory response [50]. 

Proinflammatory cytokines appear to play a 
role in determining patient outcomes post-THA. 
Numerous studies have demonstrated a consis-
tent relationship between inflammatory markers 
such as IL-6, CRP, fibrinogen and TNF-a and 
the occurrence of cardiovascular events postop-
eratively [12–15]. Part of the physiology underlying 
these findings is the activation of the coagulation 
cascade and inhibition of fibrinolysis by the sys-
temic inflammatory response to surgery [9]. IL-6 
has been shown to affect the coagulation cascade 
at several levels in monocyte and liver cell lines [14]. 
In fact, IL-6, CRP, white cell count and increased 
blood viscosity (secondary to elevated lipids) have 
been shown to be strong long term predictors of 
IHD, with a graded relationship to the incidence 
of postoperative DVT, PE and MI [9,14]. 

�n Chemokine: IL-8
Another possible player in the proinflamma-
tory arm of the cytokine response to hip sur-
gery is the release of CXCL8 (IL-8) [42]. IL-8 
is an important chemotactic cytokine involved 

Box 1. summary of host responses to hip surgery.

 � Proinflammatory response characterized by:
 - Innate immunity: macrophages produce ↑ TH1 response and ↑ IL-6, ↑ IL-8 and 

insulin resistance
 - Metabolic: ↑ catecholamines, ↑ CRP, ↑ ESR
 - Cytokines: ↑↑ IL-6, ↑ IL-8
 - Adipokines: ↑ leptin, resistin?

 � Anti-inflammatory response characterized by:
 - Adaptive immunity
 - Metabolic: ↑ cortisol
 - Cytokines: ↑ IL-10, ↑ IL-1Ra, ↓ IL-2, ↓ IL-2Ra, ↑ prostaglandin E2
 - Adipokines: ↑ adiponectin?

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IL-1Ra: IL-1 receptor antagonist.
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in controlling the migration, recruitment and 
activation of neutrophils and leukocytes in 
local tissues by promoting cellular adhesion to 
endothelial cells [71]. It is mainly induced by 
proinflammatory cytokines such as IL-1b and 
TNF-a, but is also released by endothelial cells 
activated by the complement cascade or adherent 
platelets in damaged blood vessels [72]. 

The expression of IL-8 in the context of hip 
surgery varies in the literature. Bastian et  al. 
demonstrated strong local increases in IL-8 
expression that peaked 4 h after wound closure, 
although systemic levels remained consistently 
low [50]. Other studies have found changes in the 
expression IL-8 after THA, although they were 
not statistically significant [42]. It is currently 
unknown what may be inducing the production 
of IL-8. Bastian et al.’s study, examining the level 
of 25 different cytokines at the time of THA, 
did not show any other significant changes that 
could account for the increase in its production. 

�n Anti-inflammatory cytokines: IL-10, 
IL-1Ra & prostaglandin E2
The purpose of anti-inflammatory cytokines is 
to participate in the compensatory host response 
to inflicted surgical trauma. Certainly, stud-
ies demonstrate that after the initial systemic 
proinflammatory reaction to hip surgery exists 
a transition to an anti-inflammatory, immuno-
suppressive state aimed at counterbalancing the 
host response [50]. This notion of direct modula-
tion of the immune system post-hip surgery can 
be supported by the findings of Bastian et al. 
who showed a significant systemic and local 
reduction of IL-2 and IL-2Ra levels 24 h after 
THA [50]. Although further investigations into 
the actual players involved in downregulating 
the immune response to systemic inflammation 
after hip surgery are necessary, a few anti-inflam-
matory cytokines have been shown to potentially 
explain the pathophysiology of this process. 

Among the anti-inf lammatory cytokines 
IL-10 has been shown to be one of the most 
potent inhibitors of proinflammatory cytokine 
synthesis both in vivo and in vitro [57,73,74]. It is 
specifically known to be a potent downregulator 
of IL-6-induced type 2 acute phase proteins, and 
IL-1b and TNF-a-induced type 1 acute phase 
proteins [50]. However, the conditions under 
which IL-10 seems to exert its effects are unclear. 
For instance, although elevated IL-10 expression 
has been reported after major trauma, this does 
not appear to be the case after elective surgery 
[73,75–77]. Specifically, many studies show that 
levels undergo only modest changes after hip 

surgery [73,75–77]. This may indicate that its con-
sumption depends on the degree of tissue injury, 
which would be more severe with major trauma 
versus elective surgery [57,74,77]. In this way the 
effects of IL-10 only become pronounced in the 
setting of severe trauma, similar to the condi-
tions that demonstrate significant IL-1b and 
TNF-a activity. 

To add further confusion, other studies have 
shown that IL-10 levels are unchanged and may 
even be depressed in trauma patients [75,76]. As 
such it cannot be utilized as a reliable param-
eter for monitoring the severity of trauma as 
of yet [42]. These contradictory findings then 
beg the question of what other mechanisms are 
responsible for activating the adaptive immune 
system, which may be responsible for halting 
IL-6 production. 

Interestingly, IL-6 may exert its own anti-
inflammatory effects, or least participate in its 
own inhibitory feedback loop, by attenuating 
TNF-a and IL-1b activity through the promo-
tion of IL-Ra release and soluble TNF recep-
tors [50,51,78]. The production of these soluble 
receptors allows for binding of these proinflam-
matory cytokines and attenuation of the proin-
flammatory response. This hypothesis would be 
supported by the numerous studies demonstrat-
ing a very modest rise in TNF-a and unchanged 
IL-1b levels in elective surgery [42,57,62,63,66]. 
Additionally, other studies have shown pros-
taglandin E2, a powerful endogenous immu-
nosuppressant, to be released by IL-6 induced 
macrophages [79].

The hypothesized anti-inflammatory effects 
of IL-6 may further be supported by the work of 
Tilg et al., who demonstrated a rise in circulating 
IL-1Ra, IL-10 and cortisol after administration 
of recombinant human IL-6 [80]. In vitro studies 
have also shown a potential induction of IL1-Ra 
production in human macrophages following 
stimulation with IL-6 [78]. It is thought that 
local tissue macrophages are the primary source 
of IL-1Ra production. Bastian et al.’s work sup-
ports this notion as well, by demonstrating a 
marked rise and peak at 24 h in local IL-1Ra lev-
els, with a decrease in systemic levels of IL-1Ra 
after THA [50]. Again, this likely represents a 
physiological reaction aimed at countering the 
local proinflammatory reaction.

Adipokines 
Visceral and subcutaneous truncal white adi-
pose tissue (WAT) is a metabolically active endo-
crine organ that secretes a biologically active 
group of cytokines known as ‘adipokines’ [81]. 
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By engaging through endocrine, paracrine and 
autocrine activity adipokines play a significant 
role in the pathophysiological processes of 
immunity and inflammation [82]. In the context 
of hip surgery and MetS, specific proinflamma-
tory adipokines appear to contribute to a host of 
metabolic aberrations influencing cardiovascular 
disease, glucose metabolism, insulin sensitivity, 
regulation of bone turnover and autoimmune 
inflammatory disease [26]. Certainly, these adi-
pokines appear to contribute significantly to the 
chronic, low-grade inflammatory state of obese 
subjects, which in turn has implications for the 
metabolic and inflammatory response to hip sur-
gery, and potential postoperative complications 
including chronic pain, joint dysfunction, DVT, 
PE and MI.

�n Leptin
Leptin is a 16 kDa nonglycoslated peptide 
hormone encoded by the obese (ob) gene. It is 
mainly produced by adipocytes, with circulat-
ing levels being directly correlated with WAT 
mass [81]. Circulating leptin levels are gender 
specific, with concentrations being higher in 
women than men, which may be relevant to the 
influence of sex on the host response to hip sur-
gery. Originally described for its role in appetite 
and obesity, leptin was initially investigated for 
its role in decreasing food intake and increasing 
energy consumption [82]. Subsequently, there has 
been immense progress in our understanding 
of leptin’s complex contribution to numerous 
physiological processes, namely its key role in 
immunity and inflammation [26]. 

Leptin has been shown to have effects on 
both arms of the immune response. Its effect 
on innate immunity includes modulation of 
macrophages, neutrophils, eosinophils, natural 
killer and dendritic cells, while its role in adap-
tive immunity lies in its ability to drive T-cell 
production towards a TH1 proinflammatory 
response [82]. Additionally, leptin has been 
shown to have remarkable effects as a proin-
flammatory cytokine itself. First, it is produced 
by inflammatory cells and, second, circulating 
levels are stimulated by other proinflammatory 
cytokines such as IL-1, IL-6 and lipoolysaccha-
ride [81]. Leptin has also been shown to induce 
the production of nitric oxide (NO), IL-6 and 
IL-8 [83].

Interestingly, leptin and its receptor Ob-Rb 
share common structural and functional prop-
erties with the family of IL-6 [84]. Since Ob-Rb 
is widely expressed in peripheral tissues, leptin 
possesses the ability to be pleotropic, and control 

various processes including lipid homeosta-
sis, insulin secretion, reproductive functions, 
immune function, thermogenesis and angio-
genesis [81]. In addition, lab studies have dem-
onstrated an association between synovial fluid 
leptin and knee cartilage degeneration [85,86]. The 
leptin receptor Ob-Rb has been identified on the 
surface of human articular chondrocytes and is 
believed to induce proinflammatory, damaging 
effects on cartilage cells through the production 
of IL-1b and matrix metalloproteinase (MMP) 
9 and 13 [86,87]. These inflammatory mediators 
potentiate the further release of local type II NO 
synthase (NOS2) leading to further chondrocyte 
death [88]. All of these findings situate leptin as 
a key player in the model of incorporating OA 
into the MetS. This, of course, has implications 
for our understanding of the host response to hip 
surgery in the context of MetS and OA. 

To date, there have been few studies examin-
ing leptin levels following hip surgery. The few 
studies that investigated this relationship have 
shown that circulating leptin levels after THA 
are markedly elevated within the first 24 h, and 
subsequently drop off afterwards [89]. Hence, 
leptin certainly appears to be involved in the 
early, acute phase response to hip surgery, much 
in the same way as other inflammatory cyto-
kines, namely IL-6. This has important impli-
cations for our understanding of leptin’s role 
in the context of hip surgery, as it may well be 
a predictor of IHD in much the same way as 
IL-6, CRP and fibrinogen. Furthermore, given 
its association with MetS and OA, leptin may 
also demonstrate a relationship with postopera-
tive complications such joint pain, infection and 
thromboembolic disease. 

�n Adiponectin
Adiponectin is 244-residue protein largely pro-
duced by WAT that appears to play a protective 
role in obesity and cardiac disease, by increasing 
fatty oxidation and reducing the synthesis of glu-
cose in the liver [81]. Adiponectin levels tend to be 
lower in morbidly obese patients, increasing with 
weight loss and/or the use of thiazolidinediones, 
which enhance insulin sensitivity [81]. In con-
trast to leptin, adiponectin appears exert an anti-
inflammatory role through innate and adaptive 
immunity mechanisms [81]. Adiponectin interferes 
with macrophage activity and phagocytic func-
tion in innate immunity by inhibiting IL-1 and 
TNF-a production, while decreasing the T-cell 
response in adaptive immunity [26]. Furthermore, 
adiponectin induces systemic production of anti-
inflammatory factors such as IL-10 and IL-1Ra 
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[90]. Other studies have also shown adiponectin 
to decrease endothelial inflammation in the set-
ting of vascular disease, making it a potential 
 antiatherosclerotic factor [91]. 

Despite the numerous studies pointing 
towards its anti-inflammatory properties, the 
role of adiponectin is not as clearly defined as 
that of leptin. Some studies suggest that adi-
ponectin has an inflammatory role in skeletal 
joints by being involved in matrix degradation 
and cartilage degeneration [81]. For example, 
adiponectin receptors have been identified on 
the surface of human chondrocytes. Treatment 
of these chondrocytes with adiponectin in vitro 
produces lL-6, TNF-a and monocyte chemo-
tactic protein 1, MMP3 and 9, as well as acti-
vating the inflammatory NOS2 pathway [92]. 
Furthermore, plasma and SF concentrations of 
adiponectin tend to be higher in RA patients 
than healthy controls or patients with OA [81]. 

In contrast to these findings, other work has 
shown that perhaps adiponectin does, indeed, 
retain its anti-inflammatory title in skeletal 
joints by downregulating IL-1b and decreasing 
MMP13 levels [26]. In light of these conflicting 
findings, perhaps the supposed anti-inflam-
matory nature of adiponectin could explain 
its observed elevation in RA patients. Perhaps 
elevated adiponectin levels represent a host coun-
ter response to the systemic inflammatory state 
of RA, with the body laboring to elevate levels 
of anti-inflammatory adiponectin and counter 
elevated systemic IL-6 and TNF-a. 

Clearly, the activity and effects of adiponectin 
remain to be fully elucidated. What is clear is 
that it certainly plays a role somewhere along 
the spectrum of the inflammatory host response 
in the context of OA and MetS, and as such 
must have some bearing on the post-traumatic 
response to hip surgery.

�n Resistin
Resistin is a dimeric protein that was initially 
linked to the induction of insulin resistance 
in mice. Although this property of resistin did 
not bear out in human studies, this adipokine 
continues to be examined as a possible player 
in the proinflammatory host response. Resistin 
has been shown to be secreted by adipose tissue, 
macrophages and cartilage itself [93]. Some stud-
ies have suggested that resistin acts as a power-
ful proinflammatory cytokine that is not only 
induced by, but also stimulates the production 
of IL-1b, TNF-a and IL-6 by mononuclear cells 
and articular cartilage as part of its involvement 
in matrix degradation [81]. In fact, some studies 

have proposed that an arthritis-like condition 
can be induced when resistin is injected into the 
joints of mice, stimulating a leukocyte infiltra-
tion of tissue, hypertrophy of the synovium and 
pannus formation [81].

Resistin’s effects on hip surgery have yet to be 
investigated, but it would be interesting to see if 
it does indeed contribute to the proinflammatory 
response to surgical trauma.

Conclusion
Hip surgery stands as one of the most prevalent 
surgical interventions in orthopedics. Given the 
preexisting, underlying comorbity of the vast 
majority of THA and hip fracture patients, there 
exists a significant concern for morbidity and 
mortality after hip surgery. Although a few cen-
tral players have been identified (namely IL-6, 
leptin, CRP and cortisol) further research is nec-
essary to clearly delineate the intricate biochemi-
cal pathways that regulate the host response to 
hip surgery. This is especially true in the context 
of the MetS where there is a complex interplay 
between immunity, cytokine cascades and adi-
pose tissue in the setting of concomitant cardio-
vascular aberrations, insulin insufficiency, and 
lipid disarray. All of these features of the MetS 
have been shown to promote a chronic state of 
low-grade, systemic inflammation that increases 
the risk for CVD, stroke and thromboembolic 
disease. These features have also been shown to 
predict increased pain and poorer functional 
outcomes after THA [17]. OA is also considered 
to be part of the spectrum of derangements that 
comprise the MetS. The parallel, underlying 
pathophysiologies of both of these entities are 
important in understanding inflammation after 
hip surgery, and may hold the key to identifying 
predictors that could help improve postoperative 
outcomes and complications. 

Numerous studies have shown that the initial 
proinflammatory, prothrombotic stress response 
to hip surgery is inevitably responsible for tissue 
repair and regeneration [58]. Hence, in addition 
to further characterizing the host reaction to hip 
surgery, many authors have proposed the ratio-
nale of designing therapeutic strategies to modu-
late and control postoperative inflammation. By 
exploiting the time- and context-specific activity 
of inflammatory markers, scientists believe that 
biochemical pathways can be directed towards 
improved soft tissue and bone healing [58]. These 
novel techniques may be able to achieve the ulti-
mate goal of reducing postoperative complica-
tions while improving patient outcomes in the 
realms of pain and function.
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Future perspective
As research continues forward over the next 
5–10 years, there are many exciting areas of inter-
est open for investigation. With rapidly advanc-
ing assay techniques, biochemical ana lysis and 
arthroplasty database generation, future studies 
look to further elucidate the specific molecular 
pathways of each cytokine and adipokine. An 
interesting facet of future research should also 
touch on the circadian rythmicity with which 
many of these biomarkers are expressed [94]. 
Numerous studies have demonstrated this find-
ing, hence future studies should emphasize the 
importance of selecting specific times for the col-
lection of biosamples. By more clearly defining 

these biochemical interactions and delineating 
which systemic and local factors can drive the 
inflammatory host response towards repara-
tive and regenerative pathways, researchers will 
be able to explore new and accessible therapies 
for OA and MetS. Already, IL-6 and leptin 
are promising to be key targets for pharmaco-
logic and tissue engineering strategies aimed at 
improving fracture healing, soft tissue repair and 
reducing systemic inflammation and associated 
atherosclerosis. By exploring these modalities we 
hope to improve the biochemical environment in 
which hip surgery is performed, better predict 
who is at risk for postoperative complications and 
ameliorate patient outcomes after hip surgery.

executive summary

 � Total hip arthroplasty and hip fracture surgery represent the most commonly performed operations in orthopedics, with osteoarthritis 
(OA) being the main indication for total hip arthroplasty.

 � IL-6, C-reactive protein, fibrinogen and plasma viscosity (secondary to elevated lipids) have been shown to be long-term predictors of 
ischemic heart disease and elevated levels have a graded relationship with postoperative deep vein thrombosis, pulmonary embolism and 
myocardial infarction.

 � There is evidence that inhibiting inflammation with nonsteroidal anti-inflammatory drugs improves pain.
 � There is evidence that lowering plasma viscosity with statins lowers postoperative ischemic heart disease and atrial fibrillation.

Metabolic syndrome & OA
 � Metabolic syndrome (MetS) is defined by the risk factors of central adiposity, hypertension, elevated fasting glucose and dyslipidemia 

defined as high triglyceride and low high-density lipoprotein cholesterol.
 � OA has taken its place among the MetS because the numerous comorbities and metabolic derangements necessary to create MetS are 

coincident with those that cause OA.
 � MetS and obesity create a chronic state of low-grade systemic inflammation.
 � In the setting of hip surgery, the MetS can result in an increased proinflammatory, prothrombotic host response with elevated risk for 

postoperative deep vein thrombosis, pulmonary embolism and myocardial infarction.

Systemic markers of inflammation around the time of hip surgery
 � The host response to surgery has an initial proinflammatory response characterized by increased catecholamines, C-reactive protein and 

erythrocyte sedimentation rate.
 � Subsequent anti-inflammatory counter response that consists of increased cortisol and coordination between immune, cytokine and  

adipokine activity.

Macrophages & the immune response
 � Macrophages play a key role in the inflammatory host response to hip surgery by stimulating the innate immune system to produce an 

increased TH1 response with increased IL-6, increased IL-8 and insulin resistance.
 � A secondary anti-inflammatory compensatory response is characterized by adaptive immunity and cortisol.

Cytokines
 � IL-6 is the central cytokine mediator of the inflammatory host response with significant elevation postsurgery, specifically at the site 

of surgery.
 � IL-10 is believed to mediate the compensatory anti-inflammatory response to hip surgery, characterized by an immunosuppressive state 

of increased IL-1 receptor antagonist (IL-1Ra), decreased IL-2, decreased IL-2Ra, increased prostaglandin E2, although data are not 
conclusive at this point.

Adipokines
 � Leptin appears to play a central role in the pathophysiology of MetS, OA and the postsurgical inflammatory response.
 � Adiponectin has been shown to have systemic anti-inflammatory properties, although its effects on skeletal joints continues to 

be inconclusive.

Conclusion
 � Further research is necessary to characterize the various players in the host response to hip surgery.
 � Current research is directed towards controlling the inflammatory response and directing biochemical pathways towards tissue healing 

and regeneration.
 � The ultimate goal of current research is to identify possible predictors of poor patient outcomes after hip surgery and to develop novel 

therapies aimed at improving patient function, while reducing complications such as infection, pain, delirium, deep vein thrombosis, 
pulmonary embolism and myocardial infarction.
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