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Editorial

Is the Whole Greater Than the
Sum of Its Parts?

In this issue of The Journal, Rajiv Gandhi and coauthors
from the Division of Orthopedic Surgery, University of
Toronto, present data on patient-reported functional out-
comes of 1596 patients one year after hip or knee arthro-
plasty as a function of preoperative metabolic abnormalities
associated with the metabolic syndrome1. Their main find-
ing is that individual metabolic abnormalities, mainly obesi-
ty, were stronger predictors of poorer functional outcomes
compared with the number of metabolic abnormalities. The
authors nevertheless conclude that functional outcomes are
negatively affected by metabolic abnormalities, perhaps sec-
ondary to the systemic proinflammatory state1.
In recent years a large number of different studies have

been performed to investigate the influence of patient-spe-
cific cofactors (i.e., sociodemographic characteristics,
preoperative function and activity level, body weight,
comorbidity, patient expectation) on the outcome of joint
replacement2,3. Among the risk factors for metabolic syn-
drome, obesity in particular has been studied extensively.
Although the number of studies with adequate sample size
and a sufficient number of morbidly obese patients involved
is still limited, more recent data seem to support the finding
that obesity can have a negative effect on postoperative
function3,4 and surgical complication rates5,6. The exact
mechanism is unclear, however, because obesity is not just
a function of weight relative to height, but is associated with
a variety of metabolic and behavioral patterns that may lead
to negative outcomes. To our knowledge, no other studies
have been published to date that investigate the influence of
obesity together with other metabolic abnormalities that
constitute what is often referred to as the metabolic syn-
drome7 on outcomes after hip and knee arthroplasty.
Insulin resistance is the cornerstone of the metabolic syn-

drome, which is a risk factor for development of cardiovas-
cular disease (myocardial infarction and stroke) and type 2
diabetes, beyond the risk associated with the individual
metabolic abnormalities alone8. Risk factors for insulin
resistance include adiposity, (lack of) fitness, and genetics7.

The metabolic syndrome can be defined as the simultane-
ous presence of central adiposity, low levels of HDL
cholesterol and elevated levels of triglycerides, impaired
fasting glucose, and hypertension9.
While subclinical systemic inflammation as assessed by

high-sensitivity C-reactive protein (CRP) has been shown
to be associated with pain in patients with osteoarthritis and
low back pain10,11 in cross-sectional studies, it is still large-
ly unknown whether subclinical systemic inflammation
leads to a change in pain perception or whether pain leads
to subclinical systemic inflammation. The authors argue
that because the number of metabolic abnormalities is asso-
ciated with higher levels of inflammatory markers, e.g.,
CRP, and the number of metabolic abnormalities is associ-
ated with poorer outcomes, that systemic inflammation
might be related to functional outcomes after arthroplasty.
First, we would point out that the number of metabolic

abnormalities is a very crude measure of subclinical inflam-
mation. More importantly, the finding that individual
abnormalities predict functional outcomes better than the
number of metabolic abnormalities speaks against this
hypothesis12. And finally, even if subclinical systemic
inflammation were associated with poorer functional out-
comes, we would still need to know whether this associa-
tion is independent of the metabolic abnormalities.
Because the whole is not greater than the sum of its

parts, we disagree that the data of Gandhi and coauthors
support the hypothesis that systemic inflammation or the
metabolic syndrome as defined by the presence of several
metabolic abnormalities plays an important role for func-
tional outcomes after hip or knee arthroplasty.
We nevertheless think that their article1 is valuable. It

highlights the need for collecting data on clinically relevant
— including patient-reported — short, intermediate, and
longterm outcomes after arthroplasty, in order (1) to inves-
tigate what predicts clinically relevant outcomes13; and (2)
to improve those outcomes based on the best available evi-
dence. Ideally, such data would include not only data on
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patients but also data on the type of surgery performed, the
medical device implanted, postoperative in-hospital treat-
ments and procedures, rehabilitation measures14, and activ-
ities15 during followup. Datasets would need to be large; and
patients enrolled, surgeons, and devices implanted would
need to be diverse enough to allow us to predict outcomes
both as a function of patient and procedure characteristics as
well as within specific subgroups defined, e.g., by age, pre-
operative function, and obesity. Followup for clinically rel-
evant outcomes, including self-reported performance16,
would need to be both as regular and as complete as possi-
ble to avoid selection biases. The authors report data from
an ongoing registry that routinely collects important pieces
of this information combined with patient-reported out-
comes for a reasonable proportion (83.3%) of all those with
arthroplasty after one year.
When assessing the causal influence of metabolic abnor-

malities on functional outcomes, it is very important to ade-
quately control for confounding by factors leading to meta-
bolic abnormalities and potentially poorer functional out-
comes17,18,19. The authors used the number of comorbidities
to adjust for confounding in their study. Residual confound-
ing in measured covariates is a function of measurement
error and model misspecification. Any restriction on the
model (as imposed by controlling for the number of comor-
bidities instead of controlling for individual comorbidities)
increases the likelihood of model misspecification and thus
residual confounding. In our view the authors should have
controlled for individual comorbidities rather than the num-
ber of comorbidities in this large study with strong con-
founding. Using the number of comorbidities would make
more sense when predicting functional outcomes based on a
variety of preoperative variables, rather than when assessing
causality. Such a prediction model may be more informative
for counseling patients prior to surgery.
The authors carefully avoided selecting results for the

abstract solely based on p values, which is especially impor-
tant given the difference in sample size between the hip and
knee cohorts. Instead, they concentrated on the pattern for
the number of metabolic abnormalities and functional out-
comes, which is indeed very similar between patients with
hip and knee arthroplasty. It is important to realize that
reliance on p values to dichotomize results into positive and
negative would have led to a different (and, more likely than
not, wrong) conclusion in this setting. The apparent differ-
ent role of hypertension in predicting poorer outcomes in
patients with hip but not patients with knee arthroplasty is
intriguing and needs confirmation and/or further evaluation.
The study by Gandhi and coauthors is a motivating

example, and we hope that future studies from these and
other authors will be able to better address our concerns and
follow some of our suggestions. We need to know what
works best in which patients under what circumstances in
medicine20, and nonexperimental data from retrospective

and prospective, single or multicenter cohort studies are an
essential piece of this process.
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