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Background: Obesity is associated with increased complications after total joint arthroplasty (TJA),
leading some surgeons to recommend nutrition counseling and weight loss. We aim to evaluate the
effect of preoperative nutritionist referral on weight loss and likelihood of surgery in obese patients
seeking primary TJA.
Methods: A retrospective cohort of patients seeking primary TJA who were referred to a licensed
nutritionist for weight loss was matched by age, sex, and body mass index (BMI) to an unreferred control
group. BMI change was compared between groups up to 1 year of follow-up. Differences were deter-
mined using 2-tailed t-tests and chi-squared tests with a significance cutoff of P < .05.
Results: A total of 274 referred patients and 174 controls were included in our analysis. Patients who
were referred to a nutritionist achieved significantly greater average BMI change (�1.5 kg/m2) than
controls (�0.8 kg/m2) by 6 months after first contact (P ¼ .01) although significance was lost at 1 year
after first contact (P ¼ .21). Thirty-eight percent of referred patients went on to TJA compared with 28% of
controls (P < .01).
Conclusions: Referral to a licensed nutritionist modestly improves early weight loss and is associated
with a higher rate of surgery in obese patients seeking primary TJA.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Over 50% of the United States population is estimated to be
overweight or obese [1,2]. Obese patients exhibit a 2-fold increased
risk of osteoarthritis, and morbidly obese patients exhibit a 4-fold
increased risk [2]. As a result, demand for lower extremity total
joint arthroplasty (TJA) has been on the rise. Based on National
Inpatient Sample combined with Census Bureau data from 2000 to
2014, total hip arthroplasties (THAs) performed in the United States
are projected to increase 71%-129%between2014and2030, and total
knee arthroplasties (TKAs) are projected to increase 85%-182% [3,4].
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Lower extremity TJA in obese patients has been associated with
longer hospital stays, higher health-care costs, and increased rates
of component malalignment and dislocation [5e10]. Obese patients
undergoing TJA also have a higher medical comorbidity burden
than their nonobese counterparts, contributing to complications
from anesthesia as well as need for postoperative intensive care
unit monitoring and respiratory assistance [11,12]. Obesity is also
known to independently increase risk of deep vein thrombosis and
pulmonary embolism [13,14]. Lastly, obesity has been linked to
significantly higher rates of both superficial and deep surgical site
infections following TJA [15,16].

To mitigate these risks, many arthroplasty surgeons limit their
surgical candidates to patients that fall below a body mass index
(BMI) cutoff. These restrictions may stem from the 2013 American
Association of Hip and Knee Surgeons consensus statement that
morbidly obese (BMI >40) and super obese (BMI >50) patients have
complication profiles that may outweigh the functional benefits of
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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TJA [17]. Many surgeons utilize dietary counseling and exercise
programs in order to help obese patients meet weight-loss goals
and become more suitable surgical candidates. Despite these ef-
forts, there have been no robust investigations to date about the
effectiveness of preoperative weight-loss programs.

At our institution, it has been our guideline since November
2015 to refer all patients with a BMI of 40 or greater to a licensed
nutritionist as part of a preoperative optimization program. We
hypothesized that this intervention would help obese patients
seeking TJA lose weight and become better surgical candidates. In
the present study, we aimed to assess the effect of reflex referral to
a nutritionist on weight loss by comparing to a historical control
cohort prior to implementation of this policy.
Material and methods

Data collection

After obtaining approval from our institutional review board, we
retrospectively compiled a list of adult patients of any BMI seeking
primary TKA or THA who were referred to a nutritionist for weight
loss.

Demographic data, including age, gender, height, and number of
pertinent comorbidities, were collected via chart review for each
patient (Table 1). Pertinent comorbidities were defined as coronary
artery disease, congestive heart failure, atrial fibrillation, chronic
lung pathology such as chronic obstructive pulmonary disease or
interstitial lung disease, chronic kidney disease, diabetes mellitus,
history of stroke, history of deep vein thrombosis or pulmonary
embolism, hypertension, liver disease, obstructive sleep apnea, and
hyperlipidemia. For both operative and nonoperative patients,
weights were recorded at the time of first contact with a nutri-
tionist, 6 months after first contact, and 1 year after first contact.
Weights were measured in clinic, not patient-reported.

As a control, a list of new patients seen in our adult lower-
extremity TJA clinic between January 2012 and October 2015 was
generated using automated reports through the electronic medical
records system. This timeframe predates implementation of our
guidelines for routine nutritionist referral for morbidly obese pa-
tients. Patients were matched to our referred cohort by age (within
4 years), sex, and BMI (within 0.5 kg/m2). All matching occurred
prior to patient exclusion. The same demographic and weight data
outlined above were collected for our matched control cohort. For
both operative and nonoperative control patients, weights were
Table 1
Patient demographics.

Patient factor Referred Control P value

N 273 174
Sex
Male 89 (33%) 61 (35%) .3
Female 184 (67%) 113 (65%)

Chief complaint
Hip 79 (29%) 60 (34%) .06
Knee 194 (71%) 114 (66%)

Operative status
Operative 105 (38%) 48 (28%) <.01
Nonoperative 168 (62%) 126 (72%)

Avg. # of comorbidities 3 4 .09
Avg. # of nutritionist visits 5
Avg. starting BMI 42.0 41.2 .12

Number of total included patients, sex, chief complaint, operative status during the
study period, average number of comorbidities, and average starting BMI were
demographic factors collected for both referred and control groups. Average num-
ber of total nutritionist visits were also listed for the referred group. Only operative
status was significantly different between groups (P < .01, in bold).
recorded at the time of first contact with our clinic, 6 months after
first contact, and 1 year after first contact.

Inclusion/exclusion criteria

Patients older than 18 years who were referred for increased
BMI and seeking primary THA or TKA met inclusion criteria. To be
included in our referred cohort, the patients must have had at least
1 visit with a nutritionist after referral. Exclusion criteria (Fig. 1)
included nutritionist referral for reasons other than weight loss,
presenting for reasons other than seeking primary TJA, no recorded
weights after first contact, having undergone arthroplasty at an
outside institution during the study period, and bariatric surgery
performed prior to or during the study period.

Statistics

We used 2-tailed t-tests for BMI comparisons between our
referred and control cohorts. Change in BMI (DBMI) was compared
at 6-month intervals after first contact. Analysis was performed
first without respect to operative status and then stratified by
whether the patient went on to TJA. We used Pearson’s chi-squared
test in comparing the rate of surgery between referred and control
groups. A significance cutoff of P < .05 was used.

Additionally, we performed linear regression modeling using
the Stata/MP (version 14.2; College Station, TX) software to assess
howDBMI achieved by 6months after the first nutritionist visit was
associated with the number of nutritionist visits, age, gender,
number of comorbidities, whether the primary complaint was hip
or knee pain, and operative status.

Results

We identified 343 patients who had been referred to a nutri-
tionist with at least 1 visit between November 2015 and August
2019. Seventy of these patients were ultimately excluded from
analysis (Fig. 1); 6 patients were referred for reasons other than
weight loss, 4 patients were not seeking primary TJA, 46 patients
had no recorded weights after first contact with the nutritionist,
and 14 patients went on to arthroplasty at an outside institution
during the study period. After exclusion, 273 patients were
included in our analysis. Of 105 operative referred patients, all 105
had recorded weights 6 months after their first nutritionist contact,
and 74 patients had recordedweights at 1 year after first contact. Of
168 nonoperative patients, 152 had recorded weights at 6 months
after their first nutritionist contact, and 123 patients had recorded
weights at 1 year after first contact.

From an initial pool of 4149 new patient visits between January
2012 and October 2015, 310 patients were able to bematched based
on age, sex, and BMI as outlined in the methods above. Of these 310
patients, 136 were excluded from the analysis (Fig. 1); 4 patients
underwent bariatric surgery prior to or during the study period, 57
patients were not seeking primary joint arthroplasty, 65 patients
had no recorded weights after first clinic contact, and 10 patients
went on to arthroplasty at an outside institution during the study
period. After exclusion,174matched control patients were included
in our analysis. Of 48 operative control patients, all 48 had recorded
weights at 6 months after their first clinic contact, and 46 patients
had recorded weights at 1 year after first contact. Of 126 nonop-
erative control patients, 112 had recordedweights at 6 months after
the first clinic contact, and 109 patients had recorded weights at 1
year after first contact. Fifteen of 174 control patients (8.6%) did
have at least 1 visit with a nutritionist during the study period.
Three patients were referred by an orthopaedic provider, while 12
were referred by their primary care physician. None of these
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Figure 1. Patients excluded from analysis. Exclusion criteria included nutritionist referral for reason other thanweight loss, presenting for reason other than seeking primary TJA, no
recorded weights after first contact, having undergone arthroplasty at an outside institution during the study period, and bariatric surgery performed prior to or during the study
period. After application of exclusion criteria, 273 referred patients and 174 matched control patients were included in our final analysis.

Table 2
Average BMI change of referred and control groups up to 1 y of follow-up.

Patient group Starting BMI △BMI (6 mo) △BMI (1 y)

Referred 42.0 (26.0-62.9) �1.5a �1.1
Control 41.2 (26.1-55.9) �0.8 �0.7
P value .12 .01 .21
Operative
Referred 39.6 (26.0-49.2) �2.4a �2.1a

Control 38.0 (28.6-52.1) �2.0a �1.3
P value .02 .52 .14

Nonoperative
Referred 43.6 (28.3-62.9) �0.9 �0.5
Control 42.4 (26.1-55.9) �0.2 �0.5
P value .09 .02 .98

BMI change (△BMI) was reported at 6-mo intervals up to 1 y after first nutritionist
visit (for referred patients) or first clinic visit (for control patients). P values denoting
statistically significant difference in BMI or △BMI between referred and control
groups are bolded.

a A statistically significant change from starting BMI (P < .05).
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patients were excluded from the analysis, as our original aimwas to
assess the effectiveness of the reflex referral policy for morbidly
obese patients. It seems that prior to this policy, nutritionist referral
(regardless of BMI) was rare.

Within the referred and control groups, respectively, 33% and
35% were male, 29% and 34% had a chief complaint of hip pain, 71%
and 66% had a chief complaint of knee pain, 3 and 4 were the
average number of medical comorbidities, and 42.0 (26.0-62.9) and
41.2 (26.1-55.9) were the average starting BMIs. Referred patients
had an average of 5 nutritionist visits (range: 1 to 57 visits). There
were no statistically significant differences in gender (P¼ .30), chief
complaint (P ¼ .06), number of comorbidities (P ¼ .09), or starting
BMI (P ¼ .12). Thirty-eight percent of referred patients went on to
TJA compared with 28% in the control group, which represents a
statistically significant difference (P < .01) (Table 1).

As seen in Table 2, patients who were referred to a nutritionist
achieved a statistically significant DBMI by 6 months after the first
nutritionist contact (�1.5 kg/m2; P < .01). This also represents a
significantly greater average DBMI than that of controls (�0.8 kg/
m2) during this same time interval (P ¼ .01). Referred patients
maintained an average DBMI of �1.1 kg/m2 at 1 year after first
contact. Control patients (not referred) maintained an average
DBMI of �0.7 kg/m2 over this same time interval although the
difference in DBMI was no longer statistically significant (P ¼ .21).
Control patients did not demonstrate significant DBMI throughout
the study period.
When stratified by operative status, patients who went on to
joint arthroplasty did not demonstrate a significant difference in
weight loss between referred and control groups at any point
during the study period (Table 2). However, among patients who
did not have surgery, referred patients achieved significantly
greater DBMI (�0.9 kg/m2) than controls (�0.2 kg/m2) by 6 months
after first contact (P ¼ .02) (Table 2). This difference was lost by 1
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year after contact, with both groups maintaining an average DBMI
of �0.5 kg/m2 (P ¼ .98).

Operative patients who were referred to a nutritionist achieved
significantly greater DBMI (�2.4 kg/m2) than nonoperative referred
patients (�0.9 kg/m2) by 6 months after the first nutritionist con-
tact (P < .01). Operative referred patients were also able tomaintain
a significantly greater DBMI (�2.1 kg/m2) than nonoperative
referred patients (�0.5 kg/m2) at 1 year after first contact (P < .01).
Operative control patients achieved significantly greater DBMI
(�2.0 kg/m2) than nonoperative control patients (�0.2 kg/m2) by 6
months after first clinic contact (P < .01). At 1 year after first clinic
contact, however, operative control patients were not able to
maintain a significantly greater DBMI (�1.3 kg/m2) than nonoper-
ative control patients (�0.5 kg/m2) (P ¼ .09).

When stratified by BMI, including only those patients with BMI
�40, referred patients (N ¼ 164) achieved a DBMI of �1.6 kg/m2 by
6 months after first nutritionist contact and DBMI of �1.2 kg/m2 by
1 year after first contact. Compared with controls (N ¼ 96), who
achieved a DBMI of �1.1 kg/m2 and �1.3 kg/m2 over the same time
intervals, this did not represent a statistically significant difference
at either 6 months (P ¼ .20) or 1 year (P ¼ .73) after first contact.

In the multivariable regression analysis, the only predictors that
were associated with DBMI were the number of nutritionist visits
(beta¼�0.07; 95% confidence interval �0.12 to�0.02; P¼ .01) and
operative status (beta ¼ �1.42; 95% confidence interval �2.05
to �0.80; P < .01). Age, gender, number of comorbidities, and pri-
mary joint pathology were not predictive of DBMI.

Discussion

Obesity is a known risk factor for the development and pro-
gression of hip and knee osteoarthritis. Importantly, it is also
associated with increased hospital costs and higher rates of peri-
operative complications in patients undergoing TJA [5e14,18]. For
this reason, many surgeons have adopted strict BMI cutoffs in
selecting the most favorable surgical candidates. The patients who
do not meet this cutoff are often counseled on diet, nutrition, or
exercise programs to aid inweight loss. Currently, there is a paucity
of evidence on the effectiveness of nonoperative patient optimi-
zation programs on weight loss prior to TJA. We sought to deter-
mine the impact of nutritionist referral for obese patients seeking
primary THA or TKA.

In this study, we have demonstrated that referral to a licensed
nutritionist improves early weight loss and is associated with a
higher rate of surgery in obese andmorbidly obese patients seeking
primary THA or TKA. Previous studies have demonstrated signifi-
cant improvement in patient quality-of-life scores with access to
arthroplasty surgery while patients waiting for arthroplasty have
poorer scores [19e21]. Thus, nutritionist intervention can be uti-
lized to positively impact patient quality of life through increasing
eligibility for surgery.

Given the established risks associated with increased BMI in
TJA, it is imperative that providers help their patients manage this
modifiable risk factor. To our knowledge, this is the first study to
demonstrate that a simple referral to a licensed nutritionist can
result in greater preoperative weight loss and, therefore, could
potentially reduce the risk of adverse outcomes. Unfortunately,
there are few reports on preoperative weight loss and TJA out-
comes. One study using the Total Joint Replacement Registry in
California identified obese TJA patients and found that 12.4% of
TKA and 18% of THA patients lost at least 5% of their body weight
prior to surgery [22]. However, there was no statistically signifi-
cant difference in surgical site infection or readmission in this
cohort. In contrast, a 2019 single-institution study of morbidly
obese TKA patients found that preoperative weight loss of at least
20 pounds reduced length of stay and odds of discharge to a
rehabilitation facility after surgery [23]. Although there is no
strong evidence of improved outcomes in TJA in the setting of
preoperative weight loss, this may in part be due to the relative
catabolic state and nutritional imbalance that can occur after
significant weight loss [24,25]. Therefore, it is possible that a
preoperative weight loss program guided by a nutritionist may
result in different outcomes. There is an ongoing randomized trial
to assess weight loss prior to TJA using a remote dietician and
mobile app, which may provide further evidence to support this
intervention [26].

Another important finding in our study was that the number of
nutritionist visits correlated positively with DBMI. This finding is in
agreement with previous literature [27,28]. More appointments
may help patients with weight loss goals by holding patients
accountable and providing ongoing motivation and guidance.

Operative referred patients achieved greater DBMI than
nonoperative referred patients by 6 months after first nutritionist
contact. This difference may be accounted for by an increased level
of motivation caused by the upcoming surgery, as the average time
to surgery in our cohort was 7 months after first contact. However,
this finding may simply reflect that patients whowere successful at
losing weight were more likely to be offered surgery. When
examining only surgical patients, there was no difference in DBMI
between referred and control patients by 6 months after first
contact. However, it should be noted that a significantly greater
proportion of referred patients went on to TJA (38%) than controls
(28%) (P < .01). This likely reflects improved weight loss and sur-
gical candidacy among referred patients. When examining only
nonoperative patients, referred patients lost significantly more
weight than their control counterparts at 6months but not at 1 year
after first contact. This may reflect an early but unsustained impact
of nutritionist referral on weight loss.

Although the focus of the present study was on referral for
elevated BMI, nutritionist referral may also be indicated for
correction of malnutrition. It has been demonstrated that malnu-
trition, often identified as low albumin, increases complications
and cost after TJA [29,30]. Furthermore, obesity and malnutrition
are often associated [31]. Therefore, connecting obese patients with
a licensed nutritionist for weight loss may also be important for
improving their overall nutritional status. Indeed, nutrition sup-
plementation has been shown to reduce complications in geriatric
hip fracture patients [32,33]. Future studies investigating nutri-
tionist referral impact on arthroplasty patients should consider the
role of nutritional status as well.

Limitations

Our study has several limitations. First, the decision to refer a
patient to a nutritionist is at the discretion of the provider.
Although all providers in the present study agreed upon referral for
all patients with BMI >40, many patients with lower BMIs were also
included in our analysis. When stratified to include only patients
with starting BMI of 40 or above, the effect size of referral was
notably decreased and importantly was no longer statically sig-
nificant. This loss of significance may be partially attributed to
decreased sample size but may also reflect the effect of motivated
referred patients with BMI <40 whose disposition could not be
accurately matched in the historical control group. Additionally, the
BMI referral trigger of 40, although supported in the literature
[23,34], may not accurately reflect the ideal candidates for nutri-
tionist referral. It has been shown that increasing BMI is associated
with a stepwise increase in complications [18], and perhaps pa-
tients with a BMI below 40 would benefit at least as much from
nutritionist intervention.
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Another limitation is the possibility that some patients,
regardless of BMI, requested a nutritionist referral due to personal
motivation and therefore were included. This may have introduced
selection bias as motivation is an important factor in achieving and
sustaining weight loss [35]. Additionally, our study setting was a
large, academic center with an established referral pathway to a
licensed nutritionist at the same institution. The ease of this referral
may not exist in alternative practice settings, negatively impacting
the generalizability of this study.

Although there were no differences in demographics between
referred and control groups, this was a retrospective study inwhich
we matched our referred patients to a historical control group.
Therefore, there may have been differences between the 2 groups
in providers encountered as well as access to weight loss services
besides nutrition counseling. Follow-up among each group was
also not complete, which may have introduced variability in the
study groups affecting our results.

Lastly, the mean DBMI seen in both referred and control groups
was modest, and its clinical significance is yet unclear. However, an
increased proportion of referred patients (38%) compared with
controls (28%) went on to surgery, and that group achieved greater
overall weight loss. Thus, while the average effect size was small, it
is likely that a select group benefited from nutritionist referral
enough to increase their probability of meeting appropriateness
criteria for surgery.

Conclusions

As obesity rates continue to rise, arthroplasty surgeons must be
aware of the associated increased costs and perioperative compli-
cations. One simple approach to manage this modifiable risk factor
is patient education through nutritionist referral. We have
demonstrated that routine referral to a licensed nutritionist
modestly improves early weight loss and is associatedwith a higher
rate of surgery in obese and morbidly obese patients seeking pri-
mary THA or TKA. Future studies should aim to identify an optimal
referral protocol and determine if nutritionist referral improves
postoperative outcomes.
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