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Introduction: Obesity and diabetes have independently been shown to
predispose to adverse outcomes after total hip arthroplasty (THA). These
may have a coupled effect on perioperative risks. The purpose of this study
was to evaluate the effect of body mass index (BMI) on adverse outcomes
in nondiabetic (ND), non–insulin-dependent diabetes mellitus (NIDDM),
and insulin-dependent diabetes mellitus (IDDM) patients.
Methods: Patients undergoing primary THA were selected from the
National Surgical Quality Improvement Program Database from 2012
to 2016 and categorized as ND, NIDDM, and IDDM. BMI,
demographics, and 30-day perioperative outcomes were assessed
for each group. Multivariate logistic regressions controlling for
demographics, functional status, and American Society of
Anesthesiologists were used to determine the odds ratio of serious
adverse event (SAE) in each diabetes group for patients with BMI $
40 kg/m2 compared with a control group of ND patients with a normal
BMI (18.5 to 24.9 kg/m2).
Results: A total of 108,177 patients were included. The results
demonstrate that ND (odds ratio 1.65; P , 0.001) and NIDDM
(odds ratio 1.75; P = 0.007) patients have similar risks of SAE,
whereas IDDM (odds ratio 2.79; P , 0.001) patients have a
greater risk of adverse events, particularly at BMIs greater than
40 kg/m2.
Discussion: Consistent with previous reports, ND (odds ratio 1.65; P ,
0.001) and NIDDM (odds ratio 1.75; P = 0.007) morbidly obese patients
(BMI . 40 kg/m2) had an increased odds of SAEs after THA, but for
IDDM (odds ratio 2.79; P , 0.001) patients this increased odds was
notably higher. Although patients with IDDM have increased rates of
adverse events compared with ND and NIDDM patients, these findings
should not be used to establish strict BMI cutoffs in patients with IDDM.
Nonetheless, the results suggest additional factors, such as patient
medical history and diabetes control, should be considered when
evaluating patients with IDDM for THA.
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A

lthough total hip arthroplasty
(THA) is highly effective in treating advanced hip pathology, compli-

cations have consistently been shown
to be increased in obese patients.1-12
Previous studies have found that
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increasing body mass index (BMI)
directly correlates with higher complication rates in joint arthroplasty.1-12 This phenomenon has led
to the recommendation of weight loss
and even BMI thresholds by some
surgeons in an attempt to improve
outcomes.13,14 Notably, professional
societies such as the American Academy of Orthopaedic Surgeons and
the American Association of Hip
and Knee Surgeons have published
guidelines for mediating the risks of
surgery in patients with morbid obesity (BMI $ 40 kg/m2) who are
considering THA. Such recommendations include delaying surgery,
preoperative weight loss, nutrition
consultation, and attention to documentation of the risks associated with
morbid obesity.15,16
Unfortunately, obesity has become
an epidemic within the United States,
creating a notable challenge to the
health care.17 Over a third of adults
are categorized as obese (BMI $
30 kg/m2) and 6.6% are categorized
as morbidly obese (BMI $ 40 kg/m2),
recent demographic trends suggest
that these numbers are rapidly rising.18,19 It is well known that a high
BMI contributes to lower extremity
arthritis.20,21 With increasing numbers
of THA being performed, more are
being considered in obese patients.22
Diabetes is also associated with
increased complication rates after
total joint arthroplasty.7,23,24 Complications that are of increased risk in
the diabetic cohort include, but are not
limited to, urinary tract infections,
surgical site infections, postoperative
hemorrhage, and stroke.7,23 With an
increasing number of patients with
both obesity and diabetes, a better
understanding of the interplay of these
risk factors is needed. As demand for
joint arthroplasty rises and focus shifts
to value-based care, patient optimization has become a focal point for
joint arthroplasty.25 To our knowledge, there have been no publications
directly comparing the effect of
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increasing BMI on patients with different types of diabetes mellitus.
The goal of the current study was to
stratify nondiabetic (ND), non–
insulin-dependent diabetes mellitus
(NIDDM), and insulin-dependent
diabetes mellitus (IDDM) patients
and study how increasing BMI differentially affects outcomes after
THA. It was hypothesized that different rates of adverse events might
be observed within each diabetes
group.

Methods
Data Source/Study Cohort
The National Surgical Quality
Improvement Program (NSQIP)
database records and aggregates over
250 variables from representative
surgical cases performed at more
than 600 participating institutions.
Data are collected based on strict
protocols and subject to routine audits to control data quality. The
NSQIP database records the occurrence of postoperative complications
that occurred within 30 days after the
operation regardless of discharge
status. Outcomes after 30 days are
not recorded; thus, long-term outcomes could not be assessed. Our
institutional review board has found
studies based on this data set to be
exempt from review.
The cohort for the current study
included those who had undergone
THA from 2012 to 2016. These patients were captured using Current
Procedural Terminology code 27130.
Cases noted to involve trauma or
emergency surgeries, or that involved a
preoperative diagnosis of neoplasm or
sepsis were excluded from the study
cohort. Such cases were identified
based on specifically defined variables
in the NSQIP database.
Patient age, sex, race, height, and
weight were directly abstracted from
the NSQIP database. Height and
weight data were used to calculate

BMI (weight in kilograms divided by
height in meters squared). The
American Society of Anesthesiologists’ (ASA) physical status classification and preoperative functional
status were recorded from the
NSQIP database. Functional status
was classified into independent and
dependent (dependent being defined
as partially dependent and totally
dependent). Cases with incomplete
demographic data described here
were excluded.
Patients with diabetes mellitus were
identified using a specifically defined
NSQIP variable. As per the NSQIP,
the diabetes variable is defined as
having “Diabetes Mellitus Requiring
Therapy with Non-Insulin Agents or
Insulin.” Patients can be classified
into one of three categories: ND
patients were defined as patients not
having diabetes mellitus, NIDDM
patients were defined as diabetic
patients not receiving insulin, and
IDDM patients were defined as diabetic patients receiving insulin.
Characteristics of ND, NIDDM, and
IDDM patients were assessed.

Postoperative Outcomes
Individual 30-day postoperative adverse events were aggregated into any
adverse events (AAEs), serious adverse events (SAEs), and minor adverse events (MAEs). SAE was defined
by the occurrence of any of the following: deep surgical site infection,
sepsis, failure to wean, unplanned reintubation, postoperative renal failure, deep vein thrombosis, pulmonary
embolism, cardiac arrest requiring
cardiopulmonary resuscitation (CPR),
myocardial infarction, or stroke. MAE
was defined by the occurrence of any
of the following: superficial surgical
site infection, wound dehiscence, pneumonia, urinary tract infection, or postoperative renal insufficiency. Mortality
was distinctly assessed.
Readmission includes patients who
were readmitted within 30 days of
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their procedure. Revision surgeries
include patients who had a revision
surgery within 30 days of their procedure. AAE was defined by the
occurrence of SAE, MAE, death, readmission, or revision surgery.

Statistical Analysis
Demographic information including
age, sex, functional health status,
ASA score, race, and BMI was
aggregated to define the cohorts in
each diabetes categories. The occurrence and rates of SAE, MAE, mortality, readmission, revision surgery,
and AAE were calculated for patients
within each BMI categories. Chisquare analysis was used to determine whether statistically significant
differences existed between rates of
adverse events when comparing
NIDDM and IDDM with ND patients. Statistical significance was
defined as P , 0.05.
Finally, logistic regressions controlling for age, sex, race, functional
status before surgery, and ASA classification were used to isolate confounding patient factors as has been
done in other studies using the NSQIP
database.26-28 The odds ratio of SAE
in ND, NIDDM, and IDDM patients
with BMI $ 40 kg/m2 was compared
with a control group of ND patients
with a normal BMI (18.5 to
24.9 kg/m2). This common control
group was used to allow for the
comparison of the results of this
analysis across diabetes groups.
All statistical analyses were performed using SPSS version 25 (IBM
Corp).

Results
Patient Cohort
There were 122,570 patient records
identified using the NSQIP database.
Owing to missing data regarding the
occurrence of complications, 14,393
cases (11.7%) were excluded because

they could not be included in the
analysis, leaving 108,177 cases for
analysis. These 14,393 excluded cases had a similar proportion of ND
(87%), NIDDM (9%), and IDDM
(4%) patients to our study cohort. In
our study cohort, 95,564 patients
(88%) had ND, 9,728 patients (9%)
had NIDDM, and 2,885 patients
(3%) had IDDM (Figure 1).
Table 1 demonstrates the patients’
characteristics of the ND, NIDDM,
and IDDM groups. Rates for the
different categories of age, sex,
functional status, ASA, race, and
BMI are defined. Of note, BMI $
40 kg/m2 was noted in 6.4% of the
ND patients, 14.7% of the NIDDM
patients, and 17.8% of the IDDM
patients.

Adverse Events
The occurrence rates of SAE, MAE,
mortality, readmission, revision surgery, and AAE are shown in Table 2.
Those with NIDDM and IDDM
were at a greater overall risk of SAE,
MAE, readmission, revision surgery,
and AAE. In addition, those with
IDDM were also at a greater overall
risk of mortality.
Using a control group of ND patients with a normal BMI (18.5 to
24.9 kg/m2), odds ratios of SAEs
for a BMI greater than 40 kg/m2
were calculated in ND, NIDDM,
and IDDM patients (Table 3). The
results demonstrate that ND (odds
ratio 1.65; P , 0.001) and NIDDM
(odds ratio 1.75; P = 0.007) patients
have similar risks of SAE, whereas
IDDM (odds ratio 2.79; P , 0.001)
patients have a greater risk of adverse events, particularly at BMIs of
40 kg/m2.

Discussion
Obesity and diabetes are becoming
more prevalent in the THA cohort
and have been linked to increased
surgical
complications.1-12,23,24

Figure 1

Pie chart showing the comparison of
cohort sizes between nondiabetic,
non–insulin-dependent diabetes
mellitus, and insulin-dependent diabetes mellitus patients. IDDM =
insulin-dependent diabetes mellitus,
ND = nondiabetic, NIDDM = non–
insulin-dependent diabetes mellitus.

Given the increased rates of THA
surgeries and the morbidity associated with patients experiencing
complications within this cohort,
patient selection and optimization
have become important points of
discussion. Professional societies,
including the American Academy of
Orthopaedic Surgeons and the
American Association of Hip and
Knee Surgeons, have suggested considerations such as delaying surgery,
preoperative weight loss, nutrition
consultation, and attention to documentation of the risks associated
with morbid obesity (those with a
BMI greater than 40 kg/m2).15,16
Although there is some variability
with BMI cutoffs, the message has
been mirrored by others.3,10,29
A notable finding in the current study
was that ND and NIDDM patients
were found to have similar risks at a
BMI of 40 kg/m2. The different rates of
complications between NIDDM and
IDDM have been observed in previous
studies of orthopaedic surgery patients. Previous studies have attributed
these differences to the natural course
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Table 1
ND, NIDDM, and IDDM Patient Demographics
ND

n = 108,177
Age (yr)
#40
41-50
51-60
61-70
71-80
.80
Sex
Male
Female
Functional status
Independent
Dependent
ASA
1
2
3
41
Race
White
Black
Asian
American Indian
Pacific Islander
Unknown/not reported
BMI (kg/m2)
,18.5
18.5-24.9
25.0-29.9
30-39.9
40-49.9
$50.0

NIDDM

IDDM

Number

Percent

Number

Percent

Number

Percent

95,564

88.3

9,728

9.0

2,885

2.7

2,633
7,594
24,153
32,152
21,174
7,858

2.8
7.9
25.3
33.6
22.2
8.2

53
410
1,998
3,735
2,689
843

0.5
4.2
20.5
38.4
27.6
8.7

23
162
606
1,121
742
231

0.8
5.6
21.0
38.9
25.7
8.0

42,557
53,007

44.5
55.5

4,916
4,812

50.5
49.5

1,516
1,369

52.5
47.5

94,193
1,371

98.6
1.4

9,535
193

98.0
2.0

2,792
93

96.8
3.2

4,204
55,376
34,652
1,332

4.4
57.9
36.3
1.4

20
3,007
6,368
333

0.2
30.9
65.5
3.4

0
501
2,171
213

0
17.4
75.3
7.4

78,468
7,004
1,399
391
246
8,056

82.1
7.3
1.5
0.4
0.3
8.4

2,237
405
35
10
14
184

77.5
14.0
1.2
0.3
0.5
6.4

7,566
1,115
192
47
41
767

77.8
11.5
2.0
0.5
0.4
7.9

801
19,778
33,009
35,910
5,514
552

0.8
20.7
34.5
37.6
5.8
0.6

20
740
2,387
5,146
1,305
130

0.2
7.6
24.5
52.9
13.4
1.3

6
195
668
1,503
471
42

0.2
6.8
23.2
52.1
16.3
1.5

ASA = American Society of Anesthesiologists, BMI = body mass index, ND = nondiabetic, NIDDM = non–insulin-dependent diabetes mellitus,
IDDM = insulin-dependent diabetes mellitus

of illness and difficulty achieving glycemic control in patients with
IDDM compared with patients with
NIDDM.30,31 Patients with IDDM are
at a higher risk of developing a variety
of comorbidities compared with
NIDDM and ND patients. In addition, patients with IDDM are more

4

likely to have poor glycemic control,
resulting in increased rates of renal
and cardiovascular disease earlier in
life.30 Exogenous insulin also causes
rapid fluctuations in glucose levels that
can lead to severe hypoglycemia and
hyperglycemia, especially in the perioperative setting.

Using the odds ratios of SAEs to
inform surgical candidacy has strong
clinical utility because SAEs have the
greatest effect on the patient and
healthcare system. Such complications
include deep surgical site infection,
sepsis, failure to wean, unplanned reintubation, postoperative renal failure,
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Table 2
Rates of Adverse Events in ND, NIDDM, and IDDM Patients
ND

Adverse events
SAE
MAE
Mortality
Readmission
Revision surgery
AAE

NIDDM

IDDM

Number

Percent

Number

Percent

P Value

Number

Percent

P Valuea

1,107
1,714
87
3,071
1,789
5,147

1.2
1.8
0.1
3.2
1.9
5.4

166
230
10
432
228
688

1.7
2.4
0.1
4.4
2.3
7.1

,0.001
,0.001
0.863
,0.001
,0.001
,0.001

88
115
8
183
95
300

3.1
4.0
0.3
6.3
3.3
10.4

,0.001
,0.001
0.003
,0.001
,0.001
,0.001

a

IDDM = insulin-dependent diabetes mellitus, MAE = minor adverse event, ND = nondiabetic, NIDDM = non–insulin-dependent diabetes mellitus,
SAE = serious adverse event
a
Chi-square analysis demonstrated a statistically significant difference when compared with ND patients.
P , 0.05 are in bold to denote significance.

deep vein thrombosis, pulmonary
embolism, cardiac arrest requiring
CPR, myocardial infarction, or stroke.
The current data suggest that setting a
single BMI cutoff for proceeding with
THA may be overly simplistic, and
different thresholds may be appropriate for different subcohorts such as
patients with IDDM.
Increased postoperative complications in obese patients have been
reported by many studies, driving the
development of surgical BMI thresholds.1-12 Previous studies that stratify
BMI have found that higher BMI
leads to increased complications.
Such studies have proposed BMI
thresholds based on the point where
adverse events tend to rise sharply.
Generally, this has been reported to
be most pronounced at a BMI of
40 kg/m2, thus leading to the implementation of this value as an
indication of excessive surgical risk.
The current study supports the
earlier quoted BMI threshold for
THA being 40 kg/m2 for ND and
NIDDM patients.4,9,11,12,32 The
odds ratio of SAE for a BMI greater
than 40 kg/m2 for ND and NIDDM
patients was similar, whereas the
odds ratio of SAE in patients with
IDDM was notably greater. The fact
that the notably smaller subcohort of

Table 3
Odds Ratio of SAEs for Patients With BMI $ 40 kg/m2 Compared With a
Control Group of ND Patients With a Normal BMI (18.5 to 24.9 kg/m2)
Diabetes Status
ND
NIDDM
IDDM

Odds Ratio of SAE 6 95% CI
1.65 (1.26–2.16) (P , 0.001)
1.75 (1.17–2.61) (P = 0.007)
2.79 (1.74–4.45) (P , 0.001)

BMI = body mass index, IDDM = insulin-dependent diabetes mellitus, ND = nondiabetic,
NIDDM = non–insulin-dependent diabetes mellitus, SAE = serious adverse event

IDDM (only 2.7% of the cohort)
could behave differently and be
“washed out” in the larger ND and
NIDDM is not surprising but is
highlighted by the presented analysis. The difference in the odds ratio
between diabetic groups indicates
that further studies are needed to
determine how to mitigate the risk of
adverse outcomes in patients with
IDDM requiring THA.
Further complicating risk stratification by BMI are the associated comorbidities that may compound
surgical risk. Notably, obesity and
diabetes often exist concomitantly as
elements of the metabolic syndrome.
In fact, a BMI above 40 kg/m2 is
associated with more than six times
higher risk for diabetes.32 The multivariate analysis used to determine

the odds ratio of SAE in the current
study worked to account for such
covariate variables.
Risk stratification requires a holistic
approach with careful assessment of
comorbidities and honest conversation regarding expectations and real
surgical risk with the patient. Some
studies have noted very good clinical
results in the obese cohort, suggesting
that a strict universal cutoff could
unnecessarily exclude certain obese
patients.33-36 It is incumbent on the
orthopaedic surgeon to work with
patients to modify risk factors when
possible to optimize short-term and
longer term outcomes, which includes
counseling patients on weight loss
and diabetic control.
Our study is the first to stratify risks
of obesity in THA with respect to
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types of diabetes mellitus. However,
our data should be interpreted with
attention to its limitations, primarily
stemming from its retrospective
database design. First, we grossly
categorized diabetic status as
NIDDM and IDDM, which does not
consider heterogeneity in glycemic
control within groups. Previous literature suggests that most patients
with IDDM have type 2 diabetes with
poor glycemic control.37 However,
without information about each patient’s type of diabetes and HbA1C
level at the time of surgery, the
characteristics of the IDDM group
cannot be determined with certainty.
Thus, although glycemic control
could be a contributing factor to the
increased risk of complications, other
unknown factors may also have a
role. Second, despite quality control
of NSQIP’s data, it is difficult to
assess the potential bias involved in
data collection methods that may
involve incomplete documentation or
miscoding. Furthermore, the current
study can only comment on shortterm outcomes, as outcomes are only
assessed out to 30-day postoperative
adverse events in NSQIP. Owing to
this limitation, crucial long-term
joint-specific outcomes such as late
infections, aseptic loosening, and
clinical/joint-specific metrics could
not be assessed in this timeframe.
Finally, not all confounders can be
accounted for in the multivariate
analysis because pertinent data such
as hemoglobin A1C values are not
available in the NSQIP database;
however, ASA class and functional
health status were useful controls for
patients’ quality of health before their
operation.
In conclusion, this study highlights
the increased 30-day complication
rates after THA in patients with
IDDM and the effect of high BMI
within each of our cohorts. Consistent with clinical reports, ND (odds
ratio 1.65; P , 0.001) and NIDDM
(odds ratio 1.75; P = 0.007) mor-
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bidly obese patients (BMI . 40 kg/m2)
had increased odds of SAEs after
THA, but for IDDM (odds ratio 2.79;
P , 0.001) patients this increased
odds was notably higher. Although
patients with IDDM have increased
rates of adverse events compared with
ND and NIDDM patients, these
findings should not be used to establish strict BMI cutoffs in patients with
IDDM. Nonetheless, the results suggest additional factors, such as patient
medical history and diabetes control,
should be considered when evaluating
patients with IDDM for THA. These
data serve to define the relationship
between obesity, diabetes, and early
postoperative complications after
THA, and may be beneficial to patient
education, risk-benefit analyses, and
clinical decision making.

References
References printed in bold type are
those published within the past 5
years.
1. DeMik DE, Bedard NA, Dowdle SB, et al:
Complications and obesity in
arthroplasty—A hip is not a knee. J
Arthroplasty 2018;33:3281-3287.
2. Viens N, Hug K, Marchant M, et al: Role of
diabetes type in perioperative outcomes
after hip and knee arthroplasty in the
United States. J Surg orthop Adv 2012;21:
253-260.
3. Adhikary SD, Liu WM, Memtsoudis SG,
et al: Body mass index more than 45 kg/m2
as a cutoff point is associated with
dramatically increased postoperative
complications in total knee arthroplasty
and total hip arthroplasty. J Arthroplasty
2016;31:749-753.
4. Alvi HM, Mednick RE, Krishnan V, et al:
The effect of BMI on 30 day outcomes
following total joint arthroplasty. J
Arthroplasty 2015;30:1113-1117.
5. Dowsey MM, Choong PF: Obesity is a
major risk factor for prosthetic infection
after primary hip arthroplasty. Clin Orthop
Relat Res 2008;466:153-158.
6. Edelstein AI, Lovecchio F,
Delagrammaticas DE, et al: The impact of
metabolic syndrome on 30-day
complications following total joint
arthroplasty. J Arthroplasty 2017;32:
362-366.

7. Jämsen E, Nevalainen P, Eskelinen A, et al:
Obesity, diabetes, and preoperative
hyperglycemia as predictors of periprosthetic
joint infection: A single-center analysis of
7181 primary hip and knee replacements for
osteoarthritis. JBJS 2012;94:e101.
8. Jeschke E, Citak M, Günster C, et al:
Obesity increases the risk of postoperative
complications and revision rates following
primary total hip arthroplasty: An analysis
of 131,576 total hip arthroplasty cases. J
Arthroplasty 2018;33:2287-2292.e1.
9. Ward DT, Metz LN, Horst PK, et al:
Complications of morbid obesity in total
joint arthroplasty: Risk stratification based
on BMI. J Arthroplasty 2015;30:42-46.
10. Werner BC, Higgins MD, Pehlivan HC,
et al: Super obesity is an independent risk
factor for complications after primary total
hip arthroplasty. J Arthroplasty 2017;32:
402-406.
11. Zusmanovich M, Kester BS, Schwarzkopf R:
Postoperative complications of total joint
arthroplasty in obese patients stratified by
BMI. J Arthroplasty 2018;33:856-864.
12. Wagner ER, Kamath AF, Fruth KM, et al:
Effect of body mass index on complications
and reoperations after total hip
arthroplasty. JBJS 2016;98:169-179.
13. Watts C, Martin J, Houdek M, et al: Prior
bariatric surgery may decrease the rate of reoperation and revision following total hip
arthroplasty. Bone Joint J 2016;98:1180-1184.
14. Bookman JS, Schwarzkopf R, Rathod P,
et al: Obesity: The modifiable risk factor in
total joint arthroplasty. Orthop Clin 2018;
49:291-296.
15. American Academy of Orthopaedic
Surgeons. Position Statement 1184: The
Impact of Obesity on Bone and Joint Health.
Available at: https://aaos.org/contentassets/
1cd7f41417ec4dd4b5c4c48532183b96/
1184-the-impact-of-obesity-on-bone-andjoint-health1.pdf. Accessed May 6, 2020.
16. Voss F, Halsey D, Fehring T AAHKS
Primer on Orthopedic Peri-Operative Risk
Stratification and Comorbidity Coding.
American Association of Hip and Knee
Surgeons, Aug. 2018. Available at: http://
www.aahks.org/wp-content/uploads/
2018/08/primer-risk-stratificationcomorbidity-coding-article-update-1016.
pdf-1.pdf. Accessed May 6, 2020.
17. Kushner RF, Kahan S: Introduction: The
state of obesity in 2017. Med Clin 2018;
102:1-11.
18. Nguyen DM, El-Serag HB: The
epidemiology of obesity. Gastroenterol Clin
2010;39:1-7.
19. Sturm R, Hattori A: Morbid obesity rates
continue to rise rapidly in the United States.
Int J Obes 2013;37:889.
20. Flugsrud GB, Nordsletten L, Espehaug B,
et al: The impact of body mass index on

Journal of the American Academy of Orthopaedic Surgeons

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

Kareem J. Kebaish, BA, et al
later total hip arthroplasty for primary
osteoarthritis: A cohort study in 1.2 million
persons. Arthritis Rheum 2006;54:
802-807.
21. Grotle M, Hagen KB, Natvig B, et al:
Obesity and osteoarthritis in knee, hip
and/or hand: An epidemiological study in
the general population with 10 years
follow-up. BMC Musculoskelet Disord
2008;9:132.
22. Kurtz S, Ong K, Lau E, et al: Projections of
primary and revision hip and knee
arthroplasty in the United States from 2005
to 2030. JBJS 2007;89:780-785.

and other considerations. Surgery 2005;
138:829-836.
26. Galivanche AR, Kebaish KJ, Adrados M,
et al: Postoperative pressure ulcers after
geriatric hip fracture surgery are predicted
by defined preoperative comorbidities and
postoperative complications. J Am Acad
Orthop Surg 2020;28:342-351.
27. Bovonratwet P, Malpani R, Ottesen T,
et al. Aseptic revision total hip arthroplasty
in the elderly: Quantifying the risks for
patients over 80 years old. Bone Joint J
2018;100:143-151.

23. Marchant MH Jr, Viens NA, Cook C, et al:
The impact of glycemic control and diabetes
mellitus on perioperative outcomes after
total joint arthroplasty. JBJS 2009;91:
1621-1629.

28. Ottesen TD, Zogg CK, Haynes MS, et al:
Dialysis patients undergoing total knee
arthroplasty have significantly increased
odds of perioperative adverse events
independent of demographic and
comorbidity factors. J Arthroplasty 2018;
33:2827-2834.

24. Martínez-Huedo MA, Jiménez-García R,
Jiménez-Trujillo I, et al: Effect of type 2
diabetes on in-hospital postoperative
complications and mortality after primary
total hip and knee arthroplasty. J
arthroplasty 2017;32:3729-3734.e2.

29. Lübbeke A, Zingg M, Vu D, et al: Body
mass and weight thresholds for increased
prosthetic joint infection rates after primary
total joint arthroplasty. Acta Orthopaedica
2016;87:132-138.

25. Jones RS, Brown C, Opelka F: Surgeon
compensation: “Pay for performance,” the
American College of Surgeons National
Surgical Quality Improvement Program,
the Surgical Care Improvement Program,

30. Wukich DK: Diabetes and its negative
impact on outcomes in orthopaedic surgery.
World J Orthopedics 2015;6:331.
31. Wang J, Chen K, Li X, et al: Postoperative
adverse events in patients with diabetes

undergoing orthopedic and general surgery.
Medicine (Baltimore) 2019;98:e15089.
32. Friedman RJ, Hess S, Berkowitz SD, et al:
Complication rates after hip or knee
arthroplasty in morbidly obese patients.
Clin Orthop Relat Res 2013;471:
3358-3366.
33. Jones C, Cox V, Jhangri G, et al:
Delineating the impact of obesity and its
relationship on recovery after total joint
arthroplasties. Osteoarthritis Cartilage
2012;20:511-518.
34. Kessler S, Käfer W: Overweight and
obesity: Two predictors for worse early
outcome in total hip replacement? Obesity
2007;15:2840-2845.
35. Busato A, Röder C, Herren S, et al:
Influence of high BMI on functional
outcome after total hip arthroplasty. Obes
Surg 2008;18:595-600.
36. Li W, Ayers DC, Lewis CG, et al:
Functional gain and pain relief after total
joint replacement according to obesity
status. J Bone Joint Surg Am Vol 2017;99:
1183.
37. Garg SK, Rewers AH, Akturk HK: Everincreasing insulin-requiring patients
globally. New Rochelle, NY, Mary Ann
Liebert, Inc., 2018.

Month 2020, Vol 00, No 00

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

7

