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Abstract
The Obesity Paradox describes the counterintuitive finding that although obesity contributes to the development of chronic
conditions such as chronic kidney disease and cardiovascular disease, obesity seems to improve mortality in patients with these
diseases. This paradox has also been sited in the critical care literature in regard to acute kidney injury, obesity and mortality. This
study’s objective is to examine the impact of obesity and post-surgical acute kidney injury on hospital length of stay and 2-year
mortality after orthopedic surgery.
We reviewed the electronic medical records of all adult elective orthopedic surgery patients over 2years in a large academic

hospital. The 1783 patients whomet inclusion criteria were divided into obese (body mass index, BMI≥30, n=1123) and non-obese
groups (BMI <30, n=660). Demographics, medications, comorbidities, and perioperative variables were included in multivariable
logistic regression analyses with acute kidney injury, length of hospital stay, and two-year mortality as primary outcomes. Outcomes
were analyzed for the entire group, the obese cohort and the non-obese cohort.
Acute kidney injury developed in 5% of the post-surgical orthopedic patients. Obesity increased the likelihood of developing acute

kidney injury post orthopedic surgery (odds ratio [OR]=1.82; 95% Confidence interval [CI] 1.05–3.15, P= .034). Acute kidney injury
increased length of stay by 1.3days and increased the odds of two-year mortality (OR=2.08; 95%CI 1.03–4.22, P= .041). However,
obese patients had a decreased likelihood of two-year mortality (OR=0.53; 95% CI 0.33–0.84, P= .009).
In adult orthopedic surgery patients, obesity increased the risk of acute kidney injury. Patients who developed an acute kidney

injury had longer hospital stays and higher two-year mortality. Paradoxically, obesity decreased two-year mortality.

Abbreviations: AKI= acute kidney injury, BMI= bodymass index, CKD= chronic kidney disease, GFR= glomerular filtration rate,
LOS = length of hospital stay.
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1. Introduction

Obesity is defined as a bodymass index (BMI)≥30.[1] Obesity is a
known risk factor for the development of cardiovascular disease,
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hypertension, type 2 diabetes mellitus and chronic kidney disease
(CKD).[2] However, paradoxically, obesity confers a survival
advantage in patients with these same chronic diseases.[3,4,5]

This obesity paradox has also been associated with acute
kidney injury (AKI) in the critical care setting. Although obesity is
associated with a higher incidence and severity of AKI in critical
care, obesity is associated with improved in-hospital mortality in
those patients requiring renal replacement therapy.[6,7,8]

Obesity has been shown to be an independent risk factor for
postoperative AKI.[9] Acute kidney injury occurs in 3% to 21%
of orthopedic surgeries. Higher BMI and certain comorbidities
such as age, male sex, heart failure, diabetes, hypertension, and
CKD have been associated with AKI after orthopedic sur-
gery.[10,11] However, obesity has rarely been included in the
surgical risk scores for AKI.[11,12,13] Our aim was to evaluate
whether obesity is a risk factor for AKI in orthopedic surgery. In
addition, we aimed to evaluate the effects that AKI and obesity
have on short-term length of hospital stay (LOS) and long-term
two-year mortality.

2. Methods

2.1. Study design and population

This study was approved by the Penn State College of Medicine
institutional review board. As a single institutional observational
cohort research study, 2224 elective orthopedic surgery patients
were identified during a two-year period. Charts and operating
room records were reviewed in the 1783 patients who met
inclusion criteria: ≥18years old, surgeries performed under
general anesthesia, documented height and weight, comorbid-
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ities, medications, and pre and post-operative serum creatinine
and hematocrit.
2.2. Data collection

The following variables were collected: demographics - age,
gender, body mass index; co-morbidities - diabetes mellitus,
heart failure, coronary artery disease, hypertension, CKD;
medications -angiotensin converting enzyme inhibitors, angio-
tensin receptor blockers, non-steroidal anti-inflammatory drugs,
beta-blockers, calcium channel blockers, diuretics; intraopera-
tive factors - procedure, anesthetic agents, estimated blood loss,
vasopressor use (ephedrine, epinephrine, phenylephrine), fluid
quantities, and pre- and post-operative changes in hematocrit
and creatinine.
Table 1

Patient variables: total patients, non-obese patients, obese
patients.

Variable
Total

(N=1783)

Non-obese -
BMI<30
(N=654)

Obese–
BMI≥30
(N=1129)

Age (yr) 61.0±13.6 63.1±15.8 59.8±12.1
Gender
Female 58.5% 59.6% 57.8%
2.3. Outcomes

Our first outcome was postoperative AKI, defined per the
KDIGO guidelines as an increase in serum creatinine ≥0.3mg/dL
or an increase of ≥50% from preoperative creatinine[14] within
72hours following surgery. Our second outcome was length of
hospital stay adjusted for the variables collected. Our third
outcome was the adjusted two-year mortality, which was
determined by chart review 2years following the index
orthopedic operation and collaborated with the social security
death index.
First using bivariate comparisons with the variables and

outcomes, followed by multivariable logistic regression, each
outcome was analyzed for the total group, an obese cohort with
BMI≥30 and a non-obese cohort with BMI<30. Obesity was
defined by the Centers for Disease Control and Prevention
(CDC).[15]
Male 41.5% 50.4% 52.2%
BMI (kg/m2) 33.2±7.7 25.6±3.1 37.5±6.1
Hypertension 61.6% 52.0% 67.1%
Diabetes mellitus 20.7% 11.9% 25.8%
Heart disease (CHF
and/or CAD)

16.7% 17.3% 16.3%

GFR 85.4±26.6 87.0±28.1 84.4±25.6
Chronic kidney Disease
(GFR<60)

15.0% 13.9% 15.6%

B-blockers 30.9% 25.0% 34.3%
Calcium channel blockers 17.3% 16.1% 18.1%
Diuretic 33.2% 24.5% 38.3%
NSAID 47.2% 46.9% 47.4%
ACEI and/or ARB 39.4% 30.2% 44.7%
Crystalloid (mL) 2285.0 (1400.0) 2246.5 (1350.0) 2300.0 (1400.0)
Estimated blood loss (mL) 200.0 (250.0) 200.0 (230.0) 200.0 (200.0)
Vaso-pressors Intraoperative 62.3% 66.9% 59.6%
Preoperative Hematocrit 39.7±4.3 39.0±4.4 40.1±4.1
Postoperative Hematocrit 32.3±4.6 31.2±4.5 32.9±4.5
Change in Hematocrit –7.5±4.0 –7.9±4.4 –7.2±3.8
Spine 9.5% 10.9% 8.7%
Total hip Arthroplasty 30.3% 43.0% 23.0%
Total knee arthroplasty 47.6% 31.0% 57.2%
Miscellaneous 12.6% 14.1% 11.1%
acute kidney injury (AKI) 5.1% 3.2% 6.1%
Length of hospital stay 3.0 (2.0) 3.0 (2.4) 3.0 (1.8)
2 yr mortality 5.2% 7.5% 3.9%
∗
Mean±SD or Median (IQR) or %.
ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin receptor blocker, BMI = body
mass index, GFR = glomerular filtration rate, NSAID = non-steroidal anti-inflammatory drug.
[27]Hennrikus MT. 2020.
2.4. Statistical analysis

Using frequencies and percentages or means, medians, and
standard deviations, all variables were summarized before
analysis. The distributions of continuous variables were assessed
for normality using histograms, normal probability plots, and
box plots. Because BMI failed the linearity in the logit assumption
of logistic regression based on the Box-Tidwell test, BMI could
not be used as a continuous predictor so we defined obesity by the
CDC definition of a BMI ≥30kg/m2. To determine what factors
were associated with the outcomes of AKI or mortality, and to
quantify with odds ratios the magnitude and direction of any
significant associations, logistic regression was applied. To
determine the factors associated with length of stay, quantile
regression of the median was employed. The magnitude and
direction of any significant relationships were quantified with
model estimates of the difference between group medians or
increase in median length of stay. The bivariate analyses results
allowed us to create a multivariable model for each outcome.
Obesity, as the primary predictor, was adjusted for other
statistically and clinically significant variables. For AKI, the
model included obesity and was adjusted for age, gender,
angiotensin converting enzyme inhibitor and angiotensin recep-
tor blocker medications, diabetes, heart disease (coronary artery
disease and/or congestive heart failure), hypertension, vaso-
pressors, and spine surgery. For mortality and length of stay, the
model included both obesity and AKI and was adjusted for age,
gender, diabetes, heart disease, hypertension and chronic kidney
2

disease. A model with an interaction term between AKI and
obesity was tested first, but the interaction between was not
significant to either model. The predictors were tested for
multicollinearity using variance inflation factor (VIF) statistics,
before fitting the models. Goodness of fit for the logistic
regression models was assessed using the Deviance, Pearson,
and Hosmer and Lemeshow goodness-of-fit tests while Q-Q plots
were used for the quantile regression models. SAS version 9.4
(SAS Institute, Cary, NC) was used for all analyzes.
3. Results

3.1. Demographics

With a mean age of 61.0years old, 58% were female, 94%
Caucasian, 37%were non-obese with amean BMI of 25.6kg/m2,
63% were obese with a mean BMI of 37.5kg/m2. Obese patients
had more comorbidities and took more medications. Only 1.0%
of patients were underweight (BMI<18.5), 11.8% were normal
weight (18.5<BMI<25), 23.9% were overweight (25�BMI<
30), and 63.3% were obese (BMI≥30) (Table 1).



Table 2

Multivariable model: acute kidney injury adjusted for covariates.

Variable Odds ratio 95% Confidence interval P value

Obesity 1.82 1.05–3.15 .034
ACEI/ARB 1.68 1.00–2.84 .052
Age (per 5 yr) 1.06 0.96–1.18 .260
Sex (Male vs Female) 1.57 0.99–2.50 .057
Diabetes 0.94 0.57–1.57 .824
Heart disease 2.41 1.47–3.95 <.001
Hypertension 2.09 1.04–4.18 .038
CKD 2.93 1.76–4.88 <.001
Pressors Intraoperative 1.40 0.83–2.35 .206
Spinal surgery 2.65 1.45–4.84 .002
∗
Odds ratios and p-values from multivariable binomial logistic regression model.
ACEI = angiotensin converting enzyme inhibitors, ARB = angiotensin receptor blocker, CKD = chronic
kidney disease.

Table 4

Multivariable model: two-year mortality adjusted for covariates.

Variable Odds ratio 95% Confidence interval P value

AKI 2.08 1.03–4.22 .041
Obesity 0.53 0.33–0.84 .009
Age (per 5 yr) 1.36 1.22–1.51 <.001
Sex (Male vs Female) 1.38 0.88–2.17 .167
Diabetes 2.65 1.61–4.36 <.001
Heart disease 1.28 0.77–2.12 .343
Hypertension 0.70 0.43–1.14 .150
CKD 1.88 1.14–3.11 .014

Odds ratios and P values from multivariable binomial logistic regression model.
AKI = acute kidney injury, CKD = chronic kidney disease.
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3.2. Acute kidney injury outcome

We found a 5% (90/1783 patients) incidence of post-operative
AKI in our orthopedic patients. In the AKI group, the average
preoperative glomerular filtration rate (GFR) was 79mL/min/
1.73m2 and the average post-operative GFR was 46mL/min/
1.73m2. The average change in serum creatinine level was 0.7mg/
dL. None of our patients required dialysis.
A 5unit increase in BMI, increased the odds of AKI by 1.43 (CI

1.26–1.62, P< .0001). In the multivariable logistic regression
analysis, obesity, HTN, heart disease, spine surgery and CKD
were significant risk factors for post-operative AKI. The odds
ratios are detailed in Table 2.
3.3. Length of hospital stay outcome

Based on the adjusted multivariable model for LOS, AKI resulted
in the greatest increase in LOS (1.32days, P= .001). Age, diabetes
mellitus, heart disease and CKD were also associated with a
greater LOS. See Table 3 for the median differences in LOS
adjusted for covariates.
3.4. Mortality outcome

AKI, age, diabetes mellitus, and CKDwere statistically significant
factors increasing the odds of two-year mortality. In the entire
cohort, AKI increased the odds of two-year mortality by 108%
(OR=2.08, 95% CI 1.03–4.22, P= .041). However, obesity
decreased the odds of two-year mortality by 47% (OR=0.53,
Table 3

Multivariable model: length of stay adjusted for covariates.

Variable
Median

difference
95% Confidence

interval P value

AKI 1.32 0.51–2.12 .001
Obesity –0.07 –0.20–0.05 .239
Age (per 5 yr) 0.01 0.002–0.02 .008
Sex (Female vs Male) 0.14 –0.004–0.29 .057
Diabetes 0.28 0.10–0.47 .003
Heart disease 0.32 0.08–0.55 .008
Hypertension –0.05 –0.18–0.07 .411
CKD 0.58 0.21–0.94 .002
∗
Median difference estimates and P values from multivariable quantile regression of the median model
AKI = acute kidney injury, CKD = chronic kidney disease
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95% CI 0.33–0.85, P= .009). See Table 4 for two-year
mortalities adjusted for covariates.
4. Discussion

After analyzing our data, we did not find that AKI nor obesity
were associated with any significant short-term in-hospital
mortality. Compared to the other comorbidities that were
associated with increased LOS (diabetes, heart disease, hyper-
tension and CKD), AKI resulted in the greatest LOS, with an
increase of 1.3days. None of our patients required renal
replacement therapy and no patient’s GFR dropped below a
stage 3, moderate kidney disease (GFR=30–59mL/min/1.73
m2). In 96% of the AKI patients, the discharge creatinine had
returned to baseline or better. However, even mild, reversible
AKI has been associated with progression to CKD and
mortality.[16,17] Our data also revealed an increased 2-year
mortality in patients who had reversible postoperative AKI.
Obesity has been found to be an independent risk factor for

AKI in both cardiac surgery and non-cardiac surgery.[18,19] Our
findings also demonstrate that obesity contributes to post-
operative AKI in orthopedic surgery. Attention needs to be given
to perioperative fluid resuscitation, nephrotoxic agents and
hypotensive episodes in these patients. Obesity is a confusing
confounder posing contradictory medical outcomes. We found
that obesity increased the odds of postoperative AKI by 82%;
AKI increased the odds of two-year mortality by 108%; but
paradoxically, obesity decreased the odds of two-year mortality
by 46%. These findings are in alignment with the “obesity
paradox:” even though obesity seems to contribute to AKI and
AKI increases mortality, obesity appears protective of mortality.
The “obesity paradox” is the finding that obesity, which is a risk

for developing chronic diseases such as CKD, heart disease, and
diabetes mellitus, “counter-intuitively,” is protective of mortality
in those same chronic conditions.[3,4,5] The critical care literature
hasalsonoted the“obesityparadox”associatedwithAKI.Authors
have reported that obesity is an independent risk factor for severe
AKI in critically ill surgical and medical patients. However, even
though obesity increases the incidence of severe AKI, obesity then
has a protective affect on mortality in critically ill patients who
develop AKI.[20–23] One explanation for the “obesity paradox”
considers AKI an accelerated catabolic condition where adipose
tissue can supply the needed energy.[24] Another explanation
suggests that the chronic inflammation of obesity pre-conditions
the body against acute excessive inflammation.[25]

However, are we looking at the “obesity paradox” from the
wrong angle? Perhaps it is not obesity, which confers protection

http://www.md-journal.com
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from mortality; perhaps it is the development of disease (AKI,
CKD, heart disease, or diabetes mellitus), unrelated to obesity
that confers the greatest risk to mortality. For example, a normal
weight individual who develops AKI or chronic conditions such
as CKD, heart disease, or DM may have a graver underlying
etiology for their disease such as an underlying defect in their
immune or cardiovascular-renal system than individuals with
obesity-related-disease. We expect obese patients to be at risk for
these conditions, but we do not expect normal weight individuals
to spontaneously develop these diseases. Ninety seven percent of
our non-obese cohort was normal weight and overweight. Only
3% were underweight. Should we be extra vigilant with non-
obese patients who develop acute and chronic disease?
We believe that the clinical implication of our findings is that

perioperative management should not stop at hospital discharge.
Developing AKI postoperatively is a poor prognostic marker.
PostoperativeAKI, especially innon-obesepatientsportendsworse
long-termmortality outcomes, evenwhen the AKI is reversible. All
patients who develop postoperative AKI should continue to
undergo long-term surveillance for progressive systemic disease.
Limitations of our study include our inability to document the

cause of death in our patients or document their renal function 2
years after their surgery.We know that patients who develop AKI
are at greater risk of developing CKD,[26] but we do not know if
CKD contributed to mortality in our patients. In addition, this
was a single centered study, limited to elective orthopedic
surgeries with a limited number of patients.
In conclusion, we found that obesity is a risk factor for AKI

following orthopedic surgery. AKI increased LOS and increased
the odds of 2-year mortality. However, paradoxically, obesity
decreased two-year mortality. Either obesity confers a survival
benefit or the development of disease, such as AKI, in non-obese
patients is a sign of underlying pathology that confers a survival
disadvantage.
Author contributions

Conceptualization: Eileen Hennrikus.
Data curation: Matthew Hennrikus, William Patrick Hennrikus,

Erik Lehman, Michael Skolka, Eileen Hennrikus.
Formal analysis: Matthew Hennrikus, William Patrick Hennri-

kus, Erik Lehman, Michael Skolka, Eileen Hennrikus.
Investigation: Matthew Hennrikus, William Patrick Hennrikus,

Michael Skolka, Eileen Hennrikus.
Methodology: Matthew Hennrikus, William Patrick Hennrikus,

Erik Lehman, Eileen Hennrikus.
Project administration: Erik Lehman, Eileen Hennrikus.
Validation: Erik Lehman, Eileen Hennrikus.
Writing – original draft: Matthew Hennrikus, William Patrick

Hennrikus, Erik Lehman, Michael Skolka, Eileen Hennrikus.
Writing – review& editing:MatthewHennrikus,William Patrick

Hennrikus, Erik Lehman, Michael Skolka, Eileen Hennrikus.
References

[1] Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in
obesity and severe obesity prevalence in US youth and adults by sex and
age, 2007-2008 to 2015-2016. JAMA 2018;319:1723–5. Doi:10.1001/
jama.2018.3060.

[2] National Task Force on the Prevention and Treatment of Obesity.
Overweight, obesity, and health risk. Arch Intern Med 2000;160:
898–904.
4

[3] Uretsky S, Messerli FH, Bangalore S, et al. Obesity paradox in patients
with hypertension and coronary artery disease. Am J Med 2007;120:
863–70.

[4] Jackson CL, Yeh H, Szkio M, et al. Body-mass index and all-cause
mortality in US adults with and without diabetes. J Gen Intern Med
2013;29:25–33.

[5] Park J. Kidney disease and obesity paradox. Kidney Res Clin Pract
2017;36:1–2.

[6] Druml W, Metnitz B, Schaden E, Bauer P, Metnitz PG. Impact of body
mass on incidence and prognosis of acute kidney injury requiring renal
replacement therapy. Intensive Care Med 2010;36:1221–8.

[7] Kim H, Kim J, Seol C, et al. Body mass index is inversely associated with
mortality in patients with acute kidney injury undergoing continuous
renal replacement therapy. Kidn Res and Clin Prac 2017;36:39–47.

[8] Soto GJ, Frank AJ, Christiani DC, GongMN. Bodymass index and acute
kidney injury in the acute respiratory distress syndrome. Crit Care Med
2012;40:2601–8.

[9] Kelz R, Reinke C, Zubizarreta J, et al. Acute kidney injury, renal
function, and the elderly obese surgical patient: a matched case-control
study. Ann Surg 2013;258:359–63.

[10] Gharaibeh KA, Hamadah AM, Sierra R, Leung N, Kremers W, El-
Zoghby ZM. The rate of acute kidney injury after total hip arthroplasty
is low but increases significantly in patients with specific comorbidities. J
Bone Joint Surg Am 2017;99:1819–26.

[11] Bell S, Dekker FW, Vadiveloo T, et al. Risk of postoperative acute kidney
injury in patients undergoing orthopaedic surgery—development and
validation of a risk score and effect of acute kidney injury on survival:
observational cohort study. BMJ 2015;351:h5639. doi: https://doi.org/
10.1136/bmj.h5639.

[12] Candela-Toha A, Elías-Martín E, Abraira V, et al. Predicting acute renal
failure after cardiac surgery: external validation of two new clinical
scores. Clin J Am Soc Nephrol 2008;3:1260–5.

[13] Kheterpal S, Tremper KK, Heung M, et al. Development and validation
of an acute kidney injury risk index for patients undergoing general
surgery, results from a national data set. Anesthesiol J Am Soc
Anesthesiol 2009;110:505–15.

[14] Khwaja A. KDIGO clinical practice guidelines for acute kidney injury.
Nephron Clin Pract 2012;120:c179–84.

[15] Centers for Disease Control and Prevention. Defining adult overweight
and obesity. https://www.cdc.gov/obesity/adult/defining.html.

[16] Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR. Long-term risk of
mortality and other adverse outcomes after acute kidney injury: a
systematic review and meta-analysis. Am J Kidney Dis 2009;53:961–73.

[17] Bucaloiu ID, Kirchner HL, Norfolk ER, Hartle JE, Perkins RM.
Increased risk of death and de novo chronic kidney disease following
reversible acute kidney injury. Kidney Int 2012;81:477–85.

[18] Karkouti K, Wijeysundera DN, Yau TM, et al. Acute kidney injury after
cardiac surgery: focus on modifiable risk factors. Circulation 2009;
119:495–502.

[19] Kheterpal S, Tremper KK, EnglesbeMJ, et al. Predictors of postoperative
acute renal failure after noncardiac surgery in patients with previously
normal renal function. Anesthesiology 2007;107:892–902.

[20] SchifflH, Lang SM. Obesity, acute kidney injury and outcome of critical
illness. Int Urol Nephrol 2017;49:461–6.

[21] Danziger J, MPhil , Chen K, et al. Obesity, acute kidney injury, and
mortality in critical illness. Crit Care Med 2016;44:328–34.

[22] Kim H, Kim J, Seol C, Lee M, et al. Body mass index is inversely
associated with mortality in patients with acute kidney injury undergoing
continuous renal replacement therapy. Kidney Res Clin Pract 2017;
36:39–47.

[23] DrumlW,Metnitz B, Schaden E, Philipp PB,Metnits GH. Impact of body
mass on incidence and prognosis of acute kidney injury requiring renal
replacement therapy. Intensive Care Med 2010;36:1221–8.

[24] Billings FT, Pretorius M, Schildcrout JS, et al. Obesity and oxidative
stress predict AKI after cardiac surgery. J Am Soc Nephrol 2012;23:
1221–8.

[25] Hafner S, Hillenbrand A, Knippschild U, Radermacher P. The obesity
paradox and acute kidney injury: beneficial effects of hyper-inflamma-
tion? Crit Care 2013;17:1023. doi:10.1186/cc13152.

[26] Heung M, Chawla LS. Acute kidney injury: gateway to chronic kidney
disease. Nephron Clin Pract 2014;127:30–4.

[27] Hennrikus MT, Hennrikus WP, Lehman E, Hennrikus EF. Obesity,
Angiotensin-Blocking Drugs, and Acute Kidney Injury in Orthopedic
Surgery. Orthopedics 2021;44:e253–8. doi: 10.3928/01477447-
20201216-08.

https://doi.org/10.1136/bmj.h5639
https://doi.org/10.1136/bmj.h5639
https://www.cdc.gov/obesity/adult/defining.html

	The obesity paradox and orthopedic surgery
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Data collection
	2.3 Outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Demographics
	3.2 Acute kidney injury outcome
	3.3 Length of hospital stay outcome
	3.4 Mortality outcome

	4 Discussion
	Author contributions
	References


