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Background: Body mass index (BMI) and body composition have been associated with postoperative 
outcomes in oncological surgery. Evidence in renal cell cancer (RCC) is limited and inconsistent. Therefore, 
we examined BMI and body composition in relation to postoperative outcomes in patients with RCC. 
Methods: We conducted a multicenter population-based historical cohort study including 801 patients with 
RCC treated with radical (79%) or partial (21%) nephrectomy between 2008–2012. Computed Tomography 
images at third lumbar vertebrae were assessed for skeletal muscle (SM) index, SM density, visceral adipose 
tissue (VAT) index and subcutaneous adipose tissue index (SATI). Multivariable multilevel logistic regression 
analyses were used to examine associations between BMI, body composition and (major) postoperative 
complications and extended length of hospital stay (LOHS) (≥7 days). Discrimination of models for major 
complications was compared using receiver operating characteristics (ROC) curves.
Results: In total, 19.6% of the patients had postoperative complications (6.2% Clavien grade ≥III) and 
24.1% had extended LOHS. A 10-unit increase in SM density was inversely associated with extended 
LOHS [odds ratio (OR) 0.58; 95% confidence interval (95% CI): 0.44–0.78]. Associations of high BMI and 
lower SM density with risk of major complications and of higher VAT index with extended LOHS were 
also observed but statistical significance differed according to surgical procedure. Models predicting major 
complications with or without body composition parameters were not different.
Conclusions: Lower SM density was associated with extended LOHS and non-significantly associated 
with higher risk of major postoperative complications. High BMI was associated with higher risk of major 
postoperative complications. Higher VAT was non-significantly associated with higher risk of extended 
LOHS. Results by surgical procedure were in the same direction but were only statistically significant 
for some subgroups. Validation of these results and investigation of the added value of body composition 
parameters to anatomic classification systems is needed.
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Introduction

Renal cell cancer (RCC) is the 16th most common cancer 
worldwide with an estimated 431,000 new cases and 
179,000 deaths in 2020 (1). Most stage I–III patients are 
treated with radical or partial nephrectomy. Cytoreductive 
nephrectomy was standard practice among low volume 
stage IV patients and is still being used (2). Patients treated 
with partial nephrectomy experience less complications 
than those treated with radical  nephrectomy (3) .  
Postoperative complications may require reoperation 
and reduce patients’ quality of life (4). Therefore, it is 
important to identify factors that are associated with 
postoperative complications.  Currently,  anatomic 
classification systems (e.g., PADUA, R.E.N.A.L.) are 
advised to predict outcomes. This enables comparisons 
between partial nephrectomy and other tumor ablation 
options and helps in treatment planning and patient 
counseling. However, surgeon experience and other 
patient features should also be considered (2). 

Body mass  index (BMI) and body composit ion 
features have been hypothesized to be associated with 
postoperative outcomes. Excess adipose tissue reduces the 
visual field and operating space, complicating dissection 
of perinephric fat from the renal capsule (5). Low skeletal 
muscle (SM) mass and density impairs the immune 
system, resulting in more (severe) inflammation increasing 
the risk of postoperative infectious complications (6). 
Body composition information in cancer patients can 
be obtained from routinely made CT scans (7). This 
information includes quantitative measures, i.e., cross-
sectional areas of SM, visceral adipose tissue (VAT) and 
subcutaneous adipose tissue (SAT), as well as qualitative 
measures, i.e., skeletal muscle radiodensity (SMD).

Meta-analyses showed that preoperative CT-determined 
sarcopenia is related to major postoperative complications 
in surgical oncological patients (7). However, evidence on 
body composition and postoperative outcomes in RCC 
is limited and inconsistent due to high heterogeneity in 
assessment of body composition parameters, outcomes 
and effect estimates (5). Therefore, we examined the 
association of BMI and body composition parameters 
with postoperative outcomes in patients with RCC in a 
Dutch multicenter historical cohort study. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-367/rc). 

Methods

Study population

A population-based historical cohort study on body 
composition parameters in relation to postoperative 
outcomes and survival was conducted in 7 Dutch hospitals. 
Results on survival have already been published elsewhere (8) 
and this analysis is focused on postoperative outcomes. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study protocol was 
approved by the Committee for Human Research region 
Arnhem-Nijmegen (No. CMO 2015-1822), which waived 
the need for informed consent. All local ethics committees 
from the participating hospitals provided permission for 
data collection.

Urologists and radiologists were asked for permission 
to identify patients in their hospital diagnosed with RCC 
from the Netherlands Cancer Registry (NCR), held by 
the Netherlands Comprehensive Cancer Organisation 
(IKNL). Permission was also asked for collecting CT 
images obtained preferably before renal surgery and 
for retrospectively collecting information from medical 
records by IKNL personnel. Inclusion criteria were as 
follows: patients should have primary stage I–IV RCC, 
be diagnosed between 2008 and 2012 and be 18 years of 
age or older at time of diagnosis. Patients were excluded if 
they had invasive cancer in the five years preceding RCC 
diagnosis due to its potential effects on body composition. 
Unidentifiable patients, duplicate patients and those 
without any or with unanalyzable CT scan (e.g., too much 
graining/low contrast or artefacts) were excluded. We also 
excluded patients without surgical treatment or treated 
with cryosurgery or radiofrequency ablation, due to small 
numbers of patients receiving these treatments.

Body composition analysis

A single axial CT image at the third lumbar vertebra (L3) 
was used to examine body composition parameters (9). 
Body composition parameters were quantified using Slice-
O-Matic 5.0 software (TomoVision), based on density 
thresholds in Hounsfield units (HU); 29 to +150 for SM, 
−190 to −30 for SAT, and −150 to −50 for VAT. Total cross-
sectional areas were measured in cm2 for SM, VAT and SAT 
and mean HU densities were reported for SMD. Incomplete 
cross-sectional areas of SM and SAT in CT scans (e.g., 
due to poor positioning or large body size of the patient) 

https://tau.amegroups.com/article/view/10.21037/tau-22-367/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-367/rc
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were estimated in MATLAB. Cross-sectional areas were 
normalized for height squared (m2) to obtain SMI (cm2/m2),  
subcutaneous adipose tissue index (SATI, cm2/m2) and 
VAT index (VATI, cm2/m2) (10). All CT scan analyses were 
performed by one trained researcher (J.S.F.M.) following a 
standardized protocol. A small subset (n=30) was analyzed 
by a second researcher to assess interrater reproducibility 
by calculating intraclass correlation coefficients (0.992 for 
SMI, 0.999 for VAT and 0.979 for SAT).

Clinical data collection

Tumor characteristics (clinical and post-surgical  tumor, node 
and metastasis (TNM) stage, Fuhrman grade, morphology) 
and treatment data (type and date of surgery) were derived 
from the NCR. Preoperative information [body weight, 
height, smoking status, American Society of Anesthesiologists 
(ASA) score] and perioperative information (complications, 
Clavien Grade classification, date of surgery and date 
of discharge, surgical blood loss and surgical time) were 
extracted from medical records by IKNL data managers.

Outcomes

The primary outcome was postoperative complications, 
categorized as any (Clavien grade ≥II) and major (Clavien 
grade ≥III) postoperative complications. The secondary 
outcome was extended length of hospital stay (LOHS). 
LOHS was calculated as the date from surgery until 
discharge date, and extended LOHS was categorized at the 
75th percentile into <7 and ≥7 days (11). 

Statistical analysis

Study population characteristics are presented by type of 
nephrectomy. Means and standard deviations (SD), medians 
and interquartile ranges (IQR), or total numbers and 
percentages are presented where appropriate. 

Univariable and multivariable multilevel logistic 
regression analyses were used to assess the associations 
of BMI and body composition parameters with any 
complications (yes vs. no), major complications (Clavien 
grade ≥3 vs. no) and LOHS (≥7 vs. <7 days). 

Associations for BMI were assessed per 1-unit increase 
and categorized with BMI between 25–30 and >30 kg/m2 
versus BMI <25 kg/m2. Associations for SMI, SMD, SATI 
and VATI were assessed per 10-unit increase (continuous 
model) and using sex-specific medians (dichotomous 

model). Continuous and dichotomous models were 
compared using Akaike’s Information Criterion (AIC). The 
combination of having high SMD/high SMI versus having 
low SMD/low SMI was examined in a subset of patients. 
Multilevel analyses with random effects for hospitals were 
used to adjust for cluster effects of the hospital performing 
the surgery. Since random effects models for major 
complications did not converge, multilevel analyses with 
fixed effects for hospitals were used. Multivariable analyses 
were adjusted for age at diagnosis, sex, stage, ASA score, 
smoking and mutually adjusted for other body composition 
parameters. We created receiver operating characteristic 
(ROC) curves with area under curves (AUC) to assess 
predictive values of adding body composition parameters 
to a prediction model (i.e., age, sex, stage and ASA score) 
for major complications. We used bootstrapping (n=2,000) 
to obtain 95% confidence intervals (CIs) for the AUCs and 
bootstrap tests (n=2,000) for testing differences. Multiple 
imputation was used for missing data, except for ROC curve 
analyses where a single imputed dataset and a sensitivity 
analysis on several single imputed datasets was used. We 
performed three sensitivity analyses. First, we included only 
stage I–III RCC patients because stage IV vs. stage I–III 
surgeries might be more complicated. Sensitivity analysis 
including only patients with stage IV was not possible due 
to the small number of events. Second, we included only 
patients treated with radical nephrectomy as these might 
have a higher risk of postoperative complications and 
extended LOHS compared to patients treated with partial 
nephrectomy. Third, we performed sensitivity analyses 
for open and laparoscopic + robot-assisted nephrectomy, 
separately, as minimally invasive surgery can reduce LOHS, 
regardless of body composition.

Analyses were executed in R (Windows version 3.6.2, 
packages “RMS”, “pROC”, “MICE”, “ggplot2”).

Results

Study population characteristics

Overall, 801 patients were included (Figure 1) of which 
630 patients (78.7%) received radical nephrectomy and 
171 (21.3%) partial nephrectomy (Table 1). Mean age 
was 63±11.3 years and 499 patients (62.3%) were male. 
Altogether, 157 patients (19.6%) had postoperative 
complications, consisting of 107 (68.2%) Clavien grade II 
and 50 (31.8%) Clavien grade III–V (major) complications. 
Median LOHS was 4 (IQR 3–6) days and 193 patients 
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(24.1%) had a LOHS ≥7 days.

Postoperative complications

Multivariable analyses showed that BMI >30 vs. <25 kg/m2 
was statistically significantly associated with higher risk of 
major postoperative complications [odds ratio (OR) 2.87; 
95% confidence interval (95% CI) 1.11–7.40; Table 2]. A 
10-unit increase in SMD was not statistically significantly 
associated with lower risk of major postoperative 
complications (OR 0.66; 95% CI: 0.41–1.05). Results 
were similar for high vs. low SMD and for high SMD/
high SMI combined vs. low SMD/low SMI combined (OR 
0.46; 95% CI: 0.21–1.00 and OR 0.51; 95% CI: 0.18–1.45, 
respectively). No multivariable associations for VATI, SATI 
and SMI were found. AICs for continuous and dichotomous 
multivariable model indicated no difference in fit (372.53 

vs. 373.17 for VATI/SATI/SMI/SMD and 368.79 vs. 367.80 
for BMI, respectively).

The AUC of the ROC curve for a model with age, 
sex, stage and ASA score was 0.71 (95% CI: 0.65–0.77). 
The AUC non-significantly increased to 0.74 (95% CI: 
0.68–0.80) after adding VATI, SATI, SMI and SMD 
(Pdifference=0.26; Figure 2) and to 0.73 (95% CI: 0.67–0.79) 
after adding BMI to the model (Pdifference=0.34; Figure 2). 
Sensitivity analysis using single imputed datasets showed 
ignorable differences in the AUC. 

Results for any complications were similar to those 
for major complications (Table 3). However, BMI >30 vs.  
<25 kg/m2 was not statistically significantly associated with 
an increased risk of any complications (OR 1.71; 95% CI: 
0.98–2.97). A 10-unit increase in SMD, high vs. low SMD, 
and high SMD/high SMI vs. low SMD/low SMI were 
inversely but not statistically significantly associated with 

Excluded
•	 Cancer <5 years before diagnosis n=161
•	 No patient ID available n=18

Excluded
•	 No CT scan available n=292

Excluded
•	 Duplicate patients n=26
•	 No analyzable CT scan n=63
•	 Cancer <5 years before diagnosis after 

reassessing medical file n=8
•	 No clinical information available n=25

Excluded
•	 Had no surgery n=231
•	 Had cryosurgery n=4
•	 Had radiofrequency ablation n=3 

All patients n=1,632

CT scans requested n=1,453 

CT scans obtained n=1,161

Patients available n=1,039

Patients included n=801

Radical nephrectomy n=630 Partial nephrectomy n=171

Figure 1 Flowchart of included patients with renal cell cancer. CT, computed tomography.
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Table 1 Study sample characteristics of patients with RCC by types of surgery

Characteristics Radical nephrectomy (N=630) Partial nephrectomy (N=171) Overall (N=801)

Age at diagnosis (years), mean (SD) 63.5±11.4 61.1±11.1 63.0±11.3

Sex, n (%)

Male 389 (61.7) 110 (64.3) 499 (62.3)

Female 241 (38.3) 61 (35.7) 302 (37.7)

ASA score, n (%)

I 96 (15.2) 34 (19.9) 130 (16.2)

II 299 (47.5) 76 (44.4) 375 (46.8)

III 101 (16.0) 27 (15.8) 128 (16.0)

IV 4 (0.6) 0 (0) 4 (0.5)

Missing 130 (20.6) 34 (19.9) 164 (20.5)

BMI category (kg/m2), n (%)

<18.5 4 (0.6) 0 (0) 4 (0.5)

18.5–24.9 225 (35.7) 50 (29.2) 275 (34.3)

25.0–29.9 231 (36.7) 84 (49.1) 315 (39.3)

≥30.0 97 (15.4) 27 (15.8) 124 (15.5)

Missing 73 (11.6) 10 (5.8) 83 (10.4)

Smoking, n (%)

Current smoker 130 (20.6) 38 (22.2) 168 (21.0)

Non-current smoker 382 (60.6) 110 (64.3) 492 (61.4)

Missing 118 (18.7) 23 (13.5) 141 (17.6)

Hypertension, n (%)

No 274 (43.5) 76 (44.4) 350 (43.7)

Yes 310 (49.2) 83 (48.5) 393 (49.1)

Missing 46 (7.3) 12 (7.0) 58 (7.2)

Diabetes, n (%)

No 515 (81.7) 152 (88.9) 667 (83.3)

Yes 115 (18.3) 19 (11.1) 134 (16.7)

Tumor stage†, n (%)

I 264 (41.9) 152 (88.9) 416 (51.9)

II 85 (13.5) 3 (1.8) 88 (11.0)

III 158 (25.1) 9 (5.3) 167 (20.8)

IV 122 (19.4) 5 (2.9) 127 (15.9)

Missing 1 (0.2) 2 (1.2) 3 (0.4)

Nephrectomy procedure, n (%)

Open 198 (31.4) 36 (21.1) 234 (29.2)

Laparoscopic 410 (65.1) 77 (45.0) 487 (60.8)

Robot-assisted 14 (2.2) 56 (32.7) 70 (8.7)

Missing 8 (1.3) 2 (1.2) 10 (1.2)

Table 1 (continued)
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Table 1 (continued)

Characteristics Radical nephrectomy (N=630) Partial nephrectomy (N=171) Overall (N=801)

Postoperative complications, n (%)

No 501 (79.5) 143 (83.6) 644 (80.4)

Yes 129 (20.5) 28 (16.4) 157 (19.6)

Complication grade (Clavien-Dindo), n (%)

Grade II 87 (13.8) 20 (11.7) 107 (13.4)

Grade III 23 (3.7) 7 (4.1) 30 (3.7)

Grade IV 11 (1.7) 1 (0.6) 12 (1.5)

Grade V 8 (1.3) 0 (0) 8 (1.0)

No complication 501 (79.5) 143 (83.6) 644 (80.4)

Surgical blood loss (mL)

Median [Q1, Q3] 200 [50.0, 750] 200 [100, 500] 200 [60.0, 650]

Missing, n (%) 147 (23.3) 44 (25.7) 191 (23.8)

Surgical time (minutes)

Median [Q1, Q3] 160 [126, 205] 188 [160, 230] 168 [131, 210]

Missing, n (%) 50 (7.9) 28 (16.4) 78 (9.7)

Length of hospital stay (days)

Median [Q1, Q3] 4.00 [3.00, 7.00] 4.00 [3.00, 6.00] 4.00 [3.00, 6.00]

Missing, n (%) 11 (1.7) 2 (1.2) 13 (1.6)

Length of hospital stay

<7 days 459 (72.9) 136 (79.5) 595 (74.3)

≥7 days 160 (25.4) 33 (19.3) 193 (24.1)

Missing, n (%) 11 (1.7) 2 (1.2) 13 (1.6)

VATI (cm2/m2)

Median [Q1, Q3] 48.9 [23.6, 73.8] 55.6 [34.4, 75.3] 51.1 [26.9, 74.2]

Missing, n (%) 55 (8.7) 6 (3.5) 61 (7.6)

SATI (cm2/m2)

Median [Q1, Q3] 51.6 [35.1, 73.0] 54.6 [38.2, 80.6] 52.5 [35.8, 74.7]

Missing, n (%) 55 (8.7) 6 (3.5) 61 (7.6)

SMI (cm2/m2)

Median [Q1, Q3] 45.6 [39.1, 52.5] 49.1 [41.4, 54.1] 46.6 [39.8, 52.9]

Missing, n (%) 55 (8.7) 6 (3.5) 61 (7.6)

SMD (cm2/m2)

Median [Q1, Q3] 35.1 [27.8, 41.5] 34.6 [29.7, 42.2] 35.0 [28.2, 41.6]
†, tumor staging based on pathological TNM classification, complemented with clinical TNM classification used in the year of incidence 
(6th edition up to and including 2009, 7th edition from 2010–2012). RCC, renal cell cancer; SD, standard deviation; ASA, American 
Society of Anesthesiologists; BMI, body mass index; Q1, 25% percentile; Q3, 75% percentile; VATI, visceral adipose tissue index; SATI, 
subcutaneous adipose index; SMI, skeletal muscle index; SMD, skeletal muscle density; TNM, tumor, nodes and metastases.
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risk of any complications There was no difference in fit 
between continuous and dichotomous models (AICs 742.09 
vs. 741.44 for VATI/SATI/SMI/SMD and 738.07 vs. 738.91 
for BMI, respectively). No associations with VATI, SATI 
and SMI were found. 

LOHS

A 10-unit increase in SMD was statistically significantly 
associated with lower risk of extended LOHS (OR 0.58; 
95% CI: 0.44–0.78; Table 4). Results were similar for high 
vs. low SMD and for high SMD/high SMI vs. low SMD/
low SMI. The continuous model had a better model fit than 
the dichotomous model (762.63 vs. 776.97, respectively). A 
10-unit increase in VATI was not statistically significantly 
associated with higher risk (OR 1.07; 95% CI: 1.00–1.16) 
and a 10-unit decrease in SATI was not statistically 
significantly associated with lower risk of extended LOHS 
(OR 0.92; 95% CI: 0.84–1.00). No associations for BMI or 
SMI were found. 

Table 2 Logistic regression for body composition parameters and major postoperative complications (Clavien-Grade ≥3 vs. no)

Factors modelled Univariable†, odds ratio (95% CI) Multivariable‡, odds ratio (95% CI)

BMI per 1 unit 1.05 (0.98–1.11) 1.07 (0.99–1.15)

BMI 25.0–29.9 vs. <25 1.90 (0.91–3.98) 2.01 (0.93–4.32)

BMI >30 vs. <25 2.49 (1.03–6.00)* 2.87 (1.11–7.40)*

VATI per 10 units 1.10 (1.01–1.19)* 1.02 (0.91–1.15)

VATI high vs. low 1.40 (0.77–2.53) 1.03 (0.52–2.04)

SATI per 10 units 0.99 (0.91–1.08) 0.99 (0.86–1.13)

SATI high vs. low 1.21 (0.67–2.18) 1.09 (0.55–2.17)

SMI per 10 units 0.89 (0.64–1.23) 0.94 (0.57–1.53)

SMI high vs. low 0.74 (0.41–1.35) 1.02 (0.52–1.99)

SMD per 10 units 0.57 (0.42–0.78)* 0.66 (0.41–1.05)

SMD high vs. low 0.30 (0.15–0.59)* 0.46 (0.21–1.00)

High SMD/high SMI vs. low SMD/low SMI§ 0.28 (0.12–0.69)* 0.51 (0.18–1.45)

The Akaike information criterion was 372.53 for the multivariable continuous model and 373.17 for the dichotomous model for VATI/
SATI/SMI and SMD, and for BMI 368.79 and 367.80, respectively. *, significant at P<0.05; †, with fixed effects for hospital of diagnosis; 
‡, adjusted for sex, age at diagnosis, stage, American Society of Anesthesiologists score, smoking, mutually adjusted for the other body 
composition parameters (except for BMI) and fixed effects for hospital of diagnosis; §, based on a subset of patients with both high SMD 
and high SMI, and patients with both low SMD and low SMI. Patients with either high/low combination were excluded. CI, confidence 
interval; BMI, body mass index; VATI, visceral adipose tissue index; SATI, subcutaneous adipose index; SMI, skeletal muscle index; SMD, 
skeletal muscle density.

Sex, Age, Stage, ASA-score: AUC=0.71
VATI, SATI, SMI, SMD: AUC =0.67
BMI: AUC=0.59
Full model with VATl, SATl, SMI, SMD: AUC=0.74
Full model with BMI: AUC=0.73
Reference

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

S
en

si
tiv
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Figure 2 Areas under the receiver operating characteristics 
curve for major complications. ASA, American Society of 
Anesthesiologists; AUC, area under curve; VATI, visceral adipose 
tissue index; SATI, subcutaneous adipose index; SMI, skeletal 
muscle index; SMD, skeletal muscle density; BMI, body mass 
index.
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Table 3 Logistic regression analyses for body composition parameters and postoperative complications (any vs. no) 

Factors modelled Univariable†, odds ratio (95% CI) Multivariable‡, odds ratio (95% CI)

BMI per 1 unit 1.04 (1.00–1.08) 1.04 (0.99–1.09)

BMI 25.0–29.9 vs. <25 1.11 (0.74–1.68) 1.09 (0.71–1.68)

BMI >30 vs. <25 1.79 (1.07–2.99)* 1.71 (0.98–2.97)

VATI per 10 units 1.08 (1.02–1.14)* 1.00 (0.93–1.08)

VATI high vs. low 1.23 (0.85–1.76) 0.86 (0.55–1.33)

SATI per 10 units 1.02 (0.97–1.07) 1.02 (0.94–1.10)

SATI high vs. low 1.39 (0.96–1.99) 1.37 (0.89–2.09)

SMI per 10 units 1.01 (0.83–1.24) 1.10 (0.81–1.49)

SMI high vs. low 0.84 (0.59–1.21) 1.02 (0.68–1.54)

SMD per 10 units 0.68 (0.56–0.83)* 0.79 (0.59–1.06)

SMD high vs. low 0.48 (0.33–0.70)* 0.70 (0.45–1.11)

High SMD/high SMI vs. low SMD/low SMI§ 0.45 (0.27–0.75)* 0.70 (0.37–1.33)

The Akaike information criterion was 742.09 for the multivariable continuous model and 741.44 for the dichotomous model for VATI/SATI/
SMI and SMD, and for BMI 738.07 and 738.91, respectively. *, significant at P<0.05; †, with random effects for hospital of diagnosis; ‡, 
adjusted for sex, age at diagnosis, stage, American Society of Anesthesiologists score, smoking, mutually adjusted for the other body 
composition parameters (except for BMI) and random effects for hospital of diagnosis; §, based on a subset of patients with both high 
SMD and high SMI and patients with both low SMD and low SMI. Patients with either high/low combination were excluded. CI, confidence 
interval; BMI, body mass index; VATI, visceral adipose tissue index; SATI, subcutaneous adipose index; SMI, skeletal muscle index; SMD, 
skeletal muscle density.

Table 4 Logistic regression for body composition parameters and length of hospital stay (≥7 vs. <7 days)

Factors modelled Univariable†, odds ratio (95% CI) Multivariable‡, odds ratio (95% CI)

BMI per 1 unit 1.02 (0.98–1.06) 1.03 (0.99–1.08)

BMI 25.0–29.9 vs. <25 1.24 (0.84–1.81) 1.34 (0.88–2.03)

BMI >30 vs. <25 1.38 (0.82–2.30) 1.47 (0.84–2.57)

VATI per 10 units 1.11 (1.05–1.16)* 1.07 (1.00–1.16)

VATI high vs. low 1.56 (1.10–2.20)* 1.40 (0.92–2.14)

SATI per 10 units 0.99 (0.94–1.04) 0.92 (0.84–1.00)

SATI high vs. low 0.98 (0.70–1.38) 0.87 (0.58–1.32)

SMI per 10 units 0.86 (0.71–1.04) 1.06 (0.80–1.42)

SMI high vs. low 0.64 (0.45–0.90)* 0.83 (0.56–1.23)

SMD per 10 units 0.51 (0.42–0.62)* 0.58 (0.44–0.78)*

SMD high vs. low 0.39 (0.27–0.56)* 0.62 (0.40–0.96)*

High SMD/high SMI vs. low SMD/low SMI§ 0.26 (0.15–0.45)* 0.47 (0.25–0.89)*

The Akaike information criterion was 762.63 for the multivariable continuous model and 776.97 for the dichotomous model for VATI/SATI/
SMI and SMD, and for BMI 777.47 and 778.80, respectively. *, significant at P<0.05; †, with random effects for hospital of diagnosis; ‡, 
adjusted for sex, age at diagnosis, stage, American Society of Anesthesiologists score, smoking, mutually adjusted for the other body 
composition parameters (except for BMI) and random effects for hospital of diagnosis; §, based on a subset of patients with both high 
SMD and high SMI and patients with both low SMD and low SMI. Patients with either high/low combination were excluded. CI, confidence 
interval; BMI, body mass index; VATI, visceral adipose tissue index; SATI, subcutaneous adipose index; SMI, skeletal muscle index; SMD, 
skeletal muscle density.
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Sensitivity analyses

BMI was no longer statistically significantly associated with 
major complications while SMD remained statistically 
significantly associated with extended LOHS for stage I–
III patients, patients treated with radical nephrectomy, 
with open nephrectomy, and with laparoscopic or robot-
assisted nephrectomy (Tables S1,S2). Higher VATI became 
significantly associated with extended LOHS and higher 
SMD with lower risk of major complications in patients 
treated with radical nephrectomy and with laparoscopic or 
robot-assisted nephrectomy.

Discussion

This multicenter population-based historical cohort study 
showed that higher SMD was associated with extended 
LOHS. High BMI and lower SMD may be associated 
with major complications and higher VATI with extended 
LOHS, depending on surgical procedure. Adding body 
composition parameters to a model consisting of age, sex, 
tumor stage and ASA score did not significantly improve 
prediction of major postoperative complications. 

Comparison with other studies 

Our findings for higher SMD and lower risk of extended 
LOHS and a potential lower risk of major complications are 
contrary to a small French study (12). Darbas et al. included 
96 patients with localized RCC receiving partial or radial 
nephrectomy and found no difference in occurrence of 
post-surgical infections or LOHS according to SMD (12). 
Nevertheless, this study may have been underpowered and 
only included overweight and obese patients. In colorectal 
cancer, however, low SMD was significantly associated 
with higher risk of (major) postoperative complications 
(11,13-15) and longer LOHS (11,13,16). One potential 
explanation is that low SMD is characterized by secretion 
of inflammatory adipokines from adipocytes surrounding 
muscle fibers, which impairs the body’s defense (17). Low 
SMD might also be a marker of overall frailty or higher 
susceptibility towards stressors, i.e., surgeries (13,17). 

We found that high BMI was associated with higher risk 
of major complications in patients treated with laparoscopic 
or robot-assisted nephrectomy. This is in accordance with a 
meta-analysis where obese versus non-obese patients treated 
with laparoscopic partial nephrectomy had significantly 
more Clavien III complications (18). Other studies found 

no relationship between obesity and any complications  
(19-21) or major complications (22). Kott et al. found in  
251 patients treated with robot-assisted partial nephrectomy 
that increasing BMI decreased complications rates up till an 
inflection point of 30 kg/m2, while above that point higher 
BMI was associated with higher complication rates (23). 
The precise relationship remains to be investigated.

No significant association was observed between SMI 
and (major) complications or LOHS. This is in accordance 
with Darbas et al. who showed no association of SMI with 
LOHS (12). However, Peyton et al. reported that low 
vs. high total psoas area was associated with higher risk 
of major complications but not minor complications or 
LOHS in 137 patients with stage III and IV RCC who 
underwent radical nephrectomy (24). Sharma et al. found 
that low vs. high SMI was associated with longer LOHS 
but not with postoperative complications in 105 patients 
with metastatic renal cell cancer treated with cytoreductive 
nephrectomy (25).  All three studies conducted no 
multivariable analyses thus results may be confounded. 
Meta-analyses including patients undergoing abdominal 
surgery showed that preoperative CT-determined 
sarcopenia was significantly related to (major) postoperative 
complications and frequently (6 out of 10 studies) associated 
with increased LOHS (7).

The combination of high SMD/high SMI versus low 
SMD/high SMI was associated with shorter LOHS but not 
with lower risk of complications. This effect seemed mainly 
due to SMD, in contrast to a USA-based study including 
1,630 stage I–III colon cancer patients undergoing colon 
resection showing an additive effect (11). To our knowledge, 
no other study investigated this in patients with RCC.

Higher VATI was associated with extended LOHS in 
stage I–III patients and in patients treated with radical 
nephrectomy and with minimally invasive nephrectomy 
while no associations with (major) complications were 
found. Ioffe et al. reported no significant association of VAT 
with complications or LOHS in a US study including 118 
patients with RCC treated with minimally invasive partial 
nephrectomy (26). Darbas et al. showed no association 
between VATI and LOHS (12,26). A Chinese study in 76 
patients with stage I–III RCC treated with laparoscopic 
radical nephrectomy showed that higher VAT was associated 
with postoperative complications and extended LOHS, 
unadjusted for potential confounders (27). Higher VAT 
has been associated with longer operation time and more 
blood loss and could thereby contribute to complications 
and extended LOHS (11). We found that higher VATI 

https://cdn.amegroups.cn/static/public/TAU-22-367-Supplementary.pdf
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was associated with longer operation time as reported in 
literature (28,29), but not with increased blood loss (data 
not shown). This may partially explain why we did not 
detect a significant association between VATI and (major) 
complications.

We found no statistically significant association between 
SATI and risk of (major) complications or extended LOHS 
which is in line with three other studies (12,26,30). 

Sensitivity analyses in patients with stage I–III RCC, 
or with different surgical procedures showed similar 
associations for SMD and VATI as observed in the complete 
group of patients. Nevertheless, not all associations were 
found to be statistically significant. This is probably a 
power issue due to the small number of patients within each 
subgroup. Especially for partial nephrectomy, results may 
also be invalid due to overfitting. Given the low power, no 
interaction hypothesis could be statistically tested.

Strengths

This is the largest study to date that investigated 
associations between body composition and postoperative 
outcomes in patients with RCC. We studied multiple 
outcomes in mult ivariable models  correct ing for 
confounders (5). Moreover, we examined body composition 
components continuously per 10 units and dichotomously 
using sex-specific medians.

Limitations

This study had several limitations. First, given the 
observational and retrospective nature, this study depended 
on data from medical records and is susceptible to residual 
confounding. Especially for associations with extended 
LOHS, other factors related to LOHS could not be retrieved 
from medical files (e.g., contraindications for discharge 
or carrying the discharge day over the weekend). Second, 
since this study was part of a larger study to examine body 
composition in relation to survival outcomes (8), requiring 
a long follow-up time, the surgical data are relatively old 
and indications and techniques may have changed over 
time. However, sensitivity analyses for open nephrectomy 
vs. laparoscopic and robot-assisted nephrectomy showed 
similar results for all body composition parameters indicating 
that these results are still relevant today. Third, 24% of 
the identified patients had no suitable CT scan. Reasons 
were unavailable CT scans (e.g., no diagnostic scan made 
or at a different hospital) or poor quality scans (e.g., low 

contrast, graining or artifacts). About 38% of those with 
no suitable CT scan were not treated with nephrectomy 
and the remaining patients were similar with respect to 
age, sex and tumor stage, indicating selection bias is likely 
to be limited. Fourth, no technical parameters from CT 
scans could be retrieved from medical files. It is unlikely 
that these parameters are related to surgical complications 
or LOHS. However, they may have introduced random 
variability to our assessment of SMD, potentially weakening 
observed associations. Around 77% of the CT scans were 
contrast-enhanced, which may increase SMD compared to 
non-contrast use (31-33). Sensitivity analyses for contrast-
enhanced CT scans did not alter our conclusions (data 
not shown). Fifth, we could not examine added effects of 
body composition parameters to prognostic scores since 
information on the required prognostic parameters was 
poorly documented. Sixth, we could not obtain characteristics 
regarding the surgeon performing the nephrectomy. As a 
proxy we performed multilevel analyses taking into account 
that patients underwent surgery within the same hospital. 
Nevertheless, differences within hospitals due to differences 
between surgeons may still exist which we could not adjust 
for. We included hospital of surgery as a fixed cluster effect 
in the analysis for major complications because of non-
converging random intercept models. However, since 
the hospitals are a random sample of large community 
and university hospitals in the Netherlands, results are 
generalizable to other hospitals. Last, some CT scans had 
incomplete cross-sectional areas of SM and SAT due to an 
inadequate CT scanning protocol. We estimated missing 
areas and adjusted body composition values accordingly. The 
impact on our results for SMD is expected to be minimal 
since SM areas were incomplete for only 6.5% of the 
patients. 

Conclusions

Lower SMD was associated with higher risk of extended 
LOHS and showed non-significant associations with 
higher risk of major postoperative complications. High 
BMI was associated with higher risk of major postoperative 
complications. Higher VAT was non-significantly associated 
with higher risk of extended LOHS. Results for both SMD 
and LOHS by surgical procedure were in the same direction 
but differed in statistical significance between subgroups. 
SMD and VATI can be determined on diagnostic CT scans 
and may provide additional information over BMI. This 
information could be used for patient risk stratification and 
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pre-surgical interventions aimed at improving postoperative 
outcomes. The predictive value of BMI, SMD and VATI for 
postoperative outcomes and their added value to anatomic 
classification systems needs to be validated.
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Supplementary

Table S1 Sensitivity analysis for multivariable multilevel logistic regression analyses for body composition parameters in relation to major 
postoperative complications (Clavien Grade ≥3 vs. no) and length of hospital stay (≥ 7 vs. <7 days) in patients with RCC

Factors modelled Major complication† odds ratio (95% CI) Length of hospital stay‡ odds ratio (95% CI)

Patients with stage I-III RCC only (N=671)

BMI per 1 unit 1.08 (1.00–1.18) 1.05 (1.00–1.10)

BMI 25.0–29.9 vs. <25 2.82 (1.11–7.18)* 1.48 (0.91–2.40)

BMI >30 vs. <25 3.33 (1.03–10.83)* 1.56 (0.83–2.94)

VATI per 10 units 1.06 (0.93–1.21) 1.10 (1.02–1.19)*

VATI High vs. Low 0.80 (0.37–1.74) 1.35 (0.85–2.17)

SATI per 10 units 1.02 (0.88–1.19) 0.93 (0.85–1.02)

SATI High vs. Low 1.34 (0.61–2.92) 0.89 (0.56–1.41)

SMI per 10 units 0.95 (0.55–1.65) 1.08 (0.79–1.48)

SMI High vs. Low 1.13 (0.52–2.46) 0.92 (0.59–1.46)

SMD per 10 units 0.75 (0.44–1.28) 0.72 (0.52–0.99)*

SMD High vs. Low 0.51 (0.21–1.20) 0.78 (0.48–1.28)

High SMD/high SMI vs. low SMD/low SMI§  0.49 (0.14–1.74)  0.65 (0.30–1.38)

Patients treated with radical nephrectomy only (N=630)

BMI per 1 unit 1.06 (0.97–1.15) 1.04 (0.99–1.10)

BMI 25.0–29.9 vs. <25 1.95 (0.86–4.40) 1.32 (0.83–2.09)

BMI >30 vs. <25 2.37 (0.83–6.71) 1.60 (0.86–2.96)

VATI per 10 units 1.01 (0.89–1.15) 1.11 (1.02–1.21)*

VATI High vs. Low 1.07 (0.50–2.31) 1.64 (1.01–2.64)*

SATI per 10 units 0.94 (0.80–1.10) 0.87 (0.79–0.97)*

SATI High vs. Low 0.84 (0.40–1.79) 0.79 (0.50–1.26)

SMI per 10 units 1.00 (0.58–1.71) 1.09 (0.80–1.50)

SMI High vs. Low 0.96 (0.46–2.02) 0.76 (0.49–1.17)

SMD per 10 units 0.55 (0.32–0.93)* 0.59 (0.43–0.82)*

SMD High vs. Low 0.46 (0.20–1.07) 0.71 (0.44–1.16)

High SMD/high SMI vs. low SMD/low SMI§ 0.49 (0.16–1.51) 0.54 (0.27–1.10)

Patients treated with partial nephrectomy only (N=171)

BMI per 1 unit 1.21 (0.96–1.52) 1.00 (0.89–1.12)

BMI 25.0–29.9 vs. <25 2.61 (0.15–46.50) 1.07 (0.36–3.18)

BMI >30 vs. <25 24.15 (0.64–912.43) 0.77 (0.18–3.41)

VATI per 10 units 1.41 (0.88–2.28) 0.98 (0.82–1.19)

VATI High vs. Low 0.75 (0.09–6.44) 0.73 (0.25–2.13)

SATI per 10 units 1.14 (0.80–1.62) 1.01 (0.85–1.22)

SATI High vs. Low 6.43 (0.39–107.42) 1.28 (0.42–3.96)

SMI per 10 units 0.51 (0.10–2.66) 0.91 (0.41–2.00)

SMI High vs. Low 1.75 (0.24–12.71) 1.14 (0.40–3.27)

SMD per 10 units 1.60 (0.30–8.48) 0.51 (0.24–1.08)

SMD High vs. Low 0.36 (0.02–6.82) 0.37 (0.12–1.13)

High SMD/high SMI vs. low SMD/low SMI§ –¶ 0.28 (0.24–2.00)

*significant at P<0.05. †Adjusted for sex, age at diagnosis, stage, American Society of Anesthesiologists score, smoking, mutually adjusted 
for the other body composition parameters (except for BMI) and fixed effects for hospital of diagnosis. ‡Adjusted for sex, age at diagnosis, 
stage, American Society of Anesthesiologists score, smoking, mutually adjusted for the other body composition parameters (except for 
BMI) and random effects for hospital of diagnosis. §Based on a subset of patients with both high SMD and high SMI and patients with 
both low SMD and low SMI. Patients with either high/low combination were excluded. ¶Model could not converge and no estimates could 
be given. RCC, renal cell cancer; CI, confidence interval; BMI, body mass index; VATI, visceral adipose tissue index; SATI, subcutaneous 
adipose index; SMI, skeletal muscle index; SMD, skeletal muscle density.
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Table S2 Sensitivity analysis for multivariable multilevel logistic regression analyses for body composition parameters in relation to length of 
hospital stay (≥7 vs. <7 days) in patients with RCC stratified by nephrectomy procedure

Factors modelled Major complication† odds ratio (95% CI) Length of hospital stay‡ odds ratio (95% CI)

Patients treated with open nephrectomy only (N=234)

BMI per 1 unit 1.05 (0.93–1.20) 1.00 (0.93–1.08)

BMI 25.0–29.9 vs.<25 1.89 (0.61–5.91) 1.30 (0.69–2.47)

BMI >30 vs.<25 2.80 (0.59–13.44) 0.83 (0.34–2.04)

VATI per 10 units 0.94 (0.75–1.18) 1.09 (0.96–1.23)

VATI High vs. Low 0.68 (0.22–2.10) 1.31 (0.68–2.52)

SATI per 10 units 1.07 (0.87–1.33) 0.89 (0.78–1.02)

SATI High vs. Low 2.21 (0.67–7.22) 0.95 (0.49–1.86)

SMI per 10 units 0.97 (0.45–2.11) 0.96 (0.62–1.50)

SMI High vs. Low 0.78 (0.26–2.37) 0.66 (0.36–1.19)

SMD per 10 units 0.45 (0.20–1.01) 0.49 (0.31–0.77)*

SMD High vs. Low 0.42 (0.13–1.37) 0.51 (0.27–0.99)*

High SMD/high SMI vs. low SMD/low SMI§ 0.49 (0.08–2.89) 0.30 (0.09–0.98)*

Patients treated with laparoscopic (n=487) or robot-assisted nephrectomy (n=70) only (N = 557)

BMI per 1 unit 1.12 (1.02–1.24)* 1.04 (0.98–1.11)

BMI 25.0–29.9 vs. <25 4.03 (1.05–15.46)* 1.42 (0.75–2.69)

BMI >30 vs. <25 5.94 (1.35–26.22)* 1.99 (0.92–4.43)

VATI per 10 units 1.12 (0.96–1.31) 1.12 (1.01–1.25)*

VATI High vs. Low 1.82 (0.63–5.29) 1.55 (0.82–2.93)

SATI per 10 units 0.95 (0.78–1.16) 0.93 (0.82–1.05)

SATI High vs. Low 0.80 (0.30–2.10) 0.82 (0.45–1.50)

SMI per 10 units 0.95 (0.47–1.91) 0.91 (0.58–1.42)

SMI High vs. Low 1.57 (0.61–4.05) 0.95 (0.53–1.72)

SMD per 10 units 0.65 (0.35–1.23) 0.63 (0.42–0.97)*

SMD High vs. Low 0.25 (0.07–0.88)* 0.56 (0.28–1.12)

High SMD/high SMI vs. low SMD/low SMI§ 0.47 (0.11–1.95) 0.58 (0.25–1.37)

*significant at P<0.05. †Adjusted for sex, age at diagnosis, stage, American Society of Anesthesiologists score, smoking, mutually adjusted 
for the other body composition parameters (except for BMI) and fixed effects for hospital of diagnosis. ‡Adjusted for sex, age at diagnosis, 
stage, American Society of Anesthesiologists score, smoking, mutually adjusted for the other body composition parameters (except for 
BMI) and random effects for hospital of diagnosis. §Based on a subset of patients with both high SMD and high SMI and patients with 
both low SMD and low SMI. Patients with either high/low combination were excluded. RCC, renal cell cancer; CI, confidence interval; 
BMI, body mass index; VATI, visceral adipose tissue index; SATI, subcutaneous adipose index; SMI, skeletal muscle index; SMD, skeletal 
muscle density.


