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INTRODUCTION

In the past decade, the incidence of obesity has grown dramatically, (> 35% of adults in the United States and 25% in Europe in 2015). It is estimated that by 2030, 38% of the world's adult population will be overweight and another 20% will be obese [START_REF] Hruby | The epidemiology of obesity: a big picture[END_REF].

In end-stage renal disease (patients awaiting kidney transplantation), the prevalence of obesity is higher than in the general population [START_REF] Hsu | Body mass index and risk for end-stage renal disease[END_REF][START_REF] Herrington | Bodymass index and risk of advanced chronic kidney disease: Prospective analyses from a primary care cohort of 1.4 million adults in England[END_REF], partly because obesity is a risk factor for diabetes, which is a well-known etiology of renal failure [START_REF] Dronavalli | The pathogenesis of diabetic nephropathy[END_REF][START_REF] Yuan | Diabetic nephropathy as the cause of end-stage kidney disease reported on the medical evidence form CMS2728 at a single center[END_REF]. A study conducted in the United States showed that 60% of patients awaiting kidney transplantation were overweight or obese [START_REF] Friedman | Demographics and trends in overweight and obesity in patients at time of kidney transplantation[END_REF]. In a study by Fleischmann et al, each unit increase in BMI in patients on hemodialysis was shown to be associated with a significant reduction in the relative risk of death, with a relative risk of 0.95 by Cox analysis after adjustment for age, gender and race [START_REF] Fleischmann | Risk factor paradox in hemodialysis: better nutrition as a partial explanation[END_REF].

The effect of recipient obesity on graft survival and patient survival is still controversial.

While some studies have shown that obesity is a significant risk factor for graft loss and patient death [START_REF] Hill | Recipient obesity and outcomes after kidney transplantation: a systematic review and metaanalysis[END_REF][START_REF] Aalten | The influence of obesity on short-and long-term graft and patient survival after renal transplantation[END_REF][START_REF] Grosso | The role of obesity in kidney transplantation outcome[END_REF][START_REF] Meier-Kriesche | The impact of body mass index on 11 renal transplant outcomes: a significant independent risk factor for graft failure and patient death[END_REF][START_REF] Yamamoto | The impact of obesity in renal transplantation: an analysis of paired cadaver kidneys[END_REF], others have suggested that there is no such association [START_REF] Nicoletto | Effects of obesity on kidney transplantation outcomes: a systematic review and meta-analysis[END_REF][START_REF] Chang | Effects of body mass index at transplant on outcomes of kidney transplantation[END_REF][START_REF] Lynch | Obesity, surgical site infection, and outcome following renal transplantation[END_REF][START_REF] Massarweh | High body mass index and short-and long-term renal allograft survival in adults[END_REF].

However, this should be balanced against the adverse events associated with of long-term dialysis in overweight and obese patients. In fact, renal transplantation has drastically improved the survival rate of patients undergoing hemodialysis [START_REF] Wolfe | Comparison of mortality in all patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a first cadaveric transplant[END_REF], including obese patients [START_REF] Glanton | Impact of renal transplantation on survival in end-stage renal disease patients with elevated body mass index[END_REF]. Several studies have shown that renal transplantation should be performed in obese patients in order to improve survival, but the risk of perioperative complications seems to increase in this population [START_REF] Thuret | Kidney transplantation in obese recipients: review of the Transplantation Committee of the French Association of Urology[END_REF].
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The aim of our study was therefore to evaluate the effect of recipient obesity on outcomes after renal transplantation in terms of post-operative complications, graft survival and patient survival.

MATERIAL AND METHODS

Data were retrospectively collected from 515 consecutive patients who received a kidney transplant between the January 1 st 2005 and the 31 of December 2016 in our center. Among these, 9 had multi-organ transplantation (kidney and liver) and were excluded. There were no donation after cardiac death.

The study population was classified as obese patients or non-obese patients. Obesity was defined using the World Health Organization definition of BMI ≥ 30 kg/m² [START_REF] Pi-Sunyer | Clinical guidelines on the identification, evaluation, and treatment of overweight and obesity in adults[END_REF]. BMI was determined from the weight and height of each patient at the time of transplantation. For each group, we examined age, gender, prevalence of diabetes, high blood pressure and cardiovascular history (history of stroke, myocardial infarction, stage 2 or higher occlusive peripheral arterial disease), smoking history at the time of surgery, end-stage renal disease etiology, anti-aggregation (Aspirin 75mg) and anticoagulation treatments, type and duration of dialysis before transplantation. We also evaluated the cold ischemia time and the donors' characteristics (deceased versus living-donor, expanded criteria donors versus standard criteria donors) [START_REF] Metzger | Expanded criteria donors for kidney transplantation[END_REF].

During the early postoperative period (defined as the first 30 days following transplantation), we recorded the duration of hospitalization, the rate of Delayed Graft Function (DGF) (defined as the need for dialysis during the first week post-transplant [START_REF] Yarlagadda | Marked variation in the definition and diagnosis of delayed graft function: a systematic review[END_REF]), the rate of surgical site infection (defined as a wound or urinary infection within a month following transplantation), and the rate of surgical complications by type, i.e. artery stenosis, artery 3 thrombosis, vein thrombosis, urinary leak, lymphatic (lymphocele, lymphorrhea), wound (infection, dehiscence). We also examined surgical complications according to the Clavien-Dindo classification [START_REF] Clavien | The Clavien-Dindo classification of surgical complications: five-year experience[END_REF] and the comprehensive complication index [START_REF] Slankamenac | The comprehensive complication index: a novel continuous scale to measure surgical morbidity[END_REF]. This study was approved by the ethics committee of the University Hospital in Besancon, according to the declaration of Helsinki.

Statistical analysis

Quantitative variables are presented as mean ± standard deviation when normally distributed, or as median [interquartile range] if non-normally distributed. The normality of the distribution of quantitative variables was calculated using the Kolmogorov-Smirnov test.

Qualitative variables are presented as values and percentage.

Univariable analysis was initially performed to compare the characteristics of the two groups (i.e. obese vs non-obese). The Chi-square test was used to compare categorical variables, and the Student t or Mann Whitney and Wilcoxon tests for quantitative variables as appropriate.

Next, we performed multivariable analysis using stepwise multivariate logistic regression to investigate whether obesity was associated with delayed graft function, surgical site infection and surgical complications, excluding postoperative dialysis.

All variables with a p-value <0.1 by univariable analysis were included in the multivariate analysis. Multivariable analyses were also adjusted for risk factors reported in the literature.

Criteria for delayed graft function were included (expanded criteria donor graft [START_REF] Gallinat | Kidney transplantation from deceased donors with elevated serum creatinine[END_REF], cold ischemia time, age of the patient, duration of dialysis [START_REF] Decruyenaere | Validation in a Single-Center Cohort of Existing Predictive Models for Delayed Graft Function After Kidney 12 Transplantation[END_REF], acute rejection ( 27)). Criteria for surgical site infection were patient age, history of diabetes, tobacco use [START_REF] Yabanoğlu | Early Infections in Renal Transplant Recipients: Incidence, Risk Factors, and Causative Microorganisms[END_REF][START_REF] Harris | Surgical site infection after renal transplantation[END_REF], and for other surgical complications, we adjusted for age, history of diabetes, cardiovascular history, expanded criteria donor transplant [START_REF] Timsit | Complications chirurgicales de la transplantation rénale[END_REF]. [START_REF] Dronavalli | The pathogenesis of diabetic nephropathy[END_REF] We analyzed patient survival (endpoint: patient death) and graft survival (endpoint: return to dialysis) using the Kaplan-Meier method, and curves were compared using the log-rank test.

Finally, we analysed patient survival and graft survival using Cox proportional hazards regression models.

For patient survival, the following variables were included: patient age, diabetes and cardiovascular history. For graft survival, we added criteria donor transplant, time of cold ischemia, delayed graft function, other surgical complications. Results from the final model are presented as hazard ratio (HR) and 95% confidence intervals (CI). A p-value < 0.05 was considered statistically significant. All analyses were performed using Medcalc version 11.2.1.0 (Medcalc, Mariakerke, Belgium).

RESULTS

Among 515 patients eligible for inclusion in this study, 9 were excluded because of combined liver-kidney transplantation. Among the 506 analyzed, 435 (86%) were non-obese and 71 (14%) comprised the obese patients group. Mean follow-up was 63.1 months (± 10,2); and was significantly longer in non-obese patients (64.7 months versus 51.8 for obese patients, p = 0.009). Obese patients were less often men, were older than their non-obese counterparts, and had a higher frequency of diabetes, cardiovascular events, anti-aggregation and anticoagulation treatments.

Obese patients had a longer hospital stay, a higher rate of DGF and a higher rate of early surgical complications (i.e. all complications other than DGF). The rate of Clavien-Dindo grade I, II, III, IVb and V complications did not differ between groups, but the rate was 5 significantly different for grade IVa complications. The comprehensive complication index was higher in obese patients with a median of 22.6 vs 20.9 (p = 0.004). No difference was found for blood transfusion, artery thrombosis, hematoma, hemorrhage, artery stenosis, hematuria, lymphatic complications or wound complications (Table 1).

By multivariable analysis, the factors found to be significantly associated with DGF were obesity (HR = 2.60, 95%CI 1.31-5.02, p = 0.004), cold ischemia time (HR = 1.11, 95%CI 1.02-3.47, p = 0.012) and expanded criteria donor kidneys (HR = 1.7, 95%CI 1.02-3.0, p = 0.046). Only age (HR = 1.02, 95%CI 1.001-1.05, p = 0.041) and diabetes (HR = 1.84, 95%CI 1.06-3.44, p = 0.049) were significantly associated with surgical site infection, while cardiovascular history (HR = 1.68, 95%CI 1.09-2.99, p = 0.048) was the only factor found to be significantly associated with surgical complications ( Table 2).

Patient survival and graft survival are shown in Figure 1 and Figure 2 respectively. Obese patients had significant lower rates of both graft (p = 0.009) and patient survival (p = 0.002).

Multivariable Cox analysis identified age (HR = 1.06, 95%CI 1.03-1.09, p <0.001) and cardiovascular history (HR = 2.46 95% CI 1.22-4.96, p = 0.012) as independent predictors of poor patient survival. However, obesity (HR = 1.82, 95%CI 0.88-3.79, p = 0.103), diabetes and sex had no significant impact on patient survival.

The factors found to be significantly associated with reduced graft survival were obesity (HR = 1.55, 95%CI 1.06-2.99, p = 0.032), cardiovascular history (HR = 1.85, 95%CI 1.01-3.39, p 6 = 0.047), expanded criteria donor kidneys (HR = 1.61, 95%CI 1.02-2.82, p = 0.043) and DGF (HR = 4.72, 95%CI 2.77-8.02, p < 0.001). Conversely, age, sex, cold ischemia time and surgical complications were not associated with graft survival (Table 3).

DISCUSSION

In our study, obesity was independently associated with delayed graft function, but was not found to be associated with surgical site infections or surgical complications by multivariate analysis. Obesity had no impact on overall patient survival after renal transplantation in this study, but was an independent predictor of shorter graft survival on Cox analysis.

In our cohort, obesity was associated with vein thrombosis by univariable analysis. This is in contrast to the findings of Johnson et al. [START_REF] Johnson | The effect of obesity on renal transplant outcomes[END_REF] and Singh et al. [START_REF] Singh | Does pretransplant obesity affect the outcome in kidney transplant recipients?[END_REF], likely because there were lower rates of thrombosis in the populations of these studies (1.7% and 3% respectively in obese patients versus 7% in our population). Nevertheless, this difference was no longer significant by multivariate analysis in our study, after adjustment for cardiovascular history.

Similarly, in a review of the literature by Thuret et al. [START_REF] Thuret | Kidney transplantation in obese recipients: review of the Transplantation Committee of the French Association of Urology[END_REF], the authors did not observe that venous thrombosis was more common in obese patients, and studies of vascular complications such as that by Sambius et al. [START_REF] Sambuis | Retrospective analysis of vascular complications in renal allograft after five years: single center study[END_REF] also failed to identify obesity as a risk factor for vein thrombosis.

By multivariable analysis, obesity was not found to be associated with surgical complications in our study. This is consistent with the findings of Bennett et al. [START_REF] Bennett | Morbid obesity does not preclude successful renal transplantation[END_REF] who defined obese patients as those with a BMI > 35 kg/m 2 , which is above the value applied in this study.

In a study of 869 patients, of whom 351 were obese, Lynch et al. found that recipient age, DGF and BMI > 30 kg/m 2 were significant risk factors for surgical site infection, which itself 7 was a risk factor for graft loss [START_REF] Lynch | Obesity, surgical site infection, and outcome following renal transplantation[END_REF]. We observed significantly more surgical site infections in obese patients by univariable analysis, but obesity was not related to surgical site infection by multivariable analysis. This is probably due to the fact that our definition of surgical site infection was not the same as that of other studies, since we included urinary tract infections in our definition.

In the review of the literature by Thuret et al., only DGF and surgical site infection were associated with obesity [START_REF] Thuret | Kidney transplantation in obese recipients: review of the Transplantation Committee of the French Association of Urology[END_REF], but this review included studies that did not take diabetes into account as a potential confounding factor. Indeed, Johnson et al. also found that only diabetes was associated with surgical site infection [START_REF] Johnson | The effect of obesity on renal transplant outcomes[END_REF]. We also found different results, after adjusting for diabetes in multivariable analysis, suggesting that diabetic status could partially explain these conflicting findings.

Humar et al. [START_REF] Humar | Are wound complications after a kidney transplant more common with modern immunosuppression?[END_REF], in a study on 2013 patients, found that obesity was associated with wound complications but they had more statistical power and a higher number of wound complications (8.5% versus 4% in our study).

In our study, we found a higher incidence of DGF among obese patients. This has been previously described [START_REF] Chang | Effects of body mass index at transplant on outcomes of kidney transplantation[END_REF][START_REF] Decruyenaere | Validation in a Single-Center Cohort of Existing Predictive Models for Delayed Graft Function After Kidney 12 Transplantation[END_REF][START_REF] Furriel | Pretransplantation overweight and obesity: does it really affect kidney transplantation outcomes?[END_REF][START_REF] Espejo | Obesity favors surgical and infectious complications after renal transplantation[END_REF] and could be due to longer revascularization and surgery duration [START_REF] Pischon | Obesity as a risk factor in renal transplant patients[END_REF]. In a large cohort of 27,377 patients, Gore et al. [START_REF] Gore | Obesity and outcome following renal transplantation[END_REF] found the same association in patients with a BMI between 30 and 35 kg/m 2 . The relation was even stronger for BMI > 35 kg/m 2 . This could be due to the immune relationship between the rejection process and inflammation due to adipose tissue [START_REF] Wu | Obesity-Associated Adipose Tissue Inflammation and Transplantation[END_REF]. Similarly, in the meta-analysis by Hill et al. [START_REF] Hill | Recipient obesity and outcomes after kidney transplantation: a systematic review and metaanalysis[END_REF], in which most of these studies were included, this association between obesity and DGF was confirmed with an HR = 1.68 (1.39-2.03).

The other factors associated with a DGF such as cold ischemia time, duration of dialysis, expended criteria donor kidneys were also found in these studies. Acute graft rejection is usually related to DGF, but in our study, we found no association between acute rejection and DGF. Yamamoto et al. [START_REF] Yamamoto | The impact of obesity in renal transplantation: an analysis of paired cadaver kidneys[END_REF] similarly failed to find an association between obesity and DFG.

However, their prospective study was conducted in only 28 patients, and DGF was defined as the use of dialysis within 72 hours instead of the standard 7-days cut-off.

In our study, obese patients had lower rates of patient survival and graft survival. Furriel et al. [START_REF] Furriel | Pretransplantation overweight and obesity: does it really affect kidney transplantation outcomes?[END_REF] did not find such a difference in their study, but their population included only 5.8% of obese patients, versus 14% in ours, and Furriel et al's analyses were limited to univariate comparisons. In the study by Papalia et al. among 206 patients, when BMI was analysed as a continuous value, the results suggested that increasing BMI may represent an independent risk factor for graft loss [START_REF] Papalia | Impact of body mass index on graft loss in normal and overweight patients: retrospective analysis of 206 renal transplants[END_REF].

In a meta-analysis by Wang et al., obesity was found to be a risk factor for end-stage renal disease [START_REF] Wang | Association between obesity and kidney disease: a systematic review and meta-analysis[END_REF], which is in line with our finding that a BMI >30 kg/m² was a risk factor of graft loss. This result, along with DGF, is also supported by the findings of Grosso et al. [START_REF] Grosso | The role of obesity in kidney transplantation outcome[END_REF].

However, cardiovascular history and expanded criteria donor kidneys were not evaluated in this study. In the meta-analysis by Hill et al. [START_REF] Hill | Recipient obesity and outcomes after kidney transplantation: a systematic review and metaanalysis[END_REF], obesity was also associated with graft loss, without associated heterogeneity: HR = 1.06 (1.01-1.12), but not in the study by Nicoletto et al. [START_REF] Nicoletto | Effects of obesity on kidney transplantation outcomes: a systematic review and meta-analysis[END_REF].

Data from one of the largest cohorts published from the United States Renal Data System including 51,927 patients showed a very strong association between BMI and both graft and patient survival [START_REF] Meier-Kriesche | The impact of body mass index on 11 renal transplant outcomes: a significant independent risk factor for graft failure and patient death[END_REF]. In fact, patients with a BMI > 26 kg/m² had a higher relative risk of graft loss. The risk increased every two points and was highest in patients with a BMI > 36 kg/m². Furthermore, patient survival was lower when BMI was > 28kg/m², which was not the case in our study, probably due to a lack of statistical power and because we used an other BMI threshold. 9

In the previously cited prospective study by Yamamoto et al., obesity was not a risk factor for DGF, acute rejection, or 1-year graft survival, but 5-year graft survival was significantly lower in obese recipients [START_REF] Yamamoto | The impact of obesity in renal transplantation: an analysis of paired cadaver kidneys[END_REF].

A very recent study proposed guidelines to manage obese kidney transplant candidates in order to improve postoperative results [START_REF] Lesage | Management of the obese kidney transplant candidate[END_REF]. Nevertheless, it should be taken into account that higher BMI is a protective factor for patients under hemodialysis [START_REF] Fleischmann | Risk factor paradox in hemodialysis: better nutrition as a partial explanation[END_REF].

Our study has some limitations. In addition to being a retrospective study, there is also some potential for bias. Firstly, we included patients receiving transplant over a period of eleven years, which is quit long. Some immunosuppressive protocols may have changed during the study period, and we cannot exclude the possibility that this may have impacted on the long term results. Our rate of obese patients is bellow the current rate in Europe since this rate is constantly increasing and our study starts in 2005.

Secondly, follow up was probably too short, especially for the assessment of overall survival.

Thirdly, and perhaps most importantly, BMI is not a perfect reflection of body composition.

Other metrics are also possible, such as muscle mass, level of adiposity, sarcopenic status [START_REF] Lentine | Interpreting body composition in kidney transplantation: weighing candidate selection, prognostication, and interventional strategies to optimize health[END_REF] as well as metabolic syndrome, which has been identified in more than 50% in some samples of renal transplant recipients, and has been associated with impaired long-term allograft function [START_REF] De Vries | Metabolic syndrome is associated with impaired long-term renal allograft function; not all component criteria contribute equally[END_REF]. Abdominal circumference and sarcopenic status are currently under investigation as possible risk factors in our cohort. Finally, we were unable to investigate post-transplantation BMI, which also could have been important for the findings [START_REF] Hoogeveen | Effect of obesity on the outcome of kidney transplantation: a 20-year follow-up[END_REF].
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CONCLUSION

In our study, obesity was found to be associated with delayed graft function and lower graft survival, but not with overall patient survival, surgical site infection or other surgical complications. Therefore, we suggest that kidney transplantation should not be contraindicated in obese patients. Obese renal transplant recipients should be managed for obesity and other comorbidities prior to surgery, and should also receive individualized nutritional follow-up before and after surgery. 

  

  

Table 1 :

 1 Demographic and postoperative Data in the population

	Non-obese group Obese group	p value

Table 2 :

 2 Multivariable analysis of the factors associated with delayed graft function, surgical site infection and surgical complications

	Factor	HR (95%CI)	p-value
	Associated with delayed graft function		
	Obesity	2.6 (1.31-5.02)	0.004
	Age (/5years)	1.01 (0.99-1.03)	0.286
	Female sex	1.17 (0.70-2.00)	0.585
	Diabetes	0.85 (0.4-1.7)	0.645
	History of cardiovascular disease	1.55 (0.8-3.1)	0.213
	Duration of dialysis (/month)	1.01 (1.00-1.01)	0.955
	Cold ischemia time	1.11 (1.01-1.20)	0.012
	Acute rejection	1.58 (0.70-3.60)	0.269
	Expanded criteria donor	1.7 (1.01-3.00)	0.046
	Associated with surgical site infection		
	Obesity	1.42 (0.72-2.67)	0.311
	Age (/5 years)	1.02 (1.01-1.05)	0.041
	Female sex	1.34 (0.98-1.56)	0.348
	Diabetes	1.84 (1.06-3.44)	0.049
	History of cardiovascular disease	0.94 (0.45-1.99)	0.882
	Smoking	0.91 (0.89-1.78)	0.232
	Expanded criteria donor	0.93 (0.52-1.70)	0.829
	Associated with surgical complications		
	Obesity	1.42 (0.72-2.67)	0.311
	Age (/5 years)	1.02 (1.01-1.05)	0.041
	Female sex	1.34 (0.98-1.56)	0.348
	Diabetes	1.84 (1.06-3.44)	0.049
	History of cardiovascular disease	0.94 (0.45-1.99)	0.882
	Smoking	0.91 (0.89-1.78)	0.232
	Expanded criteria donor	0.93 (0.52-1.70)	0.829