
This is the author manuscript accepted for publication and has undergone full peer review but has 

not been through the copyediting, typesetting, pagination and proofreading process, which may 

lead to differences between this version and the Version of Record. Please cite this article as doi: 

10.1111/ajt.14519 

This article is protected by copyright. All rights reserved 

 

 

 

Article type      : O - Original Article 

 

 

Temporal trends, center-level variation, and the impact of prevalent state obesity rates on 

acceptance of obese living kidney donors 

 

Abhijit S. Naik, MD, MPH1; Diane M. Cibrik, MD, MS1; Ankit Sakhuja, MD2; Milagros Samaniego, 

MD1; Yee Lu, MD1; Vahakn Shahinian, MD, MS1; Silas P. Norman, MD1; Mark A. Schnitzler, PhD3; 

Bertram L. Kasiske, MD4,5; Dorry L. Segev, MD, PhD;6 Krista L. Lentine MD, PhD

 

3 

1: Department of Internal Medicine, University of Michigan, Ann Arbor, Michigan  

 

2: Division of Pulmonary and Critical Care, Mayo Clinic, Rochester, Minnesota 

 

3: Saint Louis University Center for Abdominal Transplantation, St. Louis, Missouri 

 

4: Hennepin County Medical Center, Minneapolis, Minnesota 

 

5 Scientific Registry of Transplant Recipients, Minneapolis Medical Research Foundation, 

Minneapolis, Minnesota 

 

6: Abdominal Transplantation, Johns Hopkins University, Baltimore, Maryland 

 

Corresponding Author: A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://doi.org/10.1111/ajt.14519�
https://doi.org/10.1111/ajt.14519�
https://doi.org/10.1111/ajt.14519�


This article is protected by copyright. All rights reserved 

Abhijit (Jeet) S. Naik MD, MPH, FASN 

Assistant Professor of Medicine 

Department of Internal Medicine, Division of Nephrology, University of Michigan 

3912 N. Taubman Center, 1500 E. Medical Center Drive 

Ann Arbor, MI 48103 

abhinaik@med.umich.edu  

 

 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, 

end-stage renal disease; ICC, intraclass correlation; MOR, median odds ratio; OPTN, Organ 

Procurement and Transplantation Network; SRTR, Scientific Registry of Transplant Recipients; 

WHO, World Health Organization. 

Abstract: 

 

 

The impact of predonation obesity on long-term outcomes of living kidney donors remains 

controversial. Published guidelines offer varying recommendations regarding body mass index 

(BMI, kg/m2) thresholds for donor acceptance. We examined temporal and center-level 

variation in BMI of accepted donors across US transplant centers. Using national transplant 

registry data, we performed multivariate hierarchical logistic regression modeling using 

pairwise comparisons (overweight, BMI 25-29.9; mildly obese, BMI 30-34.9; very obese, BMI 

>35; versus normal BMI, 18.5-24.9). Metrics of heterogeneity, including median odds ratio 

(MOR), were calculated. Among 90,013 living kidney donors, 2001-2016, proportions who were 

very obese decreased and proportions who were mildly obese or overweight increased. 

Significant center-level heterogeneity was noted in BMI of accepted donors; the MOR varyed 

from 1.10 for overweight to 1.93 for very obese donors. At centers located in the 10 states with 

the highest general population obesity rates, adjusted odds of very obese donor status were 

185% higher (reference: normal BMI) than in states with the lowest obesity rates. Although 

there is a declining trend in acceptance of very obese living kidney donors, variation across 
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centers is significant. Further, local population obesity rates may affect the decision to accept 

obese individuals as donors. 

 

 

Introduction 

 

Living donor kidney transplant provides the best long-term outcomes for patients with end-

stage renal disease (ESRD) (1). However, debate has been increasing regarding the long-term 

risks of living donation, including relative donation-related increase in risk of ESRD (2-4). 

Understanding the impact of baseline clinical factors on long-term post-donation outcomes is 

especially important given the changing composition of the donor population. Recent years 

show an increasing trend toward accepting donors who are older, obese, or members of non-

white racial and ethnic groups (5). 

 

Obesity is a growing epidemic in the United States, although regional variation in its prevalence 

is substantial (6). In 2015, prevalence of obesity among adults in nearly half of US states (24 

states) was greater than 30%, compared with 12 states in 2010 and none in 2005 (7). Since the 

pool of potential living donors reflects the community at large, it is perhaps not surprising that 

prevalence of obesity among living donors has also increased over time. In the early 2000s, 

more than 25% of all living kidney donors were obese at the time of donation, compared with 

less than 8% in the 1970s (5). Living donor recovery programs define criteria for donor 

exclusion, including body mass index (BMI) thresholds due to concern about associations of 

obesity with chronic kidney disease (CKD) (8), ESRD, and CKD risk factors (hypertension, 

diabetes) observed in the general population (9). However, these thresholds are variable, given 

uncertainty regarding the outcome implications among actual donors, resulting in variation in 

clinical practice guidelines. For example, the European Best Practices, UK Guidelines for Living 

Donor Kidney Transplantation and the Amsterdam Forum recommend that a BMI above 35 kg/ 

m2 be considered a contraindication to donation, while the British Transplantation Society 

recommends that individuals with BMI above 35 kg/m2 be “discouraged from donating” (10-
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12). In contrast, the Caring for Australasians with Renal Impairment Guidelines recommend that 

a BMI above 30 kg/m2

 

 be considered a relative contraindication to donation (13). Based on 

uncertainty, Organ Procurement and Transplantation Network (OPTN) Standard Transplant  

Policy requires measurement of BMI during the living donor evaluation but does not specify 

thresholds for donor exclusion (14).  

Two recent studies examined possible implications of obesity for living donors. A study 

performed to develop an ESRD risk projection tool to support donor evaluation found a modest 

16% increase in ESRD risk for every 5 kg/m2 increase in BMI over 30 kg/m2 among healthy non-

donors (4). A subsequent study (15) found that ESRD risk among living donors increased by 7% 

(adjusted hazard ratio, 1.07; 95 % confidence interval [CI], 1.02-1.12) for every 1 kg/m2 increase 

above 27 kg/m2

 

. An older study of post-nephrectomy outcomes among non-donors found that 

obesity was associated with increased risk of proteinuria and chronic renal failure (16), 

supporting the possibility that obesity and nephrectomy may pose synergistic “hits” in a 

pathway to renal injury and CKD.  

Given the lack of consensus regarding appropriate BMI threshold for living donor acceptance, 

we examined and quantified variation in BMI among accepted donors across the US. We also 

investigated trends over time, demographic and clinical characteristics of very obese living 

donors, and possible association of state-level obesity prevalence with acceptance of obese 

donors.  

Methods 

 

Study Design, Data Source, and Sampling  

We conducted a retrospective cohort study of living donors in the United States. Living donor 

data were obtained from the Scientific Registry of Transplant Recipients (SRTR), which includes 

data on all donors, waitlisted candidates, and transplant recipients in the US, submitted by the 

members of OPTN. The Health Resources and Services Administration, US Department of 
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Health and Human Services, provides oversight to the activities of the OPTN and SRTR 

contractors.  

 

We included living kidney donors, 2001-2016, who were aged 18-84 years at the time of 

donation (n = 96,261). Since this study used donor BMI as the dependent variable, we excluded 

donors with missing BMI information (n = 6,100; 6.34%), BMI < 12 kg/m2 or ≥60 kg/m2

 

 (n=148, 

0.002 %) to reach our final sample of 90,013patients (Figure 1). Sensitivity analysis before 

exclusion revealed no clinically relevant differences between the excluded and final cohorts. 

Variables 

Donors were initially classified according World Health Organization (WHO) BMI categories 

based on calculated BMI (kg/m2) at the time of transplant. Given very few individuals with BMI 

40 kg/m2 

 

or above, we regrouped donors as follows: BMI less than 18.5, underweight; 18.5 to 

less than 25, normal; 25 to less than 30, overweight; 30 to less than 35, mildly obese (WHO 

class 1); 35 or above, very obese (WHO class 2 and 3) (17). Age was stratified into four groups, 

18-30, 30-45, 45-60, and older than 60 years. Race was categorized as white, black, Hispanic, 

other (Asian, American Indian, Alaskan Native, Native Hawaiian, other Pacific Islander, 

multiracial, etc.) as reported by centers to OPTN. Biological relatedness between donor and 

recipient was defined as related or unrelated. Estimated glomerular filtration rate (eGFR) was 

calculated using serum creatinine values based on the CKD-EPI equation (18). Year of donation 

was categorized into four eras: era 1 (2001-2004), era 2 (2005-2008), era 3 (2008-2012), era 4 

(2012-2016).  

Statistical Analyses 

For descriptive statistics, we used the Kruskal Wallis test for comparison of two or more 

continuous variables and the chi square test for categorical variables. We performed 

multivariate hierarchical logistic regression modeling using pairwise comparison in which each 

BMI group was compared with normal BMI as the reference. To minimize bias, we adjusted 

models for donor age, race/ethnicity, sex, era of donation, biological relationship to recipient, 
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eGFR at time of donation and center volume. We allowed for clustering at the center level to 

allow assessment of center variation. Metrics of heterogeneity included intraclass correlation 

(ICC), the ratio of cluster variance (center impact) to total observed variance by BMI group. The 

median odds ratio (MOR) was used to estimate the average odds that patients with identical 

characteristics would undergo donor nephrectomy when two centers were drawn at random 

from among all centers. 

 

As a secondary analysis, we assessed whether obesity prevalence rates in the state of the living 

donor recovery center were associated with BMIs of accepted donors. We first analyzed state 

obesity rates in 2015 (7). We identified 10 top-ranking states according to population-level 

obesity prevalence with living kidney donor recovery centers. Louisiana, Alabama, West 

Virginia, Mississippi, Kentucky, Arkansas, Kansas, Oklahoma, Tennessee, Texas, and Missouri 

had the highest prevalent obesity rates (high prevalence). As a reference, we used transplant 

centers located in the 10 states with the lowest population-level obesity prevalence (low 

prevalence): New Jersey, Connecticut, Vermont, New York, Utah, Massachusetts, California, 

Hawaii, District of Columbia, and Colorado (Montana was excluded since it had no transplant 

centers). The living donor recovery centers in the remaining states formed the third group 

(intermediate prevalence). For this analysis, we restricted the cohort to era 4, 2012- 2016, the 

donation era closest to the year of prevalent obesity rates (2015). 

 

 

 

Results 

Characteristics of the Study Cohort 

Among 90,013 US living kidney donors, mean age at donation was 41.2 ± 11.5 years and ranged 

from 18 to 84 years; 60.6 % of donors were women. Race/ethinicity distribution was 69.9% 

white, 12.0% black, 13.3% Hispanic, and 4.8% other. Mean BMI of the entire cohort was 26.9 ± 

4.4 kg/m2. Mean BMIs within BMI categories were 27.4 ± 1.4 kg/m2, overweight; 32.0 ± 1.4 

kg/m2, mildly obese; and 37.7 ± 3.2 kg/m2, very obese. The eGFR at donation was highest in 
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underweight donors, at 101.1 ± 27.4 mL/min/1.73 m2, and lowest (95.5 ± 21.2 mL/min/1.73 m2

 

) 

in overweight donors, P = 0.0001 (Table 1). 

Temporal Trends in BMI 

Since 2001, BMI among accepted living kidney donors has not changed significantly; mean BMI 

was 26.8 ± 4.7 kg/m2 in 2001 and 26.9 ± 4.1 kg/m2 in 2016. The proportion of donors with BMI 

40 kg/m2 or above declined from 1.11% in 2001 to 0.26% in 2016, while the proportion of very 

obese donors declined from 5.8% in 2001 to 2.5% in 2016 (Figure 2). However, proportions of 

mildly obese donors increased from 17.0% in 2001 to 20.6% in 2016, and of overweight donors 

from 38.7% to 42.9%. Collectively, the proportion of overweight and obese donors (BMI ≥30 

kg/m2

 

) increased from 61.5% in 2001 to 66% in 2016.  

In a hierarchical model (Table 2), using pairwise comparison of BMI groups (versus normal 

BMI), the adjusted odds of very obese compared with normal BMI status among accepted 

donors decreased by 40% (adjusted odds ratio [aOR], 0.60; 95% CI, 0.54-0.68) in era 4 

(compared with era 1); by era 4, the odds of mildly obese status increased by 32% (aOR, 1.32; 

95% CI, 1.24-1.40 and of overweight status by 21% (aOR 1.21, 95 % CI, 1.16-1.27) compared 

with era 1.  

 

Associations of Patient-Level Factors with BMI Group 

The likelihood of very obese versus normal BMI status among accepted donors was 40% lower 

in donors aged younger than 30 or older than 60 years (compared with ages 30-45 years). 

Women (compared with men) and donors of nonwhite race/ethnicity (compared with white 

race) were more likely to be very obese versus normal weight. These patterns were consistent 

in comparisons of mildly obese and overweight status with normal BMI status, except that 

accepted overweight donors were more likely to be older (Table 2).  

 

Center-Level Variation by BMI Thresholds 
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 Center clustering explained only 0.3% and 2% of all variance for overweight and mildly obese 

donors, respectively (Table 3). However, 13% of the variance among very obese donors was 

driven by center. The MOR varied from 1.10  for overweight donors to 1.93  for very obese 

donors (Figure 3). Thus, if two donors with identical characteristics who underwent 

nephrectomy were drawn randomly across centers, the odds of being very obese (compared 

with normal BMI ) were almost 93% higher at one center than at the other. In a subgroup 

analysis to assess temporal trends in variation across centers, we found that when the cohort 

was restricted to era 4, 2012-2016, 32% of the variance (ICC = 0.32) in acceptance of very obese 

donors was driven by center, with a MOR of 3.23. 

 

Association of Donor BMI with State Obesity Rates 

To understand whether prevalent obesity rates in the states in which centers were located may 

influence the acceptance of obese living donors, we performed additional secondary analysis. 

We noted that compared with accepted donors with normal BMI, very obese BMI status was 

185% more likely (aOR, 2.85, 95% CI, 1.30-6.23) in states with high prevalent population obesity 

rates compared with states with low prevalent obesity. We also noted higher likelihood of 

mildly obese and overweight donor status in states with high prevalent obesity rates compared 

with states with low prevalent obesity rates (Table 4). 

 

 

 

 

 

 

 

Discussion 

 

In a large living donor cohort spanning the past decade and a half, we noted several significant 

findings. First, proportions of very obese living donors declined, while proportions of mildly 
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obese and overweight donors increased. Collectively, overweight and obese donors now 

account for two-thirds of all accepted living donors. Second, despite the overall decline in very 

obese donors, center variation in acceptance of such donors is significant. Third, we found that 

often, demographic characteristics of very obese donors were associated with higher ESRD risk 

(such as black race) among donors and non-donors (2, 19). Finally, we noted that compared 

with normal BMI donor status, overweight, mildly obese, and very obese status were 22% to 

185% more likely in states with high prevalent obesity rates compared with states with low 

prevalent obesity rates.  

 

Obesity is a risk factor for ESRD in the general population (20). Among incident ESRD patients in 

the general population, one study found an incremental relationship between BMI and ESRD. In 

patients with a BMI of 30.0-34.9 kg/m2, risk of ESRD was increased 3.5-fold, compared with 

individuals with normal BMI, and this risk increased to 6- to 7-fold among those with BMI ≥35.0 

kg/m2. This elevated risk persisted even after adjustment for multiple clinical and demographic 

factors including diabetes and hypertension, both of which are on the ESRD causal pathway and 

strongly associated with obesity (21). It would thus be expected that obese donors would face 

the same or elevated risk of ESRD after living donation. However, until recently no detailed, 

long-term studies had been undertaken to investigate this specific question. In a large registry-

based study, Locke et al demonstrated a small absolute increased risk of ESRD among obese 

living donors (94 per 10,000 in donors vs. 30 per 10,000 in non-donors). On further 

stratification, they noted a small increase in ESRD risk for every 1 kg/m2 increase in BMI over 27 

kg/m2

 

. These data would suggest that, in addition to obesity, even overweight status may 

confer an elevated ESRD risk (compared with normal BMI); overweight donors now make up for 

43% of all living donors.  

Despite a reduction in proportions of very obese living donors (from 5.8% in 2001 to 2.5% in 

2016), proportions of mildly obese donors increased (from 17.0% to 20.6%); thus, the 

proportion of obese (≥30 kg/m2) living donors remained essentially unchanged from 2001 to 

2016. Further, the proportion of overweight donors increased from 38.7% to 42.9%, the largest 
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group of current living donors. Taken together, obese and overweight living donors made up 

approximately 66% of all living donors in 2016, a proportion that has been steadily increasing 

since 2001. In an adjusted analysis accounting for multiple clinical and demographic donor 

factors, we noted that compared with era 1, the adjusted odds of very obese donor status 

(compared with normal BMI status) had decreased by almost 40% in era 4. However, at the 

same time, the odds of overweight and mildly obese status increased by 21% and 32%, 

respectively. These trends likely reflect increased concern about long-term risk of living 

donation for very obese individuals, and a relatively lower concern for overweight and mildly 

obese individuals, who, as recent data suggest, might also be at increased ESRD risk (15). 

 

In addition to accepting fewer very obese donors, centers may be increasingly selective 

regarding such donors. Our data suggest that accepted very obese donors were less likely to be 

aged younger than 30 or older than 60 years. This likely reflects increased concern about 

lifetime ESRD risk among younger donors and about the higher comorbidity burden associated 

with increasing age among older donors (22). However, despite this selectivity in age, very 

obese donors were more likely to be biologically related to the recipient, a group shown to 

constitute almost all donors who develop ESRD among predominantly white donors (3, 23). 

Further, very obese status was more likely in black donors, a racial group that already has a high 

baseline risk of ESRD (19) in the general population and among donors (2).  

 

When comparing proportions of accepted very obese donors with normal-BMI donors at an 

individual center, measured across all centers, we noted that at many centers, proportions of 

very obese donors were higher than the national average. The MOR, across all eras, for very 

obese donor status was 1.93, and approximately 13% (ICC = 0.13) of the variance in the model 

was explained by center effect. However, a subgroup analysis assessing temporal trends in 

variance showed that by era 4, the MOR had increased to 3.23 and approximately 32% (ICC = 

0.32) of the variance in the model was now due to center effect. These findings illustrate that 

while use of very obese donors has declined, the BMI acceptance thresholds for centers vary 

widely, especially in the last era of our analysis. This point can be further illustrated by the 
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observation that in era 1, proportions of donors with very obese BMI status at 46 procuring 

centers were above the national average; this number had increased to 96 centers by era 4 

(2012-2016)(Supplemental Table S1). This wide variation in later eras is likely driven by the lack 

of strong long-term data on long-term risk among very obese donors, or perhaps it reflects the 

local available living donor pool. 

 

As the worldwide obesity epidemic continues, it will be reflected in the medical fitness of the 

overall living donor pool. A survey of three US transplant centers previously showed that center 

thresholds for various clinical characteristics have evolved over time and may reflect changing 

clinical and demographic characterisitics of the population, suggesting that local population  

characteristics may affect decisions regarding donor candidacy (5). We noted that very obese 

donor status was 185% more likely in states with high obesity rates compared with states with 

lowest obesity rates. Whether these findings reflect the changing population demographics or a 

“lowering the bar” by transplant centers in areas of high obesity prevalence cannot be 

established with the current  data and warrants future study.  

 

Despite the increased risk of ESRD among obese living donors, it is important to note that the 

absolute risk remains small (15). Further, it remains unclear whether the elevated risk of ESRD 

among overweight and obese living donors is attributable to the nephrectomy itself, or to the 

increased likelihood of developing diabetes or hypertension, both of which are strongly 

associated with obesity and ESRD (21, 24).   Preliminary data presented at the American 

Transplant Congress 2017 describing a linkage of living donor data to pharmaceutical claims 

data showed  increased use of both insulin and non-insulin pharmacological agents among 

overweight and obese donors, compared with donors with normal BMI  (25). This would 

suggest that, like the rest of the population, obese and overweight donors remain at risk for 

development of diabetes after donation. Since in a large proportion of living donors who 

develop ESRD, it is attributed to diabetes or hypertension, the significance of these findings 

should be further investigated, and closer scrutiny of overweight and obese living donors is 

necessary. 
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Despite the strengths and findings of our study, as with any retrospective analysis, it has several 

limitations. First, importantly, our study included only donors who were cleared for donation 

and underwent nephrectomy. Thus, all comparisons were in the context of accepted donors 

and not all donors who underwent evaluation. Second, our initial sampled cohort included 

approximately 6.5% of donors with missing BMI data, who had to be excluded. However, 

sensitivity analysis before exclusion revealed no meaningful differences in clinical or 

demographic characteristics between the excluded group and the final cohort.  

 

In conclusion, we have shown that, consistent with concerns about an elevated risk of ESRD 

among obese living donors, there appears to be a nationwide decline in the use of very obese 

living donors. While this is reassuring, significant variation in the use of such donors remains, 

especially in last era of our analysis. This variation likely stems from lack of robust evidence 

regarding the impact of nephrectomy on obese donors, and possibly from local prevalence of 

obesity. With the increasing obesity epidemic in the US, significant concern remains regarding 

the future pool of living donors. Further quality studies in animal models and humans are 

necessary to understand the impact of nephrectomy on rates of CKD progression among obese 

individuals. In addition, studies assessing the impact of the rapid demographic changes on the 

future pool of living donors are needed. 
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Figure Legends 

 

Figure 1. Cohort creation from the Scientific Registry of Transplant Recipients dataset, including 

generation of pairwise comparison. BMI, body mass index. 

 

Figure 2. Temporal Trends by body mass index categories (2001-2016). 

 

Figure 3. Pairwise comparison of body mass index group versus normal BMI (reference 

regimen). 

The Y-axis represents the proportion of BMI group by normal BMI (accepted donors). On the X-

axis, each vertical line parallel to the Y-axis represents an individual center. The horitzontal dark 

solid line represents the “expected” national average adjusted for donor characteristics. BMI, 

body mass index. 

 

Supporting Information 

Additional Supporting Information may be found in the online version of this article. 

Table S1: Center-level empirical Bayes estimates adjusted for case-level characteristics 
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Table 1. Recipient and Demographic Factors by BMI Group 

BMI Group 

 

Underweight 

n = 590 

Normal 

n = 31,582 

Overweight 

n = 37,078 

Class I Obesity 

n = 17,262 

Class II & III 

n = 3,501 

P-value 

 

Age, yrs. 37.8 ± 12.4 40.5 ± 11.9 42.0 ± 11.4 41.3 ± 10.9 39.5 ± 10.5 <0.00011 

Donor BMI, kg/m 16.8 ± 1.4 2 22.6 ± 1.7 27.4 ± 1.4 32.0 ± 1.4 37.6 ± 3.2 0.0001 

Sex (men) 144 (24.4) 9566 (30.3) 17,076 (46.1) 7437 (43.1) 1252 (35.8) <0.00012 

Race 

White 

Black 

Hispanic 

Other 

 

398 (67.5) 

77 (13.1) 

67 (11.4) 

48 (8.1) 

 

23,012 (72.9) 

2968 (9.4) 

3487 (11.0) 

2115 (6.7) 

 

25,852 (69.7) 

4451 (12.0) 

5230 (14.1) 

1545 (4.2) 

 

11,516 (66.7) 

2599 (15.1) 

2645 (15.3) 

502 (2.9) 

 

2179 (62.2) 

701 (20.0) 

534 (15.3) 

87 (2.5) 

 

 

 

<0.00012 

eGFR, 

mL/min/1.73 m

101.1 ± 27.4 

2  

97.2 ± 22.0 

 

 

 

95.5 ± 21.2 96.1 ± 21.2 

 

97.8 ± 22.6 

 

0.0001 

 

Era of 

Nephrectomy 

Era 1 (2001-04) 

Era 2 (2005-08) 

Era 3 (2009-12) 

Era 4 (2012-16) 

 

 

158 (26.8) 

179 (30.3) 

150 (25.4) 

103 (17.5) 

 

 

 

7887 (25.0) 

8253(26.1) 

8159(25.8) 

7283(23.1) 

 

 

8584 (23.2) 

9505 (25.6) 

9844 (26.6) 

9145 (24.7) 

 

 

 

3846 (22,3) 

4444 (25.7) 

4627 (26.8) 

4345 (25.2) 

 

 

1240 (35.4) 

1002 (28.6) 

695 (19.9) 

564 (16.1) 

 

 

 

 

<0.00012 

 

1By Kruskal Wallis test 

2

BMI, body mass index 

Chi square test A
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Table 2. Associations of donor characteristics by BMI group (compared with normal BMI) 

among donors who underwent nephrectomy 

 Very Obese Mildly Obese Overweight 

 Odds Ratio 95 % CI Odds Ratio 95 % CI Odds Ratio 95 % CI 

Age, yrs. 

18-30 

31-45 

45-60 

>60 

 

0.62 

Ref 

0.84 

0.56 

 

0.55-0.69 

 

0.76-0.92 

0.45-0.69 

 

0.59 

Ref 

0.97 

0.80 

 

0.56-0.63 

 

0.93-1.02 

0.73-0.88 

 

0.64 

Ref 

1.12 

1.10 

 

0.61-0.67 

 

1.08-1.16 

1.03-1.18 

Sex 1.32 1.22-1.44 1.81 1.74-1.88 2.07 2.00-2.14 

Race 

White 

Black 

Hispanic 

Other 

 

Ref 

2.37 

1.77 

0.55 

 

 

2.12-2.66 

1.56-2.00 

0.43-0.69 

 

Ref 

1.87 

1.67 

0.52 

 

 

1.76-2.00 

1.57-1.78 

0.47-0.58 

 

Ref 

1.48 

1.49 

0.68 

 

 

1.40-1.56 

1.42-1.57 

0.63-0.73 

Era  

2001-2004 

2005-2008 

2009-2012 

2012-2016 

 

Ref 

0.80 

0.62 

0.60 

 

 

0.72-0.89 

0.55-0.69 

0.54-0.68 

 

Ref 

1.13 

1.22 

1.32 

 

 

1.07-1.19 

1.16-1.29 

1.24-1.40 

 

Ref 

1.07 

1.15 

1.21 

 

 

1.02-1.11 

1.10-1.21 

1.16-1.27 

Donor type 

Unrelated 

 

0.95 

 

0.87-1.03 

 

 

0.95 

 

0.91-0.99 

 

0.98 

 

0.95-1.01 

eGFR 0.99 0.99-1.00 0.996 0.995-

0.997 

0.997 0.996-

0.998 

 

Note: Hierarchical models were also adjusted for center living donor volume. P for all <0.05. 

eGFR, estimated glomerular filtration rate. 
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Table 3. Heterogeneity across adjusted models

BMI Group  

* 

(Reference: normal BMI) 

 

Proportion of variance 

in hierarchical model 

explained by center 

alone 

MOR 

unadjusted 

Proportion of variance in 

hierarchical model 

explained by center, 

adjusted for donor factors 

MOR 

adjusted 

Very obese 0.13 1.95 0.13 1.93 

Mildly obese 0.02 1.26 0.02 1.26 

Overweight 0.003 1.09 0.003 1.10 

 

*

ICC, intraclass correlation coefficient; MOR, median odds ratio. 

Proportion of variance in hierarchical model is equal to the ICC.  
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Table 4. Associations of donor characteristics by BMI group (compared with ormal BMI) among 

donors who underwent nephrectomy in 2012-2016 with state obesity rates 

 Very Obese Mildly Obese Overweight 

 Odds Ratio 

 

95 % CI Odds Ratio 

 

95 % CI Odds Ratio 

 

95 % CI 

Age, yrs. 

18-30 

31-45 

45-60 

>60 

 

0.42 

Ref 

0.81 

0.60 

 

0.32-0.56 

 

0.65-1.02 

0.39-0.91 

 

0.59 

Ref 

0.97 

0.71 

 

0.52-0.66 

 

0.88-1.06 

0.60-0.83 

 

0.67 

Ref 

1.08 

1.09 

 

0.61-0.74 

 

1.00-1.17 

0.97-1.23 

Sex 1.58 1.29-1.93 1.83 1.69-1.99 1.97 1.84-2.11 

Race 

White 

Black 

Hispanic 

Other 

 

Ref 

2.56 

2.24 

0.52 

 

 

1.90-3.46 

1.69-3.00 

0.29-0.91 

 

Ref 

2.07 

1.79 

0.50 

 

 

1.80-2.38 

1.58-2.03 

0.41-0.61 

 

Ref 

1.74 

1.63 

0.73 

 

 

1.54-1.95 

1.47-1.80 

0.64-0.83 

State-level obesity 

Low prevalence 

Intermediate 

High prevalence 

 

Ref 

2.14 

2.85 

 

Ref 

1.10-4.13 

1.30-6.23 

 

Ref 

1.12 

1.39 

 

 

Ref 

0.94-1.33 

1.11-1.72 

 

Ref 

1.05 

1.22 

 

 

0.96-1.15 

1.09-1.38 

 

Donor type 

Unrelated 

 

0.94 

 

0.77-1.13 

 

0.97 

 

0.90-1.06 

 

1.02 

 

0.96-1.08 

eGFR 1.002 0.996-

1.008 

0.992 0.989-

0.995 

0.994 0.992-

0.997 

 

Note: Hierarchical models were also adjusted for center living donor volume. P for all <0.05 

eGFR, estimated glomerular filtration rate.
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Figure 1. 
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