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ABSTRACT

We examined a novel linkage of national U.S. donor registry data with records from a pharmacy claims 

warehouse (2007-2016) to examine associations (adjusted hazard ratio, LCL aHR UCL) of postdonation fills 

of antidiabetic medications (ADM, insulin or non-insulin agents) with body mass index (BMI) at donation 

and other demographic and clinical factors. In 28,515 living kidney donors (LKDs), incidence of ADM use 

at 9 years rose in a graded manner with higher baseline BMI: underweight, 0.9%; normal weight, 2.1%; 

overweight, 3.5%; obese, 8.5%. Obesity was associated with higher risk of ADM use compared to normal 

BMI (aHR, 3.364.596.27).  Metformin was the most commonly used ADM and was filled more often by 

obese than by normal weight donors (9-year incidence, 6.87% vs. 1.85%, aHR, 3.555.007.04). Insulin use 

was uncommon and did not differ significantly by BMI. Among a subgroup with BMI data at the 1-year 

post-donation anniversary (n=19,528), compared with stable BMI, BMI increase >0.5 kg/m2 by year 1 

was associated with increased risk of subsequent ADM use (aHR, 1.031.48 2.14, P=0.036). While this study 

did not assess the impact of donation on the development of obesity, these data support that among 

LKD, obesity is a strong correlate of ADM use. 

KEY WORDS: Antidiabetic medications; Diabetes mellitus; Health outcome; Living donation; Pharmacy 

claims; Registries

INTRODUCTION

Medical evaluation of living kidney donor candidates focuses on screening for known risk factors 

for adverse outcomes, and supporting donors with acceptable risks in informed decision making.1 As in 

the general population, diabetes mellitus has been considered a leading etiology of the uncommon end-
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stage renal disease (ESRD) events that occur in donors, particularly for ESRD late after donation. In a U.S. 

registry analysis of 125,427 living donors, ESRD beyond 10 years post-donation was predominantly 

reported as diabetic and hypertensive (later vs. early incidence rate ratios, 7.7 and 2.6, respectively).2  In 

a single-center study of 3956 predominantly white living donors, 25% of ESRD events with known causes 

(n = 6/25) were related to diabetes.3 While predonation diabetes is typically considered an exclusion for 

donation (mandated in current Organ Procurement and Transplantation Network [OPTN] policy),4 risk 

factors for postdonation diabetes mellitus (PDDM), and implications for donor counseling and selection, 

are not well defined. 

Obesity is a well-established risk factor for diabetes and for chronic kidney disease and ESRD in 

the general population,5,6 but the outcome implications of obesity in living donors are controversial. A 

recent meta-analysis based on data from nearly 5 million healthy persons identified from seven general 

population cohorts, designed to inform donor candidate evaluation, found a modest association of 

baseline body mass index (BMI) >30 kg/m2 with increased risk of ESRD over median cohort follow-up of 

4 to 16 years (adjusted hazard ratio (aHR), 1.04 1.16 1.29).7 A study of 119,769 donors from the U.S. found 

a stronger impact, such that each unit increase in BMI among overweight and obese donors increased 

the risk of ESRD by 7%.8 In contrast, a single-center study of 3752 predominantly white donors (1994-

2016) found that obesity increased the risk of PDDM 3-fold but was not associated with ESRD (P = 0.46).9 

Uncertainty about the long-term risks of obesity in living donors is reflected by variation in both 

clinical practice guidelines and clinical practice. Prior guidelines for the evaluation and care of living 

kidney donor candidates recommend BMI >35 kg/m2 as an absolute or relative contraindication to 

donation,10-16 while other guidelines recommend careful consideration of other comorbid conditions in 

donor candidates with BMI >30 kg/m2.11,13,17 In contrast, based on limited evidence in the donor 

population, the 2017 Kidney Disease: Improving Global Outcomes “Guideline for the Evaluation and Care 

of Living Donors” recommends that the decision to approve donor candidates with BMI >30 kg/m2 

should be individualized based on demographic and health profile in relation to the transplant 

program’s acceptable risk threshold.1 In the context of the national obesity epidemic, overweight and 

obese donors now account for two-thirds of all accepted living donors nationally, although there is 

substantial center-level variation in acceptance practices by BMI, particularly for very obese donors.18

At the crossroads of controversy in the implications of obesity in living donor selection, and in 

recognition of diabetes mellitus as an important cause of ESRD when it occurs in donors, pursuit of 

better understanding of the implications of predonation obesity for comorbidity such as diabetes is 

warranted. Pharmacy claims offer a non-obtrusive measure of prescribed health care that do not rely on 

patient self-report and are increasingly used in observational investigations of large populations 
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including transplant and donation-related epidemiologic studies.19-25  To this end, we examined a novel 

linkage of national U.S. transplant registry data with records from a pharmacy claims warehouse that 

identifies antidiabetic medication (ADM). Our goals were to identify the incidence of ADM use after 

donation, and to assess variation in risk according to baseline BMI and other demographic and clinical 

factors. 

MATERIALS AND METHODS

Data Sources

We conducted a retrospective cohort study using linked health care databases in the United States.26 

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The SRTR data system 

includes data on all donors, waitlisted candidates, and transplant recipients in the United States, 

submitted by the members of OPTN. The Health Resources and Services Administration (HRSA), U.S. 

Department of Health and Human Services, provides oversight of the activities of the OPTN and SRTR 

contractors. The study was approved by the Saint Louis University Institutional Review Board.

Pharmacy fill data were assembled by linking SRTR records for living kidney donors with billing 

claims from a large U.S. pharmaceutical claims data (PCD) warehouse that maintains prescription drug 

fill records including self-paid fills and those reimbursed by private and public payers. The PCD 

comprises National Council for Prescription Drug Program 5.1-format prescription claims aggregated 

from multiple sources including data clearinghouses, retail pharmacies, and prescription benefit 

managers for approximately 60% of U.S. retail pharmacy transactions. Individual claim records include 

the date of a given pharmacy fill with the National Drug Code identifying agent and dosage. After 

institutional review board and HRSA approvals, PCD records were linked with SRTR records for living 

donors. 

We applied a deterministic deidentification strategy wherein patient identifiers (last name, first 

name, sex, date of birth, and ZIP code of residence) were transformed before delivery to the Saint Louis 

University researchers with Health Information Portability and Accountability Act and HITECH-certified 

encryption technology. The patient deidentification software uses multiple encryption algorithms in 

succession to guarantee that the resulting “token” containing encrypted patient identifiers can never be 

decrypted. However, the algorithm yields the same results for a given set of data elements, such that 

linkages by unique anonymous tokens are possible.

Population and Covariates
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We included living kidney donors in the SRTR registry who donated between 2007 and 2016, and had 

linked pharmacy fill records covering the donation event and post-donation follow-up. Baseline donor 

demographic and clinical information ascertained from SRTR at the time of donation included: age, sex, 

race, donor-recipient relationship, health insurance status, BMI, physical limitations, education level, 

employment status, history of smoking, pre-donation hypertension, pre-donation estimated glomerular 

filtration rate (eGFR), and type of nephrectomy as reported by the transplant center. BMI was 

categorized according to World Health Organization criteria as: underweight, <18.5; normal weight, 18.5 

to <25; overweight, 25 to <30; obese, >30 kg/m2.  

Outcomes

The primary outcome was time to ADM use as defined by a pharmacy fill dates. Use of insulin and use of 

non-insulin agents were also examined separately (Appendix Table 1).  Categories of non-insulin agents 

were examined in secondary analyses.

Statistical Analyses

Data management and analyses were performed with Statistical Analysis Software (SAS) for Windows, 

version 9.3 (SAS Institute Inc., Cary, NC). In all outcome analyses, we interpreted 2-tailed P-values less 

than 0.05 as statistically significant. Distributions of baseline traits among living kidney donors with and 

without ADM use were compared by the Chi square test. The cumulative incidence of ADM use was 

estimated by the Kaplan-Meier method, with a time scale of years since donation, and stratified by BMI 

categories for comparison. We also estimated the cumulative incidence of insulin use and use of each 

category of antidiabetic agent by 9 years. Participants were censored at the end of pharmacy data 

eligibility, death, or end of the study (December 31, 2016). We examined associations (LCL aHR UCL) of BMI 

at donation and other baseline donor demographic and clinical factors with ADM fills using multivariable 

Cox regression. 

RESULTS

There were 58,601 living donors recorded in the SRTR in the study period. Of these, 28,530 had linked 

PCD data covering the donation event and some follow-up; 321 were excluded for missing BMI data, and 

15 were exclude based on indication of predonation diabetes in the registry. The mean duration from 

donation to end of follow-up was 3.8 years (maximum 10.2 years). Among the final study sample of 

28,515 living donors, the mean age was 42.9 years, 73.7% white, nearly 50% were biologically related to 

their recipient, 11% had hypertension, and 96% of the donor nephrectomies were laparoscopic (Table 

S1). The baseline characteristics of the study sample were similar to those of all donors recorded in the 

SRTR database during the same time period (Appendix, Table S2). The BMI distribution of the study 
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sample included: <18.5 kg/m2, 0.9%; 18.5 to <25 kg/m2, 33.4%; 25 to <30 kg/m2, 41.5%; >30 kg/m2, 

23.3%.  Obese donors were more likely to be older, men, African American or Hispanic, past or current 

smokers, have lower than college education, have no or unknown insurance status at donation, donate 

to a related recipient with diabetes, hypertensive, and have slightly lower predonation eGFR (Table 1). 

Association of Obesity with ADM Use

The incidence of ADM use at 9 years rose in a graded manner with higher BMI: underweight, 0.9%; 

normal weight, 2.1%; overweight, 3.5%; obese, 8.5% (Figure 1). Compared to donors with normal BMI, 

after adjustment for age, sex, and race, overweight donors were 2-times more likely to fill ADM (aHR, 

1.632.243.07), and obese donors were 4-times more likely (aHR, 3.394.626.30).  These relationships persisted 

after adjustment for other demographic and clinical factors recorded in the registry (Table 2), such that 

overweight and obese baseline BMI was associated with 2- and 4-times the likelihood of ADM use, 

respectively (aHR, 1.622.233.06 and 3.364.596.27). When comparing ADM treatments, these differences were 

primarily due to non-insulin-based therapies. After covariate adjustment, other significant correlates of 

ADM included female sex (aHR, 1.662.172.83) and more recent years of donation (Table 2). Compared with 

donations in 2007-2010, donations in 2014-2016 were associated with more than twice the likelihood of 

ADM use (aHR, 1.602.363.48) (Table 2, Figure 2). Donation to a related recipient with diabetes was 

associated with trend toward higher risk of ADM use, but this relationship was not statistically 

significant. Compared with white race, black race and Hispanic ethnicity were not significantly 

associated with ADM use overall, but were associated with 3.5- and 2.9-times the likelihood of insulin 

use after donation. 

Patterns of Types of ADM Use

Metformin was the most commonly used ADM after living donation. By 9 years post-donation, use of 

metformin rose with higher pre-donation BMI: underweight, 0.9%; normal weight, 1.8%; overweight, 

3.3%; obese, 6.9% (Figure 3). Use of most classes of diabetes agents was higher in obese donors. 

Compared with normal BMI, obesity at donation was associated with 5-times the likelihood of 

metformin use (aHR,3.555.007.04), 3-times the likelihood of sulfonylurea use (aHR, 1.363.167.34), and 8-times 

the likelihood of other agent use (aHR, 2.428.3228.61) (Figure 4). Obesity at donation was not significantly 

associated with use of insulin or glitazones, which were both filled infrequently (<0.6% and no fill at 9 

years). 

Secondary Analysis of Weight Change After Donation
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Among a subgroup of 19,528 donors who also had BMI data at the 1-year post-donation anniversary and 

were free of ADM use in the first year, compared with stable BMI (defined as +0.5 kg/m2 change), BMI 

increase >0.5 kg/m2 by year 1 was associated with increased risk of subsequent ADM use (aHR, 1.031.48 

2.14, P=0.036) after adjustment for all baseline factors including BMI at donation.

DISCUSSION

Pharmacy claims can provide efficient, non-obtrusive surrogate measures of treated clinical 

conditions that can help advance understanding of health outcomes in living donors, an important 

population that is not followed long-term in the U.S. national transplant registry. To improve the 

understanding of the frequency and correlates of ADM use in living kidney donors, and specifically 

examine associations of ADM use with BMI, we integrated the national U.S. donor registry with a 

pharmacy claims database that captures medication fills after donation. This analysis of a large, national 

donor sample yielded several notable observations: 1) The incidence of ADM use rose in a graded 

manner with higher BMI at donation, from 0.9% in underweight donors to 8.5% in obese donors by 9 

years. 2) Associations of higher baseline BMI with ADM treatments persisted after covariate adjustment, 

such that obesity was associated with more than 4-times the likelihood of ADM use. 3) Metformin was 

the most commonly used ADM after donation, and use was 5-times more common among obese than 

among normal-weight donors. 4) Overweight and obese BMI were not associated with postdonation 

insulin use. 5) Use of ADM was more common in recent years. 6) BMI increase over the first year 

postdonation was also associated with increased risk of subsequent ADM use, independent of BMI at 

donation. 

Our observation of graded increase in ADM use with higher BMI is consistent with prior studies 

reporting associations of obesity with measures of diabetes mellitus, both in the general population and 

in living donors. In one study that reported findings from two general population cohorts of 77,690 

women and 46,060 men, higher BMI was associated with increased risk of diabetes at 10 years of follow-

up: compared with normal BMI, BMIs of 25 to <30, 30 to <35, and >35 kg/m2 were associated with 

approximately 4, 10, and 20-times higher adjusted risk of diabetes.5 A single-center U.S. study that 

included 3752 predominantly white donors (1975-2014, 17% obese) found PDDM rates by the end of 

follow-up in 12% vs. 6% of donors with baseline BMI >30 vs. <30 kg/m2, and adjusted risk related to 

obesity was 3-times that of normal weight.9 Another smaller single-center study of 388 donors from 

Egypt (1976-2014) also found increased PDDM risk with higher BMI (4.1% in normal weight, 6% in 

overweight, and 25% in obese donors over follow-up to 2014).27 The higher incidence of PDDM in these 

two single-center cohorts likely reflects maximal follow-up over decades. Our study expands upon these 
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single-center reports by examining a national U.S. cohort and using ADM as a non-obtrusive measure of 

a clinical condition that does not require return to the center for ascertainment.  

The racial disparity in obesity observed in our study sample is present in the general population 

and was previously reported among both the general population28 and living donors.18 We previously 

identified racial and ethnic disparity in PDDM ascertained by diagnostic codes on medical claims; black 

and Hispanic donors had 1.52 and 1.65- times the likelihood of PDDM compared with white donors, 

respectively, based on clinical diagnoses after an average 7.7 years of follow-up.29 That sample was 

limited to 4650 privately insured donors, and importantly, baseline BMI was not available. In the current 

study, black race and Hispanic ethnicity were not significantly associated with ADM treatments overall, 

which may reflect the impact of adjustment for BMI (given the higher prevalence of obesity in these 

racial/ethnic groups), difference in the study samples, or the impact of using treatment compared with 

billing claims as the outcome measure. However, black and Hispanic donors had 3.5 and 2.9-times the 

likelihood of insulin use, respectively, compared with white donors in the current study, perhaps 

reflecting a greater severity of PDDM. Our finding of increased risk of ADM use for women in the 

multivariate model contrasts with the increased risk for men reported in the large single-center study of 

white donors, which may reflect differences in the outcome, and possibly care seeking for treatment.30  

The temporal increase in ADM use observed in the current study warrants attention.  While the 

2017 diabetes mellitus report card by the Centers for Disease Control and Prevention noted that the 

annual incidence of diabetes in the U.S. peaked in 2008 at 0.85% and then declined to 0.65% in 2015,31 

use of oral antidiabetic medications appears to be rising worldwide.32 Although reasons for the temporal 

trend in ADM use in living donors are not known, liberalization in accepting donors with metabolic 

abnormalities, including prediabetes, in more recent years could be contributing.18,33 One study of 8951 

donors from three U.S. centers (1963 and 2007) reported that median values of fasting glucose at 

donation steadily increased over time.33 Notably, wide acceptance of hemoglobin A1c in place of oral 

glucose tolerance testing as one of the diagnostic criteria for diabetes around 2011 may also have 

contributed to this observed trend.34 Future work should monitor ongoing trends in ADM use and other 

measures of PDDM, and associations with baseline factors. 

Metformin is the first-line pharmaceutical treatment for diabetes mellitus because of its efficacy 

in glucose control, lower risk of adverse effect profile, such as weight gain and hypoglycemia, and lower 

costs.35 Beginning diabetes treatment with metformin has also been associated with reduced 

subsequent need for treatment intensification.36 However, metformin has been linked to rare but fatal 

lactic acidosis complications, especially in patients with eGFR <30 ml/min per 1.73 m2, which has led the 

U.S. Food and Drug Administration (FDA) to label it as contraindicated for such patients. Since most 
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donors are expected to have eGFR levels >30 ml/min per 1.73 m2, use is likely safe and appropriate, but 

notably, concern for reduced kidney function was not a deterrent to use, in contrast with infrequent use 

in the transplant population at higher eGFR levels.19 In the context of obesity, even independent of 

diabetes, metformin may have benefits for weight loss. In a randomized placebo controlled study of 

adults (BMI >24 kg/m2 and prediabetes) metformin was associated with 3.5% weight loss over 9 years of 

follow-up.37 However, the current FDA labeled indication for metformin is type 2 diabetes alone, and 

weight loss and prediabetes are not approved indications. Thus, while it is possible our study measure of 

ADM use captured indications other than type 2 diabetes, such uses are off-label, or uncommon use for 

treatment of polycystic ovarian syndrome, type 2 diabetes is the primary prescribing indication for 

metformin. 

While ongoing work is needed, our study has implications for living donor care. Given the 

recently identified associations of obesity with post-onation ESRD,2 obesity should be considered a renal 

risk factor in donors, and of particular importance because of potential modifiability. Lifestyle factors 

that contribute to obesity include low physical activity levels, high caloric intake, and poor sleep 

quality.38 Interventional data among donors are lacking, but previous studies have shown that weight 

loss among obese adults is associated with reduced risk of diabetes which, in turn, would translate into 

reduced risk of ESRD. In a general population study of 114,281 women (1976-1990), the more weight 

gain during follow-up, the higher the risk of diabetes; in contrast, women who lost >5 kg had reduced 

risk of diabetes.39 However, achieving and sustaining weight loss is not trivial. Issa et al. reported that 

only 16% (14/90) of high BMI (>30 kg/m2) donors at one center were able to achieve weight loss to a 

BMI of <30 kg/m2 prior to donation.40  At 15 years of follow up, nearly all the high BMI donors (12/14) 

who had lost weight predonation gained weight, with a mean increase in BMI of 4.8.40 In our subgroup 

analysis of donors who also had BMI data at the 1-year post-donation anniversary, compared with stable 

BMI, BMI increase >0.5 kg/m2 by year 1 was associated with increased risk of subsequent ADM use. This 

is consistent with recent data that post-donation weight gain is associated with higher risk of diabetes.41 

Although prospective evaluations of dietary interventions and monitored exercise programs in donors 

are needed to advance effective care, donor candidates should be counseled on lifestyle interventions 

to support achievement and maintenance of healthy body weight, and regular exercise according to 

guidelines for the general population.1 Importantly, these interventions should be initiated before 

donation and maintained lifelong, including as part of annual postdonation follow-up.1 

There are several strengths to our study. We used pharmacy claims as a measure of diabetes, a 

non-obtrusive surrogate that avoids recall bias associated with survey studies, and complements 

information acquired though other study designs. Using this large, diverse national dataset, we 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

confirmed associations of obesity at the time of donation with increased incidence of PDDM, previously 

reported among a single-center sample of predominantly white donors.9 We also found that black and 

Hispanic donors, compared to white donors, had higher risk of insulin use after donation. We also 

observed that donation to a related recipient with diabetes was associated with a trend towards higher 

ADM use, but the association was not statistically significant. Future work is needed to define the 

impacts of family history of diabetes, race and genetics in the complex relationships of obesity, diabetes 

and postdonation ESRD.

Our study has limitations. Linked pharmacy data were available for 49% of U.S. donors in the 

study period; thus, while our national study is larger than prior single-center cohorts, results may not 

generalize beyond the study sample. However, baseline characteristics of the sample were similar to 

those of all U.S. donors. We also lacked data for comparisons to healthy nondonors, and focused on 

comparisons of donor subgroups.42 Our measure was based on pharmacy fills, and we lacked laboratory 

tests for confirmation, such as hemoglobin A1c, fasting glucose, or oral glucose tolerance testing. 

However, our inability to capture diabetes controlled by life style measures should under-estimate the 

risk associated with obesity in donors.  As discussed above, off-label prescribing of metformin may be 

captured as part of ADM use. We lacked data on fat distribution, which may be a stronger predictor for 

risk of ADM use than BMI. We were able to identify donation to related recipients with diabetes 

mellitus, but the registry does not include information on diabetes status in other relatives, or family 

history information for unrelated donors, or lifestyle risk factors. We lacked information on BMI changes 

for the entire follow-up period. However, in a subset with BMI data available at one-year anniversary, 

we found that BMI increase is associated with subsequent ADM use, independent of BMI at donation. 

In conclusion, linkage of national U.S. donor registry data with pharmacy fill records 

demonstrates that being overweight or obese at the time of living kidney donation is strongly associated 

with ADM use after donation. In addition, the risk of ADM use appeared to increase over the period of 

our study. While this study did not assess the impact of donation on the development of obesity, these 

data advance understanding of the relationship obesity, when present among donors, with subsequent 

ADM use.  Future work should monitor ongoing trends in ADM use and other measures of diabetes, 

associations with baseline factors including BMI and metabolic profile, and impact on renal and 

cardiovascular outcomes among living donors. All stakeholders—including patients, primary physicians, 

transplant programs, policy makers, insurers, and researchers—should recognize the importance of 

obesity as a contributor to postdonation health and work together to develop resources and 

interventions to support optimal donor outcomes.  REFERENCES
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FIGURE LEGENDS

Figure 1.  Incidence of ADM use according to BMI at donation. (A) Any antidiabetic medication use. (B) 

Non-insulin antidiabetic medication use. ‡P <0.0001 compared with reference

Figure 2. Incidence of ADM use according to year of donation.

Figure 3. Distribution of ADM categories filled by 9 years post-donation, according to BMI at donation. 

Medication categories are not mutually exclusive.

Figure 4. Adjusted associations of BMI at donation with ADM use categories after donation. Adjusted for 

other baseline factors in Table 1. 
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Table 1. Distribution of clinical factors in the study sample of living kidney donors according to BMI 

at donation.

BMI at Donation (kg/m2)

<18.5

(n=268)

18.5 to <25

(n=9,533)

25 to <30

(n=11,836)

>30

(n=6,557)

(%) (%) (%) (%)

Donor characteristics

Age (years) † ‡ ‡

18 to 30 31.8 20.7 15.4 16.3

31 to 44 29.1 34.6 35.5 39.5

45 to 59 31.3 36.4 39.9 37.8

>60 7.8 8.3 9.1 6.5

Female 82.5* 77.2 60.7ǂ 63.1ǂ

Race * ‡ ‡

White 79.5 77.4 73.4 68.4

Black 7.5 7.8 10.5 15.2

Hispanic 5.2 9.5 12.7 14.2

Other 7.8 5.2 3.4 2.2

Donor/recipient 

relationship
* ‡

Related Recipient 

with diabetes

12.3 11.1 12.3 14.4

Related Recipient 

without diabetes

33.2 34.3 33.2 32.6

Unrelated 54.5 54.7 54.4 53.0

Highest level of 

education
ǂ ‡

College & Higher 69.4 70.4 68.0 62.7

Grade/High School 20.5 22.3 24.5 29.2
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Unknown 76.5 80.2 7.5 8.1

Employment status ‡ ‡

Working 76.5 80.2 83.0 83.3

Not Working 20.5 17.3 15.0 14.4

Unknown 3.0 2.5 2.0 2.3

Insurance status * ǂ

Insured 71.3 80.1 80.3 76.8

Uninsured 14.9 9.5 9.1 10.6

Unknown 13.8 10.4 10.6 12.6

Hypertension history 5.6 7.4 12.2ǂ 14.5ǂ

Smoking history 30.2 26.6 27.7* 28.6*

eGFR at donation

(mL/min per 1.73 m2)
* ǂ

 ≥90 74.0 68.2 65.7 66.7

60 to <90 24.2 29.5 32.2 31.1

<60 1.1 1.5 1.6 1.7

Unknown 0.7 0.7 0.5 0.6

Nephrectomy Type

Open 2.6 4.1 4.0 4.0

Laparoscopic/

Unknown

97.4 95.9 96.0 96.0

Year of donation * *

     2007-2010 36.9 33.0 32.0 32.3

     2011-2013 37.7 37.3 38.0 38.1

     2014-2016 25.4 29.7 30.0 29.6

Data presented as percentages (%) of donors in each BMI category with the indicated baseline trait 

(column percentages).

P-values vs reference: *P <0.05-0.002; †P=0.001-0.0002; ‡P <0.0001.

Table 2. Adjusted associations of BMI and other baseline factors with ADM use in living kidney donors.
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 Characteristics at Donation
Any ADM use

aHR (95% CL)

Non-insulin

ADM use

aHR (95% CL)

Insulin use

aHR (95% CL)

BMI (kg/m2)

<18.5 0.63 (0.09-4.52) 0.67 (0.09-4.85) N/A

18.5 to <25 Reference Reference Reference

25 to <30 2.23 (1.62-3.06) ‡ 2.40 (1.74-3.33) ‡ 0.79 (0.28-2.22)

>30 4.59 (3.36-6.27) ‡ 4.91 (3.56-6.77) ‡ 1.44 (0.53-3.92)

Age (years)

18 to 30 1.18 (0.86-1.60) 1.16 (0.85-1.58) 1.68 (0.55-5.10)

31 to 44 Reference Reference Reference

45 to 59 0.80 (0.61-1.04) 0.79 (0.61-1.04) 1.03 (0.38-2.81)

>60 0.92 (0.59-1.45) 0.96 (0.61-1.51) N/A

Female 2.17 (1.66-2.83) ‡ 2.23 (1.70-2.93) ‡ 0.59 (0.26-1.34)

Race

White Reference Reference Reference

Black 1.26 (0.92-1.73) 1.26 (0.91-1.73) 3.48 (1.26-9.63) *

Hispanic 1.29 (0.95-1.77) 1.27 (0.92-1.75) 2.91 (1.05-8.12) *

Other 1.73 (1.04-2.89) * 1.79 (1.07-2.99) * N/A

Donor/recipient relationship

Related recipient with 

diabetes
1.13 (0.83-1.54) 1.10 (0.80-1.51) 1.46 (0.49-4.38)

Related recipient without 

diabetes
Reference Reference Reference

Unrelated 0.89 (0.70-1.13) 0.88 (0.69-1.12) 1.03 (0.42-2.52)

Highest level of education

College & Higher 0.99 (0.77-1.27) 1.04 (0.81-1.33) 0.44 (0.19-1.04)

Grade/High School Reference Reference Reference

Unknown 1.01 (0.67-1.52) 1.06 (0.70-1.60) 0.97 (0.26-3.61)

Employment status

Working 1.02 (0.78-1.36) 1.02 (0.77-1.36) 0.75 (0.27-2.05)

Not Working Reference Reference Reference
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P-value vs reference:  *P <0.05-0.002; †P=0.001-0.0002; ‡P <0.0001. 

Unknown 1.01 (0.67-1.52) 1.06 (0.70-1.60) 0.97 (0.26-3.61)

Insurance status

Insured Reference Reference Reference

Uninsured 0.93 (0.64-1.33) 0.96 (0.67-1.38) 0.22 (0.03-1.68)

Unknown 0.74 (0.53-1.04) 0.76 (0.55-1.07) 0.28 (0.06-1.27)

Hypertension history 1.26 (0.74,2.14) 1.41 (0.86,2.33) 5.36 (1.49,19.26)*

Smoking history 1.03 (0.81-1.31) 1.03 (0.81-1.32) 1.10 (0.45-2.69)

eGFR at donation

(mL/min per 1.73 m2)

<60 1.64 (0.86-3.13) 1.75 (0.94-3.25) 1.77 (0.22-13.94)

60 to <90 1.04 (0.81-1.34) 1.02 (0.80-1.31) 0.80 (0.30-2.12)

≥90 Reference Reference Reference

Nephrectomy Type

Open 0.87 (0.52-1.47) 0.89 (0.53-1.50) N/A

Laparoscopic/unknown Reference Reference Reference

Year of donation

2007-2010 Reference Reference Reference

2011-2013 1.41 (1.08-1.86) * 1.45 (1.10-1.91) * 0.49 (0.17-1.46)

2014-2016 2.36 (1.60-3.48) ‡ 2.43 (1.63-3.62) ‡ 1.30 (0.30-5.67)
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