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Abstract

Prescription narcotic use among living kidney donors is not well described. Using a unique 

database that integrates national registry identifiers for living kidney donors (1987-2007) in the 

United States with billing claims from a private health insurer (2000-2007), we identified 

pharmacy fills for prescription narcotic medications in periods 1-4 and >4 years post-donation, 

and estimated relative likelihoods of post-donation narcotic use by Cox regression. We also 

compared narcotic fill rates and medication possession ratios (MPRs, [days of medication 

dispensed]/[days observed], between donors and age- and sex-matched non-donors. Overall, rates 

of narcotic medication fills were 32.3 and 32.4 per 100 person-years in periods 1–4 and >4 years 

post-donation. After age and race adjustment, women were approximately twice as likely as men 

to fill a narcotic prescription in years 1–4 (adjusted hazard ratio, aHR, 2.28; 95% confidence 

interval, CI, 1.86–2.79) and >4 years (aHR 1.70; 95% CI 1.50–1.93). MPRs in donors were low 

(<2.5% days exposed), and lower than among age- and sex-matched non-donors. Prescription 

narcotic medication use is more common among women than men in the intermediate-term after 
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live kidney donation. Overall, total narcotic exposure is low, and lower than among non-donors 

from the general population.
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Introduction

Each year, nearly 30,000 living kidney donations are performed around the world (1). 

Previous studies have shown that compared to healthy non-donors, long-term risks of many 

health outcomes including death, cardiovascular disease, acute kidney injury requiring 

dialysis, fractures, kidney stones resulting in surgical intervention, and major gastrointestinal 

bleeding are similar among living donors (2–6); however, recent work has also identified 

small absolute increases in risks of other outcomes after donation, including end-stage renal 

disease, gestational hypertension/preeclampsia, and gout (7–10). Quality of life surveys have 

generally found similar or better average quality of life scores among living donors 

compared with controls (11–16), but importantly, survey designs may be limited by 

sampling and response biases. Post-donation pain has been reported, with one randomized 

controlled trial of 122 donors finding that a laparoscopic nephrectomy approach was 

associated with less self-reported pain one month post-donation compared to open 

nephrectomy (17,18); however, in this study, these differences were no longer significant at 

6- and 12-month assessments (18). Chronic pain, typically defined as persisting more than 6 

months, has been reported in up to 25% of donors after open nephrectomy and 5% after 

laparoscopic nephrectomy in retrospective survey studies (19,20).

In the United States (U.S.) general population, the use of narcotic medications has increased 

dramatically in the last decade (21,22), and this pattern has correlated with rising rates of 

narcotic-related deaths, addictions, adverse drug events, and healthcare costs (21,23–25). 

Prescription narcotic medication use appears to be more prevalent among women than men 

(26–28). Previous studies have suggested that women are at higher risk than men for chronic 

pain conditions and co-morbid mood disorders, and may experience more severe pain and 

disability after surgeries and procedures (29–33). Narcotic medication use in women of 

reproductive age is of particular concern given associated risks of adverse pregnancy 

outcomes such as birth defects (34). A recent study by the Centers for Disease Control and 

Prevention (CDC) found that between 2008 and 2012, almost 40% of Medicaid-enrolled 

women (aged 15-44 years) filled an outpatient prescription for a narcotic medication each 

year (35).

Administrative medical and pharmacy claims offer a non-obtrusive measure of provider-

reported diagnoses and prescribed health care that do not rely on patient self-report, and 

have been successfully used to study an array of health outcomes after living kidney 

donation that were difficult to examine by other methods given limited long-term donor 

follow-up by centers and lack of capture in national registries (2–10,36–42). For example, 

we previously found that post-donation depression, defined by a clinical diagnosis or use of 
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an anti-depressant medication, was more than twice as likely among female donors 

compared to male donors (adjusted hazard ratio, aHR, 2.41), white donors compared to non-

white donors (aHR 2.07), and those who experienced peri-operative complications 

compared to those who did not (aHR 2.46) (37).

In the current study, we sought to expand understanding of the breadth of pharmaceutical 

care required by living donors by examining use of prescription narcotic medications in the 

intermediate and longer-term (1–4 years and >4 years) after living kidney donation, as 

captured in linked national U.S. transplant registry and administrative claims databases. Our 

primary aim was to explore variation in narcotic medication use according to donor 

demographic traits; socio-economic and clinical characteristics were also explored in subsets 

with available information. We also compared prescription narcotic use among living kidney 

donors to that in age- and sex-matched non-donors from the general population.

Methods

Data Sources

We conducted a retrospective cohort study using linked healthcare databases in the U.S. to 

ascertain patient characteristics, pharmacy fill records, and descriptions of medical 

diagnoses. This study used data from the Organ Procurement and Transplantation Network 

(OPTN). The OPTN data system includes data on all donor, wait-listed candidates, and 

transplant recipients in the U.S., submitted by the members of the OPTN, and has been 

described elsewhere (43). The Health Resources and Services Administration (HRSA), U.S. 

Department of Health and Human Services provides oversight to the activities of the OPTN 

contractor. After approval from the Saint Louis University Institutional Review Board and 

HRSA, the unique OPTN identifiers for living kidney donors were linked using names and 

dates of birth to beneficiary identifiers from national private health insurer electronic 

databases. The insurer databases include information on provider-reported diagnostic billing 

claims as well as pharmacy claims for prescription medications. Analyses were performed 

using Health Information Portability and Accountability Act-compliant limited datasets, 

with all direct identifiers removed. These databases have been used for epidemiologic and 

health services research including study of living kidney donor outcomes (36–38,40–42). 

Because of the large sample size, the anonymity of the patients studied, and the non-

intrusive nature of the research, a waiver of informed consent was granted per the 

Department of Health and Human Services Code of Federal Regulations (Title 45, Part 46, 

Paragraph 46.116).

Population and Covariates

We included living kidney donors who had donated between October 1987 and July 2007 

and were enrolled in the insurance benefit plan at some point after donation during May 

2000 to December 2007 (the period of available claims data). Persons who had not donated 

a kidney (non-donors) and were enrolled in the same insurance benefit plan at some point 

during the same time period (May 2000 to December 2007) were sampled as general 

population controls. All study participants were simultaneously enrolled in medical and 

pharmacy benefits with the insurer exclusively during the study period.
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Baseline demographic information ascertained for living kidney donors from the OPTN at 

the time of donation included age, sex, and race as reported by the transplant center. The 

insurance records include information on age and sex, but not race; thus, information on race 

was not available for non-donors. Times from donation to start and end of captured 

insurance benefits were based on OPTN-reported donation dates and insurance enrollment 

records.

An index of neighborhood socio-economic status (SES) at the time of donation was 

computed from U.S. Census data linked by ZIP code, according to methods used by the 

Agency for Healthcare Research and Quality (44) (for details, please see Supplementary 

Appendix 1, Methods). SES index values range from 0 to 100, with higher values 

representing higher SES levels. Information on surgical approach (open vs. laparoscopic 

donor nephrectomy) was obtained from the OPTN, and was available for donations from 

1999 onwards. Peri-operative surgical complications (during initial hospitalization or up to 6 

weeks post-donation) were collected by the OPTN for those who donated from 2004 

onwards.

Outcomes

The primary outcome was pharmacy fills for narcotic medications after living kidney 

donation during two post-donation time periods: 1-4 years post-donation and >4 years post-

donation. Since most surgical patients receive a prescription for narcotic medications at the 

time of discharge (20), we limited our analysis to prescriptions filled after the first year post-

donation. The median and maximum times from donation to the end of insurance benefits 

were 7.7 and 20.2 years, respectively.

In additional analyses, narcotic use was normalized to morphine equivalents (ME), 

according to conversion ratios as previously described (Supplemental Table 1) (45,46). Post-

donation ME were aggregated for each donor and expressed as average mg ME exposure per 

enrollment day. We also computed medication possession ratios (MPRs), a metric 

quantifying the fraction of days of captured insurance enrollment for which narcotic 

medications were prescribed (40). MPRs are defined as [days of medication supplied over 

an observation window]/[days of observation], where the observation windows were defined 

as the period of captured insurance benefits for an individual during an observation period. 

To account for concomitant use of multiple agents, the MPR metric for any narcotic 

exposure aggregated fill days from different classes, even if prescription dates overlapped.

Statistical Analyses

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

Windows software, version 9.3 (SAS Institute Inc., Cary, NC). In all outcome analyses, we 

interpreted two-tailed p-values <0.05 as statistically significant.

Demographic Correlates of Narcotic Use after Living Kidney Donation—
Because the observation period for the insurance benefit plan inclusion varied between 

donors, Cox regression with censoring was used to estimate covariate-adjusted associations 

(adjusted hazards ratios, aHR) of baseline donor characteristics with the likelihood of 
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narcotic medication fills in the periods 1-4 years and >4 years after donation. The study 

windows of interest began at 1 year and 4 years post-donation, respectively. Left-censoring 

was applied from the start of the study window to insurance benefit plan enrollment if a 

subject was not enrolled at the start of each risk window. For the 1-4 year analysis, right-

censoring was applied at 4 years post-donation or the end of captured insurance benefits for 

those whose benefits ended earlier. Since claims data were available starting in May 2000, 

the 1-4 year analyses were limited to living kidney donors who had their nephrectomy 

performed in May 1996 or later (n=2,898). For the later analysis, right-censoring was 

applied at end of insurance benefits after year 4 post-donation or the end of study data 

(December 2007). Because collection of peri-operative surgical complications began in 

2004, follow-up through 2007 was insufficient to assess the association between surgical 

complications and narcotic use >4 years post-donation.

Total narcotic exposure was categorized among living donors in each study period as no use 

and tertiles of ME among those with narcotic fills. We compared distributions of baseline 

clinical characteristics between living kidney donors with each tertile of ME exposure to 

donors with no narcotic use in each period.

Comparison of Narcotic Medication Use in Living Kidney Donors and General 
Non-Donors—To compare narcotic use among the donors to a general population sample, 

donors were matched 1:1 with general insurance beneficiaries (non-donors) by sex and age 

when benefits began. The maximum observation time, defined by insurance benefit plan 

duration in each matched pair, was limited to the shortest available in the pair. We compared 

narcotic prescription rates (per 100 person-years) and MPRs in donors and matched non-

donors using the paired Wilcoxon signed-rank test. In donors and matched non-donors who 

filled a prescription for a narcotic medication, we assessed the frequency of each type of 

narcotic medication prescribed by post-donation time period and sex. Finally, we performed 

a qualitative assessment of the 20 most common primary medical diagnoses for healthcare 

services in the 7 days prior to narcotic prescription fills (including the date of the narcotic 

fill) in donors and matched non-donors, according to post-donation time period and sex. A 

schematic of the study design, including matching of donors and non-donors and 

ascertainment of study measures, is shown in Supplemental Figure 1.

Results

Baseline Characteristics of the Living Donor Sample

The integrated database captured 4,650 living kidney donors. The baseline characteristics of 

the study cohort have been previously described and were similar to that of all U.S. living 

kidney donors registered in the OPTN in the same period (Supplemental Table 2) (36). 

Among the donors, 76.3% were Caucasian, 13.1% were African-American, 8.2% were 

Hispanic, and 2.4% were other races (Table 1). The mean age at the time of donation was 

37.2 years and 55% were women. Most living kidney donors (81.2%) were biologically 

related to their recipient. There were 3,384 living kidney donors with available information 

to determine SES, among whom the mean (standard deviation) SES score was 47.9 (6.1), 

comparable to the mean SES score of 47.2 (6.4) among all U.S. donors with linked SES 
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information in the study period. Surgical type information was collected for 1,104 living 

kidney donors, among whom 59.4% had their donor nephrectomy performed 

laparoscopically. Of the 472 donors who donated after institution of OPTN collection of 

peri-operative surgical complication information, <1% experienced a re-operation and 5.3% 

had a peri-operative complication reported following nephrectomy (Supplemental Table 3).

Demographic Correlates of Narcotic Use after Living Kidney Donation

Overall, the rate of narcotic medication fills was 32.3 and 32.4 per 100 person-years in years 

1-4 and >4 years after donation (Figure 1). After adjusting for age and race, female donors 

were approximately twice as likely as male donors to be prescribed a narcotic medication in 

years 1-4 post-donation (aHR 2.28; 95% confidence interval, CI, 1.86-2.79; p<0.0001) and 

>4 years post-donation (aHR 1.70; 95% CI 1.50-1.93; p<0.0001) (Table 1). Narcotic fills 

were less common in both periods among donors of “other” races compared with Caucasian 

donors, but did not differ significantly amongst African-American and Hispanic compared 

with Caucasian donors. Each year of donor age was associated with a 1% increase in the 

likelihood of narcotic fills after 4 years post-donation (aHR 1.01; 95% CI 1.00–1.01). 

Among the living kidney donors with available data to ascertain SES information, SES score 

was not significantly associated with narcotic use in the study periods. We also did not 

detect associations between surgical type (open vs. laparoscopic) or surgical complications 

with narcotic use post-donation in the smaller sub-samples with available information in the 

registry for these baseline factors (Table 1 and Supplemental Table 3).

Distribution of Donor Clinical Traits According to Post-donation Narcotic Use Level

Compared to living kidney donors with no narcotic use (of whom 54.9% were women), 

there were significantly higher proportions of women with first (70.6%; p<0.0001), second 

(63.2%; p<0.05), and third (68.4%; p<0.001) tertiles of narcotic use in the 1–4 years post-

donation. Similarly, in the period >4 years post-donation, there were more women with 

second (62.7%; p<0.0001), and third (61.9%; p<0.0001) tertiles of prescription narcotic use 

compared to non-users (of which 49.2% were women). There were no significant 

differences in age, race, SES, surgical type, or reported surgical complications between non-

users and those with any level of narcotic use (Table 2 and Supplemental Table 3).

Comparison of Narcotic Use in Living Kidney Donors and General Non-donors

Narcotic fill rates were higher among female compared to male donors in both follow-up 

periods, but also varied by sex among matched non-donor controls. There were no 

statistically significant differences in the prescription fill rates for narcotic medications 

between living kidney donors and age- and sex-matched general non-donors overall or after 

stratification by sex (Figure 1). Specifically, in years 1–4 post-donation, narcotic fill rates 

per 100 person-years were as follows: all donors, 33.3; age- and sex- matched controls, 35.6; 

donor vs. control rate ratio 0.91 (95% CI 0.81–1.02); female donors, 38.8; age-matched 

female controls, 40.6; female donor vs. control rate ratio 0.96 (95% CI 0.83–1.11); male 

donors, 24.0; age-matched male controls, 29.2; male donor vs. control rate ratio 0.82 (95% 

CI 0.67–1.01). Beyond 4 years post-donation, narcotics fill rates per 100 person-years were 

as follows: all donors, 32.4; age- and sex-matched controls, 30.2; donor vs. control rate ratio 

1.07 (95% CI 0.99–1.07); female donors, 38.3; age-matched female controls, 34.9; female 
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donor vs. control rate ratio 1.10 (95% CI 0.98–1.22); male donors, 26.4; age-matched male 

controls, 25.3; male donor vs. control rate ratio 1.04 (95% CI 0.92–1.19).

In the matched-pairs comparisons, we also assessed MPRs, the fraction of days of captured 

insurance enrollment for which narcotic medications were prescribed. Overall, narcotic 

medication MPRs were lower in donors than in age- and sex-matched non-donors: 1.4% vs. 

3.3% (p<0.001) in years 1–4 and 2.3% vs. 3.9% (p<0.05) in the period >4 years post-

donation (Table 3). Among both donors and non-donors in both time periods, women had 

higher narcotic MPRs compared to men.

Patterns of types of narcotic medications prescribed to donors and general non-donors were 

similar (Supplemental Table 4), with the combination agent “hydrocodone and 

acetaminophen” representing approximately half of narcotic medications filled by donors 

and non-donors of both sexes in the earlier (48% to 61%) and later (43% to 52%) study 

periods. We also assessed primary medical diagnostic codes for healthcare services within 7 

days prior to/concomitant with narcotic prescription fills in donors and matched general 

non-donors. Among women, spinal symptoms, joint or soft tissue complaints, and screening 

gynecological exams and mammograms represented the most common primary diagnoses 

for healthcare encounters prior to narcotic prescription fills among donors and non-donors 

(Table 4). Among female donors in the 1–4 year post-donation period, kidney donor status 

was the primary diagnosis preceding 1.9% of narcotic fills and urological conditions 

preceded 0.6% fills. Malignant neoplasm was the leading diagnosis preceding narcotic fills 

among non-donor women matched in the early period, and the 4th most common diagnosis 

among female non-donors matched in the later period; malignant neoplasm was not a 

leading diagnosis preceding narcotic use among female donors in the early period, but was 

the 15th most common primary diagnosis in the later period. Among men, spinal symptoms, 

joint or soft tissue complaints, and routine general medical exams were common diagnoses 

before narcotic fills in donors and non-donors (Supplemental Table 5). Among male donors 

in the 1–4 year post-donation period, kidney donor status was the primary diagnosis 

preceding 0.9% of narcotic fills. Similar to the pattern amongst women, malignant neoplasm 

preceded narcotic fills only amongst male donors in the period >4 years post-donation.

Discussion

To date, limited information has been reported on the use of narcotic medications beyond 

the peri-operative period in living kidney donors. We examined a linkage of U.S. national 

transplant registry data for living kidney donors with pharmacy and medical claims from a 

private health insurer to examine patterns of prescription narcotic fills in the intermediate-

term after living kidney donation. Based on this unique information source, we observed 

several key findings: 1) after age and race adjustment, women were approximately twice as 

likely as men to fill a narcotic prescription in years 1–4 and >4 years post-donation (with 

median end of follow-up 7.7 years). 2) Among the living kidney donors with available 

information, we did not detect correlations between narcotic medication use post-donation 

and SES, nephrectomy surgical technique, or post-operative complications. 3) Overall, 

narcotic medication fill rates were not significantly different in donors compared to age- and 

sex-matched general non-donors; however, donors had lower MPRs compared to non-
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donors in the same insurance plan, and absolute MPRs were approximately 2% or less in 

donors. Thus, while some prescription narcotic exposure was common, average use was not 

sustained. 4) The most common primary diagnoses for healthcare encounters prior to 

narcotic prescription fills among donors of both sexes (spinal symptoms, joint or soft tissue 

complaints, and screening or general medical exams represented) did not appear donation-

related.

Post-operative pain following donor nephrectomy has been previously described using self-

reported health-related quality of life questionnaires, such as the Short Form-36 Health 

Survey (SF-36) (16,18,47) or the Dartmouth COOP Functional Health Assessment Chart 

(48), focus groups, and in-person or telephone interviews (48). One observational cross-

sectional study in the U.S. surveyed 2,455 living kidney donors from 1963 to 2005 who 

were at least 5 years from donation (mean follow-up time was 17 years) using the SF-36 

questionnaire (16). In this study, 20% of donors had below average scores (where lower 

scores indicate worse health) for the SF-36 component on bodily pain compared to age- and 

sex-standardized scores of the general population. Limitations of self-reported pain include 

response and recall bias. Use of national administrative data may offer an alternative or 

complementary, objective method of assessing pain after donation. In the current study, we 

found that prescription narcotic use patterns were similar to or lower than that of age- and 

sex-matched general controls.

The gender differences in narcotic medication use amongst living kidney donors observed in 

the current study are comparable to previous reports of higher rates of prescription narcotic 

use in women compared to men in the general population (27,28). We also observed similar 

gender variation among non-donor general controls sampled in the current study. There are 

many potential explanations for these gender differences. As previously stated, women have 

been shown to experience higher risks of chronic medical and co-morbid mood disorders 

which may increase risks of chronic pain, more severe pain, and more disability due to pain 

(29,30,32,49). Using similar methodology, we previously reported that female donors were 

more than twice as likely as male donors to be diagnosed with depression after donation 

(aHR 2.41; 95% CI 1.89–3.06) (37). In the current study, psychiatric conditions, such as 

depression or anxiety, were among the top 20 most common primary diagnoses in the 7 days 

preceding narcotic prescription fills among female donors and non-donors, and also among 

male donors, although these conditions comprised <2% of the primary diagnoses preceding 

narcotic medication use.

Particular concern regarding narcotic use amongst women of reproductive age was 

highlighted in a recent CDC report showing that approximately 40% of Medicaid-enrolled 

women and almost one-third of privately insured women had filled an outpatient 

prescription for a narcotic medication (35). In addition to the increased risk of narcotic-

associated death (50), overdose (24), and other neurological complications (51), women 

using narcotic medications also face increased risk of pregnancy-related complications such 

as birth defects (34). A recent study using commercial insurance beneficiaries in the U.S. 

found that between 2005 and 2011, 14% of women were dispensed a narcotic medication at 

some point during pregnancy (52), although use did appear to be decreasing slightly over 

time, from 15% in 2005 to 13% in 2011. In our study, normal obstetrical follow-up was the 
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primary diagnosis within 7 days for 2.7% and 1.8% of narcotic fills among female donors in 

the 1–4 and >4 year periods, respectively, while pregnancy complications preceded <1% of 

narcotic fills among donors in the earlier period. We did not assess for pregnancy-related 

complications following narcotic medication use; however, a recent study by Garg et al. 

found that the absolute risks of maternal and fetal pregnancy complications were small in 

living kidney donors and matched general non-donors of similar baseline health (9).

Our study has strengths including the use of a novel linkage of large databases to investigate 

post-donation use of pharmaceutical agents. Our pharmacy claims database is able to capture 

details of dispensed prescriptions including dose, circumventing some of the limitations of 

self-reported medication use such as response or recall bias. However, there are also 

important limitations to our study. Due to the observational nature of our study design, we 

are able to describe associations but are not able to prove causality. Unmeasured factors, 

including patient behaviors, may affect the findings. We relied on administrative data from a 

private insurance plan, and thus, uninsured living kidney donors were not captured. 

Although electronic pharmacy claims and fill records have been found to be highly accurate 

records of physician prescribing, we were unable to account for illicit drug use or over-the-

counter medication use (53). The degree of narcotic exposure may be underestimated if 

patients engaged in “pharmacy shopping” behaviors and filled narcotic prescriptions outside 

of their insurance benefits. Additionally, we lacked information on pre-donation narcotic 

use, although we suspect that such use was low given the rigorous medical and psychosocial 

screening inherent in living donor selection. Since claims data were available starting in 

May 2000, the 1-4 year analyses were limited to living kidney donors who had their 

nephrectomy performed in May 1996 or later. Importantly, the primary finding of 

approximately two-fold higher narcotic use among women compared to men was robust 

across assessment periods, and other patterns were similar in the earlier and later period 

analyses. Only subsets of living kidney donors had information from which we could 

examine potential associations between narcotic use and SES, nephrectomy surgical 

technique, and surgical complications. In those for whom we did have available information, 

there did not appear to be associations, although sample sizes may be insufficient to detect 

differences. Further, capture of early complications by the national transplant registry likely 

suffers from under-reporting (39). Lastly, our non-donor comparisons used general (rather 

than “healthy”) controls, as we lacked sufficient capture durations to allow for screening and 

selection of non-donors free of baseline co-morbidity. While general population 

comparisons do not address risk attributable to donation, as long as the type of comparison 

is explicit, general population experience can provide one relevant benchmark for framing 

post-donation outcomes (40,54).

Our study, therefore, provides insight into within-donor comparisons of narcotic use 

according to factors such as sex, as well as comparisons to the average general population as 

one commonly used benchmark (14,36,40,55). While we were unable to address the risk of 

narcotic medication use attributable to donor nephrectomy itself, we examined patterns of 

primary healthcare diagnoses in the 7 days preceding narcotic prescription fills, and found 

that the majority of healthcare visits were related to diagnoses such as spinal, joint, and soft 

tissue complaints. Reassuringly, these appear unlikely to be related to the nephrectomy 
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procedure itself. Kidney donor status and urological conditions were among the 20 most 

common primary diagnoses preceding prescription narcotics fills among women in the early 

period, but together preceded <3% of fills. Importantly, however, assessment of primary 

diagnoses for medical encounters does not exclude the possibility that narcotics were 

prescribed for other conditions not coded at an encounter, such as chronic pain due to 

nephrectomy. Better understanding of the outcomes of donors with either past or current 

chronic pain, as assessed by prescription narcotic fills and other metrics is needed to 

improve donor management and informed consent processes. Attention to possible risks of 

pregnancy-related complications among female donors of childbearing age that are 

prescribed narcotic medications after donation warrants particular attention.

In conclusion, we found that there are gender differences in the use of narcotic medications 

in living kidney donors, with women having approximately twice the exposure as men. 

Overall, the rate of narcotic medication fills was 32.3 and 32.4 per 100 person-years in 

periods 1–4 and >4 years after donation, and rates were not significantly different in donors 

compared to age- and sex-matched general non-donors. Proportions of days covered by 

narcotic medications (MPRs) were low among donors, at approximately 2% or less in both 

periods, and MPRs were lower among donors compared to non-donors in the same 

insurance plan. Integration of national transplant registry and administrative claims data can 

advance understanding of the breadth of pharmaceutical care required after living kidney 

donation. Further research is needed to define relationships of prescription narcotic use in 

this unique patient population with long-term medical and psychosocial outcomes, including 

possible outcome variation by sex and other demographic traits.
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Figure 1. 
Prescription fill rates for narcotic medications in living kidney donors (LKD) and age- and 

sex-matched general non-donors, stratified by sex and follow-up period. *There were no 

significant differences in narcotic fill rates among LKD compared with matched non-donors.
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Table 1
Adjusted associations of baseline characteristics with likelihood of pharmacy fill for a 
narcotic medication among privately-insured U.S. living kidney donors in periods 1–4 and 
>4 years post-donation

Baseline characteristics
Trait distributiona

Narcotic pharmacy fills Adjusted hazard ratiob (95% CI)

All donors (n=4,650) 1-4 years post-donationc >4 years post-donationd

Age at donation (per year) 37.2 (10.0) 0.99 (0.98-1.00) 1.01 (1.00-1.01)e

Female sex 54.6% 2.28 (1.86-2.79)e 1.70 (1.50-1.93)f

Race

 Caucasian (non-Hispanic) 76.3% Reference Reference

 African-American 13.1% 0.90 (0.68-1.18) 0.96 (0.80-1.16)

 Hispanic 8.2% 0.85 (0.61-1.20) 0.78 (0.60-1.01)

 Other 2.4% 0.31 (0.14-0.70)e 0.51 (0.29-0.88)e

Subgroups with additional information

SES index (n=3,384)g 47.9 (6.1) 1.00 (0.99-1.02)h 1.01 (1.00-1.02)h

Surgical type (n=1,104)

 Laparoscopy 59.4% 1.06 (0.82-1.36)h 0.89 (0.66-1.91)h

a
Data presented as percentages except for age and SES which are presented as mean (standard deviation).

b
Adjusted hazard ratios estimated in living kidney donors by multivariate Cox regression with left- and right-censoring.

c
Given the period of available claims data, the 1-4 year analyses were limited to living kidney donors who had their nephrectomy performed in 

May 1996 or later (n=2,898).

d
Median time from donation to the end of insurance benefits was 7.7 years (maximum 20.2 years).

e
p<0.05-0.0001.

f
p≤0.0001.

g
SES index values range from 0 to 100, with higher values for the composite score representing higher SES levels (see Appendix 1 for more 

details).

h
Adjusted for age, sex, and race.

Abbreviations: CI, confidence intervals; SES, socio-economic status; U.S., United States.
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Table 3

Mean narcotic medication possession ratios (MPRs)a among living kidney donors 
compared to age- and sex-matched general non-donors, stratified by sex and follow-up 
period

Mean MPRs

1-4 years post-donation >4 years post-donation

Donors Non-donors Donors Non-donors

Both sexes 1.4% 3.3%b 2.3% 3.9%c

Females 1.7% 4.3%c 2.3% 4.7%c

Males 0.9% 2.0%c 2.2% 3.0%c

a
MPRs defined as [days of medication supplied over an observation window]/[days of observation] where the observation windows were defined 

as the period of captured insurance benefits for an individual.

b
p=0.001-0.0002.

c
p<0.05-0.002.

Abbreviations: MPR, medication possession ratio.
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