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Background: Systematic analyses about sex differences in wait-listing and kidney transplantation after dialysis initiation are scarce. We aimed at identifying sex-specific disparities along the path of kidney disease treatment, comparing two countries with distinctive health care systems, the US and Austria, over time.

Methods: We analyzed subjects who initiated dialysis from 1979–2018, in observational cohort studies from the US and Austria. We used Cox regression to model male-to-female cause-specific hazard ratios (csHRs, 95% confidence intervals) for transitions along the consecutive states dialysis initiation, wait-listing, kidney transplantation and death, adjusted for age and stratified by country and decade of dialysis initiation.

Results: Among 3,053,206 US and 36,608 Austrian patients starting dialysis, men had higher chances to enter the wait-list, which however decreased over time [male-to-female csHRs for wait-listing, 1978–1987: US 1.94 (1.71, 2.20), AUT 1.61 (1.20, 2.17); 2008–2018: US 1.35 (1.32, 1.38), AUT 1.11 (0.94, 1.32)]. Once wait-listed, the advantage of the men became smaller, but persisted in the US [male-to-female csHR for transplantation after wait-listing, 2008–2018: 1.08 (1.05, 1.11)]. The greatest disparity between men and women occurred in older age groups in both countries [male-to-female csHR for wait-listing after dialysis, adjusted to 75% age quantile, 2008–2018: US 1.83 (1.74, 1.92), AUT 1.48 (1.02, 2.13)]. Male-to-female csHRs for death were close to one, but higher after transplantation than after dialysis.

Conclusions: We found evidence for sex disparities in both countries. Historically, men in the US and Austria had 90%, respectively, 60% higher chances of being wait-listed for kidney transplantation, although these gaps decreased over time. Efforts should be continued to render kidney transplantation equally accessible for both sexes, especially for older women.
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INTRODUCTION

According to the United States Renal Data System (USRDS) Annual Data Reports from the years 1994 (1) to 2018 (2), and at least six non-USRDS based, original articles from the United States (3–8), women with kidney failure requiring kidney replacement therapy (KRT), formerly entitled end stage kidney disease (ESKD) (9), have lower kidney transplant rates than men every year. This observation has been placed in context with gender disparity (10, 11). Compared with US men, US women are also more frequently living kidney donors (12–14). Systematic analyses from outside the United States, however, are scarce (15, 16), hindering international comparisons.

The absolute numbers of deceased and living donor kidney transplantations between the sexes should not be directly compared, as they have to be interpreted relative to the underlying dialysis population. Describing the relative sex proportions is indispensable because the dialysis population is dominated by men, at an approximate, historically consistent rate (17–20) of 60 to 40 percent (21, 22). Realizing that kidney transplantation is a stepwise process is another important prerequisite for adequately interpreting sex differences in transplantation, because wait-listing may be influenced by gender disparities (23), while sex differences in transplantation rates after wait-listing have previously been explained by biological factors, specifically higher levels of preformed antibodies among women (24). Hence, besides transplant rates alone, wait-listing rates represent an important factor in measuring fair organ distribution in kidney transplantation.

Austria is a central European country with a population of 9 million (25), with a socially funded health insurance model, in contrary to the federal and out of pocket health insurance system of the US. Austria participates in the Eurotransplant donor organ allocation system (26) and has an efficient kidney transplant (and dialysis) registry with consistent follow-up (19, 27). In the US all dialysis patients and kidney transplantations are documented by the US Renal Data System (USRDS) (28). In the present analysis, we aimed at filling part of the international knowledge gap on sex differences in kidney transplantation by investigating wait-listing and kidney transplantation rates in the US and Austria, between 1978 and 2018. Our aim was to determine the evidence, if any, for sex disparities, past and present, and to compare trends in two countries with different health care models (2).



MATERIALS AND METHODS


Origin of the Study Population and Data Sources

In the US, all patients who start dialysis or receive kidney transplantation, regardless of insurance coverage and age, are documented in the US Renal Data System (USRDS), which is maintained since 1960 and made available to the nephrological community (28). The Austrian Dialysis and Transplant Registry (ADTR) is based on the voluntary cooperation of all 79 Austrian medical centers which cover the Austrian territory and offer kidney replacement therapy by hemodialysis or peritoneal dialysis and/or pre-KRT care and/or post-transplant care. In practice, these centers most often operate functional dialysis units, the majority of which (N = 51) are hospital-based (29). The Austrian medical centers also register their patients on the wait-list for kidney transplantation in one of the four transplant centers. All patients receiving hemodialysis or peritoneal dialysis and all kidney transplant recipients in Austria from the year 1964 forward have been entered into the ADTR database. For the present analysis, data from the ADTR were merged with the Eurotransplant database, a non-profit organization which was established in 1969 and is responsible for encouraging and coordinating donor organ allocation across 8 European countries, including Austria (30).

In the ADTR, pre-emptive transplantation can be deduced when a patient appears as having been transplanted without having a prior record as a dialysis patient (these patients were excluded from the present analysis, as further specified below). Similarly, in the USRDS data both the starting date of dialysis as well as the date of the first kidney transplantation are available, hence pre-emptive transplantation can be excluded in the same manner. In both countries, no age-restrictions regarding eligibility for kidney transplants are in place. Dates of dialysis initiation, wait-listing, transplantation and death were available in the same manner for both countries.

In the Austrian data, the precise date of wait-listing was documented only for those patients who subsequently received a donor organ. However, for all wait-listed patients a consecutive registration number from the Eurotransplant system was available. Wait-listing dates for listed patients who did not get a transplant yet were estimated by interpolation based on the consecutively awarded registration number and the known wait-listing dates of transplant patients. The accuracy of the interpolation was high, as for 7493 patients with known wait-listing dates, the deviation between actual and interpolated date was less or equal to 2 days in 75% of cases and less or equal 21 days in 95% of cases. Patients with implausibly early interpolated wait-listing dates of more than 1 year before start of dialysis were excluded, as specified below, in the section on the definitions of the study population.

Data in the ADTR (29) are nearly complete (<1% of patients lost to follow-up) and were extracted from local medical records by the responsible physicians in the various Austrian medical centers, as previously described (19, 27, 31). The present study was approved by the Ethics Committee of the Medical University of Vienna (EK No. 1363/2016).



Definitions of Study Population, Time Periods, and Key Events

After merging data from the ADTR and Eurotransplant, we obtained a database with records on all 39,678 patients who received kidney replacement therapy in Austria, from January 1964 through 31 August 2018. USRDS dialysis and transplant data consisted of 3,228,324 records, from May 1960 to August 2018. Due to sparse data in the early years of both datasets, for the present analysis we examined the last four decades with respect to dialysis initiation, hence USRDS and ADTR records with dialysis initiation before 1978 were excluded. Further, in both datasets we excluded patients who were aged below 18 years at dialysis initiation (US 3.3%, AUT 1.7%), those with missing data on the starting date of dialysis (US 2.1%, AUT 0%), missing information on sex (US 0.01%, AUT 0%), subjects who received a kidney transplant before dialysis initiation (US 2.9%, AUT 1.9%) and those who died on the day of dialysis initiation (US 2.1%, AUT 0.1%). Furthermore, for the Austrian data we excluded patients for whom the wait-listing date based on the Eurotransplant registration number was more than one year before the start of dialysis (1.4%). After these exclusions, the study population consisted of N = 3,053,026 subjects in the US (55.6% men, 44.4% women) and N = 36,608 in Austria (61.4% men, 38.6% women). A flowchart of the study population and the excluded data is shown in Figure 1. As sex was our exposure of primary interest, we depicted the sex distributions before and after the exclusion criteria.


[image: Figure 1]
FIGURE 1. Flowchart of study population. Total number of records, number or records meeting exclusion criteria (non-exclusive), and final study population, per country.


To investigate time trends of sex-specific differences, we defined four periods of approximately one decade (1978–1987, 1988–1997, 1998–2007, and 2008–2018) with respect to the year of initiating dialysis. The last period encompassed 10 years and 8 months due to the last follow up date in August 2018. For analyses stratified by age at dialysis initiation, we defined three age categories, from 18 to 55 years, from 56 to 70 years, and above 70 years. The cut-points at 55 and 70 years corresponded approximately to tertiles of the patients' age distribution pooled over both countries and all decades.

We analyzed the time course of KRT, based on the recorded dates of the following events: start of dialysis, first wait-listing for transplantation, first receipt of a kidney transplant, and death.



Statistical Analysis

For descriptive purposes, we calculated the median and interquartile range of the patients' age distribution at dialysis initiation, first wait-listing and first kidney transplantation, and absolute and relative frequencies for categorical variables, overall, and by sex. We summarized person years, mean follow-up and crude event rates per 1,000 person years of the sequential states in CKD treatment, by country and decade of dialysis initiation and per sex.

To asses sex differences in the risk (or chance) of proceeding from one state (on dialysis, wait-listed, having received kidney transplant, deceased) to another, we estimated male-to-female cause specific hazard ratios (csHRs) and the corresponding 95% confidence intervals (CIs) using Cox proportional hazard models. Cox models were fitted with the sample of all patients who had entered the respective starting state, using the individual time-point of entering the target state as baseline. The dependent variable was the time until transition to the respective target state. If applicable, the transition to another state than the considered target state of the respective model was regarded as censoring event. To allow for unbiased comparisons of the decades, all transition times were censored at 10 years. For an individual patient who started dialysis during any one decade and was subsequently followed forward for 10 years, the starting point of the analyses in some cases reached well into the next decade. To quantify the sex differences in KRT, for each transition we estimated male-to-female csHRs adjusted for age at the starting point and the interaction of age and sex. Age was incorporated via restricted cubic spline terms to account for non-linear effects. Cox models were stratified for each country and decade of dialysis initiation. We reported male-to-female csHRs adjusted to the overall median age of 64 years, as well as the 25% and 75% age quantiles (q25: 52 years, q75: 74 years) (Figure 2; Supplementary Figure 1). Further, we depicted csHRs and 95% CIs as a function of age for men and women, with median aged women as the reference group (Figure 3; Supplementary Figure 2). Note that both visualizations represent the same models, but from a different point of view. Hazard rates by the subjects' age visualize the modification of the sex effect by age.


[image: Figure 2]
FIGURE 2. Male-to-female cause specific hazard ratios (csHRs) with 95% confidence intervals for each state transition and decade, adjusted to median age (64 years) and 25% (52 years) and 75% (74 years) age quantiles, in Austria (AUT) and the USA. (D) dialysis initiation, (WL) first entry in wait-list, (TX) first kidney transplantation. The considered transitions are dialysis to wait-list (1st row), wait-list to TX (2nd row), dialysis to TX with wait-list as intermediate state (3rd row). Age is incorporated via restricted cubic splines. Results are based on data from the ADTR/Eurotransplant (AUT) (26, 29) and USRDS (US) (28).



[image: Figure 3]
FIGURE 3. Austrian (AUT) and US cause specific hazard ratios (csHRs) and 95% confidence intervals by sex and age at the respective starting state, with median aged females as reference group, per country and decade. (D) dialysis initiation, (WL) first entry in wait-list, (TX) first kidney transplantation. Age is incorporated via restricted cubic splines. Results are based on data from the ADTR/Eurotransplant (AUT) (26, 29) and USRDS (USA) (28).


Additionally, for each year from 1995 to 2018 we calculated the crude wait-listing and transplant rates per 100 patient years in both countries per sex, overall and within the age groups 18–55, 56–70, and 70+ years. The number of respective events were divided by the sum of observed person years within the given calendar year and multiplied by 100.

All analyses were performed using the statistical software R, version 4.0.4.



Recording of Patient Sex

Recording of patient sex in both datasets occurred in the form of a binary variable. To our best knowledge, neither dataset differentiated between sex (male vs. female) and gender (man vs. woman) or transgender (32). Throughout the current manuscript, individuals of male and female sex are referred to as men and women, respectively, in order to remain consistent with previous work (20, 21). For reasons of legibility, hazard rates for men, divided by respective hazard rates for women are referred to as male-to-female HRs (rather than men-to-women HRs).




RESULTS


Sex Differences in Patient Characteristics: Age and Type of Kidney Disease

During the study period, 3,053,206 US and 36,608 Austrian patients met our inclusion criteria (US: 55.5% men, 44.5% women, AUT: 61.4% men, 38.6% women) (Figure 1). The sex distribution in both the ADTR and USRDS did not change after excluding non-eligible subjects. In Table 1, we present time trends of patient characteristics at their start of dialysis, by country and sex. Through the decades, men who initiated dialysis were younger than women in both countries, with the differences in median age ranging from 2 to 5 years. Overall, age at dialysis initiation increased steadily over time: In 1978–1987, in the US the median age at dialysis initiation was 54.1 years for men and 55.8 years for women, while in 2008–2018 the median age at dialysis initiation was 63.3 years for men and 64.3 years for women. In Austria the respective median ages were 49.5 years (men) and 51.6 years (women) in 1978–1987, and 64.9 years (men) and 66.3 years (women) in 2008–2018. The distribution of the type of kidney disease that necessitated KRT also changed over time. In both countries, glomerulonephritis as one of the main drivers of KRT decreased and diabetes and hypertension became the most common primary diseases in the more recent decades. In both countries, the proportion of women among all patients initiating dialysis was relatively stable. In the US, relative frequencies ranged from 42.4 to 46.7%. In Austria, in the first three decades the relative frequencies ranged from 39.2 to 42.4%, while in the most recent decade the proportion of women was somewhat smaller (34.4%).


Table 1. Patient characteristics who initiated dialysis in the US and Austria (AUT), by decade.
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Sex Differences in Kidney Recipient and Donor Characteristics

Throughout the study period, 385,642 US and 9,966 Austrian patients in the study population received their first kidney transplant; in the US 61.5% and in Austria 64.9% of the transplant recipients were men. In Table 2, we summarize the respective donor characteristics for each decade. Throughout the years, the proportion of living donor kidneys increased, especially the proportion of living kidney donation from men donors. Deceased donor kidneys continued to be more frequently available from men than from women, however with decreasing tendency toward the most recent decade.


Table 2. Donor and recipient characteristics, by decade of dialysis initiation.

[image: Table 2]



Sex Differences in the Event Course of KRT


Time and Age Trends in Wait-Listing, Respectively, Transplantation

Table 3 shows crude event data per country and decade for the transition from dialysis initiation to being waitlisted, from waitlist entrance to receive a transplant, and from dialysis initiation to receive a transplant (with wait-listing as intermediate step). Figure 2 reports the respective male-to-female csHRs for the transitions in CKD treatment. We observed a lower chance for women on dialysis to enter the wait-list, compared to men, albeit it increased over time. Specifically, in 1978–1987 the male-to-female csHR of getting wait-listed in the US was 1.94 [95% CI 1.71, 2.20] and decreased to 1.35 [95% CI 1.32, 1.38] in the most recent decade. In Austria, in the first decade men also had significantly higher chances of being wait-listed [1978–1987 csHR 1.61 [95% CI 1.20, 2.17)] than women, however this advantage vanished in the last two decades [2008–2018 csHR 1.11 [95% CI 0.94, 1.32)]. To visualize the effect modification by age, Figure 3 depicts the same models, but with respect to the subject's age at the starting state. The chances of wait-listing decreased with older age for both sexes. In both countries, age modified the sex-specific wait-listing chances, but the effect modification decreased throughout the decades, especially for younger patients. In the US, effect modification persisted over all ages and throughout the decades (US: pinteraction < 0.001 for all decades, AUT: pinteraction < 0.05 for all decades except for the most recent). In both countries, the advantage of men for wait-listing was more distinct in older age.


Table 3. Crude time-to-event data per country, decade of dialysis initiation, and sex.

[image: Table 3]

Once on the wait-list in Austria, chances to receive a donated kidney did not differ between men and women. In the US however, men on the wait-list had significantly higher chances of receiving a kidney transplant in the past [1978–1087 male-to-female csHR 1.27 (95% CI 1.15, 1.41)], although both the age and the sex effect diminished over time [2008–2018 male-to-female csHR 1.08 (95% CI 1.05, 1.11)]. Hence, the main disparity between the sexes occurred in the initial step of entering the wait-list in both countries, and was to a smaller extent driven by unbalanced sex-specific kidney transplantation. Overall, differences between the sexes regarding wait-listing and transplantation were gradually reduced throughout the study period. However, especially for patients of older age, sex differences were still prominent in the most recent decade, as can best be noted from the male-to-female csHR adjusted to the 75% age quantile (74 years) in 2008–2018, in comparison to the adjustment for median and low age. For wait-listing in this age group, we obtained a male-to-female csHR of 1.83 [95% CI 1.74–1.92] in the US and 1.48 [95% CI 1.02–2.13] in Austria.



Mortality

Male-to-female csHRs for death from the two starting points dialysis initiation and wait-listing are shown in the Supplementary Table 1, Supplementary Figures 1, 2. Male-to-female mortality hazards after dialysis initiation were rather similar across sexes and decades in both countries. Overall, there were tendencies for higher mortality in men. Age-adjusted mortality after transplantation was higher for men than for women throughout most decades and consistent over age groups, although confidence bands in Austria were very wide (Supplementary Figure 1).



Wait-Listing and Transplant Rates per 100 Patient Years

In Figures 4, 5 we show crude wait-listing and transplant rates per 100 dialysis patient years, by sex and calendar year in each country, overall (Figure 4) and by age group (Figure 5). The overall crude event rates were consistently higher for men than for women and declined within the considered time frame. In the first age category (up to 55 years), wait-listing and transplant rates in Austria were similar for men and women. In all other groups, crude event rates for both wait-listing and transplantation were higher in men. This finding is in line with the age-adjusted male-to-female csHRs in Figures 2, 3. When comparing the two countries, although both the wait-listing as well as the transplant event rates were about twice as high in Austria than the US, the trends over time were very similar. However, as can be deduced from Figure 5, for the second age group (56–70 years) in the US both event rates increased from 1995 onward up to ~2010 and decreased thereafter. In Austria, event rates within this age group were rather constant.


[image: Figure 4]
FIGURE 4. Wait-list and transplant rates per 100 dialysis patient years in the US and in Austria (AUT) from 1995 to 2018, by sex. Results are based on data from the ADTR/Eurotransplant (AUT) (26, 29) and USRDS (US) (28).
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FIGURE 5. Wait-listing and transplant rates per 100 dialysis patient years in the US and Austria (AUT), from 1995 to 2018, by sex and age group. Results are based on data from the ADTR/Eurotransplant (AUT) (26, 29) and USRDS (US) (28).






DISCUSSION

In this study with historical data through 2018 from the US and Austria, we found that men had a higher chance than women of being placed on the wait-list for kidney transplantation. The age-adjusted probability for women to enter the transplant wait-list was smallest in earlier decades and among older patients, when compared to men (Figure 2). Sex differences in wait-listing decreased over time, but were still observed at all ages in the US, and especially for patients in old age. In both the US and Austria, once patients had entered the wait-list, the probability of receiving a donor organ was very similar for men and women, although in the US the advantage for men disappeared only within the most recent decade (2008–2018). Wait-listing rates by sex moved closer together in Austria than in the United States, indicating that gender or sex disparities in transplant access in Austria might have been reduced to a greater degree than in the United States.

Understanding the impact of age is important for correctly interpreting our study findings. Adjusted to the 75% age quantile, in the most recent decade the male-to-female csHR for wait-listing was 1.83 [95% CI 1.74, 1.92] in the US and 1.48 [95% CI 1.02, 2.13] in Austria (Figure 2). Further, older age was associated with a reduced probability to receive a donor organ and an increased risk of death (Figures 2, 3). In addition, women were on average older than men in the studied population (Table 1). These observations emphasize the need of accounting for age as a potential confounder in the analysis. We accomplished this task by adjusting the male-to-female csHRs within each decade for age (as continuous variable), including an interaction for sex and age. To visualize the results we chose to depict the male-to-female cause specific hazard ratio at the median age as well as 25 and 75% age quantiles (Figure 2). This summarizes the csHR at three age levels, yet the underlying model still contains age as continuous variable, represented by restricted cubic splines to account for non-linear age effects, as shown by the csHRs of men and women by age, referenced to median aged women, in Figure 3. In the most recent decade the age difference between men and women became smaller, hence the effect of age on sex differences in wait-listing may have become smaller in this decade than in earlier decades, in Austria more so compared to the US. The fact that age is an effect modifier of gender disparity in kidney transplantation has also been shown in another USRDS-based analysis (33).

To a large part, the incidence of dialysis initiation was stable throughout the study period in both countries, and consistent with previously reported sex distributions of roughly 60% men and 40% women in CKD cohorts (20). The seemingly higher proportion of men starting dialysis in Austria in the last decade (2008–2018: 65.6% men) is likely to be an artifact of the grouping over time, as previous research based on the ADTR data with a different study period and different stratification of the time intervals, did not show significant time trends by sex in dialysis initiation (19). Nevertheless, future monitoring of the ADTR should be sensible to potential trends in the sex-distribution of incident dialysis patients in Austria.

Once wait-listed, the allocation systems of the two countries theoretically do not have gender or sex-specific aspects, meaning that in principle, every listed patient has the same change to receive an organ. Yet it is known that women have higher levels of preformed antibodies, linked to pregnancy. Wolfe et al. (24) showed that sex differences in transplantation rates after wait-listing disappeared when adjusted for panel-reactive antibodies (PRA). Unfortunately, we did not have PRA data for our datasets to confirm this. In any case, as we have shown in this work, the sex differences after wait-listing were less pronounced than for wait-listing itself.

The age-adjusted male-to-female HR for death after transplantation was >1 in most decades. As the male-to-female mortality rate ratio in adults of the general population remained consistently >1 throughout age groups (21), a higher mortality risk in transplanted men compared to transplanted women might not be surprising. If men have a higher chance of being wait-listed than women, however, then the consequence might be that men who are altogether sicker than women actually receive a transplant, and the comorbidities of these patients might carry over into the post-transplant time, where men die at a higher rate than women. Consistent with this hypothesis, the age-adjusted male-to-female HR for death in the dialysis population of the present study was not as high as it was in the transplant population (although also >1 in some decades and at some ages, see Supplementary Figure 1).

Gender disparity in kidney transplantation is often mentioned in context with the perceived unfairness that women are more often donors than they are recipients of living donor transplants (15). In our analysis of US and Austrian data, and as was previously shown for the US (12–14), more living donor kidneys originated from women rather than men (Table 2). Many analyses on sex-specific differences in kidney transplantation are not based on registry data, but simply report crude (mostly living related and often single center) transplantation rates which are always shifted toward more women being donors and more men being recipients (34, 35). A wide range of explanations haven been given to the predominance of women in living kidney donation, including better health or a higher degree of responsibility in women and financial obligations of men, all of which remain speculative (11, 13, 15).

The most fundamental difference between the US and the Austria with respect to kidney disease management lies in the distinctive funding of the healthcare systems of the two countries, and thus access to dialysis and subsequent KRT. Austrian's socially funded health care system provides full coverage for its population (99.9%) (36). The majority of dialysis centers are administered by the public sector, private dialysis centers can reimburse a large part of their costs following fixed rates set by the Austrian health fund. In the US, in 2000–2016 88% of dialysis patients were treated in profit-driven facilities, 66.5% of all patients underwent dialysis at only two large, privately owned, for-profit dialysis facility chains. Gander et al. showed that patients under treatment in for-profit dialysis facilities vs. non-profit facilities had lower chances of entering the waitlist and receiving a living or deceased kidney transplant (37). In their analysis, the proportion of women in for-profit facilities was higher compared to women in non-profit facilities. It has previously been hypothesized that for-profit dialysis providers may cut costs in counseling or refrain to refer patients to KRT, since this is in contrast to their financial interests (38). A gender bias in the type of dialysis facility (for-profit vs. non-profit) thus could be a partial explanation of both, the more pronounced advantages for men in KRT in the US compared to Austria, and why gender disparities in wait-listing and transplantation still persisted in the US in the most recent decade, in contrast to Austria.

Among the limitations of this analysis, we acknowledge that it is unclear whether the sex variable was assigned by an investigator or reported by a patient. The sheer size of the dataset implies that 100% correctness cannot be assumed. Further, stratification over time did not follow any significant events in kidney disease management or policy changes, but rather split the data uniformly across the time axis, in order to reveal possible time trends. Moreover, our study cannot provide causality and therefore needs not only to be followed up in additional countries, but also by analyses of socioeconomic differences and other factors, for example obesity (39), which might explain the observed differences between the sexes, on top of age and comorbidities (33).

In summary, the present USRDS and ADTR/Eurotransplant data shed light on the sex differences for various transitions after initiation of kidney replacement therapy, with consideration of trends over four decades. Our analysis follows a recently articulated request (16) to start focusing on non-North American cohorts in examining how sex and gender affect transplantation and compared them with the US. In accordance with previous data from the US (1–8, 24, 33, 40), Canada (41), France (42), Australia (43) and Germany (44), in our analysis predominantly older women have lower access to kidney transplantation than men. Knowing the development in the US and Austria over the last four decades is informative, and this development renders it likely that gender disparity is the root cause of the observed sex differences in kidney transplantation. Future analyses should examine sex-discrepancies in dialysis providers, and also qualitatively address the perspectives of patients (45, 46) and caretakers (47), which might help establish reasons for sex and gender differences, and ways to overcome them. The items in question might include differences in generosity regarding kidney donation, differences in the perception of life, different moral values, and finally, different priorities between men vs. women, including their ability to endorse relationships, despite being affected by kidney disease.



DATA AVAILABILITY STATEMENT

The US based data reported here have been supplied by the United States Renal Data System (USRDS) and are available from USRDS upon request. The interpretation and reporting of these data are the responsibility of the authors and in no way should be seen as an official policy or interpretation of the U.S. government. The Austrian data reported here have been supplied by the Austrian Dialysis and Transplant Registry (ADTR) and are available from the Austrian Society of Nephrology upon request.



ETHICS STATEMENT

This study was reviewed and approved by the Ethics Committee of the Medical University of Vienna (EK No. 1363/2016). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

SH conceptualized the analysis, analyzed the data, wrote, revised, and reviewed the manuscript. TG analyzed the data. MA, JC, KJ, and AT conceptualized the analysis and reviewed the manuscript. AK, ML, SK RP-F, WW, and ES reviewed the manuscript. RK provided the data, interpreted the data, and reviewed the manuscript. FP conceptualized the analysis, discussed the data, and reviewed the manuscript. MP conceptualized the analysis. MH provided funding, conceptualized analysis, wrote, revised, and reviewed the manuscript. RR conceptualized the analysis, analyzed the data, wrote, and reviewed the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

We acknowledge support from the Austrian Science Fund (grant No. KL754-B).



ACKNOWLEDGMENTS

We would like to thank the patients and the staff of the dialysis and transplant units for contributing the data to the ADTR.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.800933/full#supplementary-material



REFERENCES

 1. United States Renal Data System. Annual Data Report, Chapter VIII Renal Transplantation: Access and Outcomes. United States Renal Data System (1994).

 2. United States Renal Data System. Annual Data Report, Volume 2: ESRD in the United States, Chapter 6: Transplantation. United States Renal Data System (2018).

 3. Alexander GC, Sehgal AR. Barriers to cadaveric renal transplantation among blacks, women, and the poor. JAMA. (1998) 280:1148–52. doi: 10.1001/jama.280.13.1148

 4. Bloembergen WE, Mauger EA, Wolfe RA, Port FK. Association of gender and access to cadaveric renal transplantation. Am J Kidney Dis. (1997) 30:733–8. doi: 10.1016/S0272-6386(97)90076-7

 5. Held PJ, Pauly MV, Bovbjerg RR, Newmann J, Salvatierra O Jr. Access to kidney transplantation. Has the United States eliminated income and racial differences? Arch Intern Med. (1988) 148:2594–600. doi: 10.1001/archinte.148.12.2594

 6. Kjellstrand CM. Age, sex, and race inequality in renal transplantation. Arch Intern Med. (1988) 148:1305–9. doi: 10.1001/archinte.148.6.1305

 7. Garg PP, Furth SL, Fivush BA, Powe NR. Impact of gender on access to the renal transplant waiting list for pediatric and adult patients. J Am Soc Nephrol. (2000) 11:958–64. doi: 10.1681/ASN.V115958

 8. Soucie JM, Neylan JF, McClellan W. Race and sex differences in the identification of candidates for renal transplantation. Am J Kidney Dis. (1992) 19:414–9. doi: 10.1016/S0272-6386(12)80947-4

 9. Levey AS, Eckardt KU, Dorman NM, Christiansen SL, Hoorn EJ, Ingelfinger JR, et al. Nomenclature for kidney function and disease: report of a kidney disease: improving global outcomes (KDIGO) consensus conference. Kidney Int. (2020) 97:1117–29. doi: 10.1016/j.diabres.2020.108248

 10. Powe NR, Boulware LE. The uneven distribution of kidney transplants: getting at the root causes and improving care. Am J Kidney Dis. (2002) 40:861–3. doi: 10.1053/ajkd.2002.36562

 11. Jindal RM, Ryan JJ, Sajjad I, Murthy MH, Baines LS. Kidney transplantation and gender disparity. Am J Nephrol. (2005) 25:474–83. doi: 10.1159/000087920

 12. Bloembergen WE, Port FK, Mauger EA, Briggs JP, Leichtman AB. Gender discrepancies in living related renal transplant donors and recipients. J Am Soc Nephrol. (1996) 7:1139–44. doi: 10.1681/ASN.V781139

 13. Kayler LK, Rasmussen CS, Dykstra DM, Ojo AO, Port FK, Wolfe RA, et al. Gender imbalance and outcomes in living donor renal transplantation in the United States. Am J Transplant. (2003) 3:452–8. doi: 10.1034/j.1600-6143.2003.00086.x

 14. Ojo A, Port FK. Influence of race and gender on related donor renal transplantation rates. Am J Kidney Dis. (1993) 22:835–41. doi: 10.1016/S0272-6386(12)70343-8

 15. Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex and gender disparities in the epidemiology and outcomes of chronic kidney disease. Nat Rev Nephrol. (2018) 14:151–64. doi: 10.1038/nrneph.2017.181

 16. Melk A, Babitsch B, Borchert-Morlins B, Claas F, Dipchand AI, Eifert S, et al. Equally Interchangeable? How sex and gender affect transplantation. Transplantation. (2019) 103:1094–110. doi: 10.1097/TP.0000000000002655

 17. Kjellstrand CM, Logan GM. Racial, sexual and age inequalities in chronic dialysis. Nephron. (1987) 45:257–63. doi: 10.1159/000184160

 18. Eggers PW. Effect of transplantation on the medicare end-stage renal disease program. N Engl J Med. (1988) 318:223–9. doi: 10.1056/NEJM198801283180406

 19. Kainz A, Berner C, Ristl R, Simon A, Stamm T, Zitt E, et al. Sex-specific analysis of haemodialysis prevalence, practices and mortality over time: the Austrian dialysis registry from 1965 to 2014. Nephrol Dial Transplant. (2019) 34:1026–35. doi: 10.1093/ndt/gfy322

 20. Antlanger M, Noordzij M, van de Luijtgaarden M, Carrero JJ, Palsson R, Finne P, et al. Sex differences in kidney replacement therapy initiation and maintenance. Clin J Am Soc Nephrol. (2019) 14:1616–25. doi: 10.2215/CJN.04400419

 21. Hecking M, Bieber BA, Ethier J, Kautzky-Willer A, Sunder-Plassmann G, Saemann MD, et al. Sex-Specific differences in hemodialysis prevalence and practices and the male-to-female mortality rate: the dialysis outcomes and practice patterns study (DOPPS). PLoS Med. (2014) 11:e1001750. doi: 10.1371/journal.pmed.1001750

 22. Grams ME, Chow EK, Segev DL, Coresh J. Lifetime incidence of CKD stages 3-5 in the United States. Am J Kidney Dis. (2013) 62:245–52. doi: 10.1053/j.ajkd.2013.03.009

 23. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo DL, et al. Sex and gender: modifiers of health, disease, and medicine. Lancet. (2020) 396:565–82. doi: 10.1016/S0140-6736(20)31561-0

 24. Wolfe RA, Ashby VB, Milford EL, Bloembergen WE, Agodoa LY, Held PJ, et al. Differences in access to cadaveric renal transplantation in the United States. Am J Kidney Dis. (2000) 36:1025–33. doi: 10.1053/ajkd.2000.19106

 25. Plantinga LC, Boulware LE, Coresh J, Stevens LA, Miller ER 3rd, Saran R, et al. Patient awareness of chronic kidney disease: trends and predictors. Arch Intern Med. (2008) 168:2268–75. doi: 10.1001/archinte.168.20.2268

 26. Coresh J, Byrd-Holt D, Astor BC, Briggs JP, Eggers PW, Lacher DA, et al. Chronic kidney disease awareness, prevalence, and trends among U.S. adults, 1999 to 2000. J Am Soc Nephrol. (2005) 16:180–8. doi: 10.1681/ASN.2004070539

 27. Haller MC, Kammer M, Kainz A, Baer HJ, Heinze G, Oberbauer R. Steroid withdrawal after renal transplantation: a retrospective cohort study. BMC Med. (2017) 15:8. doi: 10.1186/s12916-016-0772-6

 28. System USRD. 2020 USRDS Annual Data Report: Epidemiology of kidney disease in the United States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases (2020).

 29. Heinze G, Wallisch C, Kainz A, Hronsky M, Leffondre K, Oberbauer R, et al. Chances and challenges of using routine data collections for renal health care research. Nephrol Dial Transplant. (2015) 30 (Suppl. 4):iv68–75. doi: 10.1093/ndt/gfv110

 30. Eurotransplnt. Available online at: https://www.eurotransplant.org/ (accessed June 25, 2020).

 31. Heinze G, Mitterbauer C, Regele H, Kramar R, Winkelmayer WC, Curhan GC, et al. Angiotensin-converting enzyme inhibitor or angiotensin II type 1 receptor antagonist therapy is associated with prolonged patient and graft survival after renal transplantation. J Am Soc Nephrol. (2006) 17:889–99. doi: 10.1681/ASN.2005090955

 32. Ahmed SB, Saad N, Dumanski SM. Gender and CKD: beyond the binary. Clin J Am Soc Nephrol. (2020) 16:141–3. doi: 10.2215/CJN.03030320

 33. Segev DL, Kucirka LM, Oberai PC, Parekh RS, Boulware LE, Powe NR, et al. Age and comorbidities are effect modifiers of gender disparities in renal transplantation. J Am Soc Nephrol. (2009) 20:621–8. doi: 10.1681/ASN.2008060591

 34. Liu G, Li X, Liu T, Zhao X, Zhang S, Wang J, et al. Gender disparity of living donor renal transplantation in East China. Clin Transplant. (2013) 27:98–103. doi: 10.1111/ctr.12003

 35. Bal MM, Saikia B. Gender bias in renal transplantation: are women alone donating kidneys in India? Transplant Proc. (2007) 39:2961–3. doi: 10.1016/j.transproceed.2007.08.089

 36. Whashington AE. Facts & Figures about Austira. (2021). Available online at: https://www.austria.org/the-welfare-state

 37. Gander JC, Zhang X, Ross K, Wilk AS, McPherson L, Browne T, et al. Association between dialysis facility ownership and access to kidney transplantation. JAMA. (2019) 322:957–73. doi: 10.1001/jama.2019.12803

 38. Zhang Y, Thamer M, Kshirsagar O, Cotter DJ, Schlesinger MJ. Dialysis chains and placement on the waiting list for a cadaveric kidney transplant. Transplantation. (2014) 98:543–51. doi: 10.1097/TP.0000000000000106

 39. Ladhani M, Craig JC, Wong G. Obesity and gender-biased access to deceased donor kidney transplantation. Nephrol Dial Transplant. (2020) 35:184–9. doi: 10.1093/ndt/gfz100

 40. Gaylin DS, Held PJ, Port FK, Hunsicker LG, Wolfe RA, Kahan BD, et al. The impact of comorbid and sociodemographic factors on access to renal transplantation. JAMA. (1993) 269:603–8. doi: 10.1001/jama.269.5.603

 41. Schaubel DE, Stewart DE, Morrison HI, Zimmerman DL, Cameron JI, Jeffery JJ, et al. Sex inequality in kidney transplantation rates. Arch Intern Med. (2000) 160:2349–54. doi: 10.1001/archinte.160.15.2349

 42. Bayat S, Macher MA, Couchoud C, Bayer F, Lassalle M, Villar E, et al. Individual and regional factors of access to the renal transplant waiting list in france in a cohort of dialyzed patients. Am J Transplant. (2015) 15:1050–60. doi: 10.1111/ajt.13095

 43. Sypek MP, Clayton PA, Lim W, Hughes P, Kanellis J, Wright J, et al. Access to waitlisting for deceased donor kidney transplantation in Australia. Nephrology. (2019) 24:758–66. doi: 10.1111/nep.13484

 44. Melk A, Schmidt BMW, Geyer S, Epping J. Sex disparities in dialysis initiation, access to waitlist, transplantation and transplant outcome in German patients with renal disease-A population based analysis. PLoS ONE. (2020) 15:e0241556. doi: 10.1371/journal.pone.0241556

 45. Carter SA, Tong A, Gutman T, Scholes-Robertson BN, Teixeira-Pinto A, Howell M, et al. Large-scale, mixed-methods, knowledge exchange to establish core outcomes - the SONG approach. J Clin Epidemiol. (2020) 125:225–8. doi: 10.1016/j.jclinepi.2020.05.015

 46. Ju A, Josephson MA, Butt Z, Jowsey-Gregoire S, Tan J, Taylor Q, et al. Establishing a core outcome measure for life participation: a standardized outcomes in nephrology-kidney transplantation consensus workshop report. Transplantation. (2019) 103:1199–205. doi: 10.1097/TP.0000000000002476

 47. Tong A, Howard K, Wong G, Cass A, Jan S, Irving M, et al. Nephrologists' perspectives on waitlisting and allocation of deceased donor kidneys for transplant. Am J Kidney Dis. (2011) 58:704–16. doi: 10.1053/j.ajkd.2011.05.029

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Hödlmoser, Gehrig, Antlanger, Kurnikowski, Lewandowski, Krenn, Zee, Pecoits-Filho, Kramar, Carrero, Jager, Tong, Port, Posch, Winkelmayer, Schernhammer, Hecking and Ristl. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-800933-g005.gif





OPS/images/fmed-08-800933-t001.jpg
Country 1978-1987 1988-1997 1998-2007 2008-2018

AuT ™M F M F ™M F ™ F
N=2498 N=1,839 N=4,755 N=23505 N=17,061 N=4544 N=8136 N =4,270
(67.6%) (42.4%) (57.6%) (42.4%) (60.8%) (39.2%) (65.6%) (34.4%)
Age at dialysis initiation
495(14.5) 516 (15.1) 56.8(14.8) 60.1(15.3) 62.1(14.4) 65.0(14.5) 64.9(14.1) 66.3(14.7)
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Glomerulonephritis/sclerosis 941 (37.7%) 421 (22.9%) 1053 (22.1%) 448 (12.8%) 1091 (15.5%) 457 (10.1%) 971 (11.9%) 373 8.7%)
Hypertension 79 (3.2%) 30 (1.6%) 280 (5.9%) 105 (3%) 625 (8.9%) 297 (6.5%) 865 (10.6%) 400 (9.4%)
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Other urologic 2,892 (2.1%) 975 (09%) 6,711 (2%) 3,649 (1.3%) 10,003 (1.9%) 5,244 (1.2%) 10,279 (1.5%) 4518 (0.9%)
Unknown cause 7,815 (65.7%) 5,940 (5.4%) 14,488 (4.4%) 10,832 (3.8%) 22,848 (4.3%) 16,424 (3.7%) 15,796 (2.3%) 10,783 (2.1%)
Missing 33538 (24.6%) 27,360 (247%)  33,410(10.2%) 31,600 (11%) 14,060 (2.6%) 12,579 (2.8%) 35,286 (5.1%) 26,300 (5.1%)

Diagnosis data are displayed as absolute and relative frequencies. Ages are displayed as median (interquartile range).
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AuT ™M F ™M F M F M F
N=1,136 N =689 N=1,79% N =1,057 N =2,020 N=1,032 N=1513 N=T723
M Cadaver 52.10% 50.10% 51.60% 51.80% 46.70% 48.60% 45.40% 44.50%
Living 0.80% 0.60% 0.80% 1.10% 2.60% 3.30% 3.70% 6.60%
F Cadaver 30.70% 41.40% 39.40% 40.90% 40.40% 41.00% 35.80% 39.70%
Living 0.80% 1.30% 1.30% 1.40% 4.90% 3.00% 12.50% 6.80%
Unknown  Cadaver 6.50% 6.50% 5.80% 450% 5.10% 3.60% 2.00% 2.20%
Living 0.10% 0.10% 1.10% 0.30% 0.30% 0.50% 0.60% 0.10%
us ™M F ™M F M F M F
N =38,581 N=23,79 N =66,629 N =43645 N =83,881 N = 52,652 N=57,104 N =34,256
M Cadaver 46.00% 45.10% 46.00% 43.80% 41.30% 39.30% 40.90% 41.20%
Living 2.80% 9.60% 9.80% 10.80% 12.20% 13.40% 11.80% 11.50%
Unknown 1.10% 1.00% 0.20% 0.20% 0.00% 0.00% 0.00% 0.00%
F Cadaver 24.60% 24.70% 29.90% 29.70% 26.90% 27.80% 25.10% 27.70%
Living 9.40% 10.30% 12.20% 13.20% 17.70% 17.30% 20.80% 18.00%
Unknown 0.70% 0.80% 0.20% 0.20% 0.00% 0.00% 0.00% 0.00%
Unknown  Cadaver 4.30% 4.40% 1.00% 1.10% 1.20% 1.40% 0.90% 1.10%
Living 1.30% 1.30% 0.30% 0.40% 0.60% 0.70% 050% 0.40%
Unknown 2.70% 2.80% 050% 0.50% 0.10% 0.10% 0.00% 0.10%

Results refer to the first kidney transplantation of a patient.
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dialysis initiation and per sex.
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