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Sex disparity in dialysis and kidney transplantation over
20 years in Korea
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Background: Sex disparity is prevalent in organ transplantations worldwide. This study aimed to understand sex disparities in dialysis
and kidney transplantation in Korea over the last 20 years.

Methods: Data for incident dialysis, waiting list registration, and donors and recipients were retrospectively collected between January
2000 and December 2020 from the Korean Society of Nephrology end-stage renal disease registry and the database of the Korean
Network for Organ Sharing. Data regarding the proportion of females for dialysis, waiting list, and kidney transplantation donors or re-
cipients were analyzed using linear regression analysis.

Results: The average proportion of females on dialysis over the past 20 years was 40.5%. The proportion of females on dialysis was
42.8% in 2000, and decreased to 38.2% in 2020, showing a decreasing trend. The average proportion of women on the waiting list
was 38.4%, which was lower than that for dialysis. The average proportion of female recipients in living donor kidney transplantation
and female living donors were 40.1% and 53.2%, respectively. The overall proportion of female donors in living donor kidney trans-
plantation showed an increasing trend. However, there was no change in the proportion of female recipients in living donor kidney
transplantation.

Conclusion: Sex disparities in organ transplantation exist, including an increasing trend of female donors in living donor kidney trans-
plantation. Further studies are needed to identify the biological and socioeconomic factors involved to resolve these disparities.
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Introduction nevertheless, men have a higher risk of CKD progression

and are more likely to develop end-stage kidney disease
Chronic kidney disease (CKD) shows sex differences in ~ (ESKD) [2]. As for kidney transplantation (KT), women
prevalence and rate of progression. The incidence or prev-  are less likely to be kidney recipients but are more likely
alence of CKD is high among women in most countries [1];  to become living kidney donors [3,4]. Various causes have
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been mentioned for this sex disparity in KT. Women are
more likely to be excluded from being KT recipients due
to a higher level of preexisting lymphocytotoxic antibodies.
Men may also be excluded as donors because of preexisting
comorbidities such as diabetes or coronary artery disease.

Recently, the Asian Society of Transplantation in part-
nership with Women in Transplantation highlighted the
disparity between male and female KT donors and recip-
ients in the Asia Pacific region [5]. Overall, there was a fe-
male predominance of living donors across most countries;
however, there were large differences in the female pro-
portions of donors and recipients worldwide. Social factors
such as attitude, financial considerations, patriarchy, and
coercion have been suggested to be key contributors to
disparity [5]. Since the success of the first kidney transplant
in 1969, Korea has made remarkable progress in terms of
both quantity and quality of transplants, based on number
and survival rate. Furthermore, the socioeconomic status
of women in Korea is generally improving. According to the
Organisation for Economic Cooperation and Development
(OECD), Korean women took a larger role in economic
activities and achieved great strides in educational attain-
ment [6]. However, there has not been much research on
sex disparity in the field of CKD and transplantation in
Korea. Thus, this study aimed to describe the perspectives
of nephrologists on sex disparity in dialysis, waiting list reg-
istration, and KT.

Methods
Data source

We retrospectively reviewed and analyzed the data for in-
cident dialysis, waiting list registration, and KT donors and
recipients. The data for dialysis patients between January
2000 and December 2020 were obtained from the Korean
Society of Nephrology (KSN) ESKD registry. The start date
of dialysis, birth date, and information regarding sex of the
patient were collected for incident dialysis patients. The
demographic data, registration date for the waiting list and
KT date, and donor-recipient relationship date from Janu-
ary 2000 and December 2020 were obtained from the Kore-
an Network for Organ Sharing (KONOS) database.

The study was conducted in accordance with the Decla-
ration of Helsinki. The Institutional Review Board of Hal-

lym University Hangang Sacred Heart Hospital approved
this study (No. HG2021-019). The need for informed con-
sent was waived owing to the retrospective design of the
study.

Data analysis

The proportion of females in incident dialysis, waiting list
registration, and donors/recipients was assessed by year.
Time trend analysis was performed using linear regression
analysis. The chance of transplantation was estimated
using the Kaplan-Meier curves with the log-rank test. Cox
regressions were performed to estimate the hazard ratio
(HR) and confidence intervals (CI) for transplantation
probability. Statistical analysis was performed using IBM
SPSS version 22.0 (IBM Corp.).

Results

A decreasing trend in the proportion of females undergo-
ing dialysis over 20 years

Fig. 1A and B show the actual number of incident dialysis
patients by sex and the proportion of females. The mean
proportion of females on dialysis over the period of 20
years was 40.5%, whereas that of males was 59.5%. The
proportion of females in 2000 was 42.8%, which peaked
at 44.0% in 2002 and decreased to 38.3% in 2020. In linear
regression analysis, the proportion of females in incident
dialysis showed a decreasing trend (B = -0.312; 95% CI,
-0.353 to -0.270; p < 0.001). When dialysis patients were
classified by age, the proportion of women over 70 years
was higher than that of men (Supplementary Fig. 1, avail-
able online).

The number and proportion of females newly registered
to the waiting list over the period of 20 years are presented
in Fig. 1C and D, respectively. The mean female proportion
was 38.4%, with a decreasing trend over the study period (B
=-0.444; 95% CI, -0.599 to -0.289; p < 0.001). Panel reactive
antibody (PRA) was higher in women than in men. The
proportion of PRA I over 50% was 5.0% in males and 20.7%
in females; PRA II over 50% was 6.3% in males and 18.6% in
females.
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Figure 1. The female proportion of incident dialysis and new registration to the waiting list. (A) Number of incident dialysis patients
by sex, (B) female proportion of new dialysis patients, (C) number of new waiting list registrations by sex, and (D) female proportion of

new regjstrations to the waiting list.

The female proportion of kidney transplant recipients
and donors over 20 years

Fig. 2A shows the proportion of female living kidney do-
nors from 2002 to 2020. The mean proportion of female
living kidney donors was 53.2% and showed an increasing
trend (B = 0.646; 95% CI, 0.505-0.787; p < 0.001). Donor-re-
cipient relationship is presented in Fig. 2B and Supplemen-
tary Table 1 (available online). The donation proportions
from a patient’s husband (B = 0.647; 95% CI, 0.559-0.734;
p < 0.001), wife (B = 1.231; 95% CI, 1.067-1.395; p < 0.001),
daughter (B = 0.101; 95% CI, 0.029-0.174; p = 0.009), and
mother (B = 0.120; 95% CI, 0.029-0.210; p = 0.01) have in-
creased over 20 years; however, donations from a brother
(B =-0.732; 95% CI, -0.856 to -0.607; p < 0.001), sister (B =
-0.351; 95% CI, -0.482 to -0.220; p < 0.001), extended fam-
ily (male) (B = -0.118; 95% CI, -0.164 to -0.072; p < 0.001),
others (male) (B = -0.565; 95% CI, -0.664 to -0.465; p <
0.001), and others (female) (B = -0.450; 95% CI, -0.547 to
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-0.354; p < 0.001) has decreased. Donation from a son (B =
0.057; 95% CI, -0.057 to 0.172; p = 0.31) or father (B = 0.064;
95% CI, -0.030 to 0.158; p = 0.17), and extended family (fe-
male) (B = -0.005; 95% CI, -0.070 to 0.060; p = 0.87) did not
show any significant trends. Most living donors were blood
relatives, and interspousal donation showed a significant
increase. Further analysis of donor-recipient relationship
(Supplementary Fig. 2, available online) showed no trend
in the ratio of wife to husband (B = -0.041; 95% CI, -0.085 to
0.003; p = 0.07) and mother to father donations (B = 0.002;
95% CI, -0.028 to 0.032; p = 0.87); however, the ratio of sis-
ter to brother donations showed an increasing trend (B =
0.023; 95% CI, 0.014-0.033; p < 0.001).

We further checked whether there was sex difference
in transition from the waiting list to deceased donor KT
(DDKT). In Kaplan-Meier curve, female had a lower
chance of obtaining a DDKT than male (log-rank p < 0.001)
(Fig. 3). In Cox regression analysis adjusted for age, females
were less likely to receive DDKT than males (HR, 0.938;
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Figure 2. The female proportion of KT recipients and donors over 20 years. (A) Female proportion of living donors, (B) donor-recipi-
ent relationship in living donor KT, (C) female proportion of living donor KT recipients, and (D) female proportion of deceased donor KT

recipients.
F, female; M, male; KT, kidney transplantation.
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Figure 3. Kaplan-Meier curves of the patient chance of trans-
plantation while listed according to sex.

95% CI, 0.904-0.973; p = 0.001).

During the study period of 20 years, the mean proportion
of female recipients in living donor KT (LDKT) and DDKT
were 40.1% and 37.5%, respectively. The mean proportion
of female recipients in LDKT was 40.1% (Fig. 2C), and
showed no trend (B = 0.051; 95% CI, -0.094 to 0.196; p =
0.469). Fig. 2D shows no specific trends in the proportion
of female DDKT recipients (B = -0.552; 95% CI, -0.845 to
-0.250; p = 0.001).

Fig. 4 presents a summarized flow chart of sex disparities
in dialysis, waiting list registration, and transplant. When
dividing the first 5 years, 2001 to 2005 (Fig. 4A), and the
last 5 years, 2016 to 2020 (Fig. 4B), we found a significantly
decreased female proportion in dialysis, on the waiting list,
and receiving DDKT, and an increasing female proportion
of LDKT donors.
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Q 2001-2005

Dialysis \ F 43.2% | M 56.8%
Wait-listed ] F42.6% | M57.4%
DDKT v LDKT*
F 453% | M 54.7% | F39.0%  M61.0%

Living donor*
| F46.5% | M53.5%

*LDKT, 2002-2005

Q 2016-2020

Dialysis | F385% | M61.5% |
Wait-listed \ F36.1% | M 63.9%
DDKT v LDKT
KT
F37.5% | M 62.5% \ F 40.0% | M 60.0%
Living donor
F56.3% | M43.7%

Figure 4. Summary flow chart about sex disparities in dialysis, waiting list registration, and transplantation. (A) From 2001 to

2005. (B) From 2016 to 2020.

DDKT, deceased donor kidney transplantation; F, female; KT, kidney transplantation; LDKT, living donor kidney transplantation; M,

male.

Discussion

In this study, we described trends in the proportion of
females on dialysis, on the waiting list, and who were KT
donors and recipients over 20 years. We found a decreasing
trend in the proportion of females in incident dialysis, on
the waiting list, and who received DDKT sequentially. In
contrast, the proportion of female living donors showed an
increasing trend; in particular, there was a significant in-
crease in the number of donations from wives.

In this study, we have not mentioned the female propor-
tion of CKD in Korea. Because it is impossible to conduct
a full investigation of the proportion of females with CKD,
there is inevitably a sampling bias, and the prevalence of
CKD among females and males differs from study to study
[7]. The proportion of males vs. females with CKD was
59% vs. 41% in the Korean National Health Insurance Ser-
vice-National Sample Cohort from 2003 to 2007 [8]. Like-
wise, CKD prevalence in men was 3.5% and in women was
2.4% in Korean National Health and Nutrition Examination
Survey VI [7]. In the case of dialysis, there are statistical
data from the KSN registry project, which might not be ac-
curate because of the self-reporting system of each dialysis
center. Based on KSN registry data, the male proportion of
new dialysis continued to increase over the past 20 years.

The ratio of men on the waiting list is also increasing.
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This could be because the ratio of men receiving dialysis
has increased; furthermore, this may be because the pro-
portion of women over 70 years of age is higher than that of
men. Older dialysis patients might be reluctant to register
for transplantation, which may explain why the waiting list
registration rate for women is lower than for men. A similar
trend was seen in the United States [9]; national data from
the United States showed that access to transplantation for
women declined with increasing age and comorbidities.

Living donation from females is increasing steadily.
Analysis of the donor-recipient relationship among family
members showed marked increase in interspousal dona-
tion. Donations from husbands to wives and vice versa are
increasing; however, donation from wives is over twice that
from husbands on average. The development of ABO-in-
compatible KT (ABOi KT) could have affected the increase
in donations from wives. Since ABOi KT was introduced in
Korea in 2007, ABOi KT has accounted for over 20% of all
LDKT [10]. Because ABOi KT from spousal donors can be
considered for ESKD patients whose only potential donor
is an ABO-mismatched spouse, ABOi KT increased spousal
donation by up to 31.5% in LDKT in Korea [11]. There were
more donations from sons than daughters before; however,
currently donations from sons are on the decline and those
from daughters are increasing. Meanwhile, donations from
sisters are higher than those from brothers.
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To donate a kidney, one must be in good physical and
mental health. Individuals with uncontrolled hyperten-
sion, diabetes, malignancy, or acute infections are exclud-
ed from donation. The unbalanced ratio between men and
women could be attributed to the higher rate of comorbid-
ities among men than among women. Another reason is
the higher level of presensitization in women than in men.
However, sex discrepancies appear to be multifactorial in
nature, and vary depending on both sociocultural and bio-
logical determinants. The main reasons for sex disparities
could be the higher incidence of kidney disease in men
and fear of losing earnings among men [12]. Sociocultural
factors such as patriarchy and socioeconomic dependency
of women on men within the family may be key contrib-
utors to increasing the number of female living donors in
developing countries [13]. In the case of Korea, nuclear
families and fewer children could also be a factor. It can
be hypothesized that in the early 2000s, more men acted
as donors; however, recently, owing to reduced number of
male donors in the family, females such as daughters and
sisters have opted to become donors.

There are several limitations to this study. We obtained
dialysis data from the KSN ESKD registry which is collect-
ed through an internet program and self-reported by the
dialysis center. In 2020, 51.9% of dialysis centers in Korea
participated in this registry [14], which means not all di-
alysis patients were included in the study. In addition,
socioeconomic factors or underlying diseases could not be
considered in the analysis of sex disparities because these
data were not available in the KONOS database. Also, sex
disparities in the transition from CKD to end-stage renal
disease (ESRD) or ESRD to the waiting list could not be
analyzed owing to absence of a relevant national registry.
However, this study is meaningful in that it shows patterns
in sex disparities over 20 years.

We use the term ‘sex disparity’ rather than ‘sex inequity.
Disparity implies a difference of some kind, whereas ineq-
uity implies unfairness and injustice. It is obvious that there
is a disparity with regard to sex for women in transplanta-
tion; however, we could not establish whether there is sex
inequity in transplantation because we could not consider
socioeconomic factors in this analysis.

In summary, although there was a decreasing trend in
the proportion of females on dialysis, on the waiting list,
and receiving DDKT over the past 20 years, the proportion

of females among LDKT donors is increasing. The under-
lying influencing factors, especially socioeconomic and
biological factors in Korea, should be elucidated to ensure
equal access to KT for both sexes.
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