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Abstract
Introduction  Average dialysis vintage in Japan is among the longest in the world, providing a unique opportunity to char-
acterize pregnancy under conditions of long dialysis vintage. In 2017, we carried out a nationwide survey following up on a 
similar survey in 1996, in which we investigated the prevalence and outcomes of pregnancy in women undergoing dialysis 
and assessed risk factors associated with neonatal and maternal complications.
Methods  The target population was women aged 15–44 years undergoing maintenance dialysis between 2012 and 2016. 
The survey was conducted in 2693 dialysis units.
Results  A response was obtained from 951 dialysis units, yielding a target population of 1992 women of childbearing 
age receiving hemodialysis or peritoneal dialysis. Pregnancy occurred only among women receiving hemodialysis, with 
25 pregnancies (1.26% in 5 years) being reported for 20 women. Detailed information about 19 pregnancies (mean age 
34.6 ± 5.7 years at conception, mean dialysis vintage 8.4 ± 7.3 years) indicated 4 spontaneous abortions, 1 elective abor-
tion, no neonatal deaths, and 14 surviving infants, including 5 full-term (≥ 37 weeks at birth), 2 late preterm (34–36), and 
3 extremely preterm (< 28) cases. Neonatal complications occurred in the offspring of 3 mothers who had end-stage renal 
disease (ESRD) caused by primary glomerulonephritis and serum albumin levels (sAlb) ≤ 3.2 mg/dL in the first trimester. 
These mothers had started dialysis at 12, 17, and 30 years of age. ESRD caused by diabetic nephropathy or primary glo-
merulonephritis, age at conception ≥ 38 years, and sAlb ≤ 3.2 mg/dL were associated with maternal complications, although 
not significantly.
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Conclusions  In this study, the pregnancy rate of Japanese women with ESRD was 0.25% per year. The study generates the 
hypothesis that ESRD caused by diabetic nephropathy and age at conception ≥ 38 years are potential risk factors for maternal 
complications but not for neonatal complications in dialysis patients, and that hypoalbuminemia is a potential risk factor for 
both kinds of complications.
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Introduction

Compared to the general population and to renal transplant 
patients, women with end-stage renal disease (ESRD) under-
going dialysis are at greater risk of infertility, fetal death in 
early pregnancy period, and premature birth [1]. However, 
renal transplantation is difficult to access in Japan because 
of the limited number of cadaveric organ donations. In 2016, 
the average waiting time for cadaveric renal transplantation 
was 15.5 years [2]. The number of occurrences of living 
and cadaveric renal transplantation were 1471 and 177, 
respectively [3] (only 4.0% of total ESRD patients), whereas 
39,344 patients started hemodialysis or peritoneal dialysis 
in the same year [4]. According to the Dialysis Outcomes 
and Practice Patterns Study, around the year 2000, the mean 
number of years on dialysis was 7.4 years in Japan, 5.1 years 
in Europe, and 3.4 years in the USA [5]. In Japan, the health 
insurance system covers most of the cost of dialysis treat-
ment, which has enabled intensive treatment. As dialysis 
access and vintage are much greater in Japan than in other 
countries, the Japanese situation provides a unique opportu-
nity to study pregnancy under long-term dialysis.

The first ever description of conception and successful 
delivery in a woman with ESRD was reported in 1971 
[6]. In Japan, the first successful delivery was achieved 
in 1977 [7]. A nationwide survey by Toma et al. in 1996 
reported that the frequency of pregnancy in Japanese 

dialysis patients was 3.4% and the live birth rate, exclud-
ing cases with elective abortion and unknown outcome, 
was 66.7% [8]. A retrospective study at a single Japanese 
dialysis unit in 2009 reported a similar live birth rate of 
64.3% [9]. According to recent surveys in other countries, 
higher live birth rates in hemodialysis patients are asso-
ciated with decreased blood urea nitrogen (BUN) levels 
caused by high frequency dialysis [9–11]. Since 1996, 
there had been no nationwide survey about pregnancy in 
women with ESRD undergoing dialysis in Japan. There-
fore, we undertook a survey 21 years later to update the 
information on the dialysis settings and outcomes. Further-
more, we collected blood pressure (BP) and biochemical 
data during each trimester for women undergoing dialysis, 
something that had not been well described in previous 
reports. These findings may help to improve the outcomes 
of pregnancy and delivery among women under dialysis. 
This study was carried out under the name of the Tsub-
asa Project, as one of the studies on gender led by young 
Japanese female doctors and supported by The Japanese 
Society for Dialysis Therapy (JSDT).
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Materials and methods

Study population and design

This study was a nationwide, multi-unit, retrospective sur-
vey carried out in 2017. The target population was women 
aged 15–44  years with ESRD undergoing dialysis [8] 
between January 1, 2012 and December 31, 2016 in Japan.

Two‑step survey

A preliminary questionnaire was sent by mail to the direc-
tors of all dialysis units in Japan who were taking care of at 
least one patient in the target population. In this preliminary 
study, information was collected concerning the number 
of women with ESRD and those who became pregnant in 
that period. The applicable dialysis units were determined 
according to the annual JSDT survey carried out in Decem-
ber 2016.

Based on the response to the first questionnaire from the 
dialysis units, more detailed information was collected by 
the second questionnaire, including the following items: 
nature of the underlying renal disease, length of time on 
dialysis, mode and dose of hemodialysis, obstetric course, 
maternal and neonatal complications including hyper-
tensive disorders of pregnancy (HDP), premature labor, 
polyhydramnios, and need for cesarian section. Predialysis 
biochemical parameters at the beginning of the week, dry 
weights, and BP at around 12–14, 20–22, and 32–34 weeks 
of gestation were collected.

Outcomes

Outcomes were defined as follows: surviving infants, infants 
who were alive for more than 28 days [8, 9]; neonatal death, 
death within the first 28 days of life [8, 9]; intrauterine fetal 
demise, intrauterine fetal death after the first trimester and 
before the onset of labor; spontaneous abortion, loss of 
pregnancy without artificial intervention before 22 weeks 
of gestation (according to the definition by the Japan Society 
of Obstetrics and Gynecology); elective abortion, termina-
tion of pregnancy because of anticipated medical prob-
lems or social reasons; and fetal growth restriction (FGR), 
fetal weight smaller than − 1.5 standard deviation (SD) of 
Japanese reference value (Fig. 1) [12]. HDP was defined 
as systolic BP of 140 mmHg or higher, diastolic BP of 
90 mmHg or higher, or use of antihypertensive drugs [13]. 
BP ≥ 160/110 mmHg was defined as severe hypertension. 
Gestational ages were categorized as full-term (≥ 37 weeks), 
late preterm (34–36 weeks) [14], and extremely preterm 
(< 28 weeks) [15].

Statistical analyses

The data were summarized as frequency for categorical vari-
ables and means ± SD for continuous variables. A normality 
test was not carried out. If multiple pregnancies occurred 
in a single patient, midpoint was used to calculate mean 
age at conception and mean duration of hemodialysis before 
pregnancy. Groups were compared using an unpaired t-test 
for continuous variables and a chi-square test or Fisher’s 
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Fig. 1   Outcomes of pregnancy in women undergoing hemodialysis 
in Japan, and association between birth weight, gestational age and 
neonatal complication. Comparison between the current study (a) and 
the previous study (b) is shown in pie charts. b was reproduced and 
modified from Toma et al. [8] by permission. c The gestational ages 

and birth weights of 14 live births in this study were tightly associ-
ated (P < 0.001, R = 0.94). The presence or absence of neonatal com-
plications is indicated by black (n = 3) and white dots (n = 11), respec-
tively. Japanese reference values (mean, ± 1.5 SD, and ± 2.0 SD) [12] 
and case numbers are also shown
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exact test for categorical variables. To study the associa-
tion between birth weight and gestational age at delivery, 
a univariate linear regression analysis was performed. To 
determine the cutoff level for serum albumin to predict 
pregnancy complications, a receiver operating characteristic 
(ROC) curve analysis was carried out using GraphPad Prism 
(MDF, Tokyo, Japan). Adjustment of P values for multiple 
comparison was not performed, since this was not a con-
firmatory but a descriptive study. P < 0.05 was considered 
statistically significant. Statistical analysis was performed 
using SPSS (Chicago, IL, USA).

Results

Frequency of pregnancy

A preliminary questionnaire was provided to all 2693 dial-
ysis units in Japan treating at least one woman of child-
bearing age, to which 951 units responded (response rate 
35.3%). Among a target population of 1992 in those units 
(covering 27.6% of such women in Japan), 25 pregnancies 
(1.26%/5 years) were reported in 20 women during the years 
2012 to 2016 (Fig. S1). No maternal death was reported. All 
pregnancies occurred in patients on maintenance hemodialy-
sis, with no peritoneal dialysis cases being reported.

Live birth rate

Under written informed consent, more detailed information 
was obtained on 19 pregnancies (76.0% of 25) in 15 patients 
(Fig. S1). There were 4 spontaneous abortions (21.1%, at 
ages 21, 30, 35 and 38), 1 elective abortion (5.3%), 14 sur-
viving infants (73.7%), no intrauterine fetal demise and no 
neonatal deaths (Fig. 1). There were 9 preterm and 5 full-
term deliveries. The live birth rate was 77.8%, excluding the 
case of elective abortion. Spontaneous abortions occurred at 
mean of 8.5 weeks of gestation. The elective abortion was 
performed in the 9th week. In women on dialysis for more 
than 10 years, 7 pregnancies (36.8% of total pregnancies) 
were reported (Table 1). They resulted in 5 surviving infants 
(71.4%) and 2 spontaneous abortions (28.6%).

Characteristics and outcomes of the mothers

Among the 15 women who became pregnant during the 
study period, 13 became pregnant once, and 2 became 
pregnant 3 times (Tables 1, S1). Mean age at conception 
was 34.6 ± 5.7 (range 21–40, n = 15) years. Mean dura-
tion of hemodialysis before pregnancy was 8.4 ± 7.3 (range 
0.8–21.8, n = 15) years. In the third trimester, mean dialysis 
time and frequency were 26.3 ± 5.1 h and 5.6 ± 0.5 times 
per week (n = 10), respectively (Table S2). Before delivery, 

all pregnant women were admitted to hospital at mean of 
25.2 ± 6.7 weeks (n = 14) to undergo more frequent dialy-
sis, to maintain close maternal and fetal monitoring, or to 
respond to the onset of pregnancy complications. Maternal 
complications occurred in 12 pregnancies out of 19 (63.2%). 
There were 6 cases with chronic hypertension at pregnancy 
start (31.6%). HDP was observed in 10 cases (52.6%), 
including a case of spontaneous abortion. Five of these 
had severe hypertension, and all 5 had preterm deliveries. 
Among 6 women who became pregnant at 38 years of age 
or older and delivered surviving infants, 5 experienced HDP, 
and 5 had preterm deliveries (Tables 1, S1). Maternal com-
plications other than HDP included cervical insufficiency, 
total placenta previa, and preterm labor. Overall modes of 
delivery included 4 vaginal deliveries and 10 cesarean sec-
tions. The reasons for preterm delivery and cesarean section 
are shown in Table 1. No polyhydramnios was reported.

Biochemistry, anthropometry findings and dialysis 
prescription in trimesters

Biochemical parameters, BP, dry weight and dialy-
sis prescription in each trimester are shown in Table S2 
(n = 10–19). Modification of the dialysis prescription began 
at 11 ± 6.6 weeks of pregnancy. Among 19 pregnancies, the 
mean dialysis prescription was 18.4 ± 6.6 h and 4.0 ± 1.0 
times per week in the first trimester (at 10.8 ± 3.1 weeks). 
BUN, creatinine, potassium, and phosphate levels decreased 
as the trimester progressed. Hemoglobin levels were kept 
intact around 10 g/dL. Dry weights increased by a mean of 
0.19 ± 0.15 kg/week between 12.3 and 20.9 weeks (n = 14), 
with an increase rate of 0.24 ± 0.21 kg/week between 20.8 
and 32.6 weeks (n = 10).

Detailed data on delivery and children

All of the 14 newborn infants lived for more than 28 days. 
Mean gestational age at delivery was 33.7 ± 4.5  weeks 
(Table 1). Mean birth weight was 1853 ± 694 g. Eleven 
(78.6%) of the 14 infants were below 2500 g in birth weight. 
Eight had low birth weights (1500–2500 g), 1 had very low 
birth weight (1000–1500 g), and 2 had extremely low birth 
weights (< 1000 g). These 2 extremely low birth weight 
infants were also extremely preterm. They were among 3 
infants who exhibited neonatal complications other than 
congenital abnormalities. The third had low birth weight and 
preterm delivery (31 weeks). Among 9 preterm infants, there 
were 2 late preterm infants. One of the 4 FGR infants who 
had neonatal complications had a birth weight at 27 weeks 
of − 3.9 SD of the Japanese reference value (555 g, Tables 1, 
S1). Among the 14 infants, a strong correlation was observed 
between gestational age and birth weight (Fig. 1, P < 0.001, 
R = 0.94 by Pearson rank test).
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Neonatal complications occurred in 3 infants, the moth-
ers of whom had started dialysis at 12, 17, and 30 years of 
age and had dialysis vintages of 20.5, 21.8, and 2.8 years, 
respectively. Case 5 had marked changes in status from the 
first to the second trimesters, developing severe hypertension 
(BP changed from 108/73 to 175/105 mmHg) and severe 
malnutrition (BUN from 63 to 35 mg/dL, albumin from 3.2 
to 2.2 mg/dL, and phosphate from 5.1 to 2.5 mg/dL). Case 
6 had chronic hypertension at pregnancy start and delivered 
3 living infants, all of whom had FGR, suggesting that a 
persistent maternal problem existed. Case 11 developed pla-
cental abruption due to total placenta previa. Regular use of 
anticoagulants for dialysis and presence of borderline FGR 
(− 1.4 SD) might have caused a worsening of neonatal com-
plications in this infant.

Potential risk factors for neonatal and maternal 
complications associated with surviving infants

To highlight potential risks for adverse outcomes of preg-
nancy and delivery, risks were graded as shown in Table S1, 
as a color-coded version of Table 1. Among the 14 surviving 
infants, neonatal complications occurred among 3 mothers 
who had primary glomerulonephritis (PGN; nephrotic syn-
drome, chronic glomerulonephritis, or membranoprolifera-
tive glomerulonephritis) as the cause of ESRD (3/7 = 25.1% 
vs 0/7 = 0% with other causes of ESRD, not significant). 
Moreover, serum albumin level (sAlb) ≤ 3.2 mg/dL in the 
first trimester (3/5 = 60.0%, Fig. S2) was significantly associ-
ated with increased incidence of neonatal complications (vs 
0/9 = 0% with ≥ 3.3 mg/dL, P = 0.03).

Concerning maternal complications, the following 
tendencies were observed. As to the cause of ESRD, dia-
betic nephropathy or PGN (10/10 = 100%) was associated 
with increased incidence of maternal complications (vs 
1/4 = 25% with other causes, P = 0.01). Age at concep-
tion ≥ 38 years (6/6 = 100%) was associated with increased 
incidence of maternal complications (vs 5/8 = 62.5% 
with ≤ 37  years), but not with neonatal complications 
(1/6 = 16.7% vs 2/8 = 25.0%). First trimester sAlb ≤ 3.2 mg/
dL (5/5 = 100.0%, Fig. S2) was associated with maternal 
complications (vs 6/9 = 66.7% with ≥ 3.3 mg/dL). Dialysis 
vintage ≥ 10 years (4/5 = 80.0%) was not associated with 
maternal complications (vs 7/9 = 77.8% with < 10 years). 
Chronic hypertension at pregnancy start was a major compo-
nent of maternal complications (6 out of 11), but its presence 
was not associated with neonatal complications (1/5 = 20.0% 
vs 2/9 = 22.2% with no chronic hypertension).

Comparison between preterm and full‑term 
deliveries

As shown in Table 1, compared to the 5 full-term cases, the 
9 preterm cases had significantly lower birth weights (pre-
term 1504 ± 603 g versus full-term 2480 ± 273 g, P = 0.005), 
earlier gestational weeks at hospitalization (22.1 ± 3.9 ver-
sus 30.8 ± 7.3 weeks, P = 0.01), and developed HDP more 
frequently (77.8% versus 40.0%, P = 0.16). Among women 
who reached the third trimester (n = 10), systolic (141 ± 21 
versus 115 ± 15 mmHg, P < 0.05) and diastolic BPs (90 ± 12 
versus 68 ± 10 mmHg, P = 0.01) were significantly higher in 
preterm cases. During the first trimester, women who would 
later have a preterm delivery tended to have lower BUN, 
albumin, and phosphorus levels, suggesting that they had 
malnutrition. Furthermore, although the differences were not 
significant, women who had preterm deliveries were older 
(mean ages 36.7 ± 3.5, range 32–40 versus 33.6 ± 4.5, 26–38, 
P = 0.18) and duration of dialysis was longer (10.5 ± 7.7, 
2.3–21.8 versus 7.6 ± 4.9, 2.4–15.1 years, P = 0.47) com-
pared to those who had full-term deliveries. No neonatal 
complications were observed in full-term deliveries.

Discussion

In the present survey of the Tsubasa Project, among 1992 
Japanese women with ESRD aged 15–44 years, 25 pregnan-
cies (1.26%/5 years) were reported for 20 women receiving 
hemodialysis. Detailed information about 19 pregnancies 
was collected for 15 women. Compared to the previous 
survey in 1996 [8], when cases with elective abortion and 
unknown outcome were excluded, the live birth rate elevated 
from 66.7 to 77.8% (but not significantly, P = 0.38). Among 
14 pregnancies resulting in surviving infants, 5 mothers had 
undergone dialysis for more than 10 years, and 11 mater-
nal and 3 neonatal complications occurred. Age at concep-
tion ≥ 38 years tended to have an increased association with 
maternal complications compared to ≤ 37 years, but neona-
tal complications developed in mothers whose ages were 
32, 33 and 39 years. Furthermore, malnutrition suggested 
by sAlb ≤ 3.2 mg/dL in the first trimester appears to be a 
common risk for both maternal and neonatal complications 
[16, 17]. These complex findings are in line with a previous 
report by Villar et al. which proposed that preeclampsia (as 
a maternal complication) and FGR (as a neonatal complica-
tion) may have distinct etiologies among obstetric disorders 
[18].

In our study, the cutoff for neonatal and maternal com-
plications was set at sAlb 3.2 mg/dL (Fig. S2). Since sAlb 
decreases gradually as pregnancy progresses (Table 2) [19], 
different cutoffs may apply to women in different settings. 
This study examined pregnancies among women on dialysis 
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undergoing regular blood tests. However, for most women 
not receiving dialysis, obtaining biochemistry data in the 
first trimester may not be practical, as they are not necessar-
ily recommended by guidelines to undergo such testing [20].

Neonatal complications occurred in 2 of 3 infants with 
extremely preterm delivery and in 1 of the 4 FGR infants. 
Despite having repeated HDP and FGR, Case 6 had second 
and third deliveries without neonatal complications at 37 
and 36 weeks, respectively, after taking a low dose of aspi-
rin (presumably following expert recommendations [21]) 
and increasing both the dialysis blood flow and the size of 
the dialysis membrane. Three pregnancies which occurred 
among women who began dialysis between the ages of 12 
to 17 resulted in two extremely preterm deliveries and one 
delivery with placental abruption and severe fetal complica-
tions. These observations raise the possibility that kidney 
disease onset, immunosuppressive treatment and dialysis ini-
tiation during adolescence adversely affected the functional 
maturation of the uterus. Indeed, adolescent pregnancy in 
general is reported to be associated with maternal and neo-
natal complications [22].

The present study also provides some hints about the 
relationship between the cause of ESRD and pregnancy 
outcomes. A previous study indicated that ESRD due to 
glomerulonephritis was associated with increased live 

birth rates, while diabetes was associated with decreased 
live birth rates [23]. On the other hand, in a Canadian 
study by Hladunewich et al. among 17 women on dialysis, 
extremely preterm deliveries of 360 g and 980 g infants 
occurred in mothers who had ESRD due to IgA nephropa-
thy [10]. Hoffman et al. reported that ESRD due to dia-
betes or lupus was associated with neonatal morbidity 
[24]. In our study, mean age at dialysis initiation among 
4 mothers who had ESRD due to diabetic nephropathy 
(33.5 ± 3.9 years, range 29–38) was much older than that 
of the other 11 mothers (23.6 ± 7.4 years, range 12–39, 
P = 0.03). Our findings suggest that dialysis initiation at a 
relatively young age reduces the probability of developing 
ESRD due to diabetic nephropathy.

In our study, HDP (52.6%) and preterm delivery 
(64.3%) were frequent during pregnancy in women on 
dialysis (Table 1). In pregnancy in the general population, 
these factors are tightly linked, and are associated with 
increased risk for neonatal morbidity and mortality [18]. 
In our study, there were 3 women who did not have chronic 
hypertension at pregnancy start but developed HDP and 
preterm labor later (Table 1). Importantly, ideal BP tar-
get for hypertensive mothers is controversial [25, 26]. A 
recent study reported that initiating tight (versus less-tight) 
control of BP at < 24 weeks significantly reduced severe 

Table 2   Comparison of biochemistry, anthropometry findings and dialysis prescription in each trimester between preterm and full-term deliver-
ies

a Gestational weeks

1st trimester 2nd trimester 3rd trimester

Preterm Full-term P-value Preterm Full-term P-value Preterm Full-term P-value

Number 9 5 9 5 5 5
Age (years) 36.7 ± 3.5 33.6 ± 4.5 0.18
Dialysis vintage (years) 10.5 ± 7.7 7.6 ± 4.9 0.47
Biochemical parameters
 Timing of examination (weeks)a 13 ± 1 12 ± 3 0.49 21 ± 1 21 ± 1 0.35 33 ± 2 32 ± 2 0.70
 Blood urea nitrogen (mg/dL) 45 ± 22 56 ± 11 0.29 38 ± 7 50 ± 14 0.053 34 ± 16 24 ± 10 0.26
 Creatinine (mg/dL) 8.7 ± 2.5 9.7 ± 1.9 0.44 7.4 ± 1.0 9.0 ± 2.6 0.12 6.4 ± 2.7 5.8 ± 1.9 0.69
 Albumin (g/dL) 3.3 ± 0.2 3.6 ± 0.3 0.09 3.1 ± 0.4 3.3 ± 0.2 0.18 2.7 ± 0.4 2.9 ± 0.1 0.37
 Potassium (mEq/L) 4.3 ± 0.6 4.6 ± 0.9 0.50 4.1 ± 0.4 4.5 ± 0.6 0.18 3.9 ± 0.6 3.9 ± 0.7 0.88
 Calcium (mg/dL) 8.8 ± 0.6 9.1 ± 0.6 0.41 9.1 ± 0.5 9.2 ± 0.2 0.54 8.7 ± 0.7 9.1 ± 0.6 0.29
 Phosphate (mg/dL) 4.5 ± 1.8 5.2 ± 1.4 0.43 4.2 ± 1.0 3.9 ± 0.8 0.33 3.8 ± 1.5 3.6 ± 1.0 0.88
 Hemoglobin (g/dL) 9.7 ± 0.9 10.0 ± 0.8 0.48 9.8 ± 1.7 10.0 ± 1.5 0.71 11.0 ± 1.5 9.8 ± 0.4 0.12

Blood pressure and dry weight
 Timing of examination (weeks)a 13 ± 1 12 ± 3 0.49 20 ± 3 21 ± 1 0.33 33 ± 2 32 ± 2 0.70
 Systolic blood pressure (mmHg) 128 ± 32 122 ± 26 0.71 136 ± 29 117 ± 17 0.21 141 ± 21 115 ± 15 0.0496
 Diastolic blood pressure (mmHg) 75 ± 16 72 ± 20 0.71 79 ± 21 69 ± 10 0.36 90 ± 12 68 ± 10 0.013
 Dry weight (kg) 58.6 ± 10.8 60.6 ± 12.0 0.76 60.3 ± 11.4 62.0 ± 11.7 0.80 63.3 ± 12.8 65.6 ± 11.9 0.78

Dialysis prescription
 Dialysis time (hour/week) 19.8 ± 4.9 20.5 ± 9.9 0.86 22.5 ± 3.7 22.9 ± 8.7 0.91 24.8 ± 5.0 27.8 ± 5.2 0.38
 Frequency (times/week) 4.2 ± 0.8 4.4 ± 1.3 0.76 5.1 ± 0.9 4.8 ± 1.3 0.67 5.4 ± 0.5 5.8 ± 0.4 0.24
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maternal hypertension and preterm birth (without a sig-
nificant effect on maternal death). However, this effect was 
counterbalanced by an increased incidence of mildly small 
for gestational age, such that there was no overall effect on 
neonatal morbidity or death [27]. On the other hand, a ran-
domized clinical trial in the general population revealed 
that aggressive treatment of mild to moderate hyperten-
sion in the third trimester reduced premature delivery 
and neonatal respiratory distress requiring intensive care 
compared to placebo treatment [28]. Taken together, the 
above findings suggest that the timing to potentiate anti-
hypertensive treatment is an important consideration for 
pregnancy both in general and under conditions of dialysis.

It is well established that low BUN is associated with 
favorable maternal and neonatal outcomes in pregnancy with 
ESRD [9–11, 29]. However, BUN may not be a simple sur-
rogate of uremic toxin accumulation [10]. Frequent, long-time 
dialysis should not only efficiently remove uremic toxins but 
also reduce the amount and speed of water removal during 
the dialysis session, which should be helpful for stabilizing 
maternal and fetal circulation. In that sense, BUN seems to 
be a reliable surrogate for dialysis performance. In a single-
center, core facility report from Brazil [30], favorable fetal out-
comes were obtained when midweek BUN was < 35 mg/dL. 
Our study consistently found that mean BUN at the beginning 
of the week in the third trimester was 34 mg/dL and 24 mg/
dL (P = 0.26) in the preterm and full-term cases, respectively 
(Table 2). When women on dialysis become pregnant, it is rec-
ommended that they increase protein and total calorie intake 
from the second trimester to compensate for fetal growth and 
intensified dialysis-induced protein loss [31], but information 
about actual or recommended protein intake was not collected 
in our study. It is interesting to note that, in the second trimes-
ter, Case 6 showed phosphate levels of 5.2 ± 0.5 mg/dL in three 
pregnancies (6P1–6P3), which were higher than the overall 
mean level of 4.1 mg/dL among 14 pregnancies. This might 
have been caused by increased protein intake to maintain sAlb, 
by poor compliance in taking phosphate binders by the patient, 
or by the use of low efficiency dialysis to cope with dialysis 
difficulty, for instance, by intradialytic hypotension. Therefore, 
we have to point out there is the possibility that higher BUN 
level may not be a cause of poor pregnancy outcomes, but a 
result of difficult dialysis. This view is supported by a study by 
Luders et al. of pregnancy in women with ESRD [32]. In their 
study, the adverse fetal outcome group had higher BUN levels 
than the favorable fetal outcome group, but the dialysis doses 
were similar between the groups, indicating that low efficiency 
dialysis was not the cause of the poor outcomes.

In our survey, the live birth rate was 77.8%, and preterm 
delivery was predominant among these live births. However, 
there was no occurrence of maternal death or of congenital 
abnormalities. Importantly, although the live birth rate in 
women on dialysis is much lower than that in the general 

population (see below) [1, 29], a recent, large-scale, meta-
analysis reported that ESRD patients have a maternal peri-
natal mortality rate of only 0.4% and the same congenital 
abnormality rate as the general population (2%) [11].

We further compared the results of the survey in 1996 
[8] and this survey in 2017 (Table S3). The response rate 
in 1996 was 1.8-fold higher than that in 2017. It was dif-
ficult to compare the frequency of pregnancy (3.4% versus 
0.25%/year), because the 1996 study did not specify the time 
period covered. Moreover, in the 2017 study, there were ten-
dencies that mean gestational age was longer, the preterm 
delivery rate was lower, and the birth weight was higher, 
despite the fact that the mothers were older and the duration 
of dialysis prior to pregnancy was longer. The frequency of 
major neonatal complications in surviving infants, which 
were tightly associated with lower gestational age and birth 
weight (Fig. 1), decreased from 41.7 to 21.4% (P = 0.18). 
In addition, mean dialysis time before delivery increased 
from 22.0 to 24.9 h per week and mean dialysis frequency 
increased from 4.5 to 5.6 times per week (Table S3).

The tendency toward improved pregnancy outcomes over 
21 years may have been caused by longer and more frequent 
dialysis [10, 11, 29], good anemia control (Table 2) [9], and 
technical progress in pregnancy and neonate care. Indeed, 
the rate of neonatal death in the Japanese general population 
improved from 2.0 per 1000 live born babies in 1996 [33] 
to 0.9 in 2016 [34].

We also compared the outcomes of pregnancy on dialy-
sis among nationwide surveys in other countries published 
in 1998 or later (Table 3). The mean dialysis vintage of 
8.4 years in our study was almost double that of the longest 
dialysis vintages previously reported for other countries [23, 
35]. Our study found that the frequency of pregnancy was 
2.5 per 1000 patient-years (PTPY) and the live birth rate was 
78%. This fit within the ranges of 2.1–5.5 PTPY and 40–83% 
in studies from Belgium [36], the USA [10, 37], Australia 
[23], New Zealand [23] and Canada [10]. These findings 
are also consistent with a systematic review of 10 surveys 
published between 2000 and 2008 reporting that the mean 
live birth rate was 76% [38].

Recently, a study in the USA using administrative claim 
data instead of survey data found that the delivery rate (but 
not pregnancy rate) in women undergoing hemodialysis 
increased from 2.1 to 3.6 PTPY, during the years 2002 to 
2015 [35]. Another claim-based report in the USA covering 
2005 to 2013 indicated that the pregnancy rate was 17.8 
PTPY and the live birth rate was 27% (39% when unknown 
outcomes were excluded), but mean dialysis vintage was 
recorded as less than a year, suggesting that there was a 
reporting bias [39].

In our study, the incidence of live births was 1.4 PTPY 
among women on dialysis aged from 15 to 44 years (calcu-
lated as 14/1992/5), compared to 46.9 PTPY in the general 
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Japanese population in 2016 (according to Vital Statistics 
collected by Ministry of Health, Labour and Welfare of 
Japan; 975,531 live births [40] among 20,814,958 women 
aged 15–44 [41]). A similar survey in Italy reported live 
birth rates of 0.7–1.1 PTPY for women on dialysis, and 72.5 
PTPY for the general population aged 20–45 [1].

Our survey has several limitations. The study design is 
limited by the fact that a survey was used to determine preg-
nancy rates and complications, and by its low response rate, 
both of which may have led to underreporting. Also, this 
study is a retrospective case series and has a small number 
of events, so the statistical power of this study is restricted, 
and we cannot establish cause/effect relationships. However, 
a strength in this study is that all of the pregnant women 
belonged to independent units, except for one pair of women, 
reflecting a multi-center feature of our analysis.

Conclusions

In conclusion, following up on a 1996 nationwide survey 
by Toma et al. [8], our 2017 study found a tendency toward 
improved pregnancy outcomes in Japanese women on hemo-
dialysis. Surviving infants were successfully delivered even 
after 10 years of hemodialysis. The study suggests that 
ESRD caused by diabetic nephropathy and age at concep-
tion ≥ 38 years are potential risk factors for maternal compli-
cations. Compared to full-term cases, preterm cases showed 
a tendency toward lower birth weights, more frequent devel-
opment of HDP, malnutrition, and older mothers with longer 
dialysis vintage. Furthermore, we observed that neonatal 
complications not only occurred as a result of extremely 
preterm delivery or FGR but also were predictively associ-
ated with malnutrition in the first trimester and with certain 
causes of ESRD in relatively young mothers. These findings 
may provide guidance to medical practitioners for treating 
both current ESRD patients and young patients who have 
not yet developed ESRD.
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