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Abstract

Rationale & Objective—Women with end stage kidney disease (ESKD) have decreased fertility 

and are at increased risk for pregnancy complications. This study examined secular trends and 

outcomes of obstetric deliveries in a US cohort of women with ESKD.

Study Design—Retrospective cohort study

Setting & Participants—Women aged 18–44 years with ESKD and registered in the United 

States Renal Data System (USRDS) from 2002 – 2015.

Exposure—ESKD modality (hemodialysis, peritoneal dialysis, transplant)

Outcomes—Infant delivery, pre-term delivery, cesarean delivery

Analytical Approach—Unadjusted delivery rates were expressed as the number of delivering 

women per 1000 patient-years among women 18–44 within each year over the study period, 

stratified by ESKD modality. Logistic regression models were used to evaluate associations of 

delivery, pre-term delivery, and cesarean delivery, with patient characteristics.

Results—The delivery rate in women undergoing HD and in women with a kidney transplant 

increased from 2.1 to 3.6 and 3.1 to 4.6 per 1000 patient-years, respectively (p<0.001 for each). 

The delivery rate in patients undergoing peritoneal dialysis was lower and did not increase 

significantly (p = 0.9). Women with a transplant were less likely to deliver preterm compared to 

women undergoing HD (OR, 0.92; 95% CI, 0.84–1.00), though more likely have a cesarean 
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delivery (OR, 1.18; 95% CI, 1.06–1.31). For deliveries occurring in the 2012–2015 time period, 

75% of women treated with HD were prescribed <=4 outpatient HD treatments per week and 25% 

were prescribed 5+ treatments per week in the 30 days prior to delivery.

Limitations—Ascertainment of outcomes and comorbidities using administrative claims data.

Conclusions—The delivery rate in women of reproductive age with ESKD increased from 2002 

to 2015 amongst those treated with transplantation or hemodialysis. Women with a functioning 

transplant were less likely to deliver preterm, but more likely to have a cesarean delivery. 

Prescriptions for outpatient intensified hemodialysis for pregnant women with ESKD were 

infrequent in 2012–2015.
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Introduction

Pregnancy in women with end stage kidney disease (ESKD) is a relatively rare and 

challenging clinical scenario. Women with ESKD have reduced fertility, owing in part to 

dysregulation of the hypothalamic-pituitary-gonadal axis and hyperprolactinemia resulting 

in anovulation1,2, as well as high rates of sexual dysfunction3–5. Women with ESKD whose 

treatment modality is dialysis also have a higher risk of maternal and fetal morbidities 

including blood transfusions6, severe hypertension, preeclampsia,7 and fetal demise8,9. 

Although kidney transplantation improves the biologic mechanisms of infertility in patients 

with ESKD10, transplant recipients still experience pregnancy complications including 

preeclampsia, cesarean delivery, and preterm delivery more frequently than the general 

population6,11,12.

Despite the challenges women with ESKD face conceiving, carrying, and delivering 

offspring, reports of successful pregnancies on hemodialysis (HD) are rising.13 The 

Australian and New Zealand Dialysis and Transplant Registry (ANZDATA) showed an 

increasing rate of pregnancy for women on dialysis from 1976–2008, from 0.67 pregnancies 

per 1000 person-years in 1986–1995 to 3.3 per 1000 person-years in 1996–200814 There is 

limited information on a national level in the US about childbirth in women with ESKD, 

particularly amongst those treated with dialysis.

The objectives of this study were to describe secular trends in obstetric deliveries amongst 

US women with ESKD and investigate the associations of treatment modality (HD, 

peritoneal dialysis, and transplant) and other clinical characteristics with delivery outcomes 

including preterm delivery and cesarean delivery. We hypothesized that shorter kidney 

replacement therapy (KRT) vintage (time since ESKD designation) would be associated 

with higher likelihood of delivery. Furthermore, in a subset of delivering women receiving 

HD from 2012–2015, we sought to use dialysis clinical data available from Consolidated 

Renal Operations in a Web-enabled Network (CROWNWeb) to examine the association 
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between preterm delivery and intensity of HD prescribed. We hypothesized that fewer hours 

of dialysis weekly and higher pre-HD SUN would be associated with higher likelihood of 

preterm delivery.

Methods

Study population

We performed a retrospective cohort study of all female ESKD patients age 18–44 years 

between January 1, 2002 and September 30, 2015 using data from the US Renal Data 

System (USRDS). The USRDS is the national registry of persons undergoing maintenance 

dialysis or having received a kidney transplant. We restricted analyses to persons with 

Medicare as their primary payer to facilitate complete capture of administrative claims data. 

Multiple observations were included for each woman, one for each year observed in USRDS 

over the study period. For each year in the study period, prevalent women with ESKD were 

followed for the proportion of time in that year they had data available (for example, if a 

woman was declared to have ESKD on July 1, 2008 and died on June 30, 2010 she was 

ascribed 0.5 years of follow up in 2008, 1 year of follow up in 2009, and 0.5 years of follow 

up in 2010). For women delivering between 2012–2015, additional clinical data elements 

were available monthly from CROWNWeb, a web-based data-collection system that was 

implemented across all Medicare-certified dialysis facilities from May 2012 onward15. This 

study was performed under the USRDS Coordinating Center contract with the National 

Institutes of Health (NIH) National Institute of Diabetes and Digestive and Kidney Diseases 

(NIDDK); research as part of the contract was approved by the University of Michigan 

Institutional Review Board (HUM00086162). Because data for the USRDS components are 

collected by federal mandate, there are no individual patient consent requirements.

Outcome Ascertainment

Obstetric delivery was the primary outcome of interest as identified by International 
Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes from 

previously described, validated methods (Table S1)16 Given the comorbidity burden in the 

ESKD population, we assumed that few deliveries would occur outside of a hospitalization 

(e.g., at home). Because first trimester pregnancy losses are common17, may not require 

medical attention, and thus may be incompletely captured by inpatient or outpatient claims, 

conception or pregnancy were not used as outcomes of interest. Secondary outcomes 

included preterm delivery and cesarean delivery. Preterm delivery at less than 37 weeks was 

identified by ICD-9-CM code 644.21. Cesarean delivery was identified by ICD-9-CM codes 

740.x, 741.x, 742.x, 744.x, 749.9. All ICD-9-CM codes were derived from Medicare 

inpatient claims.

Exposures of interest

Treatment modality (HD, peritoneal dialysis, or transplant) and KRT vintage (time since 

ESKD declaration) at time of each delivery was determined from USRDS treatment history 

files. Modality assignment for non-delivering women was updated each year, as necessary, 

and defined as last modality reported for every year in which they were available from 2002 

to 2015.
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Covariates

Patient demographic characteristics, including age, race, ethnicity, assigned ‘primary cause’ 

of kidney failure and date of ESKD onset, were obtained from the Centers for Medicare & 

Medicaid Services (CMS) End Stage Renal Disease Medical Evidence Report (Form 

CMS-2728-U3)18 recorded at time of ESKD registration. Age and vintage for each woman 

were updated each year based on time since 2728 filing. For delivering women, age and 

vintage (years since ESKD onset) in the year of each delivery was also calculated. Comorbid 

conditions, such as diabetes mellitus, hypertension, heart failure, cardiovascular disease, 

cerebrovascular disease, peripheral vascular disease, chronic obstructive pulmonary disease, 

and cancer, were ascertained from institutional or physician/supplier claims. To establish 

presence of a comorbidity, either one inpatient claim or two outpatient claims over the entire 

study period were required.

Statistical Analyses

We described characteristics among all women 18–44 by modality (HD, peritoneal dialysis, 

transplant, unknown) and delivery status (delivered vs. not delivered), using mean and 

standard deviation or median and interquartile range for continuous variables and count and 

percent for categorical variables. To simplify these characteristics, rather than report 

descriptive values per woman per year in the data set, age, vintage, and comorbidities were 

averaged within each woman, using values only at delivery for delivering women. P-values 

were calculated from t-test for continuous variables and chi-squared test for categorical 

variables, with 3 degrees of freedom for race and 8 degrees of freedom for primary cause of 

ESKD. Unadjusted delivery rates were expressed as number of delivering women per 1000 

patient-years among women 18–44 within each year over the study period, stratified by 

modality. As a sensitivity analysis, proportions were estimated and little difference was seen 

between the two measures.

Association between modality and delivery outcomes

Logistic regression models were used to evaluate associations between patient 

characteristics and delivery, pre-term delivery, and cesarean delivery. Due to the repeated 

measures nature of the data (one observation per woman per year with ESKD), we employed 

generalized estimating equations using an unstructured working correlation matrix, to 

account for multiple observations for individuals. The final multivariable logistic regression 

model included modality, age, race, vintage, cause of kidney failure, calendar year and 

comorbidities. Models assessing delivery were examined among the full sample of women 

aged 18–44 years, while models assessing pre-term delivery and cesarean section were 

examined only among women with deliveries.

Association between HD prescription and delivery outcomes

A subgroup analysis was performed using women who delivered between 2012 and 2015 

and had available data in CROWNWeb. There were no women with repeated deliveries in 

this subgroup analysis. Amongst delivering women treated with HD between 2012 and 2015 

with complete records at 30 days prior to delivery (n=132) and for 9 consecutive months 

prior to delivery in CROWNWeb (n=48) descriptive statistics were used to summarize HD 
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treatment variables, including number of sessions per week, prescribed and delivered HD 

time, Kt/V, ultrafiltration rate (UFR), and pre-HD serum urea nitrogen (SUN), using mean 

and standard deviation or median and interquartile range for continuous variables and count 

and percent for categorical variables. Logistic regression models were used to evaluate the 

association of preterm delivery and cesarean delivery with prescribed minutes of HD and 

pre-HD SUN 30 days prior to delivery. Covariates were limited to baseline demographics, 

vintage, and kidney failure cause given the smaller sample size. The final multivariable 

logistic regression model included minutes of HD, pre-HD SUN, age, race, vintage, cause of 

kidney failure. Thirty days prior to delivery was chosen as the representative time period 

because date of conception and exact gestational age at delivery are not able to be 

determined from USRDS. Time points 25–40 weeks prior to delivery may capture pre-

conception HD prescriptions (if women delivered preterm) or HD prescriptions prior to a 

pregnancy being known to the patient and her nephrologist.

All analyses were conducted using SAS, version 9.4 (SAS Institute Inc., Cary NC). Due to 

the large sample size in the primary analysis, statistical significance level was defined as 

p=0.005.

Results

Study Population

Among 121,581 Medicare-insured women aged 18–44 with ESKD between January 1, 2002 

and September 30, 2015, there were 1807 deliveries were identified in 1607 women. Patient 

characteristics by modality and delivery status are described in Table 1. The group of 

delivering women receiving home HD was too small to report separately (<10 women per 

year). Amongst all women 18–44 with ESKD from 2002–2015, the majority were non-

Hispanic white. Glomerulonephritis was listed as the most common cause for ESKD in this 

population regardless of delivery status. Delivering women were of shorter KRT vintage 

across all modalities. The average age at delivery rose over the study period from 29.1 years 

in 2002 to 31.9 years in 2015. Amongst the women who delivered in the study period, the 

average age at ESKD incidence was 24.5 years, whereas amongst non-delivering women, 

the average age at incidence was 32.3 years (p <0.001). Of delivering women, 81.8% were 

treated with hemodialysis as their first modality, 12% were treated with peritoneal dialysis as 

their first modality, 5.9% were transplanted first, and in the remaining 0.3% first modality 

was unknown. At the time of delivery, 41% of women were being treated with hemodialysis, 

2.8% peritoneal dialysis, 42.8% transplant, and in 13% modality was unknown.

Delivery rates

The unadjusted delivery rate amongst all women 18–44 with ESKD increased from 2.6 to 

3.8 per 1000 patient-years from 2002 to 2015 (p < 0.001) (Figure 1). The delivery rate in 

patients undergoing HD increased from 2.1 to 3.6 per 1000 patient-years (p < 0.001). The 

delivery rate in patients with a functioning kidney transplant increased from 3.1 to 4.6 per 

1000 patient-years (p < 0.001). The delivery rate in patients undergoing peritoneal dialysis 

did not increase significantly (p = 0.9), ranging 0.5–1.4 deliveries per 1000 patient-years 

over the study period, and was lower than those receiving HD or a kidney transplant.
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Association of modality and vintage with delivery

Women with a functioning kidney transplant had higher odds of delivery compared to 

women undergoing HD (OR, 2.14; 95% CI, 1.83–2.51) and those undergoing peritoneal 

dialysis had a lower odds of delivery (OR, 0.32; 95% CI, 0.23–0.44) (Figure 2). For each 

additional year after ESKD diagnosis, the odds of delivery were lower by 1% (OR, 0.99; 

95% CI, 0.97–1.00). Older age was also associated with lower odds of delivery (OR for each 

additional year, 0.91; 95% CI, 0.90–0.91). Black and Hispanic women (compared to White) 

were more likely to deliver (ORs of 1.24 [95% CI, 1.08–1.44 and 1.52 [95% CI, 1.30–1.77], 

respectively), as were women whose primary cause of kidney failure was glomerulonephritis 

(OR, 1.73; 95% CI, 1.40–2.15) or hypertension (OR, 1.7; 95% CI, 1.35–2.13), when 

compared to diabetes.

Association of modality with preterm delivery and cesarean delivery

Amongst delivering women with ESKD from 2002–2015, preterm delivery was observed in 

41%, 41%, and 33% of HD, peritoneal dialysis (PD), and functioning kidney transplant 

patients, respectively. The overall odds of preterm delivery over the study period decreased 

by 2% per year (OR per each additional year, 0.98; 95% CI, 0.97–0.99) (Figure 3). Women 

with a kidney transplant were less likely to deliver preterm compared to women undergoing 

HD (OR, 0.92; 95% CI, 0.84–1.00). Black women were more likely to deliver preterm when 

compared to white (OR, 1.26; 95% CI, 1.07–1.49); however, there was no difference in 

preterm delivery between women who identified as Asian (OR, 1.02; 95% CI, 0.70–1.48) or 

Hispanic (OR, 0.93; 95% CI, 0.96–1.36) compared to white women.

Amongst delivering women with ESKD from 2002 to 2015, cesarean delivery was observed 

in 39% of delivering women treated with HD, 41% treated with peritoneal dialysis, and 

50.6% with a functioning kidney transplant. Women with a kidney transplant were more 

likely to deliver via cesarean (OR, 1.18; 95% CI, 1.06–1.31) (Figure 4) when compared to 

women receiving HD. Older women and women with longer KRT vintage were more likely 

to deliver via cesarean each year (OR for each group of 1.01 [95% CI, 1.00–1.02]).

Association of HD treatment characteristics with preterm delivery and cesarean section

A total of 199 women treated with HD between 2012 and 2015 had one delivery; 132 

women had CROWNWeb data 30 days prior to delivery. Of these 132 delivering women, 

69%, 5.3%, 7.6%, 15.2%, and 2.3% were prescribed 3, 4, 5, 6, and 7 sessions per week, 

respectively, at 30 days prior to their delivery. One individual was prescribed one session per 

week. A total of 48 women had 9 complete months of CROWNWeb data prior to delivery; 

over those 9 months, the proportion of women with a SUN < 50 mg/dL increased from 

41.3% to 65.8% and the mean number of prescribed minutes per week increased from 678 

minutes to 746 minutes (Figures S1a–d). There was no individual characteristic (age, race/

ethnicity, vintage, cause of kidney failure, post-HD weight) that significantly predicted 

receipt of 5 or more dialysis treatments per week 30 days prior to delivery (Table S2). In the 

multivariable logistic regression model, delivered HD minutes per week and pre-HD SUN at 

30 days prior to delivery were not significantly associated with pre-term delivery or cesarean 

delivery (Tables 2 and 3)
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Discussion

Using a comprehensive national registry of persons with ESKD in the US, we examined 

trends in hospital deliveries amongst women of childbearing age by KRT modality, and 

further investigated associations between individual clinical characteristics and delivery 

outcomes. We found that the delivery rate among women of childbearing age with ESKD 

has increased over time, specifically amongst patients treated with kidney transplantation or 

HD, who in 2015 delivered at a rate of 4.6 per 1000 patient-years and 3.6 per 1000 patient-

years, respectively. This represents a 71% increase in delivery rate among women of 

childbearing age undergoing HD during the study period.

Prior work has supported improvement in pregnancy outcomes9,13,19, and potentially 

fertility20, with intensified hemodialysis (20–36 hours per week) and frequent long 

hemodialysis is recommended as the standard of care for women who become pregnant 

while on maintenance hemodialysis21. Novel use of CROWNWeb, an additional data source 

in USRDS available from 2012–2015, allowed us to describe the outpatient HD 

prescriptions for delivering women in that period and observe the associations between 

prescribed minutes of HD per week and pre-HD SUN with preterm delivery. Interestingly, 

we found that while the average number of HD minutes prescribed rose slightly over the 9 

months prior to delivery, only a minority of women were prescribed greater than 1200 

minutes of HD per week in their outpatient hemodialysis units 30 days prior to delivery. 

Thus intensified hemodialysis seems like an unlikely sole explanation for the increased 

delivery rate among women treated with HD in the United States. We did not find any 

individual demographics that significantly associated with the receipt of intensified HD, nor 

did we find a significant association between minutes of HD prescribed or pre-HD SUN 

with preterm delivery or cesarean section. Notably, CROWNWeb only reports outpatient 

dialysis prescriptions. One potential explanation for our observations is that additional or 

longer dialysis treatments may be delivered in the inpatient setting in the US, which were 

not captured in our analyses. Additionally, if a significant proportion of women are 

hospitalized for intensive dialysis, analysis of HD prescriptions as an outpatient 30 days 

prior to delivery may have captured only the healthiest of pregnant women on HD. In our 

sample, 65 women had at least one non-delivery hospitalization in the 9 months prior to their 

delivery. Hemodialysis adequacy guidelines published in 2015 recommended intensified 

HD20, however this may be challenging from an individual patient and HD unit perspective. 

Future study of individual, dialysis unit, and systems level facilitators and barriers to longer 

or more frequent HD, as well as standardized reporting and monitoring of pregnancy 

outcomes, are warranted to determine how to best provide patient-centered, cost-effective, 

high-quality HD care during pregnancy.

In our study period, patients treated with PD were significantly less likely to deliver and the 

rate of delivery in this group of patients remained low and static, with approximately 1 

delivery per 1,000 patient-years in women of childbearing age. Our findings are similar to 

what was reported from a smaller US case-series22 and ANZDATA, where a pregnancy rate 

of 1.06 pregnancies per 1000 patient-years was observed for women on PD14. Mechanical or 

inflammatory effects of hypertonic intraperitoneal dialysate and/or prior episodes of 

peritonitis are two proposed physiologic mechanisms for lower fertility in women 
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undergoing peritoneal dialysis, though these hypotheses have not been vigorously tested. 

While our data source cannot account for differences in pregnancy and motherhood desires 

between ESKD patients by modality, the observed differences across all of these studies 

suggest that women with ESKD seeking advice regarding dialysis modality and potential for 

conception, should be advised that the likelihood is lower with peritoneal dialysis compared 

to HD, and greater after transplantation.

While Gill et al.23 examined the birth rate amongst kidney transplant recipients between 

1990 and 2003, the present study evaluates delivery rates from 2002 to 2015. In contrast to 

Gill et al., who found decreasing birth rates amongst transplant recipients from 1990 to 

200323, our study has found rising delivery rates from 2002 to 2015 amongst women within 

three years of a kidney transplant. Though administrative data cannot fully elucidate the 

reasons for such a trend reversal, it is notable that Gill’s earlier study period coincided with 

the advent of a known teratogen, mycophenolate mofetil (MMF), as standard of care in 

immunosuppression for transplant recipients beginning in 1995. This novel agent may have 

influenced contemporary nephrologists’ counseling patterns to encourage MMF in 

conjunction with contraception, in parallel with national initiatives to improve contraception 

use amongst women with kidney transplants at that time. In 2005, the American Society of 

Transplantation published guidelines on reproduction and transplantation that acknowledged 

that prior recommendations on timing of conception may have been overly restrictive24 and 

azathioprine is the preferred alternative to MMF in pregnancy. This too may have played a 

role in the trend reversal during our study period. Furthermore, several qualitative studies 

examining women’s perspectives on pregnancy in light of their kidney disease have been 

published over our study period, as summarized by Tong et al.25 Such studies may have also 

brought attention to the need for more patient-centered approaches to care in this group of 

patients over the last decade.

Our study observed the overall odds of preterm delivery decreased by 2% per year. Preterm 

delivery occurred in 33% of women with a functioning kidney transplant, and 41% of 

women treated with HD or peritoneal dialysis. Within a similar study period, ANZDATA 

reported 46.6% of babies to mothers on dialysis were born preterm14 and Piccoli et al. 

reported preterm delivery in 90.5% of mothers on dialysis in Italy25,26. The variation in 

findings may be due to differences in methodology; while ANZDATA is a national registry 

of ESKD patients and collects specific information regarding pregnancy outcomes14, the 

Italian group used surveys of public dialysis centers and follow up with patients and 

caregivers to ascertain information regarding live birth outcomes26 which may have been 

susceptible to reporting bias. A major strength of our study was use of a national registry of 

persons with ESKD, linked to claims data for identification of hospital deliveries. In the US, 

we observed Black women with ESKD were significantly more likely to deliver preterm 

when compared to white women. This echoes concerning national data from the US: 

preterm delivery is more common amongst all delivering Black women27 and this includes 

women with ESKD.

Our study also observed that 50.6% of transplant recipients gave birth via cesarean delivery, 

and transplant recipients were at higher odds of cesarean delivery compared to women 

treated with dialysis. Similarly, in a systematic review and meta-analysis, Deshpande et al. 
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reported cesarean deliveries in 53% of live births amongst kidney transplant recipients in 

North America. Deshpande’s work also observed an increased rate of gestational diabetes 

amongst transplant recipients.11 Risk factors for cesarean delivery include maternal obesity, 

excessive maternal weight gain,28 and gestational diabetes.29 Steroid use amongst transplant 

recipients may increase the likelihood of excessive gestational weight gain and gestational 

diabetes, subsequently increasing the risk for cesarean delivery. Weight and prior cesarean 

delivery, another significant risk factor for a subsequent cesarean delivery, were unable to be 

controlled for in our analyses of outcomes amongst transplant recipients.

Our findings should be interpreted in light of certain limitations. This analysis examines 

women with Medicare as their primary insurer. While this constitutes approximately 80% of 

prevalent ESKD patients, Medicare coverage is provided to transplant recipients only for the 

first 3 years following transplant. We may have disproportionately missed younger patients 

with private insurance who are more likely to deliver. These policies have not changed over 

the study period and are unlikely to affect observed trends, though absolute delivery rates 

reported herein are likely conservative. Additionally, we have relied on established ICD-9-
CM codes for identification of hospital deliveries of live-born infants as well as preterm and 

cesarean deliveries16,30; however we may have missed the most severe adverse events of 

early perinatal and very preterm delivery, particularly in our analyses of outpatient HD 

treatment characteristics 30 days prior to delivery. Finally, while residual kidney function is 

suspected to play a significant role in fertility and pregnancy outcomes, we were unable to 

control for this in our analyses due to incomplete reporting in CROWNWeb. However, given 

that delivery was associated with shorter KRT vintage, and vintage is inversely correlated 

with residual kidney function31, this suggests that higher residual kidney function may play 

a role in successful conception and delivery.

In conclusion, obstetric delivery rates in women with ESKD rose by nearly 50% between 

2002 and 2015, most notably for women on HD or with a functioning kidney transplant. 

These women are at high risk of pre-term delivery, particularly amongst Black women with 

ESKD. Future work should explore facilitators and barriers to implementation of outpatient 

intensified HD as well as alternative settings for antenatal HD for this high risk population, 

to understand best practices for improved outcomes in the US. Addressing family planning 

preferences of women of childbearing age with ESKD is an imperative for nephrologists and 

ESKD management teams, as this challenging clinical scenario becomes more common over 

time.
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Figure 1. Deliveries per 1,000 patient-years in women age 18–44 with ESKD
Unadjusted delivery rates per 1000 patient-years among women 18–44 within each year over 

the study period, stratified by modality.
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Figure 2. Relationships between clinical characteristics and odds of delivery
Forest plot showing multivariable association between clinical characteristics and odds of 

delivery (with 95% confidence intervals) using logistic generalized estimating equations 

accounting for multiple deliveries in a single individual and adjusted for comorbidities.
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Figure 3. Relationships between clinical characteristics and preterm delivery
Forest plot showing multivariable association between clinical characteristics and odds of 

preterm delivery (with 95% confidence intervals) using logistic generalized estimating 

equations accounting for multiple deliveries in a single individual and adjusted for 

comorbidities.
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Figure 4. Relationships between clinical characteristics and cesarean delivery
Forest plot showing multivariable association between clinical characteristics and odds of 

cesarean delivery (with 95% confidence intervals) using logistic generalized estimating 

equations accounting for multiple deliveries in a single individual and adjusted for 

comorbidities.
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Table 1.

Patient characteristics among women with ESKD of childbearing age, by delivery status and modality of 

kidney replacement therapy, 2002–2015

Hemodialysis Peritoneal Dialysis Transplant Unknown
1

No 
Delivery 
(n= 
11,718)

1+ 
Delivery 
(n= 664)

p-

value
2

No 
Delivery 
(n= 
3,225)

1+ 
Delivery 
(n= 47)

p-

value
2

No 
Delivery 
(n= 
25,446)

1+ 
Delivery 
(n= 670)

p-

value
2

No 
Delivery 
(n= 
79585)

1+ 
Delivery 
(n=226)

p-

value
2

Age, y 37.5 30.6 <0.001 36.1 30.1 <0.001 35.5 30.5 <0.001 36.4 29.9 <0.001

Race (%)
<0.001

3
0.03

3
<0.001

3
<0.001

3

 White 46.8% 38.6% 59.4% 40% 76.6% 71.2% 53.0% 38.3%

 Black 46.1% 52.6% 30.8% 48% 13.5% 20.5% 39.0% 54.2%

 Asian 3.2% 3.1% 6.4% 10% 4.5% 4.9% 3.1% 1.9%

 Other 3.8% 5.7% 3.5% 2% 5.4% 3.4% 4.7% 5.6%

Hispanic 15.6% 24.5% <0.001 17.0% 28% 0.06 16.6% 27.2% <0.001 17.9% 17.0% 0.7

KRT Vintage 
(y)

7.1 4.4 <0.001 2.5 7 <0.001 9.6 8.2 <0.001 1.7 1.9 .2

Cause of 
kidney failure 
(%)

<0.001
4

<0.001
4

<0.001
4

<0.001
4

 DM 30.0% 12.5% 24.4% 6% 18.9% 9.6% 31.1% 15.4%

 HTN 19.8% 22.9% 15.2% 17% 6.9% 7.5% 17.5% 16.8%

 GN 30.1% 47.1% 39.6% 52% 37.1% 55.1% 21.5% 39.3%

 Cystic 
Kidney

2.6% 2.2% 4.5% 0% 5.7% 4.0% 3.2% 2.3%

 Other 
Urologic

2.1% 1.9% 2.5% 0% 4.0% 4.7% 1.2% 0.9%

 Other 10.3% 6.7% 9.4% 10% 16.0% 13.2% 16.4% 19.6%

 Unknown 3.9% 5.7% 4% 15% 6.0% 5.0% 4.7% 4.2%

 Missing 0.5% 1.0% 0.5% 0% 5.5% 0.9% 4.1% 1.4%

Comorbidities

 ASHD 23.0% 16.3% <0.001 21.9% 11% 0.02 8.0% 4.6% <0.001 13.0% 15.0% .4

 CHF 31.3% 32.7% 0.4 38.9% 22% 0.2 8.4% 8.7% 0.8 18.0% 25.2% 0.01

 CVA 13.6% 8.6% <0.001 13.2% 6% 0.06 4.2% 3.1% 0.08 7.8% 8.5% .7

 PVD 33.4% 30.8% .2 29.3% 21% 0.09 11.6% 11.8% 0.8 18.8% 18.0% .8

 Other CVD 40.4% 50.5% <0.001 40.0% 45% 0.5 14.9% 21.7% <0.001 22.7% 35.6% <0.001

 Anemia 73.7% 96.5% <0.001 79.5% 96% <0.001 33.6% 68.3% <0.001 51.4% 79.8% <0.001

Data is presented by woman across all years of the study period.

1
Unknown refers to “uncertain dialysis” or “missing” modality.

2
p-values from chi-squared test for categorical variables and t-test for continuous variables.

3
p-value for race (degrees of freedom = 3).

4
p-value for cause (degrees of freedom = 8).
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GN: Glomerulonephritis. ASHD: Atherosclerotic heart disease. CHF: Congestive heart failure. CVA: Cerebrovascular accident. PVD: Peripheral 
vascular disease. CVD: Cardiovascular disease; KRT, kidney replacement therapy; HTN, hypertension; DM, diabetes mellitus.
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Table 2.

Adjusted association of HD treatment characteristics with preterm delivery

Characteristic OR (95% CI)

Age, per 1-y older 0.97 (0.916–1.034)

Race
a

 Black 1.85 0.746 4.603

 Other 2.22 0.422 11.630

Hispanic 1.95 0.749 5.080

KRT vintage, per 1-y longer 1.01 0.950 1.072

ESKD cause
b

 GN 1.22 0.420 3.561

 HTN 1.48 0.472 4.638

 Other 1.66 0.470 5.851

Delivered HD per week, per 10 min greater 0.99 0.996 1.002

Pre-HD SUN, per 1 mg/dL greater 1.00 0.997 1.006

a
Reference group: White

b
Reference group: Diabetes Mellitus

Results of multivariable logistic regression models evaluating the association of preterm delivery with prescribed minutes of HD and pre-HD SUN 
(n=132).
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Table 3.

Adjusted association of HD treatment characteristics with cesarean delivery

Characteristic OR 95% CI

Age, per 1-y older 0.98 0.928 1.043

Race
a

 Black 0.91 0.394 2.083

 Other 0.38 0.049 2.991

Hispanic 1.10 0.446 2.699

KRT vintage, per 1-y longer 1.02 0.961 1.087

ESKD cause
b

 GN 1.21 0.459 3.201

 HTN 1.13 0.381 3.375

 Other 2.57 0.803 8.245

Delivered HD per week, per 10 min greater 1.01 0.983 1.028

Pre-HD SUN, per 1 mg/dL greater 1.00 0.995 1.004

a
Reference group: White.

b
Reference group: Diabetes Mellitus

Results of logistic regression models evaluating the association of cesarean delivery with prescribed minutes of HD and pre-HD SUN (n=132).
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