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To the Editor:

The increasing contribution of pre-existing chronic medical conditions to maternal morbidity
and mortality has recently garnered national attention,:2 but there are limited data on

the epidemiology of CKD, including ESKD, in reproductive-aged women. We sought to
estimate the prevalence of CKD among delivering women in the United States, describing
their health outcomes, patterns of health care utilization, and delivery-related costs. This
study fills crucial knowledge gaps regarding the impact of CKD among women giving birth
in the United States.

Using the National Inpatient Sample (NIS), a nationally representative 20% stratified sample
of US hospital discharges compiled by the Healthcare Cost and Utilization Project (HCUP),3
we identified all delivery hospitalizations for live births occurring from 2006 to 2015.4
1CD-9-CM codes were used to classify delivery hospitalizations into 4 distinct cohorts: those
with diagnoses of non-ESKD CKD, ESKD treated by maintenance dialysis, ESKD treated
by kidney transplantation, and all other hospital deliveries. Clinical outcomes of interest,
including severe maternal morbidity and mortality, preterm delivery, and cesarean delivery,
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were identified using standard diagnosis and procedure codes. Delivery-associated hospital
costs were calculated using HCUP’s cost to charge ratio files.3

Demographics were described for each group using survey-weighted proportions. Clinical
outcomes were estimated for each group using multivariable logistic regression models with
predictive margins. Delivery-related health care utilization and hospital costs were estimated
using generalized linear models with a gamma distribution and log-link function. Two-sided
P < 0.05 was considered statistically significant. Diagnosis and procedure codes, model
adjustments, and detailed methods are described in Item S1.

We identified an estimated 39,025,671 hospital deliveries (unweighted n = 7,906,820)
occurring from 2006 to 2015. Of these, 11,369 (unweighted n = 2,322), 1,315 (unweighted
n = 273), and 2,071 (unweighted n = 426) included diagnoses for non-ESKD CKD, dialysis,
and transplantation, respectively. Demographics are in Table S1.

The overall prevalences of non-ESKD CKD, dialysis, and transplantation were 3.0 (95% ClI,
2.8-3.2), 0.35 (95% Cl, 0.30-0.39), and 0.54 (95% ClI, 0.49-0.61), respectively, per 100,000
delivery hospitalizations. The odds of each clinical outcome and health care utilization
outcome were greater in the presence of CKD, as shown in Table 1. Notably, the odds

of severe maternal morbidity and mortality was greater across all groups: 5.8 (95% ClI,
4.8-6.9), 22.2 (95% Cl, 16.7-29.4), and 6.0 (95% ClI, 4.2-8.5) times greater in deliveries
with non-ESKD CKD, dialysis, and transplantation, respectively, versus all other hospital
deliveries. The most common indicator of severe maternal morbidity was blood transfusion.
Results limited to 2012 to 2015 were similar, to account for potential temporal changes

in CKD coding (Table S2). Delivery hospitalizations with comorbid diagnoses of chronic
diabetes, hypertension, or both were at higher odds of preterm and cesarean delivery than
those with CKD alone (Table 2).

The findings of this study reveal significantly greater odds of severe maternal morbidity

and mortality among deliveries to women with CKD compared with those without.

CKD was associated with higher odds of peripartum blood transfusions, which may

amplify sensitization during pregnancy® and diminish the likelihood of a future successful
transplantation.® Future work is needed to understand indications for transfusion in this
population to appropriately target interventions aimed at risk reduction. For example, the use
of erythropoiesis-stimulating agents prenatally may reduce the risk for blood transfusions
among women with CKD; however, it is unclear how current recommendations for their use
are followed in pregnancy.’

These data also demonstrate significantly increased odds of preterm delivery and cesarean
delivery among deliveries to women with CKD who had comorbid diagnoses of
hypertension or diabetes mellitus or both. These findings support prior smaller studies
suggesting that mediators of adverse gestational outcomes in CKD include uncontrolled
hypertension and proteinuria.?

The results of our study should be interpreted in light of certain limitations. We relied
on ICD-9-CM codes, which are susceptible to misclassification and ascertainment bias,
potentially biasing our results toward the null if CKD is unrecognized before pregnancy.
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CKD /CD-9-CM code specificity is generally reported at >90%,° and as such, our point
estimates of prevalence are likely conservative. Second, the non-ESKD CKD category was
heterogeneous, including CKD stages 1 to 5; however, other studies suggest that even stage
1 CKD is associated with increased risk for adverse gestational outcomes.10

This study provides important information on health outcomes and patterns of health

care utilization among a nationally representative sample of delivering women with CKD.
Evidence-based interventions are needed to mitigate the excess risks at delivery faced by
women with CKD, particularly those with chronic hypertension and diabetes. Improved
efforts allying obstetricians and nephrologists to develop policies and practices to support
the reproductive health care of women with CKD, including those treated by dialysis or
transplantation, may improve outcomes for this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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