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Abstract

Objective—To estimate trends in the prevalence and socio-economic distribution of chronic 

conditions among women hospitalized for obstetric delivery in the United States.

Methods—A retrospective, serial cross-sectional analysis was conducted using 2005 to 2014 data 

from the National Inpatient Sample. We estimated the prevalence of eight common, chronic 

conditions, each associated with obstetric morbidity and mortality, among all childbearing women 

and then across socio-economic predictors of obstetric outcomes. Differences over time were 

measured and compared across rural vs. urban residence, income, and payer subgroups for each 

condition.
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Results—We identified 8,193,707 delivery hospitalizations, representing 39,273,417 delivery 

hospitalizations occurring nationally between 2005 and 2014. Identification of at least one chronic 

condition increased significantly between 2005–2006 and 2013–2014 (66.9 per 1,000 delivery 

hospitalizations in 2005–2006 vs. 91.8 per 1,000 delivery hospitalizations in 2014–2015). The 

prevalence of multiple chronic conditions also increased during the study period, from 4.7 (95% 

CI 4.2–5.2) to 8.1 (95% CI 7.8–8.4) per 1,000 delivery hospitalizations between 2005–2006 and 

2013–2014. Chronic respiratory disease, chronic hypertension, substance use disorders, and pre-

existing diabetes were the disorders with the greatest increases in prevalence over time Increasing 

disparities over time were identified across all socio-economic subgroups analyzed including rural 

vs. urban residence, income, and payer. Key areas of concern include the rate at which substance 

use disorders rose among rural women and the disproportionate burden of each condition among 

women from the lowest income communities and among women with Medicaid as their primary 

payer.

Conclusion—From 2005–2006 through 2013–2014, the prevalence of chronic conditions 

increased across all segments of the childbearing population. Widening disparities were identified 

over time, with key areas of concern including disproportionate, progressive increases in the 

burden of chronic conditions among women from rural and low income communities and those 

with deliveries funded by Medicaid.

INTRODUCTION

Increasing rates of maternal morbidity and mortality in the United States are well-

documented.1 Complications from pre-existing, chronic conditions are the fastest rising 

cause of maternal mortality in the United States, now accounting for half of all maternal 

deaths.2 Population-level analyses have identified an increased risk for delivery-related 

morbidity and mortality among women with certain chronic conditions, including those with 

chronic respiratory disease, chronic hypertension, substance use disorders, pre-existing 

diabetes, chronic heart disease, chronic renal disease, human immunodeficiency virus (HIV), 

and chronic liver disease.3,4

The prevalence of chronic hypertension, substance use disorders, pre-existing diabetes, 

chronic heart disease, and chronic liver disease increased among the childbearing population 

through 2006–09, while rates of HIV appeared to have stabilized among the childbearing 

women by 2011.5–10 Whether the prevalence of these conditions has stabilized, decreased, 

or worsened since these reports is largely unknown. There is also a paucity of information 

on how the prevalence of chronic conditions varies by key socio-economic predictors of 

obstetric morbidity and mortality, including rural vs. urban residence,11 income,4,12 and 

insurance coverage status.4 These estimates are necessary for providers and policymakers to 

identify populations that would most benefit from evidence-based interventions to reduce 

maternal morbidity and mortality and improve maternal health. To address these gaps in 

knowledge, our objective was to estimate trends in the prevalence and socio-economic 

distribution of chronic conditions among the childbearing population in the United States 

between 2005 and 2014.
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MATERIALS AND METHODS

We conducted a retrospective, serial cross-sectional analysis on a 20% sample of all delivery 

hospitalization discharges in the United States between 2005 and 2014 using the Healthcare 

Cost and Utilization Project’s National Inpatient Sample, compiled by the Agency for 

Healthcare Research and Quality. The National Inpatient Sample is the largest nationally-

representative sample of hospital discharges in the United States.13 The dataset contains 

clinical and non-clinical data for each hospitalization, including diagnostic and procedure 

codes, patient demographic characteristics, and expected payment source. Deliveries were 

identified by ICD-9 codes using previously described methods.14 Because the analysis was 

of de-identified national data, our study was deemed exempt from review by the Institutional 

Review Board at the University of Michigan Medical School.

We examined the prevalence of eight common, chronic conditions known to impact obstetric 

morbidity and mortality: chronic respiratory disease, chronic hypertension, substance use 

disorders, pre-existing diabetes, chronic heart disease, chronic renal disease, chronic liver 

disease, and HIV. We focused our analyses on pre-existing conditions rather than pregnancy-

related conditions. Chronic conditions were defined using the ICD-9 codes listed in Table 1, 

which were chosen for inclusion based on review of literature13,14 and author consensus. 

Sub-group analysis of ICD-9-CM codes included in the variable for chronic respiratory 

disease revealed that this variable was comprised almost entirely of observations with 

diagnosis codes for asthma (493.x) and will be referred to as asthma for the remainder of 

this report.

We controlled for several covariates in our analyses, including age, rural vs. urban residence, 

median household income quartile for the patient’s ZIP Code, and primary payer. Given that 

a number of hospitals and HCUP partners do not report data on race or ethnicity, we were 

unable to include these co-variates.13 Location of residence was defined as rural or urban 

using the National Center for Health Statistics Classification and Urban Influence Codes.15 

Payment sources were grouped into public insurance (Medicaid and Medicare), private 

insurance, and uninsured or self-pay. Given that fewer than 0.6% of the delivery 

hospitalizations were funded by Medicare, public sources are referred to as Medicaid 

throughout the study. The number of observations with missing values was approximately 

2% of all delivery hospitalizations, which was considered sufficient for analysis.

We used multivariable logistic regression models with predictive margins to obtain estimates 

of disease-specific prevalence and to estimate the rates at which any one and multiple 

chronic conditions were identified per 1,000 delivery hospitalizations. Data was pooled into 

two-year periods to increase the precision of our estimates. We estimated disease-specific 

prevalence by key socio-economic predictors for the four most prevalent conditions by 

interacting rural vs. urban residence, income, and payer with time in adjusted multivariable 

logistic regression models. Predictive margins were used in all sub-group analyses to 

generate adjusted prevalence estimates. We examined differences in prevalence for each 

condition over time by subgroup. We compared changes in prevalence over time across 

subgroups using a difference-in-differences framework.
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We utilized National Inpatient Sample trend weights to allow for comparisons across years. 

Results are weighted to allow for nationally-representative inferences unless otherwise 

noted. Full details about sampling and weighting procedures are available at the Healthcare 

Cost and Utilization Project website.13 Two-sided P values <.05 were considered statistically 

significant. All analyses were conducted using STATA version 14.2 (StataCorp, College 

Station, TX).

RESULTS

The sample consisted of 8,193,707 delivery hospitalizations, representing 39,273,417 

delivery hospitalizations occurring in the United States from 2005 through 2014. We 

identified 637,276 delivery hospitalizations in which at least one of eight common, chronic 

conditions was identified, representing 3,054,540 delivery hospitalizations over the 10-year 

period. Mean aged increased over the study period from 27.4 (95% CI 27.3–27.6) years in 

2005–06 to 28.2 (95% CI 28.2–28.3) years in 2013–14. In comparing delivery 

hospitalizations among patients identified as having chronic conditions to those without, 

higher proportions of women with chronic conditions had deliveries funded by Medicaid 

(51.1% (95% CI 49.9–52.2 ) vs. 42.9% (95% CI 41.9–44.0)) and lived in ZIP Codes with 

median incomes in the bottom quartile nationally (32.6% (95% CI 31.3–33.8) vs. 26.9% 

(95% CI 25.8–28.0 )) (Table 2).

Overall, identification of any chronic condition at the time of delivery hospitalization 

increased nearly 40% in relative terms from 2005–06 through 2013–14, from 66.9 (95% CI 

63.0–70.8) to 91.8 (95% CI 90.0–93.6) per 1,000 delivery hospitalizations. The prevalence 

of multiple chronic conditions also increased during the study period, from 4.7 (95% CI 4.2–

5.2) to 8.1 (95% CI 7.8–8.4) per 1,000 delivery hospitalizations between 2005–06 and 2013–

14.. From 2005–06 through 2013–14, we observed significant increases in the prevalence of 

all conditions studied except for HIV and chronic heart disease (P for trend <.001 for each 

condition that increased in prevalence), while rates of HIV remained statistically unchanged 

over the study period (P=0.48) and the prevalence of chronic heart disease decreased (P<.

001) (Table 3).

In stratifying the four most prevalent conditions by rural vs. urban residence, increases in 

prevalence were identified for each condition across both groups between 2005–06 and 

2013–14 (Figure 1). Similarly, the prevalence of each condition increased over the study 

period across both income subgroups (Figure 2) and both the publicly and privately insured 

populations (Figure 3).

By 2013–14, substance use disorders were identified at a higher rate among rural women, 

and all four conditions were identified at higher rates among women in the lowest income 

communities and those with deliveries funded by Medicaid. In many cases, this was driven 

by larger increases in prevalence among rural, low income, and Medicaid populations than 

among peers in comparison groups. For instance, the prevalence of substance use disorders 

in 2005–06 was comparable across rural and urban populations, but the increase in substance 

use disorders over the study period was larger among rural women (difference-in-differences 

(DID): 9.0 (95% CI 6.7–11.3) per 1,000 delivery hospitalizations)—resulting in a higher 
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prevalence among rural women by 2013–14 (Table 4). Larger increases in asthma (DID: 4.2, 

95% CI 0.86–7.5) and chronic hypertension (5.4, 95% CI 3.7–7.1; both per 1,000 delivery 

hospitalizations) were identified among women from communities with median incomes in 

the bottom national income quartile compared to those from wealthier communities (Table 

5). Larger increases in the prevalence of all four conditions were identified among the 

Medicaid populations compared to their privately insured counterparts: asthma (DID: 4.6, 

95% CI 2.3–6.9), chronic hypertension (4.4, 95% CI 3.1–5.7), substance use disorders (9.4, 

95% CI 6.7–12.2) and pre-existing diabetes (1.6, 95% CI 0.80–2.4; all per 1,000 delivery 

hospitalizations) (Table 6).

DISCUSSION

In the United States, identification of at least one chronic condition occurred in nearly 10% 

of all delivery hospitalizations by 2013–14—a relative increase of 40% since 2005–06. 

Between 2005–06 and 2013–14, the prevalence of asthma, chronic hypertension, substance 

use disorders, and pre-existing diabetes mellitus increased across all segments of the 

childbearing population. Increasing disparities were identified across all socio-economic 

categories analyzed in this study. These findings provide the most recent national estimates 

of the prevalence of chronic conditions among childbearing women and add important, new 

knowledge about the distribution of chronic conditions across key socio-economic predictors 

of obstetric outcomes.

A particularly striking finding is the substantial increase in substance use disorders among 

childbearing women, particularly among women from rural communities. These findings are 

consistent with recent reports of rising neonatal abstinence syndrome incidence,7 including 

disproportionate increases among neonates residing in the rural United States.16 While 

substance use screening is recommended for all women during prenatal care,17 effective 

provision of this service has been complicated by a recent surge in legislation penalizing 

pregnant women for disclosing substance use. Punitive legislation has disproportionately 

impacted women in rural states,18 where additional barriers to treatment may already exist, 

including a scarcity of addiction providers willing to treat pregnant women.19 Our findings 

support the need for policy- and practice-level interventions to facilitate treatment of 

substance use disorders among childbearing women, particularly among women residing in 

rural America.

Increasing economic disparities in health were also identified in this study. Prior work has 

described higher rates of risk factors for chronic conditions among low-income pregnant 

women, including lack of health insurance prior to pregnancy, and higher rates of smoking, 

obesity, and mental health disorders.20 Researchers have also suggested that economic and 

social factors associated with living in poverty—such as food insecurity, fear of crime, and 

discrimination—can also adversely affect a woman’s long-term health, including 

development of chronic conditions and poor birth outcomes.21 The widening economic 

disparities in health status identified in this study suggest it is increasingly important for 

providers to understand the socio-economic contexts in which childbearing women are at 

increasing risk for development of chronic conditions.
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Our analyses also reveal higher prevalence and larger increases in the prevalence of chronic 

conditions among women receiving Medicaid during pregnancy. This is important because 

childbirth is financed differently from all other healthcare in the United States. 

Approximately half of all births in the United States are funded by Medicaid.22 High 

insurance coverage rates at delivery, as found in this study, mask the high rates of the often 

low-income women who are uninsured before or after their pregnancies, as categorical 

Medicaid coverage ends 60 days postpartum.23 Futhermore, insurance coverage for 

pregnancy care and delivery does not necessarily mean that benefits include chronic disease 

management. For instance, variation exists in insurance coverage of evidence-based 

medication-assisted-treatment for substance use disorders.24 A key priority for maternal 

health researchers is to continue to examine the cost-benefit of expanding access to 

evidence-based care, particularly among women with chronic conditions, which may sway 

policy decisions for insurance benefits design and eligibility.

There are two other notable findings that deserve further discussion. First, the prevalence of 

chronic heart conditions appears to have decreased over the study period. Because our study 

sought to focus on pre-existing rather than pregnancy-related conditions, we kept with 

similar recent analyses in opting opted to exclude patients with cardiomyopathy from our 

definition of chronic heart disease.3,4 Peripartum cardiomyopathy became a new ICD-9-CM 

code in 2003, and uptake of this code likely increased overtime potentially drawing from 

other categories of heart disease. Second, the uninsured or self-pay population comprised 

approximately 6% of our sample and may partially reflect hospital births occurring among 

foreign born women in the United States. Lower levels of previous contact with the 

healthcare system and the healthy immigrant effect may explain why chronic condition 

prevalence is lower among the uninsured or self-pay population compared to Medicaid 

beneficiaries. Further understanding the demographic composition and health needs among 

this population is an important area for future work.

Our findings should be interpreted in light of the limitations of our data source and study 

design. First, it is possible that some women underwent more than one delivery in the study 

period and, as such, each discharge record may not reflect a unique woman. Second, claims 

that do not generate a specific payment, such as ICD-9-CM codes for chronic conditions, 

may be associated with low sensitivity. As a result, our point estimates are likely to be 

conservative. It is also possible increases reflect increasingly aggressive coding practices 

over time; however, increases in the prevalence of one and multiple chronic conditions 

among reproductive aged women have also been identified in nationally available survey 

datasets,25,26 lending support to our findings. Lastly, we were unable to account for race or 

ethnicity and obesity, two important predictors of obstetric outcomes, because a number of 

hospitals and HCUP partners do not report race or ethnicity13 and the low sensitivity for 

detecting obesity in administrative data.27

From 2005–06 through 2013–14, the prevalence of chronic conditions increased among the 

childbearing population. Increasing disparities were identified over time, with the burden of 

these conditions in many cases disproportionately and progressively falling on women in 

rural or low-income communities and those with deliveries funded by Medicaid. These 
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findings should inform evidence-based interventions to reduce maternal morbidity and 

mortality and improve maternal health.
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Figure 1. 
Adjusted trends in asthma (A), chronic hypertension (B), substance use disorders (C), and 

preexisting diabetes mellitus (D) per 1,000 delivery hospitalizations by rural compared with 

urban residence. Error bars indicate 95% confidence interval. Adjusted for age, payer, and 

income.
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Figure 2. 
Adjusted trends in asthma (A), chronic hypertension (B), substance use disorders (C), and 

preexisting diabetes mellitus (D) per 1,000 delivery hospitalizations by national income 

percentile for zip code of residence. Error bars indicate 95% confidence interval. Adjusted 

for age, payer, and rural compared with urban residence.
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Figure 3. 
Adjusted trends in asthma (A), chronic hypertension (B), substance use disorders (C), and 

pre-existing diabetes mellitus (D) per 1,000 delivery hospitalizations by primary payer. Error 
bars indicate 95% confidence interval. Adjusted for age, income, and rural compared with 

urban residence.
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Table 1

List of International Classification of Conditions, Ninth Revision, Clinical Modification codes

Conditions ICD-9-CM* Codes

Chronic respiratory disease 491.x–496.x

Chronic hypertension 401.x–405.x, 642.0x, 642.1x, 642.2x, 642.7x

Substance use disorders 303.01, 303.02, 303.03, 304.x, 305.0x, 305.2x–305.9x, 648.3x

Pre-existing diabetes 249.x, 250.x, 648.0x

Chronic heart disease 412.x–414.x, 394.x–397.x, 424.x, 428.22, 428.23, 428.32, 428.33, 428.42, 428.43, 428.42, 428.43, 745.0x–
747.4x, 648.5x

Chronic renal disease 581.x–583.x, 585.x, 587.x, 588.x, 646.2x

Chronic liver disease 571.x, 572.x

HIV 042.x, V08.x

*
ICD-9-CM, International Classification of Conditions, Ninth Revision, Clinical Modification

Obstet Gynecol. Author manuscript; available in PMC 2018 December 01.
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