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Abstract

Objective: To estimate the excess maternal health services utilization and direct maternal 

medical expenditures associated with hypertensive disorders during pregnancy and one year 

postpartum among women with private insurance in the United States.

Study design: We used 2008–2014 IBM MarketScan® Commercial Databases to identify 

women aged 15–44 who had a pregnancy resulting in live birth during 1/1/09–12/31/13 and 

were continuously enrolled with non-capitated or partially capitated coverage from 12 months 

before pregnancy through 12 months after delivery. Hypertensive disorders identified by diagnosis 

codes were categorized into three mutually exclusive types: preeclampsia and eclampsia, chronic 

hypertension, and gestational hypertension. Multivariate negative binomial and generalized linear 

models were used to estimate service utilization and expenditures, respectively.
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Main outcome measures: Per person excess health services utilization and medical 

expenditures during pregnancy and one year postpartum associated with hypertensive disorders 

(in 2014 US dollars).

Results: Women with preeclampsia and eclampsia, chronic hypertension, and gestational 

hypertension had $9,389, $6,041, and $2,237 higher mean medical expenditures compared to 

women without hypertensive disorders ($20,252), respectively (ps < 0.001). One-third (36%) of 

excess expenditure associated with hypertensive disorders during pregnancy was attributable to 

outpatient services.

Conclusions: Hypertensive disorders during pregnancy were associated with significantly 

higher health services utilization and medical expenditures among privately insured women 

with hypertensive disorders. Medical expenditures varied by types of hypertensive disorders. 

Stakeholders can use this information to assess the potential economic benefits of interventions 

that prevent these conditions or their complications.
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1. Introduction

Hypertensive disorders during pregnancy affected 10.8% of delivery hospitalizations in 

the United States in 2014, including chronic hypertension (1.7%), gestational hypertension 

(3.8%), pre-eclampsia and eclampsia (4.7%) [1]. Untreated preeclampsia may result in 

potentially fatal complications, such as eclampsia, liver rupture, stroke, pulmonary edema, 

or kidney failure [2]. In addition, fetal complications include growth restriction, preterm 

birth, stillbirth, and neonatal death. During 2011–2013, 7.4% of pregnancy-related deaths 

in the United States were attributed to hypertensive disorders in pregnancy [3]. Rates 

of hypertensive disorders during pregnancy have increased steadily since 1994 [1,4]. 

Hypertensive disorders during pregnancy are preventable. When they occur appropriate 

medical management and treatment may reduce adverse maternal and infant outcomes.

Previous studies of hypertensive disorders among US pregnant women mostly captured 

these conditions at delivery using hospital discharge records [5]. Since hypertensive 

disorders during pregnancy are also treated in outpatient settings, especially chronic 

hypertension and gestational hypertension, reporting only the inpatient delivery costs could 

miss costs associated with these disorders. A few studies estimated the costs associated 

with chronic hypertension, preeclampsia and eclampsia, or hypertensive complications 

during pregnancy and shortly after delivery separately, using claims data [6–9]. One 

study examined the cost of delivery hospitalizations associated with different types of 

hypertensive disorders using data from the Health Care Cost and Utilization Project (HCUP) 

[1]. However, HCUP hospital discharge data are not linkable across multiple inpatient 

admissions. Also, HCUP data use charge/cost ratios to estimate facility fees, which could 

vary by different services, and do not include physician fees [10].
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We used claims data to estimate health care utilization and maternal expenditures during 

pregnancy and 1 year postpartum by type of hypertensive disorder among privately insured 

women. These results can inform stakeholders, such as payers (i.e., employers and health 

plans), policy makers, and program managers (e.g. Perinatal Quality Collaboratives) of 

the financial resources associated with hypertensive disorders during pregnancy and their 

complications. The results can also be used to understand the relative costs of resources 

for management of these conditions as well as estimate the potential medical cost savings 

from implementing interventions that prevent either the occurrence of these conditions or 

the occurrence of sequelae, e.g., through effective treatments of hypertensive disorders [9]. 

Since the resources needed and potential cost savings from prevention strategies might differ 

by disorder [11–13], we present cost information stratified by disorder type.

2. Methods

2.1. Dataset

We used 2008–2014 data from the IBM MarketScan® Commercial database to conduct 

a retrospective cohort analysis. This database contains claims for employees and their 

dependents who have employer-sponsored health insurance. It includes patient-level data 

on enrollment, inpatient and outpatient services, and outpatient drug claims and allows 

longitudinal linkage of claims [14]. MarketScan data have been used extensively in studying 

healthcare use and costs, including maternal and infant health [15].

2.2. Study population

The study cohort consisted of women aged 15–44 years who had ≥ 1 pregnancy ending 

between January 1, 2009 and December 31, 2013, were continuously enrolled (allowing 

< 30 days of coverage gap) in a full fee-for-service (FFS) or partially capitated Preferred 

Provider Organization (PPO) plan from 12 months before the beginning of the pregnancy 

through 12 months after the end of pregnancy, and had prescription drug coverage. We 

excluded women in fully capitated plans because imputed payments might not accurately 

reflect healthcare use [16]. Pregnancies were identified based on a algorithm using 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 

diagnosis and procedure codes and diagnosis related group codes, Healthcare Common 

Procedure Coding System, and Current Procedural Terminology (CPT) procedure codes 

[17]. The last menstrual period (LMP) date, indicating the beginning of a pregnancy, was 

derived by subtracting the estimated gestational age associated with the pregnancy outcome 

from the date for the end of pregnancy. For this analysis, only first pregnancies ending 

in live birth were included to avoid within-person bias [6,7]. In sensitivity analyses we 

examined whether the restrictions on enrollment and coverage affected the characteristics of 

the study population. We also examined the effect of two alternative continuous enrollment 

restrictions, i.e., from the beginning of the pregnancy through 3 months postpartum and from 

9 months before pregnancy through 6 months postpartum, on women’s characteristics and 

the excess expenditures associated with hypertensive disorders.
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2.3. Defining hypertensive disorders during pregnancy

Hypertensive disorders during pregnancy (i.e., from the estimated date of LMP through 

6 weeks postpartum [18]) were defined using ICD-9-CM codes [Table A1] [4]. Patients 

had to have ≥ 1 diagnosis in the inpatient setting and ≥ 2diagnoses in the outpatient 

setting ≥ 30 days apart for chronic hypertension and ≥ 7 days apart for other hypertensive 

conditions. We first grouped these disorders into three mutually exclusive categories based 

on the 2013 Report of the American College of Obstetricians and Gynecologists’ Task Force 

on Hypertension in Pregnancy [10], category 1: preeclampsia and eclampsia; category 2: 

chronic hypertension (not in category 1); and category 3: gestational hypertension (not 

in the first two categories). Within category 1, we further categorized three mutually 

exclusive disorder types by severity: preeclampsia or eclampsia superimposed upon chronic 

hypertension, preeclampsia with severe features and eclampsia, and preeclampsia without 

severe features [4], for a total of five types of hypertensive disorders.

Because hypertensive disorders during pregnancy are often associated with severe medical 

complications, we assessed medical costs associated with these complications. For this 

purpose, we categorized patients into two groups: those with and without severe maternal 

morbidities (SMMs) that are relevant to hypertensive disorders, including acute myocardial 

infarction, acute renal failure, adult respiratory distress syndrome, cardiac arrest/ventricular 

fibrillation, disseminated intravascular coagulation, puerperal cerebrovascular disorders, 

pulmonary edema/acute heart failure, blood transfusion, hysterectomy, and ventilation 

(excluding eclampsia as an SMM) [19]. The SMM complications were defined by ICD-9-

CM/CPT-4 codes as defined by the Centers for Disease Control and Prevention (CDC) and 

were applied from the start of pregnancy to 6 weeks postpartum [19].

2.4. Outcome measures

Health services utilization was measured as the number of inpatient admissions, total length 

of stay from all admissions, and number of office visits during pregnancy until the 1 year 

postpartum (claims incurred on the same day were counted as one visit). Maternal healthcare 

expenditures were defined as total payments, including insurance payments and patient 

out-of-pocket payments. We estimated expenditures by service type: inpatient admission 

(including emergency visits that resulted in hospitalization), outpatient visits (e.g., doctor’s 

office, hospital outpatient facility, emergency room not ending in inpatient admission, or 

other outpatient facility), and prescription drugs. Expenditures were adjusted to 2014 US 

dollars based on the Personal Consumption Expenditure Health Component Price Index 

[20].

2.5. Statistical analysis

We used a multivariate generalized linear model (GLM) with log link and gamma 

distribution to estimate overall expenditures and expenditures by service type (inpatient 

admissions, outpatient visits, and prescription drugs) among pregnant women with and 

without hypertension disorders [21]. Excess expenditures associated with hypertensive 

disorders were calculated as the predicted margins between the expenditures for pregnant 

women with and without hypertensive disorders adjusted for covariates. Expenditures 

associated with the various subcategories were also estimated.
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Poisson regression was used to estimate the relative risk of experiencing SMMs among 

women with and without hypertensive disorders. Among women with hypertensive 

disorders, we used the GLM model to calculate excess expenditures in women with 

SMMs compared to those without SMMs. In all multivariable regression models, covariates 

included age categories, rural/urban residence, census region, health plan type (full FFS or 

PPO), and chronic conditions, including chronic and gestational diabetes, and other heart 

diseases not included in SMM. All statistical analyses were conducted using STATA v.14.

This analysis only included de-identified data; it was therefore deemed by CDC not to be 

human subject research and did not require Institutional Review Board approval.

3. Results

3.1. Prevalence of hypertensive disorders

Among 237,305 pregnant women who met the study criteria [See Fig. A1 for study 

flow diagram), 13.95% had hypertensive disorders during pregnancy. Among women 

with hypertensive disorders, 45.16% had preeclampsia or eclampsia (overall prevalence 

in the study population: 6.30%), 30.75% had chronic hypertension without preeclampsia 

or eclampsia (4.29%), and 24.09% had gestational hypertension only (3.36%) (Table 1). 

Compared to women without hypertensive disorders, women with hypertensive disorders 

were slightly older, less likely to live in metropolitan areas, more likely to live in the South, 

and more likely to have other chronic conditions (Table 1). The characteristics of women 

with and without enrollment and coverage restrictions were similar. Relaxing the continuous 

enrollment requirement increased the sample size, but the characteristics of participants were 

similar (data available upon request).

3.2. Health care utilization

Compared to women without hypertensive disorders, women with hypertensive disorders 

had slightly higher numbers of hospitalizations during pregnancy and 1-year postpartum and 

higher total inpatient days (all ps < 0.001), especially for those with chronic hypertension 

with superimposed preeclampsia or eclampsia (3.43 more days) and preeclampsia with 

severe features and eclampsia (2.79 more days). Women with hypertensive disorders 

also had significantly higher numbers of excess outpatient visits; women with chronic 

hypertension with superimposed preeclampsia or eclampsia had the highest number of 

outpatient visits (9.57 more), followed by women with chronic hypertension (7.17 more). 

Women with gestational hypertension only had the fewest excess outpatient visits (2.65 

more) (Table 2).

3.3. Per capita costs associated with hypertension

Women with hypertensive disorders during pregnancy had significantly higher total medical 

expenditures compared to women without hypertensive disorders (Table 3). Adjusted for 

covariates, women with any hypertensive disorder incurred $26,893 in medical expenditures, 

which was 32% ($6,637) higher than that for women without any hypertensive condition 

($20,252). Compared to women without any hypertensive condition during pregnancy, 

those with chronic hypertension with superimposed preeclampsia or eclampsia had the 
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highest excess expenditures ($16,021, 79% higher), followed by women with preeclampsia 

with severe features and eclampsia ($11,584, 57% higher), preeclampsia without severe 

features ($6,143, 30% higher), chronic hypertension ($6,041, 30% higher), and gestational 

hypertension ($2,289, 11% higher). Although the majority of excess expenditures associated 

with hypertensive disorders were incurred during pregnancy and 2 months postpartum, the 

3rd through 12th month postpartum period also incurred excess expenditure associated 

with hypertensive disorders. Estimates of the excess medical expenditures associated with 

hypertensive disorders were similar regardless of continuous enrollment requirements (data 

available upon request).

By service type, inpatient care accounted for more than half (55%) of excess expenditures 

associated with having any hypertensive disorders during pregnancy, followed by outpatient 

care, which accounted for more than one-third (36%) of excess expenditures. Prescription 

drugs contributed only 9% of excess expenditures (Table 4). The proportion of excess 

expenditures from inpatient admissions was highest (68%) for preeclampsia with severe 

features and eclampsia. For excess expenditures associated with chronic hypertension, 

inpatient care accounted for 40% and outpatient care accounted for 50%. More than 92% 

of excess inpatient expenditures and more than 70% of the excess outpatient expenditures 

occurred during pregnancy and 2 months postpartum (Table A2).

3.4. Hypertensive disorders and SMMs

A larger proportion of women with hypertensive disorders developed SMMs compared to 

women without hypertensive disorders (Table 5). The adjusted relative risk (RR) for having 

an SMM for women with hypertensive disorders overall compared to those without was 1.27 

(95% CI: 1.23–1.32, p < 0.001); the RRs were 1.70 (1.59–1.82, p < 0.001) for preeclampsia 

with severe features and eclampsia, 1.29 (1.21–1.37, p < 0.001) for preeclampsia without 

severe features, 1.14 (1.07–1.21, p < 0.001) for chronic hypertension, and 1.07 (1.0–1.15, 

p = 0.06) for gestational hypertension. Among those with any hypertensive disorders, those 

with SMMs incurred $10,892 more medical expenditure compared with those without 

SMMs; compared to those without SMMs, predicted excess expenditure associated with 

SMMs was $13,316 for women with preeclampsia and eclampsia, $9,625 for women with 

chronic hypertension, and $4,022 for women with gestational hypertension (Table 6).

4. Discussion

4.1. Principal findings

We found that women with hypertensive disorders during pregnancy had substantially higher 

medical expenditure during pregnancy and 1 year post-partum. Among the five types of 

hypertensive disorders, chronic hypertension with superimposed preeclampsia or eclampsia 

was associated with the highest expenditures, followed by preeclampsia with severe features 

and eclampsia, then by either preeclampsia without severe features or chronic hypertension, 

and finally, gestational hypertension.
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4.2. Results of the study in the context of other observations

Rates of hypertensive disorders during pregnancy were in general comparable with those 

reported in previous study among delivery hospitalizations using 2014 HCUP data: 6.3% 

vs. 4.7% for preeclampsia and eclampsia and 3.4% vs. 3.8% for gestational hypertension 

[1]. The prevalence of chronic hypertension in our study, 4.3%, is lower than the 7.7% 

prevalence of hypertension among women of reproductive age in NHANES data, but 

comparable to the 4.2% prevalence of anti-hypertensive pharmacologic therapy in that 

study [22]. Our cost estimates were comparable to those of two previous studies that used 

claims data to estimate maternal costs associated with specific hypertensive disorders during 

pregnancy, e.g., chronic hypertension and preeclampsia [6,8].

Our results showed that women with hypertensive disorders were more likely to develop 

other SMMs compared to women without hypertensive disorders and incurred higher 

expenditures. Complications and expenditures can be reduced by providing timely 

and appropriate treatment for these conditions; the California Perinatal Quality Care 

Collaborative achieved a 12% decrease in severe complications among women with 

preeclampsia and severe features/eclampsia during 2013–2014 with improved treatment 

[23]. The National Partnership for Maternal Safety issued a consensus document that 

recommends coordination and standardization of care provided to women with severe 

hypertension during pregnancy and the postpartum period [24]. Implementation of these 

bundles is expected to reduce maternal morbidity and mortality from hypertensive disorders 

in pregnancy [24].

Although inpatient expenditures accounted for the majority of excess expenditures, a 

substantial amount was attributed to outpatient services, especially for women with chronic 

hypertension. This is not surprising, given that chronic hypertension is usually diagnosed 

before 20 weeks of gestation and managed in outpatient settings, and also required 

antepartum fetal monitoring [11]. Our findings highlight the importance of reporting 

expenditures from both outpatient and inpatient services.

4.3. Strengths and limitations

Our analysis provides a comprehensive picture of medical expenditures for different types 

of hypertensive disorders and by service type, using a large commercial claims dataset 

for a longitudinal cohort of pregnant women from all US regions. Our study has several 

limitations. It is difficult to identify exactly when pregnancies started [25–28]. Identification 

of timing of pregnancies was based on a claims-based algorithm, which may be imprecise 

[17]. However, since the same limitation exists for women with and without hypertensive 

disorders, any bias is expected to be nondifferential. Hypertensive disorders might have 

been misidentified using claims data. However, our estimated rate of chronic hypertension 

based on claims was comparable with the prevalence of treated hypertension among women 

of reproductive age in NHANES [22]. New clinical guidelines categorized hypertensive 

disorders during pregnancy slightly differently from what we defined using claims data 

[29,30]. We did not assess the timing of the onset of the SMM relative to the onset 

of the hypertensive disorder; however the majority of SMMs occur at delivery [31]. If 

the SMM preceded or was concurrent with the diagnosis of the hypertensive disorder, 
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then excess costs may not be entirely attributable to hypertensive disorders. The study 

population was limited to women who had employer-sponsored insurance, were enrolled 

in a non-fully capitated plan, had longer continuous coverage, and are not geographically 

representative. Therefore, the results may not be generalizable to all pregnant women in the 

United States covered by private health plans and do not reflect expenditures among women 

covered by Medicaid. Given that more than half of deliveries were covered by Medicaid, a 

future study might be conducted among Medicaid population [32]. Medical expenditures 

for services not covered by insurance were not captured; therefore, total expenditures 

may be underestimated. Also, estimates of outpatient visits may be underestimated due 

to global billing and bundled payment for maternity care. In addition, we included only the 

first pregnancy in the study period. Complications in previous pregnancies such as SMM 

may impact management of subsequent pregnancies and thus management and health care 

utilization. Our study only included expenditures through 1 year postpartum. Women with 

hypertensive disorders are at higher risk of developing cardiovascular disease and other 

chronic conditions later in life [33].

Lastly, the estimates may have been affected by confounding. Although we controlled 

for a number of potential confounders related to demographics, health plan membership, 

geographic location, and underlying conditions, we were unable to control for variables not 

available in claims data, such as obesity, gestational weight gain, and parity. Pre-pregnancy 

obesity can jointly contribute to development of hypertensive disorders and to other 

conditions such as diabetes. Initiatives to address unhealthy weight such as physical activity 

are crucial towards reducing both the health and economic burdens of hypertensive disorders 

in pregnant women.

5. Conclusions

Despite these limitations, we were able to estimate healthcare utilization and costs 

associated with hypertensive disorders during pregnancy and 1 year postpartum for 

privately insured women in the United States. Our study shows that hypertensive disorders 

during pregnancy are associated with significant excess expenditures and pose a large 

financial burden on the US healthcare system. Acute conditions such as preeclampsia 

with severe features and eclampsia had the highest excess expenditure. Women with 

chronic hypertension and gestational hypertension also had higher expenditures compared 

to women without these conditions. Interventions can target both primary prevention of 

these conditions and secondary prevention of their complications. Primary prevention 

interventions could target risk factors such as obesity and excessive weight gain to prevent 

onset of hypertensive disorders [34]. Strategies for secondary prevention include early 

diagnosis, and timely, evidence-based, and standardized treatment to prevent progression 

to severe disease and complications. Estimates of use of resources by type of condition and 

care setting (outpatient versus inpatient), in combination with evidence on the effectiveness 

of specific interventions, could inform resource allocation for initiatives to address 

hypertensive disorders during pregnancy and understand the relative cost-effectiveness of 

prevention and treatment strategies.
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Appendix

Table A1 and Table A2.

Table A1

ICD-9 codes for Hypertensive Disorders, Pregnancy, Pregnancy Complications, and 

Comorbidities

Conditions Codes

Hypertensive Disorders

Preeclampsia/eclampsia superimposed on chronic 
hypertension

642.7x

Eclampsia/severe peeclampsia 642.5x, 642.6x

Mild preeclampsia 642.4x

Chronic hypertension 642.0x, 642.1x, 642.2x, 642.9x, 401.x, 402.x. 403.x, 403.x, 
404.x, 405.x

Gestational hypertension 642.3x

Chronic/unspecified/non gestational diabetes 250.x, 790.29, 648.0

Gestational diabetes 648.8x

Complicated vascular heart disease 394.0x–394.2x, 394.9x, 395.0x, 395.1x, 395.2x, 395.9x, 
396.0x–396.3x, 396.8x, 396.9x, 397.0x, 397.1x, 397.9x, 
424.0x–424.3x, 424.9x, 785.2x, 785.3x, V42.2x, V43.3x

Table A2

Estimates of Mean Annual Per Capita Excess #Medical Expenditures (2014 US Dollars) of 

Hypertensive Disorders among Pregnant Women by Service Type and Pregnancy Period*

Status of 
hypertension 
disorder

Inpatient Care Outpatient 
Care

Excess Exp.-
During 
pregnancy and 
delivery &

Excess Exp.-
postpartum $

Share 
+

Excess Exp.-
During 
pregnancy and 
delivery &

Excess Exp.-
postpartum $

Share 
+

With hypertensive 
disorder:

 Preeclampsia and 
eclampsia

5,538 (5,276–
5,801)

242 (110–374) 96% 2,266 (2,125–
2,406)

610 (487–732) 79%

  Chronic 
hypertension with 
superimposed 

8,507 (7,717–
9,298)

490 (25–954) 94% 4,276 (3,821–
4,731)

1,551 (1,124–
1,978)

73%
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Status of 
hypertension 
disorder

Inpatient Care Outpatient 
Care

Excess Exp.-
During 
pregnancy and 
delivery &

Excess Exp.-
postpartum $

Share 
+

Excess Exp.-
During 
pregnancy and 
delivery &

Excess Exp.-
postpartum $

Share 
+

preeclampsia/
eclampsia

  Preeclampsia 
with severe features 
and eclampsia

7,677 (7,177–
8,176)

248 (18–479) 97% 2,101 (1,874–
2,328)

607 (402–812) 78%

  Preeclampsia 
without severe 
features

3,344 (3,031–
3,658)

169 (7–331) 96% 1,815 (1,639–
1,990)

351 (203–500) 84%

 Chronic 
hypertension

2,210 (1,952–
2,468)

208 (56–360) 92% 2,142 (1,975–
2,309)

849 (687–
1,011)

72%

 Gestational 
hypertension

1,265 (995–
1,536)

−25 (−136–86) 100% 724 (575–874) 122 (−13–257) 86%

 Any hypertensive 
disorder

3,488 (3,326–
3,650)

167 (85–249) 96% 1,856 (1,763–
1,948)

565 (481–649) 77%

Notes: Values in parentheses are 95% confidence intervals.
*
: All the estimates were statistically different from zero at p < 0.001 level; pregnancy and at delivery period: from 

pregnancy to 2 months postpartum; postpartum period: 3 month postpartum to 12 month postpartum.
#
=Excess expenditures for those with the type of hypertensive disorder compared with those without any hypertensive 

disorders.

Exp = expenditures
&

: from pregnancy to 2 months postpartum
$
: 3 month postpartum to 12 month postpartum.

+
share of the excess expenditure of the service during pregnancy over the total excess costs associated with the 

hypertensive disorder for that service.
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Fig. A1. 
Flowchart for Deriving the Final Sample Size#.
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Table 1

Medical and demographic characteristics of the 237,305 women with a live birth, by hypertensive disorder 

status, 2009–2013.

All With hypertensive disorder Without hypertensive disorder

N = 237,305 N = 31,890 N = 205,415

% % %

Mean (95% CIs) Mean (95% CIs) Mean (95% CIs)

Type of hypertensive disorderb 13.95(13.81–14.09) 100(100–100)

Preeclampsia/eclampsia 6.3(6.2–6.4) 45.17(44.64–45.71)

Chronic hypertension with superimposed 
preeclampsia/eclampsia

0.92(0.88–0.96) 6.58(6.31–6.85)

Preeclampsia with severe features and eclampsia 2.11(2.05–2.17) 15.11(14.73–15.5)

Preeclampsia without severe features 3.28(3.2–3.35) 23.48(23.02–23.93)

Chronic hypertension 4.29(4.21–4.37) 30.77(30.27–31.26)

Gestational hypertension 3.36(3.28–3.43) 24.06(23.6–24.52)

Age group (years)

15–18 4.25(4.17–4.34) 3.45(3.26–3.65) 4.38(4.3–4.47)

19–24 14.05(13.91–14.19) 13.08(12.71–13.44) 14.21(14.05–14.36)

25–29 28.72(28.53–28.9) 28.35(27.87–28.84) 28.78(28.58–28.97)

30–34 33.45(33.26–33.64) 31.97(31.47–32.47) 33.69(33.49–33.9)

35–39 16.04(15.89–16.19) 18.45(18.04–18.87) 15.65(15.49–15.81)

40–44 3.4(3.33–3.48) 4.64(4.41–4.86) 3.21(3.13–3.28)

Metropolitan statistical area 84.42(84.27–84.57) 82.09(81.68–82.51) 84.8(84.64–84.95)

Preferred provider organization 74.26(74.09–74.44) 73.78(73.31–74.26) 74.34(74.15–74.53)

Region

Northeast 13.26(13.12–13.4) 11.16(10.82–11.5) 13.6(13.45–13.75)

Northcentral 26.15(25.97–26.33) 24.91(24.44–25.37) 26.35(26.16–26.54)

South 42.53(42.33–42.73) 48.94(48.4–49.48) 41.49(41.28–41.71)

West 16.41(16.26–16.56) 13.11(12.75–13.47) 16.95(16.79–17.11)

Comorbidities

Chronic/unspecified/non-gestational diabetes 2.93(2.86–3) 6.55(6.28–6.82) 2.35(2.28–2.41)

Gestational diabetes 8.5(8.39–8.61) 13.54(13.17–13.91) 7.69(7.57–7.8)

Mental health disorders 7.03(6.92–7.13) 8.47(8.17–8.77) 6.79(6.68–6.9)

Heart disease 0.73(0.7–0.77) 1.39(1.26–1.51) 0.62(0.59–0.66)

CI: confidence intervals.

a
: p<=0.001 comparing all characteristics between women with hypertensive disorders and women without hypertensive disorders using t-test.

b
: We grouped hypertensive disorders into three mutually exclusive categories based on the 2013 Report of the American College of Obstetricians 

and Gynecologists’ Task Force on Hypertension in Pregnancy [10]. We used a hierarchy based on ICD-9 diagnostic codes during pregnancy. 
Category 1: preeclampsia and eclampsia; category 2: chronic hypertension (not in category 1); category 3: gestational hypertension (not in the 
first two categories). Within category 1, we further categorized as three mutually exclusive categories by severity: superimposed preeclampsia and 
eclampsia, preeclampsia with severe features and eclampsia, and preeclampsia without severe features [2].
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Table 5

Prevalence of Severe Maternal Morbidities (SMM) among Women with and without Hypertension During 

Pregnancy

Status of hypertension disorder Mean RR

With hypertensive disorder:

Any hypertensive disorder 11.32 1.27*** (1.23–1.32)

Preeclampsia/eclampsia 13.09 1.47*** (1.41–1.53)

 Chronic hypertension with superimposed preeclampsia/eclampsia 14.28 1.56*** (1.4–1.73)

 Preeclampsia with severe features and eclampsia 15.23 1.7*** (1.59–1.82)

 Preeclampsia without severe features 11.39 1.29*** (1.21–1.37)

Chronic hypertension 10.36 1.14*** (1.07–1.21)

Gestational hypertension 9.23 1.07 (1–1.15)

Without hypertensive disorder 8.92 Reference group

Notes: Values in parentheses are 95% confidence intervals.

RR = Risk ratio.

***
: p < 0.001.
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Table 6

Estimates of Mean Annual Per Capita Excess Total Medical Expenditures with and without Severe Maternal 

Morbidities (SMM) among Pregnant Women with Hypertensive Disorders*.

Type hypertension disorder With SMMs Without SMMs Excess#

Any hypertensive disorders 37,009 (35,854–38,163) 26,116 (25,819–26,414) 10,892 (9,699–12,085)

Preeclampsia and eclampsia 41,723 (39,780–43,666) 28,407 (27,881–28,932) 13,316 (11,301–15,332)

 Chronic hypertension with superimposed preeclampsia/
eclampsia

60,084 (52,313–67,854) 34,406 (32,595–36,218) 25,677 (17,682–33,672)

 Preeclampsia with severe features and eclampsia 45,969 (42,630–49,307) 30,022 (29,069–30,976) 15,946 (12,457–19,435)

 Preeclampsia without severe features 31,125 (29,635–32,614) 25,841 (25,389–26,293) 5,284 (3,725–6,843)

Chronic hypertension 35,934 (34,089–37,780) 26,310 (25,842–26,777) 9,625 (7,718–11,532)

Gestational hypertension 25,762 (24,421–27,102) 21,740 (21,373–22,107) 4,022 (2,633–5,410)

*
: All the estimates were statistically different from zero at p < 0.001 level.

#
=Excess expenditures for those with SMMs compared with those without SMMs among the study population with the type of hypertensive 

disorders.
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