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Abstract

The temporal trend of hospitalizations, cost, and outcomes associated with 
preeclampsia with severe features have been inadequately studied. The publicly 
available Healthcare Cost and Utilization Project (HCUP) National Inpatient 
Sample (NIS) database was accessed to examine the temporal trend of total 
number of discharges, age, death, and mean charges per admission associ-
ated with preeclampsia with severe features. Eleven-year temporal trends 
(2004 to 2014) of these measures were compared using linear regression 
and run charts using the statistical process control rule. From 2004 to 2014, 
the total number of discharges related to preeclampsia with severe features 
increased both for Hawai‘i and the U.S. (United States) (Hawai‘i: 104 to 231; 
U.S.: 35,082 to 55,235; both P<.0001). The corresponding rates of discharges 
per 100,000 population also both increased (Hawai‘i: 8.2 to 16.3; U.S.: 12.0 to 
17.3; both P<.0001). Comparing the temporal trends between Hawai‘i and the 
U.S., Hawai‘i had a significantly higher average annual increase in the rate of 
incidence than the national level (an annual increase rate of 9.2% in Hawai‘i 
vs 4.2% nationally; P=.0004). The cost of hospitalization for preeclampsia 
with severe features also showed an increased trend for both Hawai‘i and the 
U.S. (Hawai‘i: 33.1% increase, P=.0005; U.S.: 41.1% increase, P<.0001). In 
the U.S., in-hospital mortality rates associated with this condition decreased 
from 0.09% in 2004 to 0.02% in 2014 (P=.03). In conclusion, the number of 
discharges related to preeclampsia with severe features increased over an 
11-year period in Hawai‘i and the U.S., and the rate of increase was higher 
in Hawai‘i than the U.S. Maternal mortality rates from this condition also 
declined over the study period. 
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Introduction

Preeclampsia is a pregnancy-specific hypertensive disorder that 
complicates 3%-6% of pregnancies1 and is one of the leading 
causes of maternal morbidity and mortality worldwide.2-4 In 
the U.S., the prevalence of preeclampsia has increased over 
the past three decades, affecting 2.4% of pregnancies in 1980 
to 3.8% in 2010.1,5 This increase in incidence seems, in part, 
due to recent trends of delaying pregnancies to a later age and 
the increased rate of obesity and cardiovascular risk factors 
among pregnant women.1,6-8 Furthermore, racial minorities are 
at higher risk for preeclampsia.7,9 A recent study showed that 
Native Hawaiians, Other Pacific Islanders, and Filipinas are at 
higher risk compared to Whites and Asians.10

Preeclampsia with severe features is a separate clinical entity 
that is distinguished from a diagnosis of preeclampsia without 
severe features since it has higher rate of morbidity and mortal-

ity. Preeclampsia with severe features is defined as new onset 
hypertension in pregnancies greater than 20 weeks gestation 
and includes a systolic blood pressure of ≥ 160 mmHg or a 
diastolic blood pressure of ≥ 110 mmHg, pulmonary edema, 
liver transaminase levels two times the upper limit of normal, 
elevated creatinine levels, severe persistent right upper-quadrant 
pain, or new-onset cerebral or visual disturbances.11 Women who 
have preeclampsia with severe features require hospitalization 
for fetal and maternal monitoring, as the condition is associated 
with increased risk of maternal mortality and higher rates of 
maternal morbidities, such as eclampsia, pulmonary edema, 
acute renal or liver failure, and stroke.12,13

Over the last three decades, the diagnostic criteria used to define 
preeclampsia and management of the syndrome has been modi-
fied several times.14,15 Most recently, presence of proteinuria and 
peripheral edema are not required for diagnosis, where signs of 
end organ damage and blood pressure requiring urgent therapy 
signify presence of the syndrome.14,16 Although no preventative 
intervention has been shown to change the overall incidence of 
preeclampsia, the use of low-dose aspirin does appear to reduce 
the risk of preeclampsia in women with risk factors.14,15 Notably, 
patients with preeclampsia with severe features and eclampsia 
often require more frequent monitoring, interventions, and a 
higher level of care, and require a longer length of hospital stay 
compared to those without severe features.15 

It has been estimated that the diagnosis of preeclampsia increases 
hospitalization costs by $6,583 per birth to manage underly-
ing associated comorbidities simultaneous to preeclampsia.5 
In 2012, the cost of preeclampsia within the first 12 months 
of delivery was $2.18 billion in the U.S. due to prolonged 
monitoring and therapeutic procedures required to manage 
this condition and the cost associated with caring for births of 
early gestational age.5,17 These types of tertiary intensive care 
that require longer hospital stay, additional diagnostic tests, and 
therapeutic procedures may contribute to the ever-increasing 
cost of health care.18 In Hawai‘i, the cost burden of other acute 
medical conditions have been reported to be disproportionately 
placed on Asians and Pacific Islanders, compared to Whites.19 
Given the disparity in incidence, cost, and outcome of other 
medical conditions between Hawai‘i and the U.S., it would be 
important to assess whether a similar difference may exist for 
preeclampsia. To date, temporal trends of hospitalization, cost 
and outcome associated specifically to preeclampsia with severe 
features in Hawai‘i, compared to the mainland U.S., have been 
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inadequately studied. Thus, we sought to assess changes in the 
number of hospitalizations and age of the patient and hospital 
charges associated with preeclampsia with severe features over 
an 11-year period. Comparison of the data between Hawai‘i 
and the United States were evaluated to assess any geographic 
differences.  
 
Methods

Data Source

We obtained data for this study from HCUPnet, a public online 
query system from the Healthcare Cost and Utilization Project 
(HCUP) managed by the Agency for Healthcare Research and 
Quality (AHRQ). HCUP databases are derived from administra-
tive data and contain aggregate data of clinical and nonclinical 
information including diagnoses and procedures, discharge sta-
tus, patient demographics, and charges for each state. Since we 
utilized publicly-accessible, de-identified administrative level, 
aggregate data, rather than patient-specific data, this study was 
exempt from institutional review board approval. We accessed 
the data by searching inpatient statistics specifically related to 
preeclampsia with severe features. The ICD-9-CM codes used 
to abstract the data on preeclampsia with severe features were 
642.5x. We retrieved nationwide and state inpatient statistics 
on the total number of discharges, age (mean), length of stay, 
hospital charges, and deaths from the years 2004 to 2014. The 
dataset accounted for a total of 473,286 discharges.

Statistical Analysis

The data were summarized by descriptive statistics. All hospital 
charge data were inflated-adjusted using the appropriate Con-
sumer Price Index (https://www.bls.gov/cpi/) and converted to 
2014 U.S. dollars. We compared the 11-year temporal trends 
using simple linear regression by SAS version 9.4 (SAS Institute 
Inc., Cary, NC), where raw discharge data were first adjusted 
by population census data (www.census.gov) for both U.S. and 
Hawai’i, per 100,000 population level. To examine the inter-
action of the temporal trends between U.S. and Hawai‘i, the 
population-adjusted discharge data were first trans formed into 
percentages relative to 2004 data before regression analyses, 
to alleviate the impact of different magnitude scales between 
U.S. and Hawai‘i data. Nonrandom temporal trends (or “special-
cause variation”) were also demonstrated by run charts using 
the statistical process control decision rule.20 there are 6 or more 
consecutive data points always going up or going down over 
time. Two-sided P < .05 was considered statistically significant 
without multiple comparison adjustments.

Results
A cross-sectional state-by-state comparison of discharges, 
hospital charges, and mean age related to preeclampsia with 
severe features in 2014 is illustrated in Figure 1. A total of 36 
states had data related to preeclampsia with severe features 
in 2014. Among the 36 states, Hawai‘i ranked 17th lowest in 
hospitalizations (16.3 discharges per 100,000 persons), 26th in 
hospital charges ($30,599), and 34th in mean age (30.0 years).

Temporal trends of hospitalizations with severe preeclampsia 
are shown in Figure 2. Nationally, after population adjustment, 
the total number of discharges significantly increased (P < .0001) 
from 35,082 in 2004 to 55,235 in 2014 by an average annual 
increase rate of 4.2% (95% CI = 3.4%-5.1%). From 2009 and 
2014, the total number of discharges with preeclampsia with 
severe features consistently increased each year, which was 
statistically significant using the statistical process control 
decision rule. In Hawai‘i, after population adjustment, the total 
number of discharges also significantly increased (P < .0001) 
from 104 in 2004 to 231 in 2014 with an average annual increase 
rate of 9.2% (95% CI = 6.8%-11.7%). Assessing the interaction 
of the temporal trend of discharges between the United States 
and Hawai‘i demonstrated that Hawai‘i had a significantly 
higher average increase in the rate of discharges compared to 
the national level (P = .0004). The estimated difference in the 
slopes of Hawai‘i and the nation was 5.0% (95% CI = 2.6%-
7.4%). Similar estimates were found if we further adjusted 
for annual mean age in the regression analyses: 5.0% (95% 
CI = 2.5%7.5%, P = .0006).

Overall, Figure 3 shows the regression results of mean hospi-
tal charges per admission associated with preeclampsia with 
severe features have been increasing from 2004 to 2014 even 
after adjusting for inflation. Nationally, the mean charge per 
hospitalization changed from $21,700 in 2004 to $30,622 in 
2014 by a mean increase of $1,016 per year (95% CI = $817-
1,214, P < .0001). In Hawai‘i, the mean charge increased from 
$22,982 in 2004 to $30,599 in 2014 by an average increase of 
$1,257 per year (95% CI = $724-1,791, P = .0005). The hospital 
charges associated with preeclampsia with severe features in 
the U.S. and in Hawai‘i both follow the steady up trend found 
in the hospital charges associated with any hospital diagnosis, 
suggesting that the rate of increase is not significantly higher 
than the increased rate of overall healthcare costs. Lastly, the 
11-year national trend (2004-2014) of mortality due to pre-
eclampsia with severe features significantly decreased from 
0.09% in 2004 to 0.02% in 2014 (Figure 4) (annual reduction 
of 0.0058%, P = .029). 
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Figure 1. Cross Sectional State-by-State Comparisons of Preeclampsia with Severe Features in 2014 Regarding (Top) Discharges, (Middle) 
Hospital Charge, and (Bottom) Mean Age of Patients.
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Figure 2. 11-Year Temporal Trends of Discharges Related to Preeclampsia with Severe Features in (Top) the United States and  
(Middle) Hawai‘i; and Temporal Trend of Rate of Discharges per 100,000 Population Related to Preeclampsia with Severe Features in the 
United States and Hawai‘i (bottom). 
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Figure 3. 11-Year Temporal Trend of Mean Hospital Charges per Admission Associated with Preeclampsia with Severe Features in the 
United States and Hawai‘i.

Figure 4. 11-year U.S. Trend of Mortality Due to Preeclampsia with Severe Features.

Discussion

Overall, there was an increased rate of hospitalization in patients 
with preeclampsia with severe features for both the U.S. and 
the State of Hawai‘i from 2004 to 2014. The national trend of 
hospitalization had an overall 57.4% increase in 11 years, which 
is consistent with previous population-based studies.1,21 The 
significant finding of this study is that Hawai‘i had a greater 
temporal increase in hospitalizations with preeclampsia with 
severe features, with an overall 122.1% increase in an 11-year 
period compared to the U.S. This increase in the rate of hospi-
talization for this condition is disproportionately higher than the 

1.4% increase of livebirths for Hawai‘i (hhdw.org). More public 
awareness and further study to assess the factors contributing to 
this disproportionate increase in the rate of preeclampsia with 
severe features in Hawai‘i may be needed.

Risk factors for preeclampsia include obesity, pregestational 
diabetes, preexisting hypertension, those with a family history 
of preeclampsia, and women who suffer from medical condi-
tions such as antiphospholipid syndrome.6,7,22 Hawai‘i has high 
proportion of Asian Americans, Native Hawaiians, and Pacific 
Islanders, with some ethnic groups having higher prevalence of 
obesity, diabetes, and hypertension compared to Whites.10,23-25 
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If the population of ethnic minority groups with high cardio-
vascular risks are increasing in Hawai‘i, it may potentially 
contribute to the observed increase in the rates of preeclamp-
sia with severe features in Hawai‘i. However, the data on the 
temporal change in high-risk ethnic populations in Hawai‘i is 
lacking, and thus this is speculative. 

The analyses of the mean hospital charges associated with this 
condition demonstrated a significant increase from 2004 to 2014 
both nationally and in Hawai‘i. There was a steady national mean 
increase of $1,016/year, and the rate of increase in Hawai‘i was 
found to be on average $1,257/year. The increase in hospital 
charges associated with preeclampsia with severe features in 
the nation and in Hawai‘i correspond to the up-trend found in 
the hospital charges associated with any hospital diagnosis, 
suggesting that the increased rate of costs for preeclampsia was 
driven by an increase in healthcare costs in general rather than 
costs specific to this diagnosis. Lastly, the in-hospital mortal-
ity rate due to preeclampsia with severe features did show a 
statistically significant decrease from 2004 to 2014. 

There are some limitations to our study, which are mostly associ-
ated with the lack of patient-level, detailed clinical information 
due to the use of a claims database. Since the database did not 
provide statistics on all the states, the 36 states that were used 
to generalize the statistics on preeclampsia with severe features 
may not accurately represent the United States. Furthermore, 
the diagnostic criteria of preeclampsia with severe features have 
changed during the period that was analyzed for this study, which 
may have affected the number of reported diagnoses. Lastly, 
the reported cost in this study was limited to the charges associ-
ated with maternal hospitalization and did not account for any 
potential cost-savings associated with neonatal hospitalization. 

In summary, we showed a significantly increasing rate of 
preeclampsia with severe features in Hawai‘i compared to 
the nation, and a marginal decrease in mortality rates despite 
substantial increases in the health care expenditures related to 
preeclampsia with severe features. The rate of preeclampsia with 
severe features in Hawai‘i is increasing at a concerning rate. 
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