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Abstract 

Introduction: The University of Iowa Hospitals 
and Clinics (UIHC) serves as the main referral 
center for Iowa and has seen increased delivery 
volumes following many hospital closures across 
the state. Maternal characteristics are also 
shifting as pre-pregnancy obesity of 
reproductive-age women is increasing nationally 
and in Iowa; average maternal age at first 
delivery has also increased over time. The aim 
of the current study was to characterize the 
outcomes of the delivering population at UIHC 
over a one-year period to better understand the 
population we serve, as well as compare our 
population to state and national delivering 
populations.  

Methods: This study is a secondary analysis of 
a pre-existing prospectively gathered database 
related to COVID-19 in pregnancy. The current 
study included all pregnant patients who 
delivered or underwent procedures for a 
spontaneous or induced second-trimester 

abortion on the labor and delivery unit at UIHC 
between May 1, 2020, and April 30, 2021. 
Demographic and clinical data including 
maternal characteristics, delivery information, 
maternal complications, and neonatal outcomes 
were obtained from the electronic medical 
record and double entered in a Research 
Electronic Data Capture (REDCap) database. 
Continuous and categorical variables were 
summarized using medians and ranges.  

Results: The median maternal age among the 
2497 delivering patients was 30 (IQR 26, 33). 
The median pre-delivery body mass index (BMI) 
was 32 (IQR 28, 37), which included 439 
patients (17.6%) with BMI >40 at time of 
delivery. 1769 (70.8%) patients listed White as 
their self-defined race and 2275 (91.0%) listed 
English as their preferred language. 23% had 
hypertensive disease of pregnancy. The patients 
delivered a total of 2603 neonates, with 907 
(34.8%) born by cesarean section. 18.7% of 
deliveries were preterm and 16.6% of neonates 
had low birth weight. 

https://pubs.lib.uiowa.edu/
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Discussion: The delivering population at UIHC 
has a high rate of obesity and preeclampsia, 
both of which place patients at higher risk for 
other obstetric complications. The cesarean 
section rate was significantly higher than the 
national rate of 31.8% (p=0.0017). 
Understanding common complications in our 
changing population will better equip providers 
to care for these patients; providing these data 
also creates a resource for other researchers.  
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Introduction  

The University of Iowa Hospitals and 
Clinics (UIHC) serves as a referral 
hospital for much of the state of Iowa 
and even into rural areas in surrounding 
states. Data from the UIHC patient 
discharge database show that in 2021, 
UIHC received over 400 transfers for 
complex maternal care. In 2021, over 
63% of delivering patients came to 
UIHC from outside Johnson County. 
Delivery volumes have been steadily 
increasing since 2017, from about 2250 
to nearly 2700 deliveries in 2021. Visits 
to obstetric and gynecologic clinics have 
also increased, from around 64,000 in 
2017 to over 80,000 clinic visits in 
2021.1  

Obstetric patients may be referred to 
UIHC for a variety of reasons, including 
high-risk pregnancy management, 
peripartum maternal or fetal 
complications, or for intrapartum care 
due to factors that may make delivery 

risky at smaller hospitals. For example, 
many hospitals have gestational age-
based recommendations for transferring 
patients in preterm labor based on 
available neonatal care resources. 
Other hospitals in the state have policies 
preventing them from delivering patients 
over a certain body mass index (BMI) 
due to risks of airway management with 
limited anesthesia resources. This 
restriction is especially relevant in the 
context of steadily rising rates of pre-
pregnancy obesity among women of 
childbearing age. The national rate of 
maternal pre-pregnancy obesity 
increased from 26.1% to 29.0% in just 
three years between 2016 and 2019.2 
The rising prevalence of obesity 
amongst expecting mothers suggests 
that there may also be increasing rates 
of obesity-related complications, 
including gestational diabetes, 
gestational hypertension, preeclampsia, 
preterm birth, neurodevelopmental 
problems, and postpartum depression.3, 

4  

Maternal age has also increased 
nationally5 and in the state6 in the past 
decade. From 2011 to 2020, the 
percentage of delivering patients under 
age 20 in the state of Iowa decreased 
from 7% to 4%, while the percentage of 
delivering patients ages 31-35 years 
increased from 22% to 26%, and the 
percentage of delivering patients over 
the age of 35 years increased from 7% 
to 10%. 

Increased delivery volumes and 
changing maternal characteristics have 
likely altered the population of patients 
served by UIHC. The primary objective 
of the current study was to characterize 
the outcomes of the entire delivering 
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population over a one-year period. Our 
goal in publishing this study is to provide 
healthcare providers with an updated 
overview of our obstetric patient 
population and serve as baseline data 
for future researchers. 

Methods 

This study is a secondary analysis of a 
pre-existing prospectively gathered 
database related to COVID-19 infection 
in pregnancy. Prospective data were 
collected on all pregnant patients who 
delivered or underwent procedures for a 
spontaneous or induced second-
trimester abortion on the labor and 
delivery unit at UIHC between May 1, 
2020, and April 30, 2021. This study is 
part of a larger prospective cohort study 
on COVID-19 infection in pregnant 
women; data from the first several 
months of that study have been 
previously published, and methods for 
COVID-19 assay testing were 
described.7 Demographic and clinical 
data were obtained from the electronic 
medical record and double entered in a 
Research Electronic Data Capture 
(REDCap) database. Data were 
collected at the time of delivery. 
Demographic data including race and 
ethnicity were self-reported during the 
hospital registration process. The racial 
categories used correspond with the 
National Institutes of Health (NIH)’s 
racial and ethnic categories.8 

Quantitative blood loss was calculated 
in accordance with university protocol.9 
The Institutional Review Board (IRB) at 
the University of Iowa approved this 

study (IRB #202004278). The project 
was internally funded. 

Continuous and categorical variables 
were summarized using medians and 
inter-quartile ranges (IQR). Cesarean 
section rates were compared to national 
averages via a one-sample exact 
binomial test. 

Results 

A total of 2497 patients delivered or 
underwent procedures for a 
spontaneous pregnancy loss or 
termination between May 1, 2020, and 
April 30, 2021. One individual in the 
population delivered twice, both in May 
2020 and April 2021. The median 
maternal age was 30 (IQR 26, 33) 
(Table 1). The median BMI at delivery 
was 32 (IQR 28, 37). Of delivering 
patients, 71% of patients were White 
(self-reported) and 91% listed English 
as their preferred language. 46% of 
patients were on Medicaid or Medicare. 
2482 (99.4%) mothers had at least 
some prenatal care (defined as 1 or 
more documented prenatal visits). 739 
mothers were primigravid, with a median 
age of 27.  

15% of patients had either type 1, type 
2, or gestational diabetes mellitus, 
though this number was 30% for 
patients with a delivery BMI >40 (Table 
2). 259 (10.4%) patients were positive 
for antibodies to Sars-CoV-2, the virus 
that causes COVID-19, with positivity 
being defined as positive by both Roche 
and DiaSorin assays, as described in 
prior research. 7 
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Table 1: Maternal Characteristics, Complications, and Delivery Information 

Total Number of Patients N = 24971 
Maternal Age 30 (IQR 26, 33) 
BMI (at delivery admission) 32 (IQR 28, 37) 
Race  
    White 1766 (70.7%) 
    AA/Black 305 (12.2%) 
    Black African 2 (<0.1%) 
    Hispanic/Latino 211 (8.5%) 
    American Indian/Alaska Native 6 (0.2%) 
    Native Hawaiian/Pacific Islander 5 (0.2%) 
    Asian 116 (4.6%) 
    Multiracial/ two or more races 54 (2.2%) 
    Unknown/Unspecified 1 (<0.1%) 
    Declines 31 (1.2%) 
Gravidity (admission) 2 (IQR 1, 18) 
Parity (admission) 1 (IQR 0, 11) 
Living Children (admission) 1 (IQR 0, 13) 
Patient Preferred Language  
    English 2273 (91.0%) 
    Spanish 77 (3.1%) 
    French 59 (2.4%) 
    Arabic 27 (1.1%) 
    Other 61 (2.4%) 
Insurance  
    Private (only) 1286 (51.5%) 
    Medicaid/Medicare (any) 1140 (45.7%) 
    Other 3 (0.1%) 
    None 68 (2.7%) 
Prenatal Care  
    No 13 (0.5%) 
    Yes 2482 (99.4%) 
    Unknown 2 (<0.1%) 
COVID-19 Antibody Status  
   Negative 2238 (89.6%) 
   Positive 259 (10.4%) 
HIV Status  
    Negative 2492 (99.8%) 
    Positive 5 (0.2%) 
Diabetes  
    No 2113 (84.6%) 
    Type 1 diabetes 42 (1.7%) 
    Type 2 diabetes 54 (2.2%) 
    Gestational diabetes 288 (11.5%) 
Asthma  
    No 2146 (85.9%) 
    Yes 351 (14.1%) 
Hypertensive disorder during pregnancy or delivery admission2  
    No 1912 (76.6%) 
    Chronic hypertension 181 (7.2%) 
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    Gestational hypertension 196 (7.8%) 
    Pre-eclampsia without severe features 104 (4.2%) 
    Pre-eclampsia with severe features (including HELLP) 162 (6.5%) 
    Eclampsia 1 (<0.1%) 
ICU admission 12 (0.5%) 
Oxygen requirement 19 (0.8%) 
Prolonged postpartum stay (>2 nights SVD, >3 nights CS) 105 (4.2%) 
Endometritis (during delivery admission) 14 (0.6%) 
Pyelonephritis (during delivery admission) 11 (0.4%) 
Sepsis (during delivery admission) 0 (0%) 
Thromboembolic Disease (DVT, PE) 3 (0.2%) 
Maternal death   1 (<0.1%) 
Number of fetuses  
    Singleton 2393 (95.8%) 
    Twins 102 (4.1%) 
    Triplets 2 (<0.1%) 
Gestational Age at Delivery 39w0d (IQR 37w3d, 39w5d) 
Preterm birth 466 (18.7%) 
Quantitative blood loss at delivery (mL) 325 (IQR 150, 687) 
Postpartum hemorrhage (QBL >1000 mL) 437 (17.5%) 
Preterm labor 325 (13.0%) 
Premature rupture of membranes 246 (9.9%) 
Morbidly adherent placenta (accreta, percreta, increta) 3 (0.1%) 
Placental abruption 41 (1.6%) 
Chorioamnionitis 167 (6.7%) 
Non-reassuring fetal status  289 (11.6%) 
1Median (IQR); n (%) 
2Percentages under this heading do not add up to 100% as individual patients could be included in more 
than one group.  

Table 2: Diabetes and Hypertensive Disease in Patients with BMI >40 

Patients with BMI >40 N = 4391 
Hypertensive disorder during pregnancy or delivery admission2  
    No   230 (52.4%) 
    Chronic hypertension 94 (21.4%) 
    Gestational hypertension 53 (12.1%) 
    Pre-eclampsia without severe features 27 (6.2%) 
    Pre-eclampsia with severe features (including HELLP) 64 (14.6%) 
    Eclampsia 1 (0.2%) 
Diabetes  
    No 307 (69.9%) 
    Type 1 diabetes 8 (1.8%) 
    Type 2 diabetes 36 (8.2%) 
    Gestational diabetes 88 (20.0%) 
Quantitative blood loss at delivery (mL) 527 (IQR 219, 890) 
Quantitative blood loss greater than 1000 mL 87 (19.8%) 
1n (%); Median (IQR) 
2Percentages beneath this heading do not add up to 100% as individual patients could be included in 
more than one group.  
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23% of patients experienced gestational 
hypertension, preeclampsia without 
severe features, preeclampsia with 
severe features, or eclampsia during 
pregnancy or delivery admission. The 
patients delivered a total of 2603 
neonates. Of total deliveries, 98% were 
live births. The 51 cases that were not 
live births represent intrauterine fetal 
demise (IUFD) (34 gestations), 
pregnancy-ending procedures for fetal 

anomalies or health of the mother (12 
gestations), or previable PPROM (5 
gestations). The earliest gestational age 
captured in our population was 14w0d, 
which represented a D&E procedure for 
a missed abortion. Only 15 deliveries or 
procedures in the cohort were for 
patients at gestations <20 weeks. There 
were 24 instances of IUFD at >20 weeks 
(stillbirth rate 0.93%).  

Table 3: Neonatal Outcomes 

Total number of births N = 26031 
Live birth 2552 (98.0%) 
Mode of delivery  
    Vaginal 1554 (59.7%) 
    Assisted-vaginal (vacuum or forceps) 123 (4.7%) 
    Cesarean 907 (34.8) 
    D&C/ D&E 19 (0.7%) 
Genitalia  
    Female 1276 (49.0%) 
    Male 1309 (50.3%) 
    Unknown 18 (0.7%) 
Birth Weight (grams) 3245 (IQR 2816, 3605) 
Low Birth Weight 408 (15.7%) 
Apgar (1 min) 8 (IQR 6, 9) 
Apgar (5 min) 9 (IQR 8, 9) 
Feeding plan  
    Breast 1747 (67.1%) 
    Formula 380 (14.6%) 
    Both 406 (15.6%) 
    Not applicable 70 (2.7%) 
Sepsis 131 (5.0%) 
Hypoglycemia 604 (23.2%) 
Malformations 350 (13.4%) 
    Cardiac 156 (44.6%) 
    Genitourinary 69 (19.7%) 
    Genetic/Syndromic 60 (17.1%) 
    Head and Neck 45 (12.9%) 
    Musculoskeletal 33 (9.4%) 
    Neuro/Brain 24 (6.9%) 
    Gastrointestinal 23 (6.6%) 
    Pulmonary 23 (6.6%) 
1n (%); Median (IQR) 
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In this study population, 34.8% of infants 
were born by cesarean section vs. 
64.4% born by vaginal delivery. Of these 
vaginal deliveries, 4.7% were forceps- 
or vacuum-assisted. 81% of neonates 
were born at term, with term being 
defined as ≥37w0d gestation. The 
average quantitative blood loss (QBL) at 
delivery was 325 mL, with QBL 
measured by standard protocol with 
18% of patients experiencing 
postpartum hemorrhage, defined as 
≥1000 mL QBL during delivery 
admission. There was one maternal 
death in our population with the cause of 
death being acute respiratory distress 
syndrome due to SARS-CoV-2 infection. 

49% of neonates were female (Table 3). 
The median birth weight was 3245 g 
(2816, 3605). 16% of infants were born 
at low birth weight, defined as <2500 g. 
Median APGAR scores at one and five 
minutes were 8 and 9, respectively. 24% 
of neonates were admitted to the 
neonatal intensive care unit (NICU), with 
40.7% of these infants being preterm. 
Fetal malformations were relatively 
common, with 13% of neonates 
experiencing a documented 
malformation. The most common 
malformations were cardiac (45%) and 
genitourinary (20%). 67% of mothers 
indicated intention to exclusively 
breastfeed their infants.  

Discussion 

Women delivering at UIHC tend to be 
more obese than patients delivering 
across the United States. This finding 
likely reflects the trend of rising obesity 
in the US and in Iowa, and also reflects 
difficulties in caring for obese women at 
small hospitals with limited resources.  

The median BMI of our population upon 
delivery admission was 32 (IQR 28, 37). 
A large tissue repository from pregnant 
women between 2010-2013 at UIHC 
showed an average pre-pregnancy BMI 
of 34.8,10 which is higher than the 
national average.5 This finding reflects 
that the population in Iowa was already 
more obese than the national average 
10 years ago. Although the pre-
pregnancy BMI represented in the 
biorepository is not directly comparable 
to the BMI at delivery that was captured 
in our population, the higher BMI at pre-
pregnancy ten years ago suggests that 
the BMI has not increased substantially 
in UIHC’s delivering population like it 
has at a national level. 

Many studies on obesity in pregnancy 
have noted that obesity increases risk 
for obstetric complications including 
gestational diabetes, gestational 
hypertension, preeclampsia, preterm 
birth, neurodevelopmental problems, 
and postpartum depression.11 Because 
many referrals occurred at time of 
delivery, we could not gather data on 
pre-pregnancy BMI. However, because 
BMI increases anywhere from 0.5-10 
points on average during pregnancy,12 
we chose to look specifically at patients 
with BMI >40, assuming all or most of 
these women were in the ‘obese’ BMI 
category (>30) prior to pregnancy. 
17.6% of our obstetric population had a 
BMI >40 at time of delivery. Diabetes 
and hypertension during pregnancy 
were much more likely to affect this 
group. These patients were also more 
likely to have a cesarean delivery when 
compared to patients with BMI ≤40.  

A population-based retrospective study 
of 120 million delivering women in the 
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United States from 2003 to 2010 
showed that overall preeclampsia rates 
increased from 3.4% to 3.8%.13 The 
study showed that rates of preeclampsia 
with severe features increased with 
increasing maternal age, but 
preeclampsia without severe features 
decreased for women under 30 and 
increased for women ages 30-34. 
Preeclampsia was a common 
complication in our population, with a 
combined rate of preeclampsia without 
severe features and preeclampsia with 
severe features of 10.7%. This finding is 
higher than the 7.6% of patients seen in 
UIHC’s biorepository study from 2010-
2013, and much higher than the national 
rate in 2010 of 3.8%. This high rate of 
preeclampsia is likely affected by the 
large percentage of patients in our 
population with a BMI >40 and also may 
reflect hospital closures, as women with 
preeclampsia might be more likely to be 
transferred to UIHC for a higher level of 
care. It is also important to consider the 
role that COVID-19 infection may have 
had in these increased rates of 
preeclampsia. Multiple studies cite 
increased risk of preeclampsia in those 
who are affected by COVID-19 during 
pregnancy.14,15  

The cesarean rate in our population was 
34.8%. This is increased from the rate of 
30% between 2010-2013 reported in the 
above-mentioned biorepository study.10 
The cesarean rate reflected in our 
population may be due to the high rate 
of obesity in our population and/or the 
large number of patients referred to 
UIHC for complex maternity care. The 
rate in our population is also higher than 
the national cesarean rate of 31.8% in 
2020.5  

Many smaller hospitals are unable to 
offer trial of labor after cesarean section 
(TOLAC) due to limited in-house 
anesthesia capability, so some patients 
travel to UIHC for TOLAC. While 
patients undergoing TOLAC are at a 
higher risk for cesarean in general,16 we 
did not specifically collect data on how 
many patients in this population had a 
prior cesarean delivery. Of note, 
cesarean section rates were specifically 
higher in our population of patients with 
BMI >40, which is consistent with prior 
studies.16 

The rate of forceps- and vacuum-
assisted delivery in our population was 
4.7%, which is higher than national rates 
in recent years. A population-based 
study of US vital statistics from 2005-
2013 showed that the rates of both 
forceps and vacuum-assisted deliveries 
were steadily decreasing.17 In 2013, 
operative deliveries with forceps or 
vacuum made up 3.3% of all deliveries 
in the US.18 

The average age of our population (30) 
shows no significant change from the 
average maternal age of delivering 
patients at UIHC from 2010-2013, which 
was 29.10 In contrast, the average 
maternal age has steadily increased at 
both the state and national levels in 
recent years. In addition, the average 
age of primigravid patients in our 
population was 27, which mirrors the 
national average of primigravid patients, 
27.1 years. This national average has 
been steadily increasing from 25.4 years 
at first birth in 2010.5 

In our population, 71% of delivering 
patients were White. In the state of Iowa 
as a whole, this number is higher, with 
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90% of mothers delivering in 2020 
identifying as White according to an 
Iowa Department of Public Health 
report.19 The reason for this difference 
was not studied, but it is worth noting 
that Iowa City and nearby Cedar Rapids 
are metropolitan areas with generally 
greater diversity than rural communities 
in the state. 46% of our study population 
had some form of Medicaid, which is 
higher than the state-reported statistics 
from 2016-2020 (40.7%).19 Nationally, 
42% of births were covered by Medicaid 
in 2020.5 The higher rate of Medicaid in 
our population is likely due to UIHC 
being a public safety net hospital.   

16% of our population delivered infants 
of low birth weight (defined as less than 
2500 grams or 5 pounds, 8 ounces) 
compared to 6.9% of infants in the state, 
and 8.2% of infants nationally, who are 
born at low birth weight.5,19 19% of our 
population was born preterm, at <37w0d 
gestation. Nationally,10.2% of infants 
were born preterm in 2020.5 Given that 
UIHC is home to the only Level IV NICU 
in the state, these higher rates of 
preterm and low birth weight infants 
were anticipated.  

Our stillbirth rate was 9.3 per 1000 
births. This was more than twice the 
stillbirth rate in Iowa in 2020 and 2021 
(4.5 per 1000 births for both years).20 
The national rate in 2020 was 5.74 per 
1000 births. The much higher rate in our 
population could be due to UIHC being 
a referral center, caring for hundreds of 
patients each year who are transferred 
for complex maternal care. 

Strengths of this study include 
prospective characterization of every 
birth over a one-year period. Double-

entered data with resolved 
discrepancies ensures accuracy of the 
collected data. A weakness of this study 
includes the single-center descriptive 
nature, so there is limited 
generalizability to other populations. 
Additionally, the study was originally 
designed to study associations between 
COVID-19 and pregnancy outcomes 
thus limiting associations that can be 
drawn about other outcomes. It is also 
unclear how the pandemic itself may 
have affected delivery volumes and 
other obstetric issues. Despite these 
limitations, it is relevant to describe one 
year of consecutive deliveries in our 
population as this creates an updated 
overview to inform both providers at our 
institution and across the state.  

In conclusion, the delivering population 
at Iowa’s only tertiary referral hospital 
has a high percentage of patients with 
obesity and preeclampsia, both of which 
put them at higher risk for additional 
obstetric complications including 
cesarean delivery, which was higher in 
our population than the national 
average. Nearly one in four neonates 
was admitted to the NICU and one in 
five was born preterm. Understanding 
the prevalence of these common 
maternal and neonatal complications in 
our population will better equip providers 
to care for these patients. Additionally, 
having these data of a one-year 
consecutive cohort will provide a 
resource for future research endeavors. 
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