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Abstract

BACKGROUND: Maternal anemia is a common pregnancy complication and often leads to a
requirement for additional treatments and interventions. ldentifying the frequency at which women
with antenatally diagnosed anemia experience severe morbidity at the time of admission to the
labor and delivery unit will guide future recommendations regarding screening and interventions
for anemia during pregnancy.

OBJECTIVE: The objective of this study was to evaluate the association between antenatally
diagnosed anemia and severe maternal morbidity as defined by the Centers for Disease Control
and Prevention in a large, contemporary, US cohort. Neonatal outcomes were also examined.

STUDY DESIGN: This was a secondary analysis of the Consortium on Safe Labor database
from the Eunice Kennedy Shriver National Institute of Child Health and Human Development,
which collected data on 228,438 deliveries in 19 United States hospitals from 2002 to 2008. This
analysis included women with viable, singleton gestations and excluded stillbirths and gestations
with severe congenital anomalies. Women with a diagnosis of antenatal anemia were compared
with those without. Identification of diagnoses of antenatal anemia was obtained via electronic
medical record abstraction and International Classification of Diseases coding according to each
hospital protocol within the Consortium on Safe Labor. The primary maternal outcome consisted
of a composite of severe maternal morbidity as defined by the Centers for Disease Control

and Prevention and included maternal death, eclampsia, thrombaosis, transfusion, hysterectomy,
and maternal intensive care unit admission. The primary neonatal outcome was a composite

that included a 5-minute Apgar score of <7, hypoxic ischemic encephalopathy, respiratory
distress syndrome, necrotizing enterocolitis, seizures, intracranial hemorrhage, periventricular or
intraventricular hemorrhage, neonatal sepsis, neonatal intensive care unit admission, and neonatal
death. Each outcome within the composites was assessed individually along with other additional

Corresponding author: Rachel K. Harrison, MD. Rachel.harrison@aah.org.

Supplementary materials

Supplementary material associated with this article can be found in the online version at https://doi.org/10.1016/
j.ajogmf.2021.100395.

The authors report no conflict of interest.

The contents of this article are solely the responsibility of the authors and do not necessarily represent the official views of the
National Institutes of Health.

The findings of this study were accepted for presentation at the 67th annual scientific meeting of the Society for Reproductive
Investigation, Vancouver, British Columbia, Canada, March 11-14, 2020.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harrison et al. Page 2

secondary outcomes, including a composite of severe maternal morbidity not including transfusion
morbidity. All statistical analyses were performed with Stata version 14.2 (StataCorp LLC,
College Station, TX) using Student’s ftest, chi-square test, Fisher’s exact test, and Wilcoxon rank-
sum (Mann-Whitney U) test, as appropriate. A multivariable logistic regression was performed
with potential confounding variables entered into the regression equation if they differed between
groups at a significance level of /<.05.

RESULTS: A total of 166,566 women met the inclusion criteria. From the original cohort,
56,734 women could not be included because of an unknown diagnosis of anemia. Of those
included, 10,217 (6.1%) were diagnosed with anemia during the pregnancy. Women with anemia
were more likely to be younger, non-Hispanic Black, single, multiparous, and have a higher
prepregnancy body mass index than those without anemia. The frequency of the primary maternal
composite outcome, the neonatal composite outcome, and other secondary outcomes including the
severe maternal morbidity composite not including transfusion, maternal death, transfusion during
labor and the postpartum period, hysterectomy, postpartum hemorrhage, infectious morbidity,
cesarean delivery, and preterm delivery were more common in women with anemia (~<.05).

After multivariable logistic regression analysis adjusting for confounders, higher rates of severe
maternal morbidity remained persistently associated with anemia (adjusted odds ratio, 2.04;

95% confidence interval, 1.86-2.23) in addition to the association of anemia with the severe
maternal morbidity composite not including transfusion, maternal death, thrombosis, transfusion,
hysterectomy, intensive care unit admission, postpartum hemorrhage, hypertensive disorders of
pregnancy, cesarean delivery, and infectious morbidity. The composite neonatal outcome also
remained associated with anemia after adjusting for confounders (adjusted odds ratio, 1.14; 95%
confidence interval, 1.06-1.23).

CONCLUSION: Women with antepartum anemia experienced increased rates of severe maternal
morbidity and other serious adverse outcomes. Diagnosis and treatment of anemia during the
antepartum period may lead to the identification and treatment of women at higher risk for
maternal morbidity and mortality.
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Anemia affects approximately 56 million pregnant women globally, including more than
50% of women in some countries,}~7 and contributes considerably to maternal morbidity
and mortality throughout the world.2:3.7-9 Although a physiological reduction in hemoglobin
occurs during pregnancy because of the disproportionate increase in intravascular volume
compared with the increase in red blood cell production,®10 pathologic states of anemia are
associated with more frequent adverse pregnancy outcomes including higher rates of blood
product transfusion, cesarean delivery, hysterectomy, preterm delivery, small for gestational
age (SGA) neonates, and other adverse maternal and neonatal outcomes.1-3.7-10

Pathologic anemia during pregnancy, defined by the Centers for Disease Control and
Prevention (CDC) as hemoglobin and hematocrit levels of less than 11 g/dL and 33% in

the first and third trimesters and less than 10.5 g/dL and 32% in the second trimester,10 is
an important gauge identified by The American College of Obstetricians and Gynecologists
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(ACOG) to identify those who require additional work-up and treatment.® Iron deficiency
anemia accounts for 75% of all anemias during pregnancy and is caused by the increased
iron demand required to support the 25% increase in total red blood cell mass.611.12 The
incidence of megaloblastic anemia, which is caused by folate or vitamin B12 deficiency,

is more prevalent among women with inadequate dietary intake and those who are not
receiving appropriate prenatal supplementation.8-10-12 Other causes of anemia among
pregnant women are similar to those among nonpregnant women and include acquired and
hereditary causes.6:10-12

Several studies, both from developed and developing countries, and a recent expert review
highlighted the negative impact of anemia during pregnancy on maternal and neonatal
outcomes, including the life-long effects of iron-deficiency on the neonate.1-4.7-10.13,14
However, data examining the contribution of anemia to severe maternal morbidity (SMM)
in the United States, as defined specifically by the CDC,5 is lacking.?16 Utilized by the
CDC for targeting interventions to mitigate rising maternal mortality, prolonged hospital
stays, and increasing medical costs, SMM is an informative pregnancy morbidity index.1®
Furthermore, despite the prevalence of anemia in some parts of the United States,® there
has not been a large-scale examination on the impact of anemia on maternal and neonatal
outcomes.

Finally, in reviewing national guidelines regarding the timing and frequency of testing for
anemia during pregnancy, recommendations remain vague because of insufficient data.6:10.17
The need for additional research in this area is further demonstrated by the results of

a current practice survey conducted by Marcewicz et al,18 which highlighted the vast
variability in anemia diagnosis and management practices among ACOG pregnancy care
providers across the United States.18 Additional information regarding pregnancy outcomes
in women with anemia will allow providers to assess whether a practice change is warranted
in screening for and intervening in this potentially modifiable disease.

Therefore, our primary objective was to evaluate the association of anemia with SMM

in a large US-based cohort. We in addition examined the impact of maternal anemia on
adverse maternal and neonatal complications identified during the labor and delivery course.
We hypothesized that women with anemia would have higher rates of SMM and adverse
neonatal outcomes, particularly SGA neonates and preterm delivery.

Materials and Methods

This was a secondary analysis of deidentified data from the Consortium on Safe Labor
(CSL) database obtained from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (https://dash.nichd.nih.gov/). The original study included
228,438 pregnancies of women who delivered at 23 weeks’ gestation or later at 19

hospitals in the United States between 2002 and 2008. Data about maternal and neonatal
outcomes were collected retrospectively via abstraction from electronic medical records and
International Classification of Diseases, Ninth Revision, (ICD-9) codes. The original study
aimed to obtain a better understanding of labor and delivery practices throughout the United
States to assess risk factors for cesarean delivery.19 All participating sites in the CSL study
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received institutional review board (IRB) approval at the time of the original data collection,
and further approval was obtained for our secondary analysis from the Medical College of
Wisconsin IRB.

The inclusion criteria for the study were women with a viable, singleton gestation who
delivered at or later than 23 weeks’ gestation. Exclusion criteria were women with an
unknown diagnosis of anemia, a stillbirth, multiple gestation, and fetuses with severe
congenital anomalies. The latter fetus-related exclusion criteria were applied to allow the
results to accurately reflect the relationship between anemia and the timing of delivery
and rates of SGA because women with stillbirths, multiple gestations, and fetuses with
congenital anomalies often experience preterm birth and have SGA neonates. The primary
exposure in our study was a diagnosis of antenatal anemia before delivery. A diagnosis of
antenatal anemia was assigned if a diagnosis of anemia was noted either during electronic
medical record abstraction or ICD coding from prenatal records according to each hospital
protocol within the CSL. Of note, the original publication described the process of data
maintenance and accuracy as follows: “Data transferred from the clinical centers were
mapped to predefined common codes for each variable at the data coordinating center.
Data inquiries, cleaning, recoding and logic checking were performed. We also conducted
validation studies for four key outcome diagnoses....” This validation process found the
data to be “highly accurate” with most variables showing >95% accuracy.1® Baseline
characteristics, background health and pregnancy information, and pregnancy outcomes
were included in the analyses.

The primary maternal outcome was a composite of SMM, which included maternal death,
eclampsia, thrombosis, transfusion, hysterectomy, and maternal intensive care unit (ICU)
admission. Of note, the original data collected by the CSL did not include all SMM
indicators as listed by the CDC, which is likely because the CDC SMM criteria were

not established until 2012, which is after the completion of the CSL data collection
period,29 however, we utilized ICU admission as a surrogate for the variables not collected
(Appendix 1), acknowledging that any of these diagnoses would typically warrant an

ICU stay. Additional secondary maternal outcomes included all individual outcomes in

the composite outcome, these are additional outcomes beyond the composite preterm
delivery; blood loss; postpartum hemorrhage (PPH); preeclampsia; this is one of the
individual composite outcomes; hemolysis, elevated liver enzymes, and low platelet count
(HELLP) syndrome; cesarean delivery; a composite of infectious morbidity (including
chorioamnionitis, endometritis, and wound infection); a separate SMM composite excluding
transfusion; and gestational age at delivery. The primary neonatal outcome was a composite
that included 5-minute Apgar score of <7, hypoxic ischemic encephalopathy, respiratory
distress syndrome (RDS), necrotizing enterocolitis, seizures, intracranial hemorrhage,
periventricular or intraventricular hemorrhage, neonatal sepsis, neonatal intensive care unit
(NICU) admission, and neonatal death. Additional secondary neonatal outcomes included
each individual outcome of the composite, birthweight less than 2500 g, fetal distress during
labor, neonatal anemia, and need for transfusion.

All statistical analyses were performed using Student’s ftest, chi-square test, Fisher’s exact
test, and Wilcoxon rank-sum (Mann-Whitney U) test, as appropriate. Multivariable logistic
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regression analysis was performed with potential confounding variables entered into the
regression equation if they differed between groups at a level of A<.05. These potential
confounders included maternal age, body mass index (BMI), nulliparity, maternal race,
marital status, insurance, and history of diabetes, asthma, previous cesarean delivery, and
alcohol use. A Pvalue of <.05 was considered statistically significant. All statistical analyses
were conducted using Stata version 14.2 (StataCorp LLC, College Station, TX).

Results

A total of 166,566 women were eligible for our analysis after exclusion of 56,734

women owing to an unknown diagnosis of antepartum anemia, 3938 women owing to
multiple gestations, 302 women owing to congenital anomalies, and 1052 women owing to
stillbirth (Figure). Of the remaining women, 10,217 (6.1%) were diagnosed with antepartum
anemia. Women with anemia were more likely to be younger (26.2+6.2 vs 27.7+6.2 years;
£<.001), non-Hispanic Black (33.7% vs 24.9%; A<.001), single (51.3% vs 37.2%; £<.001),
multiparous (61.3% vs 59.6%; P=.001), and have a higher prepregnancy BMI (25.94+6.5 vs
25.4%6.2 kg/m?; P<.001) than women without anemia (Table 1). In contrast, women without
anemia were more likely to be privately insured (58.8% vs 48.1%; ~<.001), of Hispanic
ethnicity (19.5% vs 12.8%; P<.001), and have a history of pregestational diabetes (2.5% vs
1.5%; P<.001) (Table 1).

Maternal anemia was significantly associated with several adverse maternal outcomes in
the univariable analysis including the SMM composite outcome (7.5% vs 4.0%; ~£<.001),
maternal death (0.04% vs 0.01%; AP<.001), requirement for transfusion during labor and

the postpartum period (2.9% vs 1.0%; A£<.001 and 6.7% vs 3.7%; A<.001, respectively),
hysterectomy (0.3% vs 0.1%; ~£<.001), PPH (13.8% vs 6.9%; A<.001), infectious morbidity
(3.7% vs 3.2%; P<.001), cesarean delivery (36.7% vs 28.4%; £<.001), SMM composite
excluding transfusion (1.8% vs 0.7%; P<.001), and preterm delivery (12.9% vs 12.0%;
P=.005) among other adverse outcomes as listed in Table 2.

Regarding our primary composite neonatal outcome, 15.5% (vs 13.3%; ~<.001) of infants
born to mothers with anemia experienced an adverse neonatal outcome, most commonly
NICU admission (14.9% vs 12.6%; P<.001). Additional adverse neonatal outcomes that
were noted more frequently in infants of mothers with anemia included antenatal and
antepartum fetal distress (8.0% vs 5.2%; A<.001 and 7.4% vs 6.3%; ~<.001 respectively)
and birthweight less than 2500 g (9.8% vs 9.0%; P=.005) (Table 3). Anemia in mothers led
to lower rates of RDS (2.9% vs 3.3%; P=.028) and neonatal transfusions (0.1% vs 0.2%;
P=.018) (Table 3).

In the multivariable logistic regression, after adjusting for confounders, the following
remained persistently and independently associated with maternal anemia: SMM (adjusted
odds ratio [aOR], 2.44; 95% confidence interval [Cl], 1.86-2.23), maternal death (aOR,
18.10; 95% CI, 2.48-131.61), antepartum and postpartum thrombosis (aOR, 2.95; 95%
Cl, 2.09-4.16 and aOR, 2.59; 95% ClI, 1.26-5.33), transfusion during labor and the
postpartum period (aOR, 3.16; 95% Cl, 2.61-3.83 and aOR, 1.84; 95% CI, 1.66-2.05,
respectively), hysterectomy (aOR, 7.66; 95% CI, 4.57-12.85), ICU admission (aOR, 4.07;
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95% Cl, 2.87-12.85), PPH (aOR, 4.07; 95% Cl, 2.87-5.75), preeclampsia, eclampsia, or
HELLP syndrome (aOR, 1.33; 95% CI, 1.18-1.50), cesarean delivery (aOR, 1.47; 95%

Cl, 1.37-1.57), infectious morbidity (aOR, 1.42; 95% CI, 1.24-1.61), and SMM composite
excluding transfusion (aOR, 3.40; 95% Cl, 2.73-4.22) (Table 4). The composite neonatal
outcome, NICU admission, and antenatal fetal distress also remained significantly associated
with maternal anemia during gestation after controlling for confounders (aOR, 1.14; 95%
Cl, 1.06-1.23 and aOR, 1.16; 95% CI, 1.07-1.25 and aOR, 1.15; 95% ClI, 1.02-1.30,
respectively) (Table 5).

Comment

Principal findings
Our study demonstrated an increase in the rates of several adverse maternal outcomes in

women with antenatally diagnosed anemia, including notably higher rates of SMM and
maternal death. Rates of SGA infants and preterm delivery were not increased.

Results

Anemia was independently associated with SMM and maternal death after controlling

for confounders. The direct and indirect contribution of anemia to maternal death or
near-misses has been demonstrated previously in low-resource settings, but also in large
data set analyses in high-resource settings such as Canada, Scotland, and France, which
showed similar findings.16:21-30 Our study further demonstrated the role of anemia as an
independent risk factor for higher rates of blood transfusions, PPH, need for hysterectomy,

preeclampsia, cesarean delivery, and infectious morbidity, which is consistent with previous
publications,34.9.16.23,26,29,31

Women with anemia are less tolerant of greater volumes of blood loss than women

without anemia because of their lower reserves of red blood cells, thus increasing their

risks for transfusion, hysterectomy, and ICU admission as seen in our study and previous
studies.3:9:16:30 However, the independent association of antenatally diagnosed maternal
anemia with PPH, hypertensive disorders of pregnancy, and infectious morbidity warrant
further attention, because these comprise 3 of the top causes of pregnancy-related deaths
throughout the world in both high- and low-resource settings and are not frequently
considered in conjunction with anemia.20:32:33 Our study found a 2-fold greater risk for

PPH in women with anemia, consistent with previous studies.?-23:30:31 This phenomenon is
explained by impaired uterine muscle strength secondary to a decrease in uterine perfusion
seen in patients with decreased iron stores.3* Regarding hypertensive disorders of pregnancy,
a 0.33-fold increase in these diagnoses was seen in women with anemia, which is also
similar to findings of previous studies, and is most likely related to decreased uterine

and placental perfusion.”-9:34 Because of this finding, an additional logistic regression

was performed to evaluate the impact of chronic hypertension, particularly with regard to
eclampsia and other hypertensive disorders of pregnancy by including it in the model, and
the results were essentially unchanged from those seen in Table 4. Finally, the higher rates of
infectious morbidity observed in women with anemia in our study are supported by previous
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studies®30 and likely explained by inadequate blood flow and oxygen delivery necessary for
wound healing and infection control.3°

Regarding neonatal outcomes, we found that infants born to women with anemia
experienced mildly increased rates of adverse outcomes including NICU admission and
antenatal fetal distress after controlling for confounders. Other adverse neonatal outcomes
that were previously reported as associated with anemia were not higher in our population
and include SGA infants, preterm delivery, or birthweight <2500 g.1~4.9.13.36

Clinical implications

It is well recognized that maternal mortality is rising in the United States32:33:37 prompting
nationwide investigations into potentially modifiable risk factors. Our study sought to
ascertain whether anemia should be considered as a specific target for maternal mortality
prevention based on its association with SMM. When considering the independent
relationship identified in our study between anemia and increased rates of PPH, hypertensive
disorders of pregnancy, and infectious morbidity, plus the significantly increased rates of
maternal death and SMM, 538 the impact of anemia on maternal mortality cannot be
overlooked. Importantly, based on these findings, it is consequently encouraging that the
identification and treatment of anemia may serve as a promising preventative measure for
seemingly distinct causes of maternal death.

A 2015 Cochrane review that evaluated the impact of iron supplementation on maternal

and neonatal outcomes in women with anemia stated that although there is a reduction

in the risk for adverse outcomes with iron supplementation, the quality of evidence is
low.39 Importantly, iron supplementation was found to be effective in reducing anemia and
iron deficiency at term when identified antenatally.4? Our large-scale assessment of a US-
based population serves as further evidence of the importance of anemia identification and
treatment, particularly acknowledging that iron deficiency, which comprises 75% of anemia
in pregnancy, can be appropriately treated. With this information, consideration should be
taken into updating national guidelines regarding anemia identification and treatment during
pregnancy. For example, a third trimester hemoglobin level could be obtained at the time of
routine glucola screening to allow for adequate time to improve hemoglobin levels before
delivery. This practice approach is currently inconsistent throughout the United States with
regional variation.18

Finally, vitally important to the prevention of maternal mortality and SMM is the importance
of highlighting higher rates of these unfavorable outcomes in women identifying as non-
Hispanic Black.33:37:41.42 Our study found non-Hispanic Black women were more likely

to have anemia than any other racial group (34.8% of women with anemia identified as
non-Hispanic Black vs 26.0% of women without anemia; £<.001). Although maternal race
was controlled for in the regression analysis, additional contributions of sickle cell disease,
biases in anemia identification and treatment, and access to care, among other concerns
related to maternal race that were not identified and may have affected outcomes, cannot be
discounted and should be further explored.
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Research implications

This is the first large-scale examination of the effect of anemia specifically focused on
adverse maternal outcomes in a US-based population. Unfortunately, the majority of studies
on this topic are retrospective. Therefore, future researchers should consider a prospective
trial evaluating the impact of widespread identification and proper treatment of anemia

on pregnancy outcomes. Furthermore, additional research is needed to examine whether
antenatal anemia that presents on admission for delivery contributes more strongly to
adverse outcomes or whether women diagnosed antenatally have additional unidentified
risk factors that lead to these adverse outcomes. Finally, from a public health perspective,
isolating the impact of inadequate access to iron supplements or 1V iron and reasons for
noncompliance to iron therapy would allow for targeted interventions.

Strengths and limitations

Strengths of this study include the large sample size from the CSL database, which allowed
analysis of multiple hospital systems across the United States. A limitation of our study is
the large number of women (56,734; 24.8% of the data set) who were excluded from the
analysis secondary to an unknown antepartum anemia status, meaning that in the CSL data
file under the heading “antenatal anemia,” the value was labeled as “unknown” or “missing.”
To assess bias based on this limitation, we evaluated the baseline characteristics of those
with information regarding antenatal anemia diagnosis and those without (Appendix 2). Of
the 12 hospital systems that contributed data to the CSL, 4 did not collect information on
antenatal anemia, leading to differences between groups as shown in Appendix 2. A further
limitation is that the CSL does not contain data on all 21 SMM indicators, becuase data
collection was completed before publication of the original SMM description.29 Therefore,
the variable of “ICU admission” was used as a surrogate for these diagnoses (listed in
Appendix 1) because these would typically warrant ICU admission in a pregnant patient.

In addition, we were unable to stratify our data based on the type of anemia (microcytic,
normocytic, macrocytic), on whether patients had a history of anemia of chronic disease,
on chronic kidney disease status, or sickle cell anemia, which are significant contributors to
poor obstetrical outcomes, and on whether or not women received treatment for anemia.
These limitations reduced our ability to extrapolate how these disease states may be
modified at a population level.

In addition, we did not find clinically significant increased rates of SGA neonates, preterm
delivery, or low birthweight as seen in similar previous studies.1~4:9:13:36 \We suspect that
these dissimilar findings are related to the inclusion of stillbirths, multiple gestations,
and/or congenital anomalies in previous similar studies, which were excluded in our study.
Although this does not allow for direct comparison, our results are unique in that we have
identified that the risks for preterm delivery, SGA, and a birthweight <2500 g may be
diminished in pregnancies with anemia unaffected by stillbirth, multiple gestations, and/or
congenital anomalies.

In comparison with similar studies, our study did not evaluate separate cohorts based on the
severity of anemia because there were no available hemoglobin or hematocrit levels in this
database.923:30 Although this permitted for a larger sample size, it limited the applicability
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of the findings to specific patients and their respective degrees of anemia severity. However,
despite this difference, we identified similar adverse outcomes as previous studies that
stratified by severity,223:30 demonstrating the likely negative impact of anemia at all
hemoglobin levels. In fact, Ray et al6 previously identified increasing rates of SMM starting
at the lower end of normal hemoglobin levels. Also, the gestational age at which anemia
was diagnosed was not available within the CSL data set, which would assist in clarifying
recommendations for timing of screening. Nevertheless, previous studies have demonstrated
negative impacts of anemia regardless of trimester at diagnosis.113:14.23.30

Women with antepartum anemia experienced higher rates of SMM, maternal death, and
other adverse maternal outcomes known to contribute to maternal mortality. Diagnosis and
treatment of anemia during the antepartum period is essential to optimize maternal health
and may contribute to a decrease in maternal morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix 1

**|CU admission functioned as a surrogate for the following:
Acute myocardial infarction
Aneurysm
Acute renal failure
Adult respiratory distress syndrome
Amniotic fluid embolism
Cardiac arrest/ventricular fibrillation/Conversion of cardiac rhythm
Disseminated intravascular coagulation
Heart failure/arrest during surgery

Peurperal cerebrovascular disorders
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Appendix 2

Pulmonary edema/acute heart failure

Severe anesthesia complications

Sepsis
Shock

Sickle cell disease with crisis

Temporary tracheostomy

Ventilation

No Anemia I nformation

Baseline Characteristics of Women with and without Anemia Information

Anemia Information

Page 10

Maternal Characteristic (N=56,734) (N=171,704) p-value
Maternal age (years) (N=228,115) 275+6.2 27.7+6.2 <0.001
Prepregnancy BMI (kg/m?) (N=151,620) 25.6 +6.3 254 +6.2 <0.001
Nulliparity (N=228,438) 22,065 (38.9%) 69,206 (40.3%) <0.001
Race (N=228,437) <0.001

White Non-Hispanic 34,834 (61.4%) 78,390 (45.7%)

Non-Hispanic Black 7,528 (13.3%) 43,864 (25.5%)

Hispanic 7,138 (12.6%) 32,578 (19.0%)

Other 7.234 (12.7%) 16,871 (9.8%)
Marital status (N=220,987) <0.001

1 Married 32,651 (61.8%) 101,795 (60.5%)

2 Divorced 923 (1.8%) 2,683 (1.6%)

3 Single 19,226 (36.4%) 63,709 (37.9%)
Education status (N=71,837) <0.001

Less than HS diploma 616 (45.4%) 13,808 (19.6%)

HS diploma 462 (34.0%) 21,604 (30.7%)

More than HS diploma 280 (20.6%) 35,067 (49.7%)
Insurance (N=204,392) <0.001

Private 41,707 (74.4%) 86,326 (58.2%)

Public 13,819 (24.7%) 59,821 (40.3%)

Self-pay 500 (0.9%) 2,219 (1.5%)
History of cesarean (N=215,219) 7,350 (13.3%) 23,979 (15.0%) <0.001
Pregestational diabetes (N=220,560) 514 (1.1%) 4,263 (2.5%) <0.001
Chronic hypertension (N=205,893) 759 (1.6%) 5,369 (3.4%) <0.001
Asthma (N=220,560) 4,270 (8.7%) 11,124 (6.5%) <0.001
Gestational diabetes (N=202,169) 2,503 (5.1%) 5,220 (3.4%) <0.001
Tobacco use (N=228,438) 5,500 (9.7%) 9,747 (5.7%) <0.001
Alcohol use (N=228,438) 466 (0.8%) 3,714 (2.2%) <0.001
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BMI=body mass index, HS=high school
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AJOG MFM at a Glance
Why wasthis study conducted?

The study was conducted to evaluate the impact of maternal anemia on severe maternal
morbidity in a large US population.

Key findings

Women diagnosed with anemia during pregnancy were more likely to experience a
severe complication at the time of delivery, including higher rates of postpartum
hemorrhage, thrombosis, transfusion, hysterectomy, intensive care unit admission,
infection, hypertensive disorders of pregnancy, cesarean delivery, and maternal death.

What doesthis add to what is known?

This study highlights the breadth of maternal complications associated with anemia
during pregnancy in the United States, particularly maternal mortality and severe
maternal morbidity. Furthermore, it highlights a potential area of intervention for
reducing maternal morbidity and mortality.
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A total of 228,592 deliveries
analyzed for inclusion

Excluded:

3,938 deliveries - multiple gestations

Excluded:

56,734 deliveries - unknown
diagnosis of anemia

302 deliveries - congenital anomalies
1,052 deliveries - stillbirths

Included:

analysis

166,566 deliveries - eligible for

156,349 deliveries - no anemia

10,217 deliveries - anemia

FIGURE. Flowchart
Eligibility criteria for subject selection.
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