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Abstract

Objectives: Hereditary hemolytic anemia (HHA) results from genetic mutations that cause
red blood cell abnormalities. Little research exists on the relationship between HHA and
birth defects. Using data from the National Birth Defects Prevention Study (NBDPS), we
described characteristics of HHA-exposed women and estimated associations between HHA
during pregnancy and specific birth defects.

Methods: The NBDPS was a population-based, case—control study of major birth defects
and included pregnancies with estimated delivery dates from October 1997 through December
2011. Participants were ascertained from hospital discharge lists or birth defect registries at

10 sites. Trained interviewers collected information about pregnancy exposures via telephone
questionnaire. We described characteristics among HHA-exposed women and calculated crude
odds ratios and exact 95% confidence intervals for defects with >3 exposed cases.

Results: Among 31 HHA-exposed women (28 cases/3 controls), 13 (42%) reported sickle cell
anemia, 17 (55%) reported thalassemia, and one (3%) reported hereditary spherocytosis. The
average age at delivery for HHA-exposed case women was 27.3 years (range: 17-38). The
majority (82%) of HHA-exposed case women reported additional conditions during pregnancy,
including hypertension, genitourinary infections, and respiratory illnesses. Additionally, 93% of
case women reported using medication during pregnancy. Among the 28 cases, 18 (64%) had
isolated birth defects. The defects with >3 exposed cases were anencephaly, atrial septal defect,
gastroschisis, and cleft palate. Except for anencephaly, the 95% confidence intervals for all
estimates were close to or included the null.

Conclusion: This hypothesis-generating study adds to the sparse literature on the association
between HHA and birth defects.
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1| INTRODUCTION

Anemia is a common condition in pregnancy that occurs when the body has an abnormally
low number of circulating red blood cells (Bencaiova, Burkhardt, & Breymann, 2012;
McLean, Cogswell, Egli, Wojdyla, & de Benoist, 2009). There are two main types of
anemia. The more common type occurs due to a nutritional deficiency from specific
vitamins and minerals, such as iron, vitamin B, or folic acid, and can be treated with
changes in diet and oral supplementation (Sun, McLeod, Gandhi, Malinowski, & Shehata,
2017). The other main type is hemolytic anemia, which is caused by hemolysis: the early
destruction of red blood cells (Vieth & Lane, 2014). Hemolytic anemia is much rarer and
can be hereditary; certain gene mutations cause red blood cells to have an abnormal shape
and shorter lifespan (Lee & Okam, 2011; Vieth & Lane, 2014). Hereditary hemolytic anemia
is usually diagnosed at birth and can be a life-long illness with painful complications. Some
patients are regularly prescribed opioid analgesics to treat these symptoms (Phillips & Boyd,
2017).

There are various types of hereditary hemolytic anemia (HHA), including sickle cell anemia,
thalassemia, and hereditary spherocytosis, and the prevalence varies by characteristics such
as race/ethnicity. For example, sickle cell anemia predominately affects infants of non-
Hispanic Black race/ethnicity (Wang et al., 2013), whereas thalassemia is more common
among infants of East Asian and Middle Eastern descent (Feuchtbaum, Carter, Dowray,
Currier, & Lorey, 2012). Sickle cell anemia is dangerous in pregnancy and can lead to
significant maternal morbidity and mortality. An increase in painful sickle cell crises, which
occur when sickle-shaped red blood cells clump together blocking blood vessels, are more
common in the third trimester of pregnancy. Women with sickle cell disease may require
prophylactic blood transfusions to decrease the risk of crises (Alayed, Kezouh, Oddy, &
Abenhaim, 2014). Thalassemia complications are dependent on subtype; some women may
have mild cases during pregnancy while others have more moderate symptoms. In severe
cases, women with thalassemia are dependent on transfusions, and cardiac and liver function
may be affected (Petrakos, Andriopoulos, & Tsironi, 2016). Hereditary spherocytosis ranges
in severity of presentation and common clinical features include jaundice, low hemoglobin
levels, and an enlarged spleen. Many cases are mild, but life events, including pregnancy,
may lead to diagnoses due to more severe symptoms or routine blood tests (Bolton-Maggs,
2004).

Abnormal red blood cells characterizing HHA can lead to reduced oxygen levels in the
placenta, potentially causing placental hypoxia and affecting fetal development (Chen et al.,
2018; Trampont et al., 2004). Increased risk of several adverse pregnancy outcomes has
been documented in women with HHA, particularly preterm birth (Fozza et al., 2017; Kuo
& Caughey, 2016), small for gestational age (Elenga et al., 2016; Kuo & Caughey, 2016),
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pre-eclampsia (Chen et al., 2018; Elenga et al., 2016; Kuo & Caughey, 2016), intrauterine
growth restriction (Boafor et al., 2016) perinatal mortality (Boafor et al., 2016), and low
birthweight (Boafor et al., 2016). The literature on the relationship between HHA and birth
defects, however, is sparse. One study found sickle cell disease was associated with cardiac
defects, abdominal wall defects and congenital lung defects (Kuo & Caughey, 2016). Using
data from the National Birth Defects Prevention Study (NBDPS), we described women who
reported HHA during pregnancy and estimated the risk of specific types of birth defects in
their offspring. We sought to use these findings to generate hypotheses for future research.

2| METHODS

The NBDPS was a population-based, multi-site, case—control study in the United States
designed to investigate risk factors associated with more than 30 categories of major
structural birth defects (Reefhuis et al., 2015; Yoon et al., 2001). The NBDPS included
pregnancies with estimated delivery dates (EDDs) between October 1, 1997 and December
31, 2011. Case women had pregnancies ending in livebirth, stillbirth, or termination
ascertained from birth defects surveillance systems at participating sites in 10 states
(Arkansas, California, Georgia, lowa, Massachusetts, New Jersey, New York, North
Carolina, Texas, and Utah). Case women were excluded if the birth defect affecting their
pregnancy was attributed to a known chromosomal or single-gene abnormality. Following
ascertainment, clinical geneticists reviewed each case to confirm study eligibility and to
classify them as isolated (one or more major birth defects in the same organ system),
multiple (major birth defects in more than one organ system), or complex (a group of defects
believed to be pathogenically related, but the primary defect is not apparent). Congenital
heart defects (CHD) were further classified based on cardiac phenotype, complexity, and
presence of non-CHDs (Botto, Lin, Riehle-Colarusso, Malik, & Correa, 2007). Control
women had liveborn, nonmalformed infants that were randomly selected from hospital
discharge lists or birth certificates from the same geographic catchment areas as the cases.
Due to changes in birth defect ascertainment, some sites did not collect certain birth defects
in all years. We excluded controls for these years and sites with incomplete data when
estimating odds ratios. All interviewed study participants provided informed consent.

Trained interviewers conducted computer-assisted telephone interviews in English or
Spanish with case and control women. The women were interviewed between 6 weeks and
24 months after the EDD and asked about their demographics, behaviors, medical history,
and medication use from 3 months before pregnancy to birth. Women reported HHA in
response to interview questions about illness during pregnancy. Before 2006, women were
asked if they had “any other disease or illnesses that we have not already talked about,
such as chronic disease, infectious disease, or sexually transmitted diseases.” Starting in
2006, women were asked if they had “any other chronic disease or illness that we have not
talked about such as asthma, thyroid disease, an autoimmune disease, or other chronic or
long-term diseases.” Women reported the name of their disease, diagnosis date, symptoms,
and any related medication use (including medication name, timing, and frequency of use).
The Slone Epidemiology Center Drug Dictionary was used to code all reported medications.
We also reviewed all comment fields in the questionnaire to identify reports of HHA in
other parts of the interview. We considered a woman to have HHA if she reported any of
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the following disorders during pregnancy: hereditary spherocytosis, hereditary elliptocytosis,
thalassemia, sickle cell disease, or other hemoglobinopathies. Women who reported sickle
cell trait were not considered to have HHA since symptoms and complications are rare; they
were excluded from this analysis (Trampont et al., 2004).

We conducted a descriptive analysis to investigate patterns in the occurrence of birth defects
and maternal characteristics among women who reported HHA. We described the specific
birth defects that affected their pregnancies, as well as maternal demographics, medical
histories, and behaviors during pregnancy. Due to the rarity of control women reporting
HHA (n=3), we only described characteristics among case women. We calculated chi-
square tests to determine differences in characteristics among case women with and without
HHA. Additionally, to determine if there is an association between HHA and the risk of
birth defects, we estimated crude odds ratios and exact 95% confidence intervals for birth
defects with at least three exposed cases. We excluded 217 women (151 cases, 66 controls)
who reported sickle cell trait, anemias that were not considered HHA, and women who did
not specify the type of anemia. The unexposed group included case and control women who
did not report any type of anemia.

3| RESULTS

Of the 31,867 case and 11,763 control women in this analysis, 28 case (0.09%) and

three control (0.03%) women reported HHA during pregnancy. Of these 31 women, 17
(55%) reported thalassemia, 13 (42%) reported sickle cell anemia, and one (3%) reported
hereditary spherocytosis. All three exposed control women reported thalassemia.

We observed differences in characteristics between case women who reported HHA and
case women who did not, including differences by HHA type (Table 1). The average age of
unexposed case women was 27.7 years (SD: 6.2), while case women who reported sickle
cell anemia had an average age of 23.6 years (SD: 3.9) and case women with thalassemia
had an average age of 30.0 years (SD: 7.0). Similarly, we observed differences between

case women with and without HHA by race/ethnicity. Only 10% of case women without
HHA were non-Hispanic Black, while 39% of case women with HHA were non-Hispanic
Black. This was driven by the fact that 62% of case women with sickle cell anemia

were non-Hispanic Black, whereas 57% of case women who reported thalassemia were
non-Hispanic White. Women with HHA were more likely to have a lower household income
or non-livebirth compared with case women without HHA. Other characteristics, including
prepregnancy body mass index, maternal hypertension, maternal cigarette smoking, maternal
education, and maternal US nativity, were similar among case women with and without
HHA. Among those with live born infants, the frequency of preterm birth and low-birth
weight was similar between case women with and without HHA. Within HHA subtypes,
case women with sickle cell anemia had higher proportions of preterm birth (40%) and
lower proportions of low-birth weight (20%) compared with women with thalassemia
(preterm birth, 25%; low-birth weight, 33%).

Of the case women with HHA who reported a date for their first prenatal care visit, 54%
reported initiating care in the first 2 months of pregnancy. The majority (82%) of case
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women with HHA reported one or more additional conditions during pregnancy, including
hypertension (19%), genitourinary infections (29%), and respiratory illnesses (54%). None
of the women with HHA reported either prepregnancy or gestational diabetes. Additionally,
26 (93%) case women with HHA reported medication use during pregnancy. Of these,

the most commonly reported medications were nonopioid analgesics (89%) and antibiotics
(29%). Also, 26 (93%) case women reported prenatal multivitamin use. A small number

of women with HHA, all with sickle cell anemia, reported treatments specific to HHA,
including four (14%) who reported opioid use (two in the first trimester), two (7%) who
reported a blood transfusion in the first trimester, and one (4%) who reported hydroxyurea
use in the first trimester (data not shown).

Of the 28 case women with HHA, 18 (64%) had a pregnancy with an isolated birth defect
while 10 (36%) had a pregnancy with more than one defect (Table 2). Of the pregnancies
affected by multiple defects, all had unique combinations of birth defects. Among
pregnancies of women with HHA, we observed 20 different birth defects: anencephaly,
spina bifida, microtia, Dandy—Walker malformation, cataracts, cleft palate without cleft lip,
anorectal atresia, hypospadias, longitudinal limb deficiency, craniosynostosis, biliary atresia,
gastroschisis, amniotic band syndrome, tetralogy of Fallot, d-transposition of the great
arteries, partial anomalous pulmonary venous return, coarctation of the aorta, secundum
atrial septal defect (ASD), perimembranous ventricular septal defect, and heterotaxy. Of the
more than 50 specific birth defects included in the NBDPS, we observed three exposed
cases each for four birth defects: anencephaly, ASD, cleft palate without cleft lip, and
gastroschisis. For each of these defects, there were two women with thalassemia and one
woman with sickle cell anemia. While one case woman had a pregnancy affected by both
ASD and cleft palate, all others were distinct individuals. The crude ORs for HHA and
each birth defect were elevated, ranging from 3.8 for ASD to 17.9 for anencephaly, but
confidence intervals were very wide. Additionally, the confidence intervals for all ORs
except anencephaly either included or were very close to the null value of 1.0 (Figure 1).

4| DISCUSSION

This study described 31 women (28 cases and three controls) who reported HHA during
pregnancy. Our analysis suggests that HHA is not associated with the majority of birth
defects included in the NBDPS. For 36 of the 52 defects examined, we observed 0 exposed
cases and an additional 16 defects had either 1 or 2 exposed cases. Among the 28 case
women who reported HHA, we observed 20 different birth defects among their offspring.
We estimated crude associations between HHA and four specific birth defects and observed
an increased risk of all four defects. However, all but one confidence interval either included
or was close to the null. All confidence intervals were exact given the small number of
exposed cases and extremely wide.

We found differences in demographics among different HHA types and compared with
unexposed women. Case women with HHA differed from case women without HHA in
terms of race/ethnicity, household income, and livebirth status. Case women with sickle
cell anemia were younger, on average, than case women with thalassemia. Also, more
case women with sickle cell anemia were non-Hispanic Black compared with case women
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with thalassemia. These findings are similar to what has been previously described in the
literature, where sickle cell anemia occurs most often in those of sub-Saharan African
descent and thalassemia most commonly affects those of Asian and Mediterranean descent
(Vichinsky, MacKlin, Waye, Lorey, & Olivieri, 2005; Wang et al., 2013). Similar to our
findings, previous studies have also found that women with sickle cell disease tend to have
a younger age at delivery (Al Jama et al., 2009; Al Kahtani et al., 2012) than women

with thalassemia (Sorrentino et al., 2020; Vafaei, Karimi, Akbarzadeh Jahromi, Asadi, &
Kasraeian, 2020).

Many studies have reported increased risk of preterm birth, intrauterine growth restriction,
pregnancy-related hypertension (including pre-eclampsia), and genitourinary infections
among women with HHA (Al Jama et al., 2009; Al Kahtani et al., 2012; Alayed et al.,
2014). Our results mirrored these findings, with 16% and 29% of case women reporting
hypertension and genitourinary infections, respectively. These percentages are higher than
those reported among pregnant women in the U.S, where approximately 7-15% of pregnant
women report hypertension (Bornstein, Eliner, Chervenak, & Griinebaum, 2020; Fisher et
al., 2018; Monseur, Morris, Hipp, & Berghella, 2019) and 9-17% of pregnant women report
genitourinary infections (Howley et al., 2018; Whitehead, Callaghan, Johnson, & Williams,
2009). However, we were only able to calculate these percentages among case women, who
may have a higher baseline risk of hypertension and genitourinary infections even without
HHA.

The literature on the association between HHA and birth defects is sparse. The Birth Defects
Monitoring Program, operated by the Centers for Disease Control and Prevention to monitor
trends in birth defects from hospital discharge lists across the United States, found that
women with HHA had offspring with an excess of CHDs when compared with women
without HHA (Khoury, Waters, Martin, & Edmonds, 1991). The authors identified cases of
ASD, ventricular septal defect, patent ductus arteriosus, and other unspecified heart defects
among offspring of women with HHA but did not find an excess of any specific CHDs, nor
did they find an excess of other specific non-CHDs. In our analysis, the only CHD for which
we were able to calculate a crude OR was ASD, for which there were three exposed case
infants. While the OR was elevated, the wide confidence interval included the null value of
1.0 (OR: 3.8, 95% CI: 0.5, 28.1).

Besides ASD, we calculated crude estimates for three other specific birth defects. While

all the ORs were elevated, those for cleft palate and gastroschisis had lower CI bounds
close to 1.0 and were very wide. The OR for anencephaly was elevated and excluded the
null value of 1.0 but was still very imprecise. Two previous studies assessed the risk of
neural tube defects (NTD) among women with thalassemia (Ibba et al., 2003; Lam & Tang,
1999). In one study of 309 women with thalassemia and 1506 women without thalassemia,
there were nine NTD-affected pregnancies: five with spina bifida and four with anencephaly
(Lam & Tang, 1999). All of the anencephaly-affected pregnancies were among women
with thalassemia, while the spina bifida-affected pregnancies were among women without
thalassemia. Another study of 75 NTD-affected pregnancies found that women with beta-
thalassemia had a higher percentage of anencephaly-affected pregnancies compared with
women without thalassemia (Ibba et al., 2003). However, women with alpha-thalassemia
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had a lower percentage of anencephaly-affected pregnancies compared with women without
thalassemia. Although these studies were small, both found an increased risk of NTDs
overall among women with thalassemia compared with women without thalassemia. The
mechanism by which HHA can lead to NTDs is unclear, but studies have shown that women
with HHA may suffer from depleted folate reserves due to the decrease in healthy red blood
cells (Castaldi et al., 1983; Dixit et al., 2016). These low folate reserves may explain our
finding of increased risk of anencephaly among women with HHA, since low folic acid has
been found to be associated with NTDs in numerous studies (Ibba et al., 2003; Williams et
al., 2015). Two of the three women with an anencephaly-affected pregnancy in our study
reported taking a folic acid-containing multivitamin or prenatal vitamin, however standard
supplements may be inadequate to overcome particularly low folate reserves due to HHA.
Additionally, while one woman reported initiating use 2 months before pregnancy, the other
began during the first month of pregnancy, which may not have allowed her to build up
adequate nutrient stores. Guidelines suggest women with certain risk factors, such as those
with a previous NTD-affected pregnancy, take higher folic acid doses during a subsequent
preghancy (“ACOG Committee Opinion No. 762: Pre-pregnancy Counseling,” 2019). HHA
is not currently considered a risk factor for NTDs according to these guidelines, so women
in our study reporting supplement use would likely have been taking the daily recommended
value. With the exception of anencephaly, we did not observe enough exposed cases of other
NTDs to estimate risk associated with HHA. Among case women with HHA, there was one
case of spina bifida and no cases of encephalocele.

Our study had a few limitations. The ORs we calculated were based on very small numbers
in both case and control groups, which resulted in low statistical power and wide, imprecise
confidence intervals. For this reason, we were unable to adjust for any confounders, which
may introduce bias. We found differences in maternal race/ethnicity and household income
between case women with and without HHA, and not controlling for these factors may
mask the true OR. However, the rest of the covariates that we evaluated in Table 1

were similarly distributed between case women with and without HHA. Given our highly
imprecise confidence intervals, we cannot rule out that the elevated ORs we observed are
different from the true estimates. Another limitation of our study is that we had a low
number of control women with HHA in our sample, which prevented us from evaluating
differences between control women with and without HHA. Additionally, women with HHA
self-reported their diagnoses which could potentially lead to recall errors and exposure
misclassification. Since women were not specifically asked about HHA in the interview, it
is possible that HHA was under-ascertained. However, the prevalence of HHA subtypes in
our study is comparable to that of other analyses. Others estimated the prevalence of sickle
cell anemia based on newborn bloodspots in the United States to be 0.05%, similar to the
0.03% in our study (Sontag et al., 2020). Finally, for most specific birth defects examined,
we observed less than three exposed cases; we did not evaluate null or potentially protective
effects associated with birth defects that occurred less frequently than expected.

Our study also had strengths. Very few studies have assessed the risk of birth defects

for women with HHA. Although we were unable to calculate adjusted risk estimates, our
findings are hypothesis-generating for future analyses. The NBDPS data set is population-
based, and the control population is demographically diverse and representative of the
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catchment areas. Additionally, the ascertained birth defect cases were subject to strict
eligibility criteria and examined by clinical geneticists, limiting outcome misclassification.

This descriptive analysis studied the relationship between HHA and the risk of birth defects.
The literature on this topic is sparse and more studies are needed to address research

gaps. It is important that future studies evaluate any differences in birth defect risk among
HHA types. Specifically, future studies should account for the rarity of HHA in their

study design to ensure sufficient prevalence of the exposure with the ability to adjust for
confounders and calculate precise estimates. Previous studies have established that women
with HHA experience significant morbidity during pregnancy and it is important to further
study whether birth defects pose an additional risk. Despite its limitations, this hypothesis-
generating analysis may serve as a catalyst for future research.
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FIGURE 1.

10 100

Crude odds ratios and exact 95% confidence intervals for the associations between
hereditary hemolytic anemia and birth defects with at least three exposed cases in the
National Birth Defects Prevention Study. There are three control women with HHA, 11,760
unexposed controls for anencephaly, ASD, and gastroschisis, and 11,623 unexposed controls
for cleft palate. ASD, atrial septal defect; HHA, hereditary hemolytic anemia
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