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Dissertation Director:

Professor Cande V. Ananth, PhD, MPH

Background: Maternal anemia is a ubiquitous pregnancy complication, and has been
associated with an array of adverse perinatal and reproductive outcomes. Despite scores
studies, the association between anemia and perinatal outcomes remains poorly
understood. The objectives of our study were to describe the epidemiology of maternal
anemia, and to examine the associations of maternal anemia with perinatal mortality
and preterm birth.

Method: A prospective cohort study was conducted, using existing data from a
population-based pregnancy-monitoring system in 13 counties in East China (1993-96).
Women who delivered singleton infants at 20 to 44 weeks with at least one hemoglobin
assessment during pregnancy were included (n=164,667). The prevalence of anemia
(hemoglobin <10 g/dL) during pregnancy and rates of stillbirth, neonatal death, and

preterm birth were estimated. Multivariable log-Binomial regression models were used

ii



to evaluate risk factors associated with anemia. Associations between anemia and
adverse outcomes were examined using multiple Cox proportional hazards regression
models after adjusting for a variety of confounding factors.

Results: The overall prevalence of anemia was 32.6%, with substantial variations across
trimesters (11%, 20%, and 26% in the 1+, 24 and 3 trimesters, respectively). Older
maternal age, lower education, farm occupation, delayed prenatal care, pregnancy-
induced hypertension and preeclampsia were associated with increased risk for anemia,
whereas peri-conceptional folic acid use was associated with reduced risk for 1+
trimester anemia. Anemia in the first half of pregnancy was associated with increased
risk of stillbirth (adjusted hazard ratio (HR) 1.7, 95% confidence internal (CI) 1.1, 2.7),
but not neonatal deaths. Anemia in the 1t trimester was associated with increased risk
for preterm premature rupture of membranes (PROM). Women with hemoglobin <5
g/dL were at highest risk (HR 3.3, 95% CI 1.4, 7.7) with progressively declining risk with
increasing hemoglobin levels. In contrast, anemia in the 3 trimester was associated with
reduced risk for all preterm birth and spontaneous preterm labor, potentially due to
hemo-dilution. Anemia was not associated with medically indicated preterm birth.
Conclusion: Anemia in early pregnancy was associated with increased risk for stillbirth
and preterm PROM. These findings underscore that early identification and treatment to
alleviate anemia may help improve adverse pregnancy outcomes and related

complications.
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Introduction



Background

Maternal anemia is one of the most commonly prevalent pregnancy complications,
which has been associated with an array of adverse pregnancy outcomes, including
preterm birth, restricted fetal growth, and perinatal death (1). In addition, anemia is
associated with increased risks of maternal deaths in developing countries (2) and a host
of other maternal complications, including infection, pregnancy-induced hypertension,
preeclampsia, eclampsia, premature rupture of fetal membranes (3), and postpartum
depression (4). Normal pregnancy outcomes occur 30-45% less often in anemic mothers
(5). Over half of women worldwide experience anemia during their pregnancy, with
prevalence rates tipping over two-thirds to up to three-fourths of women in developing
countries (6). Because of its high prevalence, the impact of maternal anemia on fetal
development remains an important public health concern.

Despite numerous reports on associations between maternal anemia and adverse
pregnancy outcomes, the findings remain largely inconclusive. To some extent, this is
mitigated by inadequacies in study designs, e.g., failing to adjust for important
confounders, ignoring the timing difference on anemia assessment, and aggregating

heterogeneous exposures and outcomes.

Epidemiology of maternal anemia
The WHO recommendations for (any) anemia include hemoglobin <12 g/dL for non-
pregnant women and <11 g/dL for pregnant women; severe anemia in pregnancy as

hemoglobin <7 g/dL, and very severe anemia as hemoglobin <4 g/dL (5). In the United



States, maternal anemia is defined as hemoglobin below the fifth percentile of a
trimester-specific hemoglobin reference level in iron-supplemented women during their
pregnancy. According to the CDC recommendations, anemia in pregnant women is
defined as hemoglobin <11 g/dL in the 1%t -and 3¢ trimesters, and hemoglobin <10.5 g/dL
in the 27 trimester (7).

The WHO (2001) estimated the prevalence of anemia (hemoglobin <11 g/dL)
among pregnant women (1990-95) based on blood hemoglobin concentration were 52%
in non-industrialized and 23% in industrialized countries. The prevalence of anemia in
low-income pregnant women enrolled in public health programs in the United States in
1993 was 9%, 14%, and 37% in the 1%, 274, and 3¢ trimesters, respectively. Comparable
data for the U. S. population of all pregnant women are unavailable. Levy et al. (8)
reported a maternal anemia (hemoglobin <10 g/dL) prevalence of 8.6% during the 1+t
trimester in an Israeli population-based study in 1988-2002.

In our study maternal anemia was defined as hemoglobin <10 g/dL regardless of
gestational age, which was pre-specified in the original protocol for a cohort of Chinese
pregnant women without routine prenatal iron-supplementation. This is the commonly
used clinical definition for maternal anemia in China. Severe anemia is defined as
hemoglobin <8 g/dL (9). Although this Chinese cutoff was lower than cutoffs
recommended both by the WHO and the CDC, it reflected how anemia was managed in
this population during the time of the data collection.

In China, anemia is the most commonly reported complication during pregnancy.

A national survey on the prevalence of anemia among child-bearing-aged (15-49 years)



women in China (1998), reported the prevalence of anemia was 35.6% and 42.1% for
non-pregnant and pregnant women, respectively (10). Another Chinese nationwide
epidemiologic survey conducted in 2000 focused on iron deficiency and iron deficiency
anemia in women aged 20-29 years, and reported that 61.7% pregnant women had iron
deficiency or iron deficiency anemia (11). The prevalence of iron deficiency anemia was
15.1%, 9.6%, 19.8%, and 33.8% in non-pregnant women and in the 1%, 24, and 3
trimesters, respectively (11). Both surveys used the WHO recommended cutoffs of
hemoglobin <12 g/dL for non-pregnant women and hemoglobin <11 g/dL for pregnant
women to define anemia. When anemia was defined as hemoglobin <10 g/dL, Xiong et
al.(9) found the prevalence of maternal anemia in Suzhou, China (1989-1990) was 10.3%
in the 1% trimester, 18.9% in the 374 trimester, and 26.2% during pregnancy. The
prevalence of severe anemia (hemoglobin <8 g/dL) was 1.1%, 3%, and 3.4%, respectively,
in the 1%, 2nd, and 3" trimesters. Previously reported prevalence of maternal anemia in
China and other developing countries, between late 80's and first 5 years of 21+ century,
are summarized in Table I - 1.

The etiology of pregnancy-associated anemia remains obscure, besides the
known physiological hemo-dilution in normal pregnancy (12). Most studies in iron-
supplemented women showed an increase in total blood volume of approximately 45%,
with an increase in red blood cell mass of about 35% and a disproportionate increase in
plasma volume of 50% (13). In normal pregnancy, hemoglobin levels decline throughout
the 1t and 27 trimesters and reach a nadir near the end of the 2" and early of the 3+

trimesters, and then rise again nearer to term (14). The increased prevalence of anemia



from the 1% to 3 trimester is partially caused by hemo-dilution. Therefore, more women
tested positive for anemia in early pregnancy are true positives than those diagnosed in
later pregnancy (15). Among pregnant women, expansion of blood volume and growth
of fetus, placenta, and other maternal tissues greatly increase the demand for iron three-
fold in the second and third trimesters to approximately 5.0 mg iron/day (7). Most
pregnant women who do not take iron supplements to meet the increased demand
cannot maintain adequate iron stores (16).

Although iron-deficiency is the most common cause of maternal anemia (17-20),
other reported risk factors for maternal anemia include deficiencies in folic acid
(18;21;22), vitamin B12 (22) and vitamin A (23;24), underweight (body mass index <18.5)
(19;25;26), young (<25 years) (20;25;27) and older (=30 years) maternal age (9), poorly
educated (19;27), multiparity (18;19;26;28;29), twin pregnancy (28;30), short
interpregnancy interval (<5 months) (28;30), malaria (6;17;19;24;28) and hookworm
(23;24) infections, and pica in pregnancy (6). As shown in Table I -1, the importance of
these risk factors, and the strength of associations with anemia vary substantially from
population to population. Table I — 2 summarizes the reported strength of association
between major risk factors and maternal anemia.

Among all risk factors, iron deficiency is arguably the most prevalent cause,
affecting nearly two thirds of Chinese women during their pregnancy (11). Other risk
factors that were reported in previous Chinese studies include rural residence (10;11),
deficiencies of folic acid and vitamin Bi2 (22), maternal age >30 years, low BMI (<20), late

onset of prenatal care (after the 1st trimester), and <14 prenatal visits (9).



Due to the physiological hemo-dilution phenomenon coupled with medical
interventions to treat women diagnosed with anemia, it is likely that the risk profile of
women with anemia may present some heterogeneity across trimesters. However,
previous epidemiologic studies on maternal anemia have paid little attention to

assessing this inherent heterogeneity.

Maternal anemia and perinatal mortality

Given the aforementioned high prevalence of anemia in pregnant women, if maternal
anemia is indeed associated with increased risk for perinatal mortality, this observation
will have a significant public health implication. Unfortunately, data from existing
studies on the association between anemia and perinatal mortality remains fairly
inconclusive.

Allen (3) proposed 3 potential biologic mechanisms through which maternal
anemia may be associated with increased risks of adverse pregnancy outcomes (Figure I
- 1), including perinatal mortality and its major determinants such as restricted fetal
growth and preterm birth (31-33). Low hemoglobin concentration can cause a state of
hypoxia, which is presumably exacerbated in pregnancy when oxygen demands are
particularly high because of the metabolism of the mother and the fetus. Hypoxia
activates a stress response in the mother and fetus through elevations in corticotrophin-
releasing hormone or cortisol resulting in restricted fetal growth (34) and preterm
delivery (35;36). Iron deficiency may also increase oxidative stress resulting in oxidative

damage to erythrocytes and the feto-placental unit. Oxidative stress is one mechanism



thought to cause pregnancy-induced hypertension, preeclampsia, and gestational
diabetes (37;38), which are known risk factors of preterm birth and perinatal death.
Furthermore, iron deficiency may increase the risk of maternal infections. The products
of the activated immune system of mothers with infection may have crossed the
placenta and activated the fetal hypothalamic-pituitary-adrenal axis (39). Thus, in turn,
triggers the onset of spontaneous preterm labor. Maternal infection is also particularly
associated with preterm premature rupture of membranes (40).

There are equivocal findings in regarding maternal anemia and perinatal
mortality. Among a few retrospective cohort studies from developing countries, some
reported increased risks of stillbirth and perinatal mortality in relation to maternal
anemia (41-43); but not others (9;44-47), including 3 studies conducted in China (9;45;46).
The few studies examining the association between anemia and stillbirth (48-50) or
perinatal death (8;51) in industrialized countries also provide inconsistent results.

The lack of consistency in findings across studies may be due to variations in the
timing of hemoglobin measurement. In mid- and late pregnancy, it may difficult to
distinguish hemo-dilution and true iron deficiency anemia (52), therefore, separate
assessment corresponding to the stage of pregnancy may reveal important insights of
the associations. A Chinese study (9) examined associations between anemia at the first
prenatal visit or in the 3" trimester and risk of perinatal mortality, and found a modest
association in early pregnancy, but not the 3™ trimester. In contrast, 2 other studies
(45;46) studies failed to distinguish the timing of anemia exposure and reported an

absence of association between anemia and stillbirth or perinatal mortality (Table I - 3).



Studies that stratified these associations by trimester reported significant
findings (50;51). Murphy et al. (51) reported higher perinatal mortality rates in relation
to anemia (hemoglobin <10.4 g/dL) during 13-24 weeks of gestation based on their
analysis of Cardiff Births Survey (1970-1982) data. -A secondary analysis of the data
from the United States National Maternal and Infant Health Survey (1988) data reported
that mild anemia in the 1st-or 2nd trimester was not associated with stillbirth, whereas
moderate anemia was significantly associated with increased risk among non-black
women (adjusted hazards ratio 4.4, 95% CI 1.02, 19.01) (50). However, both studies were
conducted in industrialized countries and the prevalence rates of maternal anemia in
their study populations were fairly low. Therefore the etiology of anemia may differ
from developing countries, including China, and the generalizability of their findings
could be limited.

To our knowledge, all previous studies categorized hemoglobin values using one
or multiple cutoffs, instead of keep it as a continuous variable. For instance,- in all 3
previous Chinese studies (9;45;46), pregnant women were classified as either anemic or
non-anemic using hemoglobin cut-off of <10 g/dL. This kind of approach implicitly
assumes that risks are homogeneous within category, and are different at the cut-point
(53). The arbitrarily selected cutoff points, based on such assumption might be
problematic in the relationship between maternal hemoglobin levels and perinatal

mortality.



Maternal anemia and preterm birth clinical subtypes

Preterm birth remains one of the strongest determinants of perinatal mortality and
morbidity (31-33) in developed countries. As described earlier (Figure I -1 ), maternal
infection, hypoxia, and oxidative stress have been the 3 major postulated biological
mechanisms by which anemia and iron deficiency could cause preterm birth (3). Despite
numerous studies, the role of maternal anemia in preterm birth remains poorly defined.
Anemia has been found to be associated with increased risks for preterm birth in some
(8,54-58), but not other (9;46;59;60) studies. There was also a "U"-shaped relationship
being widely reported (51;61-64). Similar to the studies on maternal anemia and
perinatal mortality, many studies on the associations between anemia and preterm birth
have failed to examine if the timing of anemia exposure during pregnancy exert
independent effects on preterm birth. Therefore, the reported associations between
anemia and preterm birth could have been influenced by the physiological hemo-
dilution during pregnancy (15;60).

The findings from Chinese studies (9;46;54;58;64) on the relationship between
anemia and preterm birth were also inconsistent. Four studies (9;54;58;64) were
conducted in East China. In those studies, anemia was assessed by the stage of
pregnancy, and preterm birth, however, was examined as an aggregated outcome (Table
I - 4). While some reported anemia in the 1+t trimester being associated with increased
risk of preterm birth (54;58), others did not (9). The last study reported that only the 3
trimester hemoglobin <7 g/dL (severe anemia) was associated with a marginally

increased risk for preterm birth (64). The common and biggest limitation of preterm
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birth studies is the failure to examine associations between anemia and within “risk
sets” of preterm birth.

Although still controversial (65), considerable etiologic heterogeneity data have
been reported, among preterm birth clinical subtypes, namely, spontaneous preterm
birth (spontaneous onset of labor or following preterm premature rupture of
membranes) and medically indicted preterm birth (31;66-69). However, too little has
been done further to evaluate if the associations between anemia and preterm birth vary
amonyg its different clinical presentations (70). If maternal anemia is indeed associated
with one preterm birth subtype, and not others, the association with preterm birth as an
entity may be attenuated (71).

The associations between maternal anemia and preterm birth clinical subtypes in
5 studies (59;70;72-74) are summarized in Table I -5. Two of them examined anemia at
first prenatal visit as one of the risk factors for different clinical subtypes and found not
significant (72;74); one study in a iron- and folate-supplemented cohort found high
hematocrit (>40%), instead of anemia, during 31-34 weeks was associated with increased
risks for both spontaneous and medically indicated preterm births (59); two remaining
studies focused on spontaneous preterm births, including preterm premature rupture of
membranes, one reported a moderately increased risk in relation to 2" trimester anemia,
but not the 3 trimester anemia (73), and the another one found an increased risk in
relation to 3 trimester anemia (70). All five studies were conducted in either the United
States or the United Kingdom, where their study populations have lower maternal

anemia prevalence rates but higher preterm birth incidence rates than those in East
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China (9;54;58;64). Furthermore, all these earlier studies either dichotomized pregnant
women as anemic or non-anemic using one cut-off point (9;72;73), or categorized them
into multiple groups using several cut-off points (54;58;64;70;72;74). Categorization of a
skewed-distributed exposure like anemia, assumes an implicit within-category
homogeneity, degrades continuous exposure information and tends to be less accurate
than other approaches that permit more flexible and robust analysis, such as restricted
cubic spline analysis (53). Studies that stratify the timing of hemoglobin assessment by
the stage of gestation, examine hemoglobin as a continuous measure, and separate
preterm birth by its clinical subtypes, may likely reveal interesting clues to etiology and

biologic mechanisms.

Research Questions
The goal of this dissertation is to understand the anemia during pregnancy and its
impact on adverse perinatal outcomes. The dissertation is organized to address 3 specific
research objectives, using data from a large, prospective, population-based Chinese
cohort of pregnant women:
1. To describe the epidemiologic characteristics and risk factors associated with
maternal anemia during pregnancy
2. To examine the association between maternal anemia and perinatal mortality,
including stillbirth and early neonatal death.
3. To evaluate the association between maternal anemia and preterm birth and its

clinical subtypes
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Methods

Pregnancy Monitoring System, China (1993-96)

This is a prospective cohort study using the existing data from a population-based
pregnancy-monitoring system established through a community interventional trial to
prevent neural-tube defects in 21 counties in China. Every woman who resided in the
project area and became pregnant was registered at their marital registration or first
prenatal visit. At the time of entry to this project, a campaign program of peri-
conceptional folic acid supplementation of 400 pg daily until the end of the 1% trimester
was offered to women before pregnancy or during the 1¢t trimester. The project was
approved by the institutional review boards of both the Centers for Disease Control and
Prevention, and the Chinese Ministry of Health. Women who were pregnant and
delivered between October 1993, and December 1996 were identified and monitored
through the 4274 day following delivery. The data of the project included all women
whose fetus or infant could be confirmed as either having or not having a neural tube
defect (75-77).

The Perinatal Health Care Booklet, specifically designed for this project, served
as the primary data collection tool. Every registered woman in the project area was
issued the booklet at the entry to the project and was assigned a unique identification
number. The data contained parental demographics and family history, maternal
medical history and medical and obstetric conditions during the pregnancy, perinatal
health outcomes, and perinatal health care utilization. Hemoglobin data were collected

during a pre-marital physical exam before the marriage registration if applicable, and
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repeatedly measured at the 1%, 24, and 3¢ trimesters during pregnancy. The blood
samples were collected by local health care professionals during the pre-marital exam or
prenatal visits. Hemoglobin concentration was determined using the usual clinical
methods, mostly by spectrophotometer. For women that had more than 1 hemoglobin
assessment performed in the 2°¢ and 3 trimesters, only the lowest value of that
trimester was recorded. All data recorded in the individual booklets were computerized
by trained staff at the county’s maternal and child health care department. A
standardized data entry application with built-in data checking filters was developed for

the project and used by each county.

Cohort composition
Our study was restricted to a total of 172,414 women who delivered a singleton live
birth or stillbirth between 20 and 44 completed weeks of gestation in the 13 counties of
Zhejiang and Jiangsu provinces of East China. Among them, 164,667 women with at
least 1 hemoglobin measure during pregnancy were included in the epidemiologic study
of maternal anemia and the analysis for stillbirth; 153,952 women who delivered a live-
born infant and were followed up to 28" days were included for the neonatal mortality
analysis; 160,700 women who delivered live-born infants who had plausible gestational
age and birthweight combination assessed by Alexander's algorithm (78) were included
in the study for preterm birth (Figure I - 2).

This population in these 13 counties offers a unique opportunity to examine

these research questions, because the hemoglobin levels were repeatedly measured and
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recorded at each trimester before the pregnancy outcomes were determined. In addition,
the population is relatively homogeneous with respect to maternal ethnicity, smoking,
alcohol, and geographic altitude. Hookworm infection, malaria, and thalassemia are rare
(54). During the time of this project, women had not been recommended routinely
taking prenatal iron supplements in general practice. Instead, iron supplements were

prescribed only when anemia was diagnosed (9;54).

Definition of outcomes and risk factors for maternal anemia

The definitions of outcomes that were examined in our study are provided in Table I - 6.
Risk factors that were considered potentially associated with anemia during pregnancy
included maternal age at delivery, parity (nulliparity and multiparity), maternal
education (categorized as completion of high school or above, junior high school, and
elementary school or less), maternal occupation (farmer, factory worker, and other), folic
acid supplementation (400 pg daily) any time before pregnancy or during the 1+t
trimester, pre-pregnancy body mass index (kg/m? and categorized as <18.5, 18.5 to 24,
and >25, corresponding to underweight, normal and overweight/obese (79),
respectively), timing of entry to the project (either before or during pregnancy), timing
of first prenatal visit (in the 1%, 2", or 3t trimesters), vaginal bleeding in the 1% or 2nd
trimesters, and pregnancy-induced hypertension (none, mild, and moderate or
preeclampsia or eclampsia). Mild pregnancy-induced hypertension was defined as
blood pressure >130/90 mmHg or an increase of >30/15 mmHg from baseline, and

moderate as blood pressure 2140/100 mmHg. Except for vaginal bleeding and
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pregnancy-induced hypertension, other factors were also considered as potential
confounding factors for the studies of anemia and adverse pregnancy outcomes. We
found vaginal bleeding in the 1¢t or 2" trimesters was not associated with maternal
anemia in our cohort. We did not adjust for pregnancy-induced hypertension, due to the
concern that it is likely on the causal pathway of the exposure-disease relationship.

It is likely that the present study may be affected by residual confounding, such
as iron supplement use, smoking, and alcohol consumption. Smoking and alcohol
consumption were rare in this population, the estimated exposure rates were less than
1% based on a pilot survey in the project area (personal communication, Zhu Li).
However potential passive smoking could be much more prevalent than active smoking.
Prenatal iron supplements were only prescribed to women with anemia as a treatment
at the time of this project. If this intervention was effective, it might have attenuated the

association between anemia and the adverse pregnancy outcomes.

Statistical analysis

In the unadjusted analysis, x? test was used for rate comparisons, and student's t test and
ANOVA were used for means. We used the fetuses-at-risk approach (80) to estimate the
gestational age-specific perinatal mortality rate. Associations between the risk factors
and anemia were based on prevalence rate ratios, both unadjusted and adjusted, derived
from fitting log-Binomial regression models. Factors that were found to be associated
with anemia (P<0.05) in the unadjusted analysis were included in the multiple

regression models. It included maternal age at delivery, education, occupation, parity,
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folic acid supplementation, pre-pregnancy BMI, pregnancy-induced hypertension,
timing of entry to project, and timing of fist prenatal visit. Cox proportional hazards
models were used to estimate the unadjusted and adjusted hazard ratios for perinatal
mortality and preterm birth where the outcomes were associated with the weeks of
gestation at delivery or days after birth. The above factors, except for pregnancy-
induced hypertension, and fetal gender were adjusted for in the multivariable regression
models.

Anemia status within and across trimesters was categorized using the
hemoglobin <10g/dL as the cut-off point. Furthermore, after determining a non-linear
association, we keep hemoglobin value in each trimester as a continuous variable, and
modeled it with restricted cubic spline transformations (81;82) of 4 knots at
approximately the 5%, 35%, 65, and 95t percentile. The number of knots was determined
by comparing the Akaike's information criterion (81) of nested multivariable Cox
proportional hazards regression models. The model with 4 knots had the smallest
Akaike's information criterion. We also applied spline transformation on maternal age to
deal with its non-linear relationship with outcomes.

As a sensitivity analysis, we explored the multiple imputation method (83;84) to
replace the missing hemoglobin value among women with the other 2 of 3 trimesters
hemoglobin measurement during pregnancy. Other sensitivity analyses were conducted
using a different anemia cut-off value, or using underlining subgroups of pregnant
women. In our analysis, we cautiously retained heterogeneous exposures and outcomes

as separate entities and also used the conventional approaches that aggregated them to
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provide a broader picture of the associations between maternal anemia and adverse
pregnancy outcomes. We also used the change of hemoglobin across trimester as the

proxy of hemo-dilution, and assessed the effects of hemo-dilution on adverse outcomes.
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Evidence and strength of association linking major risk factors with anemia based on

published studies
Range of relative risk Strength of
Risk factors or odds ratio association
Age <25 years 1.4-2.9 +
Multiparity 0.7-2.0 +/-
Primigravida 1.9-23 +
Twin 1.8-4.8 ++
Interpregnancy interval <5 months 1.3 +
No iron supplementation 1.8-3.3 ++
Vitamin A deficiency 1.6-5.3 ++
Malaria 1.7-4.5 ++
Hookworm 5.4-7.5 +++
Pica in pregnancy 1.7 +
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TableI-6

Definitions of outcomes in this dissertation

Outcomes

Definitions

Maternal anemia during pregnancy

Mild to moderate anemia
Severe anemia

Live birth

Stillbirth

Antepartum stillbirth
Intrapartum stillbirth

Neonatal death

Early neonatal death
Late neonatal death

Perinatal mortality

Hemoglobin <10 g/dL, regardless of stage of
pregnancy

Hemoglobin 8 to <10 g/dL

Hemoglobin <8 g/dL

A baby who shows any sign of life after
delivery, such as breathing, heart beat,
pulsation of umbilical cord regardless of
whether the umbilical cord or placenta were

intact

Intrauterine death of fetus at > 20 weeks of
gestation

Fetal death before the onset of labor
Fetal death during labor

Death of a live-born infant within the first 27
days (£27)

Death of a live-born infant at <6 days
Death of a live-born infant at 7-27 days
Any stillbirth at >20 weeks of gestation and

neonatal death during 0 to 6 days (< 6) after
birth
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Preterm birth

Preterm premature rupture of
membrane

Medically indicated preterm birth

Spontaneous preterm labor

Very preterm birth
Moderate preterm birth

Mild preterm birth

Delivery at <37 weeks, resulting in live-born
infants

Spontaneous rupture of chorioamniotic
membranes prior to the onset of labor and
delivery at <37 weeks

Preterm birth following labor induction and/or
cesarean performed before onset of labor,
presumably performed for impending in utero

fetal compromise

Preterm birth following spontaneous onset of
labor

Preterm birth at <32 weeks of gestation
Preterm birth at 32-33 weeks of gestation

Preterm birth at 34-36 weeks of gestation
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Anemia/lron deficiency

A 4

Y Y
Oxidative Hypoxia Maternal
stress l infections
Maternal/fetal
tress Preterm
5 PROM
Preeclampsia/ Gestational l

PIH

diabetes

Spontaneous preterm labor

l

l

: !

Preterm birth and perinatal death

PIH, Pregnancy-induced hypertension; PROM, premature rupture of membranes

FigureI - 1.

Suggested biologic mechanisms linking maternal anemia and preterm birth and
perinatal morality
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172,414 women delivered singleton births at 20 — 44 weeks of gestation

v

164,667 with 21 hemoglobin measure Cohort for epidemiology of
during pregnancy maternal anemia study and
l stillbirth study
153,952 with live-born infants and Cohort for neonatal mortality
known neonate (2 28 days) survival study
status
v
160,700 with live-born infants and known -
. . Cohort for preterm birth
and plausible gestational age and — i
birthweight study
FigureI-2

Study cohort selection flowchart
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Prevalence and Risk Factors of Anemia in Pregnant Women: A Population-
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Abstract

Objective: Maternal anemia is the most common pregnancy complication in developing
countries; however, its epidemiology remains largely unexplored in China. Our study
was designed to explore epidemiologic characteristics and risk factors of maternal
anemia during pregnancy.

Methods: A prospective cohort study was conducted, using existing data from a
population-based pregnancy-monitoring system in 13 counties in East China (1993-96).
Women who delivered singleton infants at 20 to 44 weeks with at least one hemoglobin
assessment during pregnancy were included (n=164,667). The prevalence of anemia
(hemoglobin <10 g/dL) during pregnancy as well as in each trimester were estimated.
Multivariable log-Binomial regression models were used to evaluate risk factors
associated with anemia.

Results: The overall prevalence of anemia was 32.6%, with substantial variations across
trimesters (11.2%, 20.1%, and 26.2% in the 1¢, 24 and 3" trimesters, respectively). Risk
factors for anemia included older maternal age, education below junior high schooling
(relative risk (RR) 1.10, 95% confidence interval (CI) 1.08, 1.12), farmer (1.05, 95% CI 1.03,
1.06), and pregnancy-induced hypertension (RR 1.09, 95% CI 1.05, 1.13 for mild and RR
1.13, 95% CI 1.06, 1.19 for moderate/preeclampsia). Peri-conception folic acid use was
associated with a reduced risk for anemia in the 1st trimester (RR 0.75, 95% CI 0.72, 0.78).
Initiating prenatal care after the 1% trimester was associated with increased risk of

anemia in the 24 and 3t trimesters.
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Conclusion: Anemia during pregnancy is highly prevalent in this indigent Chinese
population. The risk increases with the severity of hypertensive disorders. Folic acid
supplementation during the peri-conception period is associated with reduced risk of 1

trimester anemia. Early prenatal care may reduce the risk of anemia later in pregnancy.
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Introduction
Maternal anemia is a ubiquitous pregnancy complication in developing countries. The
WHO estimated prevalence (1990-95) of anemia (hemoglobin <11 g/dL) based on
hemoglobin concentration is approximately 23% in industrialized countries, with the
prevalence in non-industrialized countries being at least twice as high (1). The
prevalence of anemia in low-income pregnant women enrolled in public health
programs in the United States in 1993 was 9%, 14%, and 37% in the 1%, 274, and 3¢
trimesters, respectively (2). Anemia has been associated with a number of adverse
pregnancy outcomes, including preterm birth, restricted fetal growth, and perinatal
mortality (3). The reported associations are largely confined to studies in industrialized
countries, and comparable studies in developing countries in general and China in
particular, are lacking. In fact, little is known about anemia in pregnancies from China.
The etiology of pregnancy-associated anemia remains obscure, besides the
known physiological hemo-dilution in normal pregnancy (4). The 3-fold increased
demand for iron during pregnancy (2), and the disproportionate increase in plasma
volume by 50% with a only 35% increase in red blood cell mass (5) can contribute to
lower hemoglobin concentrations in pregnancy. Other reported risk factors for maternal
anemia include deficiencies in iron (6-9), folic acid (3;7;10) and vitamin A (11;12),
underweight (body mass index <18.5) (8;13;14), young maternal age (<25 years) (9;13;15),
poorly educated (8;15), multiparity (7;8;14;16;17), twin pregnancy (16;18), short
’interpregnancy‘[cvall interval (<5 months) (16;18), malaria (6;8;12;16;19) and hookworm

(11;12) infections, and pica in pregnancy (19). Iron deficiency is the most prevalent cause,
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affecting nearly two thirds of Chinese women during their pregnancy (20). Other risk
factors reported in Chinese studies include deficiencies of folic acid and vitamin Bi2 (10),
rural residence (20;21), maternal age =30 years, low BMI (<20), late onset of prenatal care
(after first trimester), and <14 prenatal visits (22).

Given the gaps in the epidemiology of maternal anemia, and lack of data on its
association with adverse outcomes in China, we assessed the rates of, and risk factors
associated with, maternal anemia among pregnant women in a large prospective cohort
in China of approximately 173,000 women. In particular, we evaluated if the profile of
risk factors for anemia showed temporal heterogeneity across trimesters during

pregnancy.

Material and Methods

Data source

This is a prospective cohort study using the existing data from a population-based
pregnancy-monitoring system in China established through a community interventional
trial to prevent neural-tube defects. The project was conducted in Hebei Province in
North China with a relatively high incidence of neural tube defects and two provinces
(Zhejiang and Jiangsu) in East China with lower rates, including an overall total of 21
counties. Every woman who resided in the project area and became pregnant was
registered at their marital registration or first prenatal visit, and was routinely followed
up by local health care professionals. At the time of entering this project, a program of

peri-conception folic acid supplementation of 400 ng daily until the end of the 1+
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trimester was offered to women before pregnancy or during the 1+t trimester. The project
was approved by the institutional review boards of both the Centers for Disease Control
and Prevention, and the Chinese Ministry of Health. Women who were pregnant and
delivered between October 1993, and December 1996 were identified and monitored
through the 427 day following delivery. Subjects included all women whose fetus or
infant could be confirmed as either having or not having a neural tube defect (23-25).

The Perinatal Health Care Booklet, specifically designed for this project, served
as the primary data collection tool. Every registered woman in the project area was
issued the booklet and was assigned a unique identification number. The data contained
parental demographics and family history, maternal medical history and medical
conditions during the pregnancy, perinatal health outcomes, and perinatal health care
utilization. Hemoglobin data were collected during a pre-marital physical exam before
the marriage registration, and repeatedly at 1%, 24, and 3¢ trimesters during pregnancy.
The blood samples were collected by local health care professionals during the pre-
marital exam or prenatal visits. Hemoglobin concentration was determined at each local
laboratory using the usual clinical methods, mostly by spectrophotometer. For women
that had more than 1 hemoglobin assessment performed in the 24 and 3¢ trimesters,
only the lowest value of that trimester was recorded. All data recorded in the individual
booklets were computerized by trained staff at the county’s maternal and child health
care department. A standardized data entry application with built-in data checking

tilters was developed for the project and used by each county.
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Study cohort

Our study was restricted to a total of 172,414 women from the 13 counties of Zhejiang
and Jiangsu provinces in East China that delivered a singleton live birth or stillbirth
between 20 and 44 completed weeks. Among them, 164,667 women with at least 1
hemoglobin measure during pregnancy were included. Data from three (Fenghua,
Yinxian, and Ninghai) of the 16 counties in East China were excluded due to concerns
regarding external validity of hemoglobin measures (Personal communication, Zhu Li,
2007). Gestational age, in completed weeks, was estimated based on the last menstrual
period.

The population in these 13 counties is relatively homogeneous with respect to
maternal ethnicity, smoking, alcohol, and geographic altitude. The prevalence of
smoking and alcohol use among Chinese women was very low (26;27), and pregnant
women generally avoid these risky behaviors. Hookworm infection, malaria, and
thalassemia are rare in this population (28). During the time the project was conducted
(1993-96), the women in our cohort had not taken routine prenatal iron or multivitamin
supplements. Iron was prescribed only for those who were diagnosed as anemic to be
taken until the anemic status was corrected (22;28). However, the data on iron

supplement use were not collected.

Definition of anemia
Anemia in each trimester was defined as hemoglobin level <10 g/dL, which was pre-

specified in the original protocol and has been also a commonly used cut-off in China
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(22). Severe anemia was defined as hemoglobin <8 g/dL. Any anemia was defined as the
presence of anemia in any trimester during pregnancy. The WHO threshold

recommendation of hemoglobin <11 g/dL (1) was used in a sensitivity analysis.

Risk factors for maternal anemia

Risk factors that were considered potentially associated with anemia during pregnancy
and were examined included maternal age at delivery, maternal education (categorized
as completion of high school or above, junior high school, and elementary school or
less), occupation (farmer, factory worker, and other), parity (0, and 1 or more), taking
400 pg daily folic acid supplement any time before pregnancy or during the 1+ trimester,
pre-pregnancy body mass index (kg/m? and categorized as <18.5, 18.5 to 24, and >25,
corresponding to underweight, normal and overweight/obese, respectively), timing of
entering to the project (either before or during pregnancy), timing of first prenatal visit
(1st, 2nd, or 3 trimesters), vaginal bleeding in the 1% or 27 trimesters, and pregnancy-
induced hypertension in the 3 trimester (none, mild (blood pressure >130/90 mmHg or
increased >30/15 mmHg from baseline), and preeclampsia, including moderate
pregnancy-induced hypertension (blood pressure >140/100 mmHg), preeclampsia, and

eclampsia).

Statistical analysis
The prevalence of maternal anemia overall and within trimesters was derived.

Associations between the risk factors and anemia were based on prevalence rate ratios
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(RR), both unadjusted and adjusted, derived from fitting log-Binomial regression
models. Factors that were found to be associated with anemia (P<0.05) in the unadjusted
analysis were included in the multiple regression models. We fitted log-Binomial
regression models to facilitate direct estimation of prevalence rate ratios (29). We created
an indicator variable for the missing value of each risk factor and included them in the
models. After determining that the relationship between age and anemia was non-linear
in the preliminary analysis, we modeled maternal age with restricted cubic spline
transformations (30;31) of 4 knots at 21, 23, 25, and 31 years. The number of knots was
determined by the values of Akaike's information criterion (30) of the multivariable log-
Binomial regression models. The model with 4 knots had the smallest Akaike's
information criterion.

We also tested interactions between maternal age and parity on risks of anemia.
Since we did not observe any particular interaction on a multiplicative scale (P>0.2)
effects, the interaction terms were dropped. Sensitivity analyses were conducted by
applying the WHO cut-off for maternal anemia. All statistical analyses were carried out

in SAS (version 9.1; SAS Institution, Cary, NC).

Results

Distributional characteristics of hemoglobin measures in each trimester are provided in
Table 1 - 1. About 60% women had complete hemoglobin measures for all three
trimesters during pregnancy. Of a total of 164,667 women, almost a third (33%) had

anemia at some time during pregnancy, the prevalence increased substantially with
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advancing gestation between the 1% to the 3¢ trimesters. The prevalence of severe
anemia (hemoglobin < 8g/dL) increased nearly 3- and 5-fold in the 2°¢ and the 34
trimesters compared with 1+t trimester (Figure 1 - 1). Over half of all women (53%) were
on folic acid supplement before pregnancy and during the 1¢t trimester. The hemoglobin
level in each trimester was, on average, higher among those with folic acid
supplementation, compared with those without folic acid supplement (Figure 1 -2).
Table 1 - 2 shows the distribution of the characteristics of the pregnant women
cohort and the corresponding anemia prevalence rates and unadjusted prevalence rate
ratios. Table 1 - 3 shows the adjusted prevalence rate ratios for any maternal anemia as
well as the associations stratified by trimester. The adjusted prevalence rate ratios for
anemia in relation to maternal age are shown in Figure 1 — 3. Risk factors associated with
anemia included older maternal age (=26 years), lower education (elementary school or
less), occupation being farmer, initiation of prenatal care after the 1% trimester, and
pregnancy-induced hypertension/preeclampsia. Folic acid supplementation during the
peri-conception period was associated with a 25% reduced risk for 1¢t trimester anemia
and a slightly reduced risk for 2" trimester anemia. Pre-pregnancy overweight was
associated with a 12% reduced risk for anemia. In addition, women who registered for
the project before pregnancy were associated with a reduced risk for 1 trimester anemia,
but they also more likely to be detected with anemia in the 27 trimester. Women who
sought prenatal care for the first time in the 3™ trimester had missed the opportunity to
be tested for anemia in the 1t and 2nd trimesters, but appeared to have increased risk for

3 trimester anemia. Furthermore, the association between pregnancy-induced
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hypertension and anemia was significant and stronger among those with moderate or
severer case, preeclampsia, or eclampsia.

To examine if different hemoglobin cut-off values produced different patterns of
associations, we conducted sensitivity analyses using the WHO recommendation for
anemia (hemoglobin <11 g/dL). The prevalence of anemia was more than doubled, with
approximately two-thirds (69%) of the women classified as being anemic during
pregnancy (Figure 1 - 4). Table 1 — 4 shows the corresponding adjusted prevalence rate
ratios for overall anemia. We found the increased cut-off did not substantially change
risk patterns for most factors, but the magnitude of the effects was shifted more towards
the null. Analyses restricted to women without pregnancy-induced hypertension (not

shown) did not change the findings.

Discussion
Maternal anemia is the one of most prevalent pregnancy complications. Despite
reported associations with adverse pregnancy outcomes, progress toward
understanding of causal contribution to anemia and the role of its primary prevention
during pregnancy has been disappointing. Research has not addressed some
fundamental epidemiologic questions regarding anemia, most notably, the variations in
risk across trimesters during pregnancy. Importantly, the epidemiology of anemia in
pregnancy in China is largely unexplored.

The overall prevalence rates of maternal anemia were 32.6% in our cohort. The

anemia prevalence was close to a retrospective cohort study in Suzhou, a city of East
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China in 1989-1990, which reported a rate of 26.2% (22). However, the anemia
prevalence of 69% in our cohort using the WHO recommendation, was higher than a
Chinese national epidemiologic survey in 1998 that reported a rate of 42% (20). The
differences in the prevalence rate of anemia is perhaps driven by the nature of the study
designs (with the previous Chinese national survey being cross-sectional) and
ascertainment methods (anemia was determined by only one hemoglobin measure
during the survey, regardless of trimester of pregnancy and iron supplementation).
Another issue that may have contributed to differences in prevalence rates is iron
supplementation by physician intervention. The initial diagnoses of anemia in this
project were made prior to receiving prescription of iron supplementation whereas
women diagnosed as being anemic in the Chinese survey might have already been
taking iron supplements at the time of anemia assessment. Comparing with other
developing countries, the anemia prevalence in our study cohort was comparable to that
reported in eastern Sudan (19) and Nepal (13); lower than that reported in India (15) and
Malawi (32); and higher than that in Venezuela (7), Tanzania (33), Bangladesh and the
WHO estimate of 52% for non-industrialized counties (1).

Our study suggests that older maternal age (>26 years), elementary school or less
education, and occupation being farmer are associated with an increased risk for anemia.
These findings were consistent with earlier report (8;15) on education and occupation.
Unlike other studies (9), we found maternal age to be inversely associated with anemia
in this population, especially during the 24 and 3 trimesters. It is likely because our

cohort contained very few teenagers (<20 years) who are more likely to have lower iron
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stores and more socio-demographic risk factors (9). Our findings on pre-pregnancy body
mass index also differ from previous studies that reported that underweight women
were at increased risk of anemia (8;11;14). We found that underweight women were not
associated with maternal anemia, whereas overweight women were associated with a
increased risk for maternal anemia. It has been reported that the mean body mass index
was much lower for Chinese than Western women (34) and the correlation between the
maternal body mass and body fatness varied by sex, race, and age (35;36). Our findings
may indicate that the commonly used body mass index threshold for underweight
(<18.5) may not be an appropriate marker for anemia risk in Chinese child-bearing
women. The observation that pregnancy-induced hypertension is significantly
associated with increased risk of anemia, and the prevalence rate ratios increase with the
severity of hypertension, is intriguing. Biologically, pregnancy-induced hypertension
and maternal anemia could share some common pathways such as oxidative stress or
placental hypoxia (37-39). More severe preeclampsia may be associated with hemolysis
as well.

Over half of the women in our cohort received folic acid supplementation daily,
which allowed us to examine the association between peri-conceptional folic acid use
and anemia. Our results showed that folic acid use was significantly associated with a
25% reduction of the risk for 1+t trimester anemia. Folic acid deficiency has been
considered the next most common nutritional cause of maternal anemia after iron
deficiency (3;10;15;37). Our study also revealed that folic acid supplementation until the

end of the 1¢ trimester increased maternal hemoglobin confined to the 1+t trimester and
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effects gradually diminished in the later pregnancy. Initiating prenatal visit after the 1st
trimester was associated with 8 - 10% increase of the risks for 2" and 3 trimester
anemia, suggested starting prenatal care early might help reduce the risks. Women with
pre-gestational insufficient iron stores are likely to present anemia at significantly earlier
gestational ages (40), which can be treated by early iron supplementation.

The anemia prevalence rate is very sensitive to the hemoglobin cutoff value.
When the threshold was increased from <10 g/dL (the Chinese standard) to <11 g/dL (the
WHO recommendation), anemia prevalence increased from 33% to 69%. It may not be
practical from clinical prospective to use the higher threshold for anemia among Chinese
pregnant women. Hemoglobin cut-offs established for specific adverse outcomes would
be more clinically relevant. However, that was not the focus for this study. Altering the

hemoglobin thresholds in our study did not change the risk pattern for anemia.

Biases and limitations

Our findings are subject to potential limitations. Since hemoglobin levels were
not the primary interest of the original project, it was measured in local laboratories
using the usual clinical methods instead of a standardized method. However,
spectrophotometer was commonly used at the time. Four percent of women were
excluded because they had no hemoglobin measures during pregnancy. The cut-off for
anemia in this project was lower than other recommended standards (1;2) which limits
comparison of our study with those of others. However, using the WHO criteria gave a

similar pattern of findings. Data on a few previously identified risk factors for anemia
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including gestational diabetes, iron supplement use, interpregnancy interval, and

malaria and hookworm infections (although uncommon) and pica were unavailable.

Strengths

Despite these aforementioned limitations, existing data from this large,
prospective, population-based cohort offer a unique opportunity to evaluate prevalence
and risk factors for anemia in this Chinese population. The availability of serial
hemoglobin measurements across trimesters enabled us to distinguish associations with
anemia at different stages of pregnancy. Unlike many smaller and hospital-based studies
that are affected by selection bias, the population-based nature of our study permits
generalizability of findings to substantial areas of China. In addition, the population is

relatively homogeneous by race, smoking, alcohol, and geographic altitude.

Conclusions

Anemia during pregnancy is highly prevalent in this Chinese population. The risk
increases with the severity of pregnancy-induced hypertension. Folic acid
supplementation during the peri-conceptional period is associated with reduced risk of
anemia in the 1% trimester, but not later in pregnancy. Early prenatal care may reduce
the risk of anemia during mid-late pregnancy. These findings suggest extending folic
acid supplement to the entire pregnancy and initiating prenatal care in the 1t trimester

may be able to prevent and early diagnose and treat anemia during pregnancy.
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Table1-1

Characteristics of maternal hemoglobin measures in 164, 667 women with at least 1
hemoglobin measure during pregnancy

Hemoglobin (g/dL)
It trimester 2nd trimester 31 trimester

Number (%) 125,364 (76.1%) 136,633 (83.0%) 146,872 (89.2%)
Mean (SD) 11.2 (1.3) 10.8 (1.3) 10.6 (1.3)
Median (IQR) 11.1 (10.5, 12.0) 10.8 (10.0, 11.5) 10.5 (9.9, 11.3)
Correlation coefficients*

1st trimester 1.000 0.572 0.381

2nd trimester 1.000 0.519

3rd trimester 1.000

* P<0.05 for all the correlations between trimesters
SD, standard deviation; IQR, inter-quartile range
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Table1-2

Distribution of maternal characteristics in relation to anemia during pregnancy

Proportion Anemia
Prevalence rate

L. with prevalence
Characteristics Total births ratio
attribute rate
(95% CI)*
(%) (%)

All the women 164,667 100.0 32.6 —
Maternal age (years)

<25 102,912 62.5 30.8 0.91 (0,89, 0.92)

25-29 42,650 259 33.9 1.00 (Reference)

30-34 17,965 10.9 39.2 1.16 (1.13, 1.18)

>35 1,138 0.7 38.3 1.13 (1.05, 1.22)
Education

High school/college 18,593 11.3 30.7 0.98 (0.96, 1.00)

Junior high school 98,362 59.9 31.3 1.00 (Reference)

Elementary school or less 47,300 28.8 36.0 1.15 (1.13, 1.17)
Occupation

Farmer 90,525 55.0 33.8 1.09 (1.07, 1.10)

Factory worker 64,956 39.5 31.1 1.00 (Reference)

Other 8,987 5.5 30.3 0.97 (0.94, 1.01)
Ethnicity

Han 163,555 99.4 32.4 0.95 (0.87, 1.04)

Other 917 0.6 34.4 1.00 (Reference)
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Gravidity

Folic acid use
Yes
No

BMI

Underweight

Normal weight

Overweight/Obese

Registration

Pre-pregnancy

During pregnancy

First prenatal visit

<12 weeks
12-27 weeks

>28 weeks

Early bleeding
Yes
No

76,652
48,665
39,233

138,713
25,954

87,723
76,944

23,601
113,051
4,869

66,679
97,988

134,090
23,827
6,750

1,052
150,032

46.6
29.6
23.8

84.2
15.8

53.3
46.7

16.7
79.9
34

40.5
59.5

81.4
14.5
4.1

0.7
99.3

29.1
31.0
37.5

31.8
36.9

32.2
33.0

31.7
32.4
29.5

32.8
32.4

32.3
34.5
30.2

30.8
33.0

1.00 (Reference)
1.17 (1.15, 1.19)
1.29 (1.27, 1.31)

1.00 (Reference)
1.16 (1.14, 1.18)

0.97 (0.96, 0.99)
1.00 (Reference)

0.97 (0.95, 0.99)
1.00 (Reference)
0.90 (0.86, 0.94)

1.01(0.99, 1.03)
1.00 (Reference)

1.00 (Reference)
1.07 (1.05, 1.09)
0.93 (0.90, 0.97)

0.93 (0.85, 1.02)
1.00 (Reference)
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Hypertension
None 155,554 95.8 32.7 1.00 (Reference)
Mild 4,962 3.1 35.7 1.10 (1.06, 1.14)
Preeclampsia 1,874 1.1 37.0 1.14 (1.08, 1.21)

* Unadjusted prevalence rate ratio; CI: confidence interval
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Table1-4

Sensitivity analysis: adjusted prevalence rate ratio for maternal anemia using the
WHO cut-off (hemoglobin <11 g/dL)

Adjusted prevalence rate ratio
Maternal risk factors*
(95% confidence interval)

Education high school/college 0.99 (0.98, 1.00)
Education elementary school or less 1.03 (1.02, 1.04)
Factory worker (vs farmer) 1.00 (0.99, 1.00)
Other occupation (vs farmer) 0.96 (0.94, 0.97)
Multiparity (vs primiparity) 0.99 (0.98, 0.99)
Folic acid supplement (vs no) 1.01 (1.00, 1.02)
Pre-pregnancy registration 1.00 (0.99, 1.00)
First prenatal visit at 12-27 wks 1.03 (1.02, 1.04)
First prenatal visit at 228 wks 0.92 (0.90, 0.93)
Mild pregnancy-induced hypertension 1.01 (0.99, 1.03)
Preeclampsia 1.01 (0.98 1.04)

* Spline transformed maternal age variables were also included in the models.
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Chapter 2

The Impact of Maternal Anemia on Perinatal Mortality: A Prospective,

Population-based Cohort Study in China
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Abstract

Objective: Maternal anemia is a ubiquitous pregnancy complication in developing
countries; however its impact on perinatal mortality remains speculative. We evaluated
if maternal anemia during gestation is associated with increased risk of stillbirth and
neonatal death.

Methods: A prospective cohort study, using existing data from a population-based
pregnancy-monitoring system in 13 counties in East China (1993-96) was conducted.
Singleton live births (n=163,313) and stillbirths (n=1,354) delivered at 20-44 weeks to
women with at least 1 hemoglobin measure during pregnancy were included. Stillbirth
and neonatal mortality rates by anemia status in each trimester were estimated.
Multivariable Cox proportional hazards regression models were used to evaluate the
association between mortality risk and hemoglobin levels both within and across
trimester of exposure during pregnancy.

Results: The stillbirth rates were 6.2 and 9.2 per 1,000 births in women with and without
anemia, respectively (P<0.05). Anemia (hemoglobin <10 g/dL) in both the 1%t and 2~
trimesters was associated with increased risk for stillbirth (adjusted hazard ratio (HR)
1.7, 95% confidence interval (CI) 1.1, 2.7). Hemoglobin of 9 g/dL in the 3 trimesters was
associated with reduced risk (HR 0.8, 95% CI 0.7, 0.97). Maternal anemia was not
associated with neonatal mortality.

Conclusion: Anemia in the first half of pregnancy is associated with increased risk of

stillbirth, but not neonatal deaths. Early identification and appropriate intervention to



manage maternal anemia might prove beneficial to improve adverse pregnancy

outcomes.
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Introduction

Maternal anemia is highly prevalent among pregnant women in both the developing
and industrialized countries (1), with a reported prevalence rate of 42% in China (2). If
maternal anemia is indeed associated with increased risk for perinatal mortality, this
observation will have a significant public health implication. Unfortunately, the
association between anemia and perinatal mortality in general, and in developing
countries in particular, remains inconclusive.

Although the etiology of maternal anemia remains speculative, 3 major biologic
mechanisms supporting the association through which maternal anemia may be
associated with increased risk of perinatal mortality has been postulated. These include
an hypoxic insult at the maternal-fetal interface, oxidative stress, and maternal infections
(3). Hypoxia activates maternal and fetal stress responses through elevation of
corticotrophin-releasing hormone or cortisol (3). This, in turn, results in restricted fetal
growth (4) and preterm delivery (5;6). Iron deficiency may also increase oxidative stress
resulting in damage to erythrocytes and the feto-placental unit (3) — a mechanism
commonly observed in studies of preeclampsia and gestational diabetes (7;8).
Furthermore, iron deficiency may increase the risk of maternal infections, and infection
is one of the main risk factor for preterm labor (3). Products of the activated maternal
immune system in the presence of infection may have crossed the placenta and activated
the fetal hypothalamic-pituitary-adrenal axis (9).

A few retrospective cohort studies from developing countries have examined the

association of maternal anemia with perinatal mortality with equivocal findings.
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Increased risks of stillbirth and perinatal mortality in relation to maternal anemia were
reported in some (10-12), but not others (13-17), including 3 studies conducted in China
(14-16). The few studies examining the association between anemia and stillbirth (18-20)
or perinatal death (21;22) in industrialized countries also provide inconsistent results.
The inconsistent findings may be the result of variations in the timing of hemoglobin
assessment during pregnancy and other limitations afforded by study designs, e.g.,
failing to adjust for important confounding factors. The associations between maternal
anemia and pregnancy outcomes may vary across trimesters, while maternal
hemoglobin concentration changes over the course of pregnancy as a result of
physiological hemo-dilution (23). Therefore, separate assessment corresponding to the
stage of pregnancy may reveal important insights.

In our data, maternal hemoglobin levels were prospectively measured in every
trimester before the pregnancy outcomes were determined in a large population-based
cohort. This afforded a unique opportunity to carefully disentangle the association
between maternal anemia and perinatal mortality both within trimester and across

trimesters of exposure throughout gestation.

Methods

Pregnancy Monitoring Program in China 1993-96

The data of this study were prospectively collected through a population-based
pregnancy-monitoring system in China. This pregnancy-monitoring system was

operated along with the community intervention trial of preventing neural tube defects
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with peri-conceptive supplementation of 400 pg folic acid daily in 21 counties of three
provinces in China. The original project design and results of the neural tube defects
prevention program have already been published (24-26). This project was approved by
the institutional review boards of both the Centers for Disease Control and Prevention,
Atlanta, GA and the Chinese Ministry of Health, Beijing, China.

Every woman who resided in the project area and became pregnant was
registered at her marital registration or first prenatal visit, and was routinely followed
up by local health care professionals. Regardless of their folic acid supplementation
status, women who were pregnant and delivered between October 1993 and December
1996 were monitored through 42 days postpartum.

The Perinatal Health Care Booklet, as the primary data collection tool, was
distributed to all women at registration and was assigned a unique identification
number for tracking purposes. The data contained parental demographics; maternal
medical history; medical conditions, vital and laboratory measures in each trimester;
perinatal health outcomes; and perinatal health care utilization. Hemoglobin values, if
available, were ascertained during a pre-marital physical exam before the marital
registration, and at the 1%, 24, and 3¢ trimesters during pregnancy. The blood samples
were collected by local health care professionals during the pre-marital exam or prenatal
visits. Hemoglobin concentration was determined at each local laboratory using the
usual clinical methods, mostly by spectrophotometer. When more than one hemoglobin
measurements were conducted in 2! and 3t trimesters, only the lowest hemoglobin

value of that trimester was recorded. All data recorded in the individual booklets were
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computerized by trained staff in each county using a standardized data entry

application with built-in data checking function.

Study cohort

In our study, 31,960 women from the Hebei province in North China and 40,431 women
from three counties (Fenghua, Yinxian, and Ninghai) in East China were excluded from
the total cohort of 241,831 women, due to concerns about the methods of ascertainment
and accuracy of hemoglobin measurement. Following these exclusions, there were
172,414 women that delivered a singleton live birth or stillbirth between 20 and 44
completed weeks in the 13 counties of Zhejiang and Jiangsu provinces in East China.
Among them, 164,667 women with hemoglobin measures in at least 1 of the 3 trimesters
were included in the analysis for stillbirth, and 153,952 women who delivered a live-
born infant and were followed up to 28% days were included for the neonatal mortality
analysis. Gestational age, in completed weeks, was estimated based on the last

menstrual period.

Definitions for maternal anemia and outcomes

Anemia in each trimester was defined as hemoglobin <10 g/dL, which was pre-specified
in the original protocol. This hemoglobin cut-off is also a commonly used clinical
standard in China (14). Stillbirths were defined as fetal demise at >20 weeks of gestation,
including those that occurred before the onset of labor (antepartum stillbirth) and

during labor (intrapartum stillbirth). Neonatal death was defined as the death of a live-
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born infant within the first month, and were stratified as early neonatal (at <7 days) and
late neonatal (7-27 days) death. Perinatal deaths included all stillbirths and early

neonatal deaths.

Confounding factors

We simultaneously adjusted for a variety of confounders that were considered
potentially associated with both maternal hemoglobin level and the mortality outcomes.
These included maternal age at delivery (categorized as less than 26 and 26 years or
older), maternal education (completion of elementary school or less, junior high school,
and high school or above), occupation (farmer, factory worker, and other occupations),
parity (nulliparity and multiparity), taking 400 ug daily folic acid supplement some time
before pregnancy and during the 1+ trimester, pre-pregnancy body-mass index (kg/m?,
and categorized as below 18.5, 18.5 to 24, and 25 or over). These categories correspond to
underweight, normal and overweight/obese, respectively, as recommended by the WHO
(27). Timing of registration for the project (before or during pregnancy), timing of first
prenatal visit (1%, 2", or 3+ trimester), and fetal gender, were also considered as other

potential confounders.

Statistical analysis
Rates of stillbirth were derived among all eligible singleton births, whereas neonatal
mortality rates were derived using live births as the denominator. The perinatal

mortality rate was estimated among all stillbirths and live births with known neonatal
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survival status. The rates were also estimated by maternal characteristics and fetal
gender. To evaluate the effects of maternal anemia on perinatal mortality at a given
birthweight or gestational age, we estimated and plotted the birthweight- and
gestational age-specific mortality rates for those births of anemic mothers, compared
with those of non-anemic mothers. The corresponding distribution of birthweight was
illustrated along with the birthweight-specific perinatal mortality curves (on a
logarithmic scale). Birthweight was expressed as standardized z-scores (standardized to
a Gaussian distribution, with mean of 0 and variance of 1). We used the fetuses-at-risk
approach (28) to estimate the gestational age-specific perinatal mortality rate for births >
28 weeks of gestation, based on maternal anemia status. Due to concerns of gestational
age errors at 42 weeks and beyond (29), all births at 42 weeks or later were censored at
42 weeks in all gestational age-specific analysis.

Associations of hemoglobin in each trimester, as a continuous variable, with
stillbirth and neonatal death were assessed based on adjusted hazard ratios derived
from multivariable Cox proportional hazards regression models. In these models, events
of mortality are associated with time to event, i.e., complete weeks of gestation at
delivery for stillbirths and days after birth for neonatal deaths. Women who delivered
before 28 completed weeks (regardless of outcome) were excluded in the analyses for
exposure in the third trimester. To prevent problems resulting from inappropriate
linearity assumption, we fitted one multivariable regression model with the cubic spline
function (30;31) of hemoglobin value (g/dL) for each trimester with 4 knots

corresponding to the 5%, 35, 65%, and 95" percentiles of hemoglobin value. Number of
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knots was determined by the values of Akaike's information criterion (AIC) of the
multivariable proportional hazards regression models (31), and the model with 4 knots
resulted with the smallest AIC. The adjusted hazard ratio for mortality by hemoglobin
concentrations was estimated; hemoglobin value of 11 g/dL was assigned as the
reference point. To evaluate the effects of anemia across trimesters on the outcomes, we
classified anemic women according to the timing of anemia occurrence as the 1, 2nd or
3 trimester only, or the combinations of any 2 trimesters, or all 3 trimesters, and
compared them to women that remained non-anemic throughout pregnancy. The
corresponding risks and the adjusted hazard ratios for stillbirth and early neonatal
mortality were estimated. For the stillbirth analysis, all live births were censored at the
gestation week at delivery. For the neonatal death analysis, all infants alive on the 28t
day were censored. The proportional hazards assumption was tested by examining the
interaction terms (32) of hemoglobin measures and the time to event, i.e., week of
gestation or days after birth, and found to be satisfied.

Potential confounding factors were included in the models as covariates. In the
initial analysis, maternal age was modeling using spline transformations; since this did
not reveal any additional insights than a model using maternal age in categories, we
retained the later analysis. The interactions between folic acid supplementation and
maternal hemoglobin level in each trimester were tested and not found to be significant

(P>0.4). All analyses were conducted using SAS version 9.1 (SAS Institution, Cary, NC).
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Sensitivity and subgroup analysis

Although the main analyses were restricted to women with at least 1 hemoglobin
measures during pregnancy, we also carried out a concurrent analysis by imputing
missing hemoglobin measures. This latter analysis was treated as a multiple imputation
problem (33;34) and was accomplished using the MI procedure in SAS (35;36). We first
created an indicator variable for the missing value of each covariate except for
hemoglobin. The imputation for missing hemoglobin was carried out 5 times to generate
5 complete data sets. We selected the Markov chain Monte Carlo method (37) in our
imputation, because of the arbitrary missing pattern of hemoglobin. Multivariable Cox
proportional hazards regression models were fit to each of the 5 complete data sets, and
results from these models were subsequently combined. From this final analysis, we
derived the adjusted hazard ratio and 95% confidence interval describing the association
of hemoglobin level with stillbirth and neonatal mortality (37). We also conducted a sub-
group analysis restricted to women without pregnancy induced hypertension, to

eliminate the effect of this pregnancy complication on the results.

Results

Table 2 — 1 shows the rates of stillbirth and early neonatal death by maternal
characteristics and fetal gender. Nearly a third (33%) of the women were diagnosed with
anemia (hemoglobin <10 g/dL) at least once during their pregnancy. Table 2 - 2 shows
the proportion of women with and without anemia in each trimester as well as over the

pregnancy, and the corresponding antepartum, intrapartum, and all stillbirth rates, and
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early, late, and all neonatal mortality rates. There were 1,354 stillbirths (8.2 per 1,000
births), of which 80% of them occurring during the antepartum period (n=1,081, 6.6 per
1,000 births). Among 1,116 neonatal deaths (7.2 per 1,000 live births), 861 were classified
as early neonatal deaths (5.6 per 1,000 live births), and 255 as late neonatal deaths (1.7
per 1,000 live births). The overall perinatal mortality rate was 14.3 per 1,000 births.

Birthweight- and gestational age-specific perinatal mortality rates based on
anemia status are contrasted in Figures 2 - 1 and 2 — 2. While the birthweight
distribution of infants born to anemic mothers was shifted slightly to the right, the
birthweight-specific perinatal mortality rates for those with maternal anemia were
slightly lower or similar to those without anemia. The gestational age-specific perinatal
mortality rates for women with anemia were slightly lower than or similar to those
without anemia.

The adjusted hazard ratios for perinatal mortality in relation to hemoglobin
values in each trimester as compared with hemoglobin value of 11 g/dL were plotted in
Figure 2 - 3 for stillbirth and Figure 2 -4 for early neonatal death. In the 3 trimester
hemoglobin levels between 9 and 10 g/dL was associated with 20% reduced risk for
stillbirth, while hemoglobin level at 12 g/dL was associated with slightly increased risks
for stillbirth (HR 1.1, 95% CI 1.0, 1.2). No association between maternal anemia and
intrapartum stillbirth and neonatal mortality was apparent. However, we observed a
trend of elevated hemoglobin levels in the 2"¢ and 34 trimester associated with slightly
increased risks of early neonatal death, with only the 3¢ trimester hemoglobin at 12 g/dL

was found marginally significant (HR 1.1, 95% CI 1.0, 1.2). When considering the timing
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of anemia occurrence, there were 7 categories of anemia across trimesters. We found
anemia in both the 1%t and 2¢ trimesters was associated with a 70% increased risk of
stillbirth. (Table 2 - 4). The multiple imputation approach did not substantially change
the overall risk patterns (not shown), but the magnitude of the associations was shifted
more toward the null. The results derived from the sub-group of women without

pregnancy--induced hypertension were similar to those reported.

Discussion
Maternal anemia in this Chinese cohort was ubiquitous; a third (33%) of women in this
cohort had anemia some time during their pregnancy. We found anemia (hemoglobin
<10 g/dL) in both the 1%t and 2" trimesters to be associated with a 70% increased risk of
stillbirth, whereas hemoglobin levels between 9 and 10 g/dL in the 3 trimester was
associated with marginally reduced risk for stillbirth. However, maternal anemia was
not associated with the risk of neonatal mortality. The association between maternal
anemia and perinatal mortality remains equivocal from previous studies (10-22), with
the 3 studies conducted in Chinese populations reported no association between anemia
and perinatal mortality (14-16). Given its high prevalence, the role of maternal anemia in
contributing to adverse outcomes, especially stillbirth, remains a significant public
health problem.

Unlike most previous studies, we analyzed hemoglobin levels in each trimester
as a continuous variable and accordingly estimated the adjusted hazard ratios using a

flexible regression approach. An implicit strength is our estimates are not affected by
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arbitrary cut-off values for anemia or anemia severity. In all 3 previous Chinese studies
(14-16), in contrast, women were classified as either being anemic or non-anemic using
hemoglobin cut-off of <10 g/dL. An inherent limitation with this approach is that the
effect of anemia could be diluted by combining elevated hemoglobin levels in the non-
anemic group. Furthermore, arbitrary categorization of cut-points implicitly assumes
that risks are homogeneous within category, and are different at the cut-point (38). We
observed a marginally increased risk for stillbirth in relation to elevated hemoglobin in
the 3 trimesters. Stronger associations were reported by other studies (18;19;22), with
one study reported elevated hemoglobin associated with 80% increased risk of stillbirth
(adjusted odd ratio 1.8, 95% CI 1.0, 3.3) (19).

We found that the risk patterns of maternal anemia in relation to stillbirth were
different across trimesters. In particular, anemia in both the 1t and 2 trimesters was
associated with significantly increased risk of stillbirth. Routine prenatal iron or
multivitamin supplements were not commonly recommended in China during the time
the project was conducted (1993-96) (14;39). However, 56% of the women in our cohort
who participated in the peri-conceptive folic acid supplementation program had
voluntarily opted to take 400ug folic acid daily sometime before or early in pregnancy.
Iron supplement, as a treatment to alleviate anemia, may partially explain the reverse
causation of 2" and 3! trimester anemia and stillbirth risk. While one previous Chinese
study (14) examined associations between anemia at the first prenatal visit or in the 3
trimester and risk of perinatal mortality; the other 2 (15;16) studies ignored the timing of

anemia. All 3 studies, however, reported an absence of association between anemia and
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stillbirth or perinatal mortality (14-16), while others that stratified these associations by
trimester reported significant findings (20;22). Hemoglobin assessment in each trimester
in our large prospective cohort enabled us to evaluate the association in each trimester
over the actual span of hemoglobin values without dichotomizing them. Both the
sensitivity analysis with missing hemoglobin values imputed, and the subgroup analysis
restricted to women without pregnancy-induced hypertension yielded results essentially
similar to the ones reported.

When dichotomizing pregnant women as being anemic or non-anemic,
regardless of the timing of anemia occurrence, the distributions of birthweight, and
birthweight- and gestational age-specific perinatal mortality showed that the babies of
anemic mothers were slightly heavier and had slightly lower perinatal mortality, in
comparison to those born to women without anemia. Medical and obstetrical
intervention may have played a role to some extent in improving overall pregnancy
outcomes among anemic women. In such scenarios, women diagnosed with anemia are
usually treated and more closely monitored. If so, then this may lead to a paradoxical
finding of a reverse-causal association. However, we were unable to examine the
treatment effects because treatment data such as iron supplementation were not
ascertained as part of the project. Women with insufficient iron stores before pregnancy
are likely to present with anemia at earlier gestational ages (40). The fact that 1t and 24
trimester anemia being associated with increased risk of stillbirth, may underscore that
pre-pregnancy and early pregnancy screening and treatment for low hemoglobin may

be beneficial. This also suggests that a simple classification of women as being anemic or
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non-anemic and disregarding the time in gestation when the anemia episode occurs may

likely mask the true association between maternal anemia and perinatal mortality.

Strengths

The strength of our study was that we used the data from a large, prospective,
population-based cohort, which provided information on serial hemoglobin
measurements during pregnancy. Unlike many other retrospective cohort studies, the
prospective nature of our study enabled hemoglobin assessments prior to determining
pregnancy outcomes rules out the possibility of differential misclassification of anemia
status. The population-based nature also enhances the generalizability of the findings to
substantial areas of China. Our study population was relatively homogeneous by race,
smoking, alcohol, and geographic altitude. This unique setting enabled us to examine
the association of different hemoglobin levels with stillbirth and neonatal death at

different stages of pregnancy, with reduced selection and confounding bias.

Limitations

We are aware that our study also carries potential limitations. Since hemoglobin
measure was not the primary interest of the original project, it was assessed in local
laboratories using the usual clinical methods instead of standardized protocols. Data on
hemoglobin in the 274 and 3 trimesters pertained to the lowest of the assessments. This
may have obscured the association between anemia and perinatal mortality due to the

potential confounding of hemo-dilution that may reach the nadir near the end of the 2nd



and early of the 3 trimesters in normal pregnancy (41). The data on iron supplement
use were not collected. At the time of the project, iron was prescribed only for those
women who were diagnosed with anemia to be taken until the anemic status was
corrected (14). If such an intervention was indeed effective, it may have impacted the

associations noted here.

Conclusions

Despite the aforementioned limitations, anemia in the first half of pregnancy is
associated with increased risk of stillbirth. Early assessment and appropriate
intervention to manage maternal anemia might be able to improve the pregnancy

outcomes.
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Table2-1

Maternal and fetal characteristics and perinatal mortality

Early neonatal

L. Total Stillbirth
Characteristics mortality
births  (per 1,000 births)
(per 1,000 live births)

All births 164,667 8.2 (n=164,667) 5.6 (n=153,952)
Maternal age (yrs)

<25 102,912 7.9 5.6

25-29 42,650 8.2 5.6

30-34 17,965 9.6 5.3

>35 1,138 15.8 10.5
Education

High school/college 18,593 7.2 3.3

Junior high school 98,362 7.9 5.9

Elementary school or less 47,300 94 5.9
Occupation

Farmer 90,525 8.4 5.6

Factory worker 64,956 8.4 5.8

Other 8,987 7.5 4.0
Ethnicity

Han 163,555 8.2 5.6

Other 917 6.5 9.3




Gravidity

Folic acid use
Yes
No

BMI
Underweight
Normal weight

Overweight/Obese

Registration
Pre-pregnancy

During pregnancy

First prenatal visit
<12 weeks
12-27 weeks

> 28 weeks

Fetal sex
Male

Female

76,652
48,665
39,233

138,713
25,954

87,723
76,944

23,601
113,051
4,869

66,679
97,988

134,090
23,827
6,750

84,864
79,803

8.0
8.1
8.8

7.7
10.8

7.9
8.6

8.2
8.0
11.9

8.0
8.4

8.1
9.5
5.8

7.0
9.6

6.0
5.3
5.1

54
6.6

5.4
5.8

5.5
5.4
6.6

4.9
6.0

54
6.4
6.1

6.0
52
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Chapter 3

Maternal Anemia on Preterm Birth Clinical Subtypes:

A Prospective Cohort Study
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Abstract

Objective: Despite numerous studies, the role of maternal anemia in preterm birth
remains poorly defined, and the association between anemia and preterm birth clinical
subtypes remain unclear. We examined if maternal anemia exposure both within and
across trimesters during gestation is associated with preterm birth and its clinical
subtypes.

Methods: This was a secondary analysis of a prospective cohort study of data from the
population-based pregnancy-monitoring system in 13 counties of East China region
(1993-96). All singleton live births delivered at 20-44 weeks to women with at least 1
hemoglobin measures during pregnancy were included (n=160,700). Infants with
unknown birthweight or implausible birthweight-gestational age combinations were
excluded. Preterm birth rates were estimated by clinical subtypes, namely, preterm
premature rupture of membranes (PROM), preterm birth following spontaneous onset
of labor and preterm birth resulting from medical interventions. Hemoglobin changes
across trimesters were assessed as proxy of hemo-dilution (hemoglobin increase >1
g/dL) and hemo-concentration (hemoglobin decrease >1 g/dL). Associations were
expressed by hazard ratios (HR) derived from Cox proportional hazards regression
models after adjusting for potential confounders.

Results: Overall preterm birth (<37 weeks) rates were 4.1% for anemic and 5% non-
anemic women (P<0.05). In comparison to women with hemoglobin of 11 g/dL
(reference), values <11 g/dL in the 1% trimester was associated with increased risk for

preterm PROM. Women with hemoglobin <5 g/dL were at highest risk for preterm
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PROM (HR 3.3, 95% confidence interval (CI) 1.4, 7.7) with progressively declining risk
with increasing hemoglobin levels. In contrast, the association between hemoglobin in
the 3 trimester and spontaneous preterm labor was reversed, with lower hemoglobin
levels being associated with reduced risk. Anemia in all 3 trimesters was associated with
a moderately increased risk for only spontaneous preterm labor. Anemia was not
associated with medically indicated preterm birth. Hemo-dilution, but not hemo-
concentration, over gestation was associated with up to 23% reduced risk for preterm
birth.

Conclusion: Anemia exposure in early pregnancy is associated with increased risk for
preterm PROM, while exposure in late pregnancy is associated with reduced risk for
spontaneous preterm labor. Adequate physiological hemo-dilution during mid- and late

pregnancy may be associated with reduced risk for preterm birth.
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Introduction
Preterm birth has remained as one of the strongest predictors of perinatal mortality and
morbidity (1;2). Despite numerous studies, the association between maternal anemia
and preterm birth remains equivocal. Anemia was found to be associated with increased
risks for preterm birth in some (3-8), but not other (9-12) studies. The findings from
Chinese studies (4;8;9;13) on the relationship between anemia and preterm birth were
also inconsistent. In addition, a “U”-shaped relationship between anemia and preterm
birth has been reported (13-17). Studies have also suggested that the association between
anemia and preterm birth may vary based on the timing of anemia during gestation (12).
Preterm birth may occur through multiple etiologic pathways, with maternal
infection, hypoxia, and oxidative stress being the 3 major postulated biological
mechanisms by which anemia and iron deficiency could cause preterm birth (18). Iron
deficiency may increase the risk of maternal infections, and low hemoglobin may cause
a state of hypoxia that induces maternal and fetal stress. Activated immune system of
infected mothers (19) and corticotrophin-releasing hormone or cortisol that are released
following a stress responses, can activate the maternal or fetal hypothalamic-pituitary-
adrenal axis (20). This, in turn, initiates the events of preterm labor (18). Finally, iron
deficiency may also increase oxidative stress resulting in damage to erythrocytes and the
feto-placental unit (21;22). This latter mechanism is associated with preeclampsia and
gestational diabetes (18), which are strong risk factors for preterm birth (23;24).
Considerable etiologic heterogeneity persists among preterm birth clinical

subtypes, namely, spontaneous preterm labor (spontaneous onset of labor or following
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preterm PROM) and medically indicted preterm birth (1,25-28). However, few studies
have attempted to evaluate if associations between anemia and preterm birth are largely
driven by associations with one particular subtype (29). If maternal anemia is indeed
associated with one preterm birth subtype, and not others, the association with preterm
birth as an entity may be attenuated (30). Furthermore, such patterns may reveal
interesting clues to etiology and biologic mechanisms.

We hypothesized that maternal anemia may be associated with increased risk of
preterm birth, and that an examination of associations within preterm birth clinical
subtypes may reveal interesting clues to biologic mechanisms. We carried out the
analysis by utilizing data that were prospectively ascertained in a large population-

based cohort.

Methods

Data source

We designed a secondary analysis of data from a prospective, population-based cohort.
Data were obtained from a population-based pregnancy-monitoring system established
through a community intervention trial to prevent neural-tube defects in 21 counties of 3
provinces in China. Every woman who resided in the project area and became pregnant
was registered at her marital registration or first prenatal visit. Women who were
pregnant and delivered between October 1993 and December 1996 were identified. At
the time of registration, a campaign program of peri-conception folic acid

supplementation of 400 pg daily during pre- and early pregnancy was offered to non-
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pregnant women or those in their 1¢ trimester. The project was approved by the
institutional review boards of both the Centers for Disease Control and Prevention, and
the Chinese Ministry of Health (31;32).

The data were documented on a Perinatal Health Care Booklet that was issued to
every woman at registration with a unique identification number. The information in the
booklet contained parental demographics and family history, maternal medical history
and obstetric conditions during the pregnancy, perinatal health outcomes, and perinatal
health care utilization. Hemoglobin levels were determined at the pre-marital physical
exam when applicable, and repeated at each trimester by health care professionals,
using the usual clinical methods. For women that had more than 1 hemoglobin
assessment in the 2nd and 3¢ trimesters, only the lowest value was recorded. All data
recorded in the individual booklets were computerized by trained staff in each county

using a standardized data entry application with built-in data checking filters.

Study cohort

This study was restricted to data from 13 counties of Zhejiang and Jiangsu provinces, a
relatively wealthy region, in East China. Of the 170,885 women that delivered a
singleton live birth between 20 and 44 completed weeks of gestation, 163,313 women
had at least 1 hemoglobin value measured during pregnancy. We excluded 2,186 births
with missing birthweight and 427 births with implausible birthweight-gestational age
combinations (33). After all exclusions, 160,700 singleton live births remained for

analysis.
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The population in these 13 counties is relatively homogeneous with respect to
ethnicity, smoking, alcohol, and geographic altitude. During the time of the project,
women were not recommended to routinely take prenatal iron supplements; instead,
iron supplements were prescribed only when anemia was diagnosed (4;9). However,

information on iron supplement use was collected in this project.

Definition of maternal anemia, hemoglobin change, and preterm birth

Anemia in each trimester was defined as hemoglobin <10 g/dL, which was pre-specified
in the original protocol and has been also a commonly used cut-off in China (9). We
classified women with anemia as follows: 1% trimester only, 2" trimester only, 3
trimester only, 1 and 2" trimesters, 1%t and 3 trimesters, 2" and 3 trimesters, and all 3
trimesters.

Hemoglobin changes were calculated as the differences of the 1+t and 2nd
trimesters; the 2nd and 3¢ trimesters; and the 1st and 3¢ trimesters. We reclassified the
difference as hemo-dilution when change >1 g/dL or hemo-concentration when <-1 g/dL.

Gestational age, in completed weeks, was estimated based on the last menstrual
period. Preterm birth was defined as live births delivered before 37 completed weeks.
We further categorized preterm birth as very preterm (<32 weeks), moderately preterm
(32-33 weeks), and mild preterm (34-36 weeks). We also examined preterm birth based
on its 3 underlying clinical subtypes (30) in the following hierarchy: preterm PROM
(spontaneous rupture of chorioamniotic membranes prior to the onset of labor and

delivery before 37 weeks), medically indicated preterm birth (preterm birth following
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labor induction and/or cesarean performed before onset of labor for impending in utero

fetal compromise), and spontaneous preterm labor (the remainder of all preterm births).

Confounding factors

The data provided a variety of confounders that were considered potentially associated
with both maternal hemoglobin level and preterm birth, and not known on the disease
pathways. Selected maternal characteristics included age at delivery, education
(completion of elementary school or less, junior high school, and high school or above),
occupation (farmer, factory worker, and other occupations), parity (nulliparity and
multiparity), pre-pregnancy body-mass index (kg/m? and categorized as below 18.5,
18.5 to 24, and 25 or over) and infant sex. We also controlled for prenatal care utilization,
using timing of registration for the project (either before or during pregnancy) and
timing of first prenatal visit (1t or 2"d trimester). Finally, we adjusted for folic acid use

(400 pg daily) either before pregnancy or during the 1% trimester.

Statistical analysis

Rates of all preterm birth, as well as by of each clinical subtype were estimated among
singleton live births. The distribution of gestational age at delivery was contrasted for
women with and without anemia during pregnancy. The proportions of clinical
subtypes among preterm births were estimated based on anemia status and preterm

severity. For women who had hemoglobin assessments in all 3 trimesters we calculated
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the preterm birth rates for the 7 maternal anemia status groups as described earlier, both
by preterm birth severity and by its clinical subtype.

Associations of hemoglobin in each trimester, as a continuous variable, with
preterm birth and its clinical subtypes were assessed based on adjusted hazard ratios
derived from multivariable Cox proportional hazards regression models. Each preterm
birth clinical subtype was compared with term births. Women who delivered before 28
completed weeks (regardless of outcome) were excluded in the analyses for exposure in
the third trimester. We modeled hemoglobin concentrations following transformations
based on restricted cubic spline functions (34) with 4 knots. This approach avoids the
undesirable property of analyzing data after arbitrary categorizations. The optimal
number of knots was determined by that provided the minimum value of Akaike's
information criterion (AIC) of the Cox proportional hazards models (35). The adjusted
hazard ratio for preterm birth by hemoglobin concentrations was estimated with
hemoglobin 11 g/dL as the reference.

To evaluate the effects of anemia across trimesters on preterm birth, all live births
delivered at 237 weeks of gestation were censored in the Cox proportional hazards
models. The proportional hazards assumption was tested by examining the interaction
terms (36) of hemoglobin measures and week of gestation and found to be satisfied.

Potential confounding factors were included in the models as covariates. As with
hemoglobin, a restricted cubic spline function of maternal age with 4 knots was applied

after we detected the violation of linearity assumption. Interactions between folic acid
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supplementation and maternal hemoglobin level in each trimester were tested and
found to be insignificant (P>0.15).

The effects of hemo-dilution (hemoglobin change > 1 g/dL) and hemo-
concentration (> -1 g/dL) were assessed by the multiple Cox proportional hazards
models that included the corresponding indicator variables for hemoglobin changes, the
1st trimester hemoglobin value as the baseline level, and confounding factors. All

analyses were conducted using SAS version 9.1 (SAS Institution, Cary, NC).
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Results
The overall preterm birth (<37 weeks) rate of singleton live-born infants in this cohort
was 4.7%, with 4.1% for anemic and 5 % for non-anemic pregnancy women (P<0.05). The
most prevalent preterm birth clinical subtype was spontaneous preterm labor (3.6%),
accounting for 77% of all preterm births. Table 3 — 1 shows the rates of preterm birth and
its clinical subtypes by maternal characteristics and fetal gender. Nearly one third of
women (32.7%) had anemia (hemoglobin <10 g/dL) sometime during their pregnancy,
with the prevalence of anemia being 11%, 20%, and 26% in the 1+, 274, and 3t trimesters,
respectively. The distribution of gestational age at delivery for women with and without
anemia was similar (Figure 3 — 1). Distribution of preterm birth rates based on severity
and clinical subtype in relation to maternal anemia status are shown in Table 3 — 2. There
were relatively more preterm PROM cases among very preterm births (<32 weeks) and
among moderate preterm births (32-33 weeks) of anemic women, as shown in Figure 3 —
2.

Associations between hemoglobin levels in each trimester and risk of preterm
birth, preterm PROM and spontaneous preterm labor are shown in Figures 3 -3, 3 -4
and 3 - 5, respectively. Hemoglobin 9-10 g/dL in the 1¢t trimester, but not <9 g/dL was
associated with slightly increased risk for all preterm births. Hemoglobin <11 g/dL in
the 1¢t trimester was particularly associated with increased risks for preterm PROM.
Women with lowest hemoglobin levels were at highest risk for preterm PROM (adjusted
hazard ratio 3.3, 95% CI 1.4, 7.7 for hemoglobin <5 g/dL) with progressively declining

risk with increasing hemoglobin levels up to 10 g/dL. In contrast, the association
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between hemoglobin in the 3 trimester and preterm birth was reversed, with low
hemoglobin values (<10 g/dL) being associated with reduced risks for all preterm births
and spontaneous preterm labor. As shown in Table 3 — 3, anemia in all 3 trimesters was
associated with increased risks for all preterm birth and spontaneous preterm labor.

Medically indicated preterm was not associated with maternal hemoglobin (not
shown). We also observed a stronger association between 1 trimester anemia and very
to moderate preterm birth (<34 weeks) (not shown).

Hemoglobin increased 1 g/dL or more from previous trimester, as the proxy of

hemo-dilution, were associated with reduced risks for all preterm birth (Figure 3 - 6).

Discussion

Most studies on the association between maternal anemia and adverse reproductive
outcomes have produced inconsistent findings. This is largely mitigated by the fact that
maternal anemia has been analyzed as an aggregated exposure such as “any anemia
during pregnancy”. Although informative, it is likely that anemia diagnosed early in
pregnancy may exert stronger associations on pregnancy outcomes than anemia
diagnosed later in gestation. Equally, studies on preterm birth have paid little attention
to its heterogeneous underpinnings (1), thereby combining etiologically distinct
endpoints as being homogeneous, and perhaps leading to attenuated association
measures (1;30;37). Finally, little attention has been devoted as to how anemia affects the
risk for preterm birth clinical subtypes, including previous Chinese studies (4;8;9;13).

Most studies have exclusively focused on spontaneous preterm births (29;38). Our study
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was designed to overcome all these aforementioned limitations. In addition, we
explored the potential effects of physiological hemo-dilution on preterm birth.

We found anemia in the 1¢t trimester was associated with slightly increased risks
for all preterm birth. These associations were considerably stronger for preterm PROM.
However 3 trimester anemia was associated with reduced risk for all preterm birth,
largely confined to spontaneous preterm labor. Medically indicated preterm birth, on
the other hand, was not associated with anemia. These results underscore the strong
heterogeneity in the risk profile for preterm birth based on underlying clinical subtypes,
as well as by exposure window (i.e., trimester in pregnancy when anemia was
diagnosed). Differences in exposure assessment as regards the timing of anemia
assessment, and associations being driven by preterm birth clinical subtypes (i.e.,
preterm PROM) may have contributed to inconsistent findings across earlier studies.

Our findings on all preterm birth were consistent with a meta-analysis (39) that
concluded that early pregnancy anemia was associated with slightly increased risk for
preterm birth and late pregnancy anemia was inversely associated with preterm birth.
All 4 previous Chinese studies (4;8;9;13) conducted in the same or nearby regions as the
present study, examined the association between anemia and preterm birth without
distinguishing its clinical subtype. While some reported anemia in the 1% trimester to be
associated with increased risk of preterm birth (4;8), others did not (9). The last study
reported that only the 3 trimester hemoglobin <7 g/dL (severe anemia) was associated
with a marginally increased risk for preterm birth (13). Table 1 -5 shows 5 studies

(11,29;37;38;40) that reported associations between maternal anemia and preterm birth
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clinical subtypes. All these earlier studies either dichotomized pregnant women as
anemic or non-anemic using one cut-off point (9;38;40), or categorized them into
multiple groups using several cut-off points (4;8;13;29;37;40). Categorization of a
skewed-distributed exposure like anemia, assuming within-category homogeneity,
degrades continuous exposure information and tends to be less accurate than spline
analysis (41). We analyzed hemoglobin concentrations as a continuous variable based on
flexible spine transformation to account for nonlinear effects.

Disaggregating preterm birth into more homogeneous subtypes revealed
considerably heterogeneity in their associations with anemia. Anemia present in all 3
trimesters was associated with 20% increased risks for spontaneous preterm labor, while
anemia in mid- and late pregnancy was associated with reduced risk. There were trends
of increased risks for preterm PROM in relation to anemia present in early half or all 3
trimesters. Anemia in early pregnancy or throughout pregnancy may represent pre-
existing, or early onset and persistent iron deficiency. Iron deficiency anemia, in turn,
could induce maternal infection, hypoxia, and oxidative stress and trigger the
spontaneous onset of preterm labor (18).

Previous studies mentioned the concern that normal physiological hemo-dilution
during pregnancy, that usually reaches the nadir at the end of the 2" trimester and early
the 3 trimester, might mask the true association between anemia and preterm birth
(9;12;42;43). However the association between hemo-dilution in the 2" and 3 trimesters
and preterm birth had not yet been assessed. In our study, we used the hemoglobin

reduction across trimesters as the proxy of hemo-dilution, controlling for the 1st
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trimester hemoglobin level as the baseline. We found hemo-dilution was associated with
reduced risk for preterm birth. This may partially explain the inverse association
between the 3t trimester anemia and preterm birth.

The overall preterm birth rate in this Chinese cohort was fairly low (4.7%) with
spontaneous preterm labor (77%) being the most common clinical subtype. This rate is
consistent with earlier findings for other cohorts in this region (4;9;13); however, it is
considerably lower than most other industrialized countries (1;30). In the United States,
for instance, the rate is above twice as higher (1) with nearly a third of singleton preterm
births being medically indicated (44). Rates of obstetrical interventions at preterm and
term gestations were 11.6% and 16.7%, respectively, in our cohort. This suggests that the
threshold for intervention in the presence of impending in utero fetal compromise is far
higher than in most industrialized societies. It is therefore likely that differences in
practice and threshold for intervention may play an important but yet unidentified, role
in our findings. In addition, in our data the gestational age was estimated based on last
menstrual period without ultrasound or clinical verification, therefore falsely high
gestational age due to late ovulation (and late conception) was not corrected. It could
lead to a lower preterm birth rate than a ultrasound-based estimate (23).

The observed association between preterm birth and anemia in the 1¢ trimester
was less likely affected by iron supplementation as iron supplement was given after the
diagnosis of anemia. However anemic women in latter pregnancy were more likely to
take iron supplement as a treatment and receive more medical attention. Besides the

effects of the normal physiologically hemo-dilution (9), the observed inverse association
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between late pregnancy anemia and spontaneous preterm labor, might be a complex
artifact partially due to the benefits of medical interventions. Whether early prevention
and prompt treatment of maternal anemia can reduce the risks for spontaneous preterm

labor and preterm PROM warrants further investigation.

Limitations and strengths

The preterm birth incidence rate in our cohort is different from some regions in
China (45) and some other countries (1;30). Therefore, the findings from our study may
not be generalizable to those populations with different preterm birth rate. In addition,
hemoglobin was assessed in local laboratories using the usual clinical methods without
standardized protocols. Hemoglobin values in the 2" and 34 trimesters pertained to the
lowest of the assessments, which may blend real anemia with the physiological hemo-
dilution that reaches the nadir near the end of the 24 and early of the 3™ trimesters in
normal pregnancy (46). Therefore, the observed association between maternal anemia
and preterm birth may have been attenuated. Lastly, information on individual iron
supplementation was not available. However it is likely that iron was prescribed to
anemic women as a treatment (4;9), and this may have resulted in an attenuation of the
associations noted here.

The ability to separate preterm births by its clinical subtypes and to examine
associations within more homogeneous groups in relation to maternal anemia are some
of the strengths of our study. Hemoglobin values of women in our large, population-

based cohort were prospectively ascertained before pregnancy outcomes were
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determined, which eliminates the possibility of differential misclassification of anemia.
Our study population was relatively homogeneous, and less likely to be affected by

selection and confounding biases.

Conclusions

In summary, maternal anemia early in pregnancy is associated with increased risk of
preterm PROM and anemia throughout pregnancy is associated with increased risk of
spontaneous preterm labor. Early prevention and prompt treatment of maternal anemia

may be one avenue for intervention, and may be a topic worthy for further investigation.
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Table3-1

Maternal and neonatal characteristics and preterm birth (<37 weeks) rates by clinical

subtypes
Preterm birth clinical subtypes (%)
Characteristi Total
aracteristies . All Preterm Spontaneous Medically
infants
PROM preterm indicated
All live born infants 160,700 4.7 0.6 3.6 0.5
Maternal age (yrs)
<25 100,385 5.0 0.6 4.0 0.4
25-29 41,685 4.1 0.6 3.0 0.5
30-34 17,525 3.7 0.6 25 0.6
>35 1,103 5.8 0.9 3.4 1.5
Education
High school/college 18,262 4.1 0.7 2.7 0.7
Junior high school 96,162 4.8 0.6 3.7 0.5
Elementary school or less 45,875 49 0.6 3.8 0.5
Occupation
Farmer 88,051 4.7 0.6 3.7 0.4
Factory worker 63,633 4.7 0.7 3.5 0.5
Other 8,821 4.1 0.8 2.5 0.8
Ethnicity
Han 159,619 4.7 0.6 3.6 0.5

Other 895 57 0.6 44 0.7
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Gravidity

Folic acid use
Yes
No

BMI
Underweight
Normal weight

Overweight/Obese

Registration
Pre-pregnancy

During pregnancy

First prenatal visit
<12 weeks
12-27 weeks

>28 weeks

Fetal sex
Male

Female

74,826
47,512
38,260

135,504
25,196

85,782
74,918

23,076
110,394
4,717

65,206
95,494

131,001
23,150
6,549

82,978
77,722

55
4.1
4.0

4.7
44

4.4
5.0

4.9
4.6
4.5

3.7
53

4.6
5.5
4.3

4.9
4.5

0.6
0.6
0.7

0.6
0.6

0.6
0.6

0.7
0.6
0.5

0.6
0.6

0.6
0.6
0.4

0.7
0.6

44
3.0
2.7

3.6
3.3

3.3
3.9

3.7
3.5
3.5

2.7
4.2

3.5
4.3
3.7

3.7
3.4

0.5
0.5
0.6

0.5
0.5

0.5
0.5

0.5
0.5
0.5

0.4
0.5

0.5
0.6
0.2

0.5
0.5
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Distribution of gestational age by anemia status
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Figure 3 -3
Adjusted hazard ratio of preterm birth (< 37 weeks) and 95% confidence interval for
hemoglobin level in each trimester
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Figure 3 - 4
Adjusted hazard ratio of preterm premature rupture of membranes (< 37 weeks) and
95% confidence interval for hemoglobin level in each trimester
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Figure 3 -5
Adjusted hazard ratio of spontaneous preterm labor (<37 weeks) and 95% confidence
interval for hemoglobin level in each trimester
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Summary
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Maternal anemia is a ubiquitous pregnancy complication associated with an array of
adverse pregnancy outcomes, including preterm birth, restricted fetal growth, and
perinatal death (1). Because of its high prevalence, the impact of maternal anemia on
fetal development remains an important public health concern. Despite numerous
reports on associations between maternal anemia and adverse perinatal outcomes, the
findings remain largely inconclusive. To some extent, this is mitigated by inadequacies
in study designs, e.g., failing to adjust for important confounders, failure to distinguish
profiles of anemia across trimesters within pregnancy, and aggregating heterogeneous
exposures and outcomes.

The lack of consistency in findings across studies may also be due to variations in
the timing of hemoglobin measurement. In mid- and late pregnancy, it may difficult to
distinguish physiological hemo-dilution and true iron deficiency anemia (2), therefore,
separate assessment corresponding to the stage of pregnancy may reveal important
insights of the associations.

To our knowledge, all previous studies have categorized hemoglobin values
using one or multiple cut-offs, instead of examining risks on a continuum of hemoglobin
values. Categorization of a skewed-distributed exposure like anemia, assuming within-
category homogeneity, degrades continuous exposure information and tends to be less
accurate than the spline analysis (3) applied in this dissertation.

Considerable etiologic heterogeneity has been reported among preterm birth.
Preterm birth can be broadly classified based on underlying sequence of clinical

presentations as spontaneous preterm birth (spontaneous onset of labor or following
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preterm premature rupture of membranes) and medically indicted preterm birth (4-8).
However, little has been done to evaluate if the associations between anemia and
preterm birth vary among its different clinical subtypes (9).

This dissertation, using data from a large, prospective, population-based cohort
of pregnant women in 13 counties of East China, addressed 3 specific topics: (i) The
epidemiology of maternal anemia; (ii) Association of maternal hemoglobin/anemia and
perinatal mortality; and (iii) Association of maternal anemia and hemoglobin profiles
and preterm birth clinical subtypes. Hemoglobin levels during pregnancy were stratified
by the stage of gestation and examined as a continuous measure. A variety of
confounding factors were measured and adjusted. Hemoglobin changes across
trimesters were quantified and examined as proxy of hemo-dilution.

About one third of the pregnant women of our cohort (n=164,667) had anemia
(hemoglobin <10 g/dL) during pregnancy. Older maternal age, lower education, farm
occupation, delayed prenatal care, pregnancy-induced hypertension and preeclampsia
were associated with increased risk for anemia, whereas peri-conceptional folic acid use
was associated with reduced risk for 1¢ trimester anemia. Anemia in the first half of
pregnancy was associated with increased risk of stillbirth (adjusted hazard ratio (HR) 1.7,
95% confidence internal (CI) 1.1, 2.7), but not neonatal deaths. Anemia in the 1st trimester
was associated with increased risk for preterm premature rupture of membranes
(PROM). Women with hemoglobin <5 g/dL were at highest risk (HR 3.3, 95% CI 1.4, 7.7)
with progressively declining risk with increasing hemoglobin levels. In contrast, anemia

in the 3 trimester was associated with reduced risk for all preterm birth and
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spontaneous preterm labor. Anemia was not associated with medically indicated
preterm birth. Hemo-dilution over gestation was associated with up to 23% reduced risk
for preterm birth.

The findings of this dissertation underscore that early prevention and prompt
treatment of maternal anemia may be one avenue for intervention, and may be a topic
worthy for further investigation. Basic studies are needed to further clarify if maternal
anemia is a biomarker or an independent condition on the biologic pathways in relation
to adverse perinatal outcomes. The efforts of physiologic hemo-dilution during
pregnancy should be considered and appropriately controlled for in anemia related

studies.
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