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Abstract: Hypertension during pregnancy may increase the risk of anemia in the offspring. However,
few studies have investigated the effects of elevated blood pressure during the preconception period
on childhood anemia. This large population-based birth cohort study was performed to determine
whether abnormal preconception blood pressure has long-term consequences for childhood health.
Data were obtained from the China–US Collaborative Project for Neural Tube Defect Prevention. The
study consisted of 40,638 women with singleton live births who were registered in a monitoring
system before pregnancy in southern China during the period 1993–1996. Children were assessed by
hemoglobin measurement at approximately 53 months of age. The incidences of childhood anemia
were 19.80% in the hypertension group and 16.07% in the non-hypertension group. Compared with
the non-hypertension group, the hypertension group had an increased risk of childhood anemia
(adjusted risk ratio (RR): 1.25; 95% confidence interval (CI): 1.11–1.41). After categorization according
to blood pressure, combined systolic and diastolic hypertension was associated with a significantly in-
creased risk of childhood anemia, compared with normotension (adjusted RR: 1.37; 95% CI: 1.16–1.63).
Compared with women who had normal blood pressure, the adjusted RRs for childhood anemia
were 1.20 (95% CI: 1.13–1.28), 1.26 (95% CI: 1.08–1.47), and 1.38 (95% CI: 1.14–1.67) among women
with prehypertension, stage-1 hypertension, and stage-2 hypertension, respectively. Our results
suggest a linear association between prepregnancy hypertension and the risk of childhood anemia in
the Chinese population. Interventions targeting preconception blood pressure may have a positive
effect on childhood health.

Keywords: blood pressure; Chinese women; anemia; children; hypertension

1. Introduction

Anemia is a global public health problem that disproportionately affects children in
developing countries. The estimated global prevalence of anemia in children under 5 years
of age is 43% [1], which is important because anemia is associated with childhood morbidity
and mortality, as well as the potential for long-term health effects [2–4]. Among the risk
modifiers of childhood anemia, iron deficiency is the most common cause [5,6]. Although
diet and medication during pregnancy can have an effect on iron absorption in children,
programs involving supplementation with iron or folic acid have only demonstrated
moderate success. Research concerning the factors that influence iron status (e.g., nutrition
status and lifestyle factors) has historically focused on the period during pregnancy [7,8].

The placenta has a pivotal role in iron transport and storage to buffer both the mother
and fetus from large shifts in nutrient availability [9]. Hypertensive disorders of pregnancy
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(HDP) are reportedly associated with poor placental function [10,11]. Some studies have
suggested that HDP is associated with an increased risk of childhood anemia [12–14].
Despite the biological rationale, there have been few studies regarding the association
between preconception blood pressure and childhood anemia. From a public health
perspective, understanding the impact of preconception blood pressure is of particular
interest because it is generally easy to intervene before pregnancy; such interventions may
have greater impacts on gestational outcomes. Therefore, we conducted a large cohort
study to examine the possible relationship between preconception blood pressure and
childhood anemia.

Several studies have suggested that preconception blood pressure is associated with
adverse pregnancy outcomes, especially pregnancy loss and preterm birth [15–17], poten-
tially through placental vascular insufficiency, which is a common source of iron deficiency.
However, few studies have compared the influence among blood pressure categories,
possibly because of limited sample sizes. Prior research has indicated that diastolic blood
pressure (DBP) may strongly contribute to proximal pathophysiological processes [16], and
these effects might differ among stages of hypertension [15]. Therefore, large cohort studies
are needed to compare the effects of preconception blood pressure level to improve our
understanding of the mechanisms underlying each subtype. Here, we used data from a
large birth cohort study to evaluate the association of preconception blood pressure with
childhood anemia; we aimed to identify both overall and subgroup effects.

2. Materials and Methods
2.1. Study Design

The original study was described previously [18,19]. Briefly, the Chinese Ministry of
Health conducted a public health campaign to prevent neural tube defects. This campaign
involved a large prospective cohort study to investigate the effects of preconception use
of folic acid on neural tube defects, as well as child growth and development. Begin-
ning in 1993, the campaign was implemented in 21 counties in two southern provinces
(Zhejiang and Jiangsu) and one northern province (Hebei). All women in the study who
were preparing for marriage or who became pregnant were registered in a perinatal health
care surveillance system; records were kept regarding their prenatal care and demographic
information. This surveillance system followed the registered women until the conclusion
of their pregnancies and recorded all births at or after 20 gestational weeks, including live
births and stillbirths. Furthermore, all children delivered by the registered women during
the study period were assessed by physical examination. The original cohort included
247,831 women; for this analysis, we selected seven counties in two neighboring southern
provinces (Jiangsu Province and Zhejiang Province), which had detailed records of pre-
conception examinations as well as gestational weeks, enabling us to examine the effect of
preconception blood pressure and risk of childhood anemia and to differentiate the effects
according to hypertension categories. Of 86,057 women from the selected counties, we
chose 46,525 women who registered on the health examination system before pregnancy
as our target population. Of these women, we excluded 814 (0.57%) with multifetal gesta-
tions, 767 (1.65%) with missing preconception blood pressure information or whose values
were outliers, and 5233 (11.25%) with infants whose hemoglobin levels were missing or
whose values were outliers (hemoglobin concentration <60 g/L or >200 g/L). After these
exclusions, 40,638 mother–child pairs (87.35% of the target population) were included in
the analysis (Figure 1).
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Figure 1. Flowchart of participants.

The project was approved by the institutional review boards of the US Centers for
Disease Control and Prevention and Peking University Health Science Center. The institu-
tional review boards determined that these secondary analyses of previously collected data
were exempt from the requirement for informed consent.

2.2. Exposure and Covariates

Blood pressure was assessed by trained health care workers at the time of registration,
approximately three months prior to conception. The blood pressure cuff bladder was
adjusted to the appropriate size based on arm circumference. Blood pressure in the right
arm was measured with a mercury sphygmomanometer; it was recorded on ≥2 consec-
utive occasions, with an interval of ≥6 h. Hypertension was defined as systolic blood
pressure (SBP) ≥ 140 mmHg and/or DBP ≥ 90 mmHg. To investigate the associations
of different types of hypertension with childhood anemia, blood pressure was further
categorized in accordance with the classifications of the World Health Organization and
International Society of Hypertension Guidelines on Hypertension Management [20], as
follows: normotension (SBP < 140 mmHg and DBP < 90 mmHg), isolated systolic hy-
pertension (SBP ≥ 140 mmHg and DBP < 90 mmHg), isolated diastolic hypertension
(SBP < 140 mmHg and DBP ≥ 90 mmHg), and combined hypertension (SBP ≥ 140 mmHg
and DBP ≥ 90 mmHg). Based on the 7th Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [21], individuals
were divided into the following four categories: normal blood pressure (SBP < 120 mmHg
and DBP < 80 mmHg), prehypertension (SBP 120–139 mmHg and/or DBP 80–89 mmHg),
stage-1 hypertension (SBP 140–159 mmHg and/or DBP 90–99 mmHg), and stage-2 hyper-
tension (SBP ≥ 160 mmHg and/or DBP ≥ 100 mmHg). Isolated systolic blood pressure and
isolated diastolic blood pressure were also transformed by per 1-SD (standard deviation)
increment in respective blood pressure levels.
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At enrollment, all women were issued a perinatal health care booklet designed specif-
ically for this project. Basic maternal characteristics were first input into the booklet by
trained doctors, then entered into computers by trained staff from the maternal and child
health hospitals with a telephone modem-based data transfer system; the data were sub-
sequently transferred to the Peking University Project Center. The information included
age (years), ethnicity (Han or other), education (high school or higher, junior high school,
elementary school or lower, or unknown), occupation (farmer or other), parity (primi-
gravida or multigravida), and periconceptional folic acid consumption status (yes or no).
The prepregnancy body mass index (BMI, kg/m2) was calculated from the assessed weight
and height. Women with anemia during pregnancy were diagnosed according to the
threshold of hemoglobin <110 g/L. Feeding practices (exclusive breastfeeding or not) were
self-reported during the home visit at 42 days after birth. These records were collected
using a consistently structured questionnaire and entered into the booklet, then entered
into computers by trained staff in hospitals, and finally transferred to the Peking University
Project Center.

2.3. Hemoglobin Measurement

Hemoglobin levels in children were measured by trained doctors using finger-prick
blood samples in accordance with standard procedures. A step-by-step instruction leaflet
was pasted on the wall of each examination room to ensure compliance. To minimize testing
bias, the rooms were equipped with heating devices in winter to maintain a temperature
of >18 ◦C. All participating hospitals conducted measurements according to a standard
cyanmethemoglobin method with two commonly used devices: a visible spectrophotometer
and a hemoglobinometer. They were provided standard hemoglobin solutions (50, 100,
150, and 200 g/L) and instructions for calibrating the hemoglobinometer and preparing the
standard curve for the 721 visible spectrophotometers [22]. Childhood anemia was defined
as a hemoglobin concentration <110 g/L for children aged <60 months, in accordance with
the recommendations of the World Health Organization [23].

2.4. Statistical Analysis

We compared women with and without preconception hypertension in terms of age,
BMI, parity, ethnicity, folic acid use, education, occupation, maternal anemia during preg-
nancy, feeding practices, and child’s age at the follow-up visit. Student’s t-test was used for
analyses of quantitative variables; the χ2 test was used for analyses of categorical variables.
Logistic regression analyses were used to estimate risk ratios (RRs) of childhood anemia
with maternal preconception hypertension after adjusting for the following confounders:
maternal age (continuous), BMI (continuous), parity, ethnicity, folic acid use, education,
anemia during pregnancy, occupation, feeding practices, and age at the follow-up visit. All
data were analyzed using SPSS for Windows software (ver. 20.0; SPSS Inc., Chicago, IL, USA).

3. Results

In total, 40,638 mother–child pairs were included in this study; 1808 (4.45%) of the
women had preconception hypertension. Table 1 shows the characteristics of women with
and without preconception hypertension. Older women with higher BMI, multiparous
status, factory employment, anemia during pregnancy and children with younger age at
follow-up visit were more likely to have preconception hypertension.

The incidences of childhood anemia were 19.80% and 16.07% among children of moth-
ers with and without preconception hypertension, respectively. Maternal preconception
hypertension was associated with an increased risk of childhood anemia. The association
remained after adjustment for confounders (adjusted RR = 1.25, 95% CI (confidence in-
terval): 1.11–1.41). The preconception hypertension group had a lower hemoglobin level
than did the non-hypertension group (116.78 g/L vs. 118.34 g/L, respectively, p < 0.001).
However, preconception hypertension showed a borderline significant association with
reduction of the hemoglobin level after adjustment for multiple covariates (Table 2).
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Table 1. Baseline characteristics of women according to preconception hypertension in China.

Characteristics

Hypertension Group
(n = 1808)

Non-Hypertension Group
(n = 38,830) p

n % n %

Age
(years, mean [SD]) 25.00 (2.52) 24.67 (2.25) <0.001

Body mass index
(kg/m2, mean [SD]) 20.55 (2.21) 20.38 (2.14) 0.002

Primiparous 1643 90.87 36 055 92.85 0.002
Han ethnicity 1798 99.45 38 621 99.46 0.869
Folic acid use 1431 79.15 30 619 78.85 0.789

Education 0.072
High school or higher 156 8.63 3521 9.07

Junior high school 1039 57.47 23 137 59.59
Elementary school or lower, or unknown 613 33.90 12 172 31.35

Occupation <0.001
Farmer 1052 58.19 25 687 66.15

Factory worker 611 33.79 8759 22.56
Other or known 145 8.02 4384 11.29

Anemia during pregnancy 1308 72.35 24330 62.66 <0.001
Exclusive breastfeeding 1638 90.60 34 845 89.74 0.250

Child
Age at follow-up visit (months, mean [SD]) 52.23 (7.90) 53.13 (7.93) <0.001

SD, standard deviation.

Table 2. Associations of childhood anemia incidence and hemoglobin level (g/L) with preconception
hypertension in China.

Hypertension Group
(n = 1808)

Non-Hypertension Group
(n = 38,830)

No. of
Cases

Incidence
(%)

No. of
Cases

Incidence
(%)

Crude RR
(95% CI)

Adjusted RR
(95% CI) *

Adjusted RR
(95% CI) †

Childhood anemia 358 19.80 6241 16.07 1.29
(1.15–1.45)

1.26
(1.12–1.42)

1.25
(1.11–1.41)

Hemoglobin (g/L,
mean [SD]) 116.78 (9.78) 118.34 (10.14) 1.56

(1.08–2.04)
1.52

(1.04–2.00)
1.46

(0.98–1.94)

No., number; RR, risk ratio; CI, confidence interval; SD, standard deviation. * Adjusted for maternal age
(continuous), body mass index (BMI) (continuous), education, occupation, folic acid use, ethnicity, and parity. †

Adjusted for maternal age (continuous), BMI (continuous), education, occupation, folic acid use, ethnicity, parity,
feeding practices, anemia during pregnancy, and age at the follow-up visit.

The incidences of childhood anemia and adjusted RRs across blood pressure categories
are shown in Table 3. Compared with normotensive women, the children of women
with isolated systolic hypertension or isolated diastolic hypertension prior to pregnancy
did not exhibit a significantly increased risk of childhood anemia, whereas combined
hypertension was positively associated with childhood anemia (adjusted RR = 1.37, 95% CI:
1.16–1.63). An increased risk of childhood anemia was observed in mother–child pairs
with any degree of preconception hypertension (prehypertension: adjusted RR = 1.20,
95% CI: 1.13–1.28; stage-1 hypertension: adjusted RR = 1.26, 95% CI: 1.08–1.47; stage-2
hypertension: adjusted RR = 1.38, 95% CI: 1.14–1.67). Linear-by-linear association analysis
also demonstrated a significant trend. Furthermore, we found that preconception SBP and
DBP (per 1-standard deviation increase) were associated with 9% and 11% increased risks
of childhood anemia, respectively.
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Table 3. Childhood anemia incidence and risk according to maternal blood pressure category
in China.

Blood Pressure Category No. of Par-
ticipants

Childhood Anemia
Incidence (%)

Crude RR
(95% CI)

Adjusted RR
(95% CI) *

Adjusted RR
(95% CI) †

Classification 1
Normotension 38 830 16.07 1 1 1

Isolated systolic hypertension 810 18.15 1.16 (0.97–1.39) 1.12 (0.94–1.35) 1.12 (0.94–1.35)
Isolated diastolic hypertension 149 19.46 1.26 (0.84–1.90) 1.27 (0.84–1.91) 1.25 (0.83–1.88)

Combined hypertension ‡ 849 21.44 1.43 (1.21–1.68) 1.40 (1.19–1.66) 1.37 (1.16–1.63)

Classification 2
Normal blood pressure 30 337 15.47 1 1 1

Prehypertension 8493 18.22 1.22 (1.14–1.30) 1.20 (1.12–1.27) 1.20 (1.13–1.28)
Stage-1 hypertension 1142 19.18 1.30 (1.12–1.51) 1.27 (1.09–1.47) 1.26 (1.08–1.47)

Stage-2 hypertension § 666 20.87 1.44 (1.19–1.74) 1.41 (1.17–1.71) 1.38 (1.14–1.67)

Classification 3 **
Isolated systolic per 1-SD increase 40 638 16.23 1.10 (1.08–1.13) 1.10 (1.07–1.12) 1.09 (1.07–1.12)
Isolated diastolic per 1-SD increase 40 638 16.23 1.12 (1.10–1.15) 1.11 (1.08–1.14) 1.11 (1.08–1.14)

No., number; RR, risk ratio; CI, confidence interval; SD, standard deviation. * Adjusted for: maternal age
(continuous), body mass index (BMI) (continuous), education, occupation, folic acid use, ethnicity, and parity.
† Adjusted for maternal age (continuous), BMI (continuous), education, occupation, folic acid use, ethnicity, parity,
feeding practices, anemia during pregnancy, and age at the follow-up visit. ‡ Test for trend (p < 0.001): comparison
of hypertension classification 1 between groups with and without childhood anemia. § Test for trend (p < 0.001):
comparison of hypertension classification 2 between groups with and without childhood anemia. ** The isolated
systolic per 1-SD and isolated diastolic per 1-SD were 11.69 mmHg and 8.71 mmHg, respectively.

4. Discussion

The results of this large longitudinal birth cohort showed that preconception hyperten-
sion was associated with an increased risk of childhood anemia in children under 5 years of
age. After categorization according to blood pressure, both increased SBP and DBP demon-
strated adverse effects on childhood anemia. All degrees of preconception hypertension
(i.e., prehypertension, stage-1 hypertension, and stage-2 hypertension) were associated
with an increased risk of childhood anemia; the risk increased as the hypertension severity
increased. These results highlight the importance of blood pressure assessment during the
prepregnancy period for the detection and prevention of childhood anemia.

Our hypothesis regarding an association of preconception blood pressure with child-
hood anemia was based on the influence of HDP on childhood anemia. Previous studies
suggest that HDP affects iron storage in children; this condition may be positively as-
sociated with the risk of anemia [12,24,25]. In Kim et al. [14], the authors reported that
neonates of mothers with HDP had lower total body iron stores than did neonates of
mothers without HDP. This association was observed in appropriate for gestational age
infants [median (interquartile range): with HDP, 183.7 (154.3–230.2) ng/mL vs. with-
out HDP, 206.1 (172.6–244.6) ng/mL] and smaller amounts for gestational age infants
[163.8 (121.5–185.4) ng/mL vs. 194.61 (163.4–217.8) ng/mL]. The serum ferritin levels
of the neonates showed similar results. Another cohort study conducted in the Nether-
lands [13] also suggested that HDP is associated with decreased iron transport, leading
to negative effects on iron status in children. However, these studies did not consider the
effects of preconception blood pressure level. The preconception period is a critical time for
interventions that can positively influence health in both mothers and children. Therefore,
we speculated that preconception high blood pressure leads to childhood anemia.

Our results suggested that incrementally higher preconceptions of SBP and DBP
contribute to the risk of childhood anemia. These findings were similar to previous research
concerning HDP. A cohort study derived from the EAGeR (Effects of Aspirin on Gestation
and Reproduction) trial [26] reported that both higher preconception SBP and DBP were
associated with an increased risk of HDP (adjusted RR: 1.05, 95% CI: 1.00–1.10, per 2 mmHg
diastolic blood pressure; adjusted RR: 1.07, 95% CI: 1.00–1.13, per 2 mmHg mean arterial
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pressure). We presumed that elevated preconception blood pressure indicates an increased
risk of higher blood pressure during pregnancy and may be associated with infant health
status. The mechanisms underlying this observation may be related to the impaired
placental function that arises from elevated blood pressure [11,27]. Endothelial dysfunction
and maternal vascular malperfusion have been identified as characteristics of elevated
preconception blood pressure [28,29]. Poor placental status reduces the capacity to store
iron in resident reticuloendothelial cells [30]; it may also restrict iron transport during
pregnancy. Some studies have shown that children born with lower fetal iron loading have
a greater risk of postnatal iron deficiency [31,32]. Therefore, elevated blood pressure before
pregnancy may result in limited iron storage in children, leading to anemia.

An important finding in this study was that, compared with the children of moth-
ers with normal blood pressure, the children of mothers with prehypertension (SBP
120–139 mmHg and/or DBP 80–89 mmHg) were more likely to be anemic. This result
strengthens the growing body of evidence that suggests prehypertension may lead to
increased rates of adverse perinatal outcomes [16,17]. However, previous studies focused
mainly on short-term adverse pregnancy outcomes, while our results suggested that the
effects of maternal prehypertension on infants persist until the age of 53 months. Interven-
tions to manage prehypertension among women of childbearing age may reduce the risks
of adverse outcomes in both women and their children, considering that 41.3% of the adult
population in China reportedly exhibits prehypertension based on the criteria used in our
analysis [33]. Because prehypertension is not a disease category, there are currently no drug
therapy recommendations for blood pressure control among women with prehypertension.
Lifestyle modifications, such as weight reduction [34], regular physical activity [35], and
adherence to the Dietary Attempts to Stop Hypertension (DASH) diet [36], have been re-
ported to aid in blood pressure control. Additional research is needed to determine whether
maternal clinical treatment or lifestyle modifications can prevent childhood anemia.

This study had several strengths. First, it used data from a population-based longi-
tudinal birth cohort study, which enabled avoidance of selection bias and recall bias. In
addition, the perinatal health care surveillance system guaranteed follow-up data con-
cerning pregnancy outcomes and childhood health. Data collection and diagnoses of both
hypertension and childhood anemia were conducted by trained health workers or doctors
using uniform procedures. Second, >80% of children were finally matched with their
mothers, which generated a sufficient sample size to detect both the effects of overall and
different degrees of preconception hypertension on childhood anemia. Moreover, most
of the women in this study were of Han ethnicity, which ensured a homogeneous genetic
background. The women all lived in similar regions under similar conditions, which
facilitated comparisons between groups. Finally, we measured hemoglobin concentrations
in children at approximately 53 months of age, which enabled exploration of the long-term
effects of maternal preconception hypertension.

This study also had some limitations. First, although the analysis was able to control
for the effects of many factors, the use of existing data may have permitted residual
confounding effects of maternal smoking and alcohol use. However, women—especially
women preparing to become pregnant—are less likely to smoke or drink alcohol in rural
China. Maternal covariates information on worm infestation, maternal hygiene, and other
childhood characteristics were also unavailable in this study. Further studies are needed to
collect this information and test its possible effects. Second, indicators of iron storage, such
as serum ferritin and transferrin, were not measured in this study; this led to difficulties
in identifying types of childhood anemia. Further studies with more sensitive markers
are required to investigate possible mechanisms underlying the observed associations.
Third, childhood anemia was only diagnosed during one visit at the age of 53 months.
Repeated measurements of hemoglobin are needed to observe the effects of hypertension at
different time points. Fourth, the original study was conducted in two southern provinces
and one northern province. However, the northern province was excluded from the final
analysis because relevant clinical records were unavailable for this study. Fifth, our study
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population was largely of Han ethnicity; further studies are therefore required to confirm
the generalizability of the findings across ethnicities and regions. Finally, although our
findings indicated an association between preconception hypertension and an increased
risk of childhood anemia, we could not establish causality. Further studies are needed to
explore the mechanisms underlying the observed associations.

5. Conclusions

In conclusion, our findings suggest that higher maternal preconception blood pressure
level is associated with an increased risk of childhood anemia. Further research in diverse
populations is required to determine whether management of preconception hypertension
in women can prevent anemia in their children.
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