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Objective: Anemia has been reported to adversely influence sleep in infants. However, the association between anemia in pregnancy and infant sleep remains unclear. We aimed to examine the association between maternal anemia in pregnancy and sleep parameters of 6-month-old infants.

Methods: We enrolled 2,410 mother-infant pairs between 2018 and 2021 in Hefei. Data on maternal hemoglobin concentration were collected at 24–28 gestational weeks from the electronic medical records of the hospitals. Nocturnal and daytime sleep duration, number of night awakenings, nocturnal wakefulness, and sleep latency of infants aged 6 months were measured using the Brief Infant Sleep Questionnaire with five items. A restricted cubic spline model was used to examine the relationship between maternal hemoglobin concentration and infant nocturnal sleep duration after adjusting for potential confounders.

Results: In our study, 807 (33.5%) mothers had anemia during pregnancy. Compared to infants born to mothers without anemia, infants born to mothers with anemia in pregnancy had shorter nocturnal sleep duration [mean (SD), 560.29 (79.57) mins vs. 574.27 (75.36) mins] at the age of 6 months. Subgroup analysis showed consistent significant differences in nocturnal sleep duration between infant born to anemic and non-anemic mothers, except in case of stratification by preterm birth [mean difference (mins), 2.03 (95% CI, −20.01, −24.07)] and pre-pregnancy obesity [mean difference (mins), −0.85 (95% CI, −16.86, −15.16)]. A J-shaped nonlinear correlation curve was observed between maternal hemoglobin concentration and infant nocturnal sleep duration. Compared with mothers without daily iron supplementation, mothers who had daily iron supplementation had higher hemoglobin concentrations [mean (SD), 112.39 (11.33) g/L vs. 110.66 (10.65) g/L] at delivery and their infants had longer nocturnal sleep duration [mean (SD), 565.99 (82.46) mins vs. 553.66 (76.03) mins].

Conclusion: Anemia in pregnancy may have an adverse influence on the sleep of 6-mon-old infants, and the relationship between maternal hemoglobin concentration and nocturnal sleep duration is nonlinear.
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1. Introduction

Anemia in pregnancy, characterized by hemoglobin (Hb) level of < 110 g/l, is a complication caused by maternal malnutrition, it is one of the most critical health conditions and an urgent public health priority worldwide (1, 2). A recent meta-analysis of the global prevalence of anemia in pregnant women indicated that the overall prevalence of anemia in pregnancy was 36.8% (3). There is broad agreement that anemia in pregnancy is associated with adverse fetal growth and infant development outcomes, such as fetal malformation, low birth weight, and autism spectrum disorder (4–6). It is worth noting that sleep disorders seem to be more common in infants with developmental problems, especially in the first few years of life. Additionally, development of infant circadian system begins in utero and continues throughout early-life; a damaged intrauterine environment, as a consequence of low Hb concentration, may disrupt infant sleep development in utero and after birth (7). Therefore, anemia in pregnancy may have a potential correlation with infant sleep. Previous studies have demonstrated associations between infant anemia and sleep, such as associations between wakefulness duration and sleep state, during infancy (8, 9). However, investigations on the associations of maternal anemia in pregnancy with infant sleep are still limited.

Sleep development is an active, complex neurophysiological process, and infant sleep development has specific time sequences, similar to other organs or functions (10). The sixth month is a key time point of the sleep development process, and trends of nocturnal sleep duration (NSD), defined as 19:00–7:00, showed rapid changes over the first 6 months before stabilizing to a plateau (11). After birth, NSD gradually increases and daytime sleep duration (DSD) gradually decreases, eventually leading to a stable sleep pattern, but there is still no accepted recommended range for NSD, DSD, or other sleep parameters. Previous studies on sleep in 6-month-old infants revealed that NSD was 491–572 min and DSD was 186–272 min (12, 13). In addition, half of the infants achieved self-regulated sleep at 6 months of age, and their electrical patterns of non-rapid eye movement and rapid eye movement (REM) sleep progressively resembled those seen in adults (14). Changes in the intrauterine environment caused by anemia, such as chronic intrauterine hypoxia, may impair the development of infant sleep. Sleep is interlinked throughout the lifespan, and poor sleep at 6 months of age increases the risk of sleep disorders later in life (15). Moreover, previous studies have suggested that children with higher proportions of sleep at night perform better on executive functions, whereas children with shorter NSDs are at higher risk of obesity and physical inactivity (16, 17). Therefore, understanding the relationship between maternal anemia in pregnancy and infant sleep at 6 months of age is critical for developing preventive strategies to promote healthy infant development.

In this prospective cohort study, we aimed to determine the potential impact of maternal anemia in pregnancy on infant sleep parameters at 6 months of age. We further examined the nonlinear relationship between maternal Hb concentration and infant NSD using a restricted cubic spline model.



2. Methods


2.1. Participants and study design

This was a prospective birth cohort study. From March 2018 to June 2021, 4,216 pregnant women at 16–23 gestational weeks were recruited from three hospitals including the Hefei First People’s Hospital, the Hefei Maternal and Child Care Hospital, and the First Affiliated Hospital of Anhui Medical University. The inclusion criteria for this study included the following: pregnant women, aged 18–45 years, 16–23 gestational weeks, no communication difficulties and lived in Hefei, single gestation, and pregnancy without assisted reproductive technology.

Exclusion criteria were the following: missing maternal blood samples, stillbirth, and birth defects. Finally, our study included 2,410 mother-infant pairs with complete data (Supplemental Figure 1). Ethics committee approval for the study was obtained from the ethics committee of Anhui Medical University (No. 20180092), and all patients provided written informed consent before participating in the study.

During recruitment, pregnant women were required to complete structured questionnaires regarding demographic characteristics, food frequency intake, health status, and iron supplementation. After recruitment, we obtained maternal Hb concentration data from electronic medical records of hospitals at 24–28 gestational weeks. At delivery, information on maternal Hb concentration at delivery and newborn birth outcomes was collected from electronic medical records. In the sixth month after delivery, we assessed the infants’ sleep; infants’ sleep parameters, at 6 months of age, were obtained from their parents via a questionnaire.



2.2. Outcome measures


2.2.1. Secondary data

The diagnosis of anemia in pregnancy was based on the Hb concentration according to the WHO standard (18). Hb < 110 g/l was defined as anemia, and pregnant women were classified into two groups according to Hb concentration (Hb < 110 g/l, and Hb ≥ 110 g/l). Maternal Hb concentration was measured using an Auto Hematology Analyzer BC6800plus (Shenzhen Mindray Bio-Medical Electronics Co., Ltd., China) using venous blood samples from the hospitals.



2.2.2. Measurement of infants’ sleep parameters

Data on infants’ sleep parameters were collected at 6 months of age. Infant sleep was assessed using a face-to-face survey based on the Brief Infant Sleep Questionnaire (BISQ). The BISQ includes 11 questions on daytime and nocturnal sleep patterns and behaviors and is widely used in the assessment of infant sleep parameters (19). The validity and reliability of the BISQ (r = 0.82–0.95) have been widely reported (20). During the investigation, mothers completed the items of the translated BISQ concerning the infants’ sleep parameters. The following five items were used to calculate the infants’ sleep parameters: “How long does your baby sleep at night (19:00–7:00),” “How long does your baby sleep in the daytime (7:00–19:00),” “How long does your baby awake at night,” “How long does your baby need to fall asleep,” as well as “How many times your baby wakes up each night on average?”




2.3. Measurement of potential confounders

The characteristics of mothers during pregnancy were collected through face-to-face interviews, including maternal age at delivery, years of education > 12 years, family income < 10,000 yuan/month, and pre-pregnancy BMI. Maternal systolic blood pressure (SBP) and diastolic blood pressure (DBP) were obtained from the electronic medical records. The past month’s maternal diet (fruit, dessert, vegetable, and bean product intake) was assessed using an adapted food frequency questionnaire (21). With responses ranging from “never,” “one to two times a week,” “three to six times a week” to “1 time a day or more.” The characteristics of infants were collected from electronic medical records, including gestational age at birth, birth weight and gender, preterm birth, small for gestational age (SGA), and large for gestational age (LGA). LGA (birth weight > 90th percentile of newborns at the same gestational age) and SGA (birth weight < 10th percentile of newborns at the same gestational age) were defined as the gestational age- and sex-specific international reference for fetal growth (22). Breastfeeding was defined as receiving breast milk and no other food or drink during the first 6 months after birth. In the end, the following potential confounders were adjusted in the models due to the previous literature and the effect on anemia and NSD, include maternal age at delivery, education levels, family income, pre-pregnancy BMI (23), SBP, DBP, maternal diet (fruits, dessert, vegetables, bean products) (24), infant gender, preterm birth, SGA, LGA, breastfeeding (25).



2.4. Statistical analysis

The Shapiro–Wilk test was used to confirm the normality of the distribution of variables. Continuous variables with a normal distribution are expressed as mean (SD), and categorical variables are expressed as numbers (percentages). For variables with non-normal distribution, the results are expressed as medians (interquartile range). Characteristics of mothers and infants were compared between mothers with anemia and mothers without anemia using Student’s t-test for continuous variables and Chi-square analysis for categorical variables. Comparison of sleep parameters between infants born to mothers with anemia and mothers without anemia was performed using covariance analysis. We further conducted subgroup analyses for the primary outcome stratified by mother (education level and family income) and infants characteristics (gender, preterm birth, SGA, LGA, and breastfeeding). In addition, a nonlinear model was fitted with restricted cubic spline curves to examine the nonlinear association between maternal Hb and NSD in 6-month-old infants after adjusting for potential confounders. We also examined the difference in infant sleep between mothers with anemia and without daily iron supplementation using covariance analysis. All statistical analyses were performed using the SPSS statistical software (SPSS Statistics 21.0; SPSS Inc.) and R (version 4.0.2, R Foundation for Statistical Computing). p < 0.05 was considered statistically significant, and all tests were two-sided.




3. Results


3.1. Characteristics of the study population

The characteristics of 2,410 mother-infant pairs are presented in total and by maternal anemia in Table 1. Of the mothers, 807(33.5%) had anemia during pregnancy, 1,618 (67.1%) had received education for more than 12 years, and 1,262 (52.4%) had a family income lower than 10,000 yuan every month. The mean (SD) age at delivery was 30.93 (4.29) years, and the mean (SD) pre-pregnancy BMI was 21.46 (2.92) kg/m2. Of the infants included in the study, 1,258 (52.2%) were male, 1,152 (47.8%) were female, 225 (9.3%) were preterm birth, and 1,354 (56.2%) were breastfeeding. Compared with mothers without anemia, mothers with anemia in pregnancy had lower pre-BMI [mean (SD), 21.17 (2.60) kg/m2 vs. 21.61 (3.06) kg/m2], SBP [mean (SD), 108.62 (9.58) mmHg vs. 111.61 (10.22) mmHg], and DBP [mean (SD), 67.19 (7.08) mmHg vs. 70.04 (7.66) mmHg]. Compared with children born to mothers without anemia, those born to mothers with anemia had a higher birth weight [mean (SD), 3.49 (0.59) kg vs. 3.43 (0.58) kg] and lower SGA percentage (6.7 vs. 9.5%).



TABLE 1 Characteristics of the 2,410 mother–child pairs in this analysis.
[image: Table1]



3.2. Nonlinear association between maternal Hb concentration and infant NSD

Using a nonlinear regression model, we found that the association between maternal Hb concentration and infant NSD was J-shaped (nonlinear p < 0.001) after adjusting for confounders (Figure 1). A flattened increase in NSD was observed when maternal Hb concentration was < 100 g/l, whereas a dramatical increase in NSD was observed when maternal Hb concentration was > 100 g/l.

[image: Figure 1]

FIGURE 1
 Association between maternal hemoglobin concentration and infant nocturnal sleep duration in the restricted cubic spline model (n = 2,410). The restricted cubic spline model adjusted for maternal age at delivery, education levels, family income, pre-pregnancy BMI, SBP, DBP, daily iron supplementation, maternal diet (fruits, dessert, vegetables, bean products), infant gender, preterm birth, SGA, LGA, breastfeeding. SGA: small for gestational age; LGA: large for gestational age. BMI: Body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; SGA: small for gestational age; LGA: large for gestational age.




3.3. Comparison of sleep parameters between infants born to mothers with anemia vs. those born to mothers without anemia

We compared six types of infant sleep parameters between the two groups, including NSD, daytime sleep duration, number of night awakenings, nocturnal wakefulness, sleep latency, and total sleep duration (Table 2). Infants born to mothers with anemia had significantly shorter NSD than infants born to mothers without anemia [mean (SD), 560.29 (79.57) mins vs. 574.27 (75.36) mins]. However, there were no significant differences in the other five infant sleep parameters between the two groups.



TABLE 2 Comparison of sleep parameters between infants born to mothers with anemia vs. mothers without anemia (n = 2,410).
[image: Table2]



3.4. Subgroup analyses on differences in infant NSD

We examined whether the associations differed by potential effect modifiers including maternal education level (> 12 years, ≤ 12 years), family income (≥ 10,000 yuan/month, < 10,000 yuan/month), infant gender (male, female), preterm birth (yes, no), SGA (yes, no), LGA (yes, no), and breastfeeding (yes, no) in the subgroup analysis (Supplementary Table 1). Compared with infants born to mothers without anemia, those born to mothers with anemia had a 13.98 min(95% CI, 7.48–20.48) shorter NSD (Figure 2). After grouping by maternal education level, family income, infant gender, SGA, LGA, and breastfeeding, infants born to mothers with anemia had a shorter NSD than infants born to mothers without anemia, in all subgroups. However, the difference in NSD did not exist in infants with preterm birth [mean difference (min), 2.03 (95% CI, −20.01, –24.07)], and infants born to mothers with pre-pregnancy obesity [mean difference (min), −0.85 (95% CI, −16.86, –15.16)].

[image: Figure 2]

FIGURE 2
 Mean difference of nocturnal sleep duration in infants born to mothers with anemia vs. mothers without anemia (n = 1,347, Mean difference ± SD). Infants of the two groups were divided into subgroups according to maternal education levels, family income, pre-pregnancy obesity, infant gender, preterm birth, SGA, LGA, breastfeeding. The covariance analysis model adjusted for maternal age at delivery, education levels (if not stratified), family income (if not stratified), pre-pregnancy BMI (if not stratified), SBP, DBP, daily iron supplementation, maternal diet (fruits, dessert, vegetables, and bean products), infant gender, preterm birth, SGA (if not stratified), LGA (if not stratified), breastfeeding (if not stratified). SGA: small for gestational age; LGA: large for gestational age. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; SGA: small for gestational age; LGA: large for gestational age.




3.5. Comparison of maternal Hb concentration and infant sleep parameters between anemic mothers with daily iron supplementation vs. those without daily iron supplementation

We compared maternal Hb concentration and infant sleep parameters between the two groups and found that daily iron supplementation during pregnancy had a positive influence on maternal Hb concentration and infant sleep parameters. We found that mothers in the daily iron supplementation group had higher Hb concentrations [mean (SD): 112.39 (11.33) g/L vs. 110.66 (10.65) g/L] at delivery (Table 3). Infants in the daily iron supple-mentation group had significantly longer NSD than those without the daily iron supplementation group [mean (SD), 565.99 (82.46) mins vs. 553.66 (76.03) mins]. However, we did not find any significant difference in other infant sleep parameters.



TABLE 3 Comparison of maternal Hb concentration and infant sleep parameters in anemic mothers with daily iron supplementation vs. mothers without daily iron supplementation (n = 807).
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4. Discussion

Our study adds to the scarce literature on the association between anemia in pregnancy and infant sleep. In this prospective cohort study, we also observed a J-shaped nonlinear association between maternal Hb concentration and infant NSD. We found that infants born to mothers with anemia in pregnancy had shorter NSD at 6 months of age, and the differences were consistent across subgroups except in preterm birth infants and infants born to mothers with pre-pregnancy obesity. Daily iron supplementation may have a positive influence on maternal anemia and infant NSD.

Consistent with our study, a study conducted in Japan investigated a nonlinear relationship between maternal Hb concentration and infant sleep, and a U-shaped correlation curve between maternal Hb level and the risk of infant sleep at 22:00 or later was reported (23). The nonlinear relationship between maternal Hb concentration and infant sleep might be a possible cause for the conflicting findings reported in literature. We observed a J-shaped nonlinear correlation curve between maternal Hb concentration and infant NSD. The underlying mechanism of this nonlinear association is unclear, but we speculate that it may be related to health behaviors and medical adherence in pregnant women. When mothers have moderate or severe anemia, they are more likely to adopt a healthier lifestyle or stricter medical practices to ensure that their fetus receives adequate nutrition. These changes may attenuate the adverse effects of anemia to some extent. In our study, infants born to mothers with anemia (especially those with Hb concentration of 90–110 g/l) had a shorter NSD than infants born to mothers without anemia. It is noteworthy that 97.7% of anemia in pregnancy is mild anemia (Hb concentration 100–109 g/l) or moderate anemia (Hb concentration 90–99 g/l) worldwide (3). Therefore, it might be a tremendous opportunity to improve infant early-life sleep development and decrease the risk of numerous disorders originating from sleep by providing timely interventions for anemia in pregnancy. Furthermore, follow-up studies are needed to investigate the effect of interventions toward maternal anemia on infants’ sleep development.

Our findings suggest that anemia in pregnancy may be associated with shorter NSD in infants. In line with our study, a study in Chile suggested that iron deficiency anemia (IDA) is associated with altered infants’ sleep states; children with IDA in infancy showed shorter REM sleep episodes in the last third (9). Similar negative association between Hb levels and sleep durations was also found in the English Longitudinal Study of Ageing (26). Contrary to our findings, a study in Nepal and Zanzibar reported that IDA infants slept longer at night than non-IDA infants (27); however, as it was an intervention study, the effects on sleep could have been confounded by effects of administering iron or folic acid supplements. In contrast, iron deficiency has been reported to only account for 75% of maternal anemia (28), and the association between anemia and sleep may be moderated. Therefore, there is an urgent need to conduct more studies with sufficient samples, to determine the effect of anemia in pregnancy on infant sleep development.

Notably, NSD did not differ between two groups when the infants in both had preterm birth or had mothers with pre-pregnancy obesity. One reason may be that the sample sizes of preterm birth infants and mothers with pre-pregnancy obesity were too small, which may have increased the risk of type II errors. Furthermore, recent studies have shown that maternal pre-pregnancy obesity and preterm birth are closely corelated with infant neurodevelopment, and this association may have confounding effects on assessment of the real-world association between maternal anemia and infant sleep. Our results showed that infants whose mothers had daily iron supplementation exhibited a longer NSD. Iron supplementation has been recommended for health care during pregnancy and helps prevent and treat anemia in pregnancy. The severity of fatigue symptoms, daytime sleepiness, sleep quality, and sleep-related breathing disorders are mitigated after iron supplementation in non-pregnant participants with anemia (29, 30). However, evidence of the potential impact of iron supplementation during pregnancy on early infant sleep is limited. Our results suggest that daily iron supplementation in pregnancy may optimize the NSD in infants.

Several possible mechanisms may explain the association between maternal anemia and infant sleep. Anemia can cause reduced peripheral oxygen saturation or hypoxia, both of which are key drivers of hypothalamic–pituitary–adrenal (HPA) axis alterations (31, 32). Animal experiments also elucidated that intermittent hypoxia during gestation results in differential alterations in the HPA axis and behavior of the offspring (33). Therefore, anemia in pregnancy may affect infants’ HPA axis function and lead to sleep problems. Iron deficiency is considered to be one of the most important risk factors for infant sleep disorders. Animal studies have shown that the hippocampus is very sensitive to a lack of iron during early development (34), and iron deficiency during pregnancy may damage fetal hippocampal development and lead to sleep disorders in infancy. Although numerous studies on human have been carried out, findings regarding the relationship between maternal iron deficiency and infant sleep have been inconsistent (8, 35). One reason may be that iron supplementation, which is universally used to prevent anemia during pregnancy, alleviates the negative effects of iron deficiency. Perinatal complications and infant anemia caused by anemia are also considered to be possible mechanisms between anemia in pregnancy and infant sleep (36–38). Further well-designed studies are required to understand these mechanisms.

Our study has several advantages. First, this is the first study to report nonlinear associations between maternal Hb concentration and NSD in 6-month-old infants. Second, the prospective study design revealed clear time-ordered relationships between maternal anemia and infant sleep. Third, statistical analyses were performed using multiple covariates. Our study has some limitations. Information on infants’ sleep parameters has been reported by parents, and recall bias may exist. Objective measures, such as actigraphy and polysomnography readings, could be used in future studies. Performing actigraphy is not feasible sometimes due to logistical or financial reasons, while the BISQ has been validated against actigraphy and is widely used in infant sleep measurement (39). Second, this was an observational study, and thus, we could not establish a causal relationship between anemia and infant sleep. Third, we did not collect the data on infant Hb concentration. The close association of infant anemia with maternal anemia and infant sleep might be an important mediator in this study. Therefore, we could not eliminate interference of such confounding factors from infant anemia, and caution is required when interpreting the results of this study. Last, we collect maternal Hb concentrations at 24–28 gestational weeks and at delivery, and maternal anemia condition during the whole pregnancy was not clear. Future studies should collect Hb data at more time points to evaluate the effects of anemia duration and period on infant sleep.



5. Conclusion

In this prospective birth cohort study, we found that maternal anemia in pregnancy was associated with shorter NSD in infants aged 6 months. The relationship between maternal Hb concentration and infant NSD was nonlinear. Daily iron supplementation may have a positive influence on maternal anemia and infant NSD. Our study highlights the dangers of anemia in pregnancy and the potential benefits of preventing it on infant sleep. In the future, clinical medical facilities should include prevention, screening, and treatment of anemia as a priority in maternal health care, and iron supplementation might optimize infant sleep and decrease the risk of infant sleep disorders. Policies are also needed to reduce the prevalence of anemia during pregnancy, eliminate potential risk factors, and provide support for maternal and child health. Further research is needed to replicate these preliminary findings with objective recordings and to examine the potential association between infant anemia at birth and sleep.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committees of Anhui Medical University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

LZ, SM, FD, QL, LW, LY, TX, and PZ: data curation. LZ and SM: formal analysis and writing original draft. LZ, SM, FD, QL, LW, LY, and TX: investigation. LZ, SM, DZ, and PZ: methodology. DZ: project administration. LZ: visualization. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by National Natural Science Foundation of China (81872631, 82173531), National Key R&D Program of China (2022YFC2702901) and Key Projects of Excellent Young Talents Fund in universities of Anhui Province (gxyqZD2018025).



Acknowledgments

We would like to express our gratitude to all the participants for their participation; the field staff of the three antenatal clinics for their work and support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1049219/full#supplementary-material



Abbreviations

BISQ, brief infant sleep questionnaire; NSD, nocturnal sleep duration; REM, rapid eye movement; SGA, small for gestational age; LGA, large for gestational age; Hb, hemoglobin; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; IDA, iron deficiency anemia; HPA axis, hypothalamic–pituitary–adrenal axis.


References

 1. Stevens, GA, Paciorek, CJ, Flores-Urrutia, MC, Borghi, E, Namaste, S, Wirth, JP , et al. National, regional, and global estimates of anaemia by severity in women and children for 2000-19: a pooled analysis of population-representative data. Lancet Glob Health. (2022) 10:e627–39. doi: 10.1016/S2214-109X(22)00084-5 

 2. Abd Rahman, R, Idris, IB, Isa, ZM, Rahman, RA, and Mahdy, ZA. The prevalence and risk factors of iron deficiency anemia among pregnant women in Malaysia: a systematic review. Front Nutr. (2022) 9:847693. doi: 10.3389/fnut.2022.847693 

 3. Karami, M, Chaleshgar, M, Salari, N, Akbari, H, and Mohammadi, M. Global prevalence of anemia in pregnant women: a comprehensive systematic review and meta-analysis. Matern Child Health J. (2022) 26:1473–87. doi: 10.1007/s10995-022-03450-1 

 4. Shi, H, Chen, L, Wang, Y, Sun, M, Guo, Y, Ma, S , et al. Severity of anemia during pregnancy and adverse maternal and fetal outcomes. JAMA Netw Open. (2022) 5:e2147046. doi: 10.1001/jamanetworkopen.2021.47046 

 5. Liu, D, Li, S, Zhang, B, Kang, Y, Cheng, Y, Zeng, L , et al. Maternal hemoglobin concentrations and birth weight, low birth weight (LBW), and small for gestational age (SGA): findings from a prospective study in Northwest China. Nutrients. (2022) 14:858. doi: 10.3390/nu14040858

 6. Wiegersma, AM, Dalman, C, Lee, BK, Karlsson, H, and Gardner, RM. Association of Prenatal Maternal Anemia with Neurodevelopmental Disorders. JAMA Psychiat. (2019) 76:1294–304. doi: 10.1001/jamapsychiatry.2019.2309 

 7. Wong, SD, Wright, KP Jr, Spencer, RL, Vetter, C, Hicks, LM, Jenni, OG , et al. Development of the circadian system in early life: maternal and environmental factors. J Physiol Anthropol. (2022) 41:22. doi: 10.1186/s40101-022-00294-0

 8. Angulo-Barroso, RM, Peirano, P, Algarin, C, Kaciroti, N, and Lozoff, B. Motor activity and intra-individual variability according to sleep-wake states in preschool-aged children with iron-deficiency anemia in infancy. Early Hum Dev. (2013) 89:1025–31. doi: 10.1016/j.earlhumdev.2013.08.014 

 9. Peirano, PD, Algarin, CR, Chamorro, RA, Reyes, SC, Duran, SA, Garrido, MI , et al. Sleep alterations and iron deficiency anemia in infancy. Sleep Med. (2010) 11:637–42. doi: 10.1016/j.sleep.2010.03.014 

 10. Lefter, R, Cojocariu, RO, Ciobica, A, Balmus, IM, Mavroudis, I, and Kis, A. Interactions between sleep and emotions in humans and animal models. Medicina (Kaunas). (2022) 58:274. doi: 10.3390/medicina58020274

 11. Lin, QM, Spruyt, K, Leng, Y, Jiang, YR, Wang, GH, Dong, SM , et al. Cross-cultural disparities of subjective sleep parameters and their age-related trends over the first three years of human life: a systematic review and meta-analysis. Sleep Med Rev. (2019) 48:101203. doi: 10.1016/j.smrv.2019.07.006 

 12. Huang, YS, Paiva, T, Hsu, JF, Kuo, MC, and Guilleminault, C. Sleep and breathing in premature infants at 6 months post-natal age. BMC Pediatr. (2014) 14:303. doi: 10.1186/s12887-014-0303-6

 13. TIKOTZKY, L, de MARCAS, GALI, HAR-TOOV, J, DOLLBERG, S, BAR-HAIM, Y, and SADEH, A. Sleep and physical growth in infants during the first 6 months. J Sleep Res. (2010) 19:103–10. doi: 10.1111/j.1365-2869.2009.00772.x 

 14. Bathory, E, and Tomopoulos, S. Sleep regulation, physiology and development, sleep duration and patterns, and sleep hygiene in infants, toddlers, and preschool-age children. Curr Probl Pediatr Adolesc Health Care. (2017) 47:29–42. doi: 10.1016/j.cppeds.2016.12.001 

 15. Sivertsen, B, Harvey, AG, Reichborn-Kjennerud, T, Ystrom, E, and Hysing, M. Sleep problems and depressive symptoms in toddlers and 8-year-old children: a longitudinal study. J Sleep Res. (2021) 30:e13150. doi: 10.1111/jsr.13150 

 16. Bernier, A, Beauchamp, MH, Bouvette-Turcot, AA, Carlson, SM, and Carrier, J. Sleep and cognition in preschool years: specific links to executive functioning. Child Dev. (2013) 84:1542–53. doi: 10.1111/cdev.12063 

 17. Hager, ER, Calamaro, CJ, Bentley, LM, Hurley, KM, Wang, Y, and Black, MM. Nighttime sleep duration and sleep behaviors among toddlers from low-income families: associations with obesogenic behaviors and obesity and the role of parenting. Child Obes. (2016) 12:392–400. doi: 10.1089/chi.2015.0252 

 18. WHO. Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment of Severity. Vitamin and Mineral Nutrition Information System. Geneva: World Health Organization (2011).

 19. Sadeh, A. A brief screening questionnaire for infant sleep problems: validation and findings for an internet sample. Pediatrics. (2004) 113:e570–7. doi: 10.1542/peds.113.6.e570 

 20. Ma, S, Yin, X, Tao, R, Jiang, X, Xie, J, Li, P , et al. Association of maternal prenatal depression and anxiety with toddler sleep: the China-Anhui birth cohort study. Arch Womens Ment Health. (2022) 25:431–9. doi: 10.1007/s00737-021-01200-w 

 21. Yin, WJ, Yu, LJ, Wu, L, Zhang, L, Li, Q, Dai, FC , et al. Adequate 25(OH)D moderates the relationship between dietary inflammatory potential and cardiovascular health risk during the second trimester of pregnancy. Front Nutr. (2022) 9:952652. doi: 10.3389/fnut.2022.952652 

 22. Villar, J, Cheikh Ismail, L, Victora, CG, Ohuma, EO, Bertino, E, Altman, DG , et al. International standards for newborn weight, length, and head circumference by gestational age and sex: the newborn cross-sectional study of the INTERGROWTH-21st project. Lancet. (2014) 384:857–68. doi: 10.1016/S0140-6736(14)60932-6 

 23. Nakahara, K, Michikawa, T, Morokuma, S, Hamada, N, Ogawa, M, Kato, K , et al. Association of maternal hemoglobin levels during pregnancy with sleep and developmental problems in 1-year-old infants: a cohort study. Health Sci Rep. (2022) 5:e552. doi: 10.1002/hsr2.552 

 24. Sugimori, N, Hamazaki, K, Matsumura, K, Kasamatsu, H, Tsuchida, A, Inadera, H , et al. Association between mothers' fish intake during pregnancy and infants' sleep duration: a nationwide longitudinal study-the Japan environment and Children's study (JECS). Eur J Nutr. (2022) 61:679–86. doi: 10.1007/s00394-021-02671-4 

 25. Abdul Jafar, NK, Tham, EKH, Pang, WW, Fok, D, Chua, MC, Teoh, OH , et al. Association between breastfeeding and sleep patterns in infants and preschool children. Am J Clin Nutr. (2021) 114:1986–96. doi: 10.1093/ajcn/nqab297 

 26. Jackowska, M, Kumari, M, and Steptoe, A. Sleep and biomarkers in the English longitudinal study of ageing: associations with C-reactive protein, fibrinogen, dehydroepiandrosterone sulfate and hemoglobin. Psychoneuroendocrinology. (2013) 38:1484–93. doi: 10.1016/j.psyneuen.2012.12.015 

 27. Kordas, K, Siegel, EH, Olney, DK, Katz, J, Tielsch, JM, Chwaya, HM , et al. Maternal reports of sleep in 6-18 month-old infants from Nepal and Zanzibar: association with iron deficiency anemia and stunting. Early Hum Dev. (2008) 84:389–98. doi: 10.1016/j.earlhumdev.2007.10.007 

 28. Sifakis, S, and Pharmakides, G. Anemia in pregnancy. Ann N Y Acad Sci. (2000) 900:125–36. doi: 10.1111/j.1749-6632.2000.tb06223.x 

 29. Macher, S, Herster, C, Holter, M, Moritz, M, Matzhold, EM, Stojakovic, T , et al. The effect of parenteral or Oral iron supplementation on fatigue, sleep, quality of life and restless legs syndrome in iron-deficient blood donors: a secondary analysis of the IronWoMan RCT. Nutrients. (2020) 12:1313. doi: 10.3390/nu12051313

 30. Zilberman, M, Silverberg, DS, Bits, I, Steinbruch, S, Wexler, D, Sheps, D , et al. Improvement of anemia with erythropoietin and intravenous iron reduces sleep-related breathing disorders and improves daytime sleepiness in anemic patients with congestive heart failure. Am Heart J. (2007) 154:870–6. doi: 10.1016/j.ahj.2007.07.034 

 31. Shen, J, Miao, X, Vu, C, Xu, B, Gonzalez-Zacarias, C, Nederveen, AJ , et al. Anemia increases oxygen extraction fraction in deep brain structures but not in the cerebral cortex. Front Physiol. (2022) 13:896006. doi: 10.3389/fphys.2022.896006 

 32. Ghiciuc, CM, Dima Cozma, LC, Bercea, RM, Lupusoru, CE, Mihaescu, T, Szalontay, A , et al. Restoring the salivary cortisol awakening response through nasal continuous positive airway pressure therapy in obstructive sleep apnea. Chronobiol Int. (2013) 30:1024–31. doi: 10.3109/07420528.2013.795155 

 33. Fan, JM, Chen, XQ, Jin, H, and Du, JZ. Gestational hypoxia alone or combined with restraint sensitizes the hypothalamic-pituitary-adrenal axis and induces anxiety-like behavior in adult male rat offspring. Neuroscience. (2009) 159:1363–73. doi: 10.1016/j.neuroscience.2009.02.009

 34. Lozoff, B, and Georgieff, MK. Iron deficiency and brain development. Semin Pediatr Neurol. (2006) 13:158–65. doi: 10.1016/j.spen.2006.08.004 

 35. Shah, HE, Bhawnani, N, Ethirajulu, A, Alkasabera, A, Onyali, CB, Anim-Koranteng, C , et al. Iron deficiency-induced changes in the hippocampus, corpus striatum, and monoamines levels that Lead to anxiety, depression, sleep disorders, and psychotic disorders. Cureus. (2021) 13:e18138. doi: 10.7759/cureus.18138 

 36. Jung, J, Rahman, MM, Rahman, MS, Swe, KT, Islam, MR, Rahman, MO , et al. Effects of hemoglobin levels during pregnancy on adverse maternal and infant outcomes: a systematic review and meta-analysis. Ann N Y Acad Sci. (2019) 1450:69–82. doi: 10.1111/nyas.14112 

 37. Young, MF, Oaks, BM, Tandon, S, Martorell, R, Dewey, KG, and Wendt, AS. Maternal hemoglobin concentrations across pregnancy and maternal and child health: a systematic review and meta-analysis. Ann N Y Acad Sci. (2019) 1450:47–68. doi: 10.1111/nyas.14093 

 38. Zhang, Y, Jin, L, Liu, JM, Ye, R, and Ren, A. Maternal haemoglobin concentrations before and during pregnancy as determinants of the concentrations of children at 3-5 years of age: a large follow-up study. Eur J Clin Nutr. (2019) 73:1102–9. doi: 10.1038/s41430-018-0284-x 

 39. Perkin, MR, Bahnson, HT, Logan, K, Marrs, T, Radulovic, S, Craven, J , et al. Association of Early Introduction of solids with infant sleep: a secondary analysis of a randomized clinical trial. JAMA Pediatr. (2018) 172:e180739. doi: 10.1001/jamapediatrics.2018.0739 


OPS/images/fnut-10-1049219-t003.jpg
Maternal Hb concentration and Daily iron supplementation Non-daily iron

infant sleep parameter: (n =434) supplementation (n =373)

Hb concentration in the second trimester (g/L) 103.11(6.30) 103.61(491) 0214
Hb concentration at delivery (/L) 11239(11.33) 110.66(10.65) 0.039°
Nocturnal sleep duration (min) 565.99(82.46) 553.66(76.03) 0.028'
Daytime sleep duration (min) 235.23(95.64) 240.34(99.34) 0.458
Number of night awakenings () 2.00(2.00) 2.00(2:00) 0910
Nocturnal wakefulness (min) 30.00(40.00) 30.00(40.00) 0753
Sleep latency (min) 30.00(10.00) 30.00(10.00) 0.902
Total sleep duration (min) 801.02(122.69) 793.84(117.42) 0398

“Mean (SD) or median (IQR);
<005

 Value of covariance analysis. The covariance analysis model of infant sleep parameters adjusted for maternal age at delivery, education levels, family income, pre-pregnancy BMI, SBP, DB,
maternal diet (fuits, dessert, vegetables, bean products), infant gender, preterm birth, SGA, LGA, breastfeeding.

SGA: smallfor gestational age; LGA: large for gestational age. BMI: Body mass index; SBP: systolic blaod pressure; DBP: diastolic blood pressure; SGA: small for gestational ages LGA: large for
gestational age.






OPS/images/fnut-10-1049219-t001.jpg
Non-anemia (n =1,603)

p Vali

Maternal characteristics
Age at delivery, years, mean (+SD)

Educational years > 12 years, n (%)

Family income < 10,000 yuan/mon, 1 (%)

Pre-pregnancy BMI, Kg/’, mean (+SD)

SBE, mmHg, mean (D)

DBP, mmHg, mean (+5D)

Daily iron supplement, (%)

Fruits frequency > 3 time/week, 1 (%)
Dessert frequency > 3 time/week, 11 (%)
Vegetables frequency > 3 time/week, 1 (%)
Bean products frequency > 3 time/week, 1 (%)
Infant characteristics

Male, n (%)

Gestational age at birth, week, mean (D)
Birth weight, Kg, mean (+5D)

Preterm birth, 1 (%)

SGA, n (%)

LGA, n (%)

Breastfeeding, n (%)

 Value of Student t-test or Chi-square test.

3093429
1,618(67.1)
1,262(52.4)

21.46(2.92)

110.60(10.11)

69.08(7.59)
801(33.2)

2,270(94.2)
420(17.4)

2,335(96.9)

1,189(49.3)

1,258(52.2)

39.03(1.37)
3.41(0.46)
225(93)
207(36)
335(13.9)

1,354(56.2)

31094429
525(65.1)
429(53.2)

2117426
10862£9.58

67.1947.08
434(53.8)
761(94.3)
147(18.2)
783(97.0)

377(46.7)

409(50.7)
38984215
3494059
75(9.3)
54(6.7)
117(145)

465(57.6)

3084429
1,093(68.2)
833(52.0)
21614306
116121022
70.0447.66
367(22.9)
1,509(94.1)
273(17.0)
1,552(96.8)
812(50.7)

849(53.0)
39014175
3434058
15009.4)
153(9.5)
218(13.6)
889(55.5)

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; SGA: small for gestational age; LGA: large for gestational age.

0.190

0123

0579

<0.001

<0.001

<0.001

<0.001

0.963

0477

0.907

0.064

0.290

0.704

0.016

0.959

0.018

0547

0313





OPS/images/fnut-10-1049219-t002.jpg
Sleep parameter: Total (n =2,410) Anemia (n = Non-anemia

(n =1,603)
Nocturnal sleep duration (min) 569.59(77.06) 560.29(79.57) 574.27(75.36) <0001
Daytime sleep duration (min) 233.22(93.24) 237.59(97.78) 231.02(90.82) 0.265
Number of night awakening (1) 200(2.00) 2.00(2.00) 200(2.00) 0954
Nocturnal wakefulness (min) 30.00(40.00) 30004000 30.00(40.00) 0837
Sleep latency (min) 30.00(10.00) 30.00(10.00) 30.00(10.00) 0922
“Total sleep duration (min) 802.45(117.37) 798.40(120.25) 804.48(115.88) 014

“Mean (SD) or median (IQR).
p Value of covariance analysis. The covariance analysis model adjusted for maternal age at delivery, education levels, family income, pre-pregnancy BMI, SBR, DB,
maternal diet (fruits, dessert, vegetables, bean products), infant gender, preterm birth, SGA, LGA, breastfeeding

SGA: small for gestational age: LG A: large for gestational age. BMI: Body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; SGA: small for gestational ages LGA: large for
gestational age.

y iron supplementation,






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Anemia in pregnancy and sleep of 6-month-old infants: A prospective cohort study



		1. Introduction



		2. Methods



		2.1. Participants and study design



		2.2. Outcome measures



		2.2.1. Secondary data



		2.2.2. Measurement of infants’ sleep parameters









		2.3. Measurement of potential confounders



		2.4. Statistical analysis









		3. Results



		3.1. Characteristics of the study population



		3.2. Nonlinear association between maternal Hb concentration and infant NSD



		3.3. Comparison of sleep parameters between infants born to mothers with anemia vs. those born to mothers without anemia



		3.4. Subgroup analyses on differences in infant NSD



		3.5. Comparison of maternal Hb concentration and infant sleep parameters between anemic mothers with daily iron supplementation vs. those without daily iron supplementation









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Abbreviations



		References



















OPS/images/fnut-10-1049219-g001.jpg
8
{uns) uonesnp daals lewmIoN





OPS/images/fnut-10-1049219-g002.jpg
Nocturnal sleep duration

i Mean difference (95% CI). min

Overall -13.98(-7.48. -20.48) o=
Education levels

>12y -12.71(-20.61,-4 81) —-

<12y -16.35(-28.31.-4.38) ——
Family income

=10000 yuan/mon -15.63(-25.04.-622) ——

<10000 yuan/mon -12.49(-21.84.-3.14) ——
Pre-pregnancy obesity

Yes -0.85(-16.86.15.16) —q—

No -16.58(-23.72.-9.44) -
Gender

Male -11.73(-20.36.-3.09) ——

Female -16.37(-26.56.-6.18) —
Preterm birth

Yes 2.03(-20.0124.07) R S

No -15.63(-22.43.-8.82) -
SGA

Yes -29.87(-53.86. -5.88) E—

No -12.99(-19.75.-6.23) ——
LGA

Yes -28.46(-45.62. -11.28) _—

No -11.65(-18.68. -4.63) —
Breastfeeding

Yes -13.74(-22.34,-5.14) ———
No -14.64(-24.57.-4.72) —

60 40 20 0 20
Mean difference (95% CI), min






OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition

Anemia in pregnancy and sleep of
6-month-old infants: A
prospective cohort study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






