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Background and Aims: The association between serum concentrations of metal nutrients in pregnancy and postpartum anemia has not been widely studied. This study aimed to determine this association in a large retrospective cohort study.

Methods: We included 14,829 Chinese women with singleton pregnancies. Serum concentrations of metals before 28 weeks of gestation, the occurrence of postpartum anemia and other potential covariates were obtained from their laboratory or medical records. Cox regression and restricted cubic spline regression models were used to explore the relationship between serum concentrations of metal nutrients in pregnancy and postpartum anemia.

Results: After adjustment for covariates, higher concentrations of iron (Fe), magnesium (Mg) and zinc (Zn) and lower concentrations of copper (Cu) were associated with a lower risk of postpartum anemia. Compared with those whose serum concentrations of metal nutrients were in the bottom quintile (Q1), the hazard ratios (HRs) of those whose serum concentrations of metal nutrients were in the top quintile (Q5) were 0.57 (95% confidence interval (CI): 0.50, 0.64) for Fe, 0.67 (95% CI: 0.60, 0.76) for Mg, 0.82 (95% CI: 0.73, 0.93) for Zn, and 1.44 (95% CI: 1.28, 1.63) for Cu. L-shaped curve relationships were found between increasing concentrations of Fe, Mg, and Zn and incidence of postpartum anemia. Higher serum concentrations of Cu were associated with an increased risk of postpartum anemia. Serum concentrations of Fe in Q5 were associated with a lower risk of postpartum anemia when they coincided with serum concentrations of Mg in Q5, Zn in Q5, or Cu in Q1.

Conclusion: Higher serum concentrations of Fe, Mg, and Zn, and lower serum concentrations of Cu were associated with a lower risk of postpartum anemia among pregnant women.
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Introduction

Postpartum anemia is a major and persistent public health problem worldwide. Its prevalence is high in developed countries (22–50%) and even higher in developing countries (50–80%) (1). Compared with women without postpartum anemia, those with postpartum anemia have higher risks of having depression (2, 3), fatigue and providing less responsive care for their babies (2). In addition, women with postpartum anemia due to acute blood loss have higher risks of sepsis (4) and mortality (5).

Oral iron (Fe), intravenous (IV) Fe and blood transfusion are common treatments for postpartum anemia (6). However, challenges remain in the use of these treatments and no optimal treatment has been identified. Up to 40% of women exhibit intolerance for oral Fe, in the form of adverse gastrointestinal effects (7). Compared with oral Fe, IV Fe is more effective in treating anemia (8–10), but Danish guidelines recommend against using IV Fe due to its having more severe side effects, a higher cost and there being a lack of sufficient evidence for its clinical efficacy (6). Compared with oral and IV Fe, blood transfusion is more expensive and puts women at higher risk of exposure to infectious pathogens. Given these treatment challenges, it is critical to identify interventions that can effectively and safely prevent postpartum anemia.

Fe is an essential nutrient for maintaining normal hemoglobin concentrations and Fe supplements are commonly used to prevent anemia (11). However, Fe overload or over supplementation can lead to increased adverse outcomes, such as gestational diabetes mellitus (GDM) (12). It is therefore crucial to determine optimal concentrations and supplemental doses of Fe to prevent postpartum anemia without causing adverse effects.

Deficiencies of several other metal nutrients, such as zinc (Zn), magnesium (Mg) and copper (Cu), may also be associated with anemia (13–15). In addition, deficiencies of these metal nutrients increase the risk of anemia in children, adolescents, adults and older adults (14, 16, 17). However, there has been little examination of associations between concentrations of metal nutrients during pregnancy and postpartum anemia, and some of these non-Fe metal nutrients (e.g., Zn and Cu) may interact with Fe metabolism and affect the development of anemia (13, 18, 19). Thus, the combined correction of these trace element deficiencies may represent a viable intervention for the prevention of anemia.

This retrospective cohort study aimed to explore the associations and dose–response relationships of maternal concentrations of seven metal nutrients during pregnancy (measured before 28 weeks of gestation) with the risk of postpartum anemia in Chinese women aged 18 to 45 years old. This study also investigated the potential combined influence of serum concentrations of Fe and other metal nutrients on the risk of postpartum anemia.



Material and Methods


Participants

This retrospective cohort study was carried out at a large obstetrics hospital in Foshan, Guangdong province, China. We reviewed the obstetric medical records from March 1, 2015 to July 31, 2018, of 16,930 women aged 18 to 45 years who had delivered their babies at the hospital and whose serum concentrations of metals (Fe, Mg, Cu, Zn, calcium [Ca], lead [Pb] and manganese [Mn]) were measured during pregnancy. Then, 2,101 women were excluded on the basis of their having (a) incomplete outcome data or exposure indicators (1,146 women); (b) multiple pregnancy; (c) a history of abnormal placental implantation (24 women) or placenta previa (147 women); (d) a baseline serum concentration of Fe < 6.5 μmol/l (246 women); or (e) serum concentrations of metals measured after 28 weeks of gestation (558 women). This yielded 14,829 women for inclusion in this study. The study protocol was approved by the ethics committee of the Affiliated Foshan Maternity and Child Healthcare Hospital, Southern Medical University. The Affiliated Foshan Maternity and Child Healthcare Hospital provided administrative permission for the research team to access and use the data.



Measurement of serum concentrations of metals

Serum concentrations of metals were measured during the women’s’ regular obstetric check-ups in the hospital. Only women whose serum concentrations of metals were measured before 28 weeks of gestation were included, as this ensured that only true and early associations between serum concentrations of metals in pregnancy and postpartum anemia were obtained. Blood samples were collected by nurses in the clinic and then transported to the laboratory within 1 h for measurement. Serum concentrations of metals were measured using the polarography method (AS-9000\u00B0C, AWSA, Wuhan, China), with a detection limit of less than or equal to 1 × 10−8 mol/l. The coefficient of variation and the relative error of the detection was less than or equal to 1% during daily quality control.



Postpartum anemia and other covariates

Two staff members (G.D.C and T.T.P) independently extracted outcome data from medical records. In this retrospective study, the outcomes of postpartum anemia were collected from medical records and based on the ICD-10 code of O99.001. The diagnosis of postpartum anemia was made by professional doctors according to the criteria of the concentration of hemoglobin in their peripheral blood was less than 110 g/l happened postpartum, but not necessarily happened at 1 week postpartum. Other covariates reviewed and extracted from medical records were age, body mass index (BMI) at delivery, gestational week of delivery, parity, delivery mode, occurrence of abnormal placental implantation, placenta previa, immediate postpartum hemorrhage, and intrapartum injury.



Statistical analysis

Continuous variables are reported as means ± standard deviations (SDs) or medians (interquartile ranges). Outcome variables (serum concentrations of metals) are reported as medians with interquartile ranges.

The women were divided into quintiles according to their serum concentrations of metals, with the bottom quintile (Q1) comprising those with the lowest serum concentrations of metals and the top quintile (Q5) comprising those with the highest serum concentrations of metals. Cox regression analyses were used to determine the associations between serum concentrations of metals and postpartum anemia. Follow-up time was calculated as the time between measurement of serum concentrations of metals and discharge after delivery. Two models were used in the analysis: a univariate model (Model 1) and a multivariate model (Model 2) adjusting for potential covariates (age, gestational week of delivery, BMI, parity, delivery mode, immediate postpartum hemorrhage and intrapartum injury). Those in Q1 were used as the reference group for most metals (Fe, Mg, Cu Zn, Ca and Mn). For inverse Cu and Pb, those in Q1 had the highest serum concentrations and those in Q5 had the lowest serum concentrations. Restricted cubic spline regression with five knots was performed to explore the dose–response associations between serum concentrations of metals and postpartum anemia. Likelihood ratio tests were used to test for nonlinearity of these associations. Analyses were performed using SPSS 20.0 software (Chicago, IL, USA) and R statistics software version 3.6.3.1 Plots were also drawn using R 3.6.3 software. Results with a two-sided p value of less than 0.05 were considered statistically significant.




Results

This retrospective cohort study included 14,829 women with singleton pregnancies and who were aged 29.9 ± 4.80 years old. They had delivered their babies at a mean gestational age of 38.9 ± 1.76 weeks and had a mean parity of 1.41 ± 0.55. Over half of the women (55.1%) gave birth spontaneously and the remaining 44.9% delivered by caesarean section. Nearly one fifth (18.4%) of women had postpartum anemia. The women had median serum concentrations of 18.0 μmol/l, 1.28 mmol/l, 23.4 μmol/l, 90.1 μmol/l, 1.60 mmol/l, 34.0 μg/l and 0.81 μmol/l for Fe, Mg, Cu, Zn, Ca, Pb and Mn, respectively (Table 1).



TABLE 1 Characteristic of subjects.
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As shown in Table 2, serum metal concentrations tended to be related by Spearman correlation analysis. Significant positive or negative correlations were observed between several (but not all) pairs of metals, while the correlations were weak or very weak (r = −0.165 ~ 0.331, all p < 0.01). A very strong positive correlation was observed between Zn and Mn (r = 0.846, p < 0.001).



TABLE 2 Spearman correlation between the serum metal concentrations.
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As shown in Table 3, after adjusting for potential covariates in the Cox regression analyses, higher serum concentrations of Fe, Mg and Zn were associated with a lower risk of postpartum anemia, while a higher serum concentration of Cu was associated with a higher risk of postpartum anemia. Compared with the risk of postpartum anemia in the women whose serum concentrations of Fe were in Q1, the risk of postpartum anemia decreased by 27% in the women whose serum concentrations of Fe were in Q2 (hazard ratio [HR]: 0.73, 95% confidence interval [95% CI]: 0.65, 0.81), decreased by 35% in the women whose serum concentrations of Fe were in Q3 (HR: 0.65, 95% CI: 0.58, 0.73), decreased by 43% in the women whose serum concentrations of Fe were in Q4 (HR: 0.57, 95% CI: 0.51, 0.64), and decreased by 43% in the women whose serum concentrations of Fe were in Q5 (HR: 0.57, 95% CI: 0.50, 0.64). Similarly, higher serum concentrations of Mg were associated with decreases in the risk of postpartum anemia: 17, 33 and 33% for the women whose serum concentrations of Mg were in Q3 (HR: 0.83, 95% CI: 0.74, 0.93), Q4 (HR: 0.67, 95% CI: 0.60, 0.75) and Q5 (HR: 0.67, 95% CI: 0.60, 0.76), respectively. The women whose serum concentrations of Zn were in Q4 (HR: 0.85, 95% CI: 0.75, 0.96) and Q5 (HR: 0.82, 95% CI: 0.73, 0.93) had 15 and 18% lower risks of postpartum anemia than the women whose serum concentrations of Zn were in Q1. In contrast, compared with the women whose serum concentrations of Cu were in Q1, the women whose serum concentrations of Cu were in Q2, Q3, Q4 and Q5 had 1.15-, 1.22-, 1.31- and 1.41-fold greater risks of postpartum anemia, respectively. A small increased risk of postpartum anemia (HR:1.15, 95%CI: 1.01, 1.29) was found for women whose serum concentrations of Ca were in Q3. No significant associations were found between women’s serum concentrations of Pb and Mn and their risk of postpartum anemia.



TABLE 3 Cox regression analyses of quartile of metal concentrations and postpartum anemia.
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Restricted cubic spline regression was performed to investigate dose–response associations between serum concentrations of metals and postpartum anemia. The median concentrations of Fe, Mg, Cu, Zn, Ca and Mn in Q1 were used as the reference values for analyses of these species, while the median concentration of Pb in Q5 was assigned as the reference value for this species. As shown in Figure 1, an L-shaped curve association was observed between serum concentrations of Fe and postpartum anemia, with a significant nonlinearity (p < 0.0001). Increasing serum concentrations of Fe were associated with a lower risk of postpartum anemia up to a concentration of 18.4 μmol/l, with this protective association decreasing at serum concentrations of Fe greater than 22.0 μmol/l. Similar L-shaped curve associations were found between serum concentrations of Mg and Zn and the risk of postpartum anemia. The risk of postpartum anemia decreased rapidly as serum concentrations of Mg and Zn increased from 1.20 to 1.40 μmol/l and from 80 to 100 μmol/l, respectively, but thereafter decreased less rapidly. Significant nonlinearity was found for Mg (p < 0.0001) but not for Zn (p = 0.162). In contrast, the risk of postpartum anemia increased as serum concentrations of Cu increased (p for nonlinearity = 0.925). An inverse U-shaped association was observed between serum concentrations of Ca and the risk of postpartum anemia, with no significant nonlinearity detected (p = 0.146). No significant associations were observed between serum concentrations of Pb and Mn and the risk of postpartum anemia.

[image: Figure 1]

FIGURE 1
 Dose–response associations between serum concentrations of metals and postpartum anemia. Analyses were performed by restricted cubic spline regressions (5 knots). The median concentrations of iron, magnesium, copper, zinc, calcium, and magnanese in Q1 were used as the reference values (HR = 1.00) for analyses of these species, while the median concentration of Pb in Q5 was assigned as the reference value (HR = 1.00) for this species. The vertical lines represent the median metal concentrations. Parts A-G represent the dose-response associations of iron, magnesium, copper, zinc, calcium, lead, and magnanese with postpartum anemia.


We observed that higher quintiles of Cu were associated with higher HR of postpartum anemia, whereas higher quintiles of Fe, Mg, and Zn were associated with lower HR of postpartum anemia (Table 3). We aimed to investigate potential protective associations of the combination of serum metal concentrations and postpartum anemia. To avoid the potential confounding influence of Cu, inverse Cu was introduced instead of Cu in the combination with other metals (Fe, Mg, and Zn). As shown in Table 4, compared with high serum concentrations of Fe alone, high serum concentrations of Mg, Zn and/or inverse Cu in combination with high serum concentrations of Fe were associated with a lower risk of postpartum anemia. HRs for postpartum anemia ranged from 0.31 to 0.37 when high serum concentrations of Mg, Zn or inverse Cu occurred in combination with a high serum concentration of Fe, compared with a HR of 0.51 for postpartum anemia when there was only a high serum concentration of Fe. HRs ranged from 0.21 to 0.23 when high serum concentrations of two of Mg, Zn and inverse Cu occurred in combination with high serum concentrations of Fe, compared with an HR of 0.46 when there was only a high serum concentration of Fe. The HR for postpartum anemia was 0.10 when high serum concentrations of Mg, Zn and inverse Cu occurred in combination with a high serum concentrations of Fe, compared with an HR of 0.44 for postpartum anemia when there was only a high serum concentration of Fe.



TABLE 4 Cox regression analyses of combination of different metal concentrations and postpartum anemia.
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Discussion

In this large retrospective cohort study, higher serum concentrations of Fe, Mg and Zn and lower serum concentrations of Cu in pregnancy contributed to lower risk of postpartum anemia. The association of the risk of postpartum anemia with serum concentrations of Fe, Mg and Zn decreased rapidly as serum concentrations of Fe increased from 6.5 to 22.0 μmol/l, serum concentrations of Mg increased from 1.20 to 1.40 μmol/l and as serum concentrations of Zn increased from 80 to 100 μmol/l, but the curves soften with further increment. Increased serum concentrations of Cu had a linear association with an increased risk of postpartum anemia. Compared with high serum concentrations of Fe alone, the coexistence of high serum concentrations of Fe with high serum concentrations of Mg and Zn and with low serum concentrations of Cu was associated with a lower risk of postpartum anemia.

Fe is an essential micronutrient for maintaining hemoglobin concentrations, so adequate serum concentrations of Fe are needed to prevent anemia. Oral or IV Fe supplementation increases hemoglobin concentration and thus prevents and treats all forms of anemia (6, 8–10). However, Fe overload increases the level of oxidative stress in the human body (20) and increases the risk of developing other diseases during pregnancy, such as GDM (12) and preeclampsia (21). Moreover, long-term periconceptional Fe supplementation of more than 30 mg/d was associated with increased GDM risk in a large prospective cohort of pregnant Chinese women (12). Thus, there is a need to optimize the use of Fe supplements to prevent postpartum anemia while avoiding the risk of predisposing women to adverse outcomes and the development of other diseases. Further studies are thus needed on Fe supplementation and maintaining appropriate serum concentration of Fe. In the current study, we found that the risk of postpartum anemia was decreased in women with serum concentrations of Fe of 6.5 to 22.0 μmol/l. This result needs to be validated in future high-quality studies using comprehensive Fe indicators.

There have been fewer studies on the relationship between serum concentrations of Zn and anemia than on the relationship between serum concentrations of Fe anemia, especially during pregnancy; however, most studies have indicated that a certain serum concentration of Zn protects against anemia. A lower serum concentration of Zn was associated with risk of anemia and Fe deficiency low concentrations of hemoglobin during pregnancy in a study of 1,185 pregnant Chinese women (22). A study of pregnant women in rural Bangladesh also showed found an association between low serum concentrations of Zn and low concentrations of hemoglobin, despite minimal Fe deficiency (23). Higher plasma or serum concentrations of Zn have also been found to be associated with higher concentrations of hemoglobin in non-pregnant populations (16, 24, 25). In addition, Zn supplementation was found to improve anemia status in certain populations, such as infants (26). It was suggested that Zn plays a role in modulating Fe metabolism by regulating the expression of divalent metal-ion transporter-1 and ferroportin, thereby affecting Fe uptake and transcellular transport (18).

There have been a few low-quality studies on the association between serum concentrations of Mg and postpartum anemia. In a cross-sectional study of 180 pregnant Sudanese women, serum concentrations of Mg were positively associated with concentrations of hemoglobin, and women with anemia had significantly lower concentrations of Mg than women without anemia (27). In older Chinese individuals, serum concentrations of Mg were found to mediate the associations between diet and development of anemia (17). In another study of 2,849 Chinese adults, a higher intake Mg was found to be associated with a lower risk of anemia and this association was not modified by serum concentrations of ferritin (15). Thus, current evidence partly supports our observations that higher serum concentrations of Mg contribute to a lower risk of postpartum anemia. Higher serum concentrations of Mg in pregnancy may also prevent the occurrence of gestational hypertensive disorders such as pre-eclampsia, which make women prone to bleeding (28). Magnesium sulfate is commonly used in the treatment of these diseases, and the dose should be carefully controlled to prevent Mg poisoning (29). In this study, the risk of postpartum anemia was decreased in women with serum concentrations of Mg ranging from 1.20 to 1.40 μmol/l. These results serves as reference data that needs to be validated in future studies.

The association between serum concentrations of Cu and postpartum anemia appears more complex. Cu deficiency causes anemia and leads to lower plasma and brain concentrations of Fe in rats (30). In a cross-sectional study, serum concentrations of Cu and hemoglobin were found to have an negative association with anemia and the ratio of Cu to Fe was higher among pregnant women with anemia than among pregnant women without anemia (22). In children, higher serum concentrations of Cu were found among those with iron deficiency anemia who also exhibited decreased Fe absorption and deficient hematological parameters (19). It is possible that U-shaped associations between serum concentrations of Cu and postpartum anemia may exist as similar associations have been previously found for unexplained anemia (31) and new-onset hypertension (32). In the current study, high serum concentrations of Cu was independently and positively associated with the risk of postpartum anemia. This may be because the pregnant women in our study were less likely to be Cu deficient than those in other studies. Thus, there needs to be more examination on the risk of Cu overload during pregnancy and how this risk can be mitigated. Our results show that high serum concentrations of Cu should be avoided to prevent postpartum anemia in women.

We also found that a deficiency of Fe in combination with an imbalance in one or more other metal nutrients (Zn deficiency, Mg deficiency and/or Cu overload) was associated with a higher risk of postpartum anemia than a deficiency of Fe alone. Our results are supported by another study that found that adults with the lowest risk of anemia in were those who also had the highest intake of Mg and Fe. However, studies of the effects in pregnant women of multiple supplementations with Fe or Fe–folic acid (IFA) and/or multiple micronutrients (MM) have yielded inconsistent results. In a study of1,813 pregnant Vietnamese women, MM and IFA supplementation resulted in increased Fe stores but did not have an effect on anemia (33). In a study among pregnant women in rural Nepal, supplementation with IFA + Zn or IFA + Zn + MM did not provide additional benefits in improving maternal hematologic status compared with IFA supplementation alone (34). In a study of pregnant women in semirural Mexico, MM supplementation slightly reduced concentrations of hemoglobin compared with Fe supplementation (35). In a study among women with postpartum anemia who were treated with oral Fe supplements, Zn supplementation had a negative but transient influence on hematological status; however, this finding was not clinically significant (36).

The abovementioned findings may indicate that women with simultaneous deficiencies of Fe and other micronutrients may be less likely to be involved in randomized controlled trials (RCTs) with a relatively small sample size than women without simultaneous deficiencies of Fe and other micronutrients. Moreover, over-supplementation of several nutrients via MM may not provide obvious additional benefits for individuals who do not have existing deficiencies and may even have negative effects. In the current study, we identified that women with deficiencies in Fe and concomitant imbalances in other metal nutrient (a Zn deficiency, a Mg deficiency and/or a Cu overload) had a higher risk of postpartum anemia than those who were only deficient in Fe, which highlights the need to treat women with such multiple metal -nutrient deficiencies to prevent postpartum anemia. Large RCTs are needed to focus on these special populations and elaborate associations between metal nutrient imbalance and postpartum anemia.


Strength and limitations

This study had several strengths. First, serum concentrations of metals were measured during pregnancy before delivery, and the exclusion criteria meant that we included only women whose serum concentrations of metals were measured before 28 weeks of gestation. This helped to ensure the temporal sequence of events and avoid possible causal inversions. Second, the large sample size enabled us to divide the population into different groups and thus obtain more accurate results and narrower 95% CIs for HRs than would have been possible otherwise. Third, the use of restricted cubic spline regression and investigation of the simultaneous deficiency of Fe and several other metals provided comprehensive results on the associations of metal nutrients with postpartum anemia.

However, there were also several limitations to this study. First, the data were collected from a single obstetric center in Southern China. Although this center is the largest obstetric center in its city and covers a large population, there may have been selection bias, so further studies based on more representative populations are needed. Second, serum concentrations of metals were measured only once; no data for multiple time points were available. Thus, we were unable to explore the associations between serum metal concentrations over time and postpartum anemia. Third, data on dietary metal intake were not available in this study. Thus we were unable to examine the associations between dietary metal intake and postpartum anemia, which should be further investigated by high-quality studies in the future. Four, the use of oral iron supplements during pregnancy was not collected during the regular obstetric check-up, and we could not obtain related data and could not make up the missing of these data due to the retrospective design. Therefore, it was not included in the statistics and be adjusted for. However, the use of iron supplementation may have tended to underestimate rather than overestimate the associations found in our study. Finally, aside from serum concentrations of ferritin, transferrin, soluble transferrin receptor and hepcidin are also important indicators for measuring Fe metabolism status. Unfortunately, these were not measured during regular obstetric check-ups, meaning we were unable to explore more comprehensive associations between iron metabolism indicators and postpartum anemia, and possible interactions with other metals indicators.




Conclusion

In this large retrospective cohort study of Chinese women with singleton pregnancies, we found that higher serum concentrations of Fe, Mg and Zn before 28 weeks of gestation were associated with lower risk of postpartum anemia. The risk of postpartum anemia showed large and significant decreases as serum concentrations of Fe, Mg and Zn increased within a certain range and then the risk decreased as the serum concentrations of these species increased beyond this range. In contrast, serum concentrations of Cu were positively associated with an increased risk of postpartum anemia. Women who had high serum concentrations of Fe in combination with high serum concentrations of Mg and Zn and low serum concentrations of Cu exhibited a lower risk of postpartum anemia than women who only had high serum concentrations of Fe. Our study had emphasized the importance of addressing imbalances of multiple metal nutrients as a strategy to prevent postpartum anemia. More high-quality studies are needed to determine a comprehensive strategy for managing serum concentrations of metal nutrients during pregnancy to prevent postpartum anemia.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the ethics committee of the Affiliated Foshan Maternity and Child Healthcare Hospital, Southern Medical University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

G-dC, H-lL, and Z-pL devised the idea and designed the study. G-dC, T-tP, P-sL, Z-xZ, X-yG, H-yW, D-xL, and D-zF contributed to the primary data collection. G-dC and T-tP re-examined the data and analysis the data. G-dC and T-tP wrote the original draft, which was revised by H-lL and Z-pL H-lL and Z-pL supervised the study and administered the project. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by National Natural Science Foundation of China (grant numbers 82103855, G-dC), Basic and Applied Basic Research Foundation of Guangdong Province (grant numbers 2019A1515110163, G-dC) and the Foundation of Bureau of Science and Technology of Foshan City (grant numbers 2220001004104, G-dC). The funding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.



Acknowledgments

Professional English language editing support provided by AsiaEdit (asiaedit.com).



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.



Footnotes

1   https://www.r-project.org/



References

 1. Milman, N. Postpartum anemia II: prevention and treatment. Ann Hematol. (2012) 91:143–54. doi: 10.1007/s00277-011-1381-2 

 2. Moya, E, Phiri, N, Choko, AT, Mwangi, MN, and Phiri, KS. Effect of postpartum anaemia on maternal health-related quality of life: a systematic review and meta-analysis. BMC Public Health. (2022) 22:364. doi: 10.1186/s12889-022-12710-2 

 3. Kang, SY, Kim, HB, and Sunwoo, S. Association between anemia and maternal depression: a systematic review and meta-analysis. J Psychiatr Res. (2020) 122:88–96. doi: 10.1016/j.jpsychires.2020.01.001 

 4. Axelsson, D, and Blomberg, M. Maternal obesity, obstetric interventions and post-partum anaemia increase the risk of post-partum sepsis: a population-based cohort study based on Swedish medical health registers. Infect Dis. (2017) 49:765–71. doi: 10.1080/23744235.2017.1341055 

 5. Daru, J, Zamora, J, Fernández-Félix, BM, Vogel, J, Oladapo, OT, Morisaki, N , et al. Risk of maternal mortality in women with severe anaemia during pregnancy and post partum: a multilevel analysis. Lancet Glob Health. (2018) 6:e548–54. doi: 10.1016/s2214-109x(18)30078-0 

 6. Ruiz de Viñaspre-Hernández, R, Gea-Caballero, V, Juárez-Vela, R, and Iruzubieta-Barragán, FJ. The definition, screening, and treatment of postpartum anemia: a systematic review of guidelines. Birth. (2021) 48:14–25. doi: 10.1111/birt.12519 

 7. Friedman, AJ, Shander, A, Martin, SR, Calabrese, RK, Ashton, ME, Lew, I , et al. Iron deficiency anemia in women: a practical guide to detection, diagnosis, and treatment. Obstet Gynecol Surv. (2015) 70:342–53. doi: 10.1097/ogx.0000000000000172

 8. Sultan, P, Bampoe, S, Shah, R, Guo, N, Estes, J, Stave, C , et al. Oral vs intravenous iron therapy for postpartum anemia: a systematic review and meta-analysis. Am J Obstet Gynecol. (2019) 221:19–29.e3. doi: 10.1016/j.ajog.2018.12.016 

 9. Yefet, E, Mruat Rabah, S, Sela, ND, Hosary Mhamed, S, Yossef, A, and Nachum, Z. Addition of oral iron bisglycinate to intravenous iron sucrose for the treatment of postpartum anemia-randomized controlled trial. Am J Obstet Gynecol. (2021) 225:668.e1–9. doi: 10.1016/j.ajog.2021.06.069 

 10. Chua, S, Gupta, S, Curnow, J, Gidaszewski, B, Khajehei, M, and Diplock, H. Intravenous iron vs blood for acute post-partum anaemia (IIBAPPA): a prospective randomised trial. BMC Pregnancy Childbirth. (2017) 17:424. doi: 10.1186/s12884-017-1596-x 

 11. Elstrott, B, Khan, L, Olson, S, Raghunathan, V, DeLoughery, T, and Shatzel, JJ. The role of iron repletion in adult iron deficiency anemia and other diseases. Eur J Haematol. (2020) 104:153–61. doi: 10.1111/ejh.13345 

 12. Zhang, Y, Xu, S, Zhong, C, Li, Q, Wu, M, Zhang, G , et al. Periconceptional iron supplementation and risk of gestational diabetes mellitus: a prospective cohort study. Diabetes Res Clin Pract. (2021) 176:108853. doi: 10.1016/j.diabres.2021.108853 

 13. Myint, ZW, Oo, TH, Thein, KZ, Tun, AM, and Saeed, H. Copper deficiency anemia: review article. Ann Hematol. (2018) 97:1527–34. doi: 10.1007/s00277-018-3407-5

 14. Palacios, AM, Hurley, KM, De-Ponce, S, Alfonso, V, Tilton, N, Lambden, KB , et al. Zinc deficiency associated with anaemia among young children in rural Guatemala. Matern Child Nutr. (2020) 16:e12885. doi: 10.1111/mcn.12885 

 15. Shi, Z, Hu, X, He, K, Yuan, B, and Garg, M. Joint association of magnesium and iron intake with anemia among Chinese adults. Nutrition. (2008) 24:977–84. doi: 10.1016/j.nut.2008.05.002 

 16. Greffeuille, V, Fortin, S, Gibson, R, Rohner, F, Williams, A, Young, MF , et al. Associations between zinc and Hemoglobin concentrations in preschool children and women of reproductive age: an analysis of representative survey data from the biomarkers reflecting inflammation and nutritional determinants of Anemia (BRINDA) project. J Nutr. (2021) 151:1277–85. doi: 10.1093/jn/nxaa444 

 17. Xu, X, Hall, J, Byles, J, and Shi, Z. Dietary pattern, serum magnesium, ferritin, C-reactive protein and anaemia among older people. Clin Nutr. (2017) 36:444–51. doi: 10.1016/j.clnu.2015.12.015 

 18. Kondaiah, P, Yaduvanshi, PS, Sharp, PA, and Pullakhandam, R. Iron and zinc homeostasis and interactions: does enteric zinc excretion cross-talk with intestinal iron absorption? Nutrients. (2019) 11:1885. doi: 10.3390/nu11081885 

 19. Turgut, S, Polat, A, Inan, M, Turgut, G, Emmungil, G, Bican, M , et al. Interaction between anemia and blood levels of iron, zinc, copper, cadmium and lead in children. Indian J Pediatr. (2007) 74:827–30. doi: 10.1007/s12098-007-0147-2 

 20. Dos Santos, L, Bertoli, SR, Ávila, RA, and Marques, VB. Iron overload, oxidative stress and vascular dysfunction: evidences from clinical studies and animal models. Biochim Biophys Acta Gen Subj. (2022) 1866:130172. doi: 10.1016/j.bbagen.2022.130172 

 21. Ng, SW, Norwitz, SG, and Norwitz, ER. The impact of iron overload and ferroptosis on reproductive disorders in humans: implications for preeclampsia. Int J Mol Sci. (2019) 20:3283. doi: 10.3390/ijms20133283 

 22. Ma, AG, Chen, XC, Xu, RX, Zheng, MC, Wang, Y, and Li, JS. Comparison of serum levels of iron, zinc and copper in anaemic and non-anaemic pregnant women in China. Asia Pac J Clin Nutr. (2004) 13:348–52.

 23. Shamim, AA, Kabir, A, Merrill, RD, Ali, H, Rashid, M, Schulze, K , et al. Plasma zinc, vitamin B(12) and α-tocopherol are positively and plasma γ-tocopherol is negatively associated with Hb concentration in early pregnancy in north-West Bangladesh. Public Health Nutr. (2013) 16:1354–61. doi: 10.1017/s1368980013000475 

 24. Houghton, LA, Parnell, WR, Thomson, CD, Green, TJ, and Gibson, RS. Serum zinc is a major predictor of Anemia and mediates the effect of selenium on Hemoglobin in school-aged children in a nationally representative survey in New Zealand. J Nutr. (2016) 146:1670–6. doi: 10.3945/jn.116.235127 

 25. Mohamed, AA, Ali, AA, Ali, NI, Abusalama, EH, Elbashir, MI, and Adam, I. Zinc, parity, infection, and severe anemia among pregnant women in Kassla, eastern Sudan. Biol Trace Elem Res. (2011) 140:284–90. doi: 10.1007/s12011-010-8704-3 

 26. Dijkhuizen, MA, Winichagoon, P, Wieringa, FT, Wasantwisut, E, Utomo, B, Ninh, NX , et al. Zinc supplementation improved length growth only in anemic infants in a multi-country trial of iron and zinc supplementation in South-East Asia. J Nutr. (2008) 138:1969–75. doi: 10.1093/jn/138.10.1969 

 27. Eltayeb, R, Rayis, DA, Sharif, ME, Ahmed, ABA, Elhardello, O, and Adam, I. The prevalence of serum magnesium and iron deficiency anaemia among Sudanese women in early pregnancy: a cross-sectional study. Trans R Soc Trop Med Hyg. (2019) 113:31–5. doi: 10.1093/trstmh/try109 

 28. Ephraim, RK, Osakunor, DN, Denkyira, SW, Eshun, H, Amoah, S, and Anto, EO. Serum calcium and magnesium levels in women presenting with pre-eclampsia and pregnancy-induced hypertension: a case-control study in the Cape Coast metropolis. Ghana BMC Pregnancy Childbirth. (2014) 14:390. doi: 10.1186/s12884-014-0390-2 

 29. Wu, Y, Wang, DJ, Zhang, Y, Zhang, YX, and Zhang, R. Regulation of magnesium sulfate combined with nifedipine and labetalol on disease-related molecules in serum and placenta in the treatment of preeclampsia. Eur Rev Med Pharmacol Sci. (2020) 24:5062–70. doi: 10.26355/eurrev_202005_21199 

 30. Pyatskowit, JW, and Prohaska, JR. Copper deficient rats and mice both develop anemia but only rats have lower plasma and brain iron levels. Comp Biochem Physiol C Toxicol Pharmacol. (2008) 147:316–23. doi: 10.1016/j.cbpc.2007.11.008 

 31. Knovich, MA, Il’yasova, D, Ivanova, A, and Molnár, I. The association between serum copper and anaemia in the adult second National Health and nutrition examination survey (NHANES II) population. Br J Nutr. (2008) 99:1226–9. doi: 10.1017/s0007114507864828 

 32. He, P, Li, H, Liu, C, Liu, M, Zhang, Z, Zhang, Y , et al. U-shaped association between dietary copper intake and new-onset hypertension. Clin Nutr. (2022) 41:536–42. doi: 10.1016/j.clnu.2021.12.037 

 33. Nguyen, PH, Young, M, Gonzalez-Casanova, I, Pham, HQ, Nguyen, H, Truong, TV , et al. Impact of preconception micronutrient supplementation on Anemia and iron status during pregnancy and postpartum: a randomized controlled trial in rural Vietnam. PLoS One. (2016) 11:e0167416. doi: 10.1371/journal.pone.0167416 

 34. Christian, P, Shrestha, J, LeClerq, SC, Khatry, SK, Jiang, T, Wagner, T , et al. Supplementation with micronutrients in addition to iron and folic acid does not further improve the hematologic status of pregnant women in rural Nepal. J Nutr. (2003) 133:3492–8. doi: 10.1093/jn/133.11.3492 

 35. Ramakrishnan, U, Neufeld, LM, González-Cossío, T, Villalpando, S, García-Guerra, A, Rivera, J , et al. Multiple micronutrient supplements during pregnancy do not reduce anemia or improve iron status compared to iron-only supplements in semirural Mexico. J Nutr. (2004) 134:898–903. doi: 10.1093/jn/134.4.898

 36. Aoki, C, Imai, K, Owaki, T, Kobayashi-Nakano, T, Ushida, T, Iitani, Y , et al. The possible effects of zinc supplementation on postpartum depression and Anemia. Medicina. (2022) 58:731. doi: 10.3390/medicina58060731 



OPS/images/fnut-10-1086082-t004.jpg
Co-existence  Bottom groups Co-existence of top group of different division of metal combinations

of bottom B P " . .
quintile groups N Reference 5 division 10 division 15 division 20 division
of different N HR (95%CI) N HR (95%Cl) N HR (95%Cl) N HR
metals (95%Cl)
044 (036,
Fe o 100 2958 | 0.57(050,064)"* 1484  051(0.44,060)** 1042 0.46(0.39,0.56)*** assyren
Fe+Mg 623 100 - - 522 0310240405 | - - = -
Fe+Zn 551 100 - - 532 036(027,049)%% | - - - -
Fe-+inverse Cu® 638 100 - - 601 037(0.29,048)*% - - - -
Fe+Mg+Zn 169 100 - - - - 26 021(013,039)%% - -
Fe+Mg+inverse Cu 135 100 - - - - 198 021(0.13,033)%% - -
Fe+Zn+inverse Cu 104 100 - - - - 175 023(0.13,043)%% - -
Fe+ Mg+Zn+inverse - - - - 0.10 (004,
36 100 - - 9
Cu 025y

‘Divisions means the groups of the numbers of separations of the serum Fe concentrations or the numbers of the groups of the combine calculation of different metals. “The sample in the
bottom groups of different divisions of Fe were 2,961 for 5 divisions 1,506 for 10 division; 989 for 15 division; and 747 for 20division. ‘For inverse Cu, subjects with the highest serum Cu
concentrations were assigned as the bottom quintile group (Q1), while those with lowest serum Cu concentrations were i the top quintile group (QS). Model 1: univariate model. Model 2
adjusted for age, BMI, parity, gestational week at delivery, parity, delivery mode, immediate postpartum hemorrhage, and intrapartum injury.





OPS/images/fnut-10-1086082-t002.jpg
Coefficients Iron (Fe) Copper Zinc (Zn) m Lead (Pb) Manganese

(Cu) (Mn)
Iron (Fe) - - - - - - .
Magnesium (Mg) —0.0430%% = - - - _ _
Copper (Cu) —0.0350%% 0134 - - B - _
Zinc (Zn) —0.039%** Di2ayees —0.130%%% - - - -
Calcium (Ca) 0.027%* 0.124%** 0.156™** =0.165%%* - - -
Lead (Pb) 0.002 0.010 0.030%%* =0.103*** 0.078%%% - -
Manganese (Mn) 0.007 —0.047** —0.039** 0.846%** —0.007 =0.137%%* -

##p<0.01; #+5p<0.001





OPS/images/fnut-10-1086082-t003.jpg
Median
(interquartile)

Fe, pmol/L
Model |
Model 2

Mgmmol/L
Model |
Model 2

Cu, pmol/L.
Model |
Model 2

Zn, pmol/L.
Model |
Model 2

Ca, mmol/L
Model 1
Model 2

Pb, pg/L.
Model |
Model 2

Mn, pmol/L
Model 1

Model 2

11.0(9.60,123)

100

100
114 (L11, 1.16)

100

100
15.0(129,166)

100

100
72.1(68.7,74.9)

100

100
133(1.22,142)

100

100
17.0(12.1,20.4)
110(0.97,1.23)
1.11(0.99,1.25)
0.64 (0,57, 0.68)

100

100

Quartile of metal concentrations

Q2
HR 95%CI
15.0 (140, 16.0)
073 (065,081
073 (065,081
1.22(1.20,1.24)
096 (086,107
096 (0.86, 1.08)
19.9(19.0,208)
L3 (0997,127)
L5 (102, 130%
80.9.(79.1,83.0)
105 (0:93,117)
106 (0.94,1.19)
153 (151,1.55)
093 (082,105
095 (084,108
25.9(240,27.8)
L0 (089,128)
102 (090, 1.14)
0.75(073,077)
108 (087,132)

L8 | (088,1.33)

Q3
95%CI
180 (17.2,19.0)
066 (059,073
065 | (0.58,073)%*
129(1.27,1.31)
081 (072,090
083 (074,099
23.4(225,24.2)
LIS (104,133
122 (108,138)%*
90.2(87.6,93.4)
091 (0.81, 1.03)
091 (081, 1.02)
1.60 (1,58, 1.62)
LI (098,125)
115 (1.01,1.29)*
340(320,36.0)
102 (090,1.14)
104 0.92,1.17)
0.81(0.80,0.83)
L3 (092,139

L1 (0.90, 1.36)

Q4
HR 95%CI
21.0(203,220)

058 (052,065
057 (051,0.64)%%
138 (135, 1.42)
0.68  (0.60,0.76)*%
067 | (0.60,0.75)%%*
267 (25.7,27.6)
128 (114, L44)75*
131 (116, 148)%*
1038 (1000, 108.1)
087 (077,098)*
085 (0.75,096)**
1.69 (1,66, 1.72)
108 (097,122)
112 (0.995,126)
430 (406,45.9)
095 (0:84,1.07)
0.98 (0.87,1.10)
0.87 (0.86,0.89)
100 (081,123)

099 (0.80,1.23)

Q5
HR 95%Cl
262(24.7,29.0)
058 (0.52,0.66)%%
057 (050, 0.64)%%
1.63 (1.53, 1.80)
069 (0.62,0.78)%%
067 | (0.60,0.76)%%
307(29.7,32.3)
140 | (124,158)%%
144 (128,163
1237 (117.4,134.1)
085 (075,096
082 (073,093
1.84(1.80,1.90)
105 (0.93,1.18)
106 (0:95,1.20)
570 (52.0,66.0)
100
100
097 (0.94,1.02)
105 (0:85,1.30)

1.04 (0.84,1.28)

Model 1: univariate model. Model 2: adjusted for age, BMI, parity, gestational week at delivery; parity, delivery mode, immediate postpartum hemorrhage, and intrapartum injury. *p<0.05;

“p<0.01; ***p<0.001.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations of serum concentrations of metal nutrients with postpartum anemia among pregnant Chinese women: A large retrospective cohort study



		Introduction



		Material and Methods



		Participants



		Measurement of serum concentrations of metals



		Postpartum anemia and other covariates



		Statistical analysis









		Results



		Discussion



		Strength and limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/fnut-10-1086082-g001.jpg
Potparum snams saparim asma.

PNosass <0001 | P Nanlinesr < 60001

[

[+ D

Fostparum snema

| Posparum e

[Eos—— Nenline =162

BRI T T FT Y e e e e g

Postparum anemia PNiinese = 146

[r—

s

= TRREER AR e g R e e
Posiper snemis
D - 09m
Fuol

St e





OPS/images/fnut-10-1086082-t001.jpg
Age, years
BMI, kg/em?®
Gestational week of delivery, weeks
Parity, times
Postpartum anemia, N (%)
Yes
No
Delivery mode
Natural birth
Caesarean section
Immediate postpartum hemorthage
Yes
No
Intrapartum injury
Yes
No

Measurement time, gestational weeks

Concentrations of metal, median (interquartile)

Tron (Fe), pmol/L.
Magnesium (Mg), mmol/L.
Copper (Cu), pmol/L.

Zine (Zn), pmol/L
Calcium (Ca), mmol/L
Lead (Pb), pg/L

Manganese (Mn), pmol/L*

“The sample size for Mn is: n=4,915.

Total (N

2994480

29)

2624311
3894176

141£055

2,728 (18.4)

12,101 (81.6)

8,167 (55.1)

6,662 (44.9)

220 (1.5)
14,609 (98.5)

148 (1.0)
14,659 (98.9)
1824351

180 (14.1,22.0)
1.28(1.20, 1.41)
23.4(190,27.6)
90.1(79.1, 108)
1.60 (1.50,1.72)
340/(240,45.9)

0.81(0.73,0.89)





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

Associations of serum
concentrations of metal nutrients
with postpartum anemia among
pregnant Chinese women: A large
retrospective cohort study












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







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






