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Abstract 

 

Background: Iron deficiency (ID) is highly prevalent in pregnant women worldwide. While 

iron deficiency anemia (IDA) has been associated with preterm birth (PTB) and low birth 

weight (LBW), there is uncertainty about the possible effects of non-anemic ID on birth 

outcomes. Aim: The objective of this thesis was to investigate whether ID in pregnancy is an 

independent factor in contributing to LBW and PTB. Methods: A systematic search of the 

databases PubMed and Embase identified relevant articles published in the last ten years. 

Studies were considered eligible for inclusion if they addressed ID in pregnant women, using 

serum ferritin (SR) or soluble transferrin receptor (sTfR) as biomarkers, and possible 

associations with LBW or PTB. Studies were excluded if they were carried out in malaria 

endemic areas, included women with HIV or examined the effect of iron supplementation in 

pregnancy. Articles written in other languages than English were excluded. Titles and 

abstracts were screened for eligibility, and the articles considered relevant were read full text. 

Results: Of 694 individual articles identified from the database search, 15 were read full text 

and seven were included in the review. All included articles were observational studies. The 

results were inconsistent. Only one study reported significant correlation between first 

trimester maternal ID and lower birth weight. First trimester ID correlated with a higher risk 

of an LGA infant in another study. A third trimester study found that maternal ID was 

associated with a decreased risk of LWB and PTB. Conclusion: This literature has not found 

strong evidence of an isolated effect of maternal ID on LBW or PTB, but the possibility of 

effects cannot be dismissed based on the current evidence. The observational studies included 

have important differences in populations and study design, making comparisons problematic.  
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Introduction 

There is substantial evidence of an association between maternal anemia during pregnancy 

and adverse neonatal outcomes (1). Maternal anemia is associated with increased risk of 

miscarriage, stillbirth, prematurity, and LBW, in addition to increased risk of morbidity and 

mortality in the mother. Iron deficiency (ID) is the most common cause of anemia, and it has 

been estimated that half of all cases worldwide are due to ID (2). Other possible causes are 

parasitic infections, deficiencies in vitamin A, B12 or folic acid, and genetically inherited 

haemoglobinopathies (3). Worldwide, around 30% of women of reproductive age and around 

40% of pregnant women are anemic (2). LBW is a major contributor to perinatal morbidity 

and mortality, and maternal anemia is one of many known factors that increase the risk of 

LBW. An estimated 15 to 20% of all births worldwide are LBW defined as birth weight 

<2500g (4). To increase the attention to and investments in combating anemia and LBW, the 

World Health Organization (WHO) has included a target of 50% reduction of anemia in 

women of reproductive age and a target of 30% reduction in LBW as two of its six Global 

Nutrition Targets for 2025 (2, 4). 

There are inconclusive findings regarding the importance of the maternal iron status during 

pregnancy in the absence of anemia (1). An estimated 1-2 billion people worldwide are iron 

deficient without anemia (5). Non-anemic ID has gained attention as a possible disease in 

itself, not just a precursor to anemia (6). ID has been associated with fatigue, infant 

development and reduced birth weight in infants born to iron deficient mothers among other 

outcomes, but the research is not conclusive (5, 7). While some studies have associated a low 

serum ferritin (SF) with LBW and PTB, others show insignificant or contrary results. The aim 

of this systematic literature is to investigate whether ID in pregnancy is an independent factor 

in contributing to LBW and PTB.  
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Theory 

Iron deficiency can lead to depleted iron stores, and severe ID can lead to iron deficiency 

anemia (IDA). Iron is not only needed for hemoglobin (Hb) production and oxygen transport 

but is also essential for enzymes involved in cellular energy metabolism. During pregnancy, 

the iron requirements increase due to the iron needs of the growing fetus, which poses 

pregnant women at a risk for developing ID and IDA (8). The fetus needs iron for organ 

development, and is dependent on maternal iron crossing through the placenta (9, 10). Iron is 

particularly important for fetal brain development and production of red blood cells and 

muscle cells (10). There is evidence of a negative effect on neurological outcomes in children 

with ID, and babies born to mothers with ID or IDA are at risk of developing iron deficiency 

3-4 months after birth (10).  

The Norwegian guidelines for maternal health were revised in 2018 to include a 

recommendation of measuring the SF in addition to hemoglobin (Hb) in women in their first 

trimester of pregnancy, and a recommendation of iron supplementation to all pregnant women 

with a SF <70 µg/L starting in pregnancy week 18-20 (11). The previous guidelines from 

2005 recommended measuring hemoglobin (Hb) in the first trimester and in week 28 to 

determine whether there was a need for iron supplementation. The guidelines from 2005 have 

been criticized due to concerns that measuring the hemoglobin concentration does not identify 

pregnant women with ID, or those at risk of developing ID (12).  

Considering the recent changes in guidelines for maternal health in Norway, it is of interest to 

investigate whether non-anemic ID (defined as a low SF concentration or a high soluble 

transferrin receptor concentration (sTfR)) is an independent risk factor for negative perinatal 

outcomes. The perinatal period is defined by WHO as the period between 22 completed 

weeks of gestation and 7 days after birth (13). The main adverse perinatal outcomes 

associated with anemia are LBW, PTB, perinatal mortality and maternal mortality (14). Some 

previous studies have pointed in the direction of an association between isolated ID and the 

outcomes LBW and PTB, but the results are not unequivocal (1).  

Birth weight is defined as the birth weight weighed within few hours after birth. Several 

definitions of LBW exist. WHOs definition of a LBW is that of less than 2500 g regardless of 

gestational age (13). This definition includes LBW as a result of PTB, intrauterine growth 
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restriction (IUGR) or both. IUGR is usually defined as an estimated fetal weight <10th 

percentile and refers to the fetus that does not achieve its expected in utero growth potential. 

Small for gestational age (SGA) infant is usually defined as a birth weight that is less than the 

10th percentile for gestational age. The term does not differentiate between a constitutionally 

small infant (due to factors as maternal height, weight and ethnicity) and an IUGR infant that 

does not reach its own growth potential (15).  

There are many risk factors associated with LBW. Of most importance are socio-economic 

factors, medical risks before or during pregnancy and an unfavorable maternal lifestyle (16). 

Neonates born with a LBW have a higher risk of neonatal mortality and morbidity compared 

with neonates with normal birthweight. LBW is also associated with several long-term health 

consequences including neurologic disability, impaired language development, and increased 

risk of several chronic diseases in adulthood (17).  

PTB is defined by WHO as birth of neonates before completed 37 weeks of gestation (13). 

Based on gestational age, PTB can be subclassified into three categories: extremely preterm 

(<28 weeks), very preterm (28 - <32 weeks) and moderate preterm (32 - <37 weeks) (18). 

Risk factors associated with PTB include infection, stress, low maternal nutritional status, 

uteroplacental ischemia or hemorrhage and uterine overdistention, but the casual pathway is 

often not possible to establish (19).  PTB is associated with increased infant mortality and 

neonatal morbidity, and various health problems in childhood such as cerebral palsy, motor 

delay, visual and hearing impairment, lower IQs, and behavior problems (19). PTB has also 

been shown to increase the risk of non-communicable diseases such as asthma, high blood 

pressure and cardiovascular disease (18). Around 11% of births worldwide are PTBs, with 

rates ranging from around 9% in high-income countries to around 12% in low-income 

countries (18).  

Hemoglobin concentration (Hb) is a widely used biomarker for anemia (8). The WHO 

definition of anemia is an Hb<11g/dl (13). IDA is anemia caused by depleted iron stores. The 

WHO definition of depleted iron stores for women is SF<15µg/l (13). The gold standard for 

determining iron stores is bone marrow examination, where lack of stainable iron is 

diagnostic for depleted iron stores (20). Since this is an invasive and resource-demanding 

procedure, the use of serum biomarkers to identify ID is more common. The most used 
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biomarker for ID is a low SF. Iron is stored in the body in the form of the molecule ferritin 

which is released to the plasma in small amounts. Since the concentration of SF is positively 

correlated with the total amount of stored iron in the body, SF can be used to assess the size 

of the body iron stores (21).  

There are some factors that may complicate the interpretation of the SF and hemoglobin level 

in pregnant women. While a low SF concentration is pathognomonic for ID, the SF can be 

elevated in a state of inflammation or infection.(21) The physiological hemodilution due to 

plasma volume expansion normally occurring during pregnancy leads to a reduction in SF and 

Hb (7, 22). The plasma volume increases by ∼50% while erythrocyte mass only increases by 

∼25%, thereby causing hemodilution(23). An inadequate plasma volume expansion in 

pregnancy can complicate the interpretation of SF and Hb (1). Conditions that are shown to 

impact the plasma volume expansion in humans or animals include preeclampsia, chronic 

hypertension, idiopathic fetal growth restriction, ID, food restriction and low protein intake 

(22). Interpersonal variation in the degree of hemodilution further complicates the 

interpretation of biochemical data in pregnant women (23).  

When iron is transported in the circulation, it is mainly bound to the molecule transferrin. 

Serum transferrin (ST) and transferrin saturation (TS) are widely used in the diagnosis of ID, 

but there is lack of evidence of their usefulness (20). Total iron binding capacity (TIBC) is a 

biomarker which is closely related to serum transferrin. It represents the capacity of protein in 

plasma to bind iron, and transferrin is the most important iron-binding protein in plasma (20). 

Another less used biomarker for ID is a high serum concentration of soluble transferrin 

receptor (sTfR), a biomarker that might be better than SF for assessing ID in pregnancy (24). 

Transferrin receptor is used by cells, particularly erythroid precursors in the bone marrow, to 

obtain iron from the circulation by binding transferrin, and the expression of TfR is 

upregulated when the cells needs more iron. A soluble version of TfR (sTfR) circulates in the 

serum and reflects the total amount of TfR in the body, which raises when iron stores are 

depleted and iron-deficient erythropoiesis occurs (25). SF is a good biomarker of indicating 

depleted iron stores, but does not indicate how severe the depletion is as it progresses (21). 

This is where the sTfR can be useful as a measure of the deficit in functional iron beyond the 

initial iron store depletion, especially in the case of pregnant women that often have SF 
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concentrations in the lower range (24). The concentration of sTfR is not affected by 

inflammation as is SF, but there are other conditions than ID that can cause an increased 

sTfR, for example thalassemia and pernicious anemia (25). A new method of measuring the 

body iron quantitatively uses transferrin receptor/serum ferritin (R/F ratio) and an equation to 

calculate total body iron (TBI) (20, 26). 

Investigating the recent literature regarding whether ID in pregnancy is associated with PTB 

and LBW using the biomarkers SF and sTfR may lead to a better understanding of the clinical 

importance of isolated ID during pregnancy. The aim of this study was to perform a 

systematic literature review to assess current knowledge on maternal ID and impact on 

perinatal outcomes. 
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Methods 

We performed a systematic literature review searching the databases PubMed and Embase to 

identify relevant articles concerning ID in pregnancy and perinatal outcome. The search 

strings were developed in collaboration with the librarian service at the University of Oslo. 

Since many of the studies concerning ID in pregnancy have anemia in pregnancy as their 

focus, we included “anemia” in the search string. In addition, we added “supplement” to make 

sure that the search included articles concerning ID and iron supplementation in pregnancy in 

case there were not enough articles specifically on ID in pregnancy and potential correlations 

with perinatal outcome. The main outcomes of interest were LBW and PTB. We also included 

SGA, IUGR and fetal growth retardation in the search strings since they are related terms. 

LGA was added to include articles with LGA as an outcome since we noticed that some 

articles described a correlation between ID and LGA. SGA is defined as a birth weight less 

than the 10th percentile and LGA as birth weight above the 90th percentile, unless otherwise 

stated throughout this thesis. 

The search string used in Pubmed:  

 ("Anemia, Iron-Deficiency"[Mesh] OR (iron[ti] AND (anemi*[tiab] OR anaemi*[tiab] OR 

deficien*[tiab] OR supplement*[tiab]))) AND ("Pregnant Women"[Mesh] OR 

"Pregnancy"[Mesh] OR maternal[tiab] OR pregnant[tiab] OR pregnancy[tiab] OR 

prenatal[tiab]) AND ("Pregnancy Outcome"[Mesh] OR "Birth Weight"[Mesh] OR "Infant, 

Low Birth Weight"[Mesh] OR "Premature Birth"[Mesh] OR "Infant, Premature"[Mesh] OR 

preterm[tiab] OR prematur*[tiab] OR birthweight*[tiab] OR lbw[tiab] OR sga[tiab] OR 

lga[tiab] OR "small for gestational age"[tiab] OR "large for gestational age"[tiab] OR "Fetal 

Growth Retardation"[Mesh] OR IUGR[tiab]) Filters: 10 years. 

The search string used in Embase: 

1. exp iron deficiency anemia/ 

2. exp iron deficiency/ 

3. exp iron therapy/ 

4. 1 or 2 or 3 

5. exp pregnant woman/ 

6. maternal.ab,ti. 

7. pregnan*.ab,ti. 

8. prenatal.ab,ti. 
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9. 5 or 6 or 7 or 8 

10. exp pregnancy outcome/ 

11. exp birth weight/ 

12. exp prematurity/ 

13. small for date infant/ 

14. exp large for gestational age/ 

15. exp intrauterine growth retardation/ 

16. IUGR.ab,ti. 

17. 10 or 11 or 12 or 13 or 14 or 15 or 16 

18. 4 and 9 and 17 

19. limit 18 to last 10 years 
 

Studies were considered eligible for inclusion if they addressed ID in pregnant women, using 

serum ferritin (SR) or soluble transferrin receptor (sTfR) as biomarkers, and possible 

associations with LBW or PTB. Articles written in other languages than English were 

excluded. Studies carried out in malaria endemic areas were excluded, as well as studies 

including women with HIV. Studies examining the effects of iron supplementation in 

pregnancy were excluded. Studies with missing full text articles were not included. 

After removing duplicates, all titles and abstracts were screened for relevant studies by me. 

Articles were excluded based on title when it was clear that the study examined a not relevant 

topic. Otherwise, the abstract was read. I then read the full text version of the relevant articles 

with available full text and the articles that did not fit with the inclusion criteria were 

excluded. In cases of doubt, the articles were discussed with the supervisors before inclusion 

or exclusion. 

  



 

13 

 

Results 

The initial database search resulted in 694 individual articles. After screening the titles and 

abstracts, 18 articles seemed relevant and were chosen to read full text. Of those, 15 full text 

articles were found and read. Seven articles were finally included based on the inclusion 

criteria. Figure 1 shows a flowchart of the work process from the database search to the 

included articles. Table 1 gives a detailed overview of the study designs and relevant results. 

 

Figure 1 Flow chart; The work process from the database search to the included articles 
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1.1 Summary of each article included in the review: 

Before discussing the overall results, a summary of each of the seven studies is presented. 

Article 1: Khambalia et al. describe a population of 4420 pregnant women who had their data 

from a Down syndrome screening program analyzed by Pathology North in New Wales, 

Australia (27). The aim of the study was to describe the prevalence and determinants of first 

trimester ID using SF, sTfR and TBI, and associations with pregnancy and birth outcome. A 

total number of 122 women were excluded from the study based on twin pregnancy, medical 

abortion, infant with a major congenital anomaly or an undetectable ferritin and sTfR 

concentration. The article does not specify whether the participants took iron supplements 

during pregnancy. Data on hemoglobin levels were not included in the study. The analysis 

was adjusted for maternal age, gestational age at blood test, body weight, parity, smoking 

during pregnancy, private versus public health care, low socioeconomic status, and CRP 

levels. The prevalence of first trimester ID was 19.6% defined by SF. When women with 

inflammation were excluded, the prevalence of ID by SF decreased to 18.8%. An association 

was found between ID in the first trimester defined by SF and TBI with LGA in univariate 

analysis, but only ID measured by TBI was associated with LGA in multivariate analysis 

(AOR 1.38; 95% CI 1.03, 1.85). Other variables that remained associated with LGA in the 

model for ID defined by TBI and LGA were increased maternal weight (AOR 2.75: 95% CI 

2.17, 3.48), multiparity (AOR 1.95; 95% CI 1.53, 2.48) and smoking during pregnancy (AOR 

0.36; 95% CI 0.18, 0.72). No association between maternal ID and PTB or SGA infants was 

found.  

Article 2: A study by Alwan et al. included 362 pregnant women who gave birth ≥ 34 

gestational weeks at the Leeds Teaching Hospitals Trust Maternity in Leeds, UK (28). The 

purpose was to examine the relationship between first trimester iron status, as assessed by 

serum ferritin, transferrin receptor and their ratio, with size at birth and PTB. Number of 

women excluded and exclusion criteria applied are not described. Only 121 women (34%) 

took iron supplements during pregnancy. The prevalence of first trimester depleted iron stores 

was 23%. The variables included in the multivariable analysis were maternal age, smoking, 

gestational diabetes, pre-eclampsia, and area deprivation score. Maternal iron depletion was 

found to be associated with a higher risk of having an SGA baby (AOR 2.2, 9.5% CI 1.1, 41; 

p=0.02). Adjustment for iron supplements did not affect the association, but the addition of 
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Hb to the model made the association insignificant. The relationship between maternal ID and 

a higher risk of an SGA infant was interpreted by the authors to be mediated by Hb. Maternal 

sTfR was marginally associated with higher risk of SGA (AOR 1.1 for every nmol/l increase 

in sTfR (95% CI 1.0, 1.1 p=0.04). No association between SGA and maternal sTfR:SF ratio 

was found. No association between maternal iron status measured by SF, sTfR or log sTfR:SF 

ratio with preterm or gestational age was found.  

Article 3: Bencaiova and Breymann investigated the relation between hemoglobin and iron 

status examined in second trimester with pregnancy outcome in a population of 382 iron 

supplemented, pregnant women recruited from the University Hospital of Zurich, Switzerland 

(29). Excluded women are not described. The women were divided into four groups based on 

their hemoglobin and ferritin status; women with IDA (group 1), depleted iron stores without 

anemia (group 2), anemia for other reasons (group 3) and women with normal status (group 

4). Only univariate logistic regression analysis was performed. Groups 1, 2 and 3 were 

analyzed versus women with normal status (group 4). No significant association was found 

between second trimester iron deficiency or mild anemia and birth weight, IUGR or PTB. 

32.2% of the women had depleted iron stores without anemia, however CRP was not 

measured. A difference in hemoglobin before delivery was found between women with 

depleted iron stores and normal women (p=0.005).  

Article 4: Finkelstein et al. describe a population of 366 pregnant women who were enrolled 

in an RCT of vitamin B12 supplementation in Bangalore, India (30). The aim of the study was 

to examine the prevalence of anemia, ID, and inflammation during pregnancy and their 

associations with adverse pregnancy and infant outcome. Data on pregnancy outcome was 

available for 258 of the women. Excluded women are not accounted for in the article. The 

prevalence of ID was 48%. All the participants took iron and folic acid supplements starting 

at their first antenatal visit, while half of the participants received B12 supplements and the 

other half received placebo. No significant association between maternal ID and birth weight, 

gestation age or PTB was found. However, maternal serum ferritin concentrations were 

associated with increased infant length at birth (β(SE): 0.44 (0.20) cm, p = 0.03). Maternal 

IDA in the first trimester was associated with lower birth weight, increased risk of LBW, 

lower gestational age at delivery and 3.46 times higher risk of preterm delivery in multivariate 

analyses. Maternal serum ferritin concentrations and ID were associated with maternal 
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hemoglobin concentrations in linear regression analysis. The models were adjusted for 

gestational age, vitamin B12 intervention, maternal BMI, socioeconomic status, educational 

level, and inflammation.   

Article 5: A Chinese study by Yuan et al. included 11,581 pregnant women that delivered in 

Changzhou Maternity and Child Health Care Hospital (31). The purpose of the study was to 

examine the prevalence of ID in the third trimester using SF, ST and their ratio and the 

relationship with birth outcomes. No information about iron supplementation was specified in 

the article, nor how many women were excluded and why. The prevalence of third trimester 

ID was 51.8%. When women with inflammation were excluded from analysis, the prevalence 

of ID increased to 54.3%. ID in the third trimester as defined by SF was found to be 

associated with decreased risk of PTB, LBW or SGA, and increased risk of macrosomia in 

women without inflammation in multivariable analysis. Similar associations were found when 

analyzing the data from women with and without inflammation were combined, and by using 

the definitions ST and ST/SF for ID. LGA was in addition found to be associated with ID 

measured by SF in the analysis of the data from all of the participants. ID was only found to 

be associated with LGA in women without inflammation when measured by ST and ST/SF 

ratio. The odds ratios for PTB, LBW, SGA and macrosomia were adjusted for maternal age, 

BMI, gravidity, parity, inflammation, and hemoglobin. The analyses of PTB were also 

adjusted for several maternal complications as well as blood pressure and infant sex. 

However, hemoglobin was not included in these analyses. 

Article 6: A study by Srour et al. that aimed to investigate the prevalence of anemia and ID 

among pregnant women and their association with pregnancy outcome in Palestine, included 

300 pregnant women who had a first trimester appointment at one of eleven maternal centers 

included in study (32). Only 163 infants had their birth weight included in the study and 122 

had their gestational age included. The article does not give any information about excluded 

women. They found a correlation between first trimester ID and frequency of LBW (p=0.001) 

and frequency of PTB (p=0.003) in univariate analyses (32). The prevalence of ID in the 

study was 52%. Iron supplementation was an exclusion criterion at the enrolment of the 

study, but the article does not specify whether the anemic and iron deficient participants were 

treated with iron during the study. A difference was observed between maternal Hb and birth 

weight (p=0.0009) and gestational age (p=0.0012) when the women were divided in three 
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different Hb tertile groups. Serum ferritin was correlated with Hb (p=0.001). A correlation 

between maternal BMI and ID was observed (p=0.017). No significant correlation was 

observed between BMI and birth weight (pearson’s correlation coefficient 0.061) or 

gestational age (pearson’s correlation coefficient -0.016). Multivariable analysis was not 

performed.  

Article 7: A total of 205 iron supplemented pregnant women who had their first antenatal visit 

at the University Hospital Sant Joan de Reus in Catalunya, Spain were included in the study 

by Ribot et al. (33). The aim was to assess the relationship of first trimester iron stores with 

birthweight in non-anemic pregnant women. The number of excluded women was 95. A 

multivariable analysis adjusting for first trimester ID, maternal age, BMI at first visit, parity, 

gestational age, gender, tobacco habit, socioeconomic status of the family and mean iron 

supplementation during the pregnancy was used to assess associations between ID and birth 

weight. An interesting result was that women with ID in the first trimester had infants with a 

birth weight of ~148g less than the infants from women that did not have ID in the first 

trimester. The difference in birthweight increased to ~192g when the model was adjusted for 

initial Hb and TS<16%. The prevalence of ID in the study was 20.0%. TS was correlated with 

SF (p<0.001) but Hb was not correlated with the SF (p=0.440) in univariate analysis. Anemic 

women were however excluded from the study, which might explain the lack of correlation. 

Initial BMI and gestation length were positively correlated to birth weight (-30.0g and 

+139.8g respectively, and smoking habit was negatively correlated with birth weight (-

177.3g). Gestation length was not significantly correlated with depleted iron stores in 

univariate analysis (p=0.412).   

 

1.2 Summary of results regarding birth weight: 

The results regarding birth weight were not coherent. Of the seven articles included in the 

literature review, five articles found an association between maternal ID and birth weight. 

Alwan et al. found that maternal ID in the first trimester was associated with a higher risk of 

having a SGA newborn (28). However, the association seemed to be mediated through low 

hemoglobin. Ribot et al. found that women with ID in the first trimester had newborns with 

lower birth weight than women without ID, even after adjusting for Hb levels. Srour et al. 
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found an association between maternal ID in the first trimester and a higher frequency of 

LBW, but multivariate analysis was not performed (32). Yuan et al. found that third trimester 

ID gave a decreased risk of having a SGA or LBW newborn (31). 

Khambalia et al. and Yuan et al. found an association between maternal ID and a higher risk 

of having a LGA newborn, with blood samples analyzed  during the first trimester and third 

trimester respectively (27, 31). Interestingly, the association was no longer significant after 

adjusting for maternal inflammation in the work by Yuan et al. However, Yuan et al. also 

found an association between maternal ID and a higher risk of having a macrosomic newborn 

which was still present after adjusting for maternal inflammation. In sum, there was no 

evidence to support the idea that ID during pregnancy poses an isolated increased risk of 

LBW. Scarce evidence suggests that maternal ID measured in the third trimester is associated 

with lower birth weight, and that maternal ID measured in the third trimester may contribute 

to increased birth weight. 

1.3 Summary of results regarding preterm birth (PTB): 

Two studies report associations between maternal ID and PTB but the results point in 

opposite directions: Srour et al. found a higher frequency of PTB in the group of women with 

ID in the first trimester than the group with normal iron status, but only univariate analysis 

was performed (32). Yuan et al. found that maternal ID in the third trimester gave a decreased 

risk of PTB (31). Bencaiova and Breymann, and Finkelstein et al. found no association 

between maternal ID and birth weight, SGA, IUGR, length of gestation or PTB (29, 30). 

Finkelstein et al. did however find that increasing maternal SF correlated with increasing birth 

length when adjusted for confounders including inflammation, and that IDA was associated 

with higher risk of LBW and PTB. In sum, there was no substantial evidence to support the 

idea that ID during pregnancy poses an isolated increased risk. 
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Discussion 

In this thesis I have carried out a systematic literature search in the databases PubMed and 

Embase with the aim of investigating whether ID in pregnancy is an independent risk factor in 

contributing to LBW and/or PTB. The strength of the study is the use of a systematic search 

strategy. One limitation is that only literature from the last 10 years has been included. It is 

possible that there was more focus on ID in pregnancy prior to 2009. Another limitation is 

that only one person screened the search result and read, reviewed, and included articles. 

Ideally, it should have been done by two persons independently.  

We initially intended to perform quantitative assessments of the possible impacts of ID on 

birth weight and PTB, but due to large heterogeneity in the studies included this was not 

possible to do.  

Only one of the seven studies, the study in Article 7, found that maternal ID in the first 

trimester was associated with a lower birth weight when adjusted for confounding factors 

including Hb and iron supplementation. Interestingly, two of the studies found opposite 

results: Article 1 found that maternal ID defined by TBI in the first trimester was associated 

with a higher risk of having a LGA newborn and Article 5 found that third trimester maternal 

ID defined by SF gave a higher risk of having a macrosomic newborn after adjusting for 

confounding factors including inflammation. However, Article 1 did not include data on Hb 

in their study and neither of the studies that found correlations with LGA or macrosomia 

included data on iron supplementation.   

Only Article 5 found an association between maternal ID and PTB after adjustment for 

confounding factors. They found that third trimester maternal ID gave a decreased risk of 

PTB. Article 6 found that first trimester maternal ID correlated with LBW and PTB, but the 

analyses were not adjusted for confounding factors.   

There is not much literature during the last ten years that focuses on maternal ID without 

anemia and associations with birth outcomes. The focus in articles regarding iron in 

pregnancy is mostly on anemia or iron supplementation. Some studies find that low SF levels 

do not predict pregnancy outcome, however the blood samples were not taken in the first 

trimester (34, 35). A study by Lao et al. published in 2000 found that ferritin concentrations in 
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the third trimester were inversely correlated with infant gestational age and birth weight in a 

population described as non-anemic, but they did not include data on inflammation and the 

definition of anemia was Hb<10g/l (36). It is difficult to separate the effects of low SF from 

low Hb in the existing literature as results are often not focused on an isolated effect of ID.  

All of the seven studies included in this thesis are observational studies, which make them 

vulnerable to known and unknown confounders. Not all of the studies include data on Hb, 

iron supplementation or inflammation, and the ones that are univariate have not adjusted for 

important factors such as gestational age and maternal BMI. Furthermore, the blood samples 

have been taken in different trimesters, making comparison of results difficult. Sample sizes 

vary from around 300 to over 11 000 participants. A too small sample may lack statistical 

power, while a large sample may magnify biases (37). The studies’ inclusion and exclusion 

criteria are comparable, however only one study have excluded anemic women. The studies 

are carried out in seven different countries and represent populations of different ethnicities 

and living standards, which can complicate comparison of results. The prevalence of ID in the 

populations vary from 20% to 59% measured by SF, but the studies used different cut-off 

values for ID including 12, 15 and 20µg/l.  

Important confounders were considered to a different degree in the studies reviewed. Article 1 

lacked data on Hb. An increasing Hb has been shown to be correlated with higher birth 

weight (3), so a possible correlation between maternal ID and a higher risk of LGA infant 

cannot be given much importance when Hb has not been included in the analysis. In addition, 

they found that increased maternal weight correlated with a higher risk of an LGA infant. 

Maternal obesity is associated with higher birth weight (16). It is also associated with 

increased risk of ID, possibly due to increased plasma volume, consumption of nutrient-poor 

food and chronic inflammation due to adiposity (38). The authors mention obesity as a 

possible contributor to the higher risk of an LGA infant in ID women in their study. They did 

not find that CRP measured in the first trimester was correlated with an LGA infant, but it is 

possible that inflammation occurred at a later stage in pregnancy.  

The two studies that found a correlation between maternal ID with LGA or macrosomia 

lacked data on iron supplementation (27, 31). Article 5 also found that third trimester ID gave 

a decreased risk of LBW and PTB. Iron supplementation has been found to give a significant 
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reduction in maternal ID, IDA and risk of LBW in one systematic review (3), while another 

did not find a significant reduction (39). However, neither of the mentioned reviews found a 

reduction in risk of PTB by iron supplementation. Both mention substantial heterogeneity of 

results, which might be due to different study designs and populations. The possibility that 

iron supplementation has affected the results in ID women in the direction of a higher birth 

weight cannot be dismissed, but iron supplementation cannot explain the protective effect of 

third trimester ID on the risk of PTB based on the current evidence of the effects of iron 

supplementation.  

Other important confounding factors that are associated with birth weight is the gestational 

age and smoking in pregnancy. The only study that found a correlation between ID and birth 

weight in non-anemic women when correlated for the all the above-mentioned confounders 

was the study in Article 7. However, the authors mention several known risk factors for lower 

birth weight that were not included in the analysis and might have affected the results, such as 

stress, strenuous work or genetics of the mother (33). 

The results of the studies included are inconsistent, and the majority of studies did not 

consider important confounding factors. The articles included had observational designs and 

therefore require caution when interpreting the results. When important confounding factors 

were adjusted for, only one article found an association of first trimester maternal ID and a 

lower birth weight, and another found that third trimester maternal ID was associated with a 

lower risk of PTB and LBW. The two studies suggest a difference in effect according to 

which trimester the ID occurred. Hb has been found to show a stronger association with 

adverse birth outcomes when measured in the first trimester than in the second and third 

trimester (1). Perhaps maternal ID affects birth weight differently based on which trimester 

the ID occurs. To get more clarity around the effects of maternal ID in pregnancy, future 

studies should be prospective, include data on iron status from all three trimesters and 

consider important confounding factors for LBW and PTB.  
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Conclusion 
 

Based on the results from this systematic literature search we cannot conclude whether ID 

during pregnancy poses an independent risk factor for LBW or PTB. However, two of the 

studies indicate that maternal ID is independently associated with birth weight, with first 

trimester ID causing a decrease in birth weight and third trimester ID causing an increase. 

Considering that ID is a common deficiency among pregnant women, an isolated effect of 

maternal ID on birth weight can have implications for maternal health guidelines. Well-

designed prospective studies are needed clarify this. 
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Table 1: Summary of study designs and results 

Articles Country Design Selection/exclusion Definitions Sample Iron 

supplements 

Results 

Article 1: 

 

Khambalia et 

al. (2015) 

 

Australia Type of study: 

Retrospective 

observational study. 

Exposure assessed 

prospectively.  

 

Time period: January to 

October 2017 

 

Aim: Describe the 

prevalence and 

determinants of first 

trimester ID and 

associations with 

pregnancy and birth 

outcomes 

Selection: 

Random sample of pregnant 

women who attended first 

trimester Down syndrome 

screening in New South 

Wales, Australia  

 

Exclusion: 

Twin pregnancies, medical 

abortion, major congenital 

anomalies or an 

undetectable ferritin and 

sTfR concentration.  

ID:  

SF<12µg/l 

TfR≥21.0nmol/l 

TBI<0mg/kg 

 

Iron replete:  

SF>70µg/l 

 

Inflammation: 

CRP>0.5mg/dl 

 

 

All women: 

N=4420 

 

Serum ferritin: 

N=3795 

 

Transferrin 

receptor: 

N= 4406 

 

Total body iron: 

N=3781 

 

Women with 

CRP≤0.5mg/dl 

N=1390 

 

Serum ferritin: 

N=1293 

 

Transferrin 

receptor: 

N=1385 

 

Total body iron: 

N=1288 

 

 

 

No data  All women 

ID by SF: 742/3795 (19.6%)  

ID by SF+SGA: 46/742 (6.6%) 

ID by SF+LGA 90/742 (13.0%).  

 

ID by sTfR: 676/4406 (15.3%) 

ID by sTfR+SGA 53/676 

(8.3%) ID by sTfR+LGA 

74/676 (11.5%) 

 

ID by TBI: 594/3781 (15.7%)  

ID by TBI+SGA: 35/594 (6.3%)  

ID by TBI+LGA: 79/594 

(14.1%) 

 

Women with CRP<0.5mg/dl: 

ID by SF: 18.8% 

ID by sTfR: 10.9% 

ID by TBI: 12.7% 

 

ID by TBI was associated with 

LGA in multivariate analysis. 

(AOR 1.38; 95% CI 1.03, 1.85) 

 

No association between 

maternal ID and preterm birth or 

SGA infants. 
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Article 2: 

 

Alwan et al. 

(2015) 

 

 

Leeds, 

UK 

Type of study: 

Retrospective 

observational study. 

Exposure assessed 

prospectively. 

 

Time period: February 

2012 to January 2013 

 

Aim: Examine the 

association between 

maternal Fe status during 

the first trimester of 

pregnancy, as assessed 

by serum ferritin, 

transferrin receptor and 

their ratio, with size at 

birth and preterm birth. 

Inclusion: 

Women ≥ 18 years who 

gave birth to live offspring 

at the Leeds teaching 

Hospitals Trust maternity 

unit ≥34 weeks  

 

Exclusion: 

Stillbirth or neonatal death, 

serious maternal illness and 

babies with concurrent 

CVD  

ID: 

SF<15µg/l 

 

sTfR:sF ratio: 

(µg/l:µg/l) 

 

 

 

All women: 

N=362 

 

Women with SF 

data: 

N=348 

 

Infants with 

customized 

weight centiles: 

N=358 

 

Included in the 

multivariable 

analysis: 

N=341 

 

 

Extracted 

from the 

mother and 

the baby’s 

clinical 

records. 

Dep Fe: 79/348 (23%) 

Dep Fe+SGA: 25% 

No Dep Fe+SGA: 14% 

 

Total SGA: 64/358 (18%) 

Total LGA: 20/358 (6%) 

Total LBW: 40/362  

Total PTB: 33/362 

 

Maternal ID in the first trimester 

associated with higher risk of 

SGA (AOR 2.2, 9.5% CI 1.1, 

41; p=0.02) in a multivariable 

analysis 

 

The association was not altered 

by maternal iron supplement in 

a sensitivity analysis (AOR 2.3, 

95% CI, 4.5; p=0.02) 

 

When early pregnancy Hb was 

included in the model, the 

association between maternal 

iron depletion and a higher risk 
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of a SGA baby was no longer 

significant (AOR 1.6, 95% CI 

0.8, 3.2; p=0.2).  

 

Maternal sTfR was associated in 

the multivariable model with 

higher risk of SGA (AOR 1.1 

(95% CI 1.0, 1.1 p=0.04) 

 

 

No association between 

maternal ID measured by SF, 

sTfR or log sTfR:SF ratio with 

preterm or gestational age. 

 

Article 3: 

 

Bencaiova, 

Breymann 

(2014) 

 

 

Switzerla

nd 

Type of study: 

Prospective observational 

study. 

 

Time period:  

No information 

 

Aim: To investigate the 

relation between 

hemoglobin and iron 

status examined in 

second trimester and 

pregnancy outcome. 

Inclusion: Singleton 

pregnancies 16-20 weeks 

 

Exclusion: Chronic renal 

disease and malignancies 

and having a blood 

transfusion at least 3 

months before enrolment  

Depleted iron 

stores: SF<20µg/l 
  
Anemia: 

Hb<11.0g/dL 

 

IDA: Hb < 11.0 

g/dL and SF 

≤15µg/l 

 

Depleted iron 

stores without 

anemia:  

Hb>11.0g/dL and 

SF<20µg/l 

 

Macrosomia:  
birth weight above 

the sex-specific 

95th percentile of 

N=382 

 

Group 1 

Women with 

iron deficiency 

anemia  

(Hb<11.0g/dL 

and SF≤15µg) 
 
N=25/382 

 

Group 2 

Women with 

depleted iron 

stores without 

anemia:  

(Hb>11.0g/dL 

and SF<20µg/l) 
 

N=123/382 
 

Women with 

hemoglobin 

(Hb) 

between 

10.0 and 

11.0 g/dL 

received oral 

iron 

supplementa

tion.  

 

Women with 

hemoglobin 

<10.0 g/dL 

received 

intravenous 

iron  

Group 1 

LBW: 2/25 (8.0%) 

IUGR: 0/25 (0.0%) 

Macrosomia: 4/25 (16.0%) 

Preterm delivery: 2/25 (8.0%)  

 

Group 2 

LBW: 7/123(5.7%) 

IUGR: 7/123(5.7%) 

Macrosomia: 14/123(11.4%) 

Preterm delivery: 7/123(5.7%) 

 

Group 3 

LBW: 3/45 (6.7%) 

IUGR: 3/45 (6.7%) 

Macrosomia: 0/45 (0.0%) 

Preterm delivery: 2/45 (4.4%) 

 

Group 4 

LBW: 19/189 (10.1%) 

IUGR: 12/189 (6.3%) 
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weights for 

gestational age 

  

Group 3 
Women with 

anemia for 

other reasons 

(Hb<11.0 g/dL 

and SF>15µg/l) 
 

N=45/382 

 

Group 4 
Women with 

normal status 

(control group) 

 

N=189/382 

Macrosomia: 15/189 (7.9%) 

Preterm delivery:18/189(9.5%) 

 

All women: 

LBW: 31/382 (8.1%) 

IUGR: 22/382 (5.8%) 

Macrosomia: 33/382 (8.6%) 

Preterm delivery:29/382 (7.6%) 

 

 

No significant association 

between second trimester iron 

deficiency or mild anemia and 

birth weight, IUGR or preterm 

birth 

 

Article 4: 

 

Finkelstein et 

al. (2019) 

 

 

Bangalor

e, India 

Type of study: 

Prospective observational 

study Time period:  

No information 

 

Aim:  

Determine the prevalence 

of anemia, ID, IDA, and 

inflammation in pregnant 

women; and examine the 

associations between 

maternal biomarkers of 

iron status with the risks 

of adverse pregnancy and 

infant outcomes. 

 

  

Inclusion: Healthy pregnant 

women ≥18 years, ≤14 

weeks of gestation with 

singletons, enrolled in a 

RCT study of vitamin B12 

supplementation. 

 

Exclusion:  HIV infection, 

hepatitis B, or syphilis. 

Serious preexisting medical 

condition, previous 

caesarean delivery, daily 

vitamin supplements other 

than iron and folic acid.   

ID: SF<15µg/l 
 

Iron insufficiency: 

SF<30µg/l 

 

Anemia: 
Hb < 11.0 g/dl 

during the first 

trimester, 

Hb < 10.5 g/dl 

during the second 

trimester, 

Hb < 11.0 g/dl 

during the third 

trimester 

 

Inflammation: 

CRP>5.0mg/l, or 

AGP>1.0g/l 

 

Total sample: 

N=366 

 

Maternal 

biomarkers 

available for all 

women in early 

in pregnancy: 

N=360 

 

Data for 

pregnancy 

outcomes: 

N=258 

 

Infant blood 

measures: 

N=73 

All women 

received 

daily iron 

(60mg) and 

folic acid 

(500mg) 

supplementa

tion, 

beginning at 

their first 

prenatal 

visit.  

 

Half of the 

women 

received 

daily 

vitamin B12 

supplementa

tion (50µg) 

ID: 48% 

ID after adjusting for 

inflammation: 59% 

IDA 30% 

 

LBW: 38/258 (15.1%) 

PTB: 33/258 (12.8%) 

PTB+LBW: 15/258 (6.0%) 

SGA: 89/258 (33.9%) 

 

Women with anemia at 

enrolment had infants 

with lower birth weight  

(β(SE): −166.8 (61.1) g; 

p=0.006) 

and 2.15 times higher risk of 

low birth weight (<2500 g; 

RR: 2.15, 95%CI: 1.20–3.84, p 

= 0.01), compared with the 
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Anemia of 

inflammation: 

Hb<11.0 g/dl, 

SF>15.0µg/l, plus 

CRP>5.0mg/l or 

AGP>1.0g/l 

 

and half 

receives 

placebo. 

women who were not anemic, in 

multivariate analyses 

 

Maternal serum ferritin 

concentrations (β(SE): 0.79 

(0.08) μg/L, p < 0.0001) and 

iron deficiency (β(SE):−1.19 

(0.16), p < 0.0001) were 

associated with maternal 

hemoglobin concentrations in 

linear regression analysis. 

 

 

No significant association 

between maternal iron 

deficiency and birth weight, 

gestation age or preterm birth.  

 

Article 5: 
 
Yuan et al. 
(2019) 
 
 

China 

 

Type of study: 

Retrospective 

observational study. 

Exposure assessed 

prospectively.  

 

Time period: participants 

delivered between April 

2016 and march 2017.  

 

Aim: To explore the 
relationship between 
maternal iron status in 
the third trimester and 
adverse birth outcomes 
in chinese pregnant 
women, while taking into 
account systemic 

Inclusion: 

Women > 18 years pregnant 

28–41 weeks  

with singleton pregnancy 

and live birth  

 

Exclusion: 

multiple pregnancy, missing 

integrated and clear medical 

records, preexisting 

illnesses before getting 

pregnant: diabetes mellitus 

(type 1 or 2), chronic 

hypertension, thyroid 

diseases, chronic heart, liver 

and kidney diseases, 

immune rheumatic disease 

or thyroid diseases and 

ID:  

SF<12µg/l or  

ST<4g/L or 

High ratio of 

ST/SF (log 10 

transfom > 5.52) 

 
Macrosomia: 

>4000g  

  

All women: 

N=11,581 

 

Women without 

inflammation: 

N=8591 

No data  Women without inflammation: 

ID by SF: 54.27% 

ID by ST: 56.23% 

ID by ST/SF: 56.29% 

 

All infants: 

LBW: 519 (4.48%) 

Macrosomia: 853 (7.37%) 

SGA: 1024 (8.84%) 

LGA: 1793 (15.48%) 

 

ID by SF in women without 

inflammation: 

Decreased risk of PTB 

(AOR=0.71, 95% CI, 0.57, 

0.88) 

Decreased risk of LBW 

(AOR=0.58, 95% CI 0.40, 0.84) 
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inflammation as 
measured by high 
sensitivity C-reactive 
protein (hsCRP) and 
anemia as measured by 
hemoglobin. 

syphilis prior to pregnancy, 

cigarette smokers and 

alcohol drinkers in 

pregnancy. 

 

 

Decreased risk of SGA 

(AOR=0.71, 95% CI, 0.59, 0.85 

Increased risk of macrosomia 

(AOR=1.29, 95% CI, 1.06, 

1.59) 

 

ID by SF in all women: 

Similar results as for women 

without inflammation, in 

addition to increased risk of 

LGA infant 

(AOR=1.17, 95% CI, 1.03, 

1.33). 

 

 

Article 6: 

 

Srour et al.  

(2018)  

 

 

Palestine Type of study: 

Prospective observational 

study 

Including 11 maternal 

and child healthcare 

(MCHC) centers. 

 

Time period: March to 

October 2015 

 

Aim: To investigate the 

prevalence 

of anemia and iron 

deficiency among 

pregnant women  in their 

first trimester and its 

association with 

pregnancy outcome  

Inclusion criteria: 

Healthy 

 

Exclusion criteria: 

Iron supplementation, 

previous pregnancy 

complications, and 

pregravid chronic diseases. 

 

Anemia: 

Hb < 11.0 g/dl 

 

Severe for Hb < 70 

g/L, 

Moderate for Hb 

70-99 g/L 

Mild for Hb 100-

109 g/L 

 

IDA: Hb < 110 g/L 
and serum ferritin 
< 15 ng/mL 

 

ID: SF<15µg/l 
 

HbT1: Hb<110 

g/L 
 

HbT2: Hb 110-120 

g/L 

Pregnant 

women: 

N=300 

 

Newborns: 

N=163 (birth 

weight) 

 

N=122 

(gestational 

age) 

 

None were 

on iron 

supplements 

 

No 

information 

regarding 

treatment of 

anemic and 

ID women.  

ID: 156/300 (52%) 
Anemia: 77/300 (27,5%) 
 
ID+LBW: 30/156 (18.4%) 
ID+PTB: 14/156 (11.5%) 
 
First trimester ID correlated 

with frequency of low birth 

weight (p=0.001) and preterm 

birth (p=0.003) in univariate 

analysis. Multivariable analysis 

was not performed. 

 

Increasing Hb concentration 

associate with increasing ferritin 

concentration. (p=0.001) 

 

Increasing Hb concentration 

associated with increasing birth 

weight (p=0.009), birth height 

(p=0.022), and head 
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HbT3: Hb>120 

g/L 

 

 

 

circumference of newborns 

(p=0.17) as well as with 

gestational age (p=0.012).  

 

Article 7: 

 

Ribot et al. 

(2012) 

 

 

 

Spain Type of study: 

Prospective observational 

study 

 

Time period: Pregnant 

women recruited in the 

time period 2005-2008 

 

Aim: Investigate IBW 

(infant birth weight) in 

relation to maternal iron 

stores (depleted or non-

depleted), based on SF 

levels early in pregnancy 

in non-anemic pregnant 

women receiving 

antenatal moderate iron 

supplementation.  

Inclusion criteria: 

Caucasian, healthy 

women≥18 years at 8–12 

weeks  

 

 

 

Exclusion criteria: chronic 

illness or a possible 

inflammation with high SF  

(>62µg/l) and low 

transferrin saturation 

(TS<16%), twin or triplet 

pregnancies. 

 

The analysis only included 

women without anemia, 

who were iron 

supplemented starting < 

week 30, and compiled with 

the scheduled visits, had 

blood drawn at each visit 

and gave birth at the study 

hospital. 

 

  

Depleted iron 

stores: SF<12µg/l 
 

Iron deficiency: 

SF<12µg/l and  

TS<16% 
 
Anemia: 

Hb<110g/l in the 

first and third 

trimester 
 
Hb<105g/l in the 

second trimester 
 
IDA:anemia andID 

at the same time 
 

Haemoconcentrati

on: Hb>130g/l in 

the second and 

third trimesters. 

 

Fetal macrosomia: 

<4000g 

 

 

 

 

 

N=205 

 

Non-depleted 

iron stores 

(week 8-12 of 

gestation): 

N=164 

 

Depleted iron 

stores (week 8-

12 of 

gestation): 

N=41 

 

Daily 

antenatal 

iron 

supplements 

(48mg on 

average) 

were started 

on 17 

(range: 16-

18) weeks.  

 

78% daily, 

16% on most 

days, 6% on 

an average 

of 2 

days/week 

 

The 

pregnant 

women took 

different 

iron 

supplements 

containing 

distinct iron 

compounds. 

 

No 

significant 

ID: 41/205 (20.0%)  

 

LBW: 14/205 (6.8%)   

Macrosomia: 5/205 (2.4%)  

 

Maternal ID gave IBW of ~148 

g (95% CI: -296, -0.5) less than 

newborns from mothers without 

ID. 

 

Adjusting for initial Hb and TS 

<16% increased the difference 

to ~192 g (95% CI: -363, -21) 

less than newborns from 

mothers with initially non-

depleted iron 

stores. 

 

No significant association was 

found between maternal ID and 

PTB or gestation length.  
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 difference 

between the 

two groups 

with respect 

to weekly 

frequency of 

iron 

supplements 

or the 

quantity. 
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