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Abstract 

Pregnant women are prone to developing iron deficiency anemia from increased blood volume and iron 
demand, with iron deficiency peaking in the third trimester. Iron deficiency anemia increases risks for low 
birth weight and preterm birth, which are leading causes of infant death in the United States. This project 
investigates the relationship between iron intake during the third trimester and birth weight and 
gestational age. Data for this study was collected from the Breastfeeding and Early Child Health 
(BEACH) study, a longitudinal birth cohort that evaluated the impact of maternal obesity on infant 
outcomes in exclusively breastfed infants. Diet records at third trimester were available in 41 participants. 
Elizabeth Stewart Hands and Associates (ESHA) Food Processor was used to process the diet records and 
iron intakes were based on dietary reference intakes. We used R-statistical programming for statistical 
analysis. The primary predictors were iron intake adequacy risk and mean iron intake, and the primary 
outcomes were birth weight and gestational age. We used linear regression to model the relationship of 
mean iron intake with birth weight. Covariates included pre-pregnancy weight, height, and gestational 
age. We found that infant birth weight is lower among mothers with a 70% risk for inadequate iron intake 
than infant birth weights of mothers with a 50% risk for inadequate iron intake. No difference in 
gestational age was found between the groups. Mean iron intake was positively associated with birth 
weight and not associated with gestational age.  
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Introduction 

Iron deficiency is the most common pathological cause of anemia globally and in pregnancy 

(Chaparro & Suchdev, 2019; Institute for Health Metrics and Evaluation [IHME], 2021; 

Lewkowitz & Tuuli, 2023). Because pregnant women’s blood volume expands and fetuses 

receive nutrients from them, their iron requirements are higher (Institute of Medicine (US) 

Committee on Nutritional Status During Pregnancy and Lactation, 1990). Consequently, 

pregnant women are prone to developing iron deficiency, with increasing prevalence across the 

trimesters (McCarthy et al., 2024; Mei et al., 2011).  The overall prevalence of iron deficiency in 

pregnant women in the U.S. was estimated to be 18% by the National Health and Nutrition 

Examination Survey from 1999 to 2006 (Mei et al., 2011). Although dated, this survey remains 

the most recent comprehensive source for national iron status trends during pregnancy. An 

estimated 5% of pregnant women in the U.S. had iron deficiency anemia (Mei et al., 2011).  Iron 

deficiency anemia has been associated with increased risks for perinatal mortality, low birth 

weight, and preterm birth (Abu-Ouf & Jan, 2015). Preterm birth and low birth weight are leading 

causes of infant death in the United States (Osterman et al., 2024). Women’s iron status during 

their pregnancy can significantly affect their infants’ health outcomes. 

 While prior research has studied the influence of maternal iron intake on fetal growth and 

development, it focuses on iron supplementation rather than dietary iron intake (Christian et al., 

2003; Cogswell et al., 2003; Falahi et al., 2011; Zeng et al., 2008). Clinical trials involving 

supplements are valuable for exploring the impact of interventions for iron deficiency but may 

not reflect daily dietary patterns or the effectiveness of food-based iron intake in meeting 

maternal and fetal nutritional requirements. Furthermore, limited data exist on the relationship 

between third trimester dietary iron intake and infant health outcomes. Investigating this 

association using diet records from the third trimester provides an opportunity to assess whether 

maternal iron intake, later in pregnancy and independent of supplements, affects infant health 

outcomes.  

 This study aimed to examine the relationship between maternal dietary iron intake during 

the third trimester with birth weight and gestational age. Using data from the Breastfeeding and 

Early Child Health (BEACH) study, participants were categorized based on their probability of 

inadequate iron intake, then differences between these groups were assessed. Lower probability 
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of inadequate iron intake during the third trimester was hypothesized to be positively associated 

with birth weight and gestational age.  

Methods 

Study Population  

Participants in the Breastfeeding and Early Child Health (BEACH) study provided food 

records and biological samples for the investigation of maternal obesity’s effects on human milk 

composition, the gut microbiome, and infant health. Recruitment began in June 2017 and data 

collection concluded in April 2023 (Heeren et al., 2025).   

Eligible individuals were in their third trimester of pregnancy, aged 18-45 years, living in 

Gainesville, Florida, and planning to exclusively breastfeed for at least two months, with normal 

weight or obesity based on pre-pregnancy BMI. Exclusion criteria included smoking, a history of 

pre-term birth, pre-eclampsia, refusal to provide biological samples, and hesitation to sign the 

consent form (Heeren et al., 2025).  

Participants were broadly recruited through flyers, word-of-mouth, Facebook advertisements, 

emails, phone calls, radio advertisements, and newspapers. Flyers were primarily placed at or 

near local businesses in Gainesville, Florida, with a small number being posted on the University 

of Florida and Santa Fe campuses, daycares, community resource areas, and clinical areas. Study 

participation was conducted independently from participants’ routine prenatal and postpartum 

appointments (Heeren et al., 2025).  

An in-person visit to the University of Florida’s Clinical and Translational Institute building 

was required during the third trimester, two weeks postpartum, two months postpartum, and one 

year postpartum, with an optional six months postpartum visit. During visits, study staff 

collected biological samples (i.e., blood, stool, urine, saliva) from mothers and infants, recorded 

anthropometric data (i.e., height, weight, infant head circumference), and administered 

questionnaires. Participants also completed diet records prior to each visit.  

 A total of 60 participants completed the required visits (Heeren et al., 2025). To examine the 

relationship between third trimester iron intake and infant health outcomes, participants with 

complete data on third trimester dietary intake, infant birth weight, and gestational age were 

included, resulting in a sample size of N = 41. All participants provided informed consent in 

person and the study protocol was approved by the University of Florida’s Institutional Review 

Board.  
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Dietary Intake Assessment 

Four-day paper food records were collected from the participants at each visit to diet over 

time. Participants were instructed to record their diet at the time of consumption. They were not 

required to record consecutive days but were instructed to only record days that are reflective of 

their usual intake. Instructions were attached to the diet record for participants to reference 

throughout the BEACH study (Figure 1). Each entry required a meal type, time, place, who the 

meal was eaten with, food or beverage name, preparation details, and amount (Figure 2). An 

additional column was provided to list and quantify other ingredients in complex dishes (Figure 

2). Participants provided portion sizes using U.S. customary units (e.g., cups, tablespoons, 

ounces), descriptive quantities (e.g., half a sandwich, one package of salad), and counts (e.g., one 

egg, three crackers). They were encouraged to provide extensive details with each entry by 

requesting specific information for broad food categories, such as beef cuts.  

Figure 1. Instructions provided to participants for completing the diet record.   
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Brand names, restaurant names, and recipes for homemade foods are other details that 

participants included to facilitate accurate assessment.  

Each participant’s iron intake was estimated using Elizabeth Stewart Hands and Associates 

(ESHA) Food Processor Nutrition Analysis Software Version 11.11 (Salem, OR, USA). For each 

day, the appropriate food or beverage name was entered into the food processor’s search field 

and then chose the matching item from the USDA Standard Reference or Food and Nutrient 

Database for Dietary Studies. If a brand was specified in an entry and available on the food 

processor, the manufacturer’s data was used. The final step was inputting quantities and meal 

types. Using amounts and information from databases, the food processor calculated iron intake 

in milligrams for each food record item.  

Third trimester maternal iron intake was assessed based on the probability of inadequacy in 

two categories and as an average. This approach accounts for the unavailability of an 

individual’s usual nutrient intake and exact nutrient requirement outside of controlled, long term 

clinical settings (Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary 

Reference Intakes, 2000b). These limitations apply to usual iron intakes and iron requirements 

during pregnancy. It compares the difference (D) between a participant’s mean observed intake 

and the Estimated Average Requirement (EAR) for women in their third trimester (22 mg) to the 

Figure 2. A third trimester food record submitted by a participant with name, 
participant ID, date, and day of week redacted. 
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standard deviation of this difference (SDD) (Institute of Medicine (US) Panel on Micronutrients, 

2001; Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary Reference 

Intakes, 2000a). SDD depends on the number of days of intake, the standard deviation of the 

EAR (2.2 mg), and within-person standard deviation of intake (7 mg). Because these values are 

the same for every participant, each participant has a SDD of 4.13. Based on the ratio of D to 

SDD, the probability that a participant’s iron intake was inadequate was determined by using a 

table developed by the Institute of Medicine (Institute of Medicine (US) Subcommittee on 

Interpretation and Uses of Dietary Reference Intakes, 2000a). Iron intakes were sorted into two 

groups based on this probability: 70% risk for inadequacy and 50% risk for inadequacy. 

Differences in birth weight and gestational age were assessed across these two groups according 

to participants’ risk for iron intake inadequacy. Mean iron intake was used to measure and model 

the relationship with birth weight and gestational age.  

Assessment of Outcomes  

Birth weight and gestational age were the primary outcomes in the investigation of maternal 

iron intake’s effects on infant health outcomes. Birth weight was measured in kilograms and 

characterized as low if it was below 2.5 kg (World Health Organization, 2025a). Gestational age 

was measured in days and categorized as pre-term birth if less than 259 days (World Health 

Organization, 2025b).  

Statistical Analyses  

Comparisons of mean iron intake, infant birth weight, gestational age, maternal age, and 

anthropometric characteristics (i.e., pre-pregnancy weight, maternal height, pre-pregnancy BMI) 

between participants with a 70% risk for iron intake inadequacy and those with a 50% risk for 

iron intake inadequacy were made using the Mann-Whitney U test. Proportions of low birth 

weight and pre-term birth were compared using Fischer’s exact test. Spearman correlations 

between mean iron intake and each infant health outcome were calculated to study possible 

linear relationships. Furthermore, we created an adjusted multiple linear model that predicted 

birth weight from mean iron intake and the covariates, gestational age, pre-pregnancy weight, 

and height. A p value less than 0.05 was considered statistically significant for all statistical tests. 

All statistical analyses were performed using RStudio Version 2024.09.0 (Boston, MA, USA) 

using nutrient intake data from the ESHA Food Processor and participant information stored in 

the REDCap database.  
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Results 

Differences Between Iron Intake Groups  

There were no significant differences in height, pre-pregnancy weight, age, gestational age, 

low birth weight proportions, or pre-term birth proportions between the participants with a 50% 

risk for iron intake inadequacy and those with a 70% risk for iron intake adequacy. Mean iron 

intake was significantly (p = 0.00) higher for participants in the 50% risk group (n = 29) 

compared to the 70% risk group (n = 12) (Table 1). This finding is consistent with expectations, 

as a smaller ratio of D to SDD corresponds to a lower probability of inadequacy. 

Among the infants who were enrolled in the study, those with mothers who had a 70% risk 

for iron intake inadequacy had, on average, significantly (p = 0.03) lower birth weights than 

those with mothers who had a 50% risk for iron intake inadequacy (Table 2). The 95% 

confidence interval for the difference between the population medians is between -0.68 kg and.   

-0.06 kg (Figure 3).  

In contrast, the gestational ages of mothers who had a 70% risk for iron intake inadequacy 

were not significantly (p = 0.99) different from the gestational ages of mothers who had a 50% 

risk for iron intake inadequacy (Table 2). Both groups had the same median and interquartile 

range. However, the 70% risk group had a greater maximum of 301 days (Figure 4). The 95% 

confidence interval for the difference between the population medians is between -0.36 days and 

0.37 days.  

Relationship of Mean Iron Intake with Birth Weight and Gestational Age 

Birth weight has a weak, positive correlation (r = 0.33) with mean iron intake that is 

statistically significant (p = 0.03) while gestational age has no correlation (r = - 0.05) with mean 

iron intake. Mothers with 50% risk for iron intake inadequacy comprised most of the birth 

weights above 3.5 kg, while those with a 70% probability were concentrated near or below 3.5 

kg (Figure 3). There was little variation in gestational age with mean iron intake and a similar 

distribution of both iron intake groups below and above the trendline (Figure 4).  
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Figure 3. Distribution of Birth Weight by Probability of Inadequate Iron Intake. The boxes are colored 
according to the categories of iron intake inadequacy risk. Blue represents the 50% risk group, while 
red represents the 70% risk group.  

Figure 4. Distribution of Gestational Age by Probability of Inadequate Iron Intake. The boxes are 
colored according to the categories of iron intake inadequacy risk. Blue represents the 50% risk 
group, while red represents the 70% risk group. 
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Figure 5. Scatterplot of Mean Iron Intake vs. Birth Weight. The association’s direction is 
positive.  

Figure 6. Scatterplot of Mean Iron Intake vs. Birth Weight. The association is very weak 
association, so its direction cannot be determined.  
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There was a positive association between birth weight and mean iron intake (p = 0.02). For 

every 1 mg increase in mean iron intake, birth weight increased by an average of 0.025 kg (Table 

3). There was a significant association between birth weight and gestational age (p = 0.00) in 

which birth weight increased by 0.031 kg for every 1 day increase in gestational age (Table 3). 

Mean iron intake, gestational age, pre-pregnancy height, and pre-pregnancy weight explained 

44% of the variation in birth weight.  
 

 

 

Discussion 

Although increases in birth weight were observed with increased iron intake, there was no 

significant difference in gestational age as iron intake changed. Gestational age was 

hypothesized to increase with iron intake, but the results only provided evidence for birth weight 

increasing with gestational age. This result is consistent with the current knowledge of fetal 

development, in which growth occurs over time (Bukowski et al., 2007; Oken et al., 2003; Topçu 

et al., 2014; Wilcox & Skjaerven, 1992). Furthermore, a systemic review and meta-analysis 

conducted by Haider et al. (2013) identified that there is not a statistically significant relationship 

between iron intake and gestational age from several studies (Bloxam et al., 1989; Cao et al., 

2024; Chan et al., 2009; Dawson et al., 1989; Falahi et al., 2011; Makrides et al., 2003; Meier et 

al., 2003; Siega-Riz et al., 2006; Zeng et al., 2008; Ziaei et al., 2008). However, metanalysis of 

12 cohort studies identified an “increased risk of preterm birth with first or second trimester 

anemia and with lower mean hemoglobin concentration” (Haider et al., 2013, p. 6). Because 

there is more evidence supporting a relationship between gestational age and hemoglobin, and 
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iron is a hemoglobin component, future research on this topic may focus on the effect of iron 

biomarkers on hemoglobin concentration and how that affects the gestational age of women with 

iron deficiency (Alwan et. al, 2011).  

The positive relationship between iron intake and birth weight has been supported by 

previous randomized trials that used iron supplements as an intervention (Haider et al., 2013). 

Meta-analysis of these trials found that birth weight increased linearly, and the risk of low birth 

weight decreased by 19% with iron supplementation during pregnancy (Haider et al., 2013). 

Excluding iron supplements, Alwan et. al (2011) calculated a 34 g increase in birth weight per 10 

mg/day increase in dietary iron intake. However, it is important to note that no causal 

relationship between iron supplementation and birth outcomes has yet been identified 

(Rasmussen, 2001). Although the multiple linear regression model can be used to predict infant 

birth weights in this study sample, the adjusted R2 value (44%) indicated there are other variables 

contributing to birth weight. Relevant variables that this study did not account for include 

maternal weight gain during pregnancy, socioeconomic background, and genetic factors 

(Johnston et al., 2002; Yilgwan et al., 2012).  

Because a positive relationship between iron intake and birth weight has been identified in 

the literature, the mechanism of this relationship is an area of interest. While there is no 

definitive explanation that has been supported for how iron intake affects birth weight, several 

have been proposed. One potential mechanism is iron deficiency causing increased 

norepinephrine concentrations that stimulate corticotropin-releasing hormone (CRH) synthesis in 

the placenta, which increases cortisol production in the fetal adrenal gland. Because fetal cortisol 

stops the inhibition of placental CRH production, CRH and cortisol are continually produced in a 

positive feedback loop. This feedback loop stimulates estrogen production and ultimately labor 

contractions earlier in pregnancy (CITE). Because pre-term births are associated with low birth 

weight, this mechanism may explain how iron deficiency can lower birth weight. Other proposed 

mechanisms are preferential iron transfer to the fetus and increased energy consumption from 

iron supplement usage (Allen, 2001; Cogswell et al., 2003).  

This study has several limitations related to the accuracy and reliability of dietary iron intake 

assessment using food records. Individual iron requirements and usual intake are difficult to 

obtain because they require long term data collection under controlled settings, making iron 

adequacy difficult to conclusively determine (National Academies Press (US), 2000b). 
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Additionally, self-reported food records are prone to underreporting, inaccurate portion size 

estimation, and recall bias, which may lead to misclassification of iron intake (Biró et al., 2002). 

The unavailability of certain foods on the food processor software further impacts data accuracy. 

To improve the accuracy of iron intake measurement, food records might be accompanied by 

iron biomarkers (Prentice et al., 2011).  

Furthermore, the sample size, N=41, may limit the applicability of the results to the larger 

population of women in their third trimester and newborn infants. Small sample sizes have 

higher random variation in their results compared to large sample sizes, weakening their validity 

(Cao et al., 2024). Additionally, use of small and unequal samples for the Mann-Whitney U test 

decrease its ability to detect differences between the 50% risk for iron inadequacy group (n = 29) 

and the 70% risk for iron inadequacy group (n = 12) (Şı̇Mşek, 2023). As a result, there may be 

more significant differences between these groups than identified. A larger sample size with a 

smaller difference between the group sizes may reduce the results’ variability and statistical 

power. 

This study found a significant positive association between maternal dietary iron intake 

during the third trimester and infant birth weight. No relationship was observed between iron 

intake and gestational age. Birth weight was also positively associated with gestational age, 

consistent with fetal development expectations. These findings suggest that dietary iron intake 

alone may contribute to infant birth weight. Future research may explore these associations using 

iron biomarkers and longitudinal dietary data to clarify the role of non-supplemental iron in 

infant birth weight.  
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