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Summary  

Iron deficiency and anaemia are global health problems and major causes of morbidity in women. 

Current definitions of anaemia in women are historic and have been challenged by recent data from 

observational studies. Menstrual loss, abnormal uterine bleeding and pregnancy put women at risk 

of developing iron deficiency which can result in severe fatigue, reduced exercise capacity and poor 

work performance. Iron deficiency and anaemia during pregnancy are associated with adverse 

maternal and fetal outcomes, including neurocognitive deficits in children born to iron deficient 

mothers. Both iron deficiency and anaemia are common in women undergoing surgery but their 

association with poor outcomes remains uncertain. The enduring burden of iron deficiency and 

anaemia in women suggests that current strategies for recognition, prevention and treatment are 

limited in their utility. Improvements in our understanding of iron homeostasis and the development 

of new iron preparations, which are better absorbed with fewer side effects, may improve 

therapeutic effectiveness of oral iron. Intravenous iron is efficacious for correcting anaemia rapidly 

but high quality data on patient-centred outcomes and cost-effectiveness are currently lacking. 

Many recommendations for treatment of iron deficiency and anaemia in national guidelines are not 

supported by high quality evidence. There is a need for robust epidemiological data and well-

designed clinical trials. The latter will require collaborative working between researchers and 

patients to design studies in ways that incorporate patients’ perspectives on the research process 

and target outcomes that matter to them.  
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Introduction  

Iron deficiency is the most common cause of anaemia worldwide and affects approximately 1 billion 

people [1, 2]. It is the leading cause of years lived with disability burden in women [2]. The 

documented prevalence of iron deficiency in women ranges from 15% to 18% globally (Table 1) [3]. 

This problem becomes even more significant when we take into account functional iron deficiency 

and/or iron sequestration secondary to chronic inflammation or infection [2, 4]. Worldwide, 

anaemia is thought to affect 29% of non-pregnant women and 38% of pregnant women [1, 5]. In the 

UK, approximately 46% of women develop anaemia at some point during pregnancy [6]. Iron 

deficiency anaemia is now an established risk factor for poor peri-operative, maternal, fetal and 

neonatal outcomes [7, 8]. In this narrative review, we will discuss current definitions, causes and 

treatment of iron deficiency and anaemia in women. 

 

Current definitions of iron deficiency and anaemia in women’s health 

Serum ferritin is currently the most reliable indicator of iron deficiency in the absence of 

inflammation but there is considerable variation in recommended cut-offs. This is, in part, due to 

variation in assay techniques and platforms used as well as limited adherence to World Health 

Organization (WHO) reference standards [9]. As a result, recommendations for all the guidelines are 

mostly based on low quality evidence. The most recent guidelines from WHO published in April 2020 

recommend a ferritin cut-off of < 15 mcg.l-1 for diagnosing iron deficiency in adults and pregnant 

women in the first trimester. Guidelines from the UK on the management of iron deficiency 

recommend a cut-off of < 30 mcg.l-1 for pregnant women [10]. In many women, a ferritin of < 50 

mcg.l-1 [11] is associated with symptoms of iron deficiency such as fatigue, alopecia and poor 

concentration. Laboratory ranges often quote the 95%CIs of 15–500 mcg.l-1 as the ‘normal range’ for 

ferritin, which is confusing for practitioners and unhelpful to women as many may be under-

diagnosed and/or not get the treatment they require. Ferritin is also an acute phase protein and may 

be elevated as a result of inflammatory pathologies, surgery and even pregnancy itself. Therefore, a 

normal level does not exclude iron deficiency. Recent WHO guidance recommends a threshold of < 

70 mcg.l-1 to diagnose iron deficiency in adults with infection or inflammation, but this too is not 

universally accepted [9].  

 

Transferrin saturation is another marker of iron status that is readily available from most hospital 

laboratories. The WHO recommends a threshold of < 16% for iron deficiency, with a < 20% in 

patients with co-existing inflammation. The use of more novel markers of iron status, such as 
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hepcidin, soluble transferrin receptor and erythroferrone, is currently an active area of research [10, 

12, 13].  

 

The WHO has defined anaemia as haemoglobin (Hb) concentration of < 130 g.l-1 for men, < 120 g.l-1 

for non-pregnant women, and < 110 g.l-1 for pregnant women, irrespective of trimester, but 

recognises that Hb may fall physiologically by approximately 5 g.l-1 during the second trimester [10]. 

These definitions were first published in the 1950s and 1960s using now outdated methods of 

measuring Hb in four small studies, two of which did not include pregnant women [14]. These 

definitions are currently under review by WHO [15]. Other national guideline groups and 

international expert panels have broadly similar definitions but there are inconsistencies [10, 14-17] 

(Table 2). The definitions, laboratory characteristics and potential treatment strategies for the 

various stages of iron deficiency are provided in Table 3. 

 

When compared with men, non-pregnant women have a lower circulating blood volume, fewer red 

cells and lower haemoglobin mass, and are therefore at higher risk of developing anaemia and 

requiring transfusion in the peri-operative period [18]. The use of a lower haemoglobin threshold 

may lead to under-diagnosis of anaemia in women scheduled to undergo surgery [18]. Recent 

international consensus statements on peri-operative anaemia recommend a target Hb of > 130 g.l-1, 

irrespective of sex [17]. This may potentially lead to earlier investigations and diagnosis and timely 

treatment of peri-operative anaemia [19], but a recent large randomised controlled trial found no 

evidence of an effect of this approach on clinical outcomes [20]. Similarly in obstetrics, recent data 

have questioned the physiological fall in Hb in pregnant women by 5 g.l-1, with one study 

demonstrating a fall in the order of 14 g.l-1, or 11% of the first trimester value [21]. Another study of 

1171 healthy, pregnant women found that mean (95%CI) Hb was 124.6 (23.3–125.9) g.l-1 [22]. These 

findings, if externally validated on a large scale, have significant implications for the diagnosis and 

management of maternal anaemia.   

 

Iron-deficiency anaemia is a composite diagnosis based on Hb and ferritin concentrations. Anaemia 

is the end result of iron deficiency as erythropoiesis is often preserved until the advanced stages of 

iron deficiency [23]. Therefore, much of the burden of iron deficiency in women will go unrecognised 

if the absence of anaemia is assumed to imply adequate iron stores. The prevalence of iron 

deficiency is therefore much higher than iron-deficiency anaemia [23]. Small, retrospective studies 

suggest that peri-operative non-anaemic iron deficiency may be associated with increased hospital 

length of stay and fewer days alive and out of hospital [24, 25]. Current evidence, mainly of low 
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quality, suggests that treating non-anaemic iron deficiency with oral or intravenous iron only results 

in small improvements in Hb and lower self-reported fatigue scores [26, 27]. Data on improved peri-

operative outcomes and objectives improvements in physical performance with iron 

supplementation are lacking.  

 

Iron homeostasis 

Iron is essential for synthesis of haemoglobin, cell growth and differentiation, neurotransmission, 

immunity and cardiopulmonary function [28-30]. Total body iron is approximately 3–4 g, of which 1–

2 mg is lost daily, and an additional 1 mg is lost during menstruation each month [19]. In health, 

systemic iron homeostasis is controlled by the peptide hormone hepcidin, which is synthesised in 

the liver [31]. An overview of iron homeostasis is provided in Figure 1, and readers are referred 

elsewhere for more detailed insights [31-34]. Hepcidin expression results in degradation of 

ferroportin, the sole mammalian exporter of iron, which impairs release of iron from macrophages 

and duodenal enterocytes [31]. Hepcidin levels are increased in response to inflammation and high 

circulating levels of free iron, and are decreased in iron deficiency, hypoxia and during blood loss 

[31].  

 

During pregnancy, hepcidin levels increase in the first trimester when compared with non-pregnant 

states, followed by a decrease in the second and third trimester. This pattern may facilitate 

increased absorption of dietary iron and promote release of iron from stores [33, 35]. Recent 

experimental data suggests that maternal hepcidin, and not embryonic hepcidin, controls embryo 

iron endowment under physiological conditions [36]. Suppression of maternal hepcidin therefore 

appears to be essential for maternal and fetal health. In contrast, non-pregnant women may exhibit 

the anaemia of inflammation, either as a result of underlying comorbidities or due to the 

inflammatory process of ageing. The underlying pathways include iron restriction mediated by 

hepcidin, suppression of erythropoiesis by inflammatory cytokines and reduced red cell survival [4].  

 

Aetiology of iron deficiency  

The aetiology of iron deficiency in women is multifactorial and summarised in Figure 2. Menstrual 

blood loss, abnormal uterine bleeding and blood loss from the gastro-intestinal tract are the most 

common causes of iron deficiency in women from high-income countries, whereas hookworm 

disease, sickle cell disorders, malaria and schistosomiasis dominate in low to middle-income 

countries [5]. Malabsorption of iron from the diet or dietary lack of iron (e.g. veganism) are 

increasingly common causes of iron deficiency. Malabsorption may be associated with gluten and 
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lactose intolerance and caused by villous atrophy in the stomach [37]. It is also caused by 

autoimmune conditions such as systemic lupus erythematous. Poor absorption, combined with 

greater losses due to menstrual bleeding, makes iron deficiency much more common in women. In 

older women, chronic kidney disease and poor nutrition are important contributors [2]. It is worth 

noting that the incidence of both folate and vitamin B12 deficiency is also rising. This may be dietary 

and also due to poor absorption, such as following gastric bypass surgery [38-40].   

 

Approximately 45% of women enter pregnancy with low or absent iron stores [41]. During 

pregnancy, iron requirements increase 10-fold from 0.8 mg.day-1 in the first trimester to 7.5 mg.day-1 

in the third trimester [33]. This is to support the increase in maternal red cell mass, maintain 

placental and fetal growth and allow for potential blood loss during delivery. However, the average 

daily absorption of iron is only 1–5 mg.  

 

Clinical consequences 

Iron deficiency can result in fatigue, poor concentration (brain fog), alopecia, ridged/brittle nails, 

aching and restless legs, reduced exercise tolerance, anxiety, low mood/depression and poor work 

performance [42]. Cognitive decline has also been reported in elderly individuals [43]. In severe 

cases, pica – a craving and purposive consumption for non-food items such as ice (pagophagia) and 

starch (amylophagia) may develop, especially in women whose serum ferritin < 10 mcg.l-1. The 

prevalence of pica is greater in pregnant adolescent women of Afro-Caribbean origin [44]. Many 

women may be investigated for viral causes of chronic fatigue syndrome or treated with 

antidepressants when the diagnosis of iron deficiency has not been made. 

 

In surgical settings, sex discrepancies exist in both elective and non-elective situations, where worse 

outcomes have been reported in women [17, 45, 46]. Women are more likely than men to be iron 

deficient pre-operatively [24] and peri-operative blood transfusion rates are higher in women [47]. 

However, it is unclear whether anaemia, irrespective of cause, is an independent risk factor for poor 

outcomes in women undergoing surgery [48].  

 

Maternal anaemia is associated with increased mortality [49, 50], with one study demonstrating a 

29% linear increase in mortality with each 10 g.l-1 decrease in maternal Hb [51], and increased risk of 

developing postpartum haemorrhage [52]. Postpartum anaemia is associated with depression [53, 

54], high levels of fatigue [55], poor cognition [56] and difficulties with breast feeding [57]. Maternal 

anaemia is a risk factor for preterm labour, low birth weight and small-for-gestational age babies, 
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and increased perinatal and neonatal mortality [21, 32]. Children born to mothers with iron 

deficiency display learning and memory impairments that persist into adulthood [58, 59]. Infants 

born with evidence of iron deficiency in utero, defined as a cord blood ferritin of < 75 ng.ml-1, 

demonstrate poor memory, altered interactions with caregivers and abnormal neurological reflexes 

[60]. The underlying mechanisms contributing to these poor outcomes and the responses of the 

maternal-placental-fetal unit to changes in maternal iron status are the subject of current research 

[34, 36]. 

 

Optimisation of iron status 

Indications for iron supplementation can be broadly categorised into two situations: to prevent iron-

deficiency anaemia in at-risk populations or; to treat individuals with symptoms and laboratory-

proven iron deficiency.  

 

Individuals at risk of developing iron-deficiency anaemia are those with high iron requirements and 

include infants, preschool children, adolescents, young menstruating women, and pregnant and 

postpartum women. Female endurance athletes are at risk of developing iron deficiency as a result 

of increased hepcidin expression secondary to exercise (which reduces iron absorption), haemolysis 

and sweating, and may present with amenorrhoea [37]. Other healthy women at risk of developing 

iron deficiency anaemia include vegetarians/vegans and blood donors [2]. Obese women may also 

be at risk of developing iron deficiency anaemia secondary to obesity-related inflammation, which 

increases hepcidin expression and reduces iron absorption [37]. Prolonged use of proton-pump 

inhibitors such as lansoprazole or pantoprazole may also cause iron deficiency due to alteration of 

the normal acid environment of the stomach which greatly reduces iron absorption from the diet or 

from supplements.  

 

Pregnant women at risk of developing iron deficiency, with or without anaemia, should be identified 

during the antenatal period, ideally at the booking visit, through detailed history and examination. 

Risk factors that healthcare professionals should be aware of include vegetarian or vegan diets, 

teenage pregnancy, previous anaemia, multiple gestation and short inter-pregnancy interval (<1 

year). These women may be candidates for empirical iron supplementation and/or measurement of 

serum ferritin at the initial booking visit [10]. 

 

Clinical management 
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Initial history and examination should help identify potential underlying causes of iron deficiency 

and anaemia. Upper and lower gastro-intestinal investigations should be considered in 

postmenopausal women where iron-deficiency anaemia has been confirmed unless there is history 

suggestive of significant non-gastro-intestinal blood loss [11]. Dietary advice should be offered, 

although this is seldom sufficient to reverse established iron-deficiency anaemia. Meat, poultry and 

fish are rich sources of haem iron, which is more readily absorbed than non-haem (inorganic iron) 

iron [10]. Non-haem iron is mainly derived from plant foods and this may explain the high 

prevalence of iron deficiency in vegetarians. Co-ingestion with vitamin C can significantly help 

increase iron uptake from non-haem sources [68]. Tea and coffee contain tannins which inhibit iron 

absorption and therefore their consumption should be limited. Iron is absorbed from an acidic 

environment and therefore best taken on an empty stomach between meals, with milk and other 

‘alkalinising’ food substances avoided for an hour before and afterwards. 

 

Oral iron 

Oral iron is a cheap and effective way of treating iron deficiency. Pre-operative oral iron should be 

commenced when the interval before surgery is 6–8 weeks [19]. The recommendations for oral iron 

dosing have largely been amended by recent studies demonstrating that once daily or alternate day 

dosing may be more effective and better tolerated when compared with traditional higher doses 

[69, 71]. A single oral dose of ferrous sulphate results in a rapid rise in circulating hepcidin, which 

can remain elevated for up to 48 h. Subsequent oral doses will not be effective because of this 

‘hepcidin block’ and expose women to well-recognised side effects such as nausea, constipation and 

epigastric pain. Hepcidin levels are also lowest in the morning and therefore dosing is advised at this 

time [72]. An important caveat of these studies is that they were conducted in non-pregnant 

women. High-quality data on the optimal dosing schedule for oral iron are needed in pregnant 

women.  

 

Once oral iron has been started, ferritin and Hb should be measured again after 6–8 weeks of 

treatment. Treatment should be continued if there is evidence of increments in Hb and ferritin. Once 

Hb has normalised, guidelines suggest checking Hb and ferritin at 3 monthly intervals for 1 year, 

then after a further year, and again after that if symptoms develop [11]. In the absence of 

improvements in Hb or iron stores, consideration should be given to checking for compliance, 

alternative oral iron formulations, intravenous iron and alternative pathologies.  
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Despite the high prevalence of maternal anaemia and its association with poor outcomes, there are 

insufficient data on the effectiveness and safety to recommend routine iron supplementation for all 

pregnant women [10, 70].  

 

Intravenous iron 

Intravenous iron is an efficacious method of treating anaemia due to iron deficiency, with or without 

inflammation, across a range of clinical conditions including chronic kidney disease, inflammatory 

bowel disease, heart failure and pregnancy [73-77]. In the presence of inflammation, intravenous 

iron is able to bypass the ‘hepcidin block’ that limits the absorption of oral iron [4], and newer iron 

preparations such as ferric carboxymaltose and iron isomaltoside permit delivery to 

reticuloendothelial system in a slow and controlled manner in order to limit the amount of toxic 

unbound circulating free iron [78, 79].  

 

Current guidelines recommend pre-operative intravenous iron therapy for patients who are 

scheduled to undergo major surgery and who are unable to tolerate oral iron and/or if surgery is 

planned in less than 6 weeks [17]. However, the recent pre-operative intravenous iron to treat 

anaemia before major surgery (PREVENTT) trial showed no evidence of benefit of pre-operative iron 

in reducing peri-operative transfusion or death in patients scheduled to undergo major abdominal 

surgery [20]. Prespecified subgroup analyses demonstrated no evidence of an effect based on sex, 

age, anaemia severity, ferritin (< 100 ng.ml-1) or transferrin saturation (< 20%). Current guidelines 

also recommend intravenous iron for the treatment of postoperative anaemia (Hb < 100 g.l-1) or iron 

deficiency (ferritin < 100 ng.ml-1 or ferritin < 300 ng.ml-1 and transferrin saturation < 20%) [80], 

although there are no high quality data to support this recommendation [80, 81].   

 

Intravenous iron in pregnancy should be considered for the following indications: from the second 

trimester onwards for women with confirmed iron-deficiency anaemia who do not respond to oral 

iron; for those presenting after 34 weeks’ gestation with Hb 80–100 g.l-1 and confirmed iron 

deficiency; and where rapid correction may be needed (e.g. advanced gestational age, Jehovah’s 

Witness) [10]. However, to date, there is inconclusive evidence that intravenous iron therapy 

reduces peripartum transfusion requirements or improves maternal or perinatal outcomes.  

 

Intravenous iron may also be administered to women with symptoms of iron deficiency and low 

ferritin/transferrin saturations who cannot absorb oral iron or fail to respond to a course of oral iron 

despite optimising dose and preparation. In such circumstances, intravenous iron usually leads to 
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resolution of symptoms in 6–8 weeks, although further doses may be needed depending on ongoing 

iron losses (e.g. menorrhagia) and intake (e.g. poor absorption).  

 

Common side effects of intravenous iron include nausea, headaches, hypertension, flushing and 

injection site reactions and these can be managed by providing symptomatic care and reducing the 

rate of infusion. Iron is also essential for bacterial growth and caution is advised in patients with 

acute or chronic infection. True hypersensitivity (anaphylactic) reactions are very rare. Intravenous 

iron is currently only licensed to be given in specific settings (e.g. hospital outpatients or wards) 

where there are trained staff and equipment for managing anaphylaxis. Monitoring during and after 

for 15–30 min after administration is also recommended. Extravasation leading to permanent 

haemosiderin skin pigmentation has been reported and women should be counselled to report any 

pain at the infusion site [82]. It is worth highlighting that intravenous iron is considerably more 

expensive than oral iron, even without including the costs of nursing time and administration kits. 

No formal cost-effectiveness evaluations have been undertaken to date.  

 

Allogeneic red blood cell transfusion 

A final treatment option is red blood cell transfusion. Its use should be limited to major 

haemorrhage, or in those who are haemodynamically unstable with evidence of end-organ 

dysfunction. The need for iron supplementation can be reviewed once the woman has been 

stabilised. Women should be consented regarding the potential risks of transfusion [83], including 

being unable to donate blood in the future, and potential alternative treatments. 

 

Research agendas  

In order to progress the research agenda and improve outcomes in women’s health, given the many 

areas of limited high quality data, it is vital that researchers work with the public, so that studies are 

designed towards outcomes that matter to women and their carers or loved ones. This will enable 

studies to be implemented more effectively. There is also supporting evidence that patient and 

public involvement improves study enrolment, especially if it includes people with lived experience 

of the health condition under investigation [84].      

 

As an example of this, the primary prevention of maternal anaemia to avoid preterm delivery and 

other adverse outcomes (PANDA) programme is a research programme that has been recently 

funded by the National Institute for Health Research [85]. Patient and public involvement was key to 

understanding the outcomes of importance to mothers, including the study’s primary outcome, 
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which is a composite outcome of preterm birth, stillbirth, neonatal death and small-for-gestational-

age, and informing the design of the study (Box 1).  

 

Despite the benefits of patient and public involvement, trials continue to select disease-orientated 

end points as their primary outcomes. Ongoing randomised controlled trials relevant to women’s 

health are shown in Table 4. Of nine studies, seven focus on changes in haemoglobin and/or iron 

status as their primary outcome. These endpoints, although easy to measure, are largely irrelevant 

to patients especially if they do not translate into improved clinical outcomes [86]. Only one study 

focused on relevant patient outcome (postpartum fatigue). 

 

Conclusion  

The WHO aims to reduce the prevalence of anaemia in women of reproductive age by half between 

2010 and 2025 [8], but currently available interventions such as iron therapy do not appear to be 

working on the scale required to meet this aim. Improvements in our understanding of the 

epidemiology and underlying pathophysiology of iron deficiency anaemia offer the potential for 

considerable improvements. Newer markers of iron status, such as hepcidin, may help to personalise 

iron therapy whilst also aiding sample enrichment for future clinical trials [12]. These studies should 

investigate innovative iron dosing schedules based on iron homeostasis, provide clearer indications 

for intravenous iron and provide long term data on patient-centred outcomes. Working with the 

public and patients will ensure that these studies are optimally designed to answer these questions, 

as illustrated by the example in this article.   
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Table 1. Global prevalence of iron deficiency and anaemia  

 Prevalence (%) 

Iron deficiency 

Children (< 2 years) 

Children (3–5 years) 

Adolescent girls (12–19 years) 

Women (20–49 years) 

Pregnant women (15–49 years) 

 

9.0 

4.5 

15.6 

15.7 

18.0 

Iron-deficiency anaemia 

General population 

Hospitalised population 

 

12.2 

23.0 

Anaemia 

General population 

Preschool children (0–5 years) 

School age children (> 5 years) 

Non-pregnant women (15–49 years) 

Pregnant women (15–19 years) 

Men (15–60 years) 

Elderly (> 60 years) 

 

32.9 

43.0 

25.4 

29.0 

38.0 

12.7 

23.9 
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Table 2. Variations in the definitions of anaemia in guidelines 

Responsible body Patient 

population 

Definition of anaemia Comments 

World Health 

Organization [15] 

General Non-pregnant women: Hb <120 

g.l-1 

Pregnant women: Hb <110 g.l-1 

Men: Hb <130 g.l-1 

Consistent thresholds with 

no trimester specific cut-

offs in pregnancy 

International 

consensus statements 

for peri-operative 

management of 

anaemia [19] 

Surgery Hb <130 g.l-1 (Pre-operative) 

Hb <100 g.l-1 (Postoperative) 

Same threshold irrespective 

of sex 

British Society of 

Gastroenterology [11] 

General Similar to World Health 

Organization 

Men with Hb < 120 g.l-1 and 

postmenopausal women 

with Hb < 100 g.l-1 should 

be investigated urgently for 

colorectal cancer 

National Blood 

Authority, Australia 

[14] 

Surgery 

 

 

Pregnancy 

Women: Hb <120 g.l-1 

Men: Hb <130 g.l-1 

 

No recommendation provided 

as no agreed normal range for 

pregnant women in Australia 

Guidelines state that it 

would be reasonable to 

assume that normal Hb in 

pregnancy levels lie 

between 103 and 146 g.l-1 

British Committee for 

Standards in 

Haematology [9] 

Pregnancy First trimester: Hb < 110 g.l-1 

Second trimester: Hb < 10.5 g.l-1 

Postpartum: Hb < 100 g.l-1 

Incorporates 5 g.l-1 drop in 

the second trimester into 

definition 

American College of 

Obstetricians and 

Gynecologists [16] 

Pregnancy First trimester: Hb < 110 g.l-1 

Second trimester: Hb < 10.5 g.l-1 

Third trimester: Hb < 100 g.l-1 

Recommendations based 

on CDC data obtained from 

an iron-replete population 

sample 

CDC, Centers for Disease Prevention and Control; Hb, haemoglobin, 
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Table 3. Definitions, laboratory characteristics and potential treatment strategies of the various stages of iron deficiency 
 

Iron status Definition Laboratory findings Expected 

hepcidin levels 

Iron therapy strategies 

True/absolute iron 

deficiency  

Depletion of body iron stores, which are 

inadequate to maintain erythropoiesis  

Low ferritin and low 

Tsat 

Low Oral iron, i.v. iron if poorly 

tolerated 

Iron-deficiency 

anaemia 

Reduced Hb and erythrocytes due to 

insufficient iron availability 

Low Hb, low ferritin 

and low Tsat 

Low Oral iron, i.v. iron if poorly 

tolerated or rapid correction 

required 

Functional iron 

deficiency 

Insufficient mobilisation of iron stores due to 

increased demands, despite adequate iron 

stores  

Low Tsat, variable 

ferritin 

Variable i.v iron, consider oral iron if low 

disease activity or inflammatory 

burden 

Iron 

sequestration/iron-

restricted 

erythropoiesis  

Reduced supply of iron to meet erythropoietic 

requirements 

Low Tsat, normal to 

elevated ferritin, 

elevated CRP 

High i.v. iron, consider erythropoietin  

 
Tsat, transferrin saturation; i.v., intravenous; Hb, haemoglobin; CRP, C-reactive protein. 
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Table 4. Characteristics of ongoing randomised controlled trials relevant to women’s health 

Study details and status Planned 

sample size 

Participants Intervention(s) Primary outcome Secondary outcome 

Arm 1 Arm 2 Arm 3 

NCT03188445; Denmark 

(Recruiting) 

200 

participants 

Women aged > 18 years; 

Pregnant >14 weeks 

gestation; Ferritin < 30 

µg.l-1 after 4 weeks of oral 

iron 

Iron 

isomaltoside 

1000mg 

Ferrous 

fumarate + 

ascorbic acid 

 Time to achieve Hb >11 

g.dl-1 (baseline to 18 

weeks after treatment) 

Changes in Hb and iron 

biomarkers 

NCT04278651; USA 

(Recruiting) 

80 

participants 

Singleton pregnancy, 

gestational age < 24 

weeks, Hb 9-10 g.dl-1 with 

evidence of iron deficiency 

anaemia 

Ferumoxytol 

510mg x2 doses, 

3–8 days apart 

Ferrous 

sulphate 

325mg twice 

daily 

 Change in Hb at day 90 

following 

randomisation 

Anaemia resolution; 

anaemia at delivery; 

adherence; peripartum 

transfusion 

requirements; neonatal 

outcomes; quality of 

life on linear analogue 

scale 

ACTRN12619000283178p; 

IRONWOMAN; Australia 

(Not yet open) 

 

50 

participants 

Pregnant women aged > 

18 years; Hb 80–105 g.dl-1 

and ferritin <30 µg.l-1; 

between 26–33 weeks’ 

gestation 

Ferric 

carboxymaltose 

1000mg + oral 

placebo capsules 

Oral iron 80 

mg once 

daily + i.v. 

placebo  

 Feasibility – adequacy 

of blinding  

Patient and clinician 

acceptability; changes 

in SF-36 from baseline 

to 4 weeks; treatment 

side effects; oral iron 

compliance; proportion 

of women with Hb < 

105 g.dl-1 at 4 weeks; 

changes in Hb and iron 

profiles; maternal 

outcomes (PPH, mode 

of delivery, transfusion 

requirements); fetal 

outcomes (SGA, birth 

weight, preterm labour, 
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death, NICU admission) 

ACTRN12618001268235; 

REVAMP; Malawi 

(Recruiting)  

862 

participants 

Pregnant women 13–26 

weeks’ gestation; Hb < 10 

g.dl-1; negative malaria test 

Ferric 

carboxymaltose 

1000mg 

Ferrous 

sulphate 

200mg 

x2/day for 

90 days 

 Prevalence of Hb < 10 

g.dl-1 at time-point 

closest to delivery 

Maternal fatigue (1 

month postpartum); 

changes in Hb and iron 

profiles; incidence of 

PPH, length of stay 

post-delivery; maternal 

cognitive function; 

transfusion 

requirements; adverse 

events; neonatal 

outcomes (birth weight, 

preterm birth, still 

birth) 

NCT04505514; IVIronPPH; 

Malaysia  

(Recruiting) 

60 

participants 

Age > 18 years; PPH >500 

ml; Hb < 10 g.dl-1 

Iron 

isomaltoside 

1000mg + oral 

iron preparation 

(Iberet-Folic 

500) 

I.v. placebo + 

oral iron 

preparation 

(Iberet-Folic 

500)  

 Changes in Hb, serum 

iron and ferritin at 6 

weeks 

General fatigue score; 

adverse events; 

transfusion 

requirements 

 

NCT03957057; Slovenia 

(Recruiting) 

300 

participants 

PPH with Hb 7–10 g.dl-1 

within 48 h after delivery 

Ferric 

carboxymaltose 

1000mg  

Iron 

isomaltoside 

1500mg 

Ferrous 

sulphate 

160mg 

once daily 

for 6 

weeks 

MFI score at 6 weeks 

postpartum 

Edinburgh Postnatal 

Depression score; 

changes in Hb and iron 

profiles; side effects; 

compliance with oral 

iron 

CTRI/2020/02/023125; 

India 

(Recruiting) 

80 

participants 

Women age 18–45 years, 

postpartum Hb 8-10 g.dl-1 

Ferric 

carboxymaltose 

1000mg 

Ferrous 

fumarate 

152mg 

x2/day for 6 

weeks 

 Changes in Hb at 2 and 

6 weeks postpartum 

Safety and acceptability  

NCT04205266; USA 76 Women aged 18-50; heavy Ferumoxytol 510 Ferrous  Change in Hb at 60 Participant satisfaction 
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(Not yet recruiting) participants menstrual bleeding; Hb < 

11 g.dl-1 

mg (2 infusion) sulphate 

325mg once 

daily for 60 

days 

days with treatment; quality 

of life measured using 

Duke Health Profile  

NCT04636060; 

Switzerland (Not yet 

recruiting) 

34 

participants 

Non-pregnant women 

aged > 18 years with non-

anaemic iron-deficiency, 

ferritin < 30 ng.ml-1 

Low dose oral 

iron 6mg, twice 

daily for 8 weeks 

Dietary 

supplements 

 Changes in serum 

ferritin at 8 weeks 

Side effects; changes in 

serum hepcidin  

 

Hb, haemoglobin; I.v., intravenous; MFI, Multidimensional Fatigue Inventory; NICU, neonatal intensive care unit; PPH, postpartum haemorrhage; SGA, small for gestational 

age
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Box 1. Examples of patient and public involvement to inform the design of the Primary prevention of 

maternal Anaemia to avoid preterm Delivery and other Adverse outcomes study. 

 

Understanding the scale of the problem 

 Discussions with the wider network group identified an alarming lack of awareness of the 

severe clinical consequences of iron-deficiency in women of reproductive age 

 Tensions between healthcare professionals seeing treatment of iron deficiency as routine 

and trivial, and women being fearful of the side effects of taking oral iron were also 

identified 

 

Informing study design 

 Further discussions highlighted the importance of clear communication of risk, enabling 

women’s choices and privacy 

 Any woman-facing documentation should be tactfully and carefully worded to avoid 

raising more fear of adverse consequences during what is already an emotional time for 

women 

 Study involvement must be integrated with antenatal appointments as much as possible 

 Offer women a choice of formats to complete study questionnaires e.g. postal copy, email 

 Long-term follow up of infants born to trial participants raised questions about data 

privacy related to database linkage options 

 Although guidelines recommend alternate day dosing for oral iron, network members felt 

this would be harder to keep track of than with a daily dosing schedule. A smart phone 

app may be useful.  

 

Dissemination of findings 

 Multiple avenues of dissemination were identified including the media, online forums 

relevant to pregnancy, patient and public involvement and health care professional 

events  
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Figure legends 

Fig. 1. Hepcidin-ferroportin interaction and major systemic iron pathways. Approximately 1 mg of 

iron is absorbed daily in the gut. Ferroportin is the sole mammalian exporter of iron and delivers 

stored, dietary or recycled iron to blood plasma. In plasma, iron is taken up by transferrin. A small 

proportion is used for muscle function and development of neural tissue, whilst the rest is used by 

the bone marrow for erythropoiesis. At the end of their life cycle, red blood cells are taken up by 

macrophages and approximately 25 mg of iron is recycled daily through this pathway. This is the 

major source of body iron. Hepcidin expression results in degradation of ferroportin which impairs 

release of iron from macrophages and duodenal enterocytes. Hepcidin levels are low in states of 

iron deficiency, which allows for increased absorption of iron through ferroportin.  

 

Fig. 2. Causes of iron-deficiency anaemia.   

PPI, proton pump inhibitors; H2RA, H2 receptor antagonists; IRIDA, iron-refractory iron-deficiency 

anaemia; NSAIDs, non-steroidal anti-inflammatory drugs;  
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Iron deficiency 
anaemia

Chronic blood loss
• Gastro-intestinal lesions
• Drugs e.g. NSAIDs, 

anticoagulants
• Abnormal uterine bleeding
• Hookworm infestation

Reduced intake
• Vegetarians/vegans
• Eating disorders

Decreased absorption
• Bariatric surgery
• Coeliac diseases
• Atrophic gastritis
• Drugs e.g. PPIs, H2RAs
• Genetic IRIDA

Multifactorial causes
• Anaemia of inflammation
• Chronic kidney disease
• Inflammatory bowel disease
• Peri-operative anaemia
• Congestive cardiac failure

Increased requirements
• Infants and adolescents
• Athletes
• Menstruation
• Blood donors
• Pregnancy 
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