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Guideline Definitions of Anaemia in Pregnancy

James AH. Obstet Gynecol 2021;138:663–74 ACOG, American College of Obstetricians and Gynecologists; CDC, Centers for Disease Control and Prevention; 
WHO, World Health Organization

4

Trimester

Guideline
Post-

partum
3rd2nd1st

< 10 g/dL<11.0 g/dL<11.0 g/dL<11.0 g/dLWHO

<11.0 g/dL<10.5 g/dL<11.0 g/dLCDC

<11.0 g/dL<10.5 g/dL<11.0 g/dLACOG

There is no specific Hb value that can distinguish physiologic dilutional anemia from other causes of anemia

BUT keep your common-sense hat on…

• Some individuals may have significant decrease from baseline without crossing these thresholds, 
e.g.

• If baseline Hb 14 g/dL and decreases to 11 g/dL with macrocytosis  – check B12 and folate
• If baseline Hb 14 g/dL and decreases to 11 g/dL and no macrocytosis – check iron, B12 and folate

Image:© Vernon J Louw 
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Prevalence of Anaemia in Pregnancy – Regional Variation

Data Source : Worldbank.org Kassebaum NJ et al. Blood 2014; 123: 615-624
6

• Southeast Asia 48%
• Africa 46%
• East Mediterranean 37%
• Europe 24%
• Americas 19%
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Background Anaemia Prevalence: Data from 187 
countries (1990 – 2010) 

GBD 2013 Lancet. 2015 Jan 10;385(9963):117-71.
7

Trends in Antepartum Anaemia, 2011–2020.

Igbinosa II et al. Obstet Gynecol. 2023 Oct 1;142(4):845-854. 
8

100% Increase in Prepartum Anaemia
in Black patients over this period.

N = 3,863,594 births
California

Etiology

9

Physiologic Anaemia of Pregnancy

• Plasma volume increase > RBC mass increase
• Plasma volume increases by 40-50%
• RBC mass increases by 15-25%

• Greatest disproportion during late 2nd/early 3rd trimester

• Lowest Hb 28–36 weeks

• Hb increases near term due to cessation plasma 
expansion and continuing increase in RBC mass

10

Shnider SM, Levinson G. Anesthesia for Obstetrics. 3rd ed. 1993: p8 Hb, haemoglobin; RBC, red blood cell.

Total blood volume, plasma volume, and red cell 
volume in normal pregnancy

© Vernon J Louw

Disproportion

Red cell mass and plasma volume in pregnancy

• Decrease in haemoglobin concentration
• RELATIVE ANAEMIA = PHYSIOLOGICAL

ANAEMIA OF PREGNANCY
• May become clinically significant if baseline 

anaemia in early pregnancy

• Increased need for folate, iron and B12

11

Shnider SM, Levinson G. Anesthesia for Obstetrics. 3rd ed. 1993: p8 Hb, haemoglobin; RBC, red blood cell.

© Vernon J Louw

Shortened lifespan RBCs in pregnancy

• Increase in RBC mass mediated by a 50% increase in erythropoietin during 
pregnancy

• Supports higher requirement for oxygen delivery during pregnancy
• Due to “emergency erythropoiesis” in response to elevated erythropoietin (EPO) 

levels

Lurie S & Mamet Y. Eur J Obs Gyne. 2000 (93):185-192© Vernon J Louw
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Shortened lifespan RBCs in pregnancy

• RBCs formed in response to elevated EPO levels have a shortened lifespan
• Erythroid lineage skips the terminal cell division

• Nucleus expelled one cell division before final maturation

• Results in younger reticulocytes in circulation

• These RBCs are larger than usual and removed earlier from circulation than normal RBCs

Lurie S & Mamet Y. Eur J Obs Gyne. 2000 (93):185-192© Vernon J Louw

Physiologic anaemia of pregnancy

• Physiologic haemodilution may provide survival benefits during pregnancy and childbirth

• Expanded plasma volume 

• Less viscous blood improves uterine and intervillous perfusion

• Meets increased metabolic demands of the uterus and placenta

• Facilitates nutrient delivery to developing fetus

• Facilitates removal of waste

• Protects against impaired venous return when mother is supine or standing

• Blood lost during delivery more dilute (“natural form of normovolaemic haemodilution”?)

• Increased red blood cell mass, coupled with increased uterine blood flow, optimises oxygen 
transport to the fetus

Constantine MM. Front Pharmacol 2014;5:65;
Cunningham G, et al. Chapter 4 – Maternal Physiology. In: Williams Obstetrics. 24th Ed. 2013

14

Physiologic anaemia of pregnancy and iron deficiency account for the 
vast majority of causes of anaemia in pregnancy

© Vernon J Louw

Physiologic anaemia of pregnancy

2,3-DPG elevated during pregnancy 
(right-shift curve)

• leads to decreased oxygen affinity 
of mother’s haemoglobin AND

• low pCO2 of maternal blood due to 
increased minute ventilation

• facilitates transport of oxygen 
across the placenta and to the 
foetal RBCs, which have greater 
oxygen affinity due to foetal 
haemoglobin

Costantine MM. Frontiers in Pharmacology. 2014© Vernon J Louw

Causes of Pathological Anaemia in Pregnancy

• Most common cause (by far!)
• Iron deficiency

• Heavy Menstrual Bleeding before
• Previous pregnancies
• Diet, etc

GBD 2015. Lancet. 2016 Oct 8;388(10053):1545-1602. doi: 10.1016/S0140-6736(16)31678-6. 
16

• Anaemia affects 2.36 billion 
individuals worldwide.

• The prevalence of iron-deficiency 
anaemia alone was 1.46 billion.

Causes of Anaemia in Pregnancy

Auerbach M et al. J Matern Fetal Neonatal Med 2019;3:1-4 
Auerbach M et al. J Matern Fetal Neonatal Med. 2021 Mar;34(6):1002-1005. 

17

• Fertile, non-pregnant women
• 30% anaemic globally

• 40% iron deficient (low reserves)

• Pregnant women
• 35-80% anaemic (Africa, Asia and Latin America) 

compared to 20-45% in high-income countries
• 75% IDA
• 25% other

• Folate
• B12
• Haemoglobinopathies, RBC membrane 

disorders, schistosomiasis, etc.
• 42% Non-anaemic iron deficiency (NAID)

• Post-partum anaemia in 1/3

Other common causes (globally):
• Folate deficiency

• B12 deficiency

• Chronic infections (e.g. HIV, TB, etc.)

• Bone marrow suppression

• Haemolytic diseases (e.g. sickle cell disease 
and malaria)

• Chronic blood loss (e.g. hookworm infestation)

Antepartum anemia and Severe Maternal Morbidity by Race

Igbinosa II et al. Obstet Gynecol. 2023 Oct 1;142(4):845-854. 
18

“In our cohort of 3,863,594 births,
antepartum anemia was
associated with SMM and
contributed to nearly one in five
SMM cases in Black pregnant
patients.”

13 14
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Causes of Obstetric Death

Obstetric haemorrhage most common direct obstetric cause of maternal deaths in S Africa
© Vernon J Louw

TIME OF COVID

Saving Mothers Report 2021

Risk of haemorrhage during childbirth in women 
with pre-existing anaemia.

1. Owiredu KL, et al. BMC Preg Childbirth 2016;16:17; 2. Wetta L, et al. Am J Obstet Gynecol
2013;209:51.e1–6; 3. Briley A, et al. BJOG 2014;121:876–88; 4. Tort J, et al. BMC Pregnancy 
Childbirth 2015;15:235; 
5. Prata N, et al. BMC Pregnancy Childbirth 2011;11:97; 6. Nair M, et al. PLoS One 2014;9:e95086; 
7. Ononge S, et al. Reprod Health 2016;13:38 

CI, confidence interval; Hb, haemoglobin; IDA, iron-deficiency 
anaemia; OR, odds ratio; PPH, postpartum haemorrhage

20

OR 1.82 (1.00– 3.32)

Women from ethnic minority backgrounds 
in the UK diagnosed with anaemia during their 
current pregnancy (all delivery methods)6

OR 2.46 (0.92–6.56)

OR 0.99 (0.72–1.35)R
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Women in rural Uganda with moderate–severe 
anaemia during pregnancy (all delivery 
methods)7

During pregnancy 
and Hb <10.5 g/dL

Pre-pregnancy 
anaemia

UK births3

(all delivery 
methods)

OR 1.27 (0.84–1.92)OR 1.31 (0.35–4.95)PPH ≥1500 mL

OR 1.15 (0.83–1.60)OR 0.76 (0.24–2.43)PPH ≥500 mL

Anaemic women in USA undergoing vaginal 
deliveries (Hb <9 g/dL)2

OR 2.73 (1.43–5.23)

Women in Egypt with antepartum anaemia
(Hb ≤11 mg/dL) who underwent vaginal 
deliveries5

OR 3.14 (1.21–8.14)

Women in Ghana with moderate–severe 
anaemia (Hb <10 g/dL) undergoing vaginal 
deliveries1

“For every unit increase in Hb, the odds of 
developing primary PPH decreased 0.5791 
times (95% CI 0.46–0.73).”

OR 6.65 (3.77–11.74)
In Senegal and Mali, severe chronic 
anaemia (<7 g/dL) was significantly 
associated with risk of PPH maternal 
mortality (all delivery methods)4

For PPH ≥500 mL unless otherwise stated 

© Vernon J Louw

Risk of iron deficiency anaemia on mother

• The lower the Hb, the closer to the cliff of 
PPH-related morbidity and mortality1–3

1. Frass KA. Alexandria J Med 2015;51:333–7; 2. Villar J, et al. J Nutr 2003;133:1606S–25S; 
3. Pavord S, et al. Br J Haematol 2020;188:819–30; 4. Smith C, et al. Obstet Gynecol 2019;134:1234–
44;
5. Kumar A, et al. Pediatrics 2008;121:e673–7; 6. Wassef A, et al. J Psychosom Obstet Gynaecol
2019;40:19–28; 
7. Kang SY, et al. J Psychiatr Res 2020;122:88–96; 8. Murray-Kolb LE, Beard JL. Am J Clin Nutr 
2009;89:946S–50S; 9. Harvey T, et al. Womens Health (Lond) 2016;12:95–102

Hb, haemoglobin; IDA, iron deficiency anaemia; 
PPH, postpartum haemorrhage

21

© Vernon J Louw

Effects of iron deficiency on mother

• The lower the Hb, the closer to the cliff of 
PPH-related morbidity and mortality1–3

• Increased risk pre-eclampsia11

• Increased risk caesarian section12

• Increased risk of infection3,4

• Reduced breast milk iron in severe IDA5

• Increased post-natal depression6,7, 10

• Decreased bonding mother and baby6,8

• Fatigue and forgetfulness3,9

1. Frass KA. Alexandria J Med 2015;51:333–7; 2. Villar J, et al. J Nutr 2003;133:1606S–25S; 
3. Pavord S, et al. Br J Haematol 2020;188:819–30; 4. Smith C, et al. Obstet Gynecol 2019;134:1234–44;
5. Kumar A, et al. Pediatrics 2008;121:e673–7; 6. Wassef A, et al. J Psychosom Obstet Gynaecol 2019;40:19–28; 
7. Kang SY, et al. J Psychiatr Res 2020;122:88–96; 8. Murray-Kolb LE, Beard JL. Am J Clin Nutr 2009;89:946S–50S; 9. Harvey T, et al. Womens 
Health (Lond) 2016;12:95–102; 10. Ohsuga T, Egawa M, Kii M, Ikeda Y, Ueda A, Chigusa Y, Mogami H, Mandai M. Association between non-anemic
iron deficiency in early pregnancy and perinatal mental health: A retrospective pilot study. J Obstet Gynaecol Res. 2022 Nov;48(11):2730-2737. 11. 
Bone JN et al. BMC Pregnancy Childbirth. 2022 May 13;22(1):407. 12. Drukker L et al. Transfusion. 2015 Dec;55(12):2799-806. 

Hb, haemoglobin; IDA, iron deficiency anaemia; 
PPH, postpartum haemorrhage

22

© Vernon J Louw

23Shi H et al.. JAMA Netw Open. 2022 Feb 1;5(2):e2147046. 20
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18 948 443 pregnant females (15 to 49 years)
1508 hospitals
17.8% anaemic; 70% iron deficiency
Iron supplementation not routine

Examples of significant maternal findings

• Abruptio placentae (aOR)
• 1.36 with mild anemia
• 1.98 with moderate anemia
• 3.35 with severe anemia

• Preterm birth (aOR)
• 1.08 with mild anemia
• 1.18 with moderate anemia
• 1.36 with severe anemia

• Severe postpartum hemorrhage (aOR)
• 1.45 with mild anemia
• 3.53 with moderate anemia
• 15.65 with severe anemia

• Maternal shock (aOR)
• 1.50 for moderate anemia, 
• 14.98 for severe anemia

• Maternal intensive care unit (ICU) admission
• 1.08 with moderate anemia
• 2.88 for severe anemia

Shi H et al.. JAMA Netw Open. 2022 Feb 1;5(2):e2147046. 24 20
1X
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Effects of Iron Deficiency on Baby

Increased risk of:

• Fetal death1

• Low birth weight1,2,7

• Intra-uterine growth restriction2,7

• Small for gestational age7

• Preterm birth1,2

• NICU admission8

• Lower cord Hb levels compared with controls3

• Poor bonding with mother4

• Hearing development5,6

1. Harvey T, et al. Womens Health (Lond) 2016;12:95–102; 
2. Ganju S. Int J Clin Obstet Gynaecol 2020;4:152–5; 
3. Timilsina S, et al. BMC Pregnancy Childbirth 2018;18:70;
4. Murray-Kolb LE, Beard JL. Am J Clin Nutr 2009;89:946S–50S
5. Amin SB, et al. J Pediatr 2010;156:377–81 
6. Amin SB, et al. J Pediatr 2013;163:1267–71
7. Yang J et al. Br J Nutr. 2017 Mar;117(6):862-871.
8. Lin L et al. BMC Pregnancy Childbirth. 2018 Apr 23;18(1):111. Hb, haemoglobin

25

Image: © Vernon J Louw

n= 35959

Drassinower D, et al. BJOG 2016;123(13):2087-2093.
26

• Mean IQ at 4 and 7 years  significantly lower in 
MODERATE and MILD anaemia patients 
compared to normal.

• Mean IQ at 4 years:
• High: 104.5

• Normal: 100.6

• Mild: 94.7

• Moderate: 92.3

• Mean IQ at 7 years:
• High: 103.2

• Normal: 99.1

• Mild: 93.4
• Moderate: 90.2

p<0.01

Drassinower D, et al. BJOG 2016;123(13):2087-2093.
27

Hct Mild:22-26, Moderate 27-32; Normal 33-38; High 39+

Neurocognitive consequences of iron deficiency

Effects seen at age 4–6 years old in formerly iron 
deficient (FID) infants:

• Slower perceptual speed

• Poorer motor proficiency

• Impaired language abilities

• Increased fearfulness, unhappiness and wariness

• Increased fatigue and lower activity

• Increased proximity to the mother during free play, 
developmental testing and at home

• Behavioural problems

Algarín C, et al. Pediatr Res 2003;53:217–23; 
Lozoff B, et al. Nutr Rev 2006;64:S34–91;
Lozoff B, et al. J Nutr 2007;137:683–9
McCarthy EK et al. Am J Clin Nutr. 2021 Apr 6;113(4):1032-1041.

These effects were demonstrated in multiple studies that used standardised educational tests and global tests of 
infant development in children aged 4–6 years

28
© Vernon J Louw

Screening

29

Classic lab findings – the traditional (“old”) approach

MCV, mean corpuscular volume;
MCH, mean corpuscular haemoglobin;

BM, bone marrow

Image courtesy of S Bhimji under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/)
Warner MJ, Kamran MT. Iron Deficiency Anemia. Available at: 
https://www.ncbi.nlm.nih.gov/books/NBK448065/figure/article-23767.image.f4/ (accessed October 2021);
Firkin F, Rush B. Aust Prescr 1997;20:74−6
ASH 2021. Available at: https://www.hematology.org/education/patients/anemia/iron-deficiency (accessed October 2021);
Sarma PR. In: Clinical Methods: The History, Physical, and Laboratory Examinations. 3rd edition. Walker HK, Hall WD, 
Hurst JW, editors. Boston: Butterworths; 1990; Munoz M, et al. Blood Transfus 2017;15:422−37

= ADVANCED IRON DEFICIENCY ANAEMIA

•  MCV (<80 fL) = microcytic

•  MCH = hypochromic

•  ferritin

•  BM iron stores

30

25 26

27 28

29 30
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Stages of iron deficiency

Progressive iron depletion and deficiency 

Not anaemic
No morphologic changes 

Serum iron – can be low
Serum ferritin – low
Iron stores – low or absent 

Stage I:
Iron depletion
(NAID)

Normocytic anaemia
No morphologic changes 

Serum iron – can be low
Serum ferritin – low
Iron stores – absent

Stage II:
Early iron deficiency 

Increased RDW
Microcytic hypochromic anaemia
Tissue changes – glossitis, 
stomatitis, koilonychias, 
oesophageal webbing 

Serum iron – can be low
Serum ferritin – low
Iron stores – absent

Stage III: 
Advanced iron deficiency 

Table adapted from: Barragán-Ibañez G, et al. Rev Med Hosp Gen 
Mex 2016;79:88−97 and Soppi ET. Clin Case Rep 2018;6:1082–6 NAID, non-anaemic iron deficiency; RDW, red blood cell distribution width

31

Diagnostic tests

• Haemoglobin
- If used in isolation, many iron deficient 

patients will be missed

Auerbach M, et al. J Matern Fetal Neonatal Med 2021;34:1002–5; 
Pasricha S-R, et al. Lancet 2021;397:233−48; Firkin F, Rush B. Aust Prescr 1997;20:74−6
Abbaspour N, et al. J Res Med Sci 2014;19:164−74; Muckenthaler MU, et al. Cell 
2017;168:344−61; EBM Consult. Available at: https://www.ebmconsult.com/articles/lab-
test-ferritin-level (accessed October 2021)

*This number is based on one example however the 
number could vary depending on setting/region. 32

Diagnostic Tests Iron Deficiency

• Serum ferritin
- Reflects iron stores – best screening test

- Serious problems with “normal” reference ranges

- Based on populations where iron deficiency without anaemia was not fully excluded

• Transferrin saturation (test fasting)
- Reflects iron available for erythropoiesis and other tissues

 Low if <20%

- Very useful if serum ferritin is normal or high

Auerbach M, et al. J Matern Fetal Neonatal Med 2021;34:1002–5; 
Pasricha S-R, et al. Lancet 2021;397:233−48; Firkin F, Rush B. Aust Prescr 1997;20:74−6
Abbaspour N, et al. J Res Med Sci 2014;19:164−74; Muckenthaler MU, et al. Cell 
2017;168:344−61; EBM Consult. Available at: https://www.ebmconsult.com/articles/lab-
test-ferritin-level (accessed October 2021)
Muñoz M et al. Blood Transfus. 2017 Sep;15(5):422-437.

*This number is based on one example however the 
number could vary depending on setting/region. 33

Clinical application of Serum Ferritin

Good measure of iron stores in healthy person

• 1 ng/mL ferritin ~ 10 mg of total iron stores 

• Serum ferritin 30 ng/mL ~ 300 mg of iron stores

• Serum ferritin 200-250 ng/mL 
~ 2000-2500 mg iron stores (normal female)

• Serum ferritin 350-400 ng/mL 
~ 3500-4000 mg iron stores (normal male)

• Adult female: 
• Needs 1000 mg extra iron for every pregnancy 

~ Serum ferritin of 100 ng/mL 

Abbaspour N, et al. J Res Med Sci 2014;19:164−74;
Muckenthaler MU, et al. Cell 2017;168:344−61;
EBM Consult. Available at: https://www.ebmconsult.com/articles/lab-test-ferritin-level. 
(accessed October 2021); Munoz M, et al. Blood Transfus 2017;15:422−37

Image molecular structure: https://pdb101.rcsb.org/motm/35
Image tin: Prof Vernon J Louw Inc © 34

Clinical relevance of ferritin

• Measure of iron stores
- If LOW, easy = Iron Deficiency

- No other known cause for low ferritin

- If NORMAL or HIGH
- Iron deficiency may be masked

• Acute phase protein – HIGH in:
- Infection, Inflammation, Cancer, Obesity, 

Heart failure; Renal failure

• Liver disease

• Iron overload

EBM Consult. Available at: https://www.ebmconsult.com/articles/lab-test-ferritin-level. 
(accessed October 2021); Kowdley KV, et al. Hepatology 2012;55:77−85 Image tin: Prof Vernon J Louw Inc ©

35

Serum ferritin and TSAT

• Intracellular iron storage protein which correlates well with body’s iron stores in the absence 
of inflammation

• Ferritin ≤15 µg/L (Severe iron deficiency) – sensitivity 57%, specificity 99% 
- You will miss 43% of cases

Adapted from a slide by Dr Perry Loebenberg. Daru J, et al. Am J Clin Nutr 2017;106:1634S–9S;
Pasricha S-R, et al. Lancet 2021;397:233−48;  Dignass A, et al. Int J Chron Dis 2018;9394060; 
Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004 TSAT, transferrin saturation

Do not use lab reference ranges for serum ferritin –
these are often based on old and incorrect datasets

36

31 32

33 34
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Serum ferritin and TSAT

• Intracellular iron storage protein which correlates well with body’s iron stores in the absence 
of inflammation

• Ferritin ≤15 µg/L (Severe iron deficiency) – sensitivity 57%, specificity 99%
- You will miss 43% of cases

• Ferritin ≤30 µg/L (Iron deficiency) – sensitivity 92%, specificity 98%
- You will miss only 8% of cases

 These can be diagnosed if transferrin saturation (%) is added

TSAT, transferrin saturation

Do not use lab reference ranges for serum ferritin –
these are often based on old and incorrect datasets

37

Adapted from a slide by Dr Perry Loebenberg. Daru J, et al. Am J Clin Nutr 2017;106:1634S–9S;
Pasricha S-R, et al. Lancet 2021;397:233−48;  Dignass A, et al. Int J Chron Dis 2018;9394060; 
Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004
Milman N et al. Dan Med Bull. 1983 Mar;30(2):115-20. 

Serum ferritin and TSAT

• Intracellular iron storage protein which correlates well with body’s iron stores in the absence 
of inflammation

• Ferritin ≤15 µg/L (Severe iron deficiency) – sensitivity 57%, specificity 99%
- You will miss 43% of cases

• Ferritin ≤30 µg/L (Iron deficiency) – sensitivity 92%, specificity 98%
- You will miss only 8% of cases

 These can be diagnosed if transferrin saturation (%) is added

• Ferritin 30–100 µg/L and transferrin saturation <20% (Iron deficiency)
= Iron deficiency

TSAT, transferrin saturation

Do not use lab reference ranges for serum ferritin –
these are often based on old and incorrect datasets

38

Adapted from a slide by Dr Perry Loebenberg. Daru J, et al. Am J Clin Nutr 2017;106:1634S–9S;
Pasricha S-R, et al. Lancet 2021;397:233−48;  Dignass A, et al. Int J Chron Dis 2018;9394060; 
Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004

Haemoglobin AND serum ferritin

Artwork © Vernon Louw
Algorithm based on Dignass A, et al. Int J Chron Dis 2018;9394060 and Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004 39

Hb normal Hb low

Serum Ferritin <30

Treat as iron deficiency

Haemoglobin AND serum ferritin

40© Vernon Louw
Algorithm based on Dignass A, et al. Int J Chron Dis 2018;9394060 and Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004 Hb, haemoglobin; SF, serum ferritin

SF 30–100 SF 30–100

Hb normal Hb low

Treat as iron deficiency

Haemoglobin AND serum ferritin

41

TSAT <20% TSAT <20%

© Vernon Louw
Algorithm based on Dignass A, et al. Int J Chron Dis 2018;9394060 and Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004

Hb, haemoglobin; SF, serum ferritin; 
TSAT, transferrin saturation

Serum Ferritin <30 SF 30–100SF >100 SF >100

Treat as iron deficiency

Further tests 
required

Further tests 
required

Hb normal Hb low

Haemoglobin AND serum ferritin

SF 30–100

TSAT <20%

42

TSAT <20%

© Vernon Louw
Algorithm based on Dignass A, et al. Int J Chron Dis 2018;9394060 and Cappellini MD, et al. J Int Med 2019; doi:10.1111/joim.13004

Hb, haemoglobin; LLN, lower limit of normal; 
SF, serum ferritin; TSAT, transferrin saturation

? ?

Serum Ferritin <30

37 38

39 40

41 42
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Minimum Testing Algorithm

© 2024 UpToDate, Inc. and/or its affiliates. All Rights Reserved.
43

Screen ALL gravidas at high risk for iron deficiency

• Previous diagnosis of iron deficiency

• Diabetes

• Smoking

• HIV infection

• Inflammatory bowel disease

• Multiparas, especially those with an interpregnancy interval <6 months

• History of abnormal uterine bleeding

• Body mass index (BMI) above or below the normal range

• Vegetarian or vegan diet

• Symptoms such as restless legs syndrome or pica, especially pagophagia (ice craving)

• Decreased access to health care, which may correlate with decreased screening for heavy 
menstrual bleeding and infections and reduced access to healthy foods

44

Prevalence of Ferritin testing 

Teichman J et al. Blood Adv. 2021 Nov 23;5(22):4666-4673. 
45

N= 44552

Ferritin testing in Anaemic Patients

Teichman J et al. Blood Adv. 2021 Nov 23;5(22):4666-4673. 
46

N= 44552

Odds of Ferritin test and Socio-Economic Status1

1.Teichman J et al. Blood Adv. 2021 Nov 23;5(22):4666-4673. 
2. Cogswell ME et al. J Nutr. 2003 Jun;133(6):1974S-1977S.
3. VanderMeulen H et al. BMC Pregnancy Childbirth. 2020 Apr 6;20(1):196. 

47

N= 44552

Women from lower socio-
economic status less likely to
receive iron supplementation2

and more likely to receive a
blood transfusion3

• It is to be recognised that anaemia is a late sign of ID. 

• Consequently, Hb testing should not be relied on to assess iron status. 

• Ideally, all reproductive-aged girls and women should be regularly tested for ID starting from 
menarche and throughout their life, preferably by measuring serum ferritin and/or, where chronic 
inflammation is known or suspected, transferrin saturation (TSAT). 

• When ID or IDA are identified in nonpregnant women and girls of reproductive age, the symptom of 
HMB should be suspected and, if identified, appropriately investigated and treated. 

• Before planned pregnancy, all reproductive-aged females should have their Hb and iron 
status assessed and, if deficient, appropriately treated before attempting conception.

https://www.figo.org/resources/figo-statements/iron-deficiency-and-anaemia-women-and-girls
48
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Features suggesting other common causes of anaemia

• MCV < 80 and normal iron studies
• suggestive of thalassemia

• MCV >100 fL
• suggestive of B12 or folate deficiency or reticulocytosis due to hemolysis

• note that macrocytosis can be masked if concomitant iron deficiency

• Other cytopenias such as thrombocytopenia or neutropenia
• Suggests problem in bone marrow

• Abnormally high white blood cell (WBC) count or platelet count

• Abnormal RBC or WBC morphologies

• Failure of the anemia to correct with iron supplementation
• note that 50% of patients on oral iron supplements do not respond adequately and may need IV iron

49

Peripheral blood smear VERY useful in most

Prevention

50

Sweeten MK, et al. J Food Qual 1986;9:263−75; Ems T, et al. StatPearls 2021;
Abbaspour N, et al. J Res Med Sci 2014;19:164−74

• Western diet: 10–20 mg of 
iron/day

• Heme iron (meat, poultry, fish)

– well absorbed (30%)

• Inorganic iron (meat, vegetables) 
– poorly absorbed (<10%)

Absorption

51

10–20 mg/d

1–2 mg/d

DUODENUM AND UPPER JEJUNUM

Spinach

• 2.6 mg Fe/100 gram
• 1.7% absorbed

= 0.044 mg

• Daily needs = 1–2 mg

• Daily spinach intake to meet daily 
needs = 2.25–4.5 kg

The chemistry of spinach: the iron myth and ‘spinach teeth’. Available at: 
https://www.compoundchem.com/2018/07/17/spinach/ (accessed April 2022)

Factors affecting absorption of iron

Food

• Poor absorption when iron is taken with food for 
most products

- Cereal (phosphates, tannates, phytates)

- Calcium-containing foods and beverages (milk) 
and supplements

- Eggs (phosvitin in egg yolk)

- Tea (tannins), coffee (polyphenols, etc.)

- Does not affect absorption of heme iron

- Rooibos tea does not inhibit iron absorption

• Take on empty stomach or use formulation that 
can be taken with food

• Orange juice increases iron absorption

Munoz M, et al. Blood Transfus 2017;15:422−37; Zijp IM, et al. Crit Rev Food Sci Nutr 2000;40:371−98; 
Tan V. HealthLine.com. Available at: https://www.healthline.com/nutrition/increase-iron-absorption (accessed April 2022); 
Sweeten MK, et al. J Food Qual 1986;9:263−75; Abbaspour N, et al. J Res Med Sci 2014;19:164−74

© Vernon Louw

53
© Vernon Louw

Iron absorption after 14 days

Hesseling PB, Klopper JF, van Heerden PD. S Afr Med J. 1979 Apr 14;55(16):631-2. Afrikaans. PMID: 462276.

49 50

51 52
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Keep tea (unless it’s Rooibos) and coffee for teatime!

Maternal iron intake

Yang J et al. Br J Nutr. 2017 Mar;117(6):862-871.
56

© Vernon J Louw

Maternal iron intake

Shaanxi Province, Northwest China (n=7375)

Highest tertile compared to lowest tertile of maternal 
haem iron intake associated with lower risk of:

• Low birth weight 
• OR 0.68 [95% CI 0.49,0.94]

• Small for gestational age
• OR 0,76 [95% CI 0.62, 0.94]

• Birth defects
• OR 0.55 [95% CI 0.32, 0.89]

• Intra-uterine growth retardation
• OR 0.76 [95% CI 0.59, 0.93]

Yang J et al. Br J Nutr. 2017 Mar;117(6):862-871.
Hb, haemoglobin

57

© Vernon J Louw

Maternal iron intake

Odds ratio of Low Birth Weight associated with iron 
supplement use during pregnancy:

• 1st Trimester 0·72 [95 % CI 0·50, 0·95]

• 2nd Trimester 0·67 [95 % CI 0·42, 0·98]

• 3rd Trimester 0·47 [95 % CI 0·24, 0·93]

No associations of total Fe, dietary total Fe or non-
haem Fe intake with birth outcomes in this study.

Yang J et al. Br J Nutr. 2017 Mar;117(6):862-871.
Hb, haemoglobin

58

© Vernon J Louw

Prevention of Iron Deficiency

Note that only a small proportion of iron in supplements are absorbed, 
thus the need to take a higher total dose to match increased requirements.

59

• Increase dietary iron intake of iron
• All pregnant women should receive supplemental oral iron
• Start with 27-30 mg/d PO at first prenatal visit

• usually part of pregnancy multivitamin/iron combination

• If intolerant to prenatal vitamin combination, take prenatal vitamin WITHOUT iron and give 
60 mg elemental iron separately on alternate days (Monday, Wednesday, Friday)

• Despite almost all patients achieving 100% RDA of iron intake with 
iron supplement (27 mg) and diet, 28% of women were iron-
deficient at baseline (8-21 weeks) and 81% at endline (24-38 weeks)

60
Cochrane KM et al. J Nutr. 2022 Oct 6;152(10):2238-2244. 
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Hemminki E et al. BMJ Open. 2016 Jun 13;6(6):e011280. 
61

High Malaria and HIV endemic area – concerns about increased infection risk with iron supplementation

Trial Design and Rationale

• Design: A pragmatic randomised controlled clinical trial.

• Setting: 2 health centres in Maputo, Mozambique.

• Participants: Pregnant women (≥18 years old; non-high-risk pregnancy) were randomly allocated to routine 
iron (n=2184) and selective iron (n=2142) groups.

• Interventions: 
• Routine group: 60 mg ferrous sulfate plus 400 μg folic acid/d 

• Selective group: 1 mg of folic acid daily and haemoglobin (Hb) screening at each visit; with low Hb (cut-off 9 g/dL) 
treatment (120 mg+800 μg of folic acid daily) for a month.

• Outcome measures: 
• Primary outcomes: preterm birth, low birth weight

• Secondary outcomes: self-reported malaria, labour complications, caesarean section, perinatal death, woman’s 
death. 

Hemminki E et al. BMJ Open. 2016 Jun 13;6(6):e011280. 
62

Hemminki E et al. BMJ Open. 2016 Jun 13;6(6):e011280. 
63

Armstrong GR. The Lucky Iron Fish: a simple solution for iron deficiency. Blood Adv. 2017 Jan 24;1(5):330. 

Treatment – Oral or 
IV?

Iron preparations1–4

Oral iron* IV iron

Treatment of iron deficiency

1. Fehr J, et al. Praxis 2009;98:1445–51; 2. Gordeuk VR, et al. Am J Clin Nutr
1987;46:1029–34; 3. Aapro M, et al. Ann Oncol 2012;23:1954–62; 4. Auerbach M, et al. 
Hematology Am Soc Hematol Educ Program 2010;2010:338–47

*With/without folic acid
IV, intravenous

Iron(III) carbohydrate 
complexes 

• Ferric carboxymaltose

• Iron isomaltoside 1000
• Iron dextran

• Ferumoxytol

• Iron sucrose

• Ferric gluconate

Iron(III) complexes:
• Iron(III)-hydroxide 

polymaltose complex
• Iron(III)-succinyl protein 

complex

Iron(II) compounds:
• Ferrous sulphate
• Ferrous glycine 

sulphate
• Ferrous fumarate
• Ferrous gluconate
• Others, e.g. amino 

chelates
Elemental iron
Carbonyl iron

66
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Treatment with oral iron: benefits and limitations

1. Percy L, et al. Best Pract Res Clin Obstet Gynaecol 2017;40:55–67;
2. Macdougall IC. Curr Med Res Opin 2010;26:473–82;
3. Yasa B, et al. Int J Pediatr 2011;2011:524520;
4. DeLoughery TG. Med Clin N Am 2017;101(2):319–32 67

• Convenient1

• Inexpensive, but frequent 
dosing can increase cost1,2

• In general, oral irons are 
well tolerated3

Advantages

• Non-compliance1

• Gastrointestinal side effects1

• Low intestinal absorption of iron1

(absorption is lower if patient has inflammation) 

• Treatment duration (3–6 months) 1

• Interactions with food and 
medicine1,4

• Patient’s history (ongoing bleeding, bowel 
issues, infection or coeliac disease)4

Limitations CHALLENGES 
ORAL IRON
• pH

• Iron best absorbed in mildly acidic 
medium

• Medications that decrease gastric 
acidity may impair absorption

• Antacids, proton pump inhibitor

• Iron to be take 2 hours BEFORE 
or 4 hours AFTER antacids

• Add Vit C 250 mg or 1/5th of a glass of 
orange juice 30 minutes before 
breakfast

• Oral iron completely ineffective in 
patients who had gastrectomy

Image by Midnightcomm - Own work, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=1349743
68

Challenges Oral Iron

• If well absorbed and tolerated, 
usually restores HAEMOGLOBIN
within 6-8 weeks,  BUT

• Has to be taken for 3-6 months AT 
LEAST, sometimes up to 12 months to 
fully replenish IRON STORES AFTER 
normalisation of haemoglobin

• TOTAL COSTS may be higher than 
giving intravenous iron

69

• Every 2nd day (Mon, Wed, Friday)
• Better response
• Less side-effects

• Dosing
• Ferrous sulfate 1-3 tablets every 2nd day
• Iron polymaltose 200 mg every 2nd day

Stoffel NU et al. Lancet Haematol 2017; 4: 524–33 

Hepcidin increases with oral iron

70

WHAT CAN YOU EXPECT

• Pagophagia will disappear almost immediately

• General well-being improves within a few days

• Reticulocytosis
• within 7-10 days if moderate to severe anaemia

• little or no reticulocytosis if mild anaemia

• Haemoglobin will increase:
• by about 2 g/dL in 3 weeks

Artwork ©Vernon Louw
71

Time needed to target with oral iron
Target Hb (g/dL)Weeks requiredStarting Hb (g/dL)

131,512

13311

134,510

1369

137,58

1397

• If well absorbed and tolerated, usually restores 
HAEMOGLOBIN within 6-8 weeks,  BUT

• Has to be taken for 3-6 months AT LEAST, sometimes 
up to 12 months to fully replenish IRON STORES 
AFTER normalisation of haemoglobin

72
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Treatment –
Oral or IV?

Image ©Vernon Louw

When to switch to IV iron?

• Inadequate response to oral iron
• Poor absorption (genetic or high hepcidin states)

• PPIs, Coffee, Tea, Milk, Dietary factors, etc.

• Inflammation, cancer, heart failure, renal failure

• Oral iron not tolerated

• Inadequate time to wait for effect of oral iron
• 2nd/3rd trimester pregnancy
• Preoperative anaemia

• Inability to absorb oral iron
• Gastrectomy
• Bariatric surgery
• Inflammatory bowel disease

• With EPO in renal failure, etc.

Image ©Vernon Louw
74

Lewkowitz AK et al. Journal of Perinatology 2019 (39):519-532

Only RCTs included

Lewkowitz AK et al. Journal of Perinatology 2019 (39):519-532

Haemoglobin on Admission for Labor and Delivery

Lewkowitz AK et al. Journal of Perinatology 2019 (39):519-532

Ferritin on Admission to Labour and Delivery
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Lewkowitz AK et al. Journal of Perinatology 2019 (39):519-532

Conclusion

• No severe adverse reactions
• Overall mild adverse reactions lower with IV iron vs oral iron

• Effect size greatest in:
• studies from developing countries
• higher quality studies

• Studies with pretreatment Hb <= 9 g/dL

• Statistically significant improvement in mean Hb with IV iron that extended 2-6 weeks after treatment
• Different from previous meta-analyses, as only RCTs and no observational studies included

• Higher neonatal birthweight and neonatal ferritin in IV iron group

Govindappagari S et al. Am J Perinatol 2019:36:366-376

Achieving target Hb (11-12 g/dL) within 4 weeks

Govindappagari S et al. Am J Perinatol 2019:36:366-376

Difference in Hb increase after 4 weeks

Govindappagari S et al. Am J Perinatol 2019:36:366-376 Govindappagari S et al. Am J Perinatol 2019:36:366-376

Difference in Hb increase after 4 weeks depending on starting Hb

Starting Hb < 8 g/dL Starting Hb > 8 g/dL
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Govindappagari S et al. Am J Perinatol 2019:36:366-376

Adverse events IV vs oral iron

Govindappagari S et al. Am J Perinatol 2019:36:366-376

Sultan P et al. Am J Obstet Gynecol. 2019 Jul;221(1):19-29.e3. Sultan P et al. Am J Obstet Gynecol. 2019 Jul;221(1):19-29.e3.

Sultan P et al. Am J Obstet Gynecol. 2019 Jul;221(1):19-29.e3. Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 
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PRISMA Flow Diagram of Studies

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 

Summary Risk of Bias in Studies

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 

Pooled Maternal Outcomes

Maternal outcomes

• Need for blood transfusion

• Post-partum haemorrhage

• Caesarian section and assisted delivery

• Hypertensive disorders

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 

Neonatal Outcomes

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 

Adverse Events

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 

Change in Mean Haemoglobin from Baseline 

Pandey AK, et al. Sci Rep. 2024 Jan 2;14(1):179. 
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Avoid the following IV iron preparations in pregnancy

• Formulations that contain benzyl alcohol as a preservative due to potential risk to foetus1

• E.g, the ferric gluconate preparation (Ferrlecit), especially since multiple vials are required; 

• Iron sucrose2

• Can be used if no alternative
• Multiple visits required and less effective than other infusions
• More adverse events compared to ferric carboxymaltose

1. Hiller JL et al. Pediatrics. 1986 Apr;77(4):500-6. 
2. Srimathi G et al. Indian J Med Res. 2024 Jan 1;159(1):62-70. 97

Treatment of iron deficiency in pregnancy

Breymann C, et al. J Perinat Med 2011;39:113–21; 
Auerbach M. Reprod Health 2018;15 (Suppl 1):96;
Ferinject SmPC, February 2022

IV iron treatment in pregnancy should be confined to the 2nd and 3rd trimester if the benefit is judged to 
outweigh the potential risk for both the mother and the foetus. A careful risk/benefit evaluation is required 
before use during pregnancy, and IV iron should not be used during pregnancy unless clearly necessary.

Hb, haemoglobin; IV, intravenous

98

SensitiveOral ironIron deficiency only1st trimester

SensitiveOral ironIron deficiency anaemia (Hb <11 g/dL)

SensitiveOral ironIron deficiency only2nd trimester

SensitiveIV ironIron deficiency anaemia (Hb <10.5 g/dL)

CriticalIV ironIron deficiency only3rd trimester

CriticalIV ironIron deficiency anaemia (Hb <11 g/dL)

CriticalOral ironIron deficiency6–24 months of infancy

If severe anaemia, poor response to oral iron or intolerance, 
treat with intravenous iron

© Vernon J Louw

IV Iron not used in first trimester due to lack of safety data

Summary

• Iron deficiency is the most common cause of anaemia

• Iron deficiency can cause problems independent of anaemia

• Expectations with oral iron supplements should be managed
• Efficacy

• Adverse events

• IV iron good alternative for oral iron if needed

99

Anaemia in pregnancy one of the best examples of prevention being better than cure!

Questions

Artwork: © Vernon Louw 100
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