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I. ABSTRACT 
 
 
 
Introduction: Postpartum anaemia is defined as haemoglobin below 100 g/L by an 

international agreement. It has never been determined scientifically yet. The main purpose of 

this study was to assess the reference interval for haemoglobin in puerperal women and so 

define a cut-off value for postpartum anaemia. 

Methods: This retrospective study was performed in the University Hospital of Grenoble, 

between March 2013 and December 2015. Haemoglobin values two days after delivery were 

collected. Healthy women were included, aged between 18 and 43 years old, with a single, 

normal pregnancy, follow up and delivery. Haemoglobin reference interval was set between 

the 2.5th and the 97.5th percentile. Cut-off for anaemia was set at the 2.5th percentile. 

Haemoglobin was also statistically compared to other blood and clinical factors. 

Results: 1723 haemoglobin values ranged from 60 g/L to 154 g/L. Mean was 112 g/L. 

Standard deviation was 13 g/L. Cut-off value for anaemia was 85 g/L. Haemoglobin≤85g/L 

was significantly correlated with low age (OR=0.87[0.82; 0.93]), and blood loss>300mL 

(p<0.001). 

Conclusion: This study determined haemoglobin standard and cut-off for anaemia on the 

second day after eutocic delivery. Subsequent studies should be conducted to determine 

whether the cut-off is consistent with clinical outcomes of anaemia in order to determine a 

suitable iron supplementation program.
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RESUME 

 
 
Introduction: Selon un consensus international, l’anémie du post-partum est définie comme 

un taux d’hémoglobine inférieur à 100g/L. Ce taux n’a pas été déterminé de manière 

scientifique. L’objectif principal de cette étude était de définir un intervalle de référence pour 

l’hémoglobine du post-partum et donc un seuil pour l’anémie du post-partum. 

Méthode: Cette étude rétrospective a été réalisée, au centre hospitalo-universitaire de 

Grenoble, entre mars 2013 et décembre 2015. Les taux d’hémoglobine au 2ème jour après un 

accouchement eutocique ont été recueillis. Ont été incluses les patientes en bonne santé, âgées 

entre 18 et 43 ans, avec une grossesse unique, normale, suivie régulièrement, et ayant 

accouché eutociquement après 37 semaines d’aménorrhée. L’intervalle de référence de 

l’hémoglobine était compris entre le 2,5ème et le 97.5ème centile. Le seuil d’anémie était 

établi au 2.5ème centile. Le taux d’hémoglobine était également comparé statistiquement aux 

autres critères biologiques et cliniques recueillis. 

Résultats: 1723 taux d’hémoglobine ont été inclus. Ils se situent entre 60g/L et 154 g/L. La 

moyenne était à 112 g/L. La déviation standard était à 13 g/L. Le seuil de l’anémie était à 85 

g/L. Un taux d’hémoglobine ≤ à 85g/L était statistiquement corrélé avec un jeune âge 

(OR=0.87 [0.82; 0.93]) et des pertes sanguines<300mL (P<0.001). 

Conclusion: Cette étude a déterminé un intervalle de référence pour l’hémoglobine ainsi 

qu’un seuil pour l’anémie. Cependant, d’autres études sont nécessaires pour savoir si ce taux 

est cohérent avec la définition des répercussions cliniques de l’anémie afin de déterminer un 

programme de supplémentation en fer adapté.
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II. INTRODUCTION  
 
 

Anaemia in postpartum is a common worldwide issue which deserves proper diagnosis 

and therapy. 10 to 30% of postpartum women are anaemic (1). Postpartum anaemia is often 

due to insufficiently treated anaemia during pregnancy and per partum blood loss. Puerperal 

anaemia has adverse consequences on maternal health: impaired physical and cognitive 

function, greater risk of post-partum depression (2), (3), (4). Studies also showed poorer 

mother-child interaction (5) in iron deficient mothers.   

An international agreement defines early post-partum anaemia as a haemoglobin 

concentration below 100g/L (2). However, to our knowledge, this cut-off value has never 

been determined scientifically yet. A specific cut-off value for anaemia in pregnant women 

exists (6), taking into account physiological changes during pregnancy (7). There should also 

be specific values after delivery considering residual haemodilution in the early postpartum 

period. 

A large number of mothers are treated for anaemia in postpartum. They often receive 

iron supplementation either oral or intravenous, or sometimes require blood transfusion (8). 

But the postpartum is known to be a period with relatively low needs for iron (9), (10), (8), (4) 

and recommendations for screening and treating postpartum anaemia differ between countries 

and hospitals (4). 

The main purpose of this study was to assess the reference interval for haemoglobin in 

puerperal women and so define a cut-off value for postpartum anaemia.  
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III. PATIENTS AND METHODS 

 
 

This study was performed in the University Hospital of Grenoble. Mothers 

consistently undergo a blood cell count two days after normal delivery. Their blood cell 

counts were gathered by querying anteriority of the laboratory for the postnatal unit between 

March 2013 and December 2015.  

 

Sample size was previously calculated; 1716 patients were necessary to obtain a 

precision of 5g/L. Further inclusion was performed retrospectively by two investigators after 

examination of medical data for each patient.  

Inclusion criteria were women aged between 18 and 43 years-old, healthy, with single 

pregnancy, normal pregnancy and follow-up, eutocic delivery after 37 weeks of gestation, 

available blood cell count two days after delivery.  

Exclusion criteria were any medical condition before or during pregnancy, any gravid 

pathology, dystocic delivery, postpartum haemorrhage > 500mL.  

 

Perinatal data collected were: age, number of previous pregnancies and deliveries, 

pregnancy duration, estimated blood loss at delivery, gender of the baby, birth weight, size 

and head circumference. Data had been gathered by our obstetric team and stored 

electronically. Medical history had been completed when consulting during pregnancy. 

Delivery and birth characteristics had been completed on the day of delivery. 

Blood data studied were: haemoglobin concentration, haematocrit, erythrocyte count, 

and mean corpuscular volume. Venous blood samples had been realized in the non-fasting 
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state in the morning of the second postpartum day, and analysed with an automated cell 

counter XE 2100D®. Standard deviation of the automated cell counter was calculated on the 

XE 2100D®, based on blood samples from the postnatal unit, between July 11th and 29th 

2015. 

The reference interval was defined as ranging from the 2,5th to the 97.5th percentile of 

a normal population. 

Missing data were excluded from the analysis. Some mothers were recorded several 

times because of repeated deliveries.  

  

Statistical methods  

The associations between haemoglobin and age, gravida, parity, gestational age at 

delivery, blood loss, and birth weight were analysed by linear regression. The correlations 

were assessed by Pearson's product moment correlation.   

Student t-test was used to analyse the characteristics related with anaemia, after 

separation in two groups (above and below the cut-off value). Welch two sample t-test was 

used for lognormal distribution values and Wilcoxon for non-lognormal distribution values. 

Relation with age, blood loss and haemoglobin below 85g/L were analysed by a 

multivariable logistic regression model. Odds Ratios were calculated. 

Values were treated with the program R-studio. P value below 5% were considered 

statistically significant 
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IV. RESULTS 
 
 

 5013 women with a blood cell count available two days after delivery were 

identified. 1751 patients fulfilled the inclusion criteria. 28 patients were secondarily excluded 

for missing data. 1723 healthy women aged between 18 and 43 years old, with single, normal 

pregnancy and follow-up, and delivery after 37weeks of gestation were included. Clinical and 

biological characteristics of the population were described in Table 1. Sex ratio was 0.88 boys 

for 1 girl. Gravida and parity were divided into quartiles. Concerning gravida: first quartile 

was 1, median was 2, third quartile was 3, and maximum was 9. Concerning parity: first 

quartile was 1, median was 2, third quartile was 2, and maximum was 9. 

Table 1. Clinical and biological characteristics of the population 

 Mean SD Median Min-Max 

Maternal characteristics 

Age (y) 

 

30 

 

5 

 

30 

 

18-43 

Gestational age at delivery (day) 

(Converted in weeks) 

280 

40 

7 

1 

280 

40 

259-294 

37-42 

Blood loss (mL) 

Neonatal characteristics 

161 103 100 0-495 

Birth weight (g) 3345 416 3330 1970-4950 

Birth length (cm) 51 2 51 24 -59 

PC (cm) 34.6 1.3 34.5 30.5 -39.0 

Biological characteristics     

Erythrocyte count (T/L) 3.89 0.45 3.91 1.96-5.51 

Haematocrit  0.34 0.04 0.34 0.18-0.46 

Mean corpuscular volume (fL) 87.8 6.1 88.6 61.8-108.3 
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Fig1. Distribution of haemoglobin concentrations two days after delivery (n=1723).                                     

---- 2.5th percentile, - - - 5th percentile  

 

Haemoglobin values ranged from 60 g/L to 154 g/L. The 2.5th percentile for 

haemoglobin was 85 g/L. (Fig1.) Mean and median were 112 g/L. Standard deviation was 13 

g/l.  

Other blood cell count parameters were analysed according to the reference values of 

the laboratory. Erythrocyte count was normal for 48.3% (n=832) of women, haematocrit for 

58.1% (n=1001) of women, and mean corpuscular volume for 90.4% (n=1558) of women. 

Haemoglobin and haematocrit were significantly correlated (r= 0.965 (CI95% [0.962; 

0.968]), P<0.001) according to Pearson’s product moment correlation (Fig2.). Haemoglobin 

was significantly related to gravida (r=0.07 (CI95% [0.03; 0.12]), P=0.003); to parity (r=0.12 
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(CI95% [0.07; 0.16]), P<0.001); to blood loss (r= -0.36 (CI95% [-0.40; - 0.32]), P<0.001); 

and to children birth weight (r= -0.01 (CI95% [–0.11; - 0.02], P=0.006). There was no 

significant correlation for gestational age at delivery and haemoglobin (r= -0.029 (CI95% [-

0.076; 0.018], P=2.23)  

 

Fig2. Correlation between haemoglobin and haematocrit according to Pearson’s 

product moment correlation (n=1723). Haemoglobin and haematocrit box plot in the margin. 

 

 The characteristics related with anaemia were analysed by Student t-test, after 

separation in two groups (above and below the cut-off value). There were significant 

associations between haemoglobin ≤85 and age, gravida and blood loss. (Table2). 
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 Mean ≤85 Mean > 85 t P-values 

Age (y) 27.2 30.2 -4.17  <0.001 S 

Gravida 2.0 2.5 -2.59 0.013 S 

Gestational age at (d) 281 280 1.26 0.280 NS 

Blood loss (mL) 287.2 157.3 6.46 <0.001 S 

Birth weight (g) 3399 3344 1.03 0.307 NS 

Haematocrit (%) 0.24 0.34 -27.05 <0.001 S 

Table 2. Comparison between haemoglobin ≤85g/L group (n=47) and haemoglobin >85g/L 

group (n=1676) according to the Student t-test or Wilcox test (n total=1723) 

 

 Age, gravida and blood loss were analysed by a multivariable logistic regression 

model. Blood loss was cut out in 50 mL group. No level II or III interactions were found 

between these factors. P values were all > 0.05. Gravida was removed because of no sufficient 

significance. Odds ratios (OR) were calculated with 95% confidence interval. 

Age was statically significant (P<0.001; OR=0.87 [-0.10; -0.09]). 

Concerning blood loss class, group 00-50 mL was chosen as reference. No significant relation 

was found between this group and group < 300mL, all P-values were >0.05. The groups > 

300ml are showed in Table 3. 
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 OR CI95% P-values 

Blood loss 00-50 Ref (mL)  1   

Blood loss 301-350 (mL) 18.30 4.09; 81.77 <0.001 

Blood loss 351-400 (mL) 23.28 6.43; 84.23 <0.001 

Blood loss 401-450 (mL) 29.61 6.75; 129.93 <0.001 

Blood loss 451-500 (mL) <0.001 <0.001 0.998 

Table 3. OR, IC95% and P values for the blood loss groups above 300mL. 
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V. DISCUSSION 
 
 

Despite its high prevalence and clinical implications, postpartum anaemia remains 

insufficiently codified. It is essential to diagnose precisely postpartum anaemia before starting 

iron supplementation. For the first time, a large sample study permitted to calculate the 

reference interval for haemoglobin in early postpartum. The 85g/L cut-off value for anaemia 

was 15g/L lower than the usual cut-off and 35g/L lower than in the general population of 

healthy women (11). 

Two main causes may have explained low haemoglobin values: haemodilution and per 

partum blood loss. This study evidenced a significant linear correlation between blood loss 

and haemoglobin. Blood loss was significantly higher in anaemic patients than in non-

anaemic ones. Blood loss was logically expected to be related with anaemia. For more 

precision, a secondary analysis was led by categories of blood loss volume. The significant 

correlation between blood loss over 300mL and haemoglobin ≤85g/L suggested that a 300mL 

cut-off value might be a risk factor for postpartum anaemia. 

During pregnancy, plasma volume increases of 30 to 40%, while red cell volume 

increases of only 20% leading to a relative haemodilution (11), (12). Gravid haemodilution is 

a physiological process. It allows increasing cardiac output, decreasing blood viscosity, and 

compensating volume of per partum blood loss preventing hypovolemia. It decreases after 

delivery. About half of the patients still had abnormal low haematocrit below 34% suggesting 

that the dilution process of pregnancy was not resolved yet two days after delivery. 

Patients in the haemoglobin ≤85g/L group turned out to be significantly younger. 

Although this study provided no explanation for this, it suggested that age could be an 

interesting criterion to focus on for prevention, screening and treatment. 
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Concerning screening for anaemia, this study suggested that it could be useful mostly 

for young women with blood loss higher than 300mL. Realising a blood cell count two days 

after a normal delivery in these patients only would seem to be a good screening. 

 

All statements can be generalised to the general postpartum population in France. 

Characteristics of the patients included were similar to the general postpartum population in 

France (13). Only sex ratio differed in favour of girls. One causal hypothesis is that boys 

mean birth weight is higher, so boys may provide more dystocic deliveries, excluded from 

this study. 

 

This actual cut-off suggested that all mothers with haemoglobin between 85g/L and 

100g/L two days after delivery have been considered anaemic by excess. They probably 

received iron supplementation while it was not essential, its efficiency and compliance could 

have been limited due to side effects (2). Treating puerperal anaemia should be based on the 

85 g/L cut-off value, and take into account clinical criteria (such as asthenia, tachycardia, 

fainting, sweating, dizziness), prior haemoglobin value, nutrient intake… 

 

 

The early postpartum period was chosen in this study for practical reasons. Blood cell 

counts two days after delivery were already available in the laboratory. And sampling blood 

two days after delivery corresponded with usual clinical practice. Patients are still discharged 

at that time, then screening anaemia and starting treatment are easy.  

Women were supposed to be non-anaemic at delivery although their haemoglobin 

status was not known. Indeed, only healthy patients with a regular follow-up were included. 
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In France, it is recommended to screen for anaemia during the 6th month of pregnancy and to 

start iron supplementation in case of anaemia. For the same reason, iron status was not 

assessed. This study focused on haemoglobin rates only, unlike most studies. 

Concerning statistical methods, after assessing haemoglobin reference interval, 

highlighting criteria related with anaemia seemed interesting and led to secondary statistical 

analysis. Criteria for the multivariable analysis were chosen according to their possible 

clinical implication and were similar to the ones of Bergmann 2010 (10). 

 

Despite the few data existing in literature, the results were comparable to other studies. 

Low haemoglobin reference interval agrees with Breymann 2010 who mentions that the nadir 

of postpartum haemoglobin levels is reached approximately 48h after the primary plasma 

volume distribution (14). Bergmann and Al. (10) collected haemoglobin two days after 

delivery and excluded secondarily all patients presenting risk factors for puerperal anaemia 

(postpartum haemorrhage, placenta praevia, operative delivery, anaemia during pregnancy). 

1.3% of mothers had haemoglobin below 80g/L, and 13.9% had haemoglobin below 100g/L, 

suggesting that a cut-off value of 80g/L 24 to 48h postpartum was probably more predictive 

of sustained anaemia than the traditional cut-off of 100g/L.  

About residual haemodilution, Lund and Donovan (12) and Ueland (15) drew the 

same conclusions. They measured blood volume during pregnancy and at delivery 

respectively and compared them to the measures in the postpartum period. Only 50% of the 

increase in blood volume was eliminated 3 to 5 days after delivery.  
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The main strength of this study was the large sample size permitting to respond to the 

main purpose. It was the first study on postpartum haemoglobin conducted two days after 

delivery, corresponding to a period when patients are usually still discharged. In addition, 

haemoglobin rates were precise because measured biologically, unlike some studies that used 

Hemocue® (8) or diagnosis codes (16) to define anaemia. 

 

There are some limitations, however, to the present study. Blood loss were probably 

underestimated because the current methods for quantifying blood loss (collector bag) are 

known to underestimate the volume (17), (11). It moderates the criterion blood loos over 

300mL as a risk for postpartum anaemia. The actual blood loss volume was possibly higher, 

then closer to 500mL, cut-off for postpartum haemorrhage. Nevertheless, it corresponds once 

more to the clinical practice. 

On the one hand, some patients may have been excluded by excess. Their pathologies 

may not have had an impact on anaemia. However, the pathologies excluded were globally 

similar to ones of Milman 2007 (11). On the other hand, some criteria may have had an 

impact on haemoglobin rate but were not collected. For example, previous caesarean section, 

smoking (16), and low socio-economic level (18), (8) have been identified as risk factors for 

postpartum anaemia. Information on previous caesarean section was not collected but patients 

with abnormal placentation were excluded, limiting the impact on blood loss and 

haemoglobin. Unfortunately, socio-economic data were not available and smoking was 

insufficiently completed in the medical files.  

No clinical data could be collected in the postpartum period. Symptoms of anaemia 

such as asthenia, tachycardia, and palpitations could not be collected. They were recorded in 

paper medical files whereas inclusion was based on electronic medical files only. It had no 
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impact on the main purpose of the study, which was purely biological. It could have been 

interesting for clinical analysis of the results. Other studies assessing symptoms of anaemia 

should be led to confront these biological results with clinical status. 
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VI. CONCLUSION 
 
 

Postpartum anaemia is a common issue, defined as haemoglobin below 100 g/L. It has 

been determined by an international agreement, but not scientifically yet. The purpose of our 

study was to assess haemoglobin reference interval and to define a cut off-value for anaemia, 

in the early postpartum. 

1723 healthy women were included, two days after a normal delivery. Normal 

hematologic values were included between the 2.5th and the 97.5th percentile.  The cut-off was 

below this 2.5th percentile. Values were treated with Pearson’s product correlation, Student t-

test and multivariable logistic regression model.  

This study results determined the haemoglobin standard between 85 and 136 g/L, so a 

new cut-off for anaemia at 85 g/L. These results were comparable to other studies, despite 

their few numbers and their lack of power. However, they are different from the classically 

accepted definition for postpartum anaemia. With this definition, fewer patients would meet 

the criteria for anaemia, and would require iron supplementation. The appropriateness of the 

management would need to be assessed clinically.  

This study also suggested that screening anaemia two days after a normal delivery 

could be useful only for young women (OR=0.87 [0.82; 0.93]), with blood loss higher than 

300mL (OR=18.30 87 [4.09; 81.77]). Taking the rate of 8.5g/L, it would be desirable to 

evaluate the rate of anaemic patients in other postpartum patients, in order to validate it on the 

total population of mothers. 
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Moreover, subsequent studies should be conducted to determine whether the cut-off is 

consistent with the clinical signs of anaemia in order to determine a suitable iron treatment 

program on the second day of delivery.  
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ABSTRACT:  

Introduction: Postpartum anaemia is defined as haemoglobin below 100 g/L by an 
international agreement. It has never been determined scientifically yet. The main purpose of 
this study was to assess the reference interval for haemoglobin in puerperal women and so 
define a cut-off value for postpartum anaemia. 

Methods: This retrospective study was performed in the University Hospital of Grenoble, 
between March 2013 and December 2015. Haemoglobin values two days after delivery were 
collected. Healthy women were included, aged between 18 and 43 years old, with a single, 
normal pregnancy, follow up and delivery. Haemoglobin reference interval was set between 
the 2.5th and the 97.5th percentile. Cut-off for anaemia was set at the 2.5th percentile. 
Haemoglobin was also statistically compared to other blood and clinical factors. 

Results: 1723 haemoglobin values ranged from 60 g/L to 154 g/L. Mean was 112 g/L. 
Standard deviation was 13 g/L. Cut-off value for anaemia was 85 g/L. Haemoblogin≤85g/L 
was significantly correlated with low age (OR=0.87[0.82; 0.93]), and blood loss>300mL 
(p<0.001). 

Conclusion: This study determined haemoglobin standard and cut-off for anaemia on the 
second day after eutocic delivery. Subsequent studies should be conducted to determine 
whether the cut-off is consistent with clinical outcomes of anaemia in order to determine a 
suitable iron supplementation program. 
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