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Abstract 

Background: In low- and middle-income countries, anemia during pregnancy remains a major cause of maternal and neonatal mortality. Purpose: 
There are currently no reports on anemia among pregnant women in the Beni Mellal-Khenifra region. This study aims to assess and describe 
anemia in pregnant women in this area. Methods: The full blood count was performed using the SYSMEX XS-1000i Automated Hematology Analyzer 
(Sysmex Corporation, Kobe, Japan) in Whole Blood Mode. The measured indices included RBCs, WBCs, Hb, MCV, and MCHC.  Results: In this study, 
74.0% of the total sample of pregnant women were anemic. Among these anemic women, the types of anemia observed included 21.4% (micro hypo 
cases, n=63), 8.1% (micronormo cases, n=24), 2.0% (normo hypo cases, n=6), and 68.5% (normo normo cases, n=202). Regarding age 
distribution among the anemic pregnant women, 5.1% (n=15) were under 20 years old, 49.1% (n=145) were between 20 and 30 years old, and 
45.8% (n=135) were over 30 years old. Hematological analysis of all studied pregnant women provided valuable information on hematological 
indices, such as red blood cells (RBCs), with 70.5% of anemic pregnant women having less than 4.20 million cells per mm³; hemoglobin (Hb), 
with 55.6% below 12 g/dl; mean corpuscular volume (MCV), with 29.2% less than 80 fL; mean corpuscular hemoglobin content (MCHC), with 
22.0% below 27 pg; platelets (Pla), with 93.2% within normal levels; and blood sugar (BS), which remained relatively stable. Conclusion: Overall, 
this descriptive epidemiological study highlights the significant prevalence of anemia among pregnant women in the Beni Mellal region and the 
variety of anemia types present. The findings emphasize the urgent need to enhance public health efforts to improve maternal health and reduce 
the risks associated with anemia during pregnancy. 
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Introduction 

Worldly anemia is one of the most important health conditions 
affecting people [1]. According to the World Health Organization 
(WHO), anemia remains a silent disease with slow progression and few 
physical symptoms, which can cause patients not to realize their 
condition until it is in an advanced stage (WHO). It is estimated that 
about two billion people worldwide have anemia. People with anemia 
have lower than normal hemoglobin levels in their blood, resulting in 
a decreased ability of red blood cells to carry oxygen to tissues [2]. WHO 
defines anemia during pregnancy as a hemoglobin (Hb) 
concentration of less than 11 g/dl [3, 4]. A more detailed classification 
is available from WHO [5]. Anemia during pregnancy is categorized 
by WHO as mild (10. 0 - 10. 9 g/dl), moderate (7. 0 - 9. 9 g/dl), and 
severe (< 7. 0 g/dl), based on hemoglobin levels [6-9]. This condition 
can occur in any population, but young children and pregnant women 
are most commonly affected by this blood disorder [10]. In both 
developing and developed countries, anemia during pregnancy is 
recognized as a public health issue linked to adverse pregnancy 
outcomes [1, 11, 12]. The hemoglobin deficiency caused by anemia in 
pregnancy can lead to serious maternal and fetal complications, even 
maternal death [13], especially in low- resource countries [14]. Data 
shows that anemia contributes to over 115,000, 000 maternal and 
591,000, 000 perinatal deaths annually, accounting for 20% of 
maternal deaths worldwide [15]. The main causes of anemia during 
pregnancy include poor antenatal care, inadequate nutritional status, 

poor diet, sociodemographic factors, genetics, abortions, infectious 
diseases, frequent labor, and multi- parity [7], as well as acute blood 
loss. According to Shams et al. [7], only iron deficiency accounts for 
75% of anemia cases. Another major cause is deficiencies in micro and 
macronutrients [2, 16]. Poor bioavailability and insufficient intake of 
iron- rich foods also greatly contribute to anemia during pregnancy 
[2]. Additionally, individual, household, community, district, 
regional, or national factors may also influence anemia risk [17]. The 
WHO aims to reduce anemia by 50% among women of reproductive 
age by 2025. A key priority during pregnancy in Morocco' s health 
sector is tackling anemia, with its prevalence among women of 
reproductive age serving as an indicator. However, no studies have yet 
been reported on anemia among pregnant women in the Beni Mellal- 
Khenifra region. The objective of this study was to assess and describe 
anemia among pregnant women in the Beni Mellal region. 

Materials and Methods 

Study Design and Setting  

This study was carried out at the hematology department of the 
medical analysis laboratory at the Regional Hospital Center (CHR) in 
Beni Mellal, Morocco, over a two-year period from January 23, 2023, 
to January 24, 2024. The Beni Mellal-Khenifra region, located in 
north-central Morocco, has a population of 2,525,801 residents, with 
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1,283,492 (50.8%) living in urban areas and 1,242,309 (49.2%) in 
rural areas [18]. Beni Mellal province has 580,327 inhabitants, 
including 350,703 in urban areas and 229,624 in rural areas (Figure 
1) [18]. Beni Mellal city, the regional capital, hosts the Regional 
Hospital Center (CHR), which functions as a primary healthcare 
provider for patients from various parts of the region, including both 
urban and rural communities. The study involved 400 pregnant 
women who sought care at the hematology department during the 
study period. The age groups considered were pregnant women aged 
≤20 years, between 20 and 30 years, and ≥30 years.  

Blood Collection Equipment  

The tools needed for safe and hygienic blood sample collection 
include sterile test tubes, needles, and tourniquets. These items are 
essential for performing important hematological tests to diagnose 
anemia. 

Specimen Collection and Processing 

Five milliliters (5 mL) of pregnant women's venous blood were 
drawn each morning (between 8:00 am and 10:00 am) for 
hematological analysis. About 2 mL were collected into BD vacutainers 
containing EDTA for hematological indices, and approximately 3 mL 
into BD Vacutainers with SST II Advance semi-separator gel for 
biochemical analysis.  

Hematological Analysis 

The full blood count was performed using the SYSMEX XS-1000i 
Automated Hematology Analyzer (Sysmex Corporation, Kobe, Japan) 
in Whole Blood Mode. The measured indices included RBCs, WBCs, Hb, 
MCV, and MCHC. Routine quality control checks were conducted on 
control specimens within the specified limits according to the 
manufacturer's instructions. Calibration of the hematology analyzer 
was performed following the manufacturer’s guidelines whenever 
reagents were changed.  

Statistical Analysis 

Descriptive statistics were conducted using Microsoft® Excel® 
2016. Categorical variables were summarized with frequencies and 
percentages. No inferential statistical tests were performed, as the study 
primarily aimed to describe the distribution of type anemia, age and 
their hematological indices in anemic pregnant women. 

Ethical Considerations 

The Institutional Research Ethics Review Committee at Sultan 
Mouly University drafted an official consent letter outlining the study’s 
goals for the hospital before the study began. The acquired data were 
handled confidentially and were not identified by names. Patients were 
not harmed physically or psychologically by the trial. Respondents 
were treated with respect, and their right to privacy and confidentiality 
was maintained through anonymity. Written informed consent was 
obtained. 

Results  

Prevalence of Anemia 

The findings from this study showed that out of 400 pregnant 
women, 295 cases were anemia, accounting for 74% of the total 
sample, while 105 women were within the normal range, representing 
26% of the sample (Tabe 1). The distribution of anemia types indicates 
that most cases are classified as "normo normo," meaning the cells are 
normal in size and hemoglobin concentration but are insufficient in 
number. 

Type of Anemia 

The types of anemia observed among anemic women include 63 
cases of micro hypo, representing 21.4%. This type of anemia is 
characterized by small, poorly hemoglobinized RBCs, often linked to 
iron deficiency. There are 24 cases of micronormo, accounting for 
8.1%, indicating RBCs that are normal in size but insufficient in 
number. Additionally, 6 cases of normo hypo, making up 2.0%, involve 
cells that are normal in size but low in Hb. Lastly, there are 202 cases 
of normo normo, comprising 68.5%, where RBCs are normal in size 
and Hb concentration but are insufficient in number. This could 
suggest anemia caused by nutritional deficiencies or other causes not 
related to abnormalities in RBCs (Table 1).  

Age Distribution Among Anemic Pregnant Women 

Regarding the age distribution among anemic pregnant women, 
this study reports 15 cases under 20, representing 5.1%; 145 women 
aged 20 to 30, making up 49.1%; and 135 women over 30, accounting 
for 45.8%. This suggests that anemia notably affects pregnant women 
aged 20 to 30 and over 30 years old (Table 1).  

Table 1: Prevalence, Types of Anemia, and Age Distribution among Pregnant Women with Anemia. 
Prevalence Anemic Pregnant Women 

 Samples (n) Percentage (%) 
 295 74.0 % 

Anemia Types Normo normo 202 68.5 % 
Normo hypo 06 2.0 % 
Micro normo 24 8.1 % 

Micro ypo 63 21.4 % 
Total 295 100 % 

Age Distribution <20 15 5.1 % 
20-30 144 49.1% 
>30 136 45.8 % 

Total 295 100 % 

Hematological Data 

The analysis of Table 2 reveals important information about the 
hematological indices of 400 pregnant women, out of whom 295 
(74%) have anemia. Comparing the entire group to the subset of 
women with anemia helps highlight the specific features related to 
anemia. 

Platelets (Pla) 

In the overall sample, the vast majority of women, or 95%, have 
platelet levels within the normal range, which is between 150,000 and 
400,000 per mm³. However, among women with anemia, while most, 
or 93.2%, also remain within this normal range, the percentage of 
women with platelet counts below 150,000 per mm³ has slightly 
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increased compared to the overall sample, rising to 5.4% (Table 2). 
This may suggest a tendency toward thrombocytopenia in women with 
anemia, although the change is relatively small. 

Red Blood Cells (RBCs) 

Regarding RBCs, the gap is more noticeable. While in the entire 
sample, 52% of women have an RBC count below 4.20 million per 
mm³, this percentage rises to 70.5% among anemic women. This 
confirms that a lower red blood cell count is a key indicator of anemia 
in this population. Conversely, the percentage of women with counts 
in the normal range of 4.2 to 5.55 million per mm³ decreases 
significantly in anemic women, from 47.5% to only 28.8% (Table 2). 

Hemoglobin (Hb) 

For Hb, 55.6% of women in the total sample have levels below 12 
g/dL, indicating anemia. This same proportion of 55.6% is found 
among anemic women.  

The group with normal hemoglobin levels, ranging from 12 to 16 
g/dL, accounts for 58.8% of the total sample but drops to 44.1% among 

anemic women, reinforcing the link between low Hb and anemia 
(Table 2). 

Mean Corpuscular Volume (MCV)  

The MCV also shows a difference, with 21.5% of women in the total 
sample having an MCV less than 80 FL, compared to 29.2% of anemic 
women. This parameter indicates the average size of RBCs, and a rise 
in cases of microcytosis among anemic women could suggest specific 
types of anemia, such as iron-deficiency anemia (Table 2).  

Mean Corpuscular Hemoglobin Content (MCHC)  

The mean corpuscular hemoglobin content, which reflects the 
average Hb amount per RBC, is below 27 pg in 16.3% of the entire 
sample and in 22% of women with anemia, further emphasizing the 
prevalence of hypochromic anemia in this group (Table 2).  

Blood Sugar (BS) 

Finally, BS, which remains relatively stable, shows minimal 
differences between the two groups, indicating that blood sugar is not 
directly influenced by anemia in this population (Table 2). 

Table 2: Comparison of the Hematological Data between the Entire Sample and Anemic Women. 
 Total Sample Anemic Women 
 Samples (n) Percentage (%) Sample (n) Percentage (%) 

Platelets (Pla): 150 000 - 400 000 /mm3 
<150 000/mm3 16 4.0 16 5.4 

150 000 - 400 000 /mm3 380 95.0 275 93.2 
>400 000 /mm3 4 1.0 4 1.4 

Total 400 100 295 100 
Red Blood Cells (RBCs): 4.20 – 5.55 millions/mm3 

<4.20 M/mm3 208 52.0 208 70.5 
4.2- 5.55 M/mm3 190 47.5 85 28.8 

>5.55 M/mm3 2 0.5 2 0.7 
Total 400 100 295 100 

Hemoglobin (Hb): 12.0 – 16.0 g/Dl 
<12 g/Dl 164 41.0 164 55.6 

12 -16 g/Dl 235 58.8 130 44.1 
>16/mm3 1 0.3 1 0.3 

Total 400 100 295 100 
Mean Corpuscular Volume (MCV): 80.0 – 100.0 Fl 

<80 fl 86 21.5 86 29.2 
80 -100 fl 314 78.5 209 70.8 
>100 fl 0 0.0 0 0.0 
Total 400 100 295 100 

Mean Corpuscular Hemoglobin Content (MCHC): 27.0 – 32.0 pg 
<27 pg 65 16.3 65 22.0 

27 -32 pg 311 77.8 206 69.8 
>32 pg 24 6.0 24 8.1 
Total 400 100 295 100 

Blood Sugar (BS) : 0.70 – 1.10 g/L 
<0.7 g/L 6 1.5 6 2.0 

0.7 -1.10 g/L 386 96.5 283 95.9 
> 1.10 g/L 8 2.0 6 2.0 

Total 400 100 295 100 

Discussion 

In low- and middle- income countries, anemia during pregnancy 
remains a leading cause of maternal and neonatal death [19]. It 
happens when hemoglobin levels drop below normal, leading to 
insufficient oxygen delivery to meet the body' s physiological needs. 
Symptoms include weakness, dizziness, fatigue, difficulty 
concentrating, and shortness of breath [20]. The recorded anemia rate 
in her case (74%) shows it is a major public health issue in Beni Mellal 
province. This rate surpasses those reported in other Moroccan regions. 
For example, studies report a prevalence of 41% in Essaouira [21], 30% 

in Marrakech [22], 16. 8% in Temara [23], and 14. 4% in Casablanca 
[24]. According to Ouzennou et al. [21], regional differences within 
Morocco can be partly explained by disparities in living standards, 
particularly between urban areas and rural provinces like Essaouira 
and the Marrakech- Safi region [21]. The high anemia prevalence is 
probably linked to the region' s difficult living conditions, which affect 
health. Notably, the Beni Mellal- Khenifra region has some of the 
highest poverty and vulnerability rates nationally, at 9. 8% and 9%, 
respectively. These conditions contribute to nutritional deficiencies 
and related diseases, emphasizing the need for focused efforts on 
pregnancy- related anemia in the area. These findings could also apply 
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to the entire Moroccan population facing similar socioeconomic 
challenges, especially in rural areas. Globally, prevalence differences 
may stem from variations in sample size and study regions [25]. 
Several studies report prevalence rates of 16. 8%, 22. 1%, 24. 4%, 32. 
8%, 41. 3%, 41. 6%, 43. 2%, 43. 4%, and 45. 4% in Iran, Uganda, Great 
Britain, Ethiopia, Cape Verde, Turkey, Cameroon, Algeria, and Egypt, 
respectively [26-30]. These rates are still lower than the 74% reported 
among pregnant women in Beni Mellal. However, they are similar to 
Nepal' s rate of 73% [31] and lower than India' s, where it can reach 
100% [30, 32]. The main causes of anemia include nutritional 
deficiencies—such as iron, folate, and vitamin B 12—parasitic 
infections like malaria, infectious diseases such as tuberculosis and 
HIV, and inherited or acquired disorders that impair hemoglobin 
synthesis, red blood cell production, or red blood cell lifespan [33]. 
Additionally, environmental and socioeconomic factors, especially 
lower socioeconomic status, are associated with higher deficiency 
rates, as shown in WHO studies [4]. The types of anemia found among 
women with anemia included 63 cases of microcytic hypochromic 
anemia, representing 21.4%. This type of anemia is characterized by 
small, poorly hemoglobinized red blood cells and is often linked to iron 
deficiency. There were 24 cases of micronormocytic anemia, 
accounting for 8.1%, indicating RBCs that are normal in size but 
insufficient in number. Six cases of normocytic hypochromic anemia, 
making up 2.0%, involved cells that are normal in size but low in 
hemoglobin. Additionally, 202 cases of normocytic normochromic 
anemia, which constitute 68.5%, involved RBCs that are normal in size 
and hemoglobin concentration but are insufficient in number. This 
could suggest anemia due to nutritional deficiencies or other causes 
not related to RBC abnormalities. Ferriprive anemia is generally 
defined as any pathological state where the blood's hemoglobin 
content becomes abnormally low due to iron deficiency [34]. It is the 
most common type of anemia worldwide, which confirms our findings 
and those of Kassebaum et al. [35]. Regarding age distribution, this 
study revealed that 49.3% of the anemic pregnant women were aged 
20 to 30 years, while 45.3% were over 30. These findings align with 
previous reports by Adebo et al. [36] in Benin, who observed that young 
adult pregnant women aged 18 to 35 years were most affected by 
anemia based on a cross-sectional, descriptive, and analytical study 
[36]. According to Anoua [37], socio-demographic factors related to 
age contribute to the risk of anemia in pregnant women. For example, 
women under 20 years old made up only 5.3% of the anemic pregnant 
women. This is likely because pregnant women in the Beni Mellal 
province under 20 generally have good nutrition [38]. Young pregnant 
women still need a high intake of nutritious foods because they are 
classified as adolescents [39]. Adolescence is a period of ongoing 
growth and development necessary for optimal health, as noted by 
Aisyah and Fitriayani [39]. Therefore, pregnant teenagers require a 
substantial and nutritious diet to support fetal growth and 
development [40]. A lack of nutritious foods during pregnancy in 
women under 20 can pose risks to both mother and fetus, as their 
reproductive systems are not fully developed [40]. According to 
Anfiksyar et al. [41], regular intake of iron tablets can help maintain 
Hb levels in pregnant women, especially those aged 35 and older, who 
are more prone to anemia because of physiological changes. Pregnant 
women 36 and older start to regenerate their body's cells, including 
their reproductive systems, making pregnancy riskier for women in 
this age group. In Morocco, data on the diet of anemic pregnant 
women reported by Ouzennou et al. [21] showed high consumption of 
cereals, fats, and vegetables, with lower intake of meat and dairy 

products. All women consumed at least one cereal daily (such as bread, 
Moroccan pancakes, wheat or barley soup, couscous, pasta, etc.) and 
one type of fat (olive oil, argan oil, table oil). Additionally, 85% ate 
vegetables every day, while only about half regularly ate meat (47%) 
and dairy products (56%). Moreover, none of the women were referred 
to a dietitian for personalized dietary advice. However, 41.2% of anemic 
women received dietary guidance from health professionals, mainly 
encouragement to eat iron-rich foods (liver, spleen, lentils, green 
vegetables, beetroot) or to avoid drinking tea and coffee. Among the 
anemic women, 42.3% drank 1 to 9 glasses (cups) of tea daily, 
averaging approximately 3.2 cups per day. Regarding hematological 
data, the analysis offers valuable insights into the indices of 400 
pregnant women, of whom 295 were anemic. Comparing the overall 
sample with the subgroup of anemic women highlights specific 
patterns related to anemia. In the total sample, 95% of women had Pla 
counts within the normal range of 150,000 to 400,000/mm³. In the 
anemic group, although 93.2% remained within this normal range, 
the percentage of women with platelet counts below 150,000/mm³ 
increased slightly to 5.4%, indicating a possible trend toward 
thrombocytopenia, though this change is modest. The differences are 
more significant for RBCs. While 52% of all women had RBC counts 
below 4.20 million/mm³, this proportion rose to 70.5% among anemic 
women, showing that low RBC count is a key marker of anemia. 
Conversely, the proportion of women with RBC counts within the 
normal range (4.2 to 5.55 million/mm³) decreased from 47.5% to 
28.8% among anemic women. For Hb, 41% of women in the overall 
group had levels below 12 g/dl, which is characteristic of anemia. 
Among the anemic women, this percentage increased to 55.6%. 
Women with Hb levels from 12 to 16 g/dl made up 58.8% of the total 
sample but only 44.1% of the anemic group, confirming the link 
between low Hb and anemia. The MCV also shows a difference, with 
21.5% of all women having an MCV less than 80 fl, compared to 29.2% 
of anemic women. Since MCV indicates the average size of RBCs, a 
higher prevalence of microcytosis in anemic women suggests types of 
anemia like iron-deficiency anemia. Regarding the MCH, which 
measures the average Hb per RBC, less than 27 pg is observed in 16.3% 
of the total sample and 22% of anemic women, highlighting the 
prevalence of hypochromic anemia in this subgroup. Lastly, blood 
sugar levels are relatively stable across groups with few variations, 
indicating that blood sugar is not directly impacted by anemia in this 
population. In this investigation, hematological indices such as RBCs 
and Hb levels were higher in anemic pregnant women (70.5% and 
55.6%) compared to their non-anemic counterparts (28.8% and 
44.1%), respectively. However, indices such as MCHC and MCV were 
lower in anemic pregnant women (22% and 29.2%) compared to their 
non-anemic counterparts (69.8% and 70.8%), respectively. This aligns 
with several previous studies [42-45] among anemic pregnant women. 
The mean Hb level of less than 99.9 g/dl observed among the anemic 
pregnant women (55.6%) falls within the moderate anemia category 
(Hb<9.9 g/dl), according to WHO classification criteria for anemia 
[46]. This study also observed a significantly low mean MCV level 
among anemic pregnant women, with 29.2% having MCV<80 fL. A 
reduced MCV below the lower reference limit indicates microcytic 
anemia or iron deficiency anemia [42, 44]. Our finding that MCV 
levels were increased in anemic pregnant women contradicts those of 
Ahenkorah et al., who reported 16.9% [42] and 70.9% [47] among 
anemic pregnant women in Bolgatanga (Ghana) and Sokoto 
(Nigeria), respectively. Erhabor and Ahenkorah attributed their results 
to microcytic hypochromic anemia [42, 47].  
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Conclusion 

In summary, this descriptive epidemiological study highlights the 
alarming level of anemia prevalence among pregnant women in the 
Beni Mellal region, along with the variety of anemia types found within 
this population. The data stress the urgent need to strengthen public 
health initiatives aimed at improving maternal health and reducing 
the risks associated with anemia during pregnancy. Continued 

engagement and coordinated efforts among healthcare professionals, 
policymakers, and the community are essential to tackling this public 
health issue and ensuring safer, healthier pregnancies for all women. 
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