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ABSTRACT

Background. Women of reproductive age (WRA) are one of the vulnerable population mostly impacted by anemia and
iron deficiency (ID) worldwide.

Objective. This study aimed to assess the prevalence of anemia, ID, and iron deficiency anemia (IDA) among WRA in
Morocco.

Material and Methods. This study included a representative sample of 2,012 non-pregnant women aged 15-49 years
covering the entire territory of Morocco. Data collection encompassed socio-demographic information, anthropometric
measurements, along with blood samples. Hemoglobin (Hb) concentration, serum ferritin (SF), and C-reactive protein
(CRP) levels have been analyzed.

Results. The median of SF for the entire population was 27 ug/mL (Interquartile Range (IQR): 12-50 ug/mL), and the
mean of Hb was 12.2 + 1.5 g/dL. Significant differences were observed between urban and rural areas: urban SF median
was 24 pg/mL (IQR: 11-45 ug/mL) versus rural 31 pg/mL (IQR: 15-55 pg/mL, p < 0.001), and urban Hb mean was
12.2 + 1.5 g/dL compared to rural 12.4 + 1.5 g/dL (p = 0.02). Furthermore, the prevalence of anemia, ID and IDA are
consistently high; 34.3%, 29.8%, and 16.4%, respectively, with a significant difference in favor of urban areas.
Conclusion. Our findings from this national survey reveal that despite over a decade of implementing flour fortification
strategy using electrolytic iron to address iron deficiency in Morocco, anemia, ID, and IDA remain widespread among
WRA. Exploring alternative strategies or adopting a different form of iron for fortification could be beneficial in reducing
or even eradicating iron deficiency among Moroccan women.
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INTRODUCTION geographical variations [5]. Indeed, nutritional
deficiencies, infectious and inflammatory diseases,

Anemia is a condition characterized by as well as genetic disorders of hemoglobin are the

a deficiency of healthy red blood cells, which impairs
the body’s ability to deliver oxygen to vital tissues
such as the brain, muscles, and heart [1]. On the other
hand, ID refers to low levels of stored iron, leading
to reduced SF and decreased saturation of the iron
transport protein transferrin [2]. The World Health
Organization (WHO) defines anemia as Hb levels
below 12.0 g/dL in females, while ID is indicated by
SF levels below 15 pg/mL [3, 4]. These conditions
are global health concerns, primarily affecting WRA
and children. Anemia affects millions of women
worldwide, with higher prevalence rates in low- and
middle-income countries [5]. The global prevalence
of anemia in WRA was 30%, with significant

principal causes of anemia [6]. The most common
type of anemia is IDA, which accounts for 50% of
all anemia cases worldwide [7]. Anemia can have
adverse effects on cognitive and physical abilities,
leading to reduced economic productivity [8, 9],
increased morbidity, and mortality [10].

Turning our focus to the situation in Morocco,
previous surveys conducted in 1994 and 2000
indicated a high prevalence of anemia among WRA,
with rates of 30.8% and 32.6% respectively [11]. In
response, the Moroccan Ministry of Health (MH)
implemented a National Program to Fight and Control
Micronutrient Deficiencies, which included measures
such as food fortification, dietary supplementation,
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and nutritional education [12]. Food fortification is
considered a cost-effective and sustainable approach
to increase iron intake and combat micronutrient
deficiencies, especially ID, in the general population
[13]. ID in Morocco has been estimated to cost 2
billion dirhams per year [14]. In 2005, a national wheat
flour fortification program incorporating elemental
electrolytic iron (EEI) was initiated to improve iron
status across the country [15]. This program was
followed by two sentinel surveys conducted in 2006
and 2008, which revealed anemia prevalence rates of
31.5% and 33.3% among WRA, respectively. During
the same period, IDA accounted for 63.9% and 59.1% of
all anemia cases [16]. However, these results indicated
that the national coverage of the fortification program
was only 38.3%, highlighting the need for higher
coverage rates exceeding 80% to achieve significant
improvements [17].

In 2014, the World Health Organization approved
a global implementation plan on maternal, infant
and young child nutrition [18] specifying six global
nutrition goals for 2025 [18]. The second of which
is, to achieve a 50% reduction in the prevalence of
anemia among WRA by 2025. In Morocco, the MH
launched the National Nutrition Program in 2019 with
the objective of improving the nutritional status of the
Moroccan population and achieve by 2030 a one-third
reduction in ID compared to the levels recorded in 2000
[14]. Therefore, the aim of this study is to provide an
updated assessment of the prevalence of anemia, ID,
and IDA among WRA in Morocco, following 12 years
after mandatory fortification program implementation
in 2008 and support from the MH.

MATERIAL AND METHODS

Study design and population

The study comes in the framework of Nutrition
National Survey (2019-2020) conducted by Moroccan
MH at the national level covering the 12 regions of
Morocco based on the size-proportional probability
sampling approach recommended by the WHO
out of a total of 180 clusters [19], in each cluster,
households were randomly selected based on the
count sheet completed the day before the survey.
A sample of 20 households was selected using the
systematic approach at a point of departure with the
same probability. A total of 3118 households were
surveyed (60.4% in urban areas and 39.6% in rural
areas). Briefly, in each selected household, a WRA
between the ages of 15 and 49 years was recruited
for the survey if she was present in the household,
if several WRA met the criteria for inclusion and
exclusion in a household, a draw based on Kish’s
table was conducted by the team supervisor. Each
WRA younger than 15 years or older than 49 years

and were taking iron supplements were excluded
from the study. WRA presenting chronic or severe
illness requiring hospitalization or treatment were
excluded from the study. In a family meeting, the
purpose of the study was explained and oral and
written informed consent was obtained from women
before the start of the investigation.

Ethical approval

The survey protocol was validated by a Steering
Committee and a Committee Technical staff
comprising representatives of all the institutions
concerned (MH, Universities, CHU, HCP) and in
a concerted and participatory way, were entrusted
with the coordination and monitoring of all stages of
the operation. The Ethics Committee for Biomedical
Research in Rabat gave the favorable opinion to
the realization of the National Nutrition Survey in
Morocco after review of its protocol (Ethical Approval
number 321; 3 April 2017).

Socio-economic assessments

A questionnaire was used to gather socioeconomic
data relevant to the families of WRA. A face-to-
face questionnaire included information on level of
education, household size, socioeconomic variables of
the participants.

Anthropometric measurement

Anthropometric measurements were taken by
trained health professionals according to the WHO
standard protocol and using calibrated instruments [20].
Measurements were conducted with minimal clothing
and without shoes. Body weight was measured to the
nearest 0.1 kg using an electronic scale (Seca GmbH
and Co. KG). Height was measured to the nearest at
0.1 cm using a stadiometer (Seca GmbH and Co. KG).
BMI was calculated as weight in kg divided by height
in meter square (BMI; kg/m?) to define nutritional
status as follow: underweight (<18.5kg/m?), normal
weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?)
and obese (> 30.0kg/m?) [21].

Blood sampling

Blood was withdrawn by venipuncture from fasting
participants and collected in dry tubes of 5 mL for the
measurement of SF and CRP a marker of the presence
of infection and/or inflammation [22]. These samples
were subsequently centrifuged at 5000 rpm for 10 min.
The serum was then collected and transported to the
laboratory in cold boxes with icepacks, and preserved
at —80 °C until analysis.

Hb analysis was performed in situ using the
Hemocue portable spectrophotometer (HemoCue
AB, Angelholm, Sweden) on a drop of venous blood
withdrawn while doing the blood sampling. Anemia
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was defined as Hb levels < 12.0 g/dL and ID as
SF < 15 pg/mL [23], in non-pregnant women mild,
moderate and severe anemia were defined as Hb levels
11.0to 11.9 g/dL, 8.0-10.9 g/dL and lower than 8.0 g/dL
respectively [3]. The ferritin and CRP determinations
were performed on an auto-analyzer COBAS c311.
These tests are based on the principle of immuno-
turbidimetry. Furthermore, the values of ferritin were
adjusted according to the inflammation status of the
WRA based on the CRP values [24].

Statistical analysis

Data were analyzed using IBM SPSS version
21.0. The Kolmogorov-Smirnov test was used to
evaluate the normally distributed variables, which
are presented as means + SD, and non-normally
distributed variables are presented as median (inter-
quartilerange (IQR)). Nominal variables are presented
as a proportion and 95% confidence interval and Chi-
square test was used to test independence between
nominal variables. t-test was used to examine
the difference in normally distributed variables.
A p-value of < 0.05 was considered as statistically
significant.

Table 1. Characteristics of the participants

RESULTS

Characteristics of the study population

Atthe end of the field work, the study included a total
of 2125 WRA, excluding pregnant or breastfeeding
women and those who refused blood sampling.
After laboratory analysis and elimination of outliers,
a final sample of 2012 women was used for statistical
processing. Table 1 presents the characteristics of the
participants. On average, the WRA had an age of
32.8 £ 9.3 years, a weight of 69.1 £ 14.4 kg, a height
of 159.7 £ 7 cm, and a BMI of 27.1 + 5.7 kg/m?*. The
majority of the women were married (73.2%), and 35.9%
of them were illiterate. Regarding anthropometric
characteristics, 37% of the women fell within the
healthy weight range, while 32.4% were overweight
and 27.5% were obese (Table 1).

When comparing between WRA in urban and
rural areas, no significant differences were found in
terms of age and height. However, the mean weight
of WRA in urban areas was significantly higher than
that of those living in rural areas (p < 0.001). Illiteracy
was more prevalent in rural areas (p < 0.001), while
obesity was more common in urban areas (p < 0.001)
(Table 1).

Total Urban Rural
N =2012 N = 1193 N =819 p-values
Age (years), Mean = SD 32.84+9.3 32.6+9.2 33.2+94 0.163
Level of education
Mliterate, % (95%CI) 35.9 (33.9-38) 24.5 (22.2-27.1) 52.6 (48.9-56.0) <0.001
Primary school, % (95%CI) 23.8 (21.9-25.6) 21.6 (19.2-23.8) 27.0 (23.9-30.3) 0.100
Secondary school, % (95%CI) 32.2(30.2-34.1) 41.6 (38.5-44.3) 18.4 (15.8-21.1) <0.001
Superior, % (95%CI) 7.8 (6.6-8.9) 12.3 (10.4-14.3) 1.2 (0.6-2.0) <0.001
Other, % (95%CI) 0.4 (0.1-0.7) 0.1 (0-0.3) 0.9 (0.2-1.6) 0.034
Marital status
Single, % (95%CI) 21.8 (20-23.5) 24.8 (22.3-27.3) 17.4 (14.7-20.2) <0.001
Married, % (95%CI) 73.2 (71.3-75) 69.7 (67-72.3) 78.3 (75.2-81.1) <0.001
Divorced, % (95%CI) 3.1(2.3-3.8) 3.6 (2.6-4.7) 2.3(1.3-3.6) 0.002
Widow, % (95%CI) 1.5(1-2.2) 1.7 (1-2.4) 1.3 (0.6-2.2) 0.106
Separated, % (95%CI) 0.4 (0.1-0.7) 0.3 (0-0.6) 0.6 (0.1-1.2) 0.480
Anthropometric characteristic
Weight (kg), Mean + SD 69.1 + 144 70.5 + 14.8 67+134 <0.001
Height (cm), Mean = SD 15977 159.5+7 160.1 £7.1 0.109
BMI (kg/m?), Mean + SD 271+57 27.8+6 26.2+5.1 <0.001
Underweight, % (95%CI) 3.2 (2.4-4) 2.6 (1.8-3.6) 4.02.7-54) 0.803
Normal weight, % (95%CI) 37 (35.1-39.2) 33.5(30.9-36.3) 42.0 (38.7-45.3) 0.040
Overweight, % (95%CI) 32.4(30.3-34.3) 32.4(29.7-35.1) 32.4(29.2-35.5) <0.001
Obese, % (95%CI) 27.5 (25.4-29.5) 31.5(28.8-34.2) 21.6 (18.6-24.4) <0.001

p-values were determined using Chi? test or t-test
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Iron status in WRA

SF status and mean hemoglobin were presented in the
figure 1 (a, b). The median of SF for the entire population
was 27 pg/mL (IQR: 12-50 pg/mL). Regarding the
mean of hemoglobin in WRA, the overall average was
12.3 + 1.5 g/dL. When analyzed according to living area,
a significant difference was observed between urban and
rural areas in terms of median serum ferritin (p < 0.001).
In urban areas, the median serum ferritin was 24 ug/
mL (IQR: 11-45 pg/mL), while in rural areas, it was
31 pg/mL (IQR: 15-55 pg/mL). There was a significant
difference in the mean of hemoglobin between urban
and rural areas (p = 0.02). In urban areas, the mean of
hemoglobin was 12.2 & 1.5 g/dL, whereas in rural areas,
it was 12.4 + 1.5 g/dL (Figure 1).

The analysis of the data revealed that out of the
total enrolled WRA, 34.3% were found to be anemic,
29.8% had ID, and 16.4% were IDA which represented
47.9% of anemic women. When examining the urban
vs the rural population, a highly significant difference
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was observed (p < 0.001). In urban areas 36.5% of
WRA were anemic, with 33.5% having ID and 19.3%
having IDA. On the other hand, in rural areas, 30.6%
of WRA were found to be anemic, with 24.3% having
ID and 12.1% having IDA (Figure 2).

According to anemia severity categories, the data
revealed that severe anemia accounted for 1% of
the total enrolled WRA. Additionally, 14.3% were
classified as having moderate anemia, while 19% had
mild anemia. When focusing on the urban population,
the prevalence of severe anemia was 0.8%, with 16%
classified as moderate anemia and 19.7% as mild
anemia. In rural areas, the prevalence of severe anemia
was slightly higher at 1.2%, with 11.3% classified
as moderate anemia and 18.1% as mild anemia. No
significant difference was observed in the prevalence
of severe anemia between urban and rural areas.
However, a highly significant difference was noticed
in the prevalence of mild and moderate anemia, with
a p-value of less than 0.001 (Figure 3).
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Results are presented as Median (interquartile at Q1: 25% and Q3: 75%) and Mean + SD

Figure 1. Serum ferritin and hemoglobin status in WRA. a. Median of SF of WRA, b. Mean hemoglobin in WRA
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Figure 2. Percentages of anemia, ID and IDA in WRA
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Figure 3. Anemia severity categories
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DISCUSSION

Anemia affecting WRA is a worldwide form of
micronutrient deficiencies, especially in low- and
middle-income countries. The aim of this study was
to provide an updated assessment of the prevalence of
anemia, ID and IDA in WRA in Morocco known that
over the course of the last 12 years, the fortification
program was mandated and supported by the
government of Morocco.

The main finding of this study revealed that 34.3%
of women were anemic, 29.8% had ID, and 16.4% had
IDA. Numerous studies worldwide have emphasized
that anemia caused by iron deficiency is a significant
public health issue. For instance, in Turkey, 27.8%
of WRA were reported to be anemic [25]. Similarly,
a study conducted by Nour Abdo et al. in Jordan
found that 19.3% of non-pregnant women were
anemic [26]. Research in Uganda [27] and India [28§]
recorded anemia rates of 32% and 57.2%, respectively.
Meanwhile, in Brazil, 25% of WRA were diagnosed
with IDA [29]. In South Africa, the prevalence of
anemia, ID, and IDA among WRA was reported at
44.0%, 19.0%, and 9.7%, respectively [30].

In Morocco, according to the survey conducted in
2000, it was found that 32.6% of WR A were diagnosed
anemic. To solve this problem, in May 2002, an
agreement on the fortification of flour with EEI and
vitamin B group was signed jointly by the MH and
the national flour milling federation. The choice of
fortification is because this is the most profitable and
sustainable strategies to increase iron consumption
as well as it considered a good way to prevent and
control this micronutrient deficiency in all populations
[31, 32]. After four years of flour fortification strategy
implementation, the prevalence of anemia slightly
decreased to 31.5% in 2006, but then increased to
38.1% in 2008. The severe, moderate, and mild forms
of anemia accounted for 1.3%, 18.3%, and 18.5%
respectively in 2008 [11].

In terms of IDA, the rate of anemic women who
were ID were 63.9% in 2006 and 59.1% in 2008. These
data suggested that the iron-fortification program was
having insufficient impact in WRA due to multifactor
among others: 1 — The low bioavailability of EEI
bioavailability because of its low solubility in gastric
juice [33, 34]; 2 — Dietary behaviors consists of a lot of
bad habits, it contains many iron absorption inhibitors
such as phytic acid and polyphenols [35]; 3 — High rate
(exceeds 70%) of Helicobacter pylori infection among
Moroccan population [36, 37].

However, dietary quality affects absorption of
non-heme iron from the gastrointestinal tract [38].
A variety of food factors impact the availability of iron

for absorption and transport; the net effect of inhibitors
and activators of iron intake can be used to describe
food quality in terms of high or low bioavailability
[38, 39]. Moreover, in Morocco, it is well documented
that tea and coffee consumption inhibits non-heme
iron absorption due to their high polyphenol content
[40, 41]. The mean per capita annual consumption is
estimated at 2,380 g for tea and 1,010 g for coffee,
with tea alone accounting for more than 60% of hot
drink consumption [42]. In the same context, even for
NaFeEDTA which known for its high bioavailability
[43], tea can decrease its bioavailability by more than
88% [35].

On the other hand, as the findings of this survey
supported the fact that the fortification of flour
with EEI did not have a significant effect on the
reduction of the prevalence of anemia in WRA, it was
recommended to replace the form of iron used for
wheat flour fortification by one more bioavailable. The
NaFeEDTA form has been chosen for this purpose. The
choice was based on bioavailability study conducted
in anemic and non-anemic Moroccan women.
Indeed, Lazrak et al. [35] founded that fractional
iron absorption from bread fortified with NaFeEDTA
was equal to 36.7% and 16.7% in the case of anemic
and non-anemic women, respectively. Making the
fortification of flour with iron-NaFeEDTA mandatory
by a Moroccan government decree No. 2-19-144 [44].
In addition to the change of the iron fortifier, the
Moroccan MH has implemented various strategies
based on the promotion of a diversified diet rich in or
enriched with micronutrients, avoid drinking tea with
meals and the promotion of public health measures
(improvement of vaccination, improvement of hygiene
conditions etc.) [14].

The second major result of this study is that the IDA
was more prevalent in urban area than in rural areas.
Generally, in developing countries, poverty, education
level, socioeconomic differences, dietary pattern, are
the main factors influencing IDA [45, 46], The long
time working or crowded hours and poor eating habits
can be one of the causes of this situation [45, 47].
Indeed, in Morocco according the last general census
the employment rate of women was 22.3% [48] and
the urban population is attracted by the convenience
of ready-to-eat food products which are increasingly
accessible and highly promoted. Eating out is also
becoming more common, which encourages the
consumption of foods that are higher in sugar and
fat and with low nutritive added value [49]. Like our
findings, an analysis of the Haiti Demographic and
Health Survey revealed that women living in urban
areas are more expected to anemia compared to living
in rural areas [50].
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CONCLUSIONS

In conclusion, this study highlights the persistent
prevalence of anemia, ID, and IDA among WRA,
particularly in urban areas. Addressing this issue
requires targeted interventions, such as enhancing
dietary iron intake through awareness-raising
campaigns, optimizing fortification programs through
the widespread use of NaFeEDTA flour fortification.
However, given that we are now in 2025, it is clear
that the goal of a 50% reduction in anemia prevalence
among women of reproductive age has not been
achieved. Comprehensive measures addressing
socioeconomic and nutritional factors remain essential
for sustainable improvement.
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