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Abstract

Introduction: Alopecia and iron deficiency are significant public health issues in northern Sudan, and no research about this topic
has been conducted. The aim is to examine the prevalence of iron deficiency and alopecia and associated factors among adoles-
cents in northern Sudan.

Methods: A cross-sectional study was conducted through a questionnaire and clinical examination.

Results: A total of 312 adolescents participated: 147 males (47.1%) and 165 females (52.9%). Among them, 21.2% of adolescents
exhibited alopecia. Females experienced higher rates of alopecia, with 93.9% affected compared to 6.1% of males. Serum ferritin
was significantly lower in adolescents with alopecia compared to those without it (6.05 [2.58-12.63] vs. 9.40 [4.88-23.40] pg/l,
p = 0.002). Multivariate analysis indicated that iron deficiency (adjusted odds ratio [AOR] = 1.97, 95% confidence interval
[Cl] = 1.04-3.71) was associated with alopecia. However, age, body mass index, and parental education level showed no association.
Among the adolescents with alopecia, 27.3% had patchy alopecia, 37.9% had diffuse alopecia, and 34.8% had traction alopecia.
Conclusions: There is a significant prevalence of adolescent alopecia, predominantly among females. Iron deficiency was a key
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factor associated with alopecia, underscoring the importance of nutritional monitoring in this population.
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Introduction

There is an increasing trend of alopecia, particularly among ado-
lescents across the globe, and Africa is no exception (1-4). Differ-
ent types of alopecia have been reported in children and adoles-
cents, such as alopecia areata (5—7), androgenetic alopecia (6-8),
and traction alopecia (7). All these types of alopecia exert various
negative impacts on children’s and adolescents’ health, including
their psychiatric morbidity, quality of life (5, 9, 10), self-image, and
self-esteem (8). The early identification of alopecia is essential, es-
pecially among children and adolescents, to provide a chance for
early intervention that will lower the negative impact on quality of
life (3). Alopecia may be the first symptom of systemic illness (9).
In female adolescents, alopecia may be a sign of underlying an-
drogen excess, particularly polycystic ovary syndrome (PCOS) (6).

Recently, more attention has been devoted to the role of iron
deficiency in alopecia, particularly among females (11-16). How-
ever, these studies have yielded contradictory results (13, 15, 16).
Although some studies have reported an association (14, 16), oth-
ers have reported no association (13). The essential role of iron
in the pathogenesis and treatment of alopecia is an evolving and
expanding area of study (17).

A high prevalence of alopecia in adolescents has been re-
ported in various countries such as Nigeria (35.6%) (2) and Tur-
key (37.4%) (3) among both male and female adolescents, and in
Egypt (28.6%) among female adolescents (4). Researchers have
explored the association between alopecia among adolescents
and several factors such as age, sex, high body mass index (BMI),
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parental education level, and occupational status (3, 4, 18, 19). Al-
though various studies have started to explore the epidemiology
of alopecia in adolescents across Africa, such as in Nigeria and
Egypt (2, 4, 20), comprehensive research focusing on Sudanese
adolescents is still necessary.

There are few studies on alopecia in Sudan (21-23), and none
have explored alopecia and its possible relation to iron deficiency
among adolescents. In addition, previous studies have revealed
that both alopecia and iron deficiency are public health prob-
lems in Sudan (21—25). Iron deficiency has been reported among
various Sudanese populations, including adolescents (25). There-
fore, this study examines the prevalence and associated factors,
including iron deficiency, of alopecia among adolescents in Al
Matammah, River Nile State, Sudan to fill the significant gap in
current knowledge.

Methods
Study area

This school-based cross-sectional study was conducted among
312 adolescents 10 to 19 years old at public schools in Al Matam-
mah, Sudan, from June to September 2022. Al Matammah, located
in River Nile State and approximately 130 km from Khartoum, the
capital of Sudan, is home to public schools for both boys and girls.
A list of students within the specified age range was obtained
from the school administrations, and participants were randomly
selected from this list.
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Inclusion and exclusion criteria

All adolescents age 10 to 19 were included in the study, and those
outside this age range were excluded. Participants that did not
consent to take part were also excluded. All recruited participants
were in apparent positive health; individuals that were sick, preg-
nant, or lactating were excluded due to the potential impact on
hair growth.

Data collection

This study was performed according to the Guidelines for Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) (26). The relevant information (presence or absence of
alopecia and possible associated factors) was collected from the
participants by administering a questionnaire and conducting a
hair and scalp examination for alopecia. The questionnaire was
designed to collect relevant information according to previous
studies (2—4, 18, 27). The investigators trained four medical offic-
ers (two of each sex) with dermatology experience to conduct the
fieldwork. The questionnaire included information about partici-
pants’ sociodemographic characteristics, such as age in years, sex
(males/females), parental education level (< secondary, > second-
ary), and occupational status (employed or unemployed). During
the examination, the adolescents’ hair and scalp were assessed,
and additional details regarding their hair and scalp health were
collected, including patterns of alopecia—either patchy (one or
more localized distinct areas of hair loss) or diffuse (an overall
thinning of hair across the scalp, without distinct patches)—hair
traction, and the duration of their alopecia. Participants’ weights
were measured in kilograms using well-calibrated scales, which
were reset to zero before each measurement. Their weight was re-
corded to the nearest 100 grams, with participants standing still,
hands at their sides, and without shoes or excess clothing. Their
height was measured to the nearest 0.1 cm, with participants
standing straight against the wall with their feet together. BMI was
calculated based on participants’ age, sex, weight, and height (28).

Blood sample processing

Under aseptic conditions, all participants were asked to provide a
5 ml blood sample; 2 ml was collected in a tube containing EDTA
for hemoglobin analysis, and the remaining 3 ml was placed in
a plain tube for serum ferritin testing. The hemoglobin analysis
was performed using the Sysmex KX-21 according to the manufac-
turer’s instructions (Diamond diagnostics, Japan). In this study,
anemia was defined based on the World Health Organization’s
(WHO) criteria, which specify hemoglobin levels of < 12 g/dl for
females and < 13 g/dl for males (29). The remaining 3 ml blood
samples were allowed to clot, centrifuged, and stored at —20 °C
until laboratory analysis for serum ferritin. Serum ferritin was
measured using a radioimmunoassay gamma counter, and kits
were supplied by Beijing Isotope Nuclear Electronic Co. (Beijing,
China), as detailed in our previous study (25). Based on the WHO
guideline, the cutoff value to define iron deficiency in apparently
healthy adolescents is a serum ferritin level of < 15 pg/1 (30).

Sample size calculation

The sample size was calculated using the OpenEpi Menu. This
study enrolled 312 adolescents. This sample size was determined
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based on the assumption that approximately one-third of adoles-
cents would experience alopecia, as reported in previous studies
such as those conducted in Nigeria (35.6%) (2) and Turkey (37.4%)
(3). Based on the previous report in Sudan, it was further assumed
that 60% of adolescents with alopecia would have iron deficiency,
and that 40% of the adolescents without alopecia would have iron
deficiency. This sample size was designed to detect a 5% differ-
ence at a = 0.05, with a power of 80% (31).

Ethical statement

This study was conducted in accordance with the Declaration of
Helsinki. The study was approved by the ethical board of the Fac-
ulty of Medicine at the University of Khartoum in Sudan, under
reference number 9 2021. All participants (with their guardians)
signed a written informed consent form. The authors followed all
measures to ensure participants’ privacy and confidentiality, such
as excluding personal identifiers during data collection.

Statistical analysis

The data were analyzed using IBM Statistical Package for the So-
cial Sciences (SPSS) for Windows, version 22.0 (SPSS Inc., New
York, USA). Proportions were presented as percentages. The Kol-
mogorov—Smirnov test was conducted to assess the normality of
continuous data, such as age, BMI, and serum ferritin, which in-
dicated a non-normal distribution. Consequently, age, BMI, and
serum ferritin were reported based on the corresponding median
values like interquartile range (IQR). Initially, a univariate analy-
sis was performed, with alopecia as the dependent variable and
sociodemographic factors (adolescents’ sex, age, BMI, and pa-
rental education and occupation), iron deficiency, iron-deficiency
anemia, and anemia as independent variables. A multivariate
analysis followed, including variables with a p-value < 0.200 to
control for confounding factors, excluding variables with low fre-
quencies, such as sex. Adjusted odds ratios (AORs) and 95% confi-
dence intervals (CIs) were calculated, with a two-sided p-value of
< 0.05 considered statistically significant.

Results

A total of 312 adolescents participated in the study, comprising
147 males (47.1%) and 165 females (52.9%). Regarding parental
education, 191 mothers (61.2%) had completed at least secondary
education, and 121 (38.8%) had completed less than secondary
education. For fathers, 208 (66.7%) achieved at least secondary
education, and 104 (33.3%) had less. Furthermore, 35 mothers
(11.2%) were employed, and 277 (88.8%) were unemployed. In
comparison, 179 fathers (67.4%) were employed, and 133 (42.6%)
were unemployed. Among the 312 adolescents, 183 (58.7%) had
iron deficiency, 57 (18.3%) had iron-deficiency anemia, and 77
(24.7%) had anemia.

Among the participants, 66 (21.2%) experienced alopecia,
and 246 (78.8%) did not. Female adolescents experienced high-
er rates of alopecia, with 62 (93.9%) affected compared to four
(6.1%) among males. Of the 165 female participants, 62 (37.5%)
experienced alopecia, whereas only four (2.7%) of the 147 male
participants experienced this condition. The median age was 15.3
years (IQR: 14.0-16.4), and the median BMI was 18.6 kg/m2 (IQR:
16.7-21.7). The median serum ferritin levels were 8.25 pug/l (IQR:
4.03-21.77); this was significantly lower in adolescents that expe-
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rienced alopecia compared to those that did not: 6.05 (2.58-12.63)
versus 9.40 (4.88-23.40, p = 0.002) pg/1. In the univariate analysis,
factors positively associated with alopecia included being female
and having iron deficiency. Other variables, such as age, BMI,
parental education and occupation, iron-deficiency anemia, and
anemia, were not associated with alopecia (Table 1).

Multivariate analysis indicated that iron deficiency (AOR =
1.97, 95% CI = 1.04—3.71) was positively associated with alopecia,
whereas age, BMI, and parental education levels showed no as-
sociation (Table 2). Among the 66 adolescents with alopecia, 18
(27.3%) had patchy alopecia, 25 (37.9%) had diffuse alopecia, and
23 (34.8%) had traction alopecia.

Discussion

The main findings of this study were that one out of five (21.2%)
adolescents in northern Sudan had alopecia, predominantly
among females, and iron deficiency was associated with alopecia
in adolescents in northern Sudan. The present high prevalence of
alopecia among adolescents (21.2%) is consistent with our previ-
ous study, which reported that one in four women is affected by
traction alopecia in northern Sudan (23). This study supports the
vulnerability of females to alopecia compared to males (31, 32).
This high prevalence of alopecia among female adolescents in this
study (37.5%) is comparable with that in a previous cross-section-
al study in neighboring Egypt, which included 3,405 secondary
school girls and reported an overall female pattern alopecia preva-
lence of 28.6% among secondary school girls, with a significant
predominance in rural over urban areas (4). In Turkey, a study that
included 1,662 high-school students (males and females) in rural
areas revealed a prevalence of alopecia of 37.4% (3). In Turkey,
however, alopecia was more commonly observed among male stu-
dents that reported scalp complaints (3). Such a high prevalence of
alopecia among females may indicate poor knowledge among fe-
male adolescents, as reported in African contexts (20). In addition,
as in this study and other studies, female adolescents are particu-
larly more susceptible to iron deficiency, iron-deficiency anemia,
and iron depletion compared to their male counterparts (33, 34).

In this study, serum ferritin levels were significantly lower in
adolescents that experienced alopecia compared to those that did
not. Several studies found similar findings (11, 14). For instance,
Park et al. reported significantly lower serum ferritin levels in pa-
tients with female pattern alopecia compared to normal healthy
women. Furthermore, in their systematic review and meta-anal-
ysis, Treister-Goltzman et al. reported that women with alopecia
can benefit from higher ferritin levels (11). This study supports the
early screening of iron status among adolescents with alopecia
and thorough hair examinations of adolescents with low ferritin
or iron deficiency. The timely detection of iron deficiency in the
body allows corrective measures to improve adolescents’ overall
conditions, including their hair health (35).

This study corroborates previous studies that addressed the
association between iron deficiency and alopecia, including an-
drogenetic alopecia, telogen effluvium, and diffuse alopecia (14,
16). On the other hand, Wani and Jan reported no association be-
tween the levels of serum iron and ferritin and alopecia areata;
they attributed this lack of association to the immunogenetic fac-
tors underlying alopecia areata compared to other types of alope-
cia (13). Interestingly, iron deficiency, rather than iron-deficiency
anemia or anemia itself, is associated with alopecia in this study.
This indicates the direct impact of iron on hair follicle health and

functioning in adolescents. Iron plays a crucial role in various
biological processes, including oxygen transport and cellular me-
tabolism, which are essential for hair growth, as detailed below.

First, iron has a direct influence on hair growth. Iron deficien-
cy can lead to disruptions in the hair growth cycle, resulting in
conditions such as telogen effluvium, which is characterized by
increased hair shedding. Studies have revealed that, even in the
absence of anemia, low serum ferritin levels (an indicator of iron
stores) are associated with alopecia in females (36).

Second, the prevalence of iron deficiency is an issue. Many ad-
olescents may experience iron deficiency without progressing to
anemia. This is particularly relevant in populations with dietary
restrictions or increased physiological demands, such as during
adolescence, when growth spurts occur (33, 37). For instance, a re-
view highlighted the widespread prevalence of iron deficiency in
children and adolescents, emphasizing its implications for overall
health and growth (35). Although treating iron deficiency without
anemia is a topic of debate (16, 36, 37), these findings support the
use of iron supplementation, regardless of anemia status, particu-
larly concerning hair health.

Third, iron plays a role in hair follicle function. Research has in-
dicated that iron is essential for the proliferation of keratinocytes
in hair follicles, and low iron levels can impair the hair growth
cycle, potentially leading to alopecia (15, 38). A study found that
women with alopecia frequently had low ferritin levels, regard-
less of whether they met the criteria for anemia (38). Therefore,
focusing on iron deficiency rather than iron-deficiency anemia or
anemia allows for earlier interventions and management strate-
gies to prevent alopecia in adolescents because iron deficiency
may occur before the development of anemia, and it significantly
impacts hair health.

In this study, other factors such as adolescents’ age and BMI,
parental education and occupation, iron-deficiency anemia, and
anemia were not found to be associated with alopecia among ad-
olescents. Likewise, other studies found no association between
adolescent alopecia and adolescents’ age, BMI, parental educa-
tion, and occupational status (3, 4, 19).

The findings of this study have important implications for im-
proving adolescents’ hair health because alopecia progression
could be prevented when recognized early. This can be achieved
through various preventive measures, including promoting a
healthy diet, implementing early screening programs, and en-
couraging lifestyle modifications such as avoiding certain hair-
styles and practicing proper hair care. The results of this study
will be shared with healthcare professionals and authorities, par-
ticularly in Al Matammah, to address hair health issues among
adolescents. As an immediate outcome, adolescents identified
with alopecia received recommendations from medical officers to
seek further evaluations and management at nearby healthcare
facilities. However, the ongoing conflict in Sudan presents signifi-
cant challenges related to implementing these recommendations
because it exacerbates mental health disorders and sleep qual-
ity issues, which can further contribute to alopecia (39). On the
other hand, as previously mentioned, alopecia negatively impacts
mental health disorders such as depression and anxiety, quality
of life, social and romantic relationships, self-image, self-esteem,
family dynamics, occupation, productivity, and finances in ado-
lescents (5, 8, 10, 40—45). In addition, conflict can influence the
quality and availability of food, particularly among vulnerable
populations such as children, adolescents, and women (46); the
ongoing conflict in Sudan has significantly disrupted the health-
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Table 1 | Univariate analysis of factors associated with hair loss among adolescents in northern Sudan (n = 312).

Variables Total Adolescents with Adolescents without 0dds ratio pvalue
(n=312) hair loss (n = 66) hair loss (n = 246) (95% CI)
Median (interquartile range)
Age, years 15.3 (14.0-16.4) 15.7 (14.3-16.5) 15.2(13.9-16.3) 1.17 (0.98-1.39) 0.078
BMI, kg/m2 18.6 (16.7-21.7) 19.3(17.3-21.9) 18.5(16.4-21.7) 1.05(0.98-1.13) 0.160
Frequency (percentage)
Sex Male 147 (47.1) 4 (6.1) 143 (58.1) Reference <0.001
Female 165 (52.9) 62(93.9) 103 (41.9) 21.52(7.59-61.03)
Mother’s education > Secondary 191 (61.2) 45 (68.2) 146 (59.3) Reference 0.193
¢Secondary 121 (38.8) 21(31.8) 100 (40.7) 0.68 (0.38-1.21)
Father’s education > Secondary 208 (66.7) 50 (75.8) 158 (64.2) Reference 0.080
<Secondary 104 (33.3) 16 (24.2) 88 (35.8) 0.57 (0.31-1.07)
Mother’s job status Employed 277 (88.8) 58(87.9) 219 (89.0) Reference 0.794
Unemployed 35(11.2) 8(12.1) 27 (11.0) 0.89(0.39-2.07)
Father’s job status Employed 179 (57.4) 35(53.0) 144 (58.5) Reference 0.422
Unemployed 133 (42.6) 31 (47.0) 102 (41.5) 0.80 (0.46-1.38)
Iron deficiency No 129 (41.3) 18(27.3) 111 (45.1) Reference 0.010
Yes 183 (58.7) 48 (72.7) 145 (54.9) 2.19(1.21-3.98)
Iron-deficiency anemia No 255 (81.7) 53(80.3) 202 (82.1) Reference 0.735
Yes 57 (18.3) 13(19.7) 44 (17.9) 1.13(0.57-2.24)
Anemia No 235 (75.3) 50 (75.8) 185 (75.2) Reference 0.926
Yes 77 (24.7) 16 (24.2) 61 (24.8) 0.92(0.52-1.82)

BMI = body mass index, Cl = confidence interval.

care system, including the workforce (47). All these circumstances
can lead to alopecia due to deficiencies in the essential nutrients
necessary for hair growth, such as iron (16, 48, 49). However, fur-
ther research is necessary to confirm these findings and to inves-
tigate the relationship between hair, scalp, and skin characteris-
tics and alopecia, particularly for each type of alopecia (patchy,
diffuse, or traction) (50). Finally, Xu et al. developed a practical
approach to the common causes, diagnosis, and management of
alopecia in children and adolescents, which could be applicable
in our context until a localized approach is established (7).
However, this study has some limitations that should be men-
tioned to improve future research designs. It was conducted in a
single region of northern Sudan and may not represent the entire
country, which is characterized by a multiethnic population. In
addition, this study did not include adolescents in urban areas,
in which different cultures regarding hairdressing and hair care
practices may exist between urban and rural communities (4);
as a result, such cultural differences could affect adolescents’
susceptibility to alopecia. For example, researchers reported ur-
ban-rural differences in the prevalence of female pattern alope-
cia among secondary school girls (4). Therefore, a sizable study
including different regions of Sudan (urban and rural) is needed
to quantify the alopecia problem at the national level and to de-
velop a precise interventional strategy. In addition, in this study,
iron deficiency was measured based on serum ferritin rather than
serum iron concentrations. However, the serum ferritin levels
may be elevated by certain health conditions such as infectious
inflammatory conditions and anemia of chronic disease (16, 51).
Our study in eastern Sudan among adolescents suggested the use
of hemoglobin and red blood cell parameters to diagnose iron
deficiency to avoid additional expenses for patients (52, 53).
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Table 2 | Adjusted multivariate analysis for factors associated with hair loss.

Variables 0Odds ratio 95% Cl p-value

Age, years 1.03 0.85-1.26 0.713

BMI, kg/m2 1.04 0.96-1.13  0.369

Mother’s education = Secondary  Reference 0.646
< Secondary 0.84 0.42-1.71

Father’s education =Secondary  Reference 0.232
< Secondary 0.64 0.30-1.33

Iron deficiency No Reference 0.037
Yes 1.97 1.04-3.71

BMI = body mass index, Cl = confidence interval.

Conclusions

To the authors’ knowledge, this study is the first to explore the epi-
demiology of alopecia and its association with iron status among
Sudanese adolescents. The findings contribute valuable insights to
the limited studies on alopecia in Sudan. The adolescents identified
with alopecia were advised to consult a dermatologist for further
evaluation and management of possible associated morbidities
such as insulin resistance, hyperandrogenemia, and PCOS. These
results can help decision-makers, healthcare professionals, and
educational professionals enhance children’s and adolescents’ hair
health because alopecia is a preventable, treatable, and reversible
condition, particularly when identified in its early stages.
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