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Abstract 
Ferritin is considered the primary indicator for iron stores; in addition, ferritin is an acute-phase 
reactant upregulated by obesity-related persistent inflammation. Thus, high ferritin levels in 
individuals with higher Body  Mass Index (BMI) could lead to an overestimation of iron status and 
delayed iron deficiency (ID) diagnosis. This study aimed to compare iron status markers across BMI 

categories in young females and to assess the impact of ferritin variation in the study subjects on 
the most common ID-related symptoms (fatigue and hair loss), as well as to investigate whether this 
variation was associated with the key determinants of ID in young females (menstruation and diet).  
This study was designed as a cross-sectional study utilizing data collected from 103 young, 
supplement-free female medical students (aged 18–27 years) in Misurata, Libya. Demographic data, 
dietary habits, and menstrual severity scores were collected via structured questionnaires. Fatigue 
was evaluated using the Fatigue Assessment Scale (FAS), and hair loss was assessed using a 
modified hair shedding visual scale. Serum ferritin, hemoglobin, and C-reactive protein (CRP) were 
assessed; individuals with elevated CRP were excluded. Nearly half of the study subjects (48%) were 
overweight or obese. Serum ferritin differed significantly across BMI groups (p < 0.05), with the obese 
group exhibiting the highest ferritin median (21.6 μg/L) compared to the underweight group (5 μg/L). 
Conversely, hemoglobin levels did not differ significantly between BMI groups (p > 0.05). 
Unexpectedly, when participants were stratified according to ferritin status, no statistically 
significant differences were observed in fatigue scores, hair loss, menstrual bleeding severity, or 

dietary iron scores (all p > 0.05). Fluctuations in ferritin concentrations in this cohort are likely 
driven by adiposity-related inflammation rather than true iron sufficiency, as evidenced by the 
absence of corresponding increases in hemoglobin, ID-related symptoms, or established risk factors 
for iron depletion. Accordingly, reliance on ferritin alone for iron status assessment in patients with 
elevated BMI should be avoided, as this may lead to missed diagnoses of ID. 
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Introduction  
Iron deficiency (ID), indicated by low ferritin, is prevalent among young females, even among those without 
anemia [1,2]. Ferritin is the primary iron storage protein, and its serum level is the most reliable marker of 
body iron stores [3,4].  Although ferritin is highly specific at low levels for ID, elevated levels lack specificity 
because of its nature as a positive acute-phase protein [5]. Its production is upregulated by inflammatory 
cytokines (IL-6, TNF-α) and oxidative stress [6]. Consequently, ferritin rises during chronic inflammatory 
states such as obesity, in a manner that is independent of true iron stores [6,7]. 
Even in the absence of anemia, ID is commonly associated with a range of non-hematologic symptoms, 
including fatigue and hair loss. Regarding fatigue, studies have demonstrated a significant relationship 
between low ferritin levels and perceived weakness, with fatigue reported in 80% of patients with ID [8] and 
83.33% of non-anemic iron-deficient individuals [9]. This association is explained by the essential role of 
iron in oxygen transport and the electron transport chain, where reduced ferritin leads to suboptimal energy 
production and tissue oxygenation [10]. In the same regard, Saputra et al demonstrated that iron 
supplementation has been shown to reduce work fatigue and improve reaction speed [11]. Similarly, hair 
loss has been frequently linked to low iron stores. One study reported that 86% of affected patients had 
ferritin levels ≤40 μg/L [12]. Additionally, Raichur et al. have examined 40 women aged 15 to 54 with chronic 
diffuse hair loss and found that 57.5% had serum ferritin levels below 12 μg/L, while 15% had levels between 
13 and 20 μg/L. These findings further support the likelihood of a link between hair loss and iron deficiency 
[13]. 
In women of reproductive age, menstruation and poor dietary habits are identified by many studies as the 
major contributing factors to iron depletion presented by low ferritin [14-16]. These findings align with 
reports on young women in Misurata, where ID (ferritin < 15 μg/L) is highly prevalent (52.4%) [17]. Notably, 
on the other hand, the link between obesity, as a persistent inflammation state, and compromised iron 
homeostasis is well-established by numerous studies [18, 19]. It was explained by increased ferritin and 
stimulated hepcidin action, thus reducing iron absorption and iron availability [18,20]. Several studies have 
shown that individuals with higher BMI have higher serum ferritin levels, but such levels are not necessarily 
indicative of good iron status [20,21]. This can lead to overestimation of iron stores and delayed diagnosis 
of ID. However, the interaction between BMI, ferritin, and iron-related symptoms has not been examined.  
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This study therefore, aimed to: compare iron status markers across BMI categories in young females and 
assess the impact of ferritin variation in the study subjects on fatigue and hair loss, the most common ID-
related symptoms, and to investigate whether this variation was associated with the key determinants of ID 
in young females, such as menstruation and diet.  
 

Methods  
Study design and participants 
This study was designed as a cross-sectional study utilizing data collected from 103 young women aged 18–
27 years. Data were collected through two approaches: laboratory investigations and a self-reported 
questionnaire. The questionnaire aimed to assess factors associated with low ferritin and ID-related 
complications.  
 
Questionnaire Design and Scoring 
Participants completed structured questionnaires assessing dietary habits, menstrual characteristics and 
severity, and common manifestations of ID, including fatigue, cognitive impairment, and hair loss. To ensure 
accurate questionnaire responses, all participants were medical students; their heightened awareness of 
iron importance was neutralized by excluding supplement users.  
The dietary assessment questionnaire was designed based on the type of dietary iron (heme/non-heme 
intake). It comprised seven items covering iron sources, meal frequency, and inhibitors of iron absorption. 
Heme iron intake was evaluated, scoring red meat consumption as 3 points and white meat as 2 points 
toward the total score for heme iron.  
Menstrual bleeding was evaluated using a modified version of the Aberdeen Menorrhagia Severity Scale, 
selecting the five most relevant questions affecting ferritin levels [22]. Each answer was scored on an ordinal 
scale, and total scores were converted into a percentage to create a “menorrhagia severity score” ranging 
from 0 to 100. According to the Aberdeen system, scores from 0–33% indicate mild menorrhagia, 34–66% 
moderate, and 67–100% reflect severe cases. 
Furthermore, complications of low ferritin, including fatigue and cognitive impairment, were assessed using 
selected items from the Fatigue Assessment Scale (FAS) developed by NovoPsych. Scores less than 22 
indicate 'normal', between 22 and 34 indicate mild to moderate fatigue, and 35 or more indicate severe 
fatigue. The total score ranges from 10 to 50, with higher scores indicating more severe fatigue [23]. 
Hair loss was assessed using a modified visual scale adapted from the study “The Hair Shedding Visual 
Scale: A Quick Tool to Assess Hair Loss in Women”. (77) Hair shedding was categorized into normal, 
moderate, and severe groups based on information provided by a study conducted by Springer et al., with 
some modification [24]. 
 
Anthropometric and Laboratory Measurements 
For each participant, demographic information such as age and sex, in addition to height and weight, was 
recorded at the time of sampling, and then BMI was calculated. The assessed serum parameters included 
serum ferritin, CRP, and hemoglobin. Data and samples were collected over a relatively short time period-
three weeks (July 2025)- and processed uniformly at Ibn Sena Laboratory to minimize the analytical 
variation that might result from different operators and reagents. Exclusion criteria included pregnancy, 
lactation, recent iron deficiency diagnosis, iron supplementation, and hormonal therapy. As ferritin is 
regarded as a positive acute-phase protein, participants with elevated CRP were also excluded.   
 
Ethical considerations 
The study protocol emphasized informed consent; questionnaires were distributed in advance, and 
participants were invited to visit the IBN SENA Lab to provide a blood sample if they agreed to participate 
in the study. Blood samples were linked only to anonymized codes, ensuring participant confidentiality. 
 
Statistical analysis 
Questionnaires were designed to be converted into numerical scores using the Likert method. Data were 
organized in Excel and analyzed using GraphPad Prism 8.0.2 employing appropriate statistics based on 
distribution. Normality was evaluated using both the Shapiro-Wilk and the Kolmogorov-Smirnov tests.  
 

Results 
Female participants were classified into four BMI categories according to the World Health Organization 
criteria: underweight (<18.5 kg/m²), normal weight (18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), and 
obese (≥30.0 kg/m²) [25]. As illustrated in (Figure 1), the largest proportion of participants had normal weight 
(45%), followed by those who were overweight (25%) and obese individuals (23%), while only 7% were 
classified as underweight. Overall, 48% of the study population had a BMI ≥25 kg/m², indicating that nearly 
half of the participants were either overweight or obese.  
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Figure1. Distribution of female participants across BMI categories 

 
(Table 1) presents the distribution of study participants according to BMI categories and compares serum 
ferritin and hemoglobin levels across these groups. Based on the Kruskal-Wallis test result, a statistically 
significant difference was observed in serum ferritin levels across BMI groups, indicating that BMI is 
associated with variation in ferritin levels among the participants. In contrast, hemoglobin levels did not 
differ significantly between BMI groups (p > 0.05), despite some variation in median values and interquartile 
ranges.  

Table 1. Differences in iron biomarkers across BMI categories 

Statistic 
Underweight 

(n=7) 
Normal weight  

(n=46) 
Overweight 

(n=26) 
Obese 
(n=24) 

p-value 

Ferritin (µg/L) 
Median  
(Q1-Q3) 

 
5 

(2.8-10.0) 

 
14.7  

(4.9- 21.9) 

 
10.5  

(6.5-23.3) 

 
21.6  

(10.6-32.8) 
<0.05 

Hemoglobin (g/dl) 
Median 

 (Q1- Q3) 

 
10.7 

(10.4-12.9) 

 
12.7 

(12.2- 13.5) 

 
13.3 

(12.1-13.5) 

 
13.1 

(12.3-14) 
>0.05 

 
To examine the association between ferritin level and the expected major contributors of ID (Table 2) and 
the most common ID-related symptoms (Table 3), participants were categorized into four groups based on 
their ferritin level: below15µg/L, 15-30 µg/L, 30-50 µg/L, and above50 µg/L. 
 

Table 2. Assessment of known contributors to iron status across ferritin categories 

Statistic 
Below15µg/L 

(n=54) 
15-30 µg/L 

(n=31) 
30-50 µg/L 

(n=12) 
Above50 

µg/L (n=6) 

Menstruation score % 
Median, X̅  
(Q1- Q3) 

 
55.6, 57.5  
(50- 66.7) 

 
55.6, 57.5 
(50- 61.1) 

 
52.8, 55.1 
(45.8-59.7) 

 
58.3, 55.6  
(48.6-63.9) 

Dietary score  
Median, X̅ 
(Q1- Q3) 

 
8.5, 8.7 
(6- 12) 

 
8, 8.1 
(6-10) 

 
9, 8.9 

(6.3- 10.8) 

 
9.5, 9.5 

(7.5-11.5) 

 
Table 3. Assessment of common health complications associated with low ferritin across ferritin 

categories 

Statistic 
Below15µg/L 

(n=54) 
15-30 µg/L 

(n=31) 
30-50 µg/L 

(n=12) 
Above50 µg/L 

(n=6) 

Fatigue score 
 Median, X̅ 
(Q1- Q3) 

 
31.6, 33.2 

(27.3- 39.0) 

 
37.3, 35.0 

(27.8- 43.3) 

 
31.6, 32.5 

(26.4- 41.0) 

 
31.3, 30.5 

(23.4- 36.8) 

Hair loss score  
Median, X̅ 
(Q1-Q3) 

 
7, 6.5 
(5-8) 

 
7, 6.5 
(4-8) 

 
8, 6.9 

(4.25-9) 

 
5, 5.7 
(5-6.5) 

 
Differences among groups presented in (Tables 2 and 3) were assessed using ANOVA or the Kruskal–Wallis 
test, as appropriate. No statistically significant differences were observed between groups (all p > 0.05). 

 

7%

45%

25%

23%

Underweight Normal weight Overweight Obese
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Discussion 
In general, participants in the higher BMI groups tended to exhibit altered ferritin concentrations compared 
with those with lower BMI. These findings align with previous studies showing that ferritin levels are 
influenced not only by iron status but also by adiposity-related inflammation, as ferritin functions as an 
acute-phase reactant [18-21]. This notion is further supported by the absence of a statistically significant 
difference in hemoglobin because ferritin and hemoglobin are physiologically linked, as under conditions of 
true iron sufficiency, increases in iron stores reflected by ferritin would typically be associated with 
maintenance or improvement of hemoglobin levels. Consequently, elevated ferritin concentrations in 
individuals with higher BMI may reflect inflammation-related upregulation rather than improved iron status. 
Therefore, ferritin concentrations should be interpreted with caution in individuals with BMI > 25 kg/m², 
as elevated levels may overestimate iron stores and conceal underlying iron deficiency. 
Unexpectedly, when participants were stratified according to ferritin status, no significant differences were 
observed in clinical manifestations commonly associated with ID, including hair loss scores and total fatigue 
scores. This finding provides further support for the interpretation that ferritin concentration may reflect 
the underlying inflammatory state rather than true iron stores. If variations in ferritin level reflected true 
differences in iron status, participants with lower ferritin levels would be expected to exhibit a greater 
prevalence of ID-related symptoms. The lack of corresponding differences suggests that the observed 
variation in ferritin may not be indicative of clinically significant alterations in iron status. 
A similar pattern was observed when established determinants of low ferritin were examined. Menstrual 
blood loss and poor dietary habits, both well-recognized contributors to iron depletion, did not differ 
significantly across ferritin-defined groups. In contrast to prior studies, where these factors were strongly 
linked to reduced iron stores, this further suggests that the variation in ferritin concentrations observed in 
this cohort may not be primarily driven by differences in iron loss or intake.  
Taken together, these findings support the interpretation that ferritin concentrations in this study may have 
been influenced by factors other than iron status, particularly BMI.  
 

Conclusion 
This study highlights that elevated ferritin concentrations observed in individuals with higher body mass 
index (BMI) are largely attributable to obesity‑related inflammation rather than genuine iron sufficiency. The 

lack of parallel increases in hemoglobin, iron‑deficiency symptoms, or established risk factors for iron 
depletion underscores the risk of misclassification when ferritin alone is used to assess iron status in 
overweight or obese patients. Accordingly, clinicians should avoid reliance on ferritin as a sole diagnostic 
marker in this population. For individuals with BMI >25 kg/m², iron status evaluation should incorporate 
markers less influenced by inflammation, such as transferrin saturation and soluble transferrin receptor, 

alongside ferritin. Adjustment of ferritin values using inflammatory markers (e.g., C‑reactive protein) may 
further improve diagnostic accuracy. Importantly, BMI category should be considered when interpreting 
ferritin thresholds to ensure timely and accurate identification of iron deficiency or insufficiency. 
 
Conflict of interest. Nil 
 

References 
1. Vogt AC, Arsiwala T, Mohsen M, Vogel M, Manolova V, Bachmann MF. On iron metabolism and its regulation. 

Int J Mol Sci. 2021 Apr 27;22(9):4591. 
2. Gupta CP. Role of iron (Fe) in body. IOSR J Appl Chem. 2014;7(11):38-46. 
3. Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its importance for human health. J Res Med Sci. 2014 

Feb;19(2):164. 

4. Knovich MA, Storey JA, Coffman LG, Torti SV, Torti FM. Ferritin for the clinician. Blood Rev. 2009 May 
1;23(3):95-104. 

5. Dignass A, Farrag K, Stein J. Limitations of serum ferritin in diagnosing iron deficiency in inflammatory 
conditions. Int J Chronic Dis. 2018;2018:9394060. 

6. Koorts AM, Viljoen M. Acute Phase Proteins: Ferritin and Ferritin Isoforms. In: InTech; 2011. doi: 
10.5772/20586. 

7. Liao Y, Zeng T, Guo X, Li X. Ferritin's role in infectious diseases: Exploring pathogenic mechanisms and clinical 
implications. New Microbes New Infect. 2025 Jun;65:101582. doi: 10.1016/j.nmni.2025.101582. 

8. Ghazzay H, Jasim MA, Shukur AS, Ibrahim SQ. Low ferritin with normal hemoglobin, a common neglected and 
hidden hematological disorder. Ann Trop Med Public Health. 2021;24:225-242. 

9. Sevgi M, Mehta RP. Symptomatic Iron Deficiency without Anemia: An Underrecognized Phenomenon. Blood. 
2023 Nov 2;142:1092. 

10. Read AD, Bentley RE, Archer SL, Dunham-Snary KJ. Mitochondrial iron–sulfur clusters: Structure, function, 
and an emerging role in vascular biology. Redox Biol. 2021 Nov 1;47:102164. 

11. Saputra FI, Ekawati E, Wahyuni I. The Effect of Iron Supplementation on Work Fatigue Level in Female Nurses. 
BIO Web Conf. 2024;133:00016. 

12. Sunil M, Zacharia M. Clinical profile of female patients with chronic telogen effluvium and its association with 
serum ferritin level. Asian J Med Sci. 2024 Dec 2;15(12):98-102. 

https://doi.org/10.54361/ajmas.269544


Alqalam Journal of Medical and Applied Sciences. 2026;9(5):1437-1441 

https://doi.org/10.54361/ajmas.269544  

 

 

Copyright Author (s) 2026. Distributed under Creative Commons CC-BY 4.0 
Received: 27-03-2026 - Accepted: 24-05-2026 - Published: 30-05-2026     1441 

13. Raichur SR, Pandit AM, Malleshappa A. Correlation of serum ferritin levels, in female patients with chronic 
diffuse hair loss: A cross sectional study. Indian J Health Sci Biomed Res. 2017 May 1;10(2):190-5. 

14. He J, Shen X, Fang A, et al. Association between predominantly plant-based diets and iron status in Chinese 
adults: a cross-sectional analysis. Br J Nutr. 2016 Nov;116(9):1621-1632. 

15. Abdalla EH, Farag EM, Ali AS, Hussin JN, Gbril AK. Iron deficiency in non-anemic individuals: a retrospective 
analysis of Libyan population. GSC Biol Pharm Sci. 2020;11:171–179. 

16. Alzaheb RA, Al-Amer O. The prevalence of iron deficiency anemia and its associated risk factors among a sample 
of female university students in Tabuk, Saudi Arabia. Clin Med Insights Womens Health. 2017 Nov 
30;10:1179562X17745088. 

17. Rfieda A, Ben Krayem O, Barwal B, Al-muhaishi R, Erfida S. Prevalence of iron deficiency among young women 
in Misurata, Libya: The role of menstruation and dietary habits. Razi Med J. 2026; Available from: 
http://dx.doi.org/10.69667/rmj.26219. 

18. Stepan M, Vintilescu SB, Ionele C, Dumitra G, Podeanu M, Bigea CC, Sacerdotianu VM, Anastasescu CM, 
Florescu DN. Associations of ultrasound findings with serum iron and ferritin levels in children with obesity. 
Life. 2024 Apr 7. 

19. Han H, Ni P, Zhang S, Ji X, Zhu M, Ma W, et al. The association of body mass index and weight waist adjustment 
index with serum ferritin in a national study of US adults. Eur J Med Res. 2023;28(1):374. 

20. Aguree S, Owora A, Hawkins M, Reddy MB. Iron deficiency and iron deficiency anemia in women with and 
without obesity: NHANES 2001–2006. Nutrients. 2023 May 11;15(10):2272. 

21. Kaner G, Pekcan G, Pamuk G, Pamuk BO, Amoutzopoulos B. Is iron deficiency related with increased body 
weight? A cross-sectional study. Prog Nutr. 2016 Jan 1;18(2):102-. 

22. Michielsen HJ, De Vries J, Van Heck GL. Fatigue Assessment Scale (FAS). Springer Science+Business Media; 
2003. p. 1-406. 

23. Abu-Rafea BF, Vilos GA, Al Jasser RS, Al Anazy RM, Javaid K, Al-Mandeel HM. Linguistic and clinical validation 
of the Arabic-translated Aberdeen Menorrhagia Severity Scale as an indicator of quality of life for women with 
abnormal uterine bleeding. Saudi Med J. 2012 Aug 1;33(8):869-74. 

24. Springer K, Brown M, Stulberg DL. Common hair loss disorders. Am Fam Physician. 2003 Jul 1;68(1):93-102. 
25. World Health Organization. Body mass index (BMI) [Internet]. Geneva: World Health Organization; [cited 2026 

May 17]. Available from: https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-
index. 

 

https://doi.org/10.54361/ajmas.269544
https://word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-US&rs=en-US&wopisrc=https%3A%2F%2Fmy.microsoftpersonalcontent.com%2Fpersonal%2F4fcd5e2274e2d8b5%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fe1f696c1edaf4ef78d492e0835990ac0&wdenableroaming=1&mscc=1&wdodb=1&hid=29E216A2-C05B-1000-BE29-B5543DF00D78.0&uih=onedrivecom&wdlcid=en-US&jsapi=1&jsapiver=v2&corrid=9b98a379-ba2e-0a2d-e165-4927684019db&usid=9b98a379-ba2e-0a2d-e165-4927684019db&newsession=1&sftc=1&uihit=docaspx&muv=1&cac=1&sams=1&sfp=1&sdp=1&hch=1&hwfh=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fonedrive.live.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=Other&afdflight=10&csiro=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush
https://word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-US&rs=en-US&wopisrc=https%3A%2F%2Fmy.microsoftpersonalcontent.com%2Fpersonal%2F4fcd5e2274e2d8b5%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fe1f696c1edaf4ef78d492e0835990ac0&wdenableroaming=1&mscc=1&wdodb=1&hid=29E216A2-C05B-1000-BE29-B5543DF00D78.0&uih=onedrivecom&wdlcid=en-US&jsapi=1&jsapiver=v2&corrid=9b98a379-ba2e-0a2d-e165-4927684019db&usid=9b98a379-ba2e-0a2d-e165-4927684019db&newsession=1&sftc=1&uihit=docaspx&muv=1&cac=1&sams=1&sfp=1&sdp=1&hch=1&hwfh=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fonedrive.live.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=Other&afdflight=10&csiro=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush
https://word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-US&rs=en-US&wopisrc=https%3A%2F%2Fmy.microsoftpersonalcontent.com%2Fpersonal%2F4fcd5e2274e2d8b5%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fe1f696c1edaf4ef78d492e0835990ac0&wdenableroaming=1&mscc=1&wdodb=1&hid=29E216A2-C05B-1000-BE29-B5543DF00D78.0&uih=onedrivecom&wdlcid=en-US&jsapi=1&jsapiver=v2&corrid=9b98a379-ba2e-0a2d-e165-4927684019db&usid=9b98a379-ba2e-0a2d-e165-4927684019db&newsession=1&sftc=1&uihit=docaspx&muv=1&cac=1&sams=1&sfp=1&sdp=1&hch=1&hwfh=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fonedrive.live.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=Other&afdflight=10&csiro=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush

