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Abstract  

Iron and vitamin D are vital nutrients necessary for a multitude of physiological processes throughout an 

individual's lifespan. Iron plays a crucial role in the typical development and operation of the nervous system, 

the regeneration of red blood cells, and the transport of oxygen. Deficiency in iron may arise from insufficient 

dietary consumption, periods of heightened growth, or increased blood loss and has been linked to alterations 

in brain development during infancy and childhood, as well as the onset of cognitive and behavioral 

impairments. Consistently, Vitamin D plays an essential role in various physiological processes throughout an 

individual's lifespan, and a deficiency in this vitamin has been linked to adverse consequences for mental 

health, cognitive function, and academic achievement in both children and adolescents. Academic 

performance is particularly critical for university students, as it influences their likelihood of graduating within 

the designated time frame or potentially withdrawing from their studies. Iron and vitamin D deficiency are 

prevalent in adolescents and young adults, and the number of individuals aged 20-24 enrolled in postsecondary 

education rose sharply in the late 1960s and early 1970s. Therefore, it is important to understand whether iron 

and vitamin D deficiency affect concentration and cognitive function among university students.  
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Introduction  

The human brain comprises approximately 2% of 

the total body weight, yet it accounts for over 20% 

of the oxygen and energy utilized by the body. Iron 

is widely recognized as one of the most crucial 

minerals necessary for human health, owing to its 

extensive roles in diverse biological and biochemical 

processes (1). Iron has long been recognized as an 

important trace element in the prevention of 

interstitial and neurological dysfunctions (2). 

Insufficient iron supply reduces the production of 

hemoglobin in red blood cells and can lead to iron 

deficiency anemia (IDA). 

Research indicates that a deficiency in vitamin D 

may have detrimental effects on various mental 

health disorders, such as anxiety and depression, and 

may also influence attention and cognitive abilities. 

This prompts an examination of the potential 

relationship between vitamin D deficiency and 

cognitive performance (3,4). Concentration and 

memory have resulted in studies with contrasting 

outcomes. Accordingly, an increasing number of 
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studies ensure that depression is controlled for prior 

to exploring links between vitamin D concentrations 

and student cognition (5). 

Iron Deficiency and Cognitive Processes 

Specifically, compromised cognitive abilities 

associated with suboptimal iron levels and/or anemia 

may influence university students in their academic 

activities, examination outcomes, and various 

significant daily responsibilities. Consequently, it is 

essential to investigate the possible effects of iron 

deficiency on this demographic of university 

students (6). Individuals with low iron availability 

are more likely to experience fatigue as a nonspecific 

symptom, which can strongly affect cognitive 

processes and decrease academic performance (2). 

Fundamental cognitive processes such as attention, 

concentration, and working memory have been 

observed to correlate with inadequate iron 

consumption. This association appears to be 

particularly significant among individuals with 

optimal health. Research conducted on both animal 

models and human subjects has demonstrated that 

insufficient maternal iron levels can lead to delayed 

myelination, a critical neurodevelopmental concern, 

in the brains of fetuses, infants, and toddlers (7, 8). 

Additionally, anemia and reduced iron storage may 

impede the acquisition of motor skills and the 

progression of fine motor activities, even subsequent 

to the rectification of the iron deficiency (9,10). 

Vitamin D Deficiency and Cognitive Function 

Deficiencies in vitamin D can significantly hinder 

cognition through effects on neuroanatomy and 

psychological burden  (11). Furthermore, vitamin D 

and iron deficiencies are closely linked. Iron 

deficiency leads to a reduction in serum levels of the 

vitamin D-binding protein as well as specific 

metabolites of vitamin D, which may exacerbate the 

detrimental cognitive effects associated with low 

vitamin D. Conversely, adequate iron reserves may 

provide a protective effect against memory 

impairment linked to insufficient vitamin D levels 

(12). 

Methodological Considerations in Studying 

University Students 

Research on iron and vitamin D deficiencies in 

college students uses a variety of techniques to 

identify the population, measure or evaluate deficits, 

and assess cognitive function. Iron, vitamin D, or 

combined deficiencies may have a negative impact 

on cognitive performance, according to a large body 

of data from a variety of demographic groups (5). 

Some of this research takes into account how 

impairments could affect college students' cognitive 

functions, especially focus, which is crucial for 

learning and academic achievement  (13). However, 

different researchers select student cohorts from 

certain universities, employ different methods for 

assessing inadequacies, and evaluate cognitive 

abilities in different ways. The existence of various 

deficits remains a potential source of confusing 

variation when addressing any of the relevant 

concerns  (14). 

Population and Sampling 

Despite government efforts to fortify and 

supplement food, studies conducted in a number of 

developing nations have shown that micronutrient 

deficiencies remain a concern, affecting a significant 

part of children and adolescents  (15). There is 

evidence in India that there is a substantial 

correlation between cognitive performance and 

academic achievements and shortages in critical 

nutrients. The frequency of anemia has been the 

subject of much research, but the interactions 

between different deficiencies—particularly the 

possible coexistence of iron and vitamin D deficits 

in the juvenile population—have received relatively 

less attention (16).  Additionally, there is still a 

significant knowledge gap on the concurrent status 

of several important micronutrients as well as the 

socioeconomic, dietary, and health variables that 

affect these deficits  (17).  

Assessment of Iron Status and Vitamin D Levels 

The methods used to assess iron status and vitamin 

D levels are crucial for clarifying the frequency of 
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deficits that may impact attention and cognitive 

function. Determining several biochemical markers, 

such as hemoglobin (Hb), hematocrit (Hct), serum 

iron concentration, transferrin saturation, or serum 

ferritin concentration, is frequently necessary to 

assess iron insufficiency  (18).  However, in large-

scale survey-based research involving university 

student populations, blood sample collection often 

turns out to be impractical. Therefore, in order to 

maximize participant recruitment, iron status can be 

deduced from data collection efforts that focus 

mainly on dietary behaviors, supplemented by a 

widely used dietary-iron assessment, namely the 

frequency of red meat intake  (19). Thus, a 

continuous dietary-iron-index score and the 

frequency of red-meat consumption are used to 

characterize iron insufficiency, which is in line with 

previous studies on female university students. 

Vitamin D deficiency involves measuring 25-

hydroxyvitamin D (25[OH]D) species, as the 

metabolite is both the most abundant in the body and 

the dominant parameter influencing the conclusive 

classification of vitamin D deficiency (5). In the 

current situation, measuring vitamin D levels poses 

certain difficulties. Logistical challenges may make 

it difficult to get serum samples from appropriately 

sized cohorts of university students in a constrained 

amount of time throughout the academic year, 

despite blood sampling being the gold standard for 

the objective assessment of vitamin D status in 

epidemiological research. As a result, obtaining 

sufficient blood collection becomes challenging, 

requiring the use of dietary information as a stand-in 

for determining vitamin D sufficiency (20). This 

approach enables the identification of dietary 

sources of vitamin D, yet it fails to provide any 

insights into the actual blood-level indicators of 

vitamin D among the student population (21,22).  

Measures of Cognitive Function and 

Concentration 

Cognitive function, attention, and concentration are 

considered crucial for students, particularly those at 

university level, where a high cognitive demand for 

academic performance is imposed. The cognitive 

function measures employed were the “Torre found-

with-setup” (T.O.L.) and the “Trail Making Test” 

(TMT). The T.O.L. evaluates cognitive planning and 

problem-solving. Participants were required to move 

colored balls from a starting position to a goal 

position while following specific rules relating to the 

number of movements permissible at each stage, 

with the aim of completing the task in as few moves 

as possible  (23,24). The T.M.T. assesses cognitive 

flexibility and attention set-shifting capability in two 

parts; in part A, participants were asked to join 

numbers from 1 to 25 in ascending order, and in part 

B, to alternate between numbers and letters. Each 

test’s result was adjusted for the time taken to 

complete the task and the number of moves 

employed and expressed as a performance index 

score (25). 

Empirical Evidence on Iron Deficiency and 

Student Cognition 

Iron deficiency affects 600 million people 

worldwide, especially in young children, 

adolescents, and women of reproductive age, 

negatively impacting cognition and academic 

performance (2). A comprehensive global 

systematic review indicated a positive correlation 

between iron status and anemia and cognitive 

abilities and academic outcomes among adolescents 

aged 10 to 19 years. However, existing research has 

not specifically investigated the effects of iron 

deficiency on cognitive function and concentration 

within the university student population (26). Iron 

plays a pivotal role in the myelination of neural 

pathways, the formation and upkeep of 

neurotransmitter systems, as well as in metabolic 

processes that are crucial for cognition and 

concentration. Considering the high incidence of 

iron deficiency observed among university students 

across various geographical locations and its 

extensive influence on cognitive functioning, it is 

imperative to investigate the link between iron 
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deficiency and cognitive performance within this 

demographic (27,28).  

Most university students experience a shift to an 

independent lifestyle, during which they assume 

greater control over dietary habits. Studies have 

documented a significant decline in student health, 

academic performance, and cognitive functioning, 

with concomitant increases in stress, fatigue, and 

depressive symptoms (29,30). Such health changes 

may call for a reassessment of eating habits, which 

frequently go in the direction of convenience. 

Students at universities that consume less iron have 

been found to do worse academically (31,32).  

Empirical Evidence on Vitamin D Deficiency and 

Student Cognition 

Cognitive deficits have been linked to low levels of 

25-hydroxy vitamin D, according to research. 

Notably, as compared to their peers who maintain 

sufficient levels, students with lower 25(OH)D 

concentrations have demonstrated diminished 

cognitive capacities and worse academic results  

(33,34). A study focusing on Iranian university 

students revealed that those with suboptimal vitamin 

D levels performed poorly on an evaluation 

measuring "academic concentration." Similarly, a 

group of students in Cambodia was found to have 

uniformly low vitamin D levels, where individuals 

with readings below 50 nmol/L displayed 

diminished concentration and memory abilities in 

contrast to their peers with higher vitamin D levels 

(33). The deficiency of vitamin D has been 

associated with diminished academic concentration 

among students in Saudi Arabia. Implementation of 

a concentration and memory-enhancing program 

utilizing non-dietary vitamin D supplements resulted 

in improvements in both academic performance and 

concentration scores. Furthermore, a specific group 

of university students in South Korea exhibiting 

vitamin D levels below 50 nmol/L demonstrated a 

correlation of 0.706 with memory and 0.725 with 

concentration, suggesting that the deficiency exerts 

a more pronounced effect on concentration than on 

memory (33). Higher supplementation of vitamin D 

was also correlated with decreased memory and 

concentration among Chinese students, suggesting 

that the coverage of students with <50 nmol/L is 

extensive, and vitamin D may play a role in 

academic concentration (2). 

Interactions Between Iron and Vitamin D 

Deficiencies 

Hypovitaminosis D has been shown to amplify the 

deleterious effects of iron deficiency on cognitive 

function (35). Iron-deficiency anaemia adversely 

affects educational and intellectual capacity in 

demographic groups that require adequate iron 

intake. In cases of iron-deficiency anaemia, in which 

the mean corpuscular volume is less than 80 

femtoliters, vitamin D alone can improve cognitive 

performance, such as working memory and 

reasoning; vitamin D supplementation cannot shore 

up the cognitive deficits brought on by iron 

deficiency (36,37).  

The absence of vitamin D does not overlay 

additional deficits on the cognitive impairments 

generated by iron deficiency. Neither condition 

interacts to further degrade reasoning and 

concentration, which remain below the functional 

level (Salikhova & Salikhova, 2026) (38). This 

suggests a sequential hierarchy in which iron 

promotes the synthesis of neuroprotective 

compounds capable of modulating the genetic 

control of vitamin D. Since typical Canadian diets 

may not contain sufficient iron, and since iron is 

often excluded from supplements, iron status 

deserves particular vigilance on a population level 

(39,40). 

Intervention Strategies and Educational 

Implications 

Interventions designed to enhance the timeliness of 

iron and vitamin D evaluations represent a viable 

approach for universities to address the prevalence 

of these deficiencies. Institutions of higher education 

could implement screening initiatives aimed at 
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assessing the iron and vitamin D levels of students at 

critical junctures during their academic journey (41). 

In the context of persistent health crises, a significant 

number of universities face challenges in conducting 

systematic testing across their entire student 

populations. By implementing a statistically 

representative sampling method, institutions could 

enhance the identification of specific deficiencies, 

enable objective tracking of overarching trends, and 

facilitate the creation of targeted interventions (42). 

Administering screenings for iron and vitamin D 

within the initial month of each academic year could 

yield valuable data regarding the broader student 

population, while simultaneously providing insights 

into any decline in health status occurring over the 

summer break (43,44).  

Interventions that develop relevant skills in the 

present population comprise another method by 

which universities can alleviate deficiencies. 

Conducting workshops to improve practical 

knowledge of cognitive optimization, be it spurious 

or legitimate, may ameliorate cognitive distortions 

connected to these deficiencies (2). Supporting the 

broader educational paradigm in which these 

deficiencies appear is an alternative route toward 

enhancing cognition. Cognitive techniques that do 

not appear contingent on learner characteristics grant 

wider access to the benefits; therefore, implementing 

instruction of such techniques may yield large 

returns. 

Gaps, Limitations, and Future Research 

Despite the substantial body of research addressing 

the effects of micronutrient deficiencies on cognitive 

functioning, significant gaps persist in the existing 

literature. Relatively few studies have explicitly 

investigated the influence of iron and/or vitamin D 

deficiency on cognitive abilities and attention among 

university-level students. (Bashir et al., 2024) Most 

research has predominantly concentrated on younger 

demographics, particularly focusing on academic 

performance and cognitive development in children, 

notably those in preschool and early adolescence. A 

systematic review of the evidence pertaining to iron 

deficiency is warranted (45). Only a single study has 

been identified that focuses on the cognitive 

processes associated with learning among university 

students or adolescents of considerable school age. 

Despite the absence of a systematic review 

addressing the existing evidence pertaining to 

vitamin D deficiency, just one pertinent study has 

been recognized, which specifically investigates pre-

school-aged children (46,47). 

There is a significant paucity of empirical research 

investigating the relationship between deficiencies 

in these two micronutrients. Specifically, the review 

conducted by Samson et al. pertaining to the effects 

of iron deficiency did not uncover any studies that 

examined the possible interactions between vitamin 

D levels and iron status (48,49). Drawing from the 

extant evidence available in other areas of research, 

it is plausible to It is suggested that insufficient 

consumption of a specific micronutrient could 

negatively affect the function or bioavailability of 

another micronutrient. Nonetheless, it is crucial to 

emphasize that definitive conclusions cannot be 

drawn without relevant empirical research (50).  

Research on the impact of micronutrient deficiencies 

on cognitive processes among university students in 

low- and middle-income countries appears equally 

scarce. Studies that appeared to focus on less 

wealthy nations were invariably carried out in 

western societies, where the demand for cognitive 

processing in university education is much greater 

than in lower-income contexts (51,52).  

Conclusion 

Cognitive decline and insufficient attention span are 

common issues among university students. These 

impairments can have a serious impact on academic 

well-being, study skills, and learning. Moreover, 

cognitive decline in students can also lead to mental 

health problems such as anxiety and depression. 

Cognitive processes are a group of interconnected 

psychological components in learning, observation, 
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and memory, and can be influenced by many factors. 

Iron and vitamin D deficiency can impair cognitive 

function and attention span. Moreover, studies have 

reported a high prevalence of iron and vitamin D 

deficiency among university students. 

Iron is an essential element in haemoglobin (Hgb) 

and myoglobin (Mb) synthesis, both of which help 

transport oxygen in the body. When iron is deficient, 

oxygen supply is reduced, leading to fatigue and 

impairment of cognitive processing. Oxygen supply 

to the brain is particularly important during the 

learning phase, and any impairment will negatively 

impact deep learning, memory consolidation, and 

concentration. Iron deficiency reduces blood flow to 

the brain, potentially leading to impairment in 

attention, memory, and thought processes. It can also 

cause neural damage and ultimately metabolic 

defects in the long run. Vitamin D deficiency is also 

common in the young adult population and can 

influence intellectual development. Vit. D plays an 

important role in neurogenesis, differentiation, and 

maturation of neuronal and glial cells. A cross-

sectional study has indicated an association between 

severe vitamin D deficiency and global cognition in 

university students. 

Conflict of interest: NIL 

Funding: NIL 

References: 

1-Islam, M. R., Akash, S., Jony, M. H., Nowrin, F. 

T., Rahman, M. M., Rauf, A., & Thiruvengadam, 

M. (2023). Exploring the potential function of 

trace elements in human health: a therapeutic 

perspective. Molecular and Cellular 

Biochemistry, 478(10), 2141-2171.  

2- Samson, L. I., Patel, K. R., & Zhao, Y. (2022). 

Micronutrient deficiencies and neurocognitive 

outcomes in student demographics: A narrative 

synthesis. Journal of Nutrition and Cognition, 

15(4), 301–315. 

3- Raza, M. L., Hassan, S. T., Jamil, S., Fatima, W., 

& Fatima, M. (2025). Nutritional interventions in 

depression: The role of vitamin D and trace 

minerals in neuropsychiatric health. Clinical 

Nutrition, 44(2), 112-125. 

4-Chang, J., Liu, M., Liu, C., Zhou, S., Jiao, Y., Sun, 

H., & Ji, Y. (2024). Effects of vitamins and 

polyunsaturated fatty acids on cognitive function 

in older adults with mild cognitive impairment: A 

meta-analysis of randomized controlled trials. 

European Journal of Nutrition, 63(4), 1003-1022. 

5- Almuqbil, M., Almadani, M. E., Albraiki, S. A., 

Alamri, A. M., Alshehri, A., Alghamdi, A., 

Alshehri, S., & Asdaq, S. M. B. (2023). Impact of 

Vitamin D Deficiency on Mental Health in 

University Students: A Cross-Sectional Study. 

Healthcare, 11(3), 384. 

6- Lin, H. & Chen, Q. (2024).  Artificial intelligence 

(AI)-integrated educational applications and 

college students' creativity and academic 

emotions: students and teachers' perceptions and 

attitudes," BMC Psychol., vol. 12.  

7- Poudineh, M., Parvin, S., Omidali, M., Nikzad, F., 

Mohammadyari, F., Sadeghi Poor Ranjbar, F., 

Rasouli, F., Nanbakhsh, S., & Olangian-Tehrani, 

S. (2023). The effects of vitamin therapy on ASD 

and ADHD: A narrative review. CNS & 

Neurological Disorders - Drug Targets, 22(5), 

711–735. 

8- Chen, X., Xiao, Y., Huang, W., Guo, Y., Zhu, R., 

& Wu, J. (2024). Trace elements, cognitive 

function and behavioral problems in children 

with attention-deficit hyperactivity disorder. 

Current Psychology, 43(25), 21334–21343. 

9- Larsen, B., Baller, E. B., Boucher, A. A., & 

Calkins, M. E. (2023). Development of iron 

status measures during youth: associations with 

sex, socioeconomic status, cognitive 

https://portal.issn.org/resource/ISSN/3062-5807


Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.92-100  eISSN: 3009-741X, pISSN:  3062-5807 98 

performance, and brain structure. The American 

Journal of Clinical Nutrition, 117(3), 560-572. 

10- Gao, Q., Zhou, Y., Chen, Y., Hu, W., Jin, W., 

Zhou, C., & Lin, W. (2025). Role of iron in brain 

development, aging, and neurodegenerative 

diseases. Annals of Medicine, 57(1), 2472871. 

11- Zelzer, S., Hofer, E., Meinitzer, A., Fritz-Petrin, 

E., Simstich, S., Goessler, W., Schmidt, R., & 

Herrmann, M. (2021). Association of vitamin D 

metabolites with cognitive function and brain 

structure. Frontiers in Aging Neuroscience, 13, 

648375. 

12- Mlynarska, E., Lisinska, W., Hossa, K., 

Krupinska, N., Jakubowska, P., Rysz, J., & 

Franczyk, B. (2025). Vitamin D and chronic 

disorders: A review of metabolic and 

neurocardiovascular outcomes. Pharmaceuticals, 

18(10), 1467. 

13- Balletto, J. (2018). Multivitamin Usage and 

Anemia in College Students. Journal of American 

College Health, 66(4), 210-218. 

14- Pearce, N., & Greenland, S. (2007). 

Confounding and interaction. In W. Ahrens & I. 

Pigeot (Eds.), Handbook of epidemiology (pp. 

371–397). Springer. 

15- Awasthi, S., Kumar, D., Singh, S., Dixit, S., 

Agarwal, G., & Ali Mahdi, A. (2021). Prevalence 

of specific micronutrient deficiencies in urban 

school going children of India: study protocol for 

a multicentric cross-sectional study. BMJ Open, 

11(5), e044813. 

16- Bela, K., Vesna, M. J., Nemanja, Z., Ivana, M., 

Nemanja, G., Dickov, K. I., & Marija, L. (2025). 

Iron deficiency and iron deficiency anemia: A 

comprehensive overview of established and 

emerging concepts. Pharmaceuticals, 18(8), 

1104. 

17- Fernandes, S., Oliveira, L., Pereira, A., Costa, 

M. do C., Raposo, A., Saraiva, A., & Magalhães, 

B. (2024). Exploring vitamin B12 

supplementation in the vegan population: A 

scoping review of the evidence. Nutrients, 

16(10), Article 1442. 

18- Belay, T. G. (2010). Zinc, iron, iodine and 

cognitive function of women from Sidama Zone, 

Southern Ethiopia. Ethiopian Journal of Health 

Development, 24(2), 112–120.  

19- Queiroz, J. C. L. S., Rey, L. C., & da Rocha 

Ataide, T. (2025). Consumption of ultra-

processed foods is associated with dietary iron 

availability and anemia in young populations. 

Clinical Nutrition ESPEN, 61, 112-121. 

20- Yameny, A. The Multifaceted Role of Vitamin D: 

From Synthesis to Clinical 

Implications. Biobacta Journal of Biochemistry 

and Molecular Biology, (2024); 1(1), 61-

65. https://doi.org/10.71428/BJBMB.2024.0106 

21- Tripathi, A., Ansari, M., Dandekar, P., & Jain, 

R. (2022). Analytical methods for 25-

hydroxyvitamin D: advantages and limitations of 

existing assays. The Journal of Nutritional 

Biochemistry, 109, 109123. 

22- Berger, M. M., Talwar, D., & Shenkin, A. 

(2023). Pitfalls in the interpretation of blood tests 

used to assess and monitor micronutrient 

nutrition status. Nutrition in Clinical Practice, 

38(1), 52-69. 

23- Suriano, R., Plebe, A., Acciai, A., & Fabio, R. 

A. (2025). Student interaction with ChatGPT can 

promote complex critical thinking skills. 

Learning and Instruction, 95, Article 102011. 

24- Al-Ka'bi, A. H. (2023). Proposed artificial 

intelligence algorithm and deep learning 

techniques for development of higher education. 

International Journal of Intelligent Networks, 4, 

68–73. 

https://portal.issn.org/resource/ISSN/3062-5807
https://doi.org/10.71428/BJBMB.2024.0106


Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.92-100  eISSN: 3009-741X, pISSN:  3062-5807 99 

25- Leonard, A. J., Chalmers, K. A., Collins, C. E., 

& Patterson, A. J. (2014). A study of the effects 

of latent iron deficiency on measures of 

cognition: A pilot randomised controlled trial of 

iron supplementation in young women. Nutrients, 

6(6), 2419-2435. 

26- Mejia, L. A., & Erdman Jr, J. W. (2025). Impact 

of micronutrient interaction on metabolic 

pathways and cognitive performance: an updated 

perspective. Nutrition Reviews, 83(1), 45-58. 

27- Harrabi, M. A., Fendri, T., & Ayed, R. (2023). 

Iron Deficiency Anemia Is Associated with 

Proprioceptive Deficit in Adult Women: A 

Cross-Sectional Case-Control Study. Biological 

Trace Element Research, 201(8), 3712-3720. 

28- Atan, F. N. E. M., Saman, W. A. W. M., 

Kamsani, Y. S., Khalid, Z., & Rahman, A. A. 

(2022). TMPRSS6 gene polymorphisms 

associated with iron deficiency anaemia among 

global population. Egyptian Journal of Medical 

Human Genetics, 23, Article 130. 

29- Kiely, K. M. (2024). Cognitive function across 

the adult lifespan. Encyclopedia of Quality of 

Life and Well-Being Research, 2nd Ed., 

Springer, 1140-1148. 

30- Sewell, K. R., Rainey-Smith, S. R., Peiffer, J., 

Sohrabi, H. R., Taddei, K., Ames, D., & Brown, 

B. M. (2023). The relationship between lifestyle 

factors and change in cognitive function. 

Alzheimer's & Dementia, 19(7), 2984-2993. 

31-Kohanmoo, A., Hashemzadeh, M., Teymouri, 

M., Zare, M., & Akhlaghi, M. (2024). Food 

insecurity is associated with low diet quality and 

unhealthy cooking and eating habits in Iranian 

women. Journal of Health, Population and 

Nutrition, 43(1), 42.  

32-Gürbüz, M., Bayram, H. M., Kabayel, N., & 

Türker, Z. S. (2024).  Association between 

breakfast consumption, breakfast quality, mental 

health, and quality of life in adolescents. 

Nutrition & Dietetics, 81(1), 88-97. 

33- Zawieja, E., Bykowska-Derda, A., & 

Chmurzynska, A. (2026). Yearlong fluctuations 

of vitamin D status, intake, and health outcomes 

in university students: A prospective longitudinal 

study. Nutrition, 122, 112450. 

34-Kim, J., Yu, S., Lee, S. S., & Detrick, R. (2026). 

Students’ prompt patterns and its effects in AI-

assisted academic writing: Focusing on students’ 

level of AI literacy. Journal of Research on 

Technology in Education, 58(3), 638-655. 

35- Yeboah, F. A., Bioh, J., Amoani, B., Effah, A., 

& Senu, E. (2024). Iron deficiency anemia and its 

association with cognitive function among young 

populations. BMC Public Health, 24(1), 1012. 

36- Bathla, S., & Arora, S. (2022). Prevalence and 

approaches to manage iron deficiency anemia 

(IDA). Critical Reviews in Food Science and 

Nutrition, 62(21), 5905-5926. 

37-  Munro, M. G., Mast, A. E., Powers, J. M., 

Kouides, P. A., O'Brien, S. H., Richards, T., & 

Levy, B. S. (2023). The relationship between 

heavy menstrual bleeding, iron deficiency, and 

cognitive performance. American Journal of 

Obstetrics and Gynecology, 229(1), 1-9. 

38- Salikhova, S., & Salikhova, K. (2026). 

Neurophysiological correlates of vitamin D and 

micronutrient status in young adults. Journal of 

Clinical Neurophysiology, 43(1), 88-96. 

39- Read, A. J., Krein, S. L., & Saini, S. D. (2025). 

Balancing Vigilance and Value in Micronutrient 

Assessment. JAMA Internal Medicine, 185(4), 

410-418. 

40- Zhou, B., Chen, Y., & Naumova, E. N. (2024). 

Revealing health disparities with visual analytics: 

From individual attributes to global patterns in 

https://portal.issn.org/resource/ISSN/3062-5807


Biobacta Journal of Biochemistry and Molecular Biology, 2026, Vol. 3, No.2, P.92-100  eISSN: 3009-741X, pISSN:  3062-5807 100 

nutrition surveillance. Global Health Equity, 

12(1), 45-58. 

41- Kanbay, M., Ozbek, L., & Guldan, M. (2025). 

Nutrition, cognition and neurological integrity: A 

comprehensive review of interactions and 

interventions. European Journal of Clinical 

Nutrition, 79(3), 205-218. 

42- Suriahman, E., & Wang, T. H. (2022). Academic 

dishonesty and trustworthy assessment in online 

learning: A systematic literature review. Journal 

of Computer Assisted Learning, 38(6), 1535–

1553. 

43- Newton, P. M., & Essex, K. (2024). How 

common is cheating in online exams and did it 

increase during the COVID-19 pandemic? A 

systematic review. Journal of Academic Ethics, 

22, 323–343.  

44-Brown, C. E., Richardson, K., Halil-Pizzirani, B., 

Atkins, L., Yücel, M., & Segrave, R. A. (2024). 

Key influences on university students’ physical 

activity: a systematic review using the 

Theoretical Domains Framework and the COM-

B model of human behaviour. BMC Public 

Health, 24(1), 418.  

45- Bashir, I., Wani, S. M., Bhat, A. A., Khan, A. A., 

Hussain, S. Z., Ganai, S. A., & Anjum, N. (2024). 

Effect of freeze drying and spray drying on 

physical properties, morphology, and in vitro 

release kinetics of vitamin D3 nanoparticles. 

Powder Technology, 432, Article 119164. 

46- Mayer, R. E. (2024). The past, present, and 

future of the cognitive theory of multimedia 

learning. Educational Psychology Review, 36(1), 

Article 8. 

47- Mayer, R. E., Makransky, G., & Parong, J. 

(2023). The promise and pitfalls of learning in 

immersive virtual reality. International Journal of 

Human–Computer Interaction, 39(11), 2229–

2238. 

48- Lee, B. C., & Chung, J. (2024). An empirical 

investigation of the impact of ChatGPT on 

creativity. Nature Human Behaviour, 8(10), 

1906–1914. 

49- Skinner, G. C. M., Bywaters, P., & Kennedy, E. 

(2023). A review of the relationship between 

poverty and child abuse and neglect: Insights 

from scoping reviews, systematic reviews and 

meta‐analyses. Child Abuse Review, 32(2), 

Article e2795. 

50-Zhao, D., Huang, Y., Wang, B., Chen, H., Pan, 

W., Yang, M., ... & Yuan, C. (2023). Dietary 

intake levels of iron, copper, zinc, and manganese 

in relation to cognitive function: A cross-

sectional study. Nutrients, 15(3), 704.  

51-Assogba, O. K. E., Luginaah, I., Madodé, Y. E., 

Francisco, A. M. E., Kossou, J., Lokonon, J., ... 

& Amoussa Hounkpatin, W. (2025). Factors 

associated with low short-term memory 

development among pupils in public primary 

schools: evidence from Benin Republic. BMC 

Nutrition, 11(1), 1-11.  

52-Malézieux, E., Verger, E. O., Avallone, S., 

Alpha, A., & Ngigi, P. B. (2024). Biofortification 

versus diversification to fight micronutrient 

deficiencies: an interdisciplinary review. Food 

Security, 16(2), 341-359. 

 

 

https://portal.issn.org/resource/ISSN/3062-5807

