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Abstract

The aim of the study is to assess the impact of latent iron deficiency on students'
cognitive abilities. Material and methods. The study was conducted during 2018-2021 at the
Department of Hygiene and Medical Ecology of Odessa National Medical University. A
survey of 188 medical students aged 18-20 was conducted using a screening survey.
Estimation of the qualitative content of iron compounds in the diet was performed by a
calculation method using the USDA / FDA database. Persons with probable iron deficiency
were examined for hemoglobin, erythrocytes, hematocrit (general clinical blood test) and
serum ferritin. Additionally, the cognitive abilities of people with latent iron deficiency were
assessed using MoSA, TMT, GPB, Schulte tables and TAS-20. As a control, 30 students aged
18-20 years who showed no signs of latent or overt iron deficiency were interviewed.
Statistical processing was performed by methods of variance and correlation anamnesis using
the software Statistica 13.0 (TIBCO, USA). Results. When evaluating diets, probable iron
deficiency was identified in 69 (36.7%) students surveyed. A significant number of students
reported signs of iron deficiency, namely general weakness (27 or 14.4%), increased fatigue
(30 cases or 15.9%), pale skin and mucous membranes (6 or 3.2%), drowsiness (8 or 4.3%),
dry mouth (11 or 5.9%), brittle hair (4 or 2.1%), bleeding gums (3 or 1.6%). In isolated cases,

hyposmia, dysgeusia and dysphagia have occurred. Probable iron deficiency was found at the
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previous stage of the study in 29 (15.4%) patients, they subsequently underwent verifying
laboratory tests. In the analysis of the obtained data, the diagnosis of mild iron deficiency
anemia was confirmed in 2 (6.9%) girls. Latent iron deficiency was identified in 16 (55.2%)
students, among whom girls predominated (10 people or 62.5%). Subsequent studies have
shown that a significant number of students with latent iron deficiency showed moderate
signs of decreased cognition. Conclusions: 1. The frequency of latent iron deficiency in the
surveyed contingent was 8.5%, with an absolute predominance of girls (62.5%). 2. Latent iron
deficiency in student youth can be manifested by cognitive impairment, and therefore affect
academic performance. 3. The most pronounced correlation was found for ferritin content and
severity of alexithymia (r = -0.61).

Key words: latent iron deficiency; cognitive abilities; alexithymia; nutrition;
student youth

Iron deficiency is the most common alimentary deficiency in the world [1, 2]. All
groups of the population are vulnerable, but young women, infants and toddlers are in the
highest risk [1-3]. Young women have an increased need for iron due to constant losses
during menstruation, as well as during pregnancy and lactation. Up to two-thirds of young
women in developing countries suffer from iron deficiency [1, 3, 4]. However, this
phenomenon is also observed in economically developed countries - from 10% to 20% in the
US and EU [3, 5, 6]. The exact epidemiology of iron deficiency among young women in the
post-Soviet countries is unknown [7, 8], but given the significant deterioration of the socio-
economic status of ordinary citizens, it can be assumed that the incidence of iron deficiency is
close to third world levels.

As a rule, the cases of manifested iron deficiency fall into the field of view of doctors.
But latent iron deficiency is much more common. This condition is characterized by dicreased
level of ferritin in the serum (less than 20 ug/l) whiled hemoglobin level is higher than 120 g/l
[1, 2,9, 10].

There is currently evidence of an association between iron deficiency and cognitive
impairment [11-13]. The exact mechanism by which iron deficiency affects the brain is poorly
understood. There are possible disorders in the metabolism of neurotransmitters, decreased
myelin formation and changes in energy metabolism of the brain [1, 11].

Some authors point to an association between the use of iron-containing nutraceuticals
and improved cognitive function in young women, but the results are largely debatable, as the

vast majority of these studies have corrected overt iron deficiency [12, 13]. Instead, it is still
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unknown what affects the presence of latent iron deficiency on the cognitive abilities of
young people, including students.

It is known that the eating habits of student youth often do not meet the principles of
healthy eating. Students prefer snacks and fast food products, often do not have a full lunch
and breakfast, as a result, most of the food is consumed during the supper, which can be very
late [7, 8]. It is also important to spread uncontrolled use of the medications that may affect
iron metabolism, including nonsteroidal anti-inflammatory drugs, antacids, histamine receptor
antagonists, proton pump inhibitors, corticosteroids and antibiotics) [14, 15].

The aim of the study is to assess the impact of latent iron deficiency on students'
cognitive abilities

Material and methods

The study was conducted during 2018-2021 at the Department of Hygiene and
Medical Ecology of Odessa National Medical University. A survey of 188 medical students
aged 18-20 years, who were interviewed using the original tool [7], which contained
questions about the quality of the daily diet, the presence of manifestations of sideropenic
syndrome, and separate section for girls about menstruation functions

Estimation of the qualitative content of iron compounds in the diet was performed by a
calculation method using the USDA/FDA database [16]. Persons with probable iron
deficiency were examined for hemoglobin, erythrocytes, hematocrit and serum ferritin.
Analytical research was performed in the accredited laboratory "Smartlab™ (Odessa). General
blood tests were performed on an automatic hematology analyzer CELL-DYN Ruby "Abbott
laboratories” (USA), ferritin analysis - on an automatic chemiluminescent analyzer Architect
11000sr "Abbott laboratories” (USA).

Additionally, the assessment of cognitive abilities of persons with latent iron
deficiency was assessed. We used a battery of tests, which included methods of assessing
attention, memory, visual-spatial perception, planning, execution, logical thinking, ability to
abstract, emotional response, level of alexithymia, namely the methods of MocA, TMT, GPB
, Schulte tables and TAS-20 [17-21]. As a control, 30 students aged 18-20 years who showed
no signs of latent or overt iron deficiency were interviewed.

Statistical processing was performed by methods of variance and correlation
anamnesis using the software Statistica 13.0 (TIBCO, USA) [22].

Results. When evaluating diets, probable iron deficiency was identified in 69 (36.7%)
students surveyed. A significant number of students reported signs of iron deficiency, namely

general weakness (27 or 14.4%), increased fatigue (30 cases or 15.9%), pale skin and mucous
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membranes (6 or 3.2%), drowsiness (8 or 4.3%), dry mouth (11 or 5.9%), brittle hair (4 or
2.1%), bleeding gums (3 or 1.6%). In isolated cases, hyposmia, dysgeusia and dysphagia have
occurred.

Probable iron deficiency was found at the previous stage of the study in 29 (15.4%)
patients, they subsequently underwent verifying laboratory tests. In the analysis of the
obtained data, the diagnosis of mild iron deficiency anemia was confirmed in 2 (6.9%) girls.
Latent iron deficiency was identified in 16 (55.2%) students, among whom girls predominated
(10 people or 62.5%).

Subsequent studies found that a significant number of students with latent iron
deficiency showed moderate signs of decreased cognition (Table 1). At the same time, the
most significant changes were observed in the indicators of attention quality, working

memory and alexithymia.

Table 1 The results of neuropsychological testing

Tests Indices Reference levels
Basic group | Control group
(n=29) (n=30)

MoCA, points 26,2+1,2 26,9+0,8 More than 26 points [17]
TMT, sec 76,3+4,3 70,1+2,2 29-78 sec [18]
GPB, sec | Dominated limb 77,6+4,1* 65,8+1,4 <70 sec

Non-dominated 85,7+4,5* 74,8+2,2 <100 sec [19]

limb
Shulte’s tables, sec 149,2+11,4 137,345,2 30-50 sec per a table [20]
TAS-20, points 59,5+1,7* 55,2+1,1 < 62 points

Note: * - differences between groups are significant (p <0,05)

As can be seen from the table, almost half of the surveyed students, in the presence of
latent iron deficiency had worse than the normative test results. At the same time, for most
tests, no statistically significant differences with control were observed. Exceptions were the
values of the test for alexithymia (59.5 £ 1.7 points in the main group and 55.2 £+ 1.1 points in
the control group), as well as the results of tests for dexterization of movements (for the
dominant limb 77.6 + 4.1 s in the main group and 65.8 = 1.4 s - in the control, for non-
dominant - 85.7 £ 4.5s and 74.8 + 2.2 s, respectively).

When comparing the obtained data of neuropsychological testing, the presence of a

significant correlation between the obtained indicators and the level of ferritin was determined
(Fig. 1).
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Figure 1. Correlation between ferritin levels and test results

Thus, for most of the used neuropsychological techniques, the correlation with the
content of ferritin is inverse, the only exception is the assessment of the Montreal scale of
assessment of cognitive functions.

Discussion

All, without exception, known studies of the impact of iron deficiency on cognitive
functions are characterized by great heterogeneity in the methods used for cognitive testing
and the contingents of respondents. The general trends identified in most studies are the close
relationship between the severity of sideropenic syndrome and associated asthenia and the
level of cognitive ability.

Differences in the effects of iron deficiency on cognitive function reported between
studies may be related to the different cognition assessment tools used. At the same time,
there is a growing number of publications in which the authors use cognitive testing to prove
the feasibility of using dietary supplements containing iron salts to improve resistance to
stress and cognitive abilities in general.

Of particular interest are studies of the impact of iron deficiency on the severity of
alexithymia, which means a deficiency of cognitive processing and emotional regulation [21],
which leads to difficulties in identifying feelings and separating them from purely bodily
sensations. Alexithymia is characterized by the complexity of describing subjective feelings,
limited image processes, lack of imagination and lack of adequate response to habitual stimuli
with changes in cognitive style [21, 23]. Patients report an inability to adequately identify
physical sensations as somatic manifestations of emotions. Some studies have discussed the
likely impact of iron deficiency on the functioning of the hippocampus and other functionally

important areas of the brain. Thus, Allen M et al. (2017) showed that the concentration of
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microstructural iron in the somatosensory cortex is accompanied by increased cognitive
empathy, while the tendency to experience negative emotions is mostly associated with the
myeloarchitecture of the islet and caudate nucleus [24].

Conclusions

1. The frequency of latent iron deficiency in the surveyed contingent was 8.5%, with
an absolute predominance of girls (62.5%)

2. Latent iron deficiency in student youth can be manifested by cognitive impairment,
and therefore affect academic performance

3. The most pronounced correlation was found for ferritin content and severity of

alexithymia (r = -0.61)
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