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Abstract

Background Iron deficiency anemia (IDA) constitutes a considerable nutritional problem in Egyptian preschool chil-
dren. Moreover, IDA limits physical activity performance and interferes with children’s development. Accordingly, we
aim to investigate the correlation between IDA and hand dexterity and pinch grip strength in preschool children.

Results This observational cross-sectional study encompassed the participation of 87 children, comprising both gen-
ders, with an age range of 5-6 years. The cohort was initially stratified into three distinct groups: Group A comprised
36 non-anemic children, group B included 25 children with mild iron-deficiency anemia (IDA), and group C consisted
of 26 children with moderate IDA. After group delineation, comprehensive laboratory analyses were performed

on all participants to assess for IDA, involving a thorough examination of their complete blood picture, hemoglobin
(Hb) levels, serum iron levels, and serum ferritin levels. The evaluative metrics employed in this study encompassed
the Bruininks-Oseretsky Test of Motor Proficiency-Second Edition (BOT-2) and the Baseline Mechanical Pinch Gauge.
These instruments were utilized to assess manual dexterity and pinch strength, specifically tip-to-tip and tri-

pod strength. This investigation revealed a positive correlation between Hb, serum iron, and serum ferritin levels

with both manual dexterity and pinch strength across all three groups.

Conclusion This study highlights that IDA negatively affects hand dexterity and pinch grip strength in preschool
children. Managing IDA early is crucial for improving their physical performance and overall development.
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1 Background

Anemia refers to the reduced oxygen-carrying capac-
ity of the blood because of an overall decrease in hemo-
globin (Hb) concentration that, in turn, leads to tissue
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hypoxia [1]. Furthermore, anemia causes central nerv-
ous system dysfunction, including declined cognitive
functions, delayed growth and motor development, and
neurological symptoms. These symptoms include pares-
thesia, weakness, clumsiness, and an unsteady gait. Iron
deficiency (ID) accounts for around 50% of all cases of
anemia [2]. Iron is essential for Hb production in red
blood cells, oxygen delivery to peripheral tissues, and
the regulatory role of mitochondria in muscular energy
metabolism [3]. The World Health Organization (WHO)
has stated that iron deficiency anemia (IDA) represents a
major dietary deficit in children [4] that affects 48.5% of
Egyptian preschoolers [5]. The prevalence of IDA among
children in the Nile Delta was estimated to be 17.19% [6].
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Early-life ID disrupts brain energy metabolism, reduces
myelin formation, and affects dopamine signaling, conse-
quently causing neurodevelopmental deficits [7]. Notably,
IDA influences the development of upper extremity skills
such as reach and grasp [8]. Additionally, Ayala et al. [9]
have shown that infants with DA have lower scores in
fine motor skills and social-emotional areas.

Pinch strength is a prehension where two or three fin-
gers collaborate with thumb movements to manipulate
objects without using the palm [10]. Mainly, it is the pre-
dominant force generated by the synchronized contrac-
tions of the muscles in both the forearm and hand during
hand grip [11]. Pinch strength includes three clinically
measured categories: tip, key, and palmar pinch [12].
Accordingly, pinch strength is a good parameter in evalu-
ating the hand as a predictor of hand function [13]. Addi-
tionally, Dougherty et al. [14] studied hand grip strength
(HGS) in anemic children, concluding they have weaker
grip strength than the control group.

Manual dexterity refers to the skill of manipulating
objects by coordinating hand and finger movements and
the capacity to synchronize minor muscle movements
with the eye, hand, and finger [15]. Generally, it con-
sists of muscle strength, force control, tactile sensation,
and cognitive acuity [16]. Manual dexterity development
is crucial for general development [17], rendering it the
fundamental element to investigate while examining
manipulative skills [18]. Strong handgrips and good hand
dexterity are essential for school-age children, as many
tasks throughout the school day require using their hands
[19]. Efficient manipulation of objects requires sufficient
fine motor control, enabling infants to develop percep-
tion awareness [20]. Although IDA results in permanent
delays in gross and fine motor skills [21, 22], limited
studies have investigated its effect on hand dexterity and
pinch strength among preschool children. Accordingly,
we aimed to examine the IDA association with hand dex-
terity and pinch strength in preschool children.

2 Methods

2.1 Study design and sample size

This observational cross-sectional study was conducted
at the Outpatient Clinic of Pediatrics, Zagazig University
Hospitals, from May 2022 to July 2023.

Herein, we utilized G*POWER statistical software (ver-
sion 3.1.9.2; Franz Faul, Universitat Kiel, Germany) to
calculate the sample size using the following parameters:
a=0.05, power =80%, and moderate effect size=0.3. This
calculation was conducted depending on the findings of
a pilot study that assessed the correlation between iron
level and manual dexterity in 10 children. Eventually,
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we employed N=85 as the required sample size for this
study.

2.2 Subjects

This study enrolled 87 children of both sexes aged
5-6 years. First, children were subdivided into three
groups: group A, which comprised 36 non-anemic chil-
dren; group B, which included 25 children with mild iron
deficiency anemia (IDA); and group C, which had 26 chil-
dren with moderate IDA.

The inclusion criteria were as follows: (A) non-anemic
children having a normal Hb level >11.5 g/L [23], serum
iron>60 mcg/dL [24], and serum ferritin level > 15 ng/mL
in the absence of infection [25]; (B) anemic children hav-
ing microcytic hypochromic anemia: Hb<11.5 g/L (Hb
of 11.0-11.4 and 8.0-10.9 refers to mild and moderate
anemia, respectively) [4], serum iron<60 mcg/dL [24],
and serum ferritin < 15 ng/mL in the absence of infection
[25]; (C) right-handed children; (D) children with a body
mass index (BMI) of 15.2-15.5 kg/m? [26].

The exclusion criteria included the following: (A)
deformity of the upper limb joints, either congenital or
acquired; (B) unhealed upper limb bone fracture; (C) sys-
temic diseases causing anemia such as hepatic dysfunc-
tion, renal impairment, or a previous bone disease; (D)
transfusion blood within three months before evaluating
the hematological parameters; (E) muscle fibers trauma
in the previous one year, or using drugs that affects
strength; (F) upper extremity neuromuscular disorders;
(G) participation within a constant sports activity includ-
ing the upper limbs; (H) visual, auditory, or vestibular
defects; (I) history of hand injuries, operations, or other
hand function limitations; (J) iron deficiency anemia sec-
ondary to non-nutritional causes (Fig. 1).

2.3 Laboratory investigations
Specific protocol and procedures were followed dur-
ing the assessment of the laboratory investigations as
follows: Blood samples were aseptically drawn from a
peripheral vein and divided into multiple portions. A
portion was placed in an EDTA tube for complete blood
count (CBC) analysis. Another portion was left to clot in
a plain tube and then centrifuged to separate the serum.
The obtained serum was preserved at —20 °C until test-
ing [27]. The CBC was conducted using an automated
blood cell counter (Sysmex-Xs 800i), serum iron levels
were assessed with an AU 480-Chemistry auto-analyzer
(Beckman Coulter Diagnostics-USA), and serum ferritin
levels were determined through ELISA using DRG® Fer-
ritin [EIA-1872].

To maintain data quality, standard operating proce-
dures were followed throughout all laboratory processes.
Analyses were conducted in line with the manufacturer’s
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Fig. 1 Flow chart of the study

guidelines, and control reagents were employed with
hematology and clinical chemistry analyzers to verify
result reproducibility.

2.3.1 Assessment of Hb level

The Hb level was assessed utilizing a completely auto-
mated blood cell counter (Sysmex-Xs 800i), a fluores-
cent flow-cytometric hematology analyzer that precisely
measures red and white blood cell count and platelets
[28, 29]. The reliability of this analyzer is comparable to
that of the standard manual approach, as indicated by
r*>0.95 [30] and a correlation coefficient of 0.908 [31].

2.3.2 Assessment of serum iron

Serum iron was evaluated with the idealistic AU
480-Chemistry auto-analyzer (Beckman Coulter Diag-
nostics, USA) due to its high reliability, precision, accu-
racy, and acceptable variation coefficients for day-to-day
impression 32, 33].

2.3.3 Assessment of serum ferritin

Herein, we analyzed serum ferritin levels employing a
ferritin quantitative solid-phase enzyme-linked immu-
nosorbent assay (ELISA) kit using DRG® Ferritin [EIA-
1872], which had a specificity of 83% and sensitivity of
5.0 ng/mL, respectively. Also, it had an optical density of
0-2 (OD) or larger at the 450 nm wavelength. The intra-
and inter-assay precision coefficient of variation (CV)
was determined by replicate determinations of three dif-
ferent serum samples in one assay 3.6%, 5.7%, 3.5%, 4.2%,
5.1%, and 6.6%, respectively.

2.4 Outcome measures

2.4.1 Manual hand dexterity

The Bruininks-Oseretsky Test of Motor Proficiency, Sec-
ond Edition (BOT-2) constitutes a widely recognized
assessment tool utilized by occupational and physi-
cal therapists in clinical and school practice settings to
measure manual hand dexterity. It is a norm-referenced
and standardized measure that provides valuable insights
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into the motor skills of individuals [34]. The BOT-2
assesses the fine and gross motor skills of children aged
4-21 years by individual administration. In addition,
BOT-2 demonstrated high psychometric quality, with
good internal consistency (r>0.80), outstanding inter-
rater reliability (r=0.98), strong test—retest reliability
(r>0.80), and content and concurrent validity [34-36].

Manual dexterity assessment involved directed activi-
ties: grasping, reaching, and bimanual coordination with
small objects. These objects involve placing pegs on a
pegboard, sorting cards, making dots in circles, stringing
small blocks, picking plastic pennies, and placing them
into the box. The child was instructed to perform the
task with the utmost precision and promptness, prioritiz-
ing accuracy and timing. By incorporating speed, timed
activities can accurately distinguish the dexterity level
[36]. The scoring process involved determining the raw
score for each test item using the Administration Easel.
The raw results of each child were initially interpreted
into point scores, thereby calculating the overall point
scores by summing all the points. Eventually, the norm
tables outlined in the handbook were utilized to convert
the point scores of the subset into scale scores and obtain
standard scores for statistical analysis [34].

2.4.2 Pinch strength

Herein, we deployed a Baseline Mechanical Pinch Gauge
(0-60 1b) for measuring pinch strength (tip-to-tip and
tripod) for all children. The intra-rater and inter-rater
reliability for the pinch gauge (tip-to-tip grasp) was 0.986
and 0.995, respectively [37, 38]. The evaluation proce-
dures were performed by instructing each child to sit
in an armchair with stationary armrests and a backrest.
They were then asked to position their upper extremity in
the following manner: Shoulder adducted and neutrally
rotated, elbow flexed at 90°, forearm in a neutral position,
wrist in a neutral position between 0° and 30° extension,
and ulnar deviation between 0 and 15°. In the tip-to-tip
pinch strength assessment, the pinch gauge was posi-
tioned between the thumb and index fingertips.

In the tripod pinch strength assessment, the pinch
gauge was positioned between the pads of the thumb,
index, and middle fingers. Flexing the ulnar fingers and
the interphalangeal joint of the thumb was important to
achieve maximum pinch force during the pinch assess-
ment [39-41]. Each child was then instructed to force-
fully squeeze as long and tightly as possible to achieve
optimal outcomes while avoiding abrupt movements
until the needle came to a halt. The measurement was
recorded when the needle stopped moving upward (the
inner dial in-1b). Three trials were conducted using a 3-s
contraction followed by a 10-s rest period between each
trial to prevent fatigue. Eventually, the mean of the three
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trials was calculated and utilized for data analysis [40,
41].

2.5 Statistical analysis

The statistical analysis was conducted employing the
SPSS software (version 25 for Windows). The charac-
teristics of the subjects were compared between groups
using the MANOVA test for numerical data and the Chi-
squared test for categorical data. Moreover, the normal-
ity of the data was assessed through the Shapiro—Wilk
test. Levene’s test for homogeneity of variances was per-
formed to assess the similarity between groups. A one-
way MANOVA was used to compare Hb, serum iron,
ferritin, manual dexterity, pinch tip-to-tip, and pinch
tripod between different groups. Subsequent multiple
comparisons were conducted using Tukey’s test for post
hoc analysis. The Pearson correlation coefficient was
employed to examine the association between the vari-
ables. P<0.05 indicated a statistical significance for all
statistical tests.

3 Result

3.1 Subject characteristics

Table 1 demonstrates that the groups did not significantly
differ in age, weight, height, BMI, and sex distribution
(P>0.05).

3.2 Comparison of Hb, serum iron, ferritin, manual

dexterity, pinch tip-to-tip, and pinch tripod

between all groups
The MANOVA test results indicated a significant group
effect (F=126.57, P=0.001, 172=0.91). The findings dem-
onstrated that Hb, serum iron, and ferritin levels were
significantly reduced in groups B and C more than in
group A (P<0.001). Moreover, group C exhibited sig-
nificantly decreased Hb, serum iron, and ferritin levels
compared with group B (P<0.001). The manual dexter-
ity, pinch tip-to-tip, and pinch tripod of groups B and C
significantly reduced compared with group A (P<0.001).
Additionally, these three parameters were significantly
reduced in group C compared to group B (P<0.01,
Tables 2, 3).

3.3 Correlation between Hb, serum iron, ferritin
and manual dexterity, pinch tip-to-tip, and pinch
tripod
Regarding Hb levels in group A, the results revealed a
strong positive correlation between Hb levels and manual
dexterity, as well as a moderate positive significant cor-
relation between Hb with pinch tip-to-tip and tripod
(panel I).
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Table 1 Participant characteristics

Group A (n=36) Group B (n=25) Group C (n=26) F value P value

Mean+SD Mean+SD Mean+SD
Age (years) 5524045 5.35+0.40 549+048 1.23 0.29
Weight (kg) 19.26+0.56 19.06£0.45 19.16£0.55 0.99 0.37
Height (cm) 11247 +1.61 111.80+1.22 11231+152 1.56 0.21
BMI (kg/m?) 15.23+0.11 1525+0.18 15.21+0.09 093 039
Sex, n (%) x>=184 039
Girls 22 (61%) 11 (44%) 15 (58%)
Boys 14 (39%) 14 (56%) 11 (42%)
SD standard deviation, P probability value
Table 2 Mean values of Hb, serum iron, ferritin, manual dexterity, pinch tip-to-tip, and pinch tripod of all groups

Group A (n=36) Group B (n=25) Group C (n=26) F value P value
Mean+SD Mean+SD Mean+SD

Hb (g/dL) 12.53+0.73 11.19+£0.18 9.96+0.79 119.25 0.001
Serum iron (ug/dL) 7838+7.75 35.08+5.14 24+7.21 566.36 0.001
Ferritin (ng/mL) 50.72+£3.98 15.32+2.68 10.73£2.56 142521 0.001
Manual dexterity 12.53+£345 9.24+248 6.69+241 3383 0.001
Pinch tip-to-tip (Ib) 2.56+0.61 1.78+£0.44 0.99+0.63 56.62 0.001
Pinch tripod (Ib) 349+0.71 248+042 1.59+048 8332 0.001
SD standard deviation, P probability value
Table 3 Pairwise comparison between groups
Groups A versus B A versus C B versus C
Outcome MD (95% CI) P value MD (95% CI) P value MD (95% CI) P value
Hb (g/dL) 1.34(0.93-1.75) 0.001 257 (2.17-2.97) 0.001 1.23(0.79-1.66) 0.001
Serum iron (ug/dL) 43.3 (38.99-47.62) 0.001 54.38 (50.12-58.64) 0.001 11.08 (6.44-15.72) 0.001
Ferritin (ng/mL) 354 (33.37-37.2) 0.001 39.99 (37.98-42) 0.001 4.59 (241-6.76) 0.001
Manual Dexterity 3.29(1.47-5.09) 0.001 5.84(4.04-7.62) 0.001 2.55(0.61-4.45) 0.007
Pinch tip-to-tip (Ib) 0.78 (0.42-1.14) 0.001 1.57 (1.22-1.92) 0.001 0.79 (0.40-1.17) 0.001
Pinch tripod (Ib) 1.01 (0.66-1.37) 0.001 1.9 (1.54-2.25) 0.001 0.89 (0.49-1.26) 0.001

MD mean difference, C/ confidence interval, P probability value

Regarding Hb levels in group B, the results revealed
a moderate positive correlation between Hb levels and
manual dexterity, pinch tip-to-tip, and tripod (panel I).

Regarding Hb in group C, the results revealed a strong
positive correlation between Hb levels and manual dex-
terity, pinch tip-to-tip, and tripod (panel I).

Regarding serum iron in three groups, results revealed
a moderate positive significant correlation between
serum iron with manual dexterity, pinch tip-to-tip, and
pinch tripod in group A. In addition, the result revealed
a strong positive significant correlation between serum
iron and manual dexterity, while a moderate positive sig-
nificant correlation was found between serum iron with
pinch tip-to-tip and tripod in groups B and C (panel II).

Regarding serum ferritin in three groups, the results
revealed a moderate positive significant correlation
between ferritin and manual dexterity, pinch tip-to-tip,
and tripod in group A. Additionally, there was a strong
positive significant correlation between ferritin and man-
ual dexterity, while there was a moderate positive sig-
nificant correlation between ferritin with pinch tip-to-tip
and tripod in groups B and C (panel III) (Fig. 2).

4 Discussion

The present study delves into the intricate relationship
between IDA, hand dexterity, and pinch grip strength in
preschool children. With a robust observational cross-
sectional design involving 87 children aged 5-6 years,
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Fig. 2 Simple linear regression analyses. Panel (1) hemoglobin level (g/dl) and manual dexterity, pinch tip-to-tip (Ib), and pinch tripod (Ib)

in different 3 studied groups (r: Pearson correlation coefficient; *P < 0.05; **P < 0.01; ***P<0.001). Panel (Il) serum iron level (ug/dl) and manual
dexterity, pinch tip-to-tip (Ib), and pinch tripod (Ib) in different 3 studied groups (r: Pearson correlation coefficient; *P < 0.05; **P<0.01; ***P<0.001).
Panel (Ill) serum ferritin level (ng/ml) and manual dexterity, pinch tip-to-tip (Ib), and pinch tripod (Ib) in different 3 studied groups (r: Pearson

correlation coefficient; *P< 0.05; **P< 0.01; ***P<0.001)

the investigation systematically examined the impact of
varying degrees of IDA on manual dexterity and pinch
strength. Stratified into distinct groups based on their
anemic status, our findings illuminate a noteworthy
correlation between Hb, serum iron, and serum ferri-
tin levels with the observed manual dexterity and pinch
strength. As we navigate the discussion, we will delve into
the implications of these correlations, shedding light on
the potential repercussions of IDA on physical activity
performance and developmental strategies in preschool
children. Additionally, this discourse aims to under-
score the significance of early intervention and effective
management strategies to mitigate IDA’s adverse effects
and promote this vulnerable demographic’s overall
well-being.

This study revealed that manual dexterity significantly
differed between anemic and non-anemic children in the
three groups. The lower score in manual dexterity among
anemic children may be attributed to an alteration of
myelin formation, which affects motor skill develop-
ment. This is consistent with Shafir et al. [8], who mani-
fested that ID delays and alters corticospinal myelination,

thereby delaying the typical development and mastery
of motor skills. Furthermore, myelination throughout
the early years of life accelerates the conduction velocity
along this tract, gradually allowing for the development
of both motor performance and skill to reach an adult-
like level [42].

The results of Pollitt et al. [43] supported our result,
which revealed that scores for both gross and fine
motor skills significantly differed between anemic and
non-anemic preschool children. Additionally, they indi-
cated that anemic children exhibited lower motor scale
scores than non-anemic children. Furthermore, Shafir
et al. [8] have shown that children with severe chronic
ID in infancy had persistently low motor scores that
remained unimproved over time. Iron is crucial in syn-
thesizing myelin; therefore, ID has been found to dis-
rupt the myelination process [44—46]. Herein, pinch
strength (tip-to-tip and tripod) exhibited a significant
difference between anemic and non-anemic children
in all groups. This lower pinch strength among anemic
children may be due to decreased Hb levels that nega-
tively affect oxygen delivery to musculoskeletal tissue,
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which agrees with Giulivi and Davies [47] and Grune
[48]. Alley et al. [48] have consistently stated that ane-
mic patients had significantly weaker HGS than non-
anemic patients. Notably, Zhang and Enns [49] have
explained the probable cause of neuronal abnormali-
ties: Heme compounds contain approximately 70% of
total body iron (e.g., Hb and myoglobin). Because iron
is vital to cells’ structural and functional integrity [44,
50], IDA patients complain of peripheral weakness and
tingling sensation in their limbs [51].

Furthermore, anemia has been elucidated to be related
to reduced muscle mass and strength [52]. In all groups,
Hb, serum iron, and serum ferritin levels were signifi-
cantly positively correlated with manual dexterity. This
could be attributed to the reduced oxygen-carrying capa-
bility of Hb in the cerebral circulation as well as nerve
growth factor downregulation. These findings are corrob-
orated by Hiibner et al. [53] and Bastian et al. [54], who
have shown that ID impacts oligodendrocytes by disrupt-
ing the functions of iron-containing enzymes and several
key enzymes. These key enzymes are involved in iron-
dependent metabolism, neurotransmitter metabolism,
respiratory chain, DNA, and lipid formation. Eventually,
this malfunction leads to abnormal synaptic structure,
hypomyelination, and nerve growth factor downregula-
tion. The impact of anemia on children’s neurobehavioral
development may be ascribed to the diminished ability of
Hb to transport oxygen to the cerebral blood flow, result-
ing in a subsequent decline in energy consumption [55].
Similarly, a study conducted in Chile on anemic infants
elucidated that performance positively correlates with
Hb concentration; the lower the Hb level, the lower the
developmental scores [56].

Likewise, Guo et al. [57] have indicated that serum fer-
ritin levels had a linear association with gross motor, fine
motor, and language scores. Our findings represented
that pinch strength had significant positive correlations
with Hb, serum iron, and serum ferritin levels in all
groups. These correlations may be due to reduced mus-
cle oxygen supply, functional and structural changes in
muscle fibers, and anemia-caused fatigue. Consistently,
Deveci et al. [58] have explained that reduced Hb levels
are correlated with structural and functional alterations
in the capillaries and muscle fiber [59], fatigue [60], phys-
ical performance [61], and muscle strength impairment
[61]. Similarly, a decreased Hb level has been shown to
directly correlate with decreased HGS in elderly Aus-
tralians [62, 63], which is attributed to tissue hypoxia
reducing oxygen supply to the muscles, directly affecting
muscle strength, regardless of anemia [61]. Additionally,
Gi et al. [64] have demonstrated that anemia is signifi-
cantly related to HGS, particularly in Korean adults over
19 years old.
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4.1 Limitations and recommendations
While our study sheds light on the correlation between
IDA, hand dexterity, and pinch grip strength in preschool
children, certain limitations merit acknowledgment. A
cross-sectional study design can only establish corre-
lations and associations but cannot determine causal-
ity. The excessive cost of laboratory analysis investigates
serum iron and ferritin. Finally, the enrolment of the con-
trol group, which consisted of children born healthy and
without any growth problems, took a long duration.
Future longitudinal research is crucial for establish-
ing temporal relationships between IDA with pinch grip
strength and hand dexterity. Diversifying the sample to
include various demographics enhances external validity.
Recognizing the need for replication studies in diverse
populations is indeed valuable. Replication studies con-
ducted in various geographic locations and cultural con-
texts help to determine the consistency and robustness of
findings across different populations. Future studies for
early identification and management of IDA would pro-
vide practical implications for healthcare professionals
and parents. Future studies should meticulously address
confounding variables, providing a more nuanced under-
standing of the observed associations. Additionally,
investigating the impact of targeted IDA interventions
on motor skills and development could inform preven-
tive strategies. Despite these limitations, our findings
underscore the need for ongoing research to guide evi-
dence-based interventions and public health initiatives
to ameliorate IDA’s developmental effects in preschool
children.

5 Conclusion

This study reveals a clear association between IDA and
impaired manual dexterity and diminished pinch grip
strength in preschool children. The positive correlation
observed between hemoglobin, serum iron, and serum
ferritin levels with both manual dexterity and pinch
strength underscores the impact of IDA on fine motor
abilities in this age group. These findings collectively
emphasize the detrimental effects of IDA on developing
crucial fine motor skills in preschool children.
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