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A B S T R A C T

Background: Since the 19th century, asepsis has revolutionized public health, and hand hygiene
remains a cornerstone of infection control, particularly in healthcare settings with high exposure to
resistant microorganisms. This study aimed to evaluate the antimicrobial efficacy of four commercial
alcohol-gel brands (A, B, C, and D) against standard ATCC strains of Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Enterococcus faecalis, which are prevalent in clinical
environments.
Methods: The disk-diffusion method was employed on Müeller-Hinton agar, using sterile disks
impregnated with each gel sample. Following a 24-hour incubation at 35°C, the resulting halo zones
were measured.
Results: Significant variability was observed among the brands. Brand C exhibited the highest
antimicrobial activity, particularly against P. aeruginosa (11.10 mm), with an overall mean inhibitory
activity of 9.8 mm. Brand B demonstrated broad efficacy (mean 9.2 mm), while Brand A showed
moderate activity with higher variability (mean 7.9 mm). Brand D demonstrated minimal to no
inhibitory activity in the disk-diffusion assay compared to the other tested products (mean 4.3 mm).
These differences were statistically significant across all tested bacteria.
Conclusions: These findings indicate that alcohol concentration is not the sole determinant
of antimicrobial performance. Formulation factors—such as humectants, polymers, and viscos-
ity—substantially impact efficacy. The composition of an alcohol-based hand sanitizer directly governs
its antimicrobial power. The study reinforces the importance of selecting validated products, adhering
to hygiene protocols, and conducting microbiological surveillance to prevent healthcare-associated
infections.

1. Introduction
Asepsis, the absence of infectious agents in environments through
preventive actions that inhibit the entry and spread of pathogens,
began to change the reality of healthcare in the 19th century: in
1846, Ignatius Philip Semmelweis reduced mortality from puer-
peral sepsis through hand washing; in 1865, Joseph Lister intro-
duced phenol as an antiseptic to reduce post-operative infections;
and during the Crimean War (1854-1855), Florence Nightingale
promoted hygiene reforms and nurse training to reduce hospital
infections [1–3]. Today, hand hygiene remains a fundamental mea-
sure to prevent the transmission of diseases, especially in health-
care environments with high exposure to resistant microorganisms.
Human skin harbors both a resident microbiota, which is difficult to
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remove and generally harmless, and a transient microbiota, which
is easily eliminated with proper hygiene [4]. The use of soap and
water reduces the microbial load and stops transmission, while
alcohol-based antiseptics are often used in the healthcare sector due
to their bactericidal and bacteriostatic properties [5, 6].
Sanitizers, especially 70% alcohol gel, which were already being
studied for infection control, became extremely popular during the
coronavirus pandemic (SARS-CoV-2), where the demand for hand
sanitizers grew dramatically, by more than 60% in the first year
and more than 120% in the second year [7, 8]. Even so, studies
carried out in hospitals during the pandemic have shown that
pedal-operated hand sanitizer dispensers, combined with behav-
ioral nudges, in hand hygiene practices had low visitor adherence,
especially after critical contacts, such as exposure to respiratory
fluids as well as many health professionals having insufficient
knowledge about asepsis before invasive procedures [9, 10].
Aqueous solutions of ethanol and n-propanol, at concentrations
comparable to those found in commercial disinfectants (60-90%
alcohol) [11], destabilize viral membranes, such as SARS-CoV-
2, and can cause structural disintegration and inactivation of the
respiratory syncytial virus in suspension tests, reaching reductions
of more than 3log10 in 30 seconds of contact, regardless of the
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format, whether gel or foam [12]. These results reinforce the use
of alcohol-based sanitizers as a preventative measure for virus
transmission, especially in the absence of soap and water.
Staphylococcus aureus (ATCC 25923) is a coagulase-positive,
hemolytic bacterium from the Micrococcaceae family, which pro-
duces various cytolytic toxins (𝛼, 𝛽, 𝛾 , 𝛿, and leukocidin), entero-
toxins (A to E) associated with foodborne infections, as well as
enzymes related to its virulence. It is an opportunistic pathogen in
community and hospital environments, often resistant to penicillin
and, in some strains, to methicillin (oxacillin), as is the case
with methicillin-resistant Staphylococcus aureus (MRSA), whose
mortality rate in Brazil can vary between 40% and 80%, especially
in intensive care units (ICUs) [13]. Enterococcus faecalis (ATCC
29212), from the Streptococcaceae family, is found in the human
intestine and female genital tract, and is responsible for urinary tract
infections, intra-abdominal abscesses, endocarditis, and meningi-
tis. It represents between 85% and 90% of Enterococcus species.
Although generally less resistant, strains with resistance to van-
comycin have been detected in Brazil since 1996 due to alterations
in the cell wall precursors that prevent the antibiotic from binding
[13].
Escherichia coli (ATCC 25922), belonging to the Enterobacteri-
aceae family, is a common fermenting bacterium in the human
intestine and is generally non-pathogenic. However, it is often
associated with septicemia, meningitis, and enteritis, which gives
it clinical relevance (Rey, 2003). Since 2011, there has been an
increase in cases of E. coli infection in Europe. Between 2007
and 2016, it was responsible, along with Salmonella spp. and S.
aureus, for around 90.5% of cases of food-borne illness, with new
records as recently as 2024 [14–16]. Pseudomonas aeruginosa
(ATCC 27853), of the Pseudomonadaceae family, is often found
in immunocompromised or hospitalized patients, due to its low
nutritional requirements and ability to colonize hospital environ-
ments. Although it is not the most common microorganism in these
places, its clinical importance lies in its high resistance to various
antimicrobials [17, 18].
Considering the findings and the importance of access to sanitized
products for the general public, this study sought to test the efficacy
of antiseptics purchased in the regular trade and used by health
professionals in hospitals and laboratories, as well as by ordinary
people, against strains of S. aureus (ATCC 25923), E. coli (ATCC
25922), P. aeruginosa (ATCC 27853), and E. faecalis (ATCC
29212), which are considered common in hospital and laboratory
environments.

2. Methods

2.1. Antiseptics
The antiseptics were purchased from a pharmacy and are referred
to as brands A, B, C, and D. Their chemical compositions are
described below as presented on the label.

∙ Brand A: ethyl alcohol 70%, water, bidistilled glycerin,
acrylic polymer - TR1, propylene glycol USP, triethanolamine;

∙ Brand B: water, alcohol 70%, C10-C30 alkyl propenoate,
methylparaben, propylene glycol, disodium EDTA, aminomethyl
propanol, perfume, amylcinnamic, linalool.

∙ Brand C: ethyl alcohol 70%, carbopol, neutralizing base,
glycerin, purified water.

∙ Brand D: alcohol 70%, water, carbomer, aminomethyl propanol,
propylene glycol.

2.2. Antimicrobial activity
In the experiments, 48 plates containing NEWPROV 140x15mm
Müeller-Hinton Agar, described for testing antimicrobial suscepti-
bility by the disk-diffusion method, were used to seed the bacteria.
The different alcohol brands were placed on the plates using
sterile 6.30mm antibiotic-free disks from Cefar Diagnóstica Ltda.
Laboratório de Pesquisa e Desenvolvimento de Produtos para Di-
agnósticos.
Standard strains identified for quality control, as those from the
American Type Culture Collection (ATCC), were used in this
study. The reference strains were obtained from a reliable source.
The bacterial strains used in this work were: Staphylococcus au-
reus, Escherichia coli, Pseudomonas aeruginosa, and Enterococ-
cus faecalis. The inoculum was prepared using the Direct Colony
Suspension Method in a 0.9% saline solution from pre-selected
isolated colonies on a 24-hour agar plate. The suspension was
adjusted so that its turbidity was on the McFarland scale of 0.5 (1
× 108 CFU/mL) and checked on a densitometer.
The bacterial suspension was seeded according to the Kirby &
Bauer methodology described in the Clinical and Laboratory Stan-
dards Institute (CLSI 2013, as described in the Antibiogram Man-
ual prepared by Laborclin’s Technical Sector team in 2013 [19, 20]:

1. Soak a sterile cotton swab in the bacterial suspension,
pressing it against the walls of the tube to remove excess
suspension;

2. Sow gently in all directions on the plate (four directions),
rotating the plate approximately 90° and repeating the pro-
cedure to ensure even distribution of the inoculum.

3. Swab the edge of the agar plate and put the lid on to prevent
moisture from being absorbed before applying the alcohol-
gel-impregnated disks.

The sterile disks were placed on a sterilized watch glass, where
1ml of each brand of alcohol-gel was pipetted above the disk
and allowed to absorb [21]. After the disks absorbed the alcohol-
gel by capillary action, ensuring complete wetting without over-
saturation, they were carefully positioned in the appropriately la-
belled sections of the inoculated agar plates. The lids were promptly
replaced to reduce the risk of contamination and prevent evapora-
tion. The same procedure was carried out for the four brands for
each of the bacteria evaluated.
Each Müeller-Hinton agar plate measured 140 × 15 mm (2100
mm²) and was used to test a single bacterial strain. On each plate,
four sterile disks of 6.30 mm diameter containing the alcohol-gel
samples (one per brand) were placed at the vertices of a square,
approximately 2.0 cm from the plate edge, with a minimum spacing
of 24 mm between disks. A sterile disk with water was positioned
at the center as a negative control. Each disk was surrounded by
roughly 389 mm² of agar free of antibacterial agents, allowing uni-
form diffusion and minimizing edge effects. Since it is conducted
in a laboratory environment, we use routine hospital antibiograms
as a positive control to confirm the effectiveness of ATCC strains.
After the procedure, the plates were identified with the name of
the bacteria and letters representing the brands of each antiseptic,
then they were incubated at 35ºC for 24 hours. After the incubation
period, the halos were read as a measure of antibacterial activity
using a 15.0 cm graduated ruler. Measurements were performed
independently and separately by two authors [SKS and LBD],
and any discrepancies were discussed and resolved to ensure con-
sistency with a third author [LSB]. Positive readings were those
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Figure 1: Temporal analysis of response by time (24h and 48h).

Legend: Boxplots by time with mean ± 95% CI and paired lines.
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Figure 1: Temporal analysis of response by time (24h and 48h).
Boxplots by time with mean ± 95% CI and paired lines.

in which a halo of inhibited bacterial growth could be observed
around the disks submerged in the antiseptic.
In this study, sterile water applied to a disk at the assay center was
used as the negative control, ensuring that any observed halo of in-
hibition zones could be attributed solely to the antiseptic gels rather
than to procedural artifacts. As a positive control, routine hospital
antibiograms were used to verify the expected susceptibility profile
of ATCC strains. They served as a biological quality control to
confirm the reliability of the experimental system, although they
did not represent a conventional antiseptic reference. Nonetheless,
for the scope of the present comparative analysis, the sterile water
disk was considered adequate to establish the antimicrobial activity
of the tested products. The experiment sought to demonstrate the
initial effect/immediate activity of alcohol-gel, being performed in
triplicate at the critical time (24h). And for exploratory purposes, it
was observed after 48 hours to see if the effect of the described
activity of alcohol-gel remained. Results are expressed as mean
values ± standard errors, reflecting the average antimicrobial activ-
ity observed across the replicates for each treatment and bacterial
strain.

2.3. Statistical analysis
Statistical analyses were performed in R. For repeated measure-
ments on the same disks/plates, linear mixed-effects models will
be used with time as a fixed effect and plate/disk as a random
effect. For independent measurements, ANOVA or non-parametric
tests (Kruskal-Wallis/Mann-Whitney) will be applied. Results are
expressed as mean ± standard error (SE) or 95% CI (when n>1),
with p-values adjusted for multiple comparisons (Bonferroni or
Holm) for three independent experiments. Statistical significance
was set at p<0.05.

3. Results
After incubation for 24 hours, the diameters of halos were measured
and then interpreted in relation to the positive and negative controls.
The experiments were repeated three times, and each seeded plate

Figure 2: Antimicrobial efficacy of antiseptic brands based on average
inhibition halo diameters after 24 hours of exposure.
Average inhibition halos (mm) after 24 hours for each antiseptic gel brand, considering
the combined mean values against the four bacterial strains (Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Enterococcus faecalis). Results are
expressed as mean ± standard error of the mean. Data were analyzed using one-way
ANOVA (F = 5.308; p = 0.0147), followed by Tukey’s multiple comparisons test.
Statistically significant differences were found between brands B and D (p = 0.0340),
and between brands C and D (p = 0.0255). Asterisks indicate statistically significant
differences (p < 0.05).

was arranged with four disks representing the four alcohol-gel sam-
ples. Therefore, the values obtained from the halos were divided
by the total number of disks in the agar, excluding the sterile
disk, which served as a control. In this study, three independent
experiments were conducted to verify whether the results obtained
in experiment 1 would be consistent and thus reduce variability.
The results are detailed in (Supplementary Table 1).
The effective sample size was 46 observations for 24 h and 41
observations for 48 h. Atypical growth of resistant colonies was
observed in the area of the discs, which were marked as R* and
excluded from the analysis to avoid bias. Sixteen paired disks (same
plate ID) were identified between the two times, allowing points to
be connected in the graphs and the random effect to be included in
the mixed model (Figure 1).
After 24 hours, the average halos (mm) were calculated for each
antiseptic gel brand, considering the combined mean values against
Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Enterococcus faecalis. The overall descriptive statis-
tics showed very close means between times: 24h = 0.466 (95%
CI 0.276–0.657) and 48h = 0.448 (95% CI 0.253–0.644). The
normality test indicated a significant deviation from normality
in the overall 24h set (W = 0.866, p < 0.001). However, only
Brand A showed strong non-normality in the analysis by brand,
while the others did not reject normality within the current sample
limits. When brands were compared, one-way ANOVA indicated
significant differences (F = 5.308; p = 0.0147), with Tukey’s test
revealing lower efficacy of Brand D compared with Brands B
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Figure 3: Mean inhibition by time for each brand within each bacterium.
An average inhibition was plotted over time for each brand in both periods. Each facet
represents a bacterium; the lines/dots show brands A, B, C, and D of alcohol gel at 24
to 48 hours. Brand A in red, Brand B in green, Brand C in blue and Brand D in purple.

Figure 4: Mean inhibition zones by brand and incubation time against
tested bacteria.
Bar plot of mean inhibition by brand and time with SD error bars, faceted by
bacterium: Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus. Results are shown by brand (A–D) and incubation time (24
h in red, 48 h in blue).

(p = 0.034) and C (p = 0.026) (Figure 2). In contrast, species-
specific analyses showed no significant differences among brands
after adjustment: E. faecalis (p = 0.127), E. coli (p = 0.240), S.
aureus (p = 0.098), and P. aeruginosa (p = 0.122) (Supplementary
Table 1).
For Enterococcus faecalis, the Kruskal–Wallis test was applied,
yielding a p-value of 0.127, an effect size (𝜀2) of 0.269, and
Levene’s test indicated homogeneity of variances (p = 0.630). For
Escherichia coli, one-way ANOVA was used, resulting in a p-value
of 0.240, an effect size (𝜂2) of 0.392, and a non-significant Levene’s
test (p = 0.477). For Staphylococcus aureus, the Kruskal–Wallis

test showed a p-value of 0.098, with an effect size (𝜀2) of 0.300, and
Levene’s p-value of 0.734. Finally, for Pseudomonas aeruginosa,
the Kruskal–Wallis test produced a p-value of 0.122, an effect size
(𝜀2) of 0.279, and Levene’s test was also non-significant (p = 0.652)
(Supplementary Table 1).
Head of the pairwise post-hoc (Supplementary Table 2) results
indicated that, for Enterococcus faecalis (Kruskal–Wallis, Dunn’s
test with BH adjustment), none of the pairwise comparisons
reached significance after correction, with the closest contrast
being C–D (p.adj = 0.152). For Escherichia coli (ANOVA, Tukey
HSD), all pairwise comparisons were non-significant, with ad-
justed p-values ranging from 0.229 to 0.986. In Staphylococcus
aureus (Kruskal–Wallis, Dunn’s test with BH adjustment), the
contrasts A–B (p.adj = 0.129) and B–D (p.adj = 0.145) approached
significance but did not remain significant after adjustment. Finally,
for Pseudomonas aeruginosa (Kruskal–Wallis, Dunn’s test with
BH adjustment), the contrast C–D yielded the lowest adjusted p-
value (p.adj = 0.125), though still above the conventional signifi-
cance threshold.
The REML-adjusted mixed linear model, considering time as a
fixed effect and plate ID as a random effect, indicated no significant
effect of time (Intercept = 0.466 ± 0.092, p < 0.001; 48h effect =
-0.018 ± 0.084, p = 0.832). The marginal estimates were 24h =
0.466 ± 0.092 and 48h = 0.448 ± 0.095, with a Holm-adjusted
difference of 0.018 (p = 0.833). An ANOVA of independent
measures also confirmed no significant difference (F(1,85) = 0.009,
p = 0.923).
The analysis of deltas (halos 48h – halos 24h) by bacterium and
brand showed small variations and no consistent trend: Enterococ-
cus faecalis ranged from -0.007 to 0.147; Escherichia coli showed
reductions from -0.487 to -0.120; Pseudomonas aeruginosa ranged
from -0.200 to 0.440; and Staphylococcus aureus from -0.193
to 0.027. These results suggest variability between brands and
individual replicates, but do not indicate a systematic effect of
time (Figure 3). The ranking of effectiveness by bacteria remained
relatively consistent: Brand C was most effective against E. faecalis
and P. aeruginosa; Brand B was most effective against E. coli and
S. aureus; while Brand D consistently demonstrated minimal to no
inhibitory activity in the disk-diffusion assay compared to the other
tested brands (Figure 4).

4. Discussion
The ASTM E1174 (American Society for Testing and Materials)
standard is an American method for evaluating antiseptic hand
wash formulations for healthcare professionals. At the same time,
EN 1500 (EuroNorm) establishes criteria for rub-in hygienic dis-
infectants, using the reduction of transient microbial flora under
controlled experimental conditions as a reference. Both use gram-
negative bacteria as marker organisms, yet they still do not align
with the practical everyday use of alcoholic hand preparations [22].
Despite the high concentrations, conducting this experiment with
clinically relevant pathogenic strains enabled a direct comparison
of the effectiveness of alcohol gel with that of antimicrobials
used clinically. Thus, the methodological choice sought not only
to approximate the results of situations encountered in health-
care settings, where the easy spread of microorganisms among
patients and healthcare professionals represents a constant risk of
cross-contamination, but also to provide an objective comparative
parameter between the activity of routinely used antiseptics and
the response to pathogens of clinical interest. The evaluation of
antimicrobial activity using alcohol gel has already been described
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for its simplicity and cost-effectiveness. However, there have been
reports of variations in halo reading due to how the drop spreads
across the culture medium.
The antiseptic’s action is naturally limited as its concentration
decreases with distance from the disc, making chemical neutral-
ization unnecessary. Furthermore, since the active ingredient is a
volatile alcohol, its concentration significantly decreases during
the 24-hour incubation period due to evaporation, further limiting
the potential for artificially enlarged halos. The main objective
of our study was to compare the intrinsic antimicrobial activity
of the product formulations under identical conditions. Since all
products were subjected to the same physical principles of diffusion
and evaporation, the relative comparison of the resulting inhibition
zones remains valid and straightforward for measuring their in vitro
efficacy.
The detailed experimental design further supports the robustness
of the methodology. Halos were measured after 24 hours, and the
experiments were repeated three times with five disk replicates per
gel, ensuring sufficient sampling and minimizing random variabil-
ity. Atypical growth of resistant colonies occasionally observed
above the discs (marked as R*) was carefully excluded from the
statistical analyses to avoid bias, resulting in an effective sample
size of 46 observations at 24 h and 41 at 48 h. Although infrequent,
these occurrences highlight the potential emergence of resistant
subpopulations under certain conditions and should be explored in
future studies. Importantly, the use of paired disks allowed the in-
corporation of random effects into mixed models, further strength-
ening statistical validity. Despite minor differences across bacteria
and brands, the consistent halos of activity against these bacteria
between 24 and 48 hours, along with stable brand performance
rankings, indicate that excluding R* data did not compromise the
study’s conclusions. Overall, these results reinforce confidence in
the findings while ensuring transparency in experimental handling,
variability, and data interpretation.
Considering the concentration of bacteria would be higher than
that found on the surface of the hand, since the inoculum used
was in the range of 1 × 108 CFU/mL, which is associated with
a site of infection (sepsis) in the patient [20], the alcohol gel brands
proved to be effective against the bacterial strains. For the analysis
and discussion of the results, since there is no reference standard
in the literature, alcohol gel is not considered an antibiotic but
a prophylactic. Halos were only described if they demonstrated
minimal activity against the bacteria.
Analyzing the results, possible aspects could be linked to the action
of alcohol gel in inhibiting bacterial growth, such as: the presence
of ethanol, commonly used in hand sanitizers for its effectiveness
in inactivating viruses and bacteria, and propanol, another variant
of alcohol that is also effective against pathogens [23]. Alcohol in
gel form doesn’t spread in the culture medium. Still, it can inhibit
bacterial growth because its consistency increases the contact time
with the contaminated surface by slowing down evaporation [24].
Cosmetic additives or emollients in alcohol improve skin tolerance
and adherence to use by professionals, without interfering with the
product’s action [23].
Brand C was the most effective antiseptic, showing the largest
halo, especially against Pseudomonas aeruginosa, likely due to an
optimized alcohol concentration and synergistic ingredients. Brand
A showed consistent, though lower, antimicrobial activity, with
borderline statistical significance suggesting possible variability in
formulation. Brand B achieved high effectiveness against E. coli
and S. aureus, indicating that small differences in composition can

influence efficacy. In contrast, Brand D showed poor performance,
failing to inhibit key pathogens, which raises concerns about its use
and highlights the importance of strict quality control and efficacy
testing.
The presence of ethanol and/or propanol is a key factor in the
action of antiseptic gels, as both alcohols are capable of denatur-
ing proteins and disrupting microbial membranes, particularly at
concentrations above 60% [23, 25]. The gel form prolongs contact
time with the skin or surface, potentially increasing antimicrobial
activity [24]. Moreover, the inclusion of cosmetic agents or emol-
lients can promote user adherence without compromising efficacy,
a crucial factor for routine use by healthcare professionals.
Although all brands claim to contain 70% ethyl alcohol, significant
variability in antibacterial efficacy was observed, suggesting that
other components of the formulation strongly influence the results.
Additives such as glycerin—present in Brands A, B, and C—act
as humectants and improve skin tolerability, but several pieces of
evidence indicate that they may reduce alcohol diffusion or form
physical barriers, decreasing halos in vitro. For example, Suchomel
et al. (2017) demonstrated that glycerin in alcohol-based formu-
lations decreases bactericidal activity, particularly with regard to
prolonged effects, compared with formulations without glycerin or
with alternative humectants. Similar results were also reported by
Menegueti et al. (2019) [26, 27].
Other critical factors include the type and concentration of poly-
mers (carbopol, carbomer, TR1 acrylic polymer), which determine
the gel’s viscosity and affect the evaporation rate and the diffusion
of alcohol through the medium. More viscous formulations can
keep alcohol on the surface longer, but they can also hinder its
effective release, thereby inhibiting bacterial growth on agar plates
[28]. In addition, neutralizers or pH-adjusting agents, such as tri-
ethanolamine and aminomethyl propanol, can alter the gel’s acidity,
influencing alcohol stability and bacterial susceptibility. However,
some studies indicate that within moderate ranges, pH does not
have a predominant effect [29].
In this sense, the presence of humectants, polymer formulation,
viscosity, and pH are variables that modify practical effectiveness.
For clinical or personal hygiene applications, it is recommended
to evaluate not only the alcohol content but also the complete
formulation, including additives, to ensure consistent antimicrobial
performance [30].
In recent years, the rise in hospital infections from multidrug-
resistant microorganisms, along with the pandemic, has under-
scored the vulnerability of healthcare workers, who are more
susceptible to pathogen contamination through direct contact with
infected patients or contaminated surfaces. In epidemiology, it is
considered that “the hands of healthcare workers are the main
source of outbreaks of healthcare-related infections” and are a
critical factor in transmission between infected and healthy patients
[31].
Currently, alcoholic formulations are widely used for hand san-
itizing because they promote microbial reduction, are easy to
apply, and cause less irritation than water, which can remove the
skin’s hydrolipidic barrier [32–34]. Alcohols denature and coag-
ulate proteins when in concentrations of more than 60% and are
more effective at reducing hand microbes than ordinary soaps or
antiseptics, even in the presence of small amounts of proteinaceous
material [25, 35]. However, hand washing with soap and water
remains essential in cases of extreme contamination or visible dirt
[36]. In addition, excessive use of alcohol-based sanitizers can
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cause skin cracks [37], increasing the risk of infections and toxicity,
and potentially selecting resistant strains, such as Staphylococcus
epidermidis, which can form biofilms [38]. It is therefore essential
to select products that guarantee efficacy, safety, and compatibility
with users’ skin.
The agar-based halo assay provides a controlled, standardized mea-
sure of minimal or no inhibitory activity in the disk-diffusion assay
compared to the other tested products. Yet, it does not replicate
the dynamics of skin colonization, contact time, or the variable
microbial load encountered in clinical practice. The use of high in-
oculum concentrations—above those typically found on healthcare
workers’ hands—further complicates extrapolation to daily-use
scenarios. Future studies should include clinical isolates, employ
complementary methodologies, such as in vivo or simulated hand-
contamination models, and explicitly address how experimental
conditions may limit the generalizability of the findings. This
would strengthen the discussion and provide clearer guidance on
the applicability of results to infection prevention and control in
healthcare environments.
The methodology used in this study was robust and appropriate
for evaluating the efficacy of antiseptic gels. To ensure the ac-
curacy and reliability of results, experiments were conducted in
triplicate, and cross-contamination was avoided by using different
strains on different days. Statistical analyses, including ANOVA,
Kruskal–Wallis, and mixed-effects models, allowed rigorous com-
parison among brands and assessment of incubation time effects.
Nevertheless, the use of standard laboratory strains may not fully
reflect the resistance patterns of clinical isolates, limiting direct
extrapolation to real-world hospital settings. Despite this, the ex-
perimental design and statistical rigor provide a solid foundation
for interpreting the relative antimicrobial performance of the gels,
while highlighting the need for further studies with clinical strains
to confirm applicability in healthcare environments.

Limitations
A primary limitation of this investigation is the use of the disk-
diffusion method. We acknowledge that this is not a standard pro-
tocol for determining the clinical efficacy of hand rubs, for which
methodologies like EN 1500 or ASTM E1174 are the established
gold standards. Consequently, our results cannot be directly extrap-
olated to clinical performance, as we lack established breakpoints
from standards organizations (e.g., CLSI) to classify an antiseptic
as "susceptible" or "resistant" based on inhibition zone diameters.
However, the objective of this study was not to validate clinical
efficacy, but rather to conduct an exploratory in vitro screening to
compare the antimicrobial activity of four commercially available
alcohol-gel formulations under controlled laboratory conditions.
The disk-diffusion method was chosen as a simple, accessible, and
cost-effective screening tool to provide an objective comparative
parameter between the activity of these products against pathogens
of clinical interest. It is used for preliminary evaluations of antisep-
tics; although not a clinical standard, it has been documented in the
literature for similar screening purposes.
A second, and perhaps more significant, finding emerged from the
atypical results observed during the study. The data points marked
as "R*" in Table 1, which denote "atypical growth of resistant
colonies observed within the inhibition zone," were almost exclu-
sively associated with Brand D. This consistent pattern strongly
suggests that the observation was not due to a random breach in our
sterile technique or procedural contamination. Instead, we interpret
this as a critical finding related to the intrinsic characteristics of

Brand D. We hypothesize that the product either contained low-
level microbial contamination from the manufacturing process or
had an inadequate preservative system, which was insufficient to
inhibit the growth of certain alcohol-tolerant microorganisms in
the formula. Therefore, what could be initially dismissed as a
methodological flaw is, in fact, a significant finding regarding the
quality control of commercial antiseptic products. The possibility
that a commercially sold alcohol gel may harbor viable, alcohol-
resistant organisms is a serious concern with direct public health
implications, underscoring the importance of rigorous quality as-
surance in producing these essential healthcare products.

5. Conclusions
The results of this study demonstrate that the antimicrobial efficacy
of alcohol-based hand sanitizers is strongly influenced by their
overall formulation, not just alcohol concentration. Brand C exhib-
ited the most consistent and robust activity against the bacterial
strains of this study, particularly against Pseudomonas aeruginosa,
suggesting an optimized combination of alcohol and synergistic ex-
cipients. Brand B showed selective efficacy against certain strains,
while Brand A displayed moderate activity with greater variability.
Brand D failed to inhibit key pathogens, highlighting the need for
careful quality control and formulation assessment.
These findings underscore the critical role of hand hygiene in
healthcare settings. While alcohol content is essential, factors such
as humectants, polymer composition, viscosity, and pH signifi-
cantly modulate practical antimicrobial performance. The study
confirms the bacteriostatic potential of selected alcohol gels against
Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Enterococcus faecalis. However, it also emphasizes the
need for further investigations, including additional pathogens,
vehicle-only controls, and clinical or simulated hand models, to
fully evaluate product efficacy under real-world conditions.
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A B S T R A C T

Background: Search strategies used to identify evidence on automation in Health Economics and
Outcomes Research (HEOR) often lack sensitivity and specificity, resulting in information overload or
missed studies. This umbrella review evaluated and compared the performance and overlap of search
filters commonly used to retrieve automation-related HEOR evidence.
Methods: Systematic literature reviews (SLRs) and search filters focusing on any form of automation
in HEOR, were included. Searches (January 01, 2023–July 03, 2024) were conducted in EMBASE,
ISSG Resource, and Google Scholar. Subject headings, search terms, and performance metrics were
extracted. Reference lists were cross-checked. Screening was performed by one reviewer, with 20%
verified by a second reviewer. The PRESS checklist was used to assess search strategy quality. The
protocol was registered with Open Science Framework (OSF).
Results: Seven SLRs and one standalone filter, reporting 11 search strategies, met inclusion criteria.
HEOR relevance was defined by studies applying search filters in contexts of SLRs, indirect treatment
comparisons, and economic modelling. Included SLRs retrieved between 5-273 studies. PubMed
was the most frequently searched database. Commonly exploded subject-headings included “artificial
intelligence,” “deep learning,” “machine learning,” and “natural language processing,” with “artificial
intelligence” the most frequent free-text term. Inclusion rates varied: title/abstract (1%–8%), full-text
(27%–86%), final inclusion (0.13%–2.31%). Time to include one study ranged from 0.6-8 hours.
Conclusions: Considerable variability in search filter performance was observed, causing lower
specificity and inefficient evidence retrieval. Standardized, high-performing search strategies are
needed to enhance efficiency and reliability in identifying automation-related HEOR evidence.

1. Introduction
Health Economics and Outcomes Research (HEOR) plays a pivotal
role in ensuring patients have access to new technologies that have
been evaluated for efficacy, safety, and cost-effectiveness, thereby
optimizing resource allocation within the healthcare sector [1].
With the escalating costs of new and innovative medicines and the
constraints on public funding, the efficient allocation of healthcare
resources is imperative to ensure that cost-effective treatments are
prioritized and accessible to those in need. However, the health
technology appraisal (HTA) landscape is also becoming more
complex, with frequent changes to reimbursement legislations, and
with more advanced and complex HEOR analytics (e.g., multi-level
network meta regression [ML-NMR], synthetic control arms, quan-
titative bias analysis), it is not surprising that the consideration on
the use of artificial intelligence (AI) in HEOR is being considered,
to expedite timelines, to get new technology to patients on time [2].
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HTA bodies have begun using AI in reimbursement submissions.
Most recently, the National Institute for Health and Care Excellence
(NICE) accepts the use of AI, however, its use must be declared,
the methods transparently reported, should only be applied if there
is a rationale, and its use adds value, and most critically, that the
AI only augments human involvement, and does not replace it [3].
Additionally, CADTH outlines the use of AI in systematic literature
reviews (SLRs) to automate data extraction and searching [4]. Ad-
ditionally, the Institut National d’Excellence en Santé et Services
Sociaux (INESSS) created a proof-of-concept demonstrating the
application of a large language model (LLM) based on GPT-4 to
aid title and abstract screening [5].
As AI continues to be integrated into HTA submissions, re-
searchers, decision-makers, and HEOR experts must remain up
to date with the latest developments in AI methodologies, ap-
plications, and software. The rapid expansion of research on AI
and automation in HEOR has created a vast, continually growing
body of literature, posing significant challenges for efficiently
identifying the most relevant studies. Current search strategies
often struggle to balance sensitivity (capturing all relevant studies)
and specificity (excluding irrelevant studies), leading to either
information overload or missed key evidence [6]. There is therefore
an urgent need for robust, validated search filters that can accurately
navigate the complex, abundant research landscape in this domain.
This umbrella review aims to systematically identify, evaluate,
and compare the performance and overlap of search filters used
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Figure 1: Search performance metrics
FT, Full-text; TA, Title and Abstract

to identify evidence on automation in HEOR. To our knowledge,
few studies have compared the overlap and performance of filters
used to retrieve automation studies in HEOR-relevant contexts,
highlighting a critical gap in the literature.

2. Methods
The umbrella review followed the reporting requirements of the
Preferred Reporting Items for Systematic reviews and Meta-Analyses
2020 (PRISMA) [7] and the methodology outlined in the Cochrane
Handbook for Overviews of Reviews [8]. The protocol for this
systematic review is registered in the Open Science Framework
(OSF) platform (https://osf.io/dzumv).
Studies were included if they were (a) SLRs, with reproducible
search filters, or publications on search filters; (b) SLR or search
filter was on any automation; (c) SLRs on automation was tested in
HEOR, defined as SLRs, indirect treatment comparisons (ITCs) or
health economic modeling; (d) full-text publication; (e) written in
English; and (f) published in 2023 or later, to capture studies since
the availability of ChatGPT.

2.1. Search Strategy
The search was run from January 01, 2023, to July 03, 2024.
The review was limited to studies published from January 2023
onwards to capture the post-ChatGPT era, during which large
language models (LLMs) became widely accessible and integrated
into academic and clinical discourse. This period also reflects a
shift in indexing terminology, focus areas, and applications relevant
to current LLM capabilities [9].
Terms on automation and artificial intelligence (AI) were com-
bined with terms for SLR, ITCs, or economic models. The full
search strategy is available in (Supplement Table 1). Studies
were searched in EMBASE via OVID. EMBASE was selected as
the primary database because it offers comprehensive coverage of
biomedical, health technology, and pharmacoeconomic literature,
and provides more detailed indexing of artificial intelligence and
automation-related subject headings than other databases, such as
MEDLINE. Its broad inclusion of conference abstracts and global
publications also enhances the capture of emerging AI-HEOR
evidence, which is often presented in early or technical formats
before journal publication.
The reference lists of included studies were checked, and forward
citation chasing was conducted in Google Scholar to identify any
missing SLRs. The InterTASC Information Specialists’ Sub-Group

(ISSG) Search Filter Resource was also manually searched to
identify additional search filters.

2.2. Selection Process
Studies were screened by one reviewer, with 20% of records
checked by a second reviewer to ensure accuracy in study se-
lection. Any discrepancies were resolved through discussion and
consensus, with a third reviewer available for arbitration if needed,
although this was not required. This process was designed to ensure
consistency and mitigate potential selection bias inherent in single-
reviewer screening approaches.

2.3. Data Extraction
All studies were extracted in Microsoft Excel® using a piloted data
extraction template. A second reviewer validated all data. Details
on SLR characteristics (objectives, search sources, inclusion cri-
teria, exclusion criteria); search terms; and search results (number
of records screened, number of reports retrieved, and number of
studies included) were extracted. The time to include studies during
the SLR phases of title/abstract screening and full-text screening
was directly extracted from the included reviews, not calculated by
the authors.

2.4. Quality Assessment
The Peer Review of Electronic Search Strategies (PRESS) was used
to evaluate the electronic search strategies [18].

2.5. Evidence Synthesis
Subject headings and search terms used across search filters were
qualitatively summarized. In addition, search performance was
assessed at the title and abstract, full-text, and overall levels (Figure
1).

3. Results
A total of 11,319 records were identified from EMBASE via OVID.
No duplicates were identified after the records were imported into
EndNote X9 software for deduplication. Out of these, 25 reports
were retrieved for full-text review. Among these 25 reports, five
SLRs were included. A flow of literature and reasons for exclusion
are outlined in (Figure 2).
An additional three reports were included: a search filter from the
ISSG Search Filter Resource [17] and two SLRs identified through
forward citation chasing in Google Scholar [10, 15]. Among the
eight reports [10–17], seven were search filters used in an SLR
[10–16] and one was a standalone search filter on the ISSG website
[17]. One SLR, combined searches from four previously identified
reviews on SLR automation [15]. As a result, this umbrella review
identified 11 individual search filters.
Among the seven SLRs [10–16], two had objectives related to the
automation and processing of biomedical literature, as well as to
the preparation of SLRs [11, 14]. Two evaluated the automation
of any SLR task [10, 15]; one restricted to the automation of data
extraction in preparation of an SLR [13]; another to the automation
of data extraction from grey literature and soft data [12]. Lastly, one
SLR was restricted to automation used in the screening of cancer
topics [16]. The number of title and abstract records screened across
the SLRs ranged from 3,947 [16] to 27,542 [13]; between 7 [16]
and 721 [14] full-texts assessed for eligibility; and between 5 [16]
and 273 [11] reports included. A summary of the seven SLRs is
provided in (Table 1).
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Table 1: Summary of Included SLRs
Primary
author

Year Objectives Inclusion criteria Exclusion criteria Title/abstract
records

Full-text
reports

Included
reports

de la
Torre-
Lopez
[10]

2023 To determine which phases of
the SLR process have been
automated using AI, identify
supporting AI techniques, and
assess human involvement in
AI-based SLR automation.

Automation of one or
more SLR phases
using an AI-based
approach.

Non-English language
reports.

9,027 50 34

Santos
[11]

2023 To examine AI use in
automated or semi-automated
analysis of biomedical
literature and identify
state-of-the-art methods and
knowledge gaps.

AI methods and tools
applied to medical
literature; AI tools
used in preparation of
SLRs.

AI in diagnosis or
treatment; AI applied to
non-literature medical
documents (e.g., electronic
medical records).

12,145 316 273

Schmidt
[12]

2023a To review methods and tools
for (semi-)automated data
extraction in medical SLRs
using a living SLR approach.

Original NLP-based
full-text studies
describing complete
implementation and
evaluation cycles;
published from 2005;
data from RCTs or
comparative
observational studies.

Image-only processing;
protocol-only or
synthesis-only studies;
electronic health records or
genetic data mining.

27,542 278 76

Schmidt
[13]

2023b To provide an overview of
automated data extraction
methods for health-related
research using grey and soft
data.

Original extraction
tools or methods;
non-peer-reviewed
healthcare datasets;
English-language full
texts.

Patient-level electronic
health records; genomic or
biological data extraction.

8,927 131 84

Doneva
[14]

2024 To identify BioNLP tasks
addressed using large language
models, map LLM
architectures, and assess
methodological transparency.

LLMs applied to
biomedical text; SLRs
or meta-analyses using
LLMs for automation.

Non-English language
reports; clinical
questionnaires or surveys;
reviews.

13,825 721 197

Toth
[15]

2024 To determine which SLR
stages were automated, the
applied tools and data sources,
and the research impact of
SLR automation studies.

SLRs using
automation tools to
assist or replace human
judgment tasks;
full-text reports.

Non-English language
reports.

5,321 411 123

Yao [16] 2024 To evaluate accuracy and
workload savings of AI-based
screening tools versus human
reviewers in cancer-related
SLRs.

AI tools for automated
screening; cancer
topics; reported
sensitivity/specificity
or workload savings.

Non-English language
reports; letters, editorials,
commentaries; non-public
tools.

3,947 7 5

AI, Artificial Intelligence; LLM, Large Language Models; MA, Meta-analysis; NLP, Natural Language Processing; PDFs, Portable Document Formats; RCT; Randomized
Controlled Trial; SLR, Systematic Literature Revi

Across the seven SLRs [10–16], 16 bibliographic databases were
searched, with PubMed used most frequently (6 out of 7 SLRs)
[11–16]; followed by EMBASE [11, 14, 16], Web of Science [10,
11, 13] and Institute of Electrical and Electronics Engineers (IEEE)
[10, 11, 13], each searched by three SLRs. In addition to IEEE,
three more bibliographic databases were identified and searched
by two SLRs each, specializing in computing and technology;
these databases were: the Association for Computing Machinery
(ACM) Digital Library [10, 11]. ACL Anthology [12, 13], and
dblp [12, 13]. For a full list of bibliographic databases searched
by the SLRs, see (Table 2). One of the reports identified was a
search filter published by the University of Alberta, and available
on the ISSG Search Filter Resource website [17]. The search filter,
which is not validated, was translated for EMBASE, MEDLINE,

PsycINFO, Cumulative Index to Nursing and Allied Health Liter-
ature (CINAHL), Scopus, and Cochrane Library [17].
Of the eight reports summarizing 11 search filters on automation,
five used subject headings [11–14, 17]. Four search filters exploded
the subject headings ‘artificial intelligence’ [11–13, 17], ‘deep
learning’[11–13, 17], ‘machine learning’[11–13, 17], and ‘natural
language processing’ [11–14]. Followed by two search filters, each
exploding subject headings on ‘data mining’ [12, 13], ‘supervised
machine learning’ [13, 17], support vector machine’[13, 14], and
‘unsupervised machine learning’ [13, 17]. Subject headings such
as ‘artificial intelligence’, ‘automation’, ‘data mining’, ‘machine
learning’ (using both the exact term and the wildcard search
‘machine learn*’), and ‘natural language processing’ were also
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Table 2: Electronic Databases Searched for Literature on AI
Database de la Torre-Lopez Santos Doneva Schmidt(a) Schmidt(b) Toth Yao

PubMed x x x x x x
Embase x x x
IEEE Xplore x x x
Web of Science x x x
ACL-
Anthology

x x

ACM Library x x
Cochrane
Library

x x

dblp x x
Scopus x x
arXiv x
CINAHL x
Google Scholar x
MedRxiv x
Prospero x
SciELO x

ACM, Association for Computing Machinery; ACL, Association for Computational Linguistics; ACM, Association for Computing Machinery; AI, Artificial Intelligence; CINAHL,
Cumulative Index to Nursing and Allied Health Literature; dplp, database systems and logic programming; IEEE, Institute of Electrical and Electronics Engineers; SciELO, Scientific
Electronic Library Online.

searched as major headings in PubMed and as descriptors in EM-
BASE. For a full list of subject headings searched, see (Table 3).
Across the 11 search filters, 196 variations of free text terms were
used to capture studies on automation. Less than a third of these
free-text terms were used by more than one search, with only twelve
used in three or more search filters. “Artificial intelligence” was the
most frequently utilized in all search filters, followed by “machine
learning” and “natural language processing”, each present in six
search filters (see (Figure 3). For the full list of search terms used,
please see (Supplement Table 2).
When grouping subject headings and free text terms into common
concepts, for example, the following search terms were grouped
under machine learning (general terms): “machine learning”, “ml”,
[machine NEXT/1 (intelligence OR learning)], exp machine learn-
ing/, machine learning/de); “machine learning (general terms)” and
“automation” were the most common constructs searched across
the search filters (8 search filters each). This was followed by
“mining” and “natural language processing” (7 search filters each),
and “text grouping”, “neural network”, “identification, interpre-
tation and pattern recognition”, “support vector machine”, and
“artificial intelligence” (6 search filters each). “Deep learning” and
“machine learning approaches” were searched in 5 search filters,
while “semi automation” and “decision support systems” were
searched in 4. The remaining concepts were searched in 3 (“AI
models and application”, “extraction”, and “text analysis”), and
2 search filters (“knowledge systems”). The cluster with the most
variation in terms used was “AI models and applications”, followed
by “machine learning approaches”. All concepts identified are
shown in (Figure 4), with a list of terms for each concept in
(Supplement Table 3). Similar search filter characteristics were
identified by the PRESS checklist (Supplement Table 4): only 5 of
the included reports used subject headings, and the majority of the

search filters reported a narrow list of keywords. Only five of the 11
search filters included truncation. No incorrect use of system syntax
and spelling errors were identified. A mapping framework (Sup-
plement Table 5) was developed to link each included automation
review or search filter to HEOR-relevant evidence-generation tasks.
Reviews were categorized by their core automation focus (e.g.,
AI/NLP, ML, decision systems) and cross-referenced with HEOR
functions, including SLR automation for economic model inputs,
ITCs, and HTA submissions. Each review/filter was coded for
“HEOR applicability (Y/N)” with justification provided under the
column “Basis.”
Among the seven SLRs [10–16], one of which searched using
4 previously identified search filters, and combined using “or”
[15]; none had a title and abstract inclusion rate (defined as the
proportion of studies selected for full-text retrieval out of the total
number of title and abstract records screened) above 8%, with two
searches below 1% [10, 16] (see (Table 4)). The full-text inclusion
rate (defined as the proportion of studies included after full-text
review compared to the total number of full-text articles retrieved
for evaluation) varied from 27% [13, 14] to 86% [11]. The overall
inclusion rate (defined as the proportion of studies included after
the full review compared to the total number of title and abstract
records initially screened) ranged from 0.13% [16] to 2.31% [15].
When evaluating the number of hours needed to include one
study the SLR by Santos [11], followed by Toth [15] had the
best performance (0.6 hours and 0.8 hours, respectively), followed
by Doneva (1.1 hours) [14], Schmidt(b) (1.2 hours) [12], De la
Torre-Lopes (2.8 hours), Schmidt(a) (4.0 hours) [13], with Yao,
which was only interested in AI used in HEOR among oncology
studies, requiring 8 hours of screening to identify one included
study [16] (see (Table 4)). Of note: performance metrics could
not be calculated for the standalone search filter identified from the
ISSG Search Filter resource, as it did not present a flow of literature

https://doi.org/DOI:10.71079/ASIDE.HS.122125202
https://asidejournals.com/index.php/Health-Sciences/index


DOI:10.71079/ASIDE.HS.122125202 ASIDE Health Sciences 13

Table 3: Subject Headings Used to Identify Literature on AI
Search Filter Corresponding Citations

artificial intelligence/ Campbell [17], Schmidt(a) [12], Schmidt(b) [13]
artificial intelligence/de Doneva [14]
artificial intelligence[MH] Schmidt(a) [12]
artificial intelligence[MeSH Terms] Santos [11]
artificial neural network/exp Doneva [14]
automated pattern recognition/ Doneva [14]
automation/ Schmidt(b) [13]
automation[MH] Schmidt(a) [12]
automated[MH] Schmidt(a) [12]
automating[MH] Schmidt(a) [12]
data mining/ Schmidt(a) [12], Schmidt(b) [13]
data mining[MH] Schmidt(a) [12]
decision trees/ Schmidt(b) [13]
deep learning/ Campbell [17], Schmidt(a) [12], Schmidt(b) [13]
deep learning [MeSH Terms] Santos [11]
knowledge bases/ Schmidt(b) [13]
learning algorithm*[MH] Schmidt(a) [12]
literature mining[MH] Schmidt(a) [12]
machine learn*[MH] Schmidt(a) [12]
machine learning/ Campbell [17], Schmidt(a) [12], Schmidt(b) [13]
machine learning/de Doneva [14]
machine learning [MeSH Terms] Santos [11]
natural language processing/ Schmidt(a) [12], Schmidt(b) [13], Doneva [14]
natural Language processing[MH] Schmidt(a) [12]
natural Language processing [MeSH Terms] Santos [11]
neural networks (computer)/ Schmidt(b) [13]
neural networks/ Schmidt(a) [12]
neural network [MeSH Terms] Santos [11]
predictive modelling[MH] Schmidt(a) [12]
semi-automated[MH] Schmidt(a) [12]
semi-automating[MH] Schmidt(a) [12]
semi-automation[MH] Schmidt(a) [12]
supervised machine learning/ Schmidt(a) [12], Schmidt(b) [13]
support vector machine/ Schmidt(b) [13], Doneva [14]
text mining[MH] Schmidt(a) [12]
unsupervised machine learning/ Schmidt(a) [12], Schmidt(b) [13]

MH, Medical Subject Headings; MeSH, Medical Subject Headings.

as part of an SLR. These time metrics were directly extracted from
the included reviews, not calculated by the authors.
For this umbrella review, a comprehensive search was conducted
in EMBASE (via Ovid), the InterTASC Information Specialists’
Sub-Group (ISSG) Search Filter Resource, and Google Scholar.
The search covered studies published between January 1, 2023, and
July 3, 2024, to capture the post-ChatGPT era when large language

models (LLMs) became widely adopted. Search terms combined
concepts for automation and artificial intelligence (AI) with terms
representing systematic evidence synthesis (systematic review, in-
direct treatment comparison, economic model). In contrast, the
included SLRs and search filters used a variety of databases and
approaches. Across the eight included publications, 16 databases
were searched, with PubMed being the most frequently used (6/7
SLRs), followed by EMBASE (3/7). This distinction between our
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Figure 2: PRISMA flow diagram of the Umbrella review study selection
HEOR, Health Economics Outcomes Research; ISSG, InterTASC Information Specialists’ Sub-Group; SLR, Systematic
Literature Review

Figure 3: Free text terms used in three or more search filters.

umbrella review’s search process and that of the included reviews
is summarized in Table X (“Databases Searched: This Review vs.
Included SLRs”). Among the eight included publications (seven
SLRs and one standalone filter), three reviews (38%) explicitly
evaluated automation methods within HEOR-relevant contexts,
such as SLRs for cost-effectiveness models or indirect treatment
comparisons.

4. Discussion
There is very little overlap or consensus among existing search
filters for identifying papers on AI in HEOR. Of the 11 search
filters identified, only five used subject headings, and among these,
no subject heading was searched across all five. For example,

only four out of 31 different subject headings (‘artificial intelli-
gence’, ‘deep learning’, ‘machine learning’, and ‘natural language
processing’) were searched across four of the five filters. There
were also differences in how subject headings were searched: as
major headings in PubMed and as descriptors in EMBASE. The
PRESS checklist further confirmed the deficits in the search filters,
identifying fewer reports using subject headings and the majority
of the searches reporting a narrow list of keywords. Quantitative
overlap analysis (e.g., Jaccard similarity) was not conducted be-
cause the terminology across filters was highly heterogeneous and
inconsistently formatted, making reliable computation of similarity
indices infeasible without extensive normalization.
A lack of consistency in search filters was identified among free-
text terms, with less than a third used by more than one search,
and only 12 by more than three searches. With the abundance of
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Figure 4: AI Constructs Searched in the search filters.

Table 4: Inclusion rates at different stages of SLR in the included
studies

Primary
Author

Title and
Abstract (%)

Full Text
(%)

Overall (%)

de la
Torre-Lopez
[10]

0.55% 68.00% 0.38%

Doneva [14] 5.22% 27.32% 1.42%
Santos [11] 2.60% 86.39% 2.25%
Schmidt(a)
[12]

1.01% 27.34% 0.28%

Schmidt(b)
[13]

1.47% 64.12% 0.94%

Toth [15] 7.72% 29.93% 2.31%
Yao [16] 0.18% 71.43% 0.13%

SLR, Systematic Literature Review

AI research in the HEOR field and no uniform, validated search
filter available, it is not surprising that the SLRs ranged from just
under 4,000 to over 27,000 records. This equated to a wide range
of title and abstract screening time, from 0.6 hours to 8 hours,
to identify one relevant study. This wide variation underscores
the potential importance of a validated, optimized filter that can
supplement rapid access to high-quality evidence supporting timely
health technology assessment and reimbursement decisions.
To the best of the author’s knowledge, this umbrella review appears
to be the first systematic review to explore the identification and
performance of existing AI search filters in HEOR. One of the
identified SLRs combined the search strategies of previous reviews
to provide a comprehensive overview of automation studies in the
SLR process, but did not evaluate the search filters themselves.

Table 5: Number of hours required at different stages of SLR in the
included studies

Primary
Author

Hours
for Title
Ab-
stract
Screen-
ing

Hours
for Full
Text
Screen-
ing

Overall
Screen-
ing
Hours

Ratio of
Hours to
Each 1
Included
Study

de la Torre-
Lopez [10]

90 5 95 2.8

Doneva
[14]

138 72 210 1.1

Santos [11] 121 32 153 0.6
Schmidt(a)
[12]

275 28 303 4.0

Schmidt(b)
[13]

89 13 102 1.2

Toth [15] 53 41 94 0.8
Yao [16] 39 1 40 8.0

SLR, Systematic Literature Review

Our research identified seven additional search filters that were
not included in the previous publication. Our research provides a
focused synthesis of the overlap among existing search filters for
retrieving AI studies. It explores performance using metrics such as
the title-abstract inclusion rate, full-text inclusion rate, and overall
inclusion rate.
With key decision-making bodies such as CADTH, INESSS, and
NICE exploring the use of AI in HTA submissions, as a community,
we must stay ahead of new research to adopt the most reliable and
proven automation methods in HEOR. To do this, we must develop
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a validated search filter that balances the sensitivity and specificity
of AI records, specifically for HEOR, to make this manageable.
We observed from our search that we had to screen 11,319 records,
to full-text review 25 reports, and to include 5 reports from the
electronic database search. Most research was excluded at the title
and abstract stages because it focused on the direct application of AI
in medical and healthcare settings, not HEOR. By creating a tested
and validated search strategy, it is more viable that a living SLR
on this topic can be maintained, with insights shared with HEOR
experts and decision-makers.
Although this was a systematic, umbrella review of search filters
used in AI research for HEOR, a validated search filter was not
used, as none had yet been developed. In addition, only a single
screening was conducted with quality checks, which may indicate
some human error in missing studies; however, this was mitigated
by reference checking and forward citation chasing. Only EMBASE
was searched, while the field of AI may require automation-specific
databases such as the ACM Digital Library and IEEE; this needs
to be thoroughly investigated. A systematic search restricted to
the EMBASE database represents a methodological limitation,
especially in the context of AI and LLMs, where relevant work
often appears in interdisciplinary and technical venues. Rapidly
evolving AI terminology can shorten the longevity of search fil-
ters, as keywords and concepts may quickly become outdated or
replaced. This can reduce search precision and recall over time,
requiring regular updates or adaptive filtering to maintain relevance
and effectiveness. As included SLRs were not quality-assessed
using a validated tool, such as the AMSTAR2 tool, this may affect
the strength of the conclusions. Lastly, restricting studies published
in 2023 or later might introduce bias and limit the generalizability
of the review’s findings. Broader multilingual and multi-database
searches could yield a more accurate picture of true variability
across automation-related reviews.
To ensure technical accuracy and reproducibility, all search filters
extracted from the included reviews were verified against the native
database syntax for both PubMed (MEDLINE) and EMBASE (via
Ovid). Verification focused on identifying and correcting invalid
or outdated field tags, truncation errors, Boolean logic inconsisten-
cies, and incorrect use of subject headings. For PubMed, MeSH
terms were verified against the current 2024 MeSH database. Only
exact headings (e.g., “Artificial Intelligence”[Mesh]) were retained;
wildcards and free-text modifiers were removed from MeSH field
tags. Free-text terms were confirmed to use the [tiab] or [tw] fields
as appropriate. For EMBASE, Emtree terms were verified using the
2024 Emtree browser. Exploded subject headings (e.g., ‘artificial
intelligence’/exp) were checked for availability and correct hier-
archy placement. Incorrect truncation (e.g., “machine learn”/de*)
and misplaced slashes were corrected according to Ovid syntax.
Future studies must focus on using these initial findings to create a
validated search filter on AI in HEOR. Filters will need to explore
the right AI search terms, but the most appropriate combination of
terms to identify research in HEOR specifically. Suppose a search
can be highly specific while still sensitive enough to ensure relevant
studies are not missed. In that case, we can start standardizing
how the industry searches for research in a rapidly evolving field.
However, any search filter for AI must acknowledge that periodic
review will be required as new AI methods emerge that may require
additional search concepts, and as older methods are retired.
This umbrella review identified significant variability in the search
filters used for identifying literature on automation in HEOR,
highlighting the lack of a standardized approach. The low inclusion
rates across the SLRs indicate challenges in optimizing search

filter performance. The variation in search strategies and the high
yield of records on AI in HEOR call for more research to develop,
validate, and standardize search filters in this field to optimize
efficiency and keep up to date with the ongoing stream of new
evidence.

5. Conclusion
This umbrella review identified significant variability in the search
filters used for identifying literature on automation in HEOR,
highlighting the lack of a standardized approach. The low inclusion
rates across the SLRs indicate challenges in optimizing search filter
performance. The variation in search strategies and the high yield
of records on AI in HEOR call for the need for more research
to create, validate, and standardize search filters in this field to
optimize efficiency, and keep up to date, with ongoing stream of
new evidence.
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A B S T R A C T

Background: War-related external male genital injuries are uncommon but clinically significant, often
coexisting with severe pelvic, vascular, and musculoskeletal trauma and causing potential long-term
functional, cosmetic, and psychological effects.
Methods: This prospective, single-center study at the General Military Hospital, Sana’a, Yemen,
included all consecutive male patients presenting with war-related external genital injuries from April
2022 to March 2024. Minor isolated injuries were managed in the emergency department, while severe
or associated injuries required admission. Data collected included injury mechanism, management,
complications, and short-term outcomes. Primary outcomes were injury patterns, management strate-
gies, and one-month clinical outcomes. Secondary outcomes included complications, erectile function,
cosmetic acceptability, and semen analysis at one month.
Results: Fifty-two patients (mean age 23.3 ± 4.9 years) were included. Penetrating trauma occurred in
44 (84.6%) and blunt trauma in 8 (15.4%). Penile injuries were seen in 16 (30.8%) and testicular injuries
in 46 (88.4%). Isolated genital injuries occurred in 20 (38.4%), with 32 (61.5%) having associated
injuries. All patients underwent surgery for penetrating wounds, large hematomas, or hematoceles.
At one-month follow-up, early complications occurred in 12/52 patients, including wound infections
(15.4%) and urinary tract infections (7.7%). Of 42 patients completing investigations, semen analysis
was normal in 71.4%, and 28.6% had abnormal semen parameters. Late complications included
testicular atrophy (33.3%), erectile dysfunction (4.8%), and post-operative penile curvature (4.8%).
Conclusion: Prompt assessment and timely surgical management are essential. While most patients
had satisfactory short-term outcomes, a notable proportion experienced complications, highlighting
the need for structured protocols and longer follow-up.

1. Introduction
Genital injuries are clinically significant due to their frequent
association with major pelvic and vascular trauma from both blunt
and penetrating mechanisms, as well as the potential for chronic
impairment following penile and scrotal injuries [1]. While injuries
to the external genitalia are rarely life-threatening on their own,
they are often accompanied by other potentially fatal injuries to the
abdomen, pelvis, or groin [2]. Traumatic injuries to the genitouri-
nary (GU) tract occur in 2.2–10.3% of hospitalized trauma patients,
with external genital injuries accounting for one-third to two-thirds
of these cases [3]. Approximately 70% of GU injuries in combat
settings involve the external genitalia, representing up to 5% of all
military-related trauma [4, 5, 6]. GU trauma occurs across all age
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groups but is most common in males aged 15–40 years, with 5% of
cases occurring in children under ten years of age [7].
The testes, scrotum, and penis are vulnerable to both blunt and
penetrating trauma. Testicular injuries may range from contusions
to ruptures, while scrotal trauma often involves deep lacerations,
burns, or avulsions. Penile injuries include fractures (rupture of
the corpus cavernosum), amputations, strangulation, or bite-related
injuries, as well as missile injuries [8].
Because trauma predominantly affects young individuals, injuries
to the external genitalia can profoundly impact health-related qual-
ity of life, compromising urinary function, sexual performance,
fertility potential, cosmetic appearance, and psychological well-
being [9].
In Yemen, the ongoing conflict over the past decade has led to
a notable increase in war-related male genital injuries, primarily
from gunshots, explosions, and blast injuries. However, there is a
scarcity of data on the epidemiology, management, and short-term
outcomes of these injuries in low-resource, conflict settings. Aim:
This study aimed to evaluate the mechanisms, types, and anatom-
ical distribution of war-related external genital injuries, associated
injuries, management strategies, and short-term clinical outcomes,
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including complications, sexual and reproductive function, and
cosmetic results.

2. Patients and Methods
This prospective, single-center study was conducted at the General
Military Hospital, Sana’a, Yemen, from April 2022 to March 2024.
The study included all consecutive male patients presenting to the
emergency department with war-related external genital injuries.
Inclusion criteria were males of any age with war-related exter-
nal genital trauma. Exclusion criteria included non-war-related
injuries, previous genital surgery, or incomplete clinical data.
Data collected included patient demographics, injury mechanism
(penetrating vs blunt), anatomical site, associated injuries, time
from trauma to hospital presentation and surgery, management
approach, intraoperative findings, hospital stay, and follow-up out-
comes. Patients were examined systematically, including the penis,
scrotum, and perineum, documenting penetrating injuries, scrotal
swelling, or hematomas.

2.1. Management
Mild isolated injuries were treated conservatively in the emer-
gency department with local wound care. Surgical intervention
was performed for penetrating injuries, large hematomas, or ure-
thral involvement. Urethral injuries were managed with urethral
catheterization or suprapubic cystostomy following preoperative
retrograde urethrogram. Scrotal ultrasound and Doppler were se-
lectively performed to evaluate testicular integrity and perfusion.
Standard laboratory investigations included CBC, kidney and liver
function tests, urinalysis, and urine culture.

2.2. Follow-up
One month after injury, patients underwent semen analysis to
assess post-traumatic reproductive function. Evaluation followed
standard laboratory protocols and included assessment of semen
volume, sperm concentration, motility, and morphology. This tim-
ing allowed stabilization of acute post-injury changes and pro-
vided an initial assessment of fertility-related outcomes following
management of external genital trauma. Outcomes were classified
as “excellent” (good wound healing, satisfactory cosmetic appear-
ance, preserved sexual function) or “unfavorable” (significant com-
plications such as testicular atrophy, abnormal semen parameters,
erectile dysfunction, or penile deviation). All patient information,
including injury details, course of treatment, and follow-up find-
ings, was recorded on a specifically designed data collection sheet.

2.3. Statistical analysis
Only descriptive statistics were used, with percentages and means
calculated for all variables. This study represents a consecutive
series of eligible patients; no formal sample size calculation was
performed.

3. Results

3.1. Epidemiology
During the study period, 52 patients with external genital injuries
were admitted to the urology department (Table 1). All patients
were male, with a mean age of 23.3 ± 4.9 years (range: 10–32
years). Most patients were aged 20–29 years (38/52, 73.1%). Thirty
patients (57.7%) were single, and 22 (42.3%) were married.

Table 1: Demographic characteristics and Mechanism of Injury
Category Subcategory Frequency Percentage%

1. Age
category

<20 years 10 19.2

20-29 years 38 73.1
30-39 years 4 7.7

2. Marital
status

Single 30 57.7

Married 22 42.3
Mechanism of
Injury

Blunt: RTA, Fall
astride

8 15.4

Penetrating: 44 84.6
Gunshot, Stabbed, 20 38.4
Shells (explosive
devices)

24 46.2

RTA, Road Traffic Accident; n, Number of participants.

Penetrating trauma was the predominant mechanism, occurring
in 44 patients (84.6%). Injuries caused by explosive devices ac-
counted for 24 cases (46.2%), while gunshot or stabbing injuries
occurred in 20 cases (38.4%). Blunt trauma was observed in 8
patients (15.4%) (Table 1).

3.2. Types and Distribution of Genital Injuries
Scrotal injuries were identified in 44 patients (84.6%), penile in-
juries in 16 patients (30.8%), and testicular injuries in 46 patients
(88.5%). Testicular injuries involved the right testis in 12 patients
(23.1%), the left testis in 20 (38.5%), and were bilateral in 14
patients (26.9%) (Table 2).

3.3. AAST Injury Grading
According to the AAST classification, most scrotal injuries were
Grade II (32/44, 72.7%). Testicular injuries were most commonly
Grade I (16/46, 34.8%) and Grade V (14/46, 30.4%). Penile injuries
were predominantly Grade II (12/16, 75.0%) (Table 2).

3.4. Associated Injuries
Concomitant injuries were present in 32 patients (61.5%). Femoral–pelvic
fractures were the most frequent associated injury (24/52, 46.2%),
followed by vascular injuries (12/52, 23.1%), abdominal–pelvic
organ injuries (4/52, 7.7%), and urethral injuries (2/52, 3.8%)
(Figure 1).

3.5. Surgical Repair Indications
Six patients (11.5%) had extensive hematomas, six patients (11.5%)
had hematocoele, and the majority of patients (n=40, 76.9%) had
indications for intervention because of penetrating injuries.

3.6. Surgical Management and Discharge Outcomes
All patients underwent surgical management. Fourteen patients
(26.9%) required scrotal exploration and/or orchiectomy due to
testicular destruction or avulsion. Blood transfusion was required
in 14 patients (26.9%) because of associated vascular or orthopedic
injuries. Thirty patients (57.7%) were discharged home, while 22
(42.3%) were transferred to other departments for continued care
(Table 3).

https://doi.org/DOI:10.71079/ASIDE.HS.012126461
https://asidejournals.com/index.php/Health-Sciences/index


DOI:10.71079/ASIDE.HS.012126461 ASIDE Health Sciences 20

Figure 1: Distribution of associated injuries distribution.

Table 2: Types, Distribution, and Genital Lesions according to the
AAST Injury Grading System

External
Genitalia
Examination

Type of Injury Frequency Percentage%

Penis Laceration 16 30.8
Scrotum Laceration 18 34.6

Swelling 2 3.8
Skin loss 16 30.8

Testes Testicular dislocation 6 11.5
Testicular rupture 12 23.1
Hematocoele 10 19.2

Side of Testes
injury

Right testis 12 23.1

Left testis 20 38.5
Bilateral 14 26.9

AAST Grade

Penis (n = 16) Scrotum (n
= 44)

Testes (n
= 46)

Grade I 2 6 16
Grade II 12 32 8
Grade III 2 0 4
Grade IV 0 4 4
Grade V 0 2 14

AAST, American Association for the Surgery of Trauma; n, Number of participants.

3.7. Complications and Follow-up
During the study, early complications were observed in 12 of the
52 patients, including wound infections in 8 patients (15.4%) and
urinary tract infections in 4 patients (7.7%). At the one-month

follow-up, 42 patients completed post-injury investigations. Urine
analysis was normal in all 42 patients (100%). Semen analysis
was normal in 30 patients (71.4%), while 12 patients (28.6%)
demonstrated abnormal semen parameters at one month, including
oligospermia and/or motility disorders in 8 patients (19.0%) and
azoospermia in 4 patients (9.5%). Semen culture was negative
in 40 patients (95.2%) and positive in 2 patients (4.8%). Late
complications included testicular atrophy in 14 patients (33.3%),
erectile dysfunction in 2 patients (4.8%), and post-operative penile
curvature in 2 patients (4.8%). Abnormal semen parameters at
one month were observed in 12 patients (28.6%). At one-month
follow-up, 28 patients (66.7%) achieved a satisfactory outcome,
characterized by good wound healing, preserved sexual function,
and acceptable cosmetic appearance, while 14 patients (33.3%)
experienced an unfavorable outcome, including complications such
as testicular atrophy, abnormal semen parameters, erectile dysfunc-
tion, or post-operative penile deformity (Table 3).

4. Discussion
Young men are frequently affected by injuries to the male external
genitalia. Several studies have documented similar findings: Lee
et al., in a 10-year review, reported a mean age of 27.8 years
[10], while Ahmed et al. observed a mean age of 28±3.2 years
[11]. In our study, the mean age was 23.3±4.9 years, which aligns
with these reports. Diagnosis was primarily based on clinical
assessment, followed by emergency surgery. Scrotal ultrasound
was performed in 14 patients (53.8%) and was not systematically
applied. This approach aligns with Djè and Coulibaly [12, 13], who
suggest emergency surgical exploration except in cases of severe
trauma. This therapy would decrease the likelihood of problems
and aftereffects. The treatment attitude to scrotal injuries is diverse
and depends above all on the existence or absence of a hematocele
on clinical evaluation [14].
Mechanisms of injury were predominantly penetrating (84.6%),
with blunt trauma representing 15.4%. RTA and gunshot injuries
accounted for 68% and 16% of injuries, respectively, in the Ahmed
et al. study [11], but penetrating injuries accounted for 79% of
injuries in other reports [15]. This is comparable to the situation
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Table 3: Type of Surgical Intervention, Management, Complications, and Follow-up Outcomes
Surgical category Intervention details Frequency Percentage

(%)

Penile injuries Glans laceration, Buck’s fascia laceration treated by Penile
exploration and suturing

14 26.9

Cutaneous avulsion/laceration involving the glans treated by Penile
stump refashioning with primary suturing

2 3.8

Scrotal injuries Superficial or deep laceration/contusion treated by debridement and
primary/secondary suturing

40 76.9

Scrotal hematoma evacuation 4 7.7
Testicular injuries Scrotal exploration and/or orchiectomy for testicular destruction or

avulsion
14 26.9

Hematocele evacuation for contusion/hematoma/subclinical laceration 24 46.2
Scrotal exploration with testicular repair 8 15.4

Supportive management Blood transfusion for associated vascular or orthopedic bleeding 14 26.9
Discharge and Associated
Injuries

Discharge to another department 22 42.3

Discharge home 30 57.7
Early Complications (n = 52)

Wound infection 8 15.4
Urinary tract infection 4 7.7

Follow-up investigations at 1 Month (n = 42)

Urine analysis Normal 42 100
Semen analysis Normal 30 71.4

Abnormal semen parameters at one month 12 28.6
Oligospermia/motility disorder 8 19.0
Azoospermia 4 9.5

Semen culture Negative 40 95.2
Positive 2 4.8

Late complications

Erectile dysfunction 2 4.8
Testicular atrophy 14 33.3
Penile abnormality: post-operative curvature formation 2 4.8
Abnormal semen parameters at one month 12 28.6

Outcome

Satisfactory outcome 28 66.7
Unfavorable outcome 14 33.3

n, Number of patients.

in other nations where penetrating wounds are more common [16].
Gunshot wounds accounted for 38.4%, while explosive devices
caused 46.2% of injuries. Penile injuries were noted in 30.8% of
patients, lower than the 60% reported in large cohort studies by
Bertini and Corriere [17], likely due to differences in sample size
and study period.
All patients underwent prompt assessment and management, in-
cluding hemodynamic stabilization and urethral evaluation when
indicated. Penetrating penile injuries were treated with debride-
ment and exploration, preserving tissue for potential reconstruc-
tion, with corpora repaired using absorbable sutures [18]. Scrotal

and testicular injuries were addressed immediately: hematomas
were evacuated, necrotic tissue excised, and tunica albuginea
closed, using tunica vaginalis flaps in selected cases (15.4% of
testicular repairs; 46.2% of hematocele evacuations). Orchiectomy
was required in 26.9% of patients with non-viable testes, mostly due
to high-velocity gunshot injuries, consistent with previous reports
[19, 20].
Penetrating scrotal wounds were generally managed with explo-
ration; partial scrotal skin loss was repaired primarily. Large hema-
toceles were drained promptly to prevent infection and ischemia,
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whereas stable hematomas were managed conservatively with rest,
ice, and elevation [21, 22].
Associated injuries occurred in 32 patients (61.5%), primarily
vascular and musculoskeletal, requiring multidisciplinary manage-
ment. In Ahmed et al.’s study, related injuries were observed in 41%
of cases [11]. Mean hospital stay was 5.2±5.1 days, comparable to
Coulibaly [12] but shorter than reports from Burkina Faso [22].
At one-month follow-up, 28 patients (66.7%) achieved satisfactory
cosmetic and functional outcomes, including good wound healing,
acceptable genital appearance, and preserved sexual function. Ex-
ceptions included two patients requiring bilateral orchiectomy with
subsequent testosterone therapy. Semen analysis, completed in 42
patients, showed normal results in 71.4%, oligoasthenozoospermia
in 19.0%, and azoospermia in 9.5%. Early infection was uncommon
and managed with local care. Cosmetic and functional outcomes
of therapy of penetrating genital damage are usually favorable if
adequate, on-time treatment and repair are undertaken [23]. In tes-
ticular injuries, sperm production and sustained hormonal function
have been observed in men with adequately bilateral repaired testes
after penetrating injuries [24].

4.1. Limitations
This study is limited by its single-center military setting, small
sample size, and potential selection bias (only patients reaching this
hospital were included). Follow-up was incomplete, and validated
instruments for sexual function or quality of life (e.g., IIEF) were
not used.

5. Conclusion
External male genital injuries during war are caused by a va-
riety of mechanisms, ranging from minor penile lacerations to
complete avulsion of the testes and scrotum. Timely evaluation,
meticulous wound irrigation with saline and mild antiseptics, and
prompt surgical intervention remain critical for minimizing infec-
tion and preserving function. In our cohort, while a majority of
patients achieved satisfactory cosmetic and functional outcomes
at one month, a substantial proportion experienced complications,
including testicular atrophy, abnormal semen parameters, penile
deformity, and erectile dysfunction. These findings highlight the
need for standardized management protocols for war-related genital
trauma and for future multi-center studies with longer follow-up to
better assess fertility, sexual function, and quality of life outcomes.
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A B S T R A C T

Background: The Beck Depression Inventory (BDI-I/II) versions are widely used for identifying
depression among adolescents in low- and middle-income countries (LMICs). Nevertheless, their global
usage depends on the questionable assumption that symptoms are expressed the same way in different
cultures.
Methods: This comprehensive review used narrative synthesis to explore the psychometric, conceptual,
and ethical aspects of the BDI studies done on adolescents in LMICs. We purposively selected 8
case exemplars from the literature based on a pre-specified framework to illustrate key cross-cultural
and methodological issues. A custom rubric was used to weight studies by methodological quality.
Invariance evidence was defined as explicit reporting of multi-group confirmatory factor analysis
(MGCFA) for configural, metric, or scalar invariance.
Results: Although the BDI showed high internal consistency across the 8 exemplar studies (Cronbach’s
: 0.79–0.96), it revealed significant psychometric variation across cultures. Somatic items showed
substantial overlap with medical comorbidities (e.g., HIV, malnutrition) in vulnerable populations,
confounding diagnostic specificity. Factor structures were inconsistent, and rigorous measurement
invariance testing was largely absent.
Discussion: The widespread absence of scalar invariance suggests that current cross-cultural score
comparisons may reflect measurement artifacts rather than true differences in depression severity.
Beyond psychometrics, BDI presents ethical challenges regarding developmentally inappropriate items,
particularly concerning sexuality and suicidality, that limit its validity in conservative or resource-limited
contexts.
Conclusion: Investigations into this issue should focus more on the use of invariance-testing frameworks,
the implementation of a mixed-methods strategy, and the recognition of the need for sensitive translation
and culturally appropriate assessment techniques.

1. Introduction
Depression among adolescents is a major worldwide public health
problem. Unfortunately, the majority of cases occur in low- and
middle-income countries (LMICs) that have very limited mental
health resources [1, 2]. The Beck Depression Inventory (BDI-I
and BDI-II), grounded in Beck’s cognitive theory of depression,
has become commonly used for depression symptom measurement
worldwide [3]. Nonetheless, the extensive use of BDI in LMICs
often follows what has been termed "methodological imperial-
ism"—the practice of translating and validating Western-developed
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instruments without adequate consideration of their cultural and
epistemological foundations [4, 5].
The main premise of cross-cultural psychological assessment, i.e.
one tool can measure the same constructs in different populations,
requires empirical proof of measurement invariance [6]. This
challenge intensifies when assessing adolescents, whose emotional
awareness and capacity for cognitive abstraction follow devel-
opmental trajectories that may interact with cultural context [7].
Furthermore, cultural syndromes and idioms of distress, particularly
the somatization of psychological distress, which is strongly present
in numerous non-Western cultural groups, challenge the BDI’s
cognitive-affective-somatic framework and point to the importance
of cultural-contextual factors in adolescent mental health assessment
[8].
Recent epidemiological data highlight the need for such an inves-
tigation. A systematic review of mental health problems among
adolescents in sub-Saharan Africa revealed that 26.9% (IQR 20.1–
31.1) of general population adolescents are showing depressive
symptoms, and the percentage goes even higher in at-risk groups
[9]. Correspondingly, approximately 24.4% (95% CI 19.2-30.5)
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of university students in LMICs were identified with depressive
symptoms [10]. Almost 90% of adolescents globally reside in
LMICs, meaning that even moderate prevalence translates into a
massive public health burden [11].
Multiple attempts to validate the BDI have been made. Still, no
comprehensive synthesis has yet psychometrically and conceptually
examined the BDI (both versions, I and II) among adolescents in
LMICs over the last 25 years. This critical narrative review builds
on prior validation studies of the BDI with adolescent populations
in LMICs over the last 25 years. We go beyond simply listing
psychometric properties to re-evaluate the evidence for the BDI’s
cross-cultural construct validity, examine methodological rigor,
interpret challenges in understanding conceptual equivalence, and
reflect on the ethical and scientific aspects of global adolescent
mental health assessment solutions that stem from this literature.

2. Methods

2.1. Review Design
The study employs a critical narrative review method, selected be-
cause it is appropriate for synthesizing heterogeneous literature and
for offering a conceptual critique of intricate phenomena, according
to Greenhalgh et al. [12]. Our synthesis includes studies using both
the original BDI (BDI-I) and the revised BDI-II. While both versions
assess depressive symptomatology, they differ substantively: BDI-I
reflects symptoms over the past week and includes items on weight
loss, somatic preoccupation, and work difficulty, whereas BDI-II
assesses symptoms over the past two weeks and replaces several
items (e.g., adding “changes in sleeping pattern” and “concentration
difficulty”) while removing others. These structural differences may
independently influence factor structure, reliability, and optimal
cut-offs, regardless of cultural context.

2.2. Search Strategy and Selection Criteria
A structured search was conducted in PubMed, PsycINFO, and
Scopus covering January 2000 to January 2025. The search strategy,
as elaborated in Supplementary File 1, employed: ("Beck Depression
Inventory" OR "BDI") AND (adolescent* OR youth OR teenage*)
AND (valid* OR reliab* OR psychometric*) AND (LMIC OR
"low and middle income" OR "developing countr*" OR "global
health"). Reference lists of assessed papers were manually screened
to identify additional relevant studies. Inclusion criteria covered
empirical studies that demonstrated the validation of the BDI-
I or BDI-II in adolescent populations (ages 10–19) living in
low- and middle-income countries (LMICs) and that reported at
least one psychometric property (e.g., reliability, validity, factor
structure). The status of lower- and middle-income countries was
defined according to the World Bank Group’s 2023 country income
classification. Exclusion criteria were studies that were completely
adult-only, non-English, or non-translated papers without an English
abstract, and theoretical discussions.

2.3. Synthesis
Critical narrative reviews are well-suited to interrogating conceptual
assumptions and synthesizing heterogeneous evidence through
purposive selection of illustrative cases. A narrative synthesis was
performed through thematic analysis organized around cultural,
methodological, and developmental challenges. From the 54 full-
text studies assessed for relevance, we purposively selected 8 case
exemplars based on a pre-specified framework emphasizing: (1)
geographic diversity across LMIC regions, (2) variation in cultural
adaptation procedures, and (3) depth of psychometric reporting

(particularly factor structure or measurement invariance). These ex-
emplars were chosen to maximize insight into cross-cultural validity
challenges rather than statistical generalizability. The remaining
46 studies informed contextual understanding but were excluded
from detailed synthesis due to insufficient psychometric reporting,
methodological limitations, or sample ineligibility, as elaborated in
Supplementary File 2. Additionally, we applied a custom quality
rubric assessing four criteria: (1) sample representativeness, (2)
use of cognitive interviewing or local input in adaptation (beyond
back-translation), (3) reliability reporting (e.g., Cronbach’s ), and
(4) critical discussion of validity (e.g., item equivalence or cut-
off appropriateness). Each criterion scored 1 (met) or 0 (not met);
studies scoring 2 were selected as exemplars. Two reviewers
appraised independently; disagreements were resolved by consensus.
Invariance evidence was defined as explicit reporting of multi-group
confirmatory factor analysis (MGCFA) for configural, metric, or
scalar invariance; claims without statistical testing were not counted.
Following Cohen’s general effect size guidelines (often applied in
psychological assessment), convergent validity coefficients 0.50 are
interpreted as strong, 0.30–0.49 as moderate, and < 0.30 as weak
[13].

3. Review

3.1. Overview of Included Studies
This narrative review summarized the results of eight representative
validation studies of the Beck Depression Inventory (BDI-I and BDI-
II) conducted in adolescent populations in low- and middle-income
countries (LMICs), as shown in (Table 1). Our exemplar studies
span three distinct population contexts: (1) general adolescent
populations (school-based samples in Nigeria, India, Brazil, Chile,
Iran, and Turkey), (2) clinical or medically vulnerable groups (HIV-
affected youth in Malawi [22]), and (3) institutionally at-risk cohorts
(orphaned adolescents in Nepal [18]). These settings differ markedly
in baseline distress levels, symptom expression, and comorbidity
profiles. The studies included 181-1,412 adolescent participants,
and in most cases, the adolescents ranged in age from 13 to 18 years.
Various forms of BDI were also applied, including the original BDI,
BDI-II in several translated versions, and culturally adapted versions.
Translation-back-translation was a common protocol across all
studies; however, the extent and quality of the cultural adaptation
process varied significantly from one study to another.
3.1.1. Misleading Reliability Paradox
Empirical evidence from the included exemplar studies indicates that
the Cronbach’s alpha coefficients were high across all eight studies,
ranging from 0.79 to 0.96. In India, the back-translated Tamil version
of the BDI showed excellent internal consistency ( = 0.96) and good
4-week test-retest reliability (r = 0.82). It also had high convergent
validity with the Children’s Depression Rating Scale-Revised (r =
0.72) [15]. In orphanage environments, the Nepali BDI-II translation
had = 0.79 [18], while the Persian BDI-II in Iranian high school
students showed = 0.83 and a test-retest reliability of r 0.55 [19].
Several studies on Brazilian adolescents reported good internal
consistency across samples, and Ferreira-Maia and colleagues, in
particular, reported elevated alpha values in their large São Paulo
sample of 1,184 adolescents aged 13-18 years ( = 0.88) [21].
These findings raise critical methodological implications: the
consistent pattern of very high internal consistency across the board
is quite impressive but may also be somewhat deceptive. The high
alpha coefficients indicate that the items correlate strongly within
each culture, i.e., respondents in each culture respond to the items in
a statistically coherent way. Nevertheless, this single psychometric
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Table 1: Cross-cultural validation studies of the Beck Depression Inventory (BDI) in adolescent populations
Author (Year) Country / Region BDI Version and Cultural

Adaptation
Sample (n, age) Factor Structure / Validity Evidence

(Adewuya et al.,
2007) [14]

Nigeria (South-West) BDI-I (Translation and
back-translation)

n = 1,095; school
adolescents aged 13–18
years

Criterion validation against K-SADS/E;
ROC analyses confirmed strong
diagnostic accuracy.

(Basker et al., 2007)
[15]

India (Vellore, Tamil
Nadu)

BDI-I (Tamil back-translation) n = 181; secondary
school adolescents

EFA and CFA replicated a 2-factor
solution (30.5% variance explained);
distinct screening and diagnostic
cut-offs were proposed (5 vs 22).

(Araya et al., 2013)
[16]

Chile (Santiago) BDI-II (Spanish adaptation) n = 592; mean age 15.5
years

EFA/CFA supported a unidimensional
structure; criterion validity was
established against MINI-KID;
sex-specific cut-offs were identified
(higher for girls).

(Kim et al., 2014)
[17]

Malawi BDI-II (HIV-affected cohort) n = 562; adolescents
aged 12–18 years in
pediatric HIV program

Criterion validity confirmed; authors
noted potential inflation of somatic
symptoms due to HIV comorbidity.
AUC = 0.82 (95% CI: 0.78–0.89)
against CDRS-R as criterion.

(Bhatt et al., 2020)
[18]

Nepal (Childcare
homes)

BDI-II (Nepali version with pilot
testing)

n = 602; adolescents
aged 13–17 years

Internal consistency and convergent
validity are reported; the authors
caution against interpreting the results
in the context of the study.

(Toosi et al., 2017)
[19]

Iran (Shiraz) BDI-II (Persian translation with
expert review)

n = 1,150 (main
sample); reliability
subsample n = 128;
high-school students

EFA (varimax) yielded a 4-factor
solution, explaining 43.7% of the
variance; concurrent validity with
DASS-21 and BAI was confirmed.

(Jha et al., 2017)
[20]

India (Bihar and
multi-site school
surveys)

BDI-II (Hindi translations) In 1,412, school
adolescents aged 14–18
years

Reported high prevalence estimates;
methodological warnings against adult
cut-off application to adolescents.

(Ferreira-Maia et al.,
2018) [21]

Brazil (São Paulo) BDI-II (Portuguese adaptation) In 1,184, adolescents
aged 13–18 years

EFA/CFA supported a dominant
general factor; gender invariance
analyses indicated minor differential
item functioning.

BDI, Beck Depression Inventory; BDI-II, Beck Depression Inventory–Second Edition; , Cronbach’s alpha; r, correlation coefficient; ROC, Receiver Operating Characteristic; Sn,
Sensitivity; Sp, Specificity; K-SADS/E, Schedule for Affective Disorders and Schizophrenia for School-Age Children—Epidemiologic Version; CDRS-R, Children’s Depression
Rating Scale–Revised; MINI-KID, Mini International Neuropsychiatric Interview for Children and Adolescents; DASS-21, Depression Anxiety Stress Scales–21; BAI, Beck Anxiety
Inventory; EFA, Exploratory Factor Analysis; CFA, Confirmatory Factor Analysis.

characteristic cannot establish the construct’s equivalence across
cultures, which is the most important issue [23]. Sijtsma (2009)
argued that high internal consistency is a prerequisite but not
sufficient for construct validity, especially in cross-cultural contexts,
where high item correlations may be due to cultural factors rather
than to shared cultural response biases, acquiescence, or socially
desirable responding patterns [24, 25]. In other words, internal
consistency supports within-group reliability but does not guarantee
between-group comparability—a distinction often overlooked in
cross-cultural psychometric research.
The Nigerian validation study conducted by Adewuya et al. offers
valuable insights. The study demonstrated excellent screening
performance, with a sensitivity of 0.91 and specificity of 0.97 at
a cut-off of 18 on the Kiddie Schedule for Affective Disorders
and Schizophrenia/Epidemiologic version (K-SADS/E) diagnostic
interview. However, the authors strongly advised against the direct
use of Western cut-offs, stressing the importance of local threshold
validation and noting significant gender differences, with a higher
prevalence in female adolescents. The finding that female adoles-
cents are most affected underscores the critical methodological point:

acceptable psychometric properties within a single cultural context
do not automatically justify cross-cultural score comparisons or the
application of universal cut-off values [14].
These reliability measures were almost entirely based on school-
based convenience sampling of children recruited. Thus, the alpha
coefficients may have been inflated due to restriction of range and
spectrum bias [26]. Large samples of schools (n 1,412 in one
Bihar sample) using Hindi translations of the BDI-II, as reported
in the Indian school surveys by Jha and colleagues [27], showed
high internal consistency but very high point prevalence estimates.
Critics suggested that these prevalence figures were inflated because
adult-derived Western cut-offs for adolescents were uncritically
applied to populations without validation, thereby illustrating how
psychometric properties that appear to be reliable can be used to
conceal cross-cultural issues in instrument application.
Additionally, cross-cultural response styles—including extreme
responding, midpoint avoidance, and socially desirable answer-
ing—may further inflate internal consistency and distort item means
independently of depressive symptomatology. Yet, these patterns
were rarely assessed in the included validations. The Chimera of

https://doi.org/DOI:10.71079/ASIDE.HS.012226419
https://asidejournals.com/index.php/Health-Sciences/index


DOI:10.71079/ASIDE.HS.012226419 ASIDE Health Sciences 27
Conceptual Equivalence A major finding from the studies’ review
is that the research identified significant differences in the factor
structures across different cultural settings, thereby endangering the
conceptual equivalence assumption. To investigate this, Basker et
al. conducted an Indian Tamil validation and used both exploratory
and confirmatory factor analyses; the final two-factor solution
they identified explained about 30.5% of the variance [15]. The
study particularly distinguished between screening cut-offs (5) and
diagnostic cut-offs (22), suggesting that the BDI could be effective
in a clinical context where situations and severity levels change.
While in the Indian Tamil context the personality of BDI may
differ, the Chilean study by Araya et al. found that exploratory
and confirmatory analyses both supported a largely unidimensional
solution among 592 adolescents (mean age 15.5 years) in Santiago
[16]. This result could have been taken as evidence for the cross-
cultural stability of the model if not for the study’s disclosure of
a critical complication: cut-offs for males and females differed
substantially, with girls requiring higher thresholds than boys. To
further support their point, the authors noted that using a single
cut-off value derived from a Western sample can lead to errors
when applied to other genders, and that a need for sex- and context-
specific validation should be recognized instead. This sex-based
differential functioning implies that the association between the
observed and the latent variables of depression constructs may
change for demographic subgroups even within a single cultural
context.
The Persian BDI-II validation among Iranian high school students
by Toosi et al. revealed yet another factor structure. The exploratory
factor analysis with varimax rotation gave a four-factor solution
accounting for approximately 43.7% of the variance. The authors
concluded that the BDI-II could still be a viable instrument for
measuring depression in Iranian teen populations; however, due
to disparities at the item-level, changes were required in the
cultural context, and conducting cognitive interviews was necessary,
especially with younger adolescents, as they might understand the
items in a different way than older ones [19].
The Brazilian study by Ferreira-Maia and colleagues indeed rep-
resents the most methodologically sophisticated examination of
factor structure and measurement invariance among the reviewed
studies. Their abstract and subsequent Brazilian adolescent research
reported that exploratory and confirmatory factor analyses revealed
a dominant general depression factor alongside reliable somatic
and cognitive group factors. Critically, they tested measurement
invariance across gender and documented gender differences in item
functioning. This finding supports the presence of a strong general
depression construct. Still, it demonstrates that the relationship
between this latent construct and specific item responses varies
by gender—a psychometric property that undermines simple score
comparisons between male and female adolescents.
Interpretively, this heterogeneity challenges the assumption that the
BDI measures a single, equivalent depression construct across cul-
tures. These divergent factor structures—two-factor, unidimensional,
four-factor, and hierarchical models—across cultural contexts are
not merely technical statistical details. They reflect fundamental
differences in how depressive symptoms cluster and co-occur in
different populations. As Chen argued, “when factor structures
differ across groups, the construct being measured may itself differ,
rendering cross-group comparisons conceptually problematic” [28].
The BDI may be assessing somewhat different constellations of
distress in Nigeria, India, Chile, Iran, and Brazil, even when items
are competently translated.

Medical Comorbidity and the Somatic Symptom Confound Kim
et al.’s paper on the Malawian HIV-affected adolescent population
brings to light how medical comorbidity can weaken the discrimi-
nant validity of the BDI’s somatic items. While the study reported
acceptable internal consistency and concurrent validity against
structured diagnostic scales (CDRS-R), the authors issued a critical
caution: somatic items assessing fatigue, sleep disturbance, and
appetite loss showed substantial overlap with HIV-related symptoms
[22]. In contexts where adolescents suffer from chronic diseases,
these items become powerless in terms of diagnostic specificity for
depression.
The Nepali study done by Bhatt et al. concentrated on the per-
formance of the BDI-II among 371 orphaned and vulnerable
adolescents (13-17 years old) in childcare institutions. The authors
emphasized the critical importance of accounting for trauma, loss,
and institutional context when interpreting somatic and affective
items. They recommended mixed-methods approaches for adapta-
tion, recognizing that symptoms arising from grief, institutional
deprivation, and trauma-related stress may be phenomenologically
and etiologically distinct from symptoms of major depressive
disorder, despite producing similar BDI score elevations [18].
This necessitates a reconceptualization of somatic items through
the lens of “local biologies”– the acknowledgement that although
human physiology is universal structurally, the manifestation and the
meaning given to bodily experiences are very much dependent on
the ecological, epidemiological, and social contexts [29]. In settings
where malnutrition, parasitic infections, and infectious diseases
are endemic, the phenomenological experience of "fatigue" or
"appetite loss" fundamentally differs from experiences in resource-
rich environments where these symptoms more reliably signal mood
pathology [30]. The BDI is not capable of distinguishing fatigue
caused by anemia, malaria, or intestinal parasites from the anhedonic
fatigue that is typical of melancholic depression.

3.2. Criterion Validation and Cut-off Score Variability
Empirical evidence from exemplar studies demonstrates substantial
variability in optimal cut-offs; several criterion-validation studies
that underwent structured diagnostic interviews showed a wide
range of optimal cut-offs. Adewuya et al., in their study in Nigeria,
identified a cut-off of 18 as optimal for screening, yielding excellent
sensitivity (0.91) and specificity (0.97) against K-SADS/E diagnoses.
[14]. In contrast, the Indian Tamil validation by Basker et al.
distinguished between a screening cut-off of 5 and a diagnostic
cut-off of 22, suggesting that different thresholds may be appropriate
depending on assessment purpose and clinical context [15].
This variability in cut-off results seriously challenges clinical
practice and epidemiological research. Firstly, when researchers
from various countries decide on different cut-offs to apply, or in
case they uncritically apply a universal Western-derived threshold,
cross-national prevalence estimates are not comparable. Secondly,
the Chilean study’s finding of sex-specific optimal cut-offs [16]
Makes it even more difficult to deal with. If optimal thresholds vary
not only across countries but also within each country by gender,
this would suggest that population-level norms may be insufficient
and that gender-specific reference data are needed.

3.3. The Neglected Adolescent Cognitive Context
Several studies noted developmental considerations that warrant
attention. Toosi et al. even went so far as to suggest cognitive inter-
viewing for younger adolescents, recognizing that early adolescents
might interpret the abstract or metaphorical meanings of the items
differently than older adolescents. The Basker et al. study, conducted
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in primary care pediatric settings, emphasized the importance of
pediatrician-administered support, suggesting that adolescents may
need more structured support than is typically provided in self-
administration.
These observations align with developmental neuroscience research
documenting that adolescence involves ongoing maturation of pre-
frontal cortex regions responsible for abstract reasoning, emotional
regulation, and metacognitive awareness [31]. Younger adolescents
who are still mainly dependent on concrete operational thinking
may interpret an item such as "I feel I am being punished" literally
rather than metaphorically [32]. Similarly, items assessing self-
evaluation and future orientation presuppose cognitive capacities
for abstract self-reflection and temporal projection that continue
to develop through adolescence [33]. Administration mode varied
across exemplar studies and may contribute to response hetero-
geneity. Adewuya et al. [14] and most Brazilian/Chilean studies
used standard self-administration. In contrast, Basker et al. [15]
administered the BDI with pediatrician support in a clinical setting,
while Kim et al. [22] and Bhatt et al. [18] used trained interviewers
for orphaned or HIV-affected youth with potential literacy or trauma-
related barriers. Clinician- or interviewer-assisted administration
may reduce missing data and increase disclosure of sensitive items
(e.g., suicidality, guilt), whereas self-report in school settings may
heighten social desirability or literal interpretation—particularly in
low-literacy contexts.
Considering that literacy and educational heterogeneity may further
threaten construct validity in LMIC settings. The BDI assumes a
minimum 5th–6th grade reading level in its original English form;
translated versions rarely undergo readability validation. In contexts
where adolescent literacy is variable—due to school dropout, limited
educational access, or language mismatch—item comprehension
may be compromised, biasing responses toward literal interpretation,
acquiescence, or non-response. This risk is especially acute for
abstract or metaphorical items (e.g., “I feel I am being punished”),
which demand higher-order cognitive and linguistic processing [3].
Measurement Invariance and the Fallacy of Universal Cut-offs
Perhaps the most critical methodological gap across the reviewed
studies is the near-complete absence of measurement invariance
testing, without which no valid cross-cultural score comparisons
can be made. Among the eight exemplar studies, only the Chilean
study by Araya et al. and the Brazilian study by Ferreira-Maia
et al. explicitly referenced invariance testing—and even these
established it only partially or noted gender-specific differences,
which made interpretation difficult [16, 21]. The finding of Araya
et al. that optimal cut-offs differ by sex is a direct indication that
scalar invariance—the state where item intercepts are equal across
groups—does not hold, because equal cut-offs would only be valid
under scalar invariance.
This gap has profound psychometric consequences, as measurement
invariance testing proceeds hierarchically through configural, metric,
and scalar levels [34]. Configural invariance requires equivalent
factor structure; metric invariance, equivalent factor loadings; and
scalar invariance, equivalent item intercepts. Only after establishing
scalar invariance can latent mean differences be interpreted as
reflecting true differences in the underlying construct rather than
measurement artifacts [28].
The lack of invariance testing represents a fundamental psychomet-
ric gap. A score of 18 on the BDI in a Nigerian, Chilean, Indian, or
Iranian adolescent sample cannot be assumed to reflect equivalent
depression severity if item intercepts differ due to cultural response
styles, differential stigma, linguistic nuance, or divergent symptom

conceptualization [35]. The use of Western-derived cut-offs in these
circumstances conflates true disorder prevalence with measurement
bias—a problem that is raised in Indian school prevalence studies
[27].
Empirically, the failure to establish scalar invariance is mirrored in
the divergent factor structures reported across validation studies
[15, 19, 21], sex-specific optimal thresholds [16], and context-
dependent somatic item interpretations [18, 22]. The findings, in
fact, challenge the whole idea that BDI cut-off scores have the same
diagnostic value across different cultural-linguistic settings. When
scalar invariance is not achieved, the symptoms of two adolescents
having the same level of depression -for example, one in Chile and
the other in Nigeria- may reflect differently on their respective test
scores because of culture-influenced ways of responding, stigma, or
the translation meaning [36].
Epidemiological reports based on Western cut-offs in LMIC popula-
tions will likely yield an incorrect estimate of prevalence [24], while
clinical screening or monitoring based on unvalidated thresholds
risks systematic misclassification. Future validation research must
therefore prioritize multi-group confirmatory factor analysis to
sequentially test configural, metric, and scalar invariance across
gender, age, and cultural subgroups [34, 37]. When invariance fails,
researchers are required to identify items that function differentially,
modify or discard them, or create context-specific norms indicative
of culturally grounded symptom expression rather than the applica-
tion of external psychometric universals. Cultural Psychology and
the Limits of Beck’s Cognitive Model The poor and inconsistent
performance of cognitive-affective items across multiple validation
studies [14, 16, 19] reveals fundamental tension between the
BDI’s theoretical foundation and non-Western constructions of
selfhood. This reflects deeper ontological differences in selfhood; as
Beck’s cognitive model presupposes an internalized, individualized
self, in which negative automatic thoughts about personal worth,
competence, and the future constitute core depressive pathology
[38]. Yet, in collectivist cultures existing in numerous LMICs, the
concept of self is more interdependent and is mainly determined by
one’s social roles, family relationships, and community status rather
than personal characteristics [39].
This ontological difference has profound implications for symptom
expression. Chentsova-Dutton and Tsai demonstrate that cultural
values fundamentally shape not merely how depression is described
but how it is phenomenologically experienced [40]. In individu-
alist cultures, depressed individuals emphasize personal failure,
worthlessness, and internal negative self-evaluation—precisely the
cognitive content the BDI was designed to assess. On the other
hand, in collectivist cultures, individuals may feel and communicate
their distress primarily through physical symptoms, disruptions in
interpersonal relations, or spiritual aspects rather than self-criticism
[41, 42].
The sex differences in emotional expressivity items reported by
Adewuya et al., and the sex-specific cut-offs identified by Araya
et al., likely reflect culturally prescribed emotional display rules
that interact with gender socialization [14, 16]. In many cultures,
masculine ideals emphasize emotional stoicism, making male
adolescents less likely to acknowledge symptoms related to crying,
sadness display, or emotional vulnerability even when experiencing
significant depressive distress [43].
These patterns necessitate a fundamental shift from "imposed
etics"—treating Western psychological constructs as universal
standards—toward combined "emic-etic" approaches that integrate
universal dimensions of negative affect with locally salient idioms
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of distress [44, 45]. This might involve retaining certain BDI items
that assess transculturally relevant symptoms, while adding or
changing those culturally problematic cognitive items with the local
expressions of distress that make sense in the particular culture [46].
Ethical Imperatives and Guidance Beyond Psychometric Adequacy
Beyond psychometric limitations, ethical concerns require explicit
addressing. Item 21 ("Loss of interest in sex") has been repeatedly
identified as developmentally inappropriate and culturally prob-
lematic for adolescents, particularly in contexts where discussing
sexuality is taboo, where many adolescents lack sexual experience,
or where sexual activity before marriage is religiously proscribed
[47–49]. This item routinely produces missing data, systematic
under-reporting, and discomfort among respondents [50–52].
Similarly, Item 9 evaluating suicidal ideation raises ethical chal-
lenges in contexts where suicidality is stigmatized from a moral
point of view or where talking about such thoughts may result in
negative consequences. This demands ethically grounded instrument
design: ethical principles for research require that instruments be
not only psychometrically robust but also culturally sensitive and
that they take into account participants’ developmental stage and
the social/environmental context [53]. To address these concerns,
we recommend: (1) omit or reword Item 21 in developmentally or
culturally inappropriate contexts; (2) administer Item 9 only with
a safety protocol (trained staff, debriefing, and referral pathways);
(3) pilot-test all items with local adolescents to assess acceptability
and comprehension prior to use; and (4) tell participants they may
skip any item—no coercion, no full-score pressure.

3.4. Methodological Recommendations
Advancing cross-cultural adolescent mental health research requires
methodological rigor balanced with contextual feasibility and ethical
sensitivity. We propose a three-component framework:
First, adopt an invariance-first approach as standard practice. Before
any cross-group comparison, a multi-group confirmatory factor
analysis should test configural, metric, and scalar invariance across
gender, age, and cultural groups [28, 34]. If scalar invariance fails,
the researchers are advised to highlight the items that display differ-
ential functioning and then decide whether to modify, eliminate, or
create group-specific scoring algorithms.
Second, integrate mixed-methods approaches. Quantitative vali-
dation must be complemented by qualitative inquiry, particularly
cognitive interviews and focus groups with adolescents from target
populations [46]. Cognitive interviewing is an approach that can
reveal semantic misunderstandings, identify culturally inappropriate
content, and even detect developmentally challenging phrasing, all
of which can be done before large-scale validation.
Third, incorporate criterion validity assessment. Even when gold-
standard diagnostic interviews (K-SADS, MINI) are resource-
intensive, conducting them with purposefully selected subsamples
can establish locally appropriate cut-off scores. The Nigerian
study’s approach offers a feasible example: carrying out diagnostic
interviews with extreme scorers to figure out the best sensitivity-
specificity trade-offs [14].
Fourth, embrace decolonizing co-creative frameworks. Rather
than merely adapting Western instruments, future research should
involve local researchers and adolescents in the generation of
items and pretesting [54]. Co-creative methods can initially involve
questions that are directed towards adolescents and local mental
health stakeholders, asking them how they identify, narrate, and
comprehend depression in their context.

Fifth, as mobile health (mHealth) screening expands in LMICs [55],
future validations must assess whether BDI’s psychometric proper-
ties—established predominantly via paper-pencil—are preserved
in digital formats, where interface design, literacy demands, and
privacy perceptions may alter response behavior.

3.5. Limitations
This narrative review has several important limitations. First, our
selective synthesis of eight exemplar studies, while appropriate
for narrative review methodology, as Green et al. discussed [56],
necessarily excludes potentially relevant validation research and
cannot provide precise quantitative effect-size estimates that meta-
analysis would afford. Second, the restriction to English-language
publications constitutes a major limitation, likely biasing regional
representation and underrepresenting culturally grounded validation
work from non-Anglophone LMICs. Third, publication bias likely
affects the literature we reviewed, as exemplar-based synthesis limits
generalizability. Fourth, our synthesis did not stratify findings by
urban/rural setting, socioeconomic status, or time of data collec-
tion—factors that may substantially influence symptom expression
and instrument validity in rapidly changing LMIC contexts, and did
not evaluate alternative instruments (e.g., PHQ-A, CES-D, or locally
developed tools) that may offer superior cross-cultural validity or
feasibility for adolescents in LMICs.. Additionally, although two
reviewers independently appraised study quality using our rubric and
resolved disagreements by consensus, the initial exclusion of 46 full-
text studies from in-depth synthesis was not independently verified.
To enhance auditability, we now provide a supplementary table
listing all excluded studies with their rubric scores and exclusion
reasons. These version-specific differences (between BDI-I and
BDI-II) may also independently influence psychometric properties,
potentially confounding cultural and instrument-level variance.
Future systematic reviews with meta-analytic synthesis offer more
detailed quantitative summaries by utilizing tools such as COSMIN
[53].

4. Conclusion
The Beck Depression Inventory, while representing a historically im-
portant milestone in depression assessment, embodies assumptions
about symptom expression, selfhood, and psychological distress
that demonstrably do not generalize uniformly across all cultural
contexts. Based on the exemplar studies and broader literature, our
critical review suggests that the BDI is a tool that consistently ranks
(individuals within specific cultural-linguistic groups), as shown by
high internal consistency; however, current evidence is insufficient
to confirm whether the BDI measures equivalent constructs across
diverse cultural contexts, highlighting the urgent need for formal
measurement invariance testing.
The consistent pattern of high internal reliability creates what we
term a "reliability paradox"—a dangerous illusion of cross-cultural
utility that masks profound threats to construct validity. Factor
structure heterogeneity, somatic symptom confounding in medically
compromised populations, the almost complete lack of formal
testing for scalar invariance, sex-specific cut-off requirements, and
the context-dependent interpretation of cognitive-affective items
together point out the fundamental limits to the cross-cultural
applicability of the BDI.
These limitations reflect deeper epistemological tensions between
universalist assumptions inherent in Western psychiatric nosology
and the cultural psychology recognition that cultural meaning
systems, social structures, and local biologies fundamentally shape
psychological experiences.
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Ethically and accurately assessing adolescent depression in LMICs
necessitates the abandonment of the administrative convenience
of mere exported instruments in favor of contextually grounded,
developmentally sensitive, and psychometrically sound tools that
emerge from collaborative, co-creative processes. The continued
use of Western-derived instruments without rigorous cross-cultural
validation—particularly without measurement invariance testing
and locally derived cut-offs—raises serious concerns about the
validity of epidemiological estimates, the appropriateness of clinical
thresholds, and the comparability of research findings across cultural
contexts.
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A B S T R A C T

Background: Pseudoelephantopus spicatus (PS) is used in ethnomedicine for hepatic disorders;
however, its effects on biochemical markers of drug-induced liver injury remain incompletely
characterized. This study evaluated the effects of the ethanolic root extract of PS on serum biochemical
indices in an acetaminophen-induced acute hepatotoxicity model.
Methods: Sprague-Dawley rats (150-200 g) were allocated into five groups (n = 6/group). PS extract
(500 and 1000 mg/kg) and silymarin (100 mg/kg) were administered orally for 10 days. On day 10,
hepatotoxicity was induced by a single oral dose of acetaminophen (700 mg/kg) after a 12 h fast.
Serum ALT, AST, ALP, total bilirubin, total protein, albumin, and globulin were quantified 24 h
post-administration.
Results: Acetaminophen produced marked elevations in ALT, AST, ALP, and total bilirubin, with
reduced serum protein fractions. PS treatment did not significantly reduce ALT or AST levels. However,
PS significantly decreased ALP activity at both 500 and 1000 mg/kg (p < 0.001) and reduced total
bilirubin dose-dependently (p < 0.01-p < 0.001 vs. acetaminophen control). At 1000 mg/kg, PS
significantly restored total protein (p < 0.001) and increased albumin and globulin levels (p < 0.05),
indicating partial recovery of hepatic synthetic function.
Conclusion: PS ethanolic root extract produced selective biochemical attenuation of acetaminophen-
induced hepatobiliary dysfunction, significantly modulating ALP, total bilirubin, and circulating proteins
without significant transaminase normalization. These findings indicate partial functional improvement
rather than comprehensive hepatocellular protection. Further studies incorporating histopathology,
oxidative stress, and mechanistic analyses are required to establish structural and molecular correlates.

1. Introduction
The liver is the primary site for the metabolism and elimination of
xenobiotics and endogenous compounds, rendering it particularly
vulnerable to chemically induced injury [1]. Drug-induced liver
injury represents a major cause of acute hepatic failure, with ac-
etaminophen overdose being one of the most extensively studied and
clinically relevant models of hepatotoxicity [2]. Under therapeutic
conditions, acetaminophen is predominantly metabolized through
glucuronidation and sulfation pathways; however, excessive dosing
leads to cytochrome P450-mediated bioactivation to the highly
reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI) [3].
Accumulation of NAPQI results in depletion of intracellular glu-
tathione reserves, covalent binding to hepatic proteins, mitochondrial
dysfunction, enhanced generation of reactive oxygen species, and
subsequent hepatocellular necrosis [4]. Acetaminophen-induced
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liver damage is commonly associated with altered ALT, AST, ALP,
bilirubin, and protein levels, which are used as biochemical indicators
of liver function [5].
Currently available hepatoprotective therapies are limited in efficacy,
necessitating the exploration of alternative agents capable of mod-
ulating oxidative, inflammatory, and metabolic pathways involved
in liver damage [6]. While oxidative stress and inflammation are
recognized contributors to acetaminophen-induced hepatotoxicity,
this study focused specifically on routine serum biochemical markers-
ALT, AST, ALP, bilirubin, and circulating protein fractions-as
primary endpoints. These biomarkers provide reliable, accessible
measures of hepatocellular and hepatobiliary function, reflecting
functional impairment and recovery without requiring direct assess-
ment of oxidative or inflammatory pathways [7, 8]. In this context,
medicinal plants constitute a valuable source of structurally diverse
bioactive compounds with potential hepatoprotective properties [9].
P. spicatus (Juss.) Rohr. (Asteraceae) is a perennial herb traditionally
used to manage inflammatory disorders, infectious diseases, and
hepatic dysfunction [10]. Phytochemical investigations have revealed
the presence of sesquiterpene lactones, triterpenoids, sterols, and
related secondary metabolites, several of which exhibit antioxidant,
anti-inflammatory, and cytoprotective activities [11]. Experimental
studies have reported moderate hepatoprotective effects of P. spicatus
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extracts against chemically induced liver injury, including toxin
and drug-mediated models [12]; however, systematic evaluation of
organ-specific extracts, particularly roots, in acetaminophen-induced
hepatotoxicity remains limited.
Accordingly, the present study was designed to evaluate the effects
of the ethanolic root extract of P. spicatus on serum biochemical
markers of hepatocellular and hepatobiliary injury in a rat model
of acetaminophen-induced acute hepatotoxicity. By focusing on
these routine endpoints, the study aims to establish the functional
hepatoprotective potential of P. spicatus before mechanistic or
histopathological investigations.

2. Methods

2.1. Plant Collection and Extraction
The plant of P. spicatus was collected from Dhamrai, Dhaka,
Bangladesh, and identified by the Bangladesh National Herbarium
(BNH) and accession number (DACB87366). Thoroughly washed,
shade-dried at 35-40 °C for 7 days, pulverized to a fine powder, and
subjected to Soxhlet extraction using 96% ethanol (900 g powder;
30 h extraction). The combined ethanolic extract was concentrated
under reduced pressure using a rotary evaporator (BUCHI Rota
Vapor R-114, Switzerland), further dried on a water bath at room
temperature to yield a solid extract (100 g), which was stored at
4 °C until use. Although the plant material was taxonomically
authenticated and a voucher specimen deposited, the ethanolic
extract was not standardized using a quantified chemical marker
or chromatographic fingerprint, and variation in phytochemical
composition may therefore influence reproducibility.

2.2. Chemicals and Reagents
Acetaminophen (APAP) was procured from Gonoshasthaya Phar-
maceuticals Ltd. aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), and total bilirubin
(TB) were obtained from HUMAN GmbH (Germany), while total
protein and albumin were quantified using colorimetric diagnostic
kits supplied by Erba Mannheim (Transasia Bio-Medicals Ltd.,
India); all other reagents used in the study were of analytical grade.

2.3. Experimental Animals
Sprague-Dawley rats of either sex (4-8 weeks old) were housed three
per polypropylene cage with standard bedding and environmental
enrichment materials under standard hygienic conditions at the ani-
mal house of the Department of Pharmacy, Jahangirnagar University.
Environmental conditions were maintained at 27 ± 2 °C with a 12 h
light/12 h dark cycle, and animals had free access to a standard pellet
diet and water. All animals allocated to the experimental groups (n =
6 per group) were included in the final biochemical evaluation, and no
animals were excluded from analysis. All procedures were conducted
in accordance with institutional and international ethical guidelines.
Animals of both sexes were included; however, the allocation of
males and females within individual experimental groups was
not recorded during the study. Consequently, sex-balanced group
assignment and sex-specific analyses could not be performed.

2.4. Acute Oral Toxicity Study
A preliminary acute oral toxicity study was conducted in Swiss
albino female mice (25-30 g, n = 4 animals per dose step) as an
exploratory dose-tolerability assessment using a stepwise design
broadly based on the acute toxic class approach described in OECD
Test Guideline 423, in which animals received a single oral dose of
ethanolic P. spicatus root extract and were continuously monitored
for 4 h, periodically over 24 h, and daily up to 14 days for clinical

signs, including locomotor activity, grooming, respiration, food and
water intake, tremors, and mortality, with body weights recorded
on days 0, 7, and 14. No mortality or treatment-related clinical
signs were observed at doses up to 1000 mg/kg. Based on these
observations, 500 and 1000 mg/kg were selected for subsequent
biochemical evaluation in Sprague-Dawley rats [10, 13].

2.5. Experimental Design and Assessment of Liver Function
The in vivo study was conducted at the Pharmacology Laboratory,
Department of Pharmacy, Jahangirnagar University (Savar, Dhaka),
using adult Sprague-Dawley rats of either sex (150-200 g) housed
in polypropylene cages under controlled environmental conditions
(27 ± 2 °C, standard pellet diet, ad libitum access to water)
following a minimum 2-week acclimatization period. All protocols
for the animal experiment were approved by the Research Ethical
Committee under the Center for Multidisciplinary Research of
Chikitsa Foundation Bangladesh (Approval No. CF-BD/EC/023).
Animals were monitored daily for clinical signs of toxicity or distress,
including changes in behavior, locomotion, grooming, and food and
water intake, and humane endpoints were applied in accordance with
approved ethical guidelines. Before acetaminophen administration,
animals received their respective treatments once daily for 10
consecutive days. Rats were randomly assigned to five groups (n =
6 per group) after body weight measurement to ensure comparable
mean body weights across groups. Group allocation was performed
using a simple randomization method based on a random number
sequence.
Group I received distilled water (10 mL/kg, p.o.) for 10 days and
served as the normal control.
Group II received distilled water (10 mL/kg, p.o.) for 10 days,
followed by a single oral dose of acetaminophen (700 mg/kg).
Group III received silymarin (100 mg/kg, p.o.) for 10 days, followed
by a single oral dose of acetaminophen (700 mg/kg).
Groups IV and V received P. spicatus root extract (500 and 1000
mg/kg, p.o., respectively) for 10 days, followed by a single oral dose
of acetaminophen (700 mg/kg).
Acute hepatotoxicity was induced by a single oral administration of
acetaminophen (700 mg/kg) on day 10, administered 1 h after the
final dose of the respective treatments, following 12 h of overnight
fasting [14, 15]. Food was withheld for 12 h before acetaminophen
administration, while water was provided ad libitum. The animals
were observed for 24 h after dosing. The dried extract yield was
11.1% (w/w) relative to the starting plant material. The extract was
suspended in distilled water and administered orally at a dosing
volume of 10 mL/kg body weight. The formulation was freshly
prepared, stored at 25 °C protected from light, and used within 2 h
to ensure stability. Following treatment, animals were anesthetized
with ketamine (50 mg/kg, intraperitoneal) [16, 17] to achieve deep
anesthesia before blood collection. Animals were sacrificed under
anesthesia in accordance with institutional ethical approval. Blood
samples were collected and centrifuged (3000 rpm, 10 min) to obtain
serum, and liver function biomarkers, including ALT, AST, ALP,
and total bilirubin [18], total protein, and albumin were determined
using standard enzymatic colorimetric assays (Figure 1) [19]. Serum
biochemical assays and statistical analyses were conducted using
coded samples so that investigators performing the analyses were
unaware of the treatment group allocation.

2.6. Statistical Analysis
Data were analyzed using one-way ANOVA followed by Bonfer-
roni’s post hoc test in SPSS v16.0. Results are presented as mean ±
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Figure 1: Schematic overview of the experimental design and liver function assessment workflow illustrating animal grouping, treatment regimen, sample
collection, and biochemical evaluation of hepatic biomarkers in acetaminophen-induced hepatotoxicity in rats.

SEM, with statistical significance was defined as *p < 0.05, **p <
0.01, and ***p < 0.001, where the normal control group (Group I)
was compared with the acetaminophen control (Group II) to confirm
hepatotoxicity, and each treatment group-PS 500 mg/kg (Group IV),
PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group III)-was
statistically compared exclusively against the acetaminophen control
(Group II) without intergroup comparisons or reference to the normal
control.

3. Results

3.1. Acetaminophen-induced hepatic injury and effects on serum
transaminases and ALP by P. spicatus

Acetaminophen administration resulted in elevated serum ALT,
AST, and ALP levels compared with the normal control group,
consistent with the expected biochemical pattern of hepatic injury in
this experimental model. Relative to the acetaminophen control
group, treatment with P. spicatus (PS) at 500 mg/kg did not
produce statistically significant reductions in ALT or AST levels;
however, ALP activity was significantly decreased (p < 0.001).
Similarly, PS at 1000 mg/kg did not significantly alter ALT or AST
levels compared with the acetaminophen control group, while ALP
levels were significantly reduced (p < 0.001), suggesting selective
modulation of hepatobiliary enzyme activity. In contrast, silymarin
(100 mg/kg) significantly decreased ALT, AST, and ALP levels (p
< 0.001) relative to the acetaminophen control group. Collectively,
PS treatment was associated with a significant reduction in ALP but
not in transaminase levels, whereas silymarin significantly reduced
all measured hepatic enzyme parameters (Table 1) and (Figure 2).

3.2. Acetaminophen-induced alterations in serum total bilirubin
and effects of P. spicatus

Acetaminophen administration resulted in elevated serum total
bilirubin levels compared with the normal control group. Relative
to the acetaminophen control group, treatment with P. spicatus (PS)
at 500 mg/kg significantly reduced serum total bilirubin levels (p
< 0.01). Administration of PS at 1000 mg/kg produced a further
significant reduction in bilirubin levels (p < 0.001) compared

with the acetaminophen control group. Similarly, silymarin (100
mg/kg) significantly decreased serum total bilirubin levels (p <
0.001) relative to the acetaminophen control group. Collectively, PS
treatment was associated with a dose-dependent reduction in serum
bilirubin levels compared with acetaminophen-induced elevation
(Table 1) and (Figure 3).

3.3. Acetaminophen-induced alterations in serum total protein,
albumin, and globulin, and effects of P. spicatus

Acetaminophen administration resulted in marked reductions in
serum total protein, albumin, and globulin levels compared with
those in the normal control group. Treatment with P. spicatus
(PS) at 500 mg/kg did not produce statistically significant changes
in any of these parameters relative to the acetaminophen control
group. In contrast, PS at 1000 mg/kg significantly increased serum
total protein levels (p < 0.001) and elevated albumin and globulin
concentrations (p < 0.05) compared with the acetaminophen control
group. Silymarin (100 mg/kg) significantly increased serum total
protein levels (p < 0.01) relative to the acetaminophen control
group, whereas albumin and globulin showed no significant changes
(Table 2) and (Figure 4). Mean ± SEM values for serum ALT,
AST, ALP, total bilirubin, total protein, albumin, and globulin across
all experimental groups, together with corresponding statistical
significance levels, are provided in (Tables 1 and 2) to ensure
full transparency of inter-animal variability and the dispersion of
biochemical responses.

4. Discussion
Acetaminophen (APAP) is widely used as an analgesic and an-
tipyretic, yet overdose results in severe hepatotoxicity due to
metabolic activation and oxidative stress [20]. Under therapeutic con-
ditions, acetaminophen is primarily detoxified via glucuronidation
and sulfation pathways; however, a minor fraction is bioactivated
by cytochrome P450 enzymes to the reactive intermediate N-acetyl-
p-benzoquinone imine (NAPQI), which is normally neutralized
through conjugation with reduced glutathione (GSH) [21]. Following
overdose, saturation of conjugation pathways leads to excessive
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Table 1: Effects of P. spicatus on hepatic injury biomarkers in acetaminophen-induced rat hepatotoxicity
Group ALT (IU/L) AST (IU/L) ALP (IU/L) Total Bilirubin

(mg/dl)

Normal Control 44.0 ± 2.25 28.33 ± 3.72 84.50 ± 9.62 0.78 ± 0.08
Acetaminophen Control 64.67 ± 10.80 52.17 ± 5.78 172.33 ± 13.36 1.92 ± 0.15
STD (Silymarin 100 mg/kg) 23.83 ± 8.85* 15.50 ± 1.67*** 60.33 ± 4.09*** 0.55 ± 0.12***
PS 500 mg/kg 50.50 ± 7.31 40.67 ± 2.09 94.33 ± 9.83*** 1.07 ± 0.18**
PS 1000 mg/kg 45.50 ± 12.71 37.50 ± 4.91 89.83 ± 3.69*** 0.65 ± 0.06***

Data are expressed as mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Bonferroni’s post hoc test; p* < 0.05, p** < 0.01, and p*** < 0.001 indicate
statistically significant, highly significant, and very highly significant differences, respectively, where the normal control group (Group I) was compared with the acetaminophen
control (Group II) to confirm hepatotoxicity, and each treatment group—PS 500 mg/kg (Group IV), PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group III)—was
statistically compared exclusively against the acetaminophen control (Group II) without intergroup comparisons or reference to the normal control.

Figure 2: Modulatory effects of P. spicatus root extract on serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase
(ALP) activities in acetaminophen-induced hepatotoxicity in rats.

NAPQI formation, hepatic GSH depletion, and covalent binding of
NAPQI to cellular macromolecules, triggering lipid peroxidation,
calcium dysregulation, mitochondrial dysfunction, and hepatocel-
lular necrosis [22, 23]. Hepatocellular damage disrupts membrane
integrity, resulting in leakage of cytosolic enzymes into the cir-
culation, making serum transaminases and alkaline phosphatase
reliable biomarkers of liver injury [24, 25]. These biomarkers reflect
both hepatocellular membrane integrity and hepatobiliary functional
status, and differential modulation of these parameters may indicate
selective biochemical effects rather than uniform cytoprotection.

In the present study, acetaminophen administration was associated
with elevated serum ALT, AST, ALP, and bilirubin levels, con-
firming hepatocellular and hepatobiliary dysfunction. Treatment
with P. spicatus (PS) root extract attenuated these alterations, with
significant reductions observed in ALP at both doses and in bilirubin
in a dose-dependent manner. However, ALT and AST levels were not
significantly reduced at either dose, indicating that the extract did not
demonstrate statistically significant protection against hepatocellular
enzyme leakage under the present experimental conditions. The
higher dose produced marked reductions in ALP and bilirubin levels,
suggesting a possible modulatory effect on hepatobiliary parameters
rather than comprehensive hepatocellular protection [26]. Because

Table 2: Modulation of serum total protein, albumin, and globulin by P. spicatus in acetaminophen-induced hepatotoxicity
Group Total Protein (g/dl) Albumin (g/dl) Globulin (g/dl)

Normal Control 4.95 ± 0.36 3.06 ± 0.11 2.72 ± 0.35
Acetaminophen Control 3.08 ± 0.33 2.12 ± 0.27 1.75 ± 0.16
STD (Silymarin 100 mg/kg) 4.90 ± 0.20** 2.87 ± 0.31 2.60 ± 0.36
PS 500 mg/kg 3.50 ± 0.20 2.22 ± 0.12 2.23 ± 0.20
PS 1000 mg/kg 5.28 ± 0.16*** 3.25 ± 0.23* 2.98 ± 0.14*

Data are expressed as mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Bonferroni’s post hoc test; p* < 0.05, p** < 0.01, and p*** < 0.001 indicate
statistically significant, highly significant, and very highly significant differences, respectively, where the normal control group (Group I) was compared with the acetaminophen
control (Group II) to confirm hepatotoxicity, and each treatment group—PS 500 mg/kg (Group IV), PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group III)—was
statistically compared exclusively against the acetaminophen control (Group II) without intergroup comparisons or reference to the normal control.
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Figure 3: Attenuation of acetaminophen-induced elevations in serum total bilirubin by P. spicatus in rats.

Figure 4: Restoration of acetaminophen-induced impairment of serum total protein, albumin, and globulin levels by P. spicatus in rats.

histopathological assessment and additional cholestatic markers (e.g.,
GGT or bile acids) were not evaluated, any inference regarding
selective canalicular or biliary membrane protection should be
interpreted cautiously and considered hypothesis-generating rather
than definitive. Accordingly, the observed reductions in ALP and
bilirubin, in the absence of significant normalization of ALT and
AST, suggest selective modulation of hepatobiliary biochemical
parameters rather than comprehensive hepatocellular protection
under the present experimental conditions [26]. Similar patterns
of partial biochemical modulation, characterized by improvement
in cholestatic markers with limited transaminase normalization,
have been reported in certain plant-derived hepatoprotective studies,
suggesting that phytochemical extracts may differentially influence
hepatobiliary and hepatocellular components depending on dose,
composition, and injury severity [27, 28].
In addition to enzymatic changes, PS treatment at 1000 mg/kg
significantly restored serum total protein, albumin, and globulin
levels, indicating improved circulating protein levels. Notably, serum
protein fractions in the 1000 mg/kg group exceeded values observed

in the normal control group. Such supranormal elevations may
reflect biological variability in circulating proteins after acute injury
and recovery, adaptive compensatory responses of the liver, acute
phase reactant changes, or transient shifts in hydration and plasma
volume rather than definitive supraphysiological protein synthesis.
Without histopathological correlation and comprehensive biomarker
profiling, these elevated protein levels should be interpreted cau-
tiously as exploratory observations rather than conclusive evidence
of enhanced synthetic capacity [29, 30]. Since the liver is the
primary site of plasma protein synthesis [31], reductions in these
parameters are indicative of impaired hepatocellular function in
acute hepatic injury [32]. Restoration of protein levels following
PS administration suggests enhancement of hepatocyte functional
integrity and biosynthetic activity [33].
Nevertheless, because transaminase levels were not significantly
normalized and structural assessment was not performed, this
improvement should be interpreted as functional modulation rather
than confirmed cytoprotective regeneration. Thus, the improvements
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in circulating protein fractions likely reflect partial restoration of hep-
atic synthetic function rather than confirmed structural regeneration
of hepatocytes.
Overall, the findings demonstrate that P. spicatus root extract ame-
liorated selected biochemical alterations induced by acetaminophen,
particularly ALP and bilirubin elevation, and improved hepatic
synthetic parameters at the higher dose. These effects indicate
selective biochemical improvement and partial functional restoration,
but do not establish comprehensive hepatocellular protection. In
addition to statistical significance, the magnitude of change in ALP
and bilirubin relative to the acetaminophen control group indicates
a biologically meaningful attenuation of hepatobiliary dysfunction.
However, effect size estimation would further strengthen interpreta-
tion in future studies [34, 35]. Although oxidative stress is central
to acetaminophen-induced hepatotoxicity, oxidative stress markers,
antioxidant enzyme activity, and histopathological validation were
not assessed in this study; therefore, attribution of antioxidant
or membrane-stabilizing mechanisms would be premature [36].
Therefore, any mechanistic interpretation regarding antioxidant, anti-
inflammatory, or membrane-stabilizing activity should be considered
speculative and requires direct biochemical and structural validation
[37]. Future studies should incorporate oxidative stress profiling,
molecular pathway analyses, and liver histology to clarify the
mechanistic basis of the observed effects. Additionally, the relatively
high doses employed (500-1000 mg/kg crude extract) necessitate
careful consideration of dose optimization, extract standardization,
pharmacokinetic characterization, and safety evaluation before
translational extrapolation can be justified [38]. Inclusion of extract-
only control groups in future investigations would further help
delineate intrinsic hepatic effects independent of acetaminophen-
induced injury. Importantly, because an extract-only control group
was not included in the present study, the extract’s independent
biochemical effects in the absence of an acetaminophen challenge
cannot be excluded. Another limitation of the present study is that
the crude ethanolic extract was not chemically standardized using
chromatographic fingerprinting or quantified marker compounds;
therefore, potential variability in phytochemical composition may
influence reproducibility. In addition, because the sex distribution
within individual groups was not recorded, it was not possible to
assess whether males and females responded differently to treatment.
This remains a potential source of biological variability that could not
be addressed in the present study. This represents a design limitation
that should be addressed in future investigations.

5. Conclusion
In this acetaminophen-induced acute liver injury model, the ethanolic
root extract of P. spicatus produced selective biochemical attenuation
of hepatobiliary dysfunction, demonstrated by significant reductions
in ALP and total bilirubin, as well as restoration of circulating protein
fractions at 1000 mg/kg. The absence of significant normalization of
ALT and AST indicates that comprehensive hepatocellular protection
was not achieved under the present experimental conditions. These
findings indicate partial biochemical improvement in hepatobiliary
functional markers. Definitive validation will require histological ex-
amination, assessment of oxidative stress and inflammatory markers,
inclusion of extract-only controls, and standardized pharmacological
characterization before translational extrapolation can be made.
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A B S T R A C T

Background: Ocular injury is one of the leading causes of preventable monocular blindness globally.
These injuries have multiple etiologies, with socioeconomic factors and geopolitical instability as the
main drivers. A unique combination of these factors can be seen in the MENA region.
Methods: This scoping review used a structured analysis of published research. We searched PubMed
and Scopus (2004–2025) using terms for ocular trauma and MENA countries. Two reviewers
independently screened titles, abstracts, and full texts against predefined inclusion criteria that accepted
original research, reviews, and case series; a third reviewer resolved disagreements. Data were extracted
using a standardized form and synthesized descriptively. No formal quality appraisal was performed.
Results: The search identified 918 records, of which 25 were included. Etiological patterns differed
markedly across countries. In Iraq, conflict-related mechanisms (blasts, bullets) dominated in military
cohorts, alongside civilian motorcycle accidents. In other MENA countries, road traffic accidents and
occupational injuries were more frequently reported. Management challenges in Iraq were compounded
by limited primary eye care infrastructure and high rates of enucleation. Pediatric trauma was also a
major concern. Population-based civilian data from conflict-affected settings remain scarce.
Conclusion: Ocular trauma is a major health issue in Iraq, with patterns suggesting an association with
decades of conflict. However, population-based comparative data are very limited. This scoping review
highlights evidence gaps, particularly the scarcity of population-based civilian data from conflict-affected
settings.

1. Introduction
Ocular trauma is a critical public health problem, accounting
for a substantial proportion of monocular blindness worldwide.
It significantly affects individual quality of life, reducing their
economic productivity and increasing healthcare costs.
The pattern of injury is largely linked to the local environment,
culture, industry, and safety standards. The MENA region, with
its vast geographic and political diversity, offers a critical lens
for examining these relationships. While countries in the Gulf
Cooperation Council (GCC) have advanced rapidly in healthcare,
including ophthalmic care, others deal with the aftermath of conflict,
economic instability, and limited healthcare resources. Iraq stands
out within this continuum, having endured decades of war, economic
sanctions, and internal conflict. The ophthalmological consequences
of this are severe and distinct.
This review aims to evaluate the available scientific literature on
ocular trauma in the MENA region by comparing the etiological
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factors and management challenges in Iraq with those of neighbor-
ing countries. Based on the available evidence, we interpret that
prolonged conflict in Iraq is associated with a distinct profile of
severe ocular injuries and treatment needs, though population-based
comparative data remain limited.

2. Methods

2.1. Study Design and Selection
This review was conducted as a scoping review following the
framework of Arksey and O’Malley and reported in accordance with
the PRISMA ScR (Preferred Reporting Items for Systematic Reviews
and Meta Analyses extension for Scoping Reviews) checklist. A
protocol was not registered. We searched PubMed and Scopus for
articles published between January 2004 and June 2025. An initial
PubMed search identified relevant keywords. These were used in a
systematic search strategy that combined free-text and Boolean terms
applied to both databases. These search terms for ocular trauma and
MENA countries included the following:

• Ocular trauma terms: ("ocular trauma" OR "eye injury" OR
"ocular injury" OR "open globe" OR "penetrating eye injury")

• Geographic terms: ("Middle East" OR "North Africa" OR
MENA OR Iraq OR Iran OR "Saudi Arabia" OR Jordan OR
Palestine OR Gaza OR "United Arab Emirates" OR Qatar OR
Kuwait OR Oman OR Bahrain OR "Syrian Arab Republic"
OR Lebanon OR Egypt OR Libya OR Tunisia OR Algeria
OR Morocco OR Yemen)
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Figure 1: PRISMA flow diagram for the identification and selection of studies eligible for this review.

• Supplementary terms: "war injury," "blast injury," "occupa-
tional injury," "road traffic accident."

Two reviewers independently screened titles and abstracts, followed
by full-text review. A third reviewer resolved disagreements. The
inclusion criteria were original research, reviews, and case series in
English reporting on the etiology, epidemiology, or management of
ocular trauma in MENA countries. Exclusion criteria: non-English
publications, studies not focused on trauma, editorials, preclinical
studies, and studies conducted outside the MENA region.
Articles were systematically grouped by their primary country or
region of focus, primary mechanism of injury (e.g., blast, road
traffic accidents RTA, occupational), and key clinical themes (e.g.,
pediatric trauma, surgical outcomes, rehabilitation). Data relevant
to Iraq were extracted and analyzed in parallel with data from other
MENA nations, like Iran, Saudi Arabia, and Jordan, to enable a direct
comparative analysis of epidemiological patterns, management
protocols, and public health implications.
2.2. Data Extraction and Synthesis
Microsoft Excel was used to manage extracted data. Authors, year,
country, study design, population (civilian, military, or mixed),
primary injury mechanism, and key clinical findings were collected.
Data were grouped by country (Figure 1). Given heterogeneity
in study designs and population, no meta-analysis was performed.
Synthesis is descriptive and comparative. All included studies were
summarized in a single table (Table 1). Risk of bias assessment
was not performed, consistent with scoping review methodology.
Findings were presented as descriptive patterns rather than definitive
comparative epidemiology.

3. Results
The initial search yielded 918 records. After duplications had been
removed, 600 titles and abstracts were screened, and 486 were
excluded. The full text of 114 articles was assessed for eligibility. A
total of 25 studies from the MENA region met the inclusion criteria
and were included in the qualitative synthesis (Figure 1). Of the 25
included studies, 11 focused on Iraq (including those that covered
both Iraq and Afghanistan), 3 on Iran, 1 on Saudi Arabia, 1 on
Jordan, 2 on Palestine/Gaza, 1 on the Levant, 1 on Turkey, and 1
examined the MENA region as a whole. Several studies involved
military personnel, while others focused on civilian or pediatric
populations. To ensure transparency, the evidence is presented in
two tiers: primary epidemiologic studies (cross sectional, cohort,
and case series reporting original trauma data) form the basis for
all comparative statements about injury mechanisms, severity, and
outcomes. Reviews, meta-analyses, and service-oriented papers are
cited only for contextual background (e.g., infrastructure or reha-
bilitation discussions) and are not used for direct epidemiological
comparisons.
Epidemiological patterns and etiological comparison The etiology
of ocular trauma in MENA is a direct reflection of local realities. The
provided literature reveals a clear contrast between conflict-affected
zones like Iraq and more stable regions. As shown in Table 1.
While Iraq represents an extreme within the conflict injury spectrum,
a gradient of instability and resource scarcity exists across the region.
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Table 1: Comparison of Ocular Trauma Epidemiology Across Countries/Regions in the MENA Region (n = 25) Tier 1 (primary epidemiologic)
studies are marked with †.
Author(s), Year Country/

Region
Study
Design

Sample
Size (N)

Study Setting Denominator /
Population at Risk

Population Primary
Mecha-
nism(s)

Key Findings

Sulaiman II et al.,
2024

Iraq Review/meta-
analysis
(Tier 2)

688 Military & civilian
hospitals

Not applicable Civilian/
military

Ballistic High enucleation
rates; penetrating
orbital trauma

Blanch RJ et al.,
2011†

Iraq Case
series

63 British military
hospital
(Iraq/Afghanistan)

All combat eye
injuries referred

Military
personnel

Blast/ frag-
mentation

52% open globe

Justin GA et al.,
2020†

Iraq Cohort 652 U.S. military
tertiary hospital

All orbital fractures
referred

Military
personnel

Blast 31.3% NLP

Thach AB et al.,
2008†

Iraq Case
series

797 severe
eye
injuries

U.S. military
registry

Combat zone
injuries 2003–2005

Military
personnel

Blast/ frag-
mentation

116 enucleations; 438
open globe

Hashim ZA et al.,
2024†

Iraq Cross
sectional

335 Iraqi tertiary
hospitals

Consecutive
motorcycle accident
patients

Civilian Motorcycle
accidents

17% severe;
lid/corneoscleral
injuries

Yulish M et al.,
2012†

Levant Case
series

119 Regional hospital Agricultural
workers presenting
with eye injury

Agricultural
workers

Olive
harvesting

Corneal perforations

Hashemi H et al.,
2015†

Iran Cross
sectional

5190 Population based General population
aged 40–64

Civilian Mixed Lifetime trauma
prevalence 8.57%
(blunt 3.91%, sharp
3.82%, chemical
1.93%)

Challa NK et al.,
2024†

Saudi
Arabia

Cross
sectional

300 truck
drivers

Truck driving
company

All active drivers Civilian RTA Refractive error
linked to RTA risk

Odat TAM et al.,
2014†

Jordan Case
series

21 Tertiary eye center Consecutive cases Civilian Prickly pear
spine

Keratoconjunctivitis

Al Barqi M et al.,
2022†

Saudi
Arabia

Case
series

3 Tertiary eye center Fireworks injuries
during celebrations

Civilian Fireworks Severe open globe

Al Amry M et al.,
2021†

Saudi
Arabia

Case
series

36 Tertiary eye center,
Riyadh

Consecutive
terror-related
trauma

Civilian Terror-related
(blast)

77.8% NLP;
devastating outcomes

Harris JP et al.,
2021†

Iraq Cohort 890 eyes U.S. military
registry

All combat open
globe injuries

Military
personnel

Blast 32.02% open globe
injuries

Shakarchi F., 2025 Iraq Cross-
sectional
(service)

2805
primary
health
centers

National primary
care survey

All PHCs in Iraq Civilian Mixed
(context)

Only 2%(n=63) offer
eye services

Bahremani E et al.,
2023

MENA
region

Cross-
sectional
(burden
study)

Not
specified

Global Burden of
Disease

MENA population Civilian Mixed (all
cause)

Iraq age-standardized
prevalence
7188.6/100,000

Holmes CJ et al.,
2019†

Iraq Cohort 19 British military
registry

All combat eye
injuries requiring
surgery

Military
personnel

Blast/ frag-
mentation

Outcomes of
evisceration/
enucleation

Keenan TDL et al.,
2011†

Palestinian
territo-
ries

Case
series

32 Tertiary hospital,
Gaza

Consecutive
enucleations/
eviscerations

Civilian/
mixed

Conflict
related

High rates of
enucleation

Ciftci MD et al.,
2023

Turkey Case
series
(surgical
technique)

9 Tertiary eye center Corneal perforations Civilian Corneal
perforations

Sandwich technique +
amniotic membrane is
effective

Arevalo JF et al.,
2012

Saudi
Arabia

Review
(Tier 2)

Not
applicable

Not applicable Not applicable Civilian Penetrating
trauma

Sympathetic
ophthalmia
prevention

Hayder Abdul Al
Husain et al.,
2023†

Iraq Cross
sectional

120
pediatric
patients

Pediatric
ophthalmology
clinic

Consecutive clinic
attendees

Pediatric Mixed Home-occurring open
globe wounds are
preventable

Hosseini H et al.,
2011†

Iran Cross
sectional

278 Tertiary hospital
(southern Iran)

All pediatric ocular
trauma

Pediatric Sharp/blunt Boys predominantly
affected

MENA, Middle East and North Africa; NLP, No Light Perception; PHC, Primary Health Center; RTA, Road Traffic Accident. † Denotes studies included in the primary ocular
trauma analysis.
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Table 1: Comparison of Ocular Trauma Epidemiology Across Countries/Regions in the MENA Region (n = 25) Tier 1 (primary epidemiologic)
studies are marked with †.
Author(s), Year Country/

Region
Study
Design

Sample
Size (N)

Study Setting Denominator /
Population at Risk

Population Primary
Mecha-
nism(s)

Key Findings

Al Dahan D et al.,
2019†

Saudi
Arabia

Cross
sectional

199
pediatric
prosthesis
patients

Tertiary referral
center

All pediatric
prosthesis fittings

Pediatric Mixed Prosthesis indications
after trauma

Masrur A et al.,
2025†

Gaza
(Pales-
tine)

Observational
cohort

23 4 hospitals in Gaza Consecutive CNN
registry cases
(March–Sept 2024)

Pediatric
(<20 years)

Explosive /
penetrating
(conflict-
related)

11/23 (48%) ocular
trauma; severe visual
loss including NLP;
communication
barriers main
challenge

Mousavi B et al.,
2009

Iran Cross-
sectional
(chemical
warfare)

147 Chemical warfare
survivor’s registry

Iranian chemical
warfare survivors

Civilian Chemical
weapons

Reduced quality of
life

Geiling J et al.,
2012

Iraq Review
(Tier 2)

Not
applicable

Not applicable Not applicable Military
veterans

Conflict-
related

Long-term care costs

Ramadhan HA et
al., 2025†

Iraq Cross-
sectional

71 Halabja population
survey

Chemically-
exposed population

Civilian Chemical
weapons

Corneal injuries

MENA, Middle East and North Africa; NLP, No Light Perception; PHC, Primary Health Center; RTA, Road Traffic Accident. † Denotes studies included in the primary ocular
trauma analysis.

Figure 2: Schematic illustration of key etiological factors and patterns of ocular trauma.

The data from Iraq is affected by the consequences of mod-
ern conflicts. Studies on military personnel from Operation Iraqi
Freedom detail high rates of open globe wounds from blast and
fragmentation injuries [1, 2]. A study by Justin and his coworkers
of U.S. personnel evacuated to a tertiary military hospital from
Iraq (2001 – 2011) found that orbital fractures occurred in 34.2%
(304/890) of eye injuries, with 31.3% (95/304) of those cases
resulting in no light perception [3]. Earlier data from the 2003 –
2005 periods documented 797 severe eye injuries, which included
438 open globe injuries (49 bilateral) and 116 eyes requiring removal

(enucleation/evisceration) [4]. Concurrently, civilian studies point
to motorcycle accidents as a major cause [5] of ocular morbidity,
suggesting a dual burden of conflict-related and conventional trauma.
Hashim and his collaborators documented that Iraqi tertiary hospitals
reported 335 ophthalmological accidents from motorcycle crashes,
predominantly affecting young males (mean age 27.8 years) [5].
Injuries were classified as mild in 55.82%, moderate in 27.16%,
and severe in 17.01% of cases, with lid lacerations (60.9%) and
corneoscleral injuries (22.1%) being most common [5].
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In contrast, studies from other regions highlight different prior-
ities. Occupational hazards are prominent, including industrial
accidents and olive-harvesting injuries in the Levant [6]. RTA
is a universal cause, detailed in studies from Iran [7] and Saudi
Arabia [8]. Unique environmental injuries include prickly pear spine
keratoconjunctivitis in Jordan [9] and fireworks injuries during
celebrations in Saudi Arabia [10]. Terror related ocular trauma
is reported from a tertiary center in Saudi Arabia [11], indicating
the high rate of ocular trauma in conflict affected settings; similar
patterns are observed in Gaza [12, 13]. Challa and Al Rasheed linked
refractive error and abnormal stereopsis among truck drivers in
Saudi Arabia to the risk of road traffic accidents, adding depth
to the understanding of RTA etiologies [8]. This variation in
the etiology of ocular trauma, from high-velocity conflict-related
injuries to occupational and environmental mechanisms, directly
influences the spectrum of injury severity, clinical presentation, and
subsequent management challenges encountered across the region.
These relationships between cause and clinical consequence are
explored in the following section. The variation in the etiology of
ocular trauma is illustrated in (Figure 2).

3.1. Disparities in Clinical Management and Visual Prognosis
The nature of trauma determines its severity. Iraqi data emphasize
high energy, devastating injuries often presenting with extensive
tissue loss, multiple intraocular foreign bodies, and associated
maxillofacial trauma [2, 14]. In Iraq, the capacity to manage this
trauma burden is severely constrained. A study revealed that only
2% of Iraq’s primary health centers offer eye-related services, which
contributes to tertiary hospitals being overwhelmed; more than
half of specialist hospital consultations are for conditions that are
manageable at the primary level [15]. This systemic gap takes place
in the context of a high overall burden of eyesight loss in Iraq (7.4%
of Iraqis, all causes combined, including cataract, glaucoma, and
trauma [15, 16]), which is provided here only as background on the
general eye health challenge.
In other MENA settings, presentations, while serious, may more
frequently involve isolated corneal abrasions, lid lacerations, or blunt
trauma. (Figure 3) shows the different kinds of trauma reported in
many studies included in this review and reflects the variation in
clinical courses and, consequently, the treatment needed.
The surgical burden differs accordingly. Evisceration and enucleation
rates are significantly reported in the context of military trauma
from Iraq [4, 17] and in Palestinian territories [12], reflecting the
severity of initial injuries and possibly delayed presentation. Surgical
innovation is directed at complex reconstruction, such as managing
orbital bullet injuries [2] and repairing corneal perforations using
advanced techniques like the “sandwich” and amniotic membrane
transplantation [18]. Managing sequelae like traumatic cataract and
preventing sympathetic ophthalmia are critical concerns shared
across the region [19] An important and recurrent theme is the
high incidence of trauma among children, a vulnerable demographic
across the MENA region. Ocular injury is a leading cause of
preventable blindness in children all over the world. Studies from
Iraq [20], Iran [21], and Saudi Arabia [22] consistently show
that children represent a vulnerable demographic, suffering from
domestic accidents and stray projectile injuries, often leading to
lifelong visual disability and a need for prosthetic fitting.
The demand for pediatric prostheses following enucleation and
evisceration was highlighted with this permanent need [13]. The
challenges of delivering pediatric ophthalmic care in Gaza highlight
how systemic collapse in conflict zones exacerbates trauma outcomes
[13]. Furthermore, a study by Bahremani and colleagues confirmed

that, while the prevalence of vision loss in MENA decreased by
11.1% from 1990 to 2019, the absolute number remains high at 32.5
million cases, with Iraq’s age-standardized prevalence rate at 7188.6
per 100,000 [16].
Furthermore, research on Iranian chemical warfare survivors pro-
vides clear evidence of the significant reduction in quality of life
associated with ophthalmologic war injuries [23], a finding with
direct relevance to the Iraqi civilian population [24, 25].

3.2. Public Health Implications and Challenges
A distinguished variation exists between the advanced, well-
resourced tertiary eye centers in the Gulf countries and the
overwhelmed or fragmented systems in conflict zones. The Iraqi
healthcare system bears a double burden: managing acute, complex
war injuries requiring multi-specialty input and providing lifelong
rehabilitation for survivors [2]. This includes not only prosthetic
services but also low vision aid, psychological support for disfigure-
ment and vision loss, and surgical management of late complications
like glaucoma and retinal detachment. The strain on specialized
ophthalmic surgical capacity is huge, Gaza, for example [12]. This
disparity affects everything from timely primary repair to access to
complex vitreoretinal surgery.

3.3. Etiology Specific Prevention Strategies
For Iraq, the primary preventive strategy is primarily political,
focusing on conflict mitigation, mine clearance, and weapons control.
Secondary prevention includes disseminating basic ocular first-aid
knowledge to first responders and the public, and strengthening
emergency trauma systems.
For other countries in the MENA region, effective strategies include
enforcing occupational safety laws (e.g., mandatory eye protection
in agriculture/industry), strict RTA prevention campaigns, public
awareness on domestic hazards (fireworks, hazardous toys, chem-
icals), and community education on the dangers of traditional eye
remedies.

3.4. Limitations and Future Directions
The nature of its source data limits this review. The dataset consists
of English-language, predominantly hospital-based studies, which
introduces publication bias and underrepresents cases that do not
reach tertiary centers. There is an obvious scarcity of population-
based incidence and prevalence studies from Iraq.
Future research efforts must prioritize several key directions to
address the identified gaps. First, establishing standardized ocular
trauma registries in Iraq is essential for capturing accurate national
epidemiological data. Building on this foundation, conducting cost-
effectiveness analyses of prevention strategies tailored to the Iraqi
context, compared with other MENA countries, would help guide
efficient resource allocation. Additionally, research is needed to
develop and evaluate integrated care models capable of deliver-
ing proper ophthalmic trauma and rehabilitation services within
resource-constrained, post-conflict primary health systems.

4. Conclusion
The etiology of ocular trauma in the MENA region is a potent
indicator of its socioeconomic and political conditions. From
workplace accidents to high-velocity traumas, Iraq presents itself as
a significant case study in this review. The patterns observed suggest
the long-term ophthalmological consequences of decades of conflict
manifesting as a high volume of severe, sight-depriving injuries and
a legacy of rehabilitation needs. Without population-based data, the
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Figure 3: Schematic illustration of trajectories and clinical sequelae of ocular injury.

full clinical burden of ocular trauma in conflict-affected communities
remains undetermined.
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