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INVITED EDITORIAL

Everyone can speak and communicate,
but healing with words is an art

Aleksandra Dittmer

Praxis flir Psychotherapie, Kiel, Germany

Abstract

According to recent data, nearly 20% of surveyed young people in the United States have used artificial intelligence
(Al) in the form of chatbots for personal advice or even psychotherapy. The capabilities of Al are quite tempting: fast,
anonymous, affordable and stigma-free access to therapy. In my opinion, it is worth examining what therapy actu-
ally is and how it “works.” Is it really just a game of questions and answers, questions and instant solutions? Is the

opportunity to chat and seek advice 24/7 an effective solution to mental health problems?
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Some time ago, | was waiting in a seemingly endless
virtual queue for the technical support that manages the
medical records system my office is connected to. The
first thing | heard from the service technician was the as-
surance that “99% of the time, the problem is sitting in
front of the computer” That system was supposed to be
helpful and convenient, but despite the training, | didn’t
derive any benefits from that technological improve-
ment. In other words, user = loser! | recalled this situation
while reading the results of a recent study, which showed

that nearly 20% of surveyed young people in the United
States have used artificial intelligence (Al) in the form of
chatbots for personal advice or even psychotherapy [1].
“Opportunity or risk?” the question is often repeated.

Opportunities
Currently the capabilities of Al are quite tempting: fast,

anonymous, affordable and stigma-free access to ther-
apy. But questions arise about the risks posed by a digital
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algorithm in the role of a therapist, and the risks posed by
the users themselves, their use of the app and their expec-
tations. In my opinion, it is worth examining what therapy
actually is and how it “works.” Is it really just a game of
guestions and answers, questions and instant solutions? Is
the ability to speak and hold a conversation enough to heal
a person? Does being treated simply mean being able to ask
a question, express a goal or express a wish? Is the oppor-
tunity to chat and seek advice 24/7 an effective solution to
mental health problems?

According to psychotherapy researcher Klaus Grawe,
5 key factors contribute to the success of psychotherapy: the
therapeutic relationship, problem activation, active assis-
tance in coping with problems, activation and development
of one’s own skills, and assistance in clarifying one’s own
motivation (including actions, needs and wishes) [2].

The need for empathy

A fundamental factor is the creation of a therapeutic re-
lationship, an empathetic and judgment-free space to help
“detoxify the problem” (i.e. reveal its universality) and to
suggest the first steps towards possible solutions. Research
confirms that the patient-therapist relationship (also re-
ferred to as the therapeutic alliance) is a key therapeutic
factor, regardless of the psychotherapy type [3-4].

From the cradle, we seek contact with living beings. We
know that this interaction (consisting of observing facial ex-
pressions, vocal melodies, body movements, and individual
behaviors) influences the development of mirror neurons,
discovered in 1992 by a team of Italian neurophysiologists
led by Giacomo Rizzolatti [5]. Since then, numerous neuro-
imaging studies have confirmed that mirror neurons play
a role in the development of empathy and understanding
others, which is the basis of all interpersonal skills. The com-

plex activation of multiple brain areas (motor, sensory, and

emotional) reveals a common pattern for all of us, leading
researchers to conclude that interpersonal understanding
may be based on the so-called embodied simulation [6].

The quality of this simulation, however, is highly depend-
ent on the patient’s biography and the interpersonal rela-
tionships that shape it. Similiar to muscles, mirror neurons
gain strength when exercised and deteriorate when ne-
glected. Improving mirroring skills is part of the professional
training of psychotherapists, and in the first years of their
practice, it is the subject of self-discovery and reflection (e.g.
conversation recordings) as part of the supervision by an ex-
perienced instructor [7].

Seeing the complexity of this system, one can better un-
derstand the task a chatbot is trying to tackle when the user
places it in the role of a psychotherapist. Simulating empa-
thy, however, seems to be one of the biggest traps that Al
continues to fall into. In the past year the press has been
reporting about the extremely tragic consequences of seek-
ing support from chatbots, which not only agreed with users
that their current situation was hopeless (and the only solu-
tion was suicide), but even offered assistance in composing
the suicide note [8-9]. On the other hand, chatbots are quite
good at handling the problems of moderately stressed us-
ers, as well as at other factors of successful psychotherapy:
determining motivation and suggesting new strategies for
coping with the problem [10].

Between the lines

The goal of a therapeutic relationship is first and fore-
most the ability to read between the lines, clarifying what
is left unsaid, omitted or even concealed. Sometimes that
is more important in therapy. Often, this is the unconscious
filter of the person seeking advice. The psychotherapist’s ac-
tive guidance of the conversation aims to gather as much
information as possible and to complete the missing pieces
of the puzzle. This skill aims to accurately formulate
the key problem, as well as to actualize and man-
age it, which is directly related to the outcome of
therapy and is the last of the 5 factors identified by
Grawe.

There are numerous causes of missing informa-
tion: from the patient’s ignorance, disregard for
their own thoughts and behaviors, lack of awareness
of their illness, hidden agendas, through simple shy-
ness (or shame), to blatant lies and manipulation.
Facial expressions, voice modulation, pauses, into-
nation, and psychomotor movements are sources of
information and serve to confirm what is said and to
decode what is unsaid. A careful conversation is the
foundation of the diagnostic process, culminating in
a diagnosis, a treatment plan, and an assessment



of prognosis. When we select a voice in the chatbot app,
all of the above information is lost (as is currently the case,
even in the latest versions, which are designed to process
this information) on the way to the virtual interlocutor, pre-
venting responses that may be among the first interventions
in the therapeutic process, aimed at clarifying the problem
and diagnosis, as well as identifying the patient’s real (and
unrealistic) expectations regarding the possibilities of psy-
chotherapy. Currently, Al still has difficulty sensing the intent
behind our words and weaving threads of a conversation
together [11-12].

As the old saying goes, “if you never say no, you can’t
fulfill every yes.” Empathy and understanding are just one
aspect of a therapeutic relationship. One of the challenges
in building a therapeutic relationship is maintaining the pa-
tient’s faith in the therapist’s competence and professional-
ism while simultaneously breaking free from idealizing the
psychotherapist and fantasizing about his or her omnipo-
tence. Within the therapeutic relationship, behaviors and
responses that disappoint the patient or expose the ther-
apist’s imperfections can lead to the patient’s frustration or
even anger. This requires the psychotherapist to have cour-
age and to demonstrate an attitude that can be an important
regulator of the patient’s unfavorable thoughts or behaviors.
They also signal authenticity in the therapeutic relationship,
establish boundaries, and can strengthen the relationship,
enabling work on resolving the patient’s current problems.
They can also lead to a breakdown of the therapeutic coop-
eration, and in extreme situations in voluntary admission of
the patient to the psychiatric ward.

Full availability

Chatbots on the other hand, are programmed to provide
services to the client’s satisfaction. Try a simple experiment:
start an argument with a chatbot or try to force it to remain
silent. Research shows that confrontations with a thera-
pist that don’t break the therapeutic collaboration, in fact
strengthen the relationship and have a positive impact on
achieving therapeutic goals [13]. Silence is an active, multi-
functional tool in both directive and non-directive psycho-
therapy and can serve various functions, e.g. it can mark an
important moment in the process of self-expression or in
deepening one’s own emotions. It can also express surprise
or sympathy. A psychotherapist can become “speechless”...
and this is not necessarily a bad thing! However, the chat-
bot’s silence is most often the result of a disrupted internet
connection or a server malfunction.

As mentioned above, developing and stimulating in-
dividual skills and competencies is one of the key factors
contributing to the success of psychotherapy. Long-term
strengthening of self-regulation (except in situations of
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extreme mental crisis, e.g. severe suicidal ideation) means
supporting the patient in maintaining their scheduled ap-
pointments within outpatient therapy. The strongest sup-
port is in the form of inpatient treatment, where the patient
is supervised 24/7, whereas day clinics offer the possibility
of daytime supervision and support. This requires the great-
est degree of independence from the patient, which through
(via successful self-regulation) is the primary goal of therapy.
Paradoxically, a 24/7 availability of the therapist would actu-
ally be counterproductive. For example, for a patient with
hypochondria, somatization disorder or obsessive-compul-
sive disorder, one of the most difficult challenges is main-
taining a waiting period both in contacts with a therapist and
also refraining from consultations with the so-called “Doctor
Google”.

"Trust”?

Thanks to widespread information campaigns, blogs, and
articles, e.g. about healthy nutrition, we are more cautious
and more aware of our own responsibility when standing in
front of a supermarket shelf. We know that the raspberry-
flavored juice on the store shelf is not the same as the
homemade juice made from fresh raspberries according to
Grandma'’s recipe, but an artificially colored, flavored, and
thickened drink sweetened with high-fructose corn syrup.
Therefore, it seems worth drawing the attention of those
seeking help from Al to the above-mentioned shortcomings
of the mental health “services” by chatbots.

Additionally, we don’t know what user projections Al is
subject to or what human traits and intentions users sub-
consciously attribute to Al, despite the fact that it doesn’t
possess them. Is Al brave enough to admit its ignorance?
Will the developers allow Al to disappoint or anger its users?
Another very problematic phenomenon is the so-called “Al
hallucination,” a situation in which the Al can’t find an an-
swer to a user’s question, so it generates false information.
In other words, Al can fabricate information without even
realizing it’s doing so! Hmm, this is almost human behavior,
but are we, the users even aware of it?

All of these elements present Al developers with real
challenges, but for now, it is us, the users, who need to un-
derstand that psychotherapy is more than just the sound of
a human voice or a written dialogue generated by a pattern
or algorithm. Transparent and reliable psychoeducation is
needed, because for now, users must face these challenges
on their own. In other words, at this moment chatbot ther-
apy is de facto self-therapy and self-help at your own risk!

Al has access to a wealth of information, the most abun-
dant of which is available online and has made its way into
the mainstream. This information isn’t always accurate
or the latest and its sources depend on many factors, e.g.
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paid access or copyrights. The quality of information also
depends on the chatbot itself (free versus paid versions).
In my opinion, the greatest challenge for users today is the
ability to select the information the chatbot should receive
and to formulate questions and tasks (so-called prompts) to
obtain the most relevant information or to initiate a helpful
dialogue. Anyone who has used a chatbot has learned that
its responses are only as accurate as the questions direct-
ed at it. A lack of self-awareness (so essential in the context
of psychotherapeutic advice) can significantly limit the ef-
fectiveness of these dialogues. A subjective focus on purely
emotional/mental problems can increase the risk of missing
the somatic etiology of disorders [14].

Prescription for an app

I am confident that eventually we will find a permanent
use for Al in psychotherapy. Mobile apps that introduce us-
ers to the practice of meditation, support them during anxi-
ety attacks and offer stress reduction assistance are already
available for Android and iOS devices. They are intended to
help cope with a storm of thoughts, substance cravings or
the urge to self-harm. Memory training apps help patients
with dementia or stroke to practice speech and memory.
In some countries (such as Germany since 2019), selected
apps require a prescription. This guarantees partial or full
coverage of the purchase and subscription costs. Many of
these apps are based on, or directly adapt, proven thera-
peutic programs from individual or group therapy, focusing
on changing previously identified pathological behaviors.
However, for the purposes of adapting them to a mobile
app format, these programs are often significantly reduced
and generalized. Initial analyses, prepared at the request
of the German Association of Statutory Health Insurance
Funds (Spitzenverband Bund der Krankenkassen) point out
the disappointing quality of research on the effectiveness of
these apps. This was met with considerable disappointment,
primarily due to the high costs and the hopes for rapid pa-
tient assistance while simultaneously relieving the burden
on the public healthcare system [15]. Over the last 4 years,
patients in Germany have used somatic and mental health
apps 861 000 times, worth €234 million. Mental health apps
account for 44% of the catalog and generated 30% of activa-
tions [16]. However, the transfer of advice/therapeutic inter-
ventions from apps to patients does not seem convincing to
the analysts, thus emphasizing the role of regulatory agen-
cies, objective data analysis and independent oversight of
the quality of these digital healthcare solutions.

Chatbot for conscious user

While most apps still lag behind in terms of expectations
and capabilities, | believe they have great potential. Apps
typically focus on Axis | diagnoses (DSM classification), a de-
fined task and are instructional in nature. Chatbots, on the
other hand, have a more challenging task. Anyone who has
worked with patients with personality disorders or comor-
bidities understands the complexity of such treatment. What
many apps haven’t been able to include is working on the
(biographical) roots of many dysfunctional behaviors or even
working on these behaviors in the context of current events
and relationships. Due to the high diversity, this work re-
quires a much more individualized approach, greater flexibil-
ity, and more directive behavior on the part of the therapist.
Currently, chatbots cannot cope with this, and their effective-
ness depends too much on the user’s high self-awareness,
which, in many therapeutic processes, is a goal in itself. And
therein lies the problem. Today, the risk that a patient seek-
ing support from a chatbot will wander in the fog of their
own unconsciousness is still high and the promise of quick
help can lead to isolation, alienation, and the confirmation of
dysfunctional beliefs about one’s own inadequacy. However,
with high self-awareness and a functional focus on the user’s
conversation, Al can now enrich advice with information that
a psychotherapist typically lacks, e.g. work organization psy-
chology, coaching, exercise therapy.

Final thoughts

Al offers an opportunity for faster, easier, and more af-
fordable access to psychotherapeutic advice for (at this
moment) a narrow group of patients with a narrow set of
problems. The involvement of academic and training centers
is essential for effectively monitoring Al development, and
technology companies should be aware of the limitations
of their products. The long-awaited and much-needed legal
protection of the title of “Psychotherapist” in some countries
(e.g. Poland) should also send a strong signal in this direc-
tion. Furthermore, we must consider whether the promotion
of Al advice in the context of psychotherapy should be driven
by materialistic values, e.g. fast, cheap, easy and anonymous
access. Technological progress and the associated possibil-
ities are one thing, but what tasks in the therapeutic pro-
cess do we want to delegate to Al? What is the benefit, the
developmental value in this? In the era of digital loneliness,
with its emphasis on efficiency and effectiveness, is talking
to a machine the right path to a healthy and fully satisfied
life among other people? To what extent does the “human
element” emphasize the relational and interactive nature
of therapy, and act as a reflection and support in the sense
of feedback? To what extent does the presence of a living,
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breathing Gegeniiber* determine that during Conflict of interest

versation there is a spiritual and emotional encounter, a con-
tact thanks to which the conversation becomes a source of None to report.
transformation and the spoken words actually heal?
During the first conversation, | always ask all my patients
if they drink alcohol, take drugs, self-harm or use food to _
regulate their mood. While writing this editorial, | decided
to add one more question: “Do you seek personal advice None.

from a chatbot?” Because it is true: a drowning person does
clutch at straws...
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Measurement of agouti-related peptide
and myeloperoxidase levels

and assessment of their potential role
in the metabolic pathways of obese
individuals with type 2 diabetes
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Abstract

Background: Agouti-related peptide (AgRP) and myeloperoxidase (MPO) are key markers associated with meta-
bolic and inflammatory dysfunctions linked to type 2 diabetes (T2DM) and obesity through appetite-regulating
mechanisms and immune activity. Material and methods: Total of 150 participants (30-55 years old) were sepa-
rated into 3 groups: control group, the obesity group, and the T2DM with obesity group. Fasting blood samples
were collected. Biochemical tests (e.g. fasting glycemia and lipid profile), were determined using colorimetric
methods, while insulin, AgRP, and MPO were measured using ELISA. Statistical analyses (e.g. one-way ANOVA,
multiple linear regression, ROC analysis) were conducted. Results: AgRP was significantly higher in the obesi-
ty and T2DM with obesity groups. Conversely, MPO levels significantly decreased in these groups (p < 0.0001)
compared to the control group. The ROC curve showed good discriminatory performance between patient and
control groups. Conclusions: Increased AgRP levels might reflect alterations of appetite and energy balance, whi-
le decreased MPO levels may indicate a complex inflammatory response that could involve enzyme retention in
certain tissues. This study confirmed the importance of AgRP and MPO as potential supplementary indicators of
metabolic disorders. There is a need for more studies to elucidate the mechanisms underlying the decrease in
MPO in these patients.
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Introduction

Obesity was originally characterized by excessive adi-
pose tissue accumulation. The understanding of obesity has
evolved into a complex illness with significant effects on phys-
iological and metabolic processes, and it is no longer consid-
ered strictly a result of lifestyle decisions [1-2]. In type 2 di-
abetes mellitus (T2DM), the body becomes insulin resistant
(IR), which forces the pancreatic beta cells to secrete higher
amounts of insulin to produce a glucose-lowering effect. Over
time, the pancr eatic beta cells might become unable to pro-
duce enough insulin to compensate for IR, which leads to rel-
ative insulin deficiency and elevated blood glucose levels [3].
In obese individuals, IR is more common due to shared patho-
physiological pathways between obesity and T2DM. Further-
more, changes in adipose tissue biology that link obesity to IR
and impaired beta-cell function lead to increased incidence of
T2DM, in line with increasing abdominal fat distribution and
body mass index (BMI) [4-5]. Despite its common use as a cri-
terion for classifying obesity, the BMI does not accurately re-
flect the distribution of body fat or the metabolic dysfunction
associated with obesity. That is why the European Association
for the Study of Obesity (EASO) has indicated that functional
impairment associated with fat should be the basis for defin-
ing obesity [6].

Agouti-related peptide (AgRP) is a type of neuropeptide
produced by the AgRP/NPY neurons (neuropeptide Y) in the
ventral part of the arcuate nucleus of the hypothalamus
[7-8]. In humans its transcription is composed of 132 amino
acids [9]. AgRP acts as an internal competitor to the MC3R
and MC4R of melanocortin receptors and is essential for the
control of energy balance [10]. If AgRP/NPY neurons’ activity
increases, then food consumption will increase and less en-
ergy will be expended, leading to weight gain. These neurons
are a component of a complex neural network that reacts to
several energy-related cues, including hormones that signal
hunger (ghrelin) or fullness (insulin and leptin). AgRP/NPY
neurons are activated during periods of low energy (e.g. fast-
ing), which increases hunger and encourages eating-seeking
conduct [11-12]. AgRP neuronal activity modulates feeding
and glucose homeostasis, with disrupted insulin signaling
contributing to insulin resistance and the etiology of T2DM
[13-14].

Myeloperoxidase (MPO, EC 1.11.2.2), is a type of heme
peroxidase, generally found in the neutrophils and, with
less content, in monocytes. MPO has extensive bactericidal
activity by catalyzing the Cl reaction with H202 to produce
the potent oxidant hypochlorous acid (HOCI). But excessive
MPO-derived oxidant generation has harmful effects, par-
ticularly in conditions where inflammation is either acute or
chronic [15]. Over the past years, there has been a significant
shift away from the prevalent and oversimplified understand-

ing of MPO as a cytotoxic agent. It is now clear that MPO has
functions that extend beyond its antibacterial properties and
contribute to the host sustaining tissue damage. MPO has
been shown to directly influence the function of inflamma-
tory cells in addition to neutrophils, endothelium, dendritic
cells, macrophages, and epithelial cells, as well as to influence
immunity [16-17]. Obesity associated with diabetes increases
oxidative stress, which leads to increased MPO activity and
exacerbates inflammation, lipid abnormalities, vascular dam-
age, and insulin resistance compared to obese non-diabetic
individuals [18]. The relationship between AgRP and MPO
and T2DM linked to insulin resistance and obesity remains
unclear despite a growing number of studies on the subject.
The purpose of this study was to investigate the role of AgRP
and MPO in metabolic disorders and oxidative stress in peo-
ple who are obese with T2DM and without.

Materials and methods

Study design

This research was conducted from January to March 2026
at the Al-Yarmouk Teaching Hospital (Baghdad, Iraq) in collab-
oration with the College of Science for Women at the Univer-
sity of Baghdad. A total of 150 adults, aged 30-55 years, were
enrolled and equally divided into 3 groups according to their
clinical status. Group 1 (control group) consisted of 50 individ-
uals with no history of DM, obesity, or other chronic diseases
(BMI < 25 kg/m?). Group 2 (obesity only) included 50 people
diagnosed with obesity only but without medical history of
DM or chronic disease (BMI > 30 kg/m?). Group 3 (DM with
obesity) included 50 individuals diagnosed with both obesity
and T2DM (BMI > 30 kg/m?). The sample size was determined
based on previous studies that investigated the biochemistry
that links obesity and T2DM. Exclusion criteria included preg-
nancy, cardiovascular diseases, thyroid diseases, renal dis-
ease, autoimmune disorders, malignancies, insulin injections
and use of medications that are known to impair neutrophil
activity. The participants provided informed consent and met
the diagnostic criteria for obesity and diabetes as applicable.
This study was approved by the local Scientific Research Ethics
Committee (Approval No. CSW-REC 1018).

Anthropometric measurements

All participants completed a questionnaire and recorded
a set of characteristics such as gender, age, and medical histo-
ry. Weight, height, and waist circumference were also meas-
ured in the normal standing position. BMI was computed
by dividing weight in kilograms by squared height in meters



(kg/m?). The waist-to-hip ratio (WHR) was computed by divid-
ing the waist circumference in cm by the hip circumference in
c¢m. The waist-to-height ratio (WHtR) was calculated dividing
the waist in cm by the height in cm.

Laboratory measurements

Venous blood fasting samples were collected after 8-12
hours of fasting. Biochemical analyses included fasting blood
glucose and lipid profile (LDL, HDL, triglycerides, and total
cholesterol). Fasting serum insulin, AgRP) and MPO were
measured using a human ELISA kit (ELK Biotechnology, Sugar
Land, TX, USA) according to the instructions from the man-
ufacturer. The assay sensitivity for AgRP is 3.1 pg/mL, and
the detection range is 7.82-500 pg/mL. For MPO, the as-
say sensitivity was 0.65 ng/mL, and the detection range is
2.34-150 ng/mL; the absorbance was measured using a Hu-
maReader HS microplate reader (HUMAN Gesellschaft fiir
Biochemica und Diagnostica mbH, Wiesbaden, Germany). In-
sulin resistance was computed using the Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) model, which is
[Insulin (LU/mL) x Glucose (mg/dL)]/405 [19].

Statistical analysis

The Social Sciences Statistical Package (v. 26, SPSS Inc.,
Chicago, USA) and JASP (v. 0.19.1, JASP Team) were used
for the statistical analysis [20]. The data is presented as
mean + SD. Analyses included one-way ANOVA to compare
groups, Pearson’s correlation analysis, multiple linear regres-
sion (including VIF for multicollinearity) and ROC curve analy-
sis. A p-value < 0.05 was deemed significant statistically.

The duration of diabetes in the DM with obesity group
ranged from < 3 years to 10 years. The mean + SD values for
BMI, WHR, and WHtR in the obesity group and the DM with
obesity group were significantly higher compared with the
control group (Table 1). Both fasting glycemia and HOMA-IR
showed a higher value in the DM with obesity group relative
to the control group. All lipid profile indices were elevated in
the obesity and DM with obesity groups, except for HDL-C
which decreased in both these groups compared to the con-
trol group. VLDL-C levels were noticeably higher in the DM
with obesity group compared with the other groups.

The AgRP levels in the obesity group and the DM with
obesity group were significantly elevated (mean value + SD:
227.91 + 66.46 pg/mL and 204.02 + 51.15 pg/mL, respec-
tively) compared to the control group. In contrast, MPO was
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decreased in the patient groups compared with the control
group (mean value + SD: 118.76 + 16.55 ng/mL).

The correlation analysis showed a positive correla-
tion between WHtR and AgRP (r = 0.438, p < 0.001), while
MPO showed a negative correlation with WHtR (r = -0.628,
p < 0.001) (Table 2). Additionally, AgRP and MPO showed
a moderate negative correlation with each other (r = -0.345,
p <0.001).

Multiple linear regression analysis revealed that AgRP
was positively associated with BMI (B = 0.514, p < 0.001)
and shows no significant correlation with age or fasting gly-
cemia, while MPO was negatively correlated with both BMI
(B = -0.511, p < 0.001) and fasting glycemia (B = -0.311,
p <0.001) (Table 3).

The box plot analysis showed that AgRP levels were high-
er in both the obesity and DM with obesity groups. In contrast,
MPO levels were lower in these groups compared to the con-
trol group, as shown in Figure 1.

Table 4 shows the results of the ROC analysis between
the control and obesity groups. The area under the AUC of
the ROC curve for AgRP and MPO proved to be indicating
good discriminatory performance, having values of 0.915 and
0.975, respectively, as shown in Figure 2.

Table 5 presents the ROC analysis, which showed a good
discriminatory performance for AgRP and MPO between the
control and the DM with obesity groups, with AUC values of
0.857 and 0.976, respectively, as shown in Figure 3.

BMI is used to assess obesity, but it doesn’t account for
fat distribution differences [21]. Recent frameworks by the
Lancet Commission and EASO have highlighted the limita-
tions of BMI in diagnosing obesity, however it remains the
routinely used criterion for obesity classification in Iraq ac-
cording to the WHO classification [6, 22-23]. Therefore, BMI
was used as the primary criterion for obesity classification
among the participants in the present study [23]. As excess
weight advances, many individuals develop a characteristic
pattern of fat accumulation in the abdominal region, leading
to a larger waist circumference and a higher WHR and WHtR.
A high WHR is a predictive risk factor that plays a role in sev-
eral diseases, e.g. T2DM and heart disease [24]. In addition,
WHtR may provide additional information for the assess-
ment and classification of obesity [25]. Obesity particularly
central obesity, is a metabolic disorder that impairs insulin re-
sponsiveness and causes persistent low-grade inflammation.
Elevated levels of inflammatory cytokines trigger multiple in-
tracellular signaling pathways, promoting lipid accumulation
within adipocytes and, thereby, playing an important part in
the progress of IR and T2DM [26-27].
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Table 1. Mean * SD of anthropometric data, biochemical parameters, and main metabolic parameters among three groups

Parameters

Control group

(n = 50)

Obesity group
(n = 50)

DM with
obesity group
(n = 50)

Anthropometric data

Age (year) 42.32 + 7.58 42.36 + 8.05 44.58 + 7.06 0.234

BMI (kg/m?2) 23.25 + 1.49 37.45 + 4.69 37.27 £5.30 | <0.0001**

WHR 0.84 + 0.06 1.06 = 0.03 1.15 £ 0.03 < 0.0001**

WHtR 0.48 £ 0.036 0.66 + 0.065 0.65 + 0.063 < 0.0001%**
Glycemic profile

Fasting

glycemia 92.54 + 13.18 111.40 = 8.63 248.54 £ 33.14 | < 0.0001**

(mg/dL)

{:;;_’,'}';L) 9.18 + 1.26 14.82 +4.34 | 13.84+2.15 | <0.0001%

HOMA-IR 2.04 £ 0.40 4.06 £ 1.35 8.45 + 1.68 < 0.0001%**
Lipid pofile

f;‘;'fjlt_‘;m' 168.26 + 5.46 | 203.33 + 30.35 | 206.05 % 22.97 | < 0.0001**

{gg'}’:f)”de 175.38 + 18.52 | 178.64 + 12.54 | 244.55 % 24.05 < 0.0001%*
HDL-C (mg/dL) 59.40 + 6.81 31.98 + 7.21 42.82 + 8.31 < 0.0001%**
LDL-C (mg/dL) 74.50 £ 10.17 135.66 = 33.10 | 114.35 £+ 26.37 | < 0.0001**
VLDL-C (mg/dL) 35.03 £ 3.71 35.68 + 2.51 48.87 + 4.81 < 0.0001%**
Biochemical markers
AgRP (pg/mL) 135.60 + 36.50 | 227.91 £ 66.46 | 204.02 + 51.15 | < 0.0001**
MPO (ng/mL) 118.76 £ 16.55 | 61.13 £ 19.84 49.45 £+ 25.98 < 0.0001%**

** ANOVA test significant difference between means at level p < 0.01

Table 2. Correlation analysis between WHtR with AgRP and MPO levels

VEL DS WHtR AgRP MPO

WHtR

AgRP b < 0.001

MPO b < 0001 b < 0,001

At p < 0.001, it is considered statistically significant.




Measurement of agouti-related peptide and... 15

Table 3. Multiple linear regression analysis of AgRP and MPO levels

Dependent | predictors | Unstandardized(B) | Standardized(p) | t-value p-value
AgRP BMI 4.283 0.514 6.317 < 0.001 1.291
Age -0.894 -0.104 -1.435 0.153 1.020
FBS -0.031 -0.035 -0.426 0.671 1.307
MPO BMI -2.402 -0.511 -7.850 < 0.001 1.291
Age -0.280 -0.057 -0.994 0.322 1.020
FBS -0.158 -0.311 -4,748 < 0.001 1.307
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Figure 1. Box plot showing the distribution of serum AgRP and MPO levels among the 3 study groups. The horizontal line represents
the median, the box represents the interquartile range, and the circles represent the individual observations.

Table 4. AUC value of the AgRP and MPO between control and obesity groups

Parameters AUC Std. error2 | Asymptotic Sig.? | Asymptotic 95% CI Cut-off value
Lower Upper
bound bound
AgRP (pg/mL) | 0.915 0.03 0.000 0.857 0.973 < 160.3 pg/mL
MPO (ng/mL) | 0.975 0.016 0.000 0.943 1.000 >99.8 ng/mL

Table 5. AUC value of the AgRP and MPO between control and DM with obesity groups

Parameters AUC Std. error? | Asymptotic Sig.? | Asymptotic 95% CI Cut-off value
Lower Upper
bound bound

AgRP (pg/mL) | 0.857 0.038 0.000 0.782 0.932 < 140 pg/mL

MPO (ng/mL) | 0.976 0.014 0.000 0.949 1.000 >99 ng/m
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Figure 2. ROC curve analysis of AgRP and MPO between control and obesity groups
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Figure 3. ROC curve analysis of AgRP and MPO between control and DM with obesity groups

Our regression model verified the independent impact of
obesity on circulating AgRP, implying that these changes are
mostly caused by obesity, independent of age or blood sugar
levels. Similarly to Su et al., AgRP is an efficient peptide that
enhances appetite; the hormone ghrelin activates its effect
on appetite; therefore, increased food intake is associated
with increased AgRP expression [28]. AgRP neurons release
neurotransmitters, such as NPY, to increase hunger, while
the pro-opiomelanocortin (POMC) fibers release a-MSH to
reduce hunger and increase satiety. The competitive interac-
tion between these neurotransmitters influences the degree
of satiety felt after a meal [29]. During fasting in the arcuate
nucleus, decreased leptin plays a role in increasing food con-
sumption and reducing energy spending through POMC inhi-
bition and AgRP/NPY cell activation [30]. Overeating and poor
glucose regulation are promoted by obesity’s central oxida-
tive stress in the hypothalamus, where increased reactive ox-
ygen species interfere with the function of energy-regulating
neural circuits, including AgRP cells [31]. A study conducted

by Zhang et al. indicated that AgRP is intimately linked to oxi-
dative stress and metabolic degradation. Increased oxidative
load inside AgRP cells themselves, resulting from disturbed
mineral balance and metabolism, exacerbates obesity, insulin
resistance, and impaired glucose balance [32]. The neural cir-
cuits responsible for regulating appetite and energy may be
disrupted as a result of hypothalamic dysfunction caused by
oxidative imbalance and metabolic stress. Furthermore, circu-
lating AgRP levels may not accurately reflect central hypotha-
lamic activity, therefore the peripheral measurements should
be interpreted with caution.

Although inconsistent with several previous studies, the
low levels of MPO in our study among participants with T”2DM
and obesity, may be explained by multiple mechanisms. Laba-
to et al. indicated that neutrophil secretion may be impaired
or affected by chronic metabolic dysregulation in obese indi-
viduals with T2DM, leading to a disruption in the granule re-
lease process and consequently reducing the release of MPO
into the bloodstream [33]. Similarly, evidence suggests that



circulating MPO levels in chronic inflammation are subject to
a complex regulatory mechanism. This complexity indicates
that MPO levels may not always follow a linear pattern be-
cause their release into the circulation may not strictly corre-
spond to their total protein content or enzymatic activity, or
their functions may be actively suppressed [34]. In addition,
MPO is considered a bridge link between oxidative stress,
inflammation and systemic diseases. Studies have reported
changes in oxidative stress in patients with T2DM, which may
contribute to metabolic dysfunction or disorder [35-36]. Due
to MPO'’s high reactivity with various substrates such as lipids
and proteins, the enzyme may be consumed in multiple path-
ways in metabolic states characterized by high oxidative bur-
den, such as obesity and T2DM [15, 37]. Therefore, decreased
circulation of MPO should be interpreted cautiously and does
not imply the absence of inflammatory activity. Furthermore,
intracellular enzyme activity and tissue retention in chronic
metabolic conditions require more studies.

The ROC analysis in our study for both AgRP and MPO
showed a good AUC value. This may indicate that AgRP and
MPO are sensitive to early metabolic and oxidative altera-
tions, which could support their potential use as early bio-
markers of metabolic dysregulation. However, further valida-
tion studies are still needed to define their precise role.

Study limitations

Despite the importance of its findings, this study has
many limitations. Firstly, serum MPO measurements do not
necessarily represent its real functional activity within tissues.
Additionally, the cross-sectional design of the study may not
demonstrate a causal relationship between AgRP and MPO.
We measured only peripheral AgRP, which may not fully re-
flect central neuroendocrine signaling pathways. Another
limitation is the exclusion of the BMI 25-30 kg/m? group. In
individuals with a BMI between 25 and 30 kg/m?, there may
be increased cardiometabolic risk and metabolic dysfunction
associated with obesity [38]. Our sample size and the fact that
the participants were recruited within a single geographical
area may restrict the generalizability of our results. In addi-
tion, lifestyle factors, dietary habits, physical activity, smok-
ing status, ethnic differences, and the use of oral antidiabetic
medications were also not fully evaluated among our study
participants, which may have affected some anthropometric
indicators and circulating biomarker levels. Furthermore, the
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lack of HbAlc measurements may restrict the thorough eval-
uation of long-term glucose control.

AgRP and MPO are associated with metabolic disorders
observed in both T2DM and obesity. An increase in AgRP
levels may reflect a potential disruption in the neural con-
trol of appetite and energy balance, which may contribute to
overeating and impaired glucose regulation. In contrast, the
observed decrease in MPO may suggest a complex inflam-
matory response possibly related to enzyme consumption in
tissues as a result of chronic oxidative stress. Further studies
are needed to test this hypothesis. Although there is no di-
rect link between AgRP and MPO, these biomarkers may be
indirectly connected through pathways associated with insu-
lin resistance and the onset of T2DM due to the metabolic
dysfunction in obesity. This supports their potential role as
complementary markers of metabolic disorders rather than
as stand-alone diagnostic tools. Long-term and longitudinal
research is required to confirm these biomarkers’ clinical rel-
evance and usefulness.
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Abstract

Background: Mobile ECG devices are increasingly used in telecardiology, but the diagnostic utility of the Istel HR
2000 ECG recorder has not been fully established beyond AF detection. This study evaluated the accuracy and
comparability of Istel recordings versus standard limb 6-lead ECG, with particular emphasis on the QRS vector in
aVR lead. Material and methods: We compared standard ECGs of 59 adults with their Istel ECGs (recorded in up
to 3 positions). The aVR vector was calculated by adding R and S/Q wave amplitudes. The correlations between
aVR vectors were evaluated. Istel recordings with an aVR vector < -1 mm in all positions were included for further
comparative analysis of ECGs parameters. Results: The mean difference in aVR vector between standard and
Istel ECGs was similar across all device positions. Based on the aVR criteria, 37 patients (62.7%) were eligible
for further analysis. Istel recordings more frequently showed right axis deviation and T-wave abnormalities than
standard ECG. Device position influenced ECG interpretation, with position 3 showing the highest concordance.
Conclusions: Istel HR 2000 provides reproducible ECG recordings but cannot replace the standard limb ECG. De-
vice position and altered lead geometry affect ECG interpretation. The aVR vector may help assess recording
validity, although further studies are required.
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Introduction

Nowadays, the use of telemonitoring in medicine is in-
creasingly widespread, particularly in cardiology. Electrocar-
diographic telemonitoring (TM-ECG) using external recording
devices is a fundamental tool of cardiological telediagnostics.
This method is based on the remote acquisition and trans-
mission of electrocardiographic (ECG) recordings. TM-ECG
enables the detection, documentation, and evaluation of ab-
normalities in cardiac electrical activity during patients’ every-
day activities, thereby increasing the likelihood of establishing
an accurate diagnosis. Although it is not the most efficient,
the most commonly used device for the initial screening of
arrhythmias is the Holter ECG monitor [1]. Its most important
limitation is the fact that it does not provide real-time ECG,

thus delaying the diagnosis [2]. Recent advances in long-term
ambulatory ECG recording can be a solution. We can distin-
guish devices that are handheld (e.g. KardiaMobile, KM) or
attached to the chest, wearable (e.g. Holter recorders, smart-
watches or the Cardiovest system) as well as implantable
loop recorders and mobile recorders (based on ECG or photo-
plethysmography) [3-5].

To emphasize the importance and usefulness of the topic,
the authors of an European Heart Rhythm Association doc-
ument indicated that both photoplethysmography and ECG-
-based mobile health devices can be used as screening tools
for atrial fibrillation (AF) and also can be used to diagnose
arrhythmias [6]. The example of a mobile electrocardiogram
(ECG) recorder is the Istel 2000, produced in Poland (IS). Its
purpose is to assess the heart rate and to detect AF (Figure 1).
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Figure 1. Example of an ECG tracing recorded by the Istel HR 2000 device
Sredni puls — average pulse; puls: wolny — pulse: slow; Migotanie przedsionkéw: nie wykryto — atrial fibrillation: not detected;
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It contains 4 integrated electrodes, which provide a wireless
6-lead (I, I, 11, aVL, aVR, aVF) ECG recording. The IS device is
easy to use (ECG is obtained by placing the IS in the middle of
a bare chest and holding it for 30 seconds) and can be per-
formed by patients outside medical facilities. The ECG record-
ings can be uploaded from the IS to a dedicated smartphone
app (Android or iOS).

The aim of this study was to estimate the diagnostic ac-
curacy of the IS ECG recordings based on the device’s place-
ment on the chest and aVR lead deflection. By comparing the
IS ECG recordings to standard 6-lead limb lead ECGs (SE), we
intended to observe whether IS allows a reliable assessment
of ECG parameters, (beyond the presence of AF and heart rate
changes) and can be used to support therapeutic decisions.
As a point of reference we choose the aVR lead deflection.

Materials and methods

The study population included a total of 59 adult patients
(16 women and 43 men) and their median age was 38 (21-
-75) years. The median age for women was 40.5 (21-65) years
and for men was 36 (21-75) years. All the participants were
patients of a cardiology outpatient clinic and were in the diag-
nostic process of heart palpitations. At the time of the study,
the participants were not diagnosed with any specific cardio-
vascular diseases. Between 20" March 2021 and 2" October
2022 during their scheduled appointments at the clinic, we
used an Aspel AsCARD Grey v.07.205 ECG device (Aspel SA,
Zabierzéw, Poland) to obtain SE from each participant.
During the same visit, we recorded an ECG using the Istel HR
2000 (Diagnosis S.A., Biatystok, Poland) from each participant.

On the 30 mm long superior part of the IS device there
was a designated measuring area. In that area we distin-
guished 3 sectors serving as the indicators of the IS position
on the patient’s chest (Figu-
re 2). The initial positioning
of the device was achieved
by placing the palmar surface
of the patient’s right hand
on the chest and setting the
patient’s thumb in the jug-
ular notch of the sternum
(position 1) (Figure 3). The IS
was then located in the mid-
dle of the chest by putting
its superior margin parallel
to the edge of the 5% finger.
To obtain further positions

Figure 2. Istel HR 2000 we shifted the device 10 mm

placement indicators superiorly (position 2) and

then another 10 mm superi-

orly (position 3). In each of the 3 positions the IS device was
aligned with the horizontal nipple line (Figure 4).

All ECGs were obtained at rest under standardized condi-
tions. Patients were placed in supine position on the exam-
ination bed. During IS assessment, we focused primarily on
the evaluation of the aVR lead QRS complex deflection as a
method for selecting patients with ECG-recordings that were
most comparable to SE. In each IS recording we calculated the
net vector of the QRS complex by adding the amplitudes of
the R wave with S and/or Q wave. IS ECGs with aVR vector
< -0.1mV in each device position were included in further
analysis of ECG parameters. The ECGs which did not meet the
criteria were out of analysis in order to eliminate the possi-
bility of human mistake and achieve more reliable results. All
IS ECGs were assessed in terms of the changes of aVR vec-
tor depending on measurement position. The IS ECGs meet-
ing the above criteria were analyzed in accordance with the
Polish ECG guidelines and focused on the presence of sinus
rhythm (SR), electrical heart axis, changes in ST-segments and
T waves [7].

Standard ECG (SE)

A total of 59 SE were obtained and all were good quality
(clear isoelectric line, no artifacts, well-defined waves). Sinus
rhythm was present in all of the SEs obtained from the parti-
cipants. Intermediate axis was seen in 54 out of 59 partici-
pants (91.53%), 3 had left axis deviation (5.08%) and 2 had
right axis deviation (3.39%). In 37.29% of the ECGs there were
T wave alterations such as: negative T wave in lll lead (n = 18);
negative T wave in aVL lead (n = 2) and negative-positive T
wave in Ill lead (n = 2). None of the patients had significant
ST segment changes. Among the 59 participants with SEs,
98.31% of them (n = 58) had a negative aVR vector (ranging
from -0.15 mV to -1.05 mV). The patient with a positive aVR
vector (+0,3 mV) had left axis deviation. No arrhythmias were
found in the SE tracings.

Istel ECG (IS)

Overall, we recorded a total of 135 IS tracings in 59 pa-
tients. There were 18 participants with IS recordings made
in 3 positions. 40 participants had IS recorded in 2 positions
(21 in positions 1 & 3, 19 in positions 1 & 2) and 1 participant
in only 1 position. There were 38 patients with negative aVR
vectors in each IS position. Among them there was 1 person
with an aVR vector > -0,1mV in at least one position. Based
on the aVR lead vector and the criteria mentioned in the



“Material and methods” section, among all 59 participants
37 people were included in further analysis (62.71%). In these
37 patients we assessed their IS recordings (n = 87) and com-
pared them to SE. 22 people were not included into further
analysis. There was no arrhythmia found in any IS ECGs.

AVR vector

Taking the IS recordings into assessment, in 15 participants
we observed a smaller (more negative) aVR vector in position
1 than in position 2. The difference in deflection ranged from

Figure 3. Initial position of the device
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0.5 mm to 3 mm. 22 participants had an aVR vector either
greater or equal in position 1 than in position 2 (9 had greater,
13 equal). 39 participants had IS recorded in positions num-
ber 1 & 3. In 11 participants we noted an aVR vector smaller
in position 1 rather than in position 3. 28 participants had an
aVR vector greater or equal in position 1 than in position 3
(14 equal, 14 greater). There were 18 measurements made
between aVR vector on IS ECG in position 2 and in position 3.
27.78% (n = 5) of these patients had aVR deflection smaller in
position 2. The remaining 13 measurements had aVR vector
equal in both positions in 61.11% (11 out of 18) cases and
greater in position 2 in 11.11% (2 out of 18).

Correlations between the aVR vectors in different IS posi-
tions are shown in Figure 5. The black line depicts the situa-
tion where vectors in both positions are equal. For example:
in the graph showing vectors in position 1 and 2, points under
the line show results where the aVR vector in position 1 is
greater than in position 2, and points over the line depict re-
sults where the aVR vector is smaller in position 1 than in posi-
tion 2. It was also observed that the mean difference between
the aVR vector in the IS ECGs compared to the aVR vector on
the SE was similar across IS positions 1, 2 and 3: 0.351 mV,
0.326 mV, and 0.344 mV respectively.

Heart axis

Taking position number 1 into assessment, there were
37 measurements. Nearly half of the group (48.65%, n = 18)
had right axis deviation. The intermediate axis was noted as
well at 48.65% (n = 18). Left axis deviation was observed in
only 1 patient. In the IS position number 2, there were 25 re-
cordings taken into account. The intermediate heart axis was
present in 40% (n = 10) of records. In 60% (n = 15) of par-
ticipants there was noted right axis deviation. 25 IS record-
ed in the 3" IS position were taken into account. There were
64% (n = 16) of people with intermediate heart axis and 36%
(n =9) with right axis deviation.

Figure 4. Istel HR 2000 in 3 positions on patient’s chest; from right: position 1, position 2, position 3
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Heart rhythm

In position 1 SR was not found in 10.81% (n = 4) of record-
ed IS. This results in 89.19% (n = 33) of patients with detected
SR. In position 2 the criteria for SR were fulfilled in IS tracings
of 80% (n = 20) of patients. In 88% (n = 22) of patients SR was
detectable in position 3.

AR vochor 2

ST-T changes

In all IS positions, there were no significant ST segment
changes observed.

In position 1, T wave changes were observed in 89.19%
(n = 33). There were such changes as negative T wave in lead
Il (n = 15), negative T wave in lead aVF and Ill (n = 15) and

Az 4 4 0 2 other nonspecific changes in 3 patients.
AV vector 1

In 2" position, T wave changes were observed in 96%

(n = 24) of participants. There was noted negative T wave in
lead Ill and aVF (n = 14), negative T in lead Ill (n = 8), neg-
ative-positive T wave in lead Ill and aVF (n = 1) and nega-
tive-positive T wave in aVF lead with negative Tin lll (n = 1).

Finally, in 3™ position, T wave abnormalities were found
in 100% patients. Negative T wave in lead Il was observed in
32% (n = 8); negative T wave in leads Ill and aVF leads in 48%
(n =12); other changes were observed in 5 records.

The data are summarized in Table 1.

There are a few articles particularly taking up the topic

avR vector 3

of clinical use of the IS. Usually, the publications take into ac-

count the problem of AF and describe a variety of diagnostic
AMR vecior 1 devices and solutions. Bonini et al. focused on the types of
mobile health solutions [8]. The authors described the role of
photoplethysmography-based devices and ECG-based devic-
es (KM, smartwatches) in detecting paroxysmal arrhythmias,
although the IS device was not mentioned [8]. Ksigzczyk et
al. covered the topic of smartphone and smartwatch apps in
arrhythmia detection [9]. Although they briefly described the

IS device and its “device-dependent” app, no further analysis

tor 3

of IS ECG was conducted [9]. Krzowski et al. compared SE, IS

ANR v

and the KM device [10]. They observed that normal heart axis
was less common in ECG tracings obtained from IS (18%) than
from KM (61%) or SE (69%) [10]. Our data confirmed that IS
recordings included an intermediate heart axis less often than
limb ECG.

In our analysis, the aVR lead proved to be a useful param-
eter. Physiologically, the QRS complexes in the aVR are pre-

R & - 4 1 dominantly negative, as the mean cardiac electrical vector is

AWR vector 2 oriented away from the right arm electrode. Positive or atyp-

. . o . ical deflections in aVR may indicate an underlying pathology,
Figure 5. Comparison of aVR vectors in different Istel positions
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Table 1. Comparison of ECG parameters among 6-lead limb ECGs and chosen Istel HR 2000 recordings in 3 positions

Analised variables | Limb ECG

No. of records 59 37 25 25
Sinus rhythm 100% 89.19% 80.00% 88.00%
Intermediate axis 91.53% 48.65% 40.00% 64.00%
Right axis 3.39% 48.65% 60.00% 36.00%
Left axis 5.08% 2.70% 0.00% 0.00%
T wave changes 37.29% 89.19% 96.00% 100%

e.g. right atrial enlargement, right ventricular hypertrophy
or extensive myocardial ischemia [11-12]. Nearly all of our
participants had a negative aVR vector on SE. After applying
our aVR-based criteria (see “Material and methods”) to IS
recordings, approximately two-thirds of participants (n = 37)
were eligible for further analysis of IS ECG parameters. This
highlights aVR lead’s potential role as a screening tool for the
validity of single-device ECG recordings.

Compared to ES, right axis deviation was observed more
frequently in IS recordings, particularly in positions 1 and 2.
These findings likely reflect the altered lead geometry inher-
ent to the IS device rather than true pathological axis devia-
tion. In SE the electrodes are located on the limbs and cre-
ate the Einthoven triangle with the heart in the middle of it.
IS lacks this classic orientation, as the IS device electrodes
are much closer to each other and the heart (source of the
electrical signal) is not located at the geometric center of the
measurement system. The lead axes and angles are altered
and the distribution of the heart’s electrical potentials chang-
es. Position 3 yielded a higher proportion of intermediate axis
recordings, suggesting that this placement may more closely
approximate SE lead placement and therefore provide more
physiological results.

Sinus rhythm identification was generally possible in IS re-
cordings, although in a small subset (n = 12) of these record-
ings sinus rhythm could not be confidently identified (most
notably in position 2). This limitation is likely related to the re-
duced P-wave amplitude or suboptimal lead alignment, indi-
cating that device position may limit the reliability of rhythm
analysis in single- or limited-lead EKG devices such as IS.

Repolarization abnormalities, particularly T-wave chang-
es, were markedly more frequent in IS recordings than in ES.
Negative T waves in leads Il and aVF were noted across all

device positions, with the majority in position 3. Importantly,
these T-wave changes were not accompanied by ST-segment
deviations, suggesting that they are most likely attributable
to differences in lead orientation and vector projection. This
finding highlights the need for caution when interpreting
T-wave morphology in non-standard ECG lead placement.

This study evaluated electrocardiographic parameters
obtained from standard limb ECG and IS recordings per-
formed in different device positions, with particular emphasis
on aVR vector changes. Our findings demonstrate that while
standard ECG results were largely normal across the study
population, IS recordings showed some differences that must
be considered in clinical interpretation. At this moment, it
cannot be said that IS recorder can be a substitute for stand-
ard ECG. Future studies should focus on optimizing the device
position, correlating findings in IS recordings with 6-lead ECGs
in diverse patient populations and defining position-specific
reference values to improve diagnostic accuracy.
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Nearly half of the patients are anemic:
seasonal and demographic patterns
in rural Madagascar

Daniel Kasprowicz @, Franco Cyrille Rajaomalala

Cliniqgue Médicale Beyzym, Manerinerina, Ambatoboeny District, Madagascar

Abstract

Background: Anemia is a major public health concern in Sub-Saharan Africa, but data from rural Madagascar are
scarce. This study assessed monthly anemia prevalence and demographic and seasonal patterns in northern Ma-
dagascar. Material and methods: We conducted a retrospective cross-sectional analysis of hemoglobin levels of
patients routinely tested at a secondary-level rural referral clinic in Manerinerina (Madagascar) between January
and December 2024. Hemoglobin was measured using automated methods and anemia in adults was defined as
< 12.0 g/dL. Monthly prevalence and demographic associations were examined using chi-square tests and odds
ratios (ORs). Results: Among the 1714 patients, 45.4% (n = 778) were anemic. Children < 15 years of age had
the highest prevalence (boys 79.3%, girls 74.6%) and more than six-fold higher odds of anemia than adults aged
15-49 (OR 6.24, 95% Cl 4.80-8.11). Women were more often anemic than men (48.9% vs. 40.6%; OR 1.40, 95%
Cl 1.15-1.70). Monthly prevalence peaked during the rainy season: December (60.2%) to March (24.0%). Conc-
lusions: Anemia is highly prevalent in this rural Malagasy population, particularly among children and women
of reproductive age. Pronounced seasonal variation suggests that cyclical food insecurity substantially increases
vulnerability to anemia. Strengthening routine screening and access to qualified healthcare providers should be
prioritized, particularly during the rainy season.
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Introduction

Anemia is a reduction in red blood cell number or he-
moglobin concentration that impairs oxygen transport [1].
According to the World Health Organization (WHO) 2024
guidelines, diagnostic cut-off values vary by age, sex, physio-
logical status and altitude; at sea level, anemia is defined as
hemoglobin < 11.0 g/dL in children < 5 years of age and preg-
nant women, and < 12.0 g/dL in non-pregnant women [2].
This condition remains a major public-health problem in
many low- and middle-income countries, particularly in sub-
-Saharan Africa where nutritional deficiencies, infections and
parasitic diseases are highly prevalent [3].

Due to its substantial impact on child development,
maternal health and economic productivity, anemia reduc-
tion has been designated a global health priority. The WHO
aims to decrease anemia in women of reproductive age by
50% by 2030 [4]. Meanwhile, the United Nations incorporat-
ed anemia control into its Sustainable Development Goal 2
(target 2.2), which calls for eliminating all forms of malnu-
trition by 2030 [5]. The African region continues to report
the highest anemia prevalence worldwide — 43.0% in 2000,
36.0% in 2012 and 36.5% in 2023 [3]. Despite the fact that
the recent WHO estimates indicate that anemia affects over
one-third of women aged 15-49 years in Madagascar, national
and region-specific data (particularly from the rural northern
areas) from that country remain limited [6]. Such region-spe-
cific estimates are required to identify periods of increased
vulnerability, support resource allocation and contextualize
local epidemiological patterns within national trends. There-
fore, the aim of this study was to assess monthly anemia
prevalence over a full calendar year among patients attending
a rural referral clinic in northern Madagascar and to contextu-
alize these findings within national estimates.

Material and methods

This retrospective cross-sectional study analyzed routine
clinical and laboratory data collected over a 12-month peri-
od (January—December 2024) at Clinique Médicale Beyzym
(CMB), a secondary-level referral facility located in Maneri-
nerina (Ambatoboeny District of northwestern Madagascar
16°17'02" S, 47°17'05" E). This clinic serves a predominantly
rural population within the Boeny Region, characterized by
low population density, widespread poverty, agrarian liveli-
hood, and limited access to formal healthcare and diagnostic
services.

All hemoglobin measurements recorded as part of rou-
tine clinical care during the study period were eligible for
inclusion. No additional exclusion criteria were applied. Data

were extracted from monthly medical activity reports and
laboratory registers.

Blood sampling and hemoglobin assess-
ment

Venous blood was collected into EDTA tubes using a vac-
uum-assisted blood collection system by trained nursing
personnel in accordance with internal Standard Operating
Procedures (SOP). Hemoglobin levels were measured using
a Mindray M-30 hematology (Mindray Bio-Medical Electron-
ics Co., Shenzhen, China). All laboratory procedures were per-
formed by qualified diagnostic staff, and the final validation
of results was conducted by a supervising clinical biologist re-
sponsible for quality assurance. Manual May-Griinwald blood
smears were prepared as part of routine internal quality con-
trol procedures.

Definition and classification of anemia

Although the WHO 2024 guidelines state that hemoglo-
bin thresholds for anemia vary by age, sex, and physiological
status, a simplified operational threshold (< 12.0 g/dL) was
applied in routine clinical practice at the CMB for all adult pa-
tients, regardless of sex [2]. For consistency with local diag-
nostic practice and to ensure a coherent analytical framework,
in this study we adopted the same uniform cut-off.

Statistical analysis

Monthly anemia prevalence was calculated as the pro-
portion of individuals with hemoglobin concentrations
< 12.0 g/dL. Differences across months were assessed using
the chi-square test (x?), and effect size was estimated using
Cramér’s V. Data entry and organization were performed us-
ing Apple Numbers version 6.1 (Apple Inc., Cupertino, Califor-
nia, USA). All statistical analyses were conducted using Python
version 3.11 (Python Software Fundation, Wilmington, Dela-
ware, USA) with the SciPy library (scipy.stats).

Ethical considerations

The study protocol was authorized by the Ambatoboeny
District Public Health Office and approved by the Hospital
Supervisory Committee of the CMB. Only anonymized, rou-
tinely collected clinical data were used. No names, addresses,
dates of birth, or other identifying information were extract-
ed from the patient records. Data were handled exclusively in
aggregated form, in accordance with local ethical guidelines
and international standards for the secondary use of clinical
information.



A total of 1714 patients were included in this analysis.
Hemoglobin concentrations < 12.0 g/dL were documented
in 45.4% individuals (n = 778), whereas 54.6% (n = 936) had
hemoglobin concentrations > 12.0 g/dL. Among the anemic
patients, 57.2% (n = 445) had hemoglobin concentrations be-
tween 10.0 and 11.9 g/dL, 28.3% (n = 220) had 8.0 t0 9.9 g/dL
and 14.5% (n = 113) had hemoglobin < 8.0 g/dL (Table 1).

Anemia was more frequently observed among women
than men. Among the 988 women, 48.9% (n = 483) were
anemic, compared with 40.6% of the 726 men (n = 295)
(x* = 11.50, df = 1; p = 0.0007). Women had higher odds of
anemia than men (OR 1.40, 95% Cl 1.15-1.70), although the
effect size was small (Cramér’s V = 0.08). Sex-specific hemo-
globin distributions are shown in Table 2.

Marked differences were also observed within specific
age-sex strata. Among children 5-14 years of age, anemia af-
fected 79.3% of boys and 74.6% of girls. In adults 15-49 years
of age, anemia was identified in 20.3% of men and 43.8% of
women, demonstrating a substantially higher burden among
women of reproductive age. In adults > 50 years, anemia prev-
alence reached 40.4% among men and 34.8% among wom-
en. Overall, age group was strongly associated with anemia
(x? =218.70, degrees of freedom = 2; p < 0.0001), with a large
effect size (Cramér’s V = 0.36). Children had over six-fold high-
er odds of anemia than adults aged 15-49 years (odds ratio
(OR) 6.24, 95% confidence interval (Cl) 4.80-8.11). Fully strat-
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ified distributions of hemoglobin concentrations, including
anemia prevalence with 95% Cl, are presented in Table 3.

Anemia prevalence varied during the year, ranging from
24.0% in March to 60.2% in December. Higher proportions
were observed in January (58.5%), February (57.3%), May
(57.4%), November (58.0%), and December (60.2%), while
lower proportions were recorded in March (24.0%) and July
(34.2%). Month of the year was significantly associated with
anemia (x? = 99.02, df = 11; p < 0.0001), with a moderate ef-
fect size (Cramér’s V = 0.24). The monthly distribution of he-
moglobin categories, expressed as proportions of all patients,
is shown in Figure 1.

Overall, anemia affected nearly half of the studied popu-
lation, with statistically significant differences across sex and
age groups and marked variation across months of the year.
The highest burden was observed among children < 15 years
of age, followed by older adults (> 50 years of age) and wom-
en of reproductive age (15-49 years of age). Several monthly
anemia proportions exceeded 55% and coincided numerically
with periods of increased rainfall, suggesting a potential link
between seasonal environmental conditions and anemia bur-
den in this rural population.

This study demonstrated a substantial burden of ane-
mia in the rural population of northwestern Madagas-
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Figure 1. Monthly distribution of hemoglobin concentration expressed as proportions of all patients
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Table 1. Distribution of hemoglobin concentrations among anemic individuals

Hemoglobin concentration (g/dL)* n (%)** % of study group (n = 1714)
< 8.0 113 (14.5%) 6.6%

8.0-10.9 220 (28.3%) 12.8%

10.0-11.9 445 (57.2%) 26.0%

Total anemia cases 778 (100%) 45.4%

* Anemia was defined according to the WHO hemoglobin guidelines [2].
** Percentages were calculated within the subgroup of individuals with anemia (n = 778).

Table 2. Hemoglobin distribution by sex

Anemia n (%)*

Hb = 12.0 g/dL n (%)

Men 295 (40.6%) 431 (59.4%) 726
Women 483 (48.9%) 505 (51.1%) 988
Total 778 936 1714

* Anemia was defined as hemoglobin (Hb) < 12 g/dL. Percentages were calculated for each sex (row).

Table 3. Age- and sex-specific distribution of hemoglobin concentrations with anemia prevalence

Hemoglobin concentration (g/dl)

8.0-10.0

10.0-11.9

=12.0

Total n* Anemia n (%)

5-14 years old

n (%)

n (%)

n (%)

[95% CI]**

169 (79.3)

boys 30 (14.1) 47 (22.1) 92 (43.2) 44 (20.7) 213 [73.4; 84.2]
. 147 (74.6)

girls 18 (9.1) 51 (25.9) 78 (39.6) 50 (25.4) 197 [68.1; 80.2]
15-49 years old

82 (20.3)
men 14 (3.5) 20 (5.0) 48 (11.9) 322 (79.7) 404 [16.7; 24.5]

296 (43.8)
women 40 (5.9) 84 (12.4) 172 (25.4) 380 (56.2) 676 [40.1; 47.6]
> 50 years old

44 (40.4)
men 8 (7.3) 8 (7.3) 28 (25.7) 65 (59.6) 109 [31.6; 49.8]

40 (34.8)
women 3(2.6) 10 (8.7) 27 (23.5) 75 (65.2) 115 [26.7; 43.9]
Total 113 (6.6) 220 (12.8) 445 (26.0) 936 (54.6) 1714 778 (45.4) [—]

* Percentages within hemoglobin categories are calculated within each age- and sex-specific subgroup (row-based percentages).
** Anemia prevalence is reported as the proportion of individuals with hemoglobin values below the WHO-defined thresholds within
each subgroup; 95% confidence intervals were calculated using the binomial method.




car, with nearly half of all patients presenting with hemo-
globin concentrations below the WHO-defined thresholds.
The prevalence of anemia was particularly high among chil-
dren < 15 years of age (almost 4 out of 5 were affected), indi-
cating the most vulnerable demographic subgroup. Marked
sex-related differences were also evident: women showed
a significantly higher prevalence of anemia than men, and this
disparity was most pronounced among women of reproduc-
tive age. In older adults, anemia remained common in both
sexes, affecting more than one-third of individuals. Moreover,
although anemia was observed throughout the entire year,
its prevalence peaked in December, coinciding with the on-
set of the rainy season — a period typically associated with
reduced food security and limited access to affordable nu-
tritional resources in many rural areas of Madagascar. These
findings underscore the heterogeneous distribution of ane-
mia across demographic strata and highlight the relevance
of age-sex-specific and seasonal patterns when assessing the
local epidemiology of anemia in resource-limited settings.

When placed within the broader sub-Saharan African
context, the anemia prevalence identified in our study stands
notably above the expectations. Across sub-Saharan Africa,
anemia remains one of the most persistent public health
challenges, with children and women of reproductive age
carrying the greatest burden despite global improvement
efforts [7]. Regional analyses consistently show that anemia
prevalence among children often exceeds 60%, is substantial-
ly higher in rural areas and these patterns are attributed to
chronic undernutrition, high rates of infectious diseases, and
limited healthcare access [8]. Among women, long-term data
reveal only slow and uneven declines in anemia prevalence,
with many African countries exhibiting stagnation linked to
persistent poverty, food insecurity, and constrained availa-
bility of micronutrient supplementation [9]. These structur-
al determinants are further compounded by environmental
and seasonal pressures, including fluctuating food supply,
rainfall-linked disease transmission patterns, and cyclical nu-
tritional shortages all of which can produce sharp local vari-
ations in anemia prevalence not captured by the national or
continental averages [10]. In this context, the markedly higher
rates detected in our study, together with the clear season-
al peak, suggest that localized socioeconomic and ecological
stressors may amplify anemia risk far beyond the trends typi-
cally reported for sub-Saharan Africa.

The disproportionately high prevalence of anemia we
observed among children aligns with previous findings
from Madagascar, where pediatric populations consistently
demonstrate substantial hematologic vulnerability. Studies
conducted across different regions of the country report
anemia in 58-100% of examined children, often with a con-
siderable share of moderate or severe cases [11-14]. For
instance, a recent hematological assessment in northern
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Madagascar found that all participating children were anemic,
with nearly 80% classified as moderately anemic and approx-
imately 20% severely anemic [11]. Similar trends were re-
ported in preschool and early school-age populations, where
more than half of children had hemoglobin concentrations
< 12 g/dL [12], and nearly 60% of children were anemic in
larger community-based cohorts [13]. Investigations focus-
ing on younger children (particularly those under 10 years of
age) also documented high rates of anemia associated with
chronic undernutrition, recurrent infections, and limited die-
tary diversity, further underscoring the systemic nature of this
problem [14]. Importantly, most Malagasy pediatric studies,
consistent with our findings, report minimal sex differences
and limited associations between anemia and narrow age
brackets within childhood, although some analyses show
that hemoglobin concentrations tend to be lowest among chil-
dren < 5 years of age [12]. This relationship between malnutri-
tion and hematologic impairment is consistent with broader
analyses of feeding challenges and metabolic vulnerabilities
among malnourished children in low-resource settings, in-
cluding Madagascar [15]. Researchers have demonstrated
that although parasitic infections (including schistosomia-
sis and intestinal helminthiasis) are common, they have an
inconsistent relationship with hemoglobin concentrations,
thus suggesting that pediatric anemia in Madagascar is driv-
en by multifactorial determinants rather than single etiolo-
gies [12, 16]. Collectively, these data confirm that anemia is
a pervasive and entrenched health burden among Malagasy
children, and its exceptionally high prevalence in our results is
fully consistent with national pediatric trends.

The high prevalence of anemia among women of repro-
ductive age observed in our data closely reflects the substan-
tial burden documented across sub-Saharan Africa. Recent
WHO estimates for Madagascar show that anemia in women
aged 15-49 years has remained persistently high over the past
decade, increasing from 32.1% in 2010 to 33.3% in 2015 and
35.3% in 2020, reaching 37.2% in 2023 — one of the highest
levels reported globally, with wide uncertainty intervals indic-
ative of pronounced regional disparities [6]. Our 2024 data
exceed these national estimates, suggesting that women in
remote rural districts may experience considerably greater
vulnerability than reflected in national averages. This aligns
with evidence from large African meta-analyses, which con-
sistently demonstrate that anemia affects between one-third
and one-half of women of reproductive age across the con-
tinent, with several analyses estimating pooled prevalences
ranging from 38% to over 50% depending on geographic re-
gion and socioeconomic context [17-18]. Key determinants
identified across African studies include chronic undernutri-
tion, iron deficiency, malaria, intestinal parasitic infections,
short interpregnancy intervals, adolescent pregnancies, and
limited access to antenatal supplementation programs [19].
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More recent analyses further highlight the substantial contri-
bution of food insecurity, poor dietary diversity, and cyclical
shortages of staple foods — factors that disproportionately
affect rural populations [20]. Environmental stressors, includ-
ing seasonal peaks in infectious diseases and fluctuations in
agricultural productivity, have also been shown to exacerbate
anemia risk in African women [21]. Taken together, these
continental trends suggest that the disproportionately high
prevalence recorded in our study represents an intensified
expression of broader African patterns, magnified by the in-
tersection of poverty, environmental instability, and limited
health system reach in rural Madagascar.

The marked seasonal variation observed in our dataset,
with anemia peaking between November and March, corre-
sponds to the well-documented “lean season” in many rural
regions of sub-Saharan Africa. This period, which follows the
depletion of stored crops and precedes the next harvest, is
characterized by reduced food availability, sharp increases in
staple food prices, and widespread dietary insufficiency [22].
In the context of Madagascar, this seasonal window often rep-
resents the most acute phase of food insecurity, during which
families experience prolonged caloric deficits and markedly
limited access to iron-rich or protein-dense foods [23-24].
Such nutritional constraints are strongly reflected in our find-
ings, which show the highest proportions of anemic individ-
uals precisely during months when agricultural production is
minimal and household food reserves are exhausted.

The rainy season further compounds these vulnerabili-
ties: although rainfall in the Boeny region is relatively modest
compared with other tropical zones, these intermittent wet
conditions create favorable breeding sites for the Anopheles
mosquitoes, contributing to seasonal surges of malaria [25].
Malaria-associated hemolysis and inflammation, superim-
posed on chronic undernutrition, may further exacerbate
anemia risk during this period [26]. Taken together, these
overlapping environmental and socioeconomic pressures
suggest that seasonal instability in food security (rather than
isolated infectious or nutritional factors) acts as a dominant
driver of the pronounced fluctuations in anemia prevalence
observed in this rural Malagasy population.

From a public health perspective, the high burden of
anemia observed in this population underscores the poten-
tial relevance of integrated intervention strategies. Evidence
from low-resource settings indicates that effective anemia
control requires multifaceted approaches, including iron
supplementation, food fortification, maternal and child nu-
trition programs, and infection control measures, rather than
single-component interventions alone [27-29]. Importantly,
the effectiveness and safety of these strategies are highly
context-dependent. In malaria-endemic and infection-prone
regions, indiscriminate iron supplementation may be associ-
ated with limited benefit or potential risks, thus emphasizing

the need for targeted, screening-based approaches [28, 30].
In such settings, combining nutritional support with infection
control, deworming, and strengthened primary healthcare
services may offer more sustainable population-level benefits
[27, 29]. While our study was not designed to assess the eti-
ology of anemia or intervention efficacy, these findings high-
light the need for context-adapted public health strategies
and further research to inform evidence-based anemia con-
trol programs in rural Madagascar and comparable settings.

Overall, the interplay of nutritional deficits, infection dy-
namics, and seasonal instability appears to shape the anemia
burden observed in this population, pointing to a multifacto-
rial problem that warrants further investigation.

Limitations

Our study has several important limitations. First, we
analysed routinely collected clinical data from a single rural
referral clinic. As such, our findings reflect anemia patterns
among individuals seeking care rather than providing popula-
tion-level prevalence for the Ambatoboeny District. However,
clinic-based datasets remain highly informative for detect-
ing local trends, seasonal variations, high-risk demographic
groups, and they offer essential insight in settings where com-
munity-level epidemiological data are scarce.

Second, although hemoglobin measurements were per-
formed using standardized procedures and subjected to inter-
nal quality control, we relied on a simplified clinical threshold
for anemia classification that does not fully align with age-
and sex-specific WHO cut-offs. This operational choice may
have led to some misclassification of anemia status, particu-
larly among men and younger adolescents, and could have
influenced comparisons with external datasets. Furthermore,
the analysis was based on single time-point hemoglobin as-
sessments, without complementary biomarkers such as the
serum concentrations of ferritin, C-reactive protein, vitamin
B12, folate or transferrin saturation. Consequently, we were
unable to distinguish iron-deficiency anemia from anemia of
inflammation, hemoglobinopathies, or other etiologies.

Third, because we did not aim to determine the etiology
of anemia, routinely collected registers did not include infor-
mation about nutritional biomarkers and co-morbidities (e.g.
malaria, helminthic infections, protozoal diseases). While
these factors are known to contribute to anemia in Mad-
agascar (as shown in previous studies from the region), our
analysis was designed to describe overall anemia prevalence
and its demographic/seasonal patterns rather than to attrib-
ute causality. Although the absence of etiological variables
limits the interpretation of mechanisms, it does not affect
our primary objective of quantifying anemia distribution in
this population. Despite these limitations, our study provides
much-needed, context-specific evidence from a specific re-
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gion of Madagascar, where health data are limited. The ob-

served age-, sex- and season-related patterns of anemia prev-
alence offer a valuable basis for future community-based or
longitudinal investigations.

This study confirms that anemia is a major and persis-
tent health problem in rural Madagascar, with a particularly
high burden among children < 15 years of age and women of
reproductive age. The observed seasonal variation in hemo-
globin levels suggests that periods of increased vulnerability,
potentially related to food insecurity and the burden of infec-
tious and parasitic diseases, are associated with lower hemo-
globin concentrations. These findings underscore the need
to strengthen routine hemoglobin screening in primary care,
particularly during periods when population-level vulnerabil-
ity is expected to peak.

Given that anemia prevalence in this rural setting ex-
ceeds national and regional estimates, targeted public health
interventions are urgently needed. Priorities should include
improving access to qualified healthcare providers (e.g. who
are capable of evaluating anemia, identifying its likely con-
tributors, and initiating appropriate management), as well as
expanding local monitoring systems to better capture anemia
trends in remote communities. Further research is essential
to clarify the multifactorial drivers of anemia in these settings
and to inform the development of context-appropriate strat-
egies for prevention, early detection, and clinical decision-
-making.
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Abstract

Introduction: Urbanization plays a growing role in the development of atherosclerotic cardiovascular disease
(ASCVD) across the Middle East, particularly among younger adults. Yet, we still know very little about how the
health profiles of young women differ between urban and rural settings. In this study, we aim to bridge that gap
by examining the demographic characteristics and the prevalence of both classical and novel ASCVD risk factors
in young Middle Eastern women. Methods: We analyzed the demographic, social, and clinical profiles of women
aged 18-50 years, including 19 classical and novel ASCVD risk factors. We included participants living in either
urban or rural areas, recruited from 11 centers across Jordan and 1 in the Gaza Strip between August 2020 and
October 2023. Results: Of the 627 women studied (mean age 44.2 + 5.1 years), 74% lived in urban areas and 26%
in rural areas. ASCVD was present in 32.0% of urban and 37.3% of rural participants. Rural women had higher
rates of physical inactivity, obesity, and elevated BMI, while smoking was more common among urban women.
Among novel risk factors, premature menopause and depression were more frequent in urban women, whereas
hypertensive disorders of pregnancy were more common in rural women. Conclusion: Urban young women de-
monstrated a worse clinical profile, with higher prevalence of several key ASCVD risk factors.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) has be-
come a major global epidemic, accounting for nearly one-
third of all deaths worldwide [1]. In Jordan, ASCVD was re-
sponsible for 45% of all deaths in 2019, according to the
Ministry of Health [2]. Across the Middle East and North Afri-
ca (MENA), the number of ASCVD cases increased by 140.9%
between 1990 and 2019 [3]. Although women experience
ASCVD at rates similar to men, evidence shows they often
suffer higher mortality and worse outcomes after acute car-
diovascular (CV) events [4]. The long-held belief that women
are protected from ASCVD is false because the data shows
that almost half of all women will develop heart disease or
experience a stroke during their lifetime [5-6]. Notably, acute
myocardial infarction in the Middle East occurs at a younger
age compared with other regions [3, 7]. Classical (traditional)
ASCVD risk factors (e.g. diabetes mellitus (DM), hypertension
(HTN), smoking, dyslipidemia, obesity, family history of pre-
mature ASCVD, physical inactivity) vary even within the same
country. One in six women with type 2 diabetes (T2DM) in the
Middle East and Africa experience early ASCVD, with most at
high or very high risk for an acute CV event [8]. HTN is also
highly prevalent, and about 10% of untreated individuals
develop ASCVD [9-10]. Smoking further increases risk, with
women who smoke facing a 25% higher CV risk than men of
the same age. Hypercholesterolemia contributes substan-
tially as well, accounting for 47% of the population-adjusted
CV risk in women [11]. Family history of premature ASCVD
remains another key risk factor, affecting around 2.3% of
the population and associated with recurrent events [12].
Emerging evidence has highlighted several female-specif-
ic and reproductive age-related novel risk factors (including
gestational diabetes mellitus (GDM), hypertensive disorders
of pregnancy (HDP), preterm delivery, postpartum weight
gain, polycystic ovary syndrome, and premature menopause)
that contribute to ASCVD development in young women [13].
Our aim was to bridge this gap by investigating the variations
in clinical and socioeconomic characteristics encompassing
classical and novel CV risk factors within a cohort of Middle
Eastern women.

Material and methods

This study is based on data from the Novel and Classical
Atherosclerotic Cardiovascular Risk Factors in Middle Eastern
Young Women (ANCORS-YW) Study. The detailed method-
ology has been described earlier [14]. In summary, this was
a case-control, cross-sectional multicenter study conducted
between August 2021 and October 2023, and it follows the
STROBE guidelines for reporting observational research. Par-
ticipants were recruited from 12 centers, including 11 across
Jordan and one in the Gaza Strip. The sample size was calcu-
lated using a significance level of 0.05, a power of 80%, and an
estimated frequency of 10% for each variable. Based on these
assumptions, and to detect a clinically meaningful difference
between the study groups (odds ratio = 2%), the required total
sample size was 627 participants (209 cases and 418 controls).

Cases included married women aged 18-50 years who
had ASCVD and at least 1 previous pregnancy. Each case was
matched by age (+ 5 years) to 2 healthy controls. We collect-
ed detailed information on ASCVD diagnosis, anthropometric
measurements, demographics (age, education, residency,
health insurance, physical activity), blood test results, chronic
medication history, and any history of heart failure or sleep
apnea. Both classical and novel (emerging) CV risk factors
were recorded for all cases and their matched controls.
“Urban communities” were defined as communities with
high population density, determined by the government as
a “city” [15]. On the other hand, “rural society” is any com-
munity of people outside the urban settlements.

Definition of ASCVD

ASCVD was defined as the presence of at least one ma-
jor atherosclerotic condition. These included acute coro-
nary syndrome (STEMI, NSTEMI, or unstable angina), signif-
icant epicardial coronary artery disease identified on CCTA
(= 50% stenosis in the left main artery or = 70% stenosis in any
other major coronary vessel), ischemic or hemorrhagic stroke,
transient ischemic attack (TIA), extracranial carotid artery dis-
ease (ECCAD), or peripheral arterial disease (PAD).
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STEMI was defined as ischemic chest pain accompanied
by ST elevation (= 1.5 mm in leads V2-V3 or = 1 mm in two or
more contiguous leads) along with elevated cardiac biomark-
ers. NSTEMI was characterized by ischemic symptoms with ST
depression, T-wave inversion, or even a normal ECG, but with
elevated cardiac enzymes. Unstable angina was defined as is-
chemic chest pain with ECG evidence of ischemia but without
biomarker elevation. ECCAD and PAD diagnoses were based
on clinical symptoms supported by Doppler studies, CT imag-
ing, or angiographic confirmation of atherosclerosis. Stroke
and TIA diagnoses were confirmed by a neurologist and veri-
fied with the appropriate neuroimaging.

Classical risk factors

Classical ASCVD risk factors in this study included HTN,
smoking, obesity, metabolic syndrome, dyslipidemia, low
HDL-C, and T2DM. HTN was defined as systolic BP > 140
mmHg and/or diastolic BP > 90 mmHg on at least 2 occa-
sions or the use of antihypertensive medication. T2DM was
diagnosed based on classic hyperglycemic symptoms with
random glucose > 200 mg/dl, fasting glucose > 126 mg/dl,
HbAlc > 6.5%, or documented history of DM or use of DM
medications. Dyslipidemia was defined as LDL-C >70 mg/dI
in patients with ASCVD or T2DM, and > 116 mg/dI in others.
Low HDL-C was defined as < 50 mg/dl. Obesity was defined
as BMI > 30 kg/m?. Metabolic syndrome was defined by the
presence of 4 components: HTN, obesity, low HDL-C, and hy-
pertriglyceridemia (> 200 mg/dl) at the same time.

Novel risk factors

We also assessed several novel ASCVD risk factors among
urban and rural women, including preterm delivery, HDP,
GDM, premature menopause, polycystic ovary syndrome
(PCOS), and depression. Preterm delivery was defined as birth
before 37 weeks’ gestation. HDP included gestational HTN
(onset after 20 weeks of pregnancy), chronic HTN, preeclamp-
sia (BP > 140 mmHg with end-organ damage), and eclampsia
(seizures following preeclampsia). GDM was defined as glu-
cose intolerance first recognized during pregnancy. PCOS was
diagnosed using the Rotterdam criteria (> 2 criteria) or prior
gynecologic diagnosis [16]. Premature menopause was de-
fined by a prior diagnosis or by oligomenorrhea before age 40
lasting > 4 months with elevated gonadotropins on two tests
4-6 weeks apart. Depression was defined by a documented
psychiatric diagnosis or prescribed antidepressant therapy.

Statistical analysis

Descriptive statistics are presented as means with stand-
ard deviation (SD) in case of continuous variables, or as fre-

quencies and percentages in case of categorical variables.
To compare continuous variables, means were compared
using an independent t-test, while categorical variables were
compared using the Chi-square test or Fisher’s exact test, as
appropriate. Statistical significance was determined when
p < 0.05. Statistical analysis was computed using the R Lan-
guage and Environment for Statistical Computing (version
4.1.2, R Core Team, Vienna, Austria).

Ethical considerations

This observational study was carried out according to the
Declaration of Helsinki [17], which was registered in the Clin-
icalTrials.gov database (NCT04975503). This study obtained
ethical approval from an institutional review board at each
participating institute in the 3 target regions (approval num-
ber IH-IRB-IRC-7-29-2021). In addition, written informed con-
sent was obtained from each patient.

A total of 627 women between 18 and 50 years of age
were included in the study, with a mean age of 44.2 + 5.1
years. Most participants lived in urban areas (73.8%), while
164 of them (26.2%) were residents of rural regions. Baseline
demographics, ASCVD prevalence, and CV risk factors by resi-
dence type are summarized in Table 1.

Age distribution was similar between urban and rural par-
ticipants, and there was no significant difference in the type
of ASCVD diagnosed in the two groups (32.0% vs. 37.2%,
p = 0.5). Among the classical risk factors, smoking was more
common among urban residents compared to rural resi-
dents (33.5% vs. 17.1%, p < 0.001). In contrast, rural residents
demonstrated higher rates of physical inactivity and obesity
and had a higher mean BMI (p < 0.05). Serum LDL concentra-
tions were available for 252 participants (40.2%). Specifical-
ly, hypercholesterolemia was identified in 132 of 160 urban
women (82.5%) and 67 of 92 rural women (72.8%), with no
statistically significant difference (p =0.07). HTN, DM, and fam-
ily history of ASCVD were similar between groups (Figure 1).

Regarding novel ASCVD risk factors, HDP were more com-
mon among rural women. In contrast, depression and pre-
mature menopause were significantly more prevalent among
urban women. GDM, preterm delivery, persistent postpar-
tum weight gain, PCOS, and prior breast radiation (due to
cancer) were comparable between the two groups (p > 0.05)
(Figure 2). Additionally, women living in urban areas were
more likely to have a university-level or higher education,
while being less likely to have health insurance coverage.
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Table 1. Demographics, risk factors, and social attributes of young women living in urban vs. rural residence

Characteristic Overall (n = 627) | Urban (n = 463) | Rural (n = 164) | p-value

Age (years), mean + SD 44,2 £ 5.1 44.3 £ 4.8 43.8 £ 5.9 0.3

Age (years)

<40 127 (20.3%) 87 (18.8%) 40 (24.4%) 0.13
> 40 500 (79.7%) 376 (81.2%) 124 (75.6%)
ASCVD patients 209 (33.3%) 148 (32.0%) 61 (37.2%) 0.2
ASCVD classification 0.5
ACS 169/209 (80.9%) | 120/148 (81.1%) | 49/61 (80.3%)
Non-obstructive CAD 10/209 (4.8%) 8/148 (5.4%) 2/61 (3.3%)
PAD or stroke 30/209 (14.4%) 20/148 (13.5%) 10/61 (16.4%)

Classical risk factors

HTN 232 (37.0%) 163 (35.2%) 69 (42.1%) 0.12
DM 132 (21.1%) 93 (20.1%) 39 (23.8%) 0.3
Smoking 183 (29.2%) 155 (33.5%) 28 (17.1%) < 0.001
Family history 199 (31.7%) 148 (32.0%) 51 (31.1%) 0.8
Hypercholesterolemia (n = 252) | 199 (79.0%) 132 (82.5.5%) 67 (72.8%) 0.070
Physical inactivity 470 (74.9%) 332 (71.7%) 138 (84.1%) 0.002
Obesity 269 (42.9%) 187 (40.4%) 82 (50.0%) 0.033
BMI, mean + SD (kg/m2) 29.5+5.9 29.2 £ 5.7 30.4 £ 6.4 0.039

Novel risk factors

Hypertensive disease of

pregnancy 159 (25.4%) 108 (23.3%) 51 (31.1%) 0.049
Gestational DM 77 (12.3%) 51 (11.0%) 26 (15.9%) 0.10
Preterm delivery 125 (19.9%) 98 (21.2%) 27 (16.5%) 0.2
z:lrif,i:x“t el D B 120 (19.1%) 91 (19.7%) 29 (17.7%) 0.6
PCOS 42 (6.7%) 35 (7.6%) 7 (4.3%) 0.15
Premature menopause 62 (9.9%) 55 (11.9%) 7 (4.3%) 0.005
Radiation to the breast 5 (0.8%) 4 (0.9%) 1 (0.6%) < 0.9
Social determinants of health

University or higher education 308 (49.1%) 242 (52.3%) 66 (40.2%) 0.008
Insurance status 387 (61.8%) 257 (55.6%) 130 (79.3%) < 0.001
Depression 54 (8.6%) 48 (10.4%) 6 (3.7%) 0.009

ACS — acute coronary syndrome, ASCVD — atherosclerotic cardiovascular disease, BMI — body mass index, CAD — coronary artery disease,
DM — diabetes mellitus, HTN — hypertension, PAD — peripheral artery disease, PCOS — polycystic ovary syndrome, SD — standard deviation
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Figure 1. Prevalence of classical ASCVD risk factors among urban and rural young women
ASCVD - atherosclerotic cardiovascular disease; DM — diabetes mellitus; HTN — hypertension; *p < 0.05 between groups
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Figure 2. Prevalence of novel ASCVD risk factors among urban and rural young women
DM - diabetes mellitus; PCOS — polycystic ovary syndrome; *p < 0.05 between groups



In this study, physical inactivity or sedentary lifestyle was
the most prevalent classical risk factor among women with an
overall percentage of (74.9%) comprising of 71.7% and 84.1%
in urban and rural areas’ residents respectively. Our results
were consistent with the observations of the 2009 North-
ern Sweden MONICA cohort [18]. Another study established
a positive correlation between sedentary lifestyle and mortal-
ity among rural inhabitants in the USA regardless of depres-
sive symptoms [19]. According to the 2019 Jordan National
Stepwise Survey (STEPs) for Noncommunicable Disease Risk
Factors, 25% of respondents didn’t meet the WHO recom-
mendations for physical activity for health, with an average of
(24%) women being physically inactive [2]. Another Jordanian
study reported lower prevalence of physical activity practice
in women than in men [20]. Such findings of high rural than
urban prevalence of inactivity could be related to the defi-
ciency of sporting facilities in addition to the more conserv-
ative culture of rural areas than those living in cities. Doctors
and other medical care givers should encourage women of
any age to engage in regular physical activity, as it reduces the
risk of mortality and cardiovascular disease (CVD) events [21].
Similar results were reported by Kazemi et al. [22]. It is worth
mentioning the impact of a 10-minute substitution of seden-
tary time with light-intensity physical activity on all-cause and
CVD-specific mortality risk reduction among patients with
heart failure [23].

In another study, the prevalence of obesity (BMI > 30)
among Jordanian women was higher than those reported
in Saudi, Iranian and American women, while similar to that
reported among Turkish women [24]. Obesity in our results
accounts for an overall prevalence of (42.9%), recording
a higher percentage among rural dwellers (50.0%) than in ur-
ban (40.4%). The overall mean BMI among our study’s partici-
pants was in the overweight range (29.5). Urban residents had
a similar mean BMI (29.2), while rural women’s mean BM fell
within the obesity range (30.4). In rural areas, women exhibit
lower levels of physical activity, often attributed to a higher
percentage of women engaged in homemaking duties, in
contrast to their urban counterparts. Our findings align with
those of the Swedish MONICA study [18], but contradict those
reported in India [25].

An overall 29.2% of women in this study reported smok-
ing, with higher percent 33.5% in urban areas versus 17.1% in
rural. Such findings could be attributed to the relatively higher
incomes and financial prosperity among people living in ur-
ban areas compared to rural dwellers. Opposite results with
rural predominance were found in India, such different find-
ings could be correlated to the diversity and the wide spread
of tobacco products in India, particularly the cheap smoke-
less tobacco [25]. Whilst our results and the study from India
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showed urban-rural distribution difference in tobacco con-
sumption, such difference was not observed in the Swedish
MONICA study [18]. Medical intervention regarding smoking
cessation should be taken into consideration, particularly be-
cause females are more prone than males for coronary heart
events [26-27].

Contrary to existing literature, our study did not reveal
statistically significant urban-rural disparities in the distribu-
tion of HTN, DM, and hypercholesterolemia. Such similarity in
the distribution of these 3 risk factors could be influenced by
the ongoing process of urbanization within rural communities
and the substantial migration rates of rural residents to urban
areas. This socio-economic situation may contribute to a con-
vergence in health profiles between urban and rural popula-
tions, blurring traditional distinctions.

A 2019 study conducted in Jordan revealed that almost
one-third of Jordanian adults had HTN [28]. We noted a sim-
ilar distribution of HTN among the urban rural groups of
our study cohort, which is in contrast to the findings of the
Swedish MONICA study, where rural dwellers reported higher
burden of increased systolic blood pressure in both men and
women [18].

DM is a global health problem which besides end-or-
gan damage also causes and accelerates atherosclerotic CV
events [29]. Similar urban-rural distribution was noted by
a study in India [25] and the Swedish MONICA [18] which
consists with our findings. A Chinese study discussed sex and
urban-rural distribution difference of dyslipidemia, revealed
higher percentages of dyslipidemia (apart from low HDL-C)
in rural residents with females exhibiting higher whole lipid
profile readings compared to males in both areas of resi-
dence contrasting to our results [30]. Higher education in
the Arab world is rapidly evolving, shaped by the diverse cul-
tural and socio-economic contexts of the 22 countries in the
MENA [31]. Higher level of education is inversely linked to
smoking and high salt intake on the one hand, while positive-
ly linked to increase in physical activity on the other hand,
as both of these lifestyle habits may provide a clue for such
a relationship [32]. In our study, nearly half of the partici-
pants (49.1%) had higher education. Women in urban areas r
eported a higher prevalence of higher education (52.3%)
compared to their rural counterparts (40.2%). These numbers
are not so different as the mean age of most participants in
both groups is quite high.

As for the novel ASCVD risk factors, HDP (including pre-ec-
lampsia, gestational HTN and eclampsia) are common com-
plications of pregnancy globally and are the top causes of
maternal and fetal morbidity and mortality [32]. In 2017, the
incidence of preeclampsia in Jordan was approximately 1.5%,
which was similar to the other countries in the region [33]. In
our study, we found that there is a significant difference in the
prevalence of HDP between urban and rural residents, with
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a p-value of 0.049. The difference was more obvious among
rural participants, where 31.1% were affected compared to
23.4% of their urban counterparts. Similarly, a study conduct-
ed in South Africa revealed that most of the women with HTN
over the age of 65 were living in rural areas [34]. This variabili-
ty in prevalence might be explained by the variety of maternal
risk factors, including age, parity, obesity, high blood pressure
and the region.

Depression is a well-established independent risk factor
for CVD in the non-pregnant population. However, the risk
of a new CVD diagnosis diagnosed postpartum was elevated
among patients with prenatal depression [35]. A Swedish na-
tionwide study demonstrated that the risk of developing CVD
varies between women with antepartum depression (APD)
and postpartum depression (PPD), with higher risk among
women with PPD [36]. We found a significant difference in
depression prevalence (p = 0.009) between women living in
urban (n = 48, 10.4%) and rural (n = 6, 3.7%) areas. A study
conducted on the prevalence of depression and mood dis-
orders among African American women and non-Hispanic
white women revealed that rural residence is linked to lower
rates of depression: because these women have developed
resources and coping mechanisms to deal with stressful cir-
cumstances (including supportive social ties and high levels of
religious participation) [37].

The American College of Cardiology (ACC) and American
Heart Association (AHA) guidelines have demonstrated that
premature menopause (at > 40 years of age) might pose as
a risk for ASCVD due to the cardiometabolic changes that oc-
cur earlier [38]. A 2023 study of a large Korean cohort found
that premature menopause was associated with 1.5 times
greater risk of MI, 1.25 times risk of ischemic stroke, and
1.2 times the risk of all-cause mortality when compared to
women with normal menopause [39]. In our study, 62 women
had premature menopause, 55 of them were living in urban
areas (11.9%), and 7 were in rural (4.3%), p = 0.005. This dif-
ference is consistent with the findings of an Indonesian study,
that revealed women living in rural areas lowered their po-
tential for premature menopause by 0.67 times compared
to women who live in urban areas, who are 1.46 times more
likely to experience premature menopause [40].

Limitations

It is important to acknowledge several limitations that
may have influenced the interpretation and generalizability

of our findings. The small sample size in this study may have
limited the ability to draw definitive conclusions and gener-
alize the findings to broader populations. Furthermore, the
limited availability of resource data for comparison with oth-
er studies restricted our ability to assess the study.

Our findings study underscore the critical need for
sex-specific approaches in CV care. Recent international col-
laborations have emphasized the necessity of timely man-
agement of acute coronary syndrome in women to improve
their prognosis which often is worse compared to men [41].
Furthermore, the establishment of specialized heart centers
for women has been proposed as a vital modality to enhance
long-term CV, metabolic, and reproductive care, offering
a comprehensive solution to the regional disparities identified
in our cohort [42].

Our cohort demonstrated clear differences in ASCVD risk
factor patterns between urban and rural women in Jordan and
Gaza. Urban participants showed worse overall clinical pro-
files, with higher rates of premature menopause, depression,
and smoking, whereas hypertensive disorders of pregnancy
emerged as the most significant novel risk factor among rural
women. Physical inactivity and obesity were also more com-
mon in rural areas. Other classical risk factors showed no sig-
nificant differences. Our findings highlight the need for pop-
ulation-specific strategies addressing both classical and novel
ASCVD risk factors.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a growing global health burden strongly associated with obesity
and lifestyle changes. Inflammatory cytokines, particularly from the interleukin-10 (IL-10) family, are increasingly
implicated in the pathogenesis of T2DM. This study assessed circulating IL-10, IL-19, and IL-22 levels in T2DM pa-
tients across obesity categories in southern Saudi Arabia. Materials and methods: A total of 320 T2DM patients
and 196 healthy controls were enrolled. All participants were classified by body mass index (BMI) as normal
weight, overweight or obese (class |, class Il or class Ill). Anthropometric and biochemical parameters were re-
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corded, and serum IL-10, IL-19, and IL-22 levels were measured using standardized immunoassays. Results: IL-10
levels were significantly reduced in normal weight and overweight T2DM patients of both sexes (p < 0.001) and
remained lower in obesity class | (p < 0.01) and class Il (p < 0.05). IL-19 levels were markedly elevated in obesity
class | and class Il across sexes (p < 0.001). IL-22 concentrations increased progressively with BMI, with significant
elevations in obesity class | and class Il groups. Conclusions: Reduced IL-10 showed a strong association with
T2DM, while higher levels in obese females suggest a possible sex-related protective effect. IL-19 was consistently
associated with T2DM, whereas IL-22 correlated more closely with obesity severity.

Keywords: T2DM - IL-10 - Saudi Arabia - IL-22 - IL-19
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Introduction

Type 2 diabetes mellitus (T2DM) is a major global pub-
lic health challenge, particularly in developing regions, driv-
en by rapid urbanization, sedentary lifestyles, and increased
consumption of calorie-dense diets [1-5]. According to the
International Diabetes Federation (IDF), the global number of
individuals with diabetes is projected to reach approximately
852.5 million (13% of the population) by 2045 [6]. A marked
rise in prevalence has also been observed in China and oth-
er developing nations [7]. Saudi Arabia is among the top 10
countries with the highest diabetes prevalence in the world
among individuals 20-79 years of age, with approximately
5.3 million cases in 2024 and projections of 9.5 million by
2050 [8]. Diabetes is a leading cause of morbidity and mor-
tality, conferring a two- to three-fold increased risk of death
[1-2]. Approximately 95% of cases are T2DM, characterized by
chronic hyperglycemia resulting from impaired insulin secre-
tion, insulin resistance, or both [8-9]. T2DM prevalence varies
across populations, with higher susceptibility reported among
Asian, Hispanic, Native American, and Black populations
[9-13].

T2DM arises from complex interactions between genetic
predisposition, environmental influences, obesity, and socio-
economic factors [14-15]. Genome-wide association studies
have identified multiple loci associated with T2DM risk, pri-
marily affecting B-cell function and insulin secretion [14-15].
Acute complications include diabetic ketoacidosis and hyper-
osmolar hyperglycemic state, whereas chronic complications

include nephropathy, retinopathy, neuropathy, and cardiovas-
cular disease [16]. Notably, approximately 90% of individuals
with T2DM are overweight or obese, emphasizing obesity as
a key modifiable risk factor [17-18].

Emerging evidence highlights the role of chronic low-
grade inflammation, adipokine imbalance, gut microbiota
alterations, and immune dysregulation in T2DM pathogene-
sis [3, 14]. Periodontal disease has also been associated with
T2DM, although the bidirectional relationship remains incom-
pletely understood [19]. Several cytokines, particularly mem-
bers of the interleukin (IL)-10 family, have been implicated in
metabolic inflammation [14, 20-21]. These cytokines share
structural homology and are produced by immune cells as
well as adipose tissue, linking immune signaling with meta-
bolic regulation [22-23].

IL-10 is a key anti-inflammatory cytokine that regulates in-
flammatory mediators including IL-19 and IL-22, and reduced
circulating levels have been reported in obesity, metabolic
syndrome, and T2DM [21-22]. IL-19, produced mainly by ac-
tivated B cells and monocytes, can induce IL-10 production
and modulate Th2 responses implicated in inflammatory and
cardiovascular diseases [24-29]. It also exhibits angiogenic ef-
fects, although its role in T2DM remains incompletely defined
[29-31]. IL-22, secreted by CD4+ T helper subsets and innate
lymphoid cells, demonstrates functional divergence from IL-
10 despite structural homology.

This purpose of this study was to investigate the associ-
ation between selected members of the IL-10 family, name-
ly IL-10, IL-19, and IL-22 and the etiopathogenesis of T2DM
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across the degrees of obesity among the patients from the
Asir (southern) region of Saudi Arabia. The study further ex-
amined correlations between obesity severity and IL levels to
elucidate potential links between adiposity, metabolic con-
trol, and inflammatory-immune profiles in T2DM.

Materials and methods

Study design

This was a multi-center study of age-matched T2DM pa-
tients and healthy control participants, carried out in two
cities (Bisha and Abha) of the Asir province in the southern
part of Saudi Arabia. The patients and controls were recruited
between March 2020 and May 2023.

Study group

In this study included only Saudi residents of the Asir re-
gion, particularly in the cities of Bisha and Abha. The study
had a total of 348 patients diagnosed T2DM (210 male and
138 female). All patients were currently undergoing treatment
with oral hypoglycemic agents and/or insulin. Patients with
gestational diabetes or other significant chronic diseases (e.g.
hypertension, cardiovascular diseases, asthma, chronic kidney
diseases and cancer) were excluded from the study group.

Control group

A total of 196 healthy people (102 men and 94 women)
were recruited in the study. All had fasting glucose levels,
glycated hemoglobin (HbA1c), kidney and liver function tests
within the reference ranges. Chronic diseases (e.g. hyperten-
sion, cardiovascular diseases, asthma, chronic kidney diseases
and cancer) were also an exclusion criterion.

Ethics

This study was approved by the local RELOC Committee
of the College of Medicine at the University of Bisha (Ref.
No. UB-RELOC H-06-BH-087/ (0504 of 23), Dated January 6%,
2023 extended on March 4, 2025), in accordance with the
local guidelines that aligned with the fundamental principles
of the Helsinki Declaration. Informed written consent was ob-
tained from all participants.

Data collection

Finally, 320 participants with confirmed T2DM (195 males
and 125 females) who visited the Diabetic Centre of King Ab-

dullah Hospital (KAH) in Bisha, and at the Asir General Hospi-
tal (AGH) in Abha for regular follow-up and met the inclusion
criteria were included in the study. T2DM was diagnosed in
accordance with the WHO guidelines. The classification of
obesity was based on the degree of obesity as reported ear-
lier [3, 40]. The case histories, age, sex, BMI, blood glucose
(both fasting and random), glycated hemoglobin, triacylg-
lycerol, high-density lipoprotein-cholesterol and low-density
lipoprotein-cholesterol levels were analyzed. Standardized
procedures were used to evaluate the anthropometric and
biochemical parameters.

Blood specimen collection

All blood samples were collected from the participants at
the Diabetic Centre of KAH, and at the AGH. Venous blood
samples were collected in standard sample collection tube
without the use of any anticoagulants. One aliquot of serum
(approximately 0.5 mL) was kept at -20 °C until the IL estima-
tion. A second serum aliquot was used for the analysis of bio-
chemical and other parameters on a routine basis.

Stratification on the basis of BMI

Height (cm) was recorded using a wall-mounted scale,
and weight (kg) was determined with electronic weighing
scale. The BMI of the patients was calculated using the for-
mula; BMI = weight (kg)/m? (m is height in meters). The pa-
tient cohort was divided into 5 groups: normal weight (BMI
18.5-24.9), overweight (BMI 25.0-29.9), class | obesity (BMI
30.0-34.9), class Il obesity (BMI 35.0-39.9), class Il (severe)
obesity (BMI > 40.0).

Biochemical analyses

The biochemical parameters were analyzed using fully au-
tomatic random access, multi-channel analyzer (Cobas c311,
Roche Diagnostics, Basel, Switzerland). For these studies we
utilized commercially available test kits from (Randox Labo-
ratories, Crumlin, Northern Ireland, UK), which included cali-
brators and internal quality control samples provided by the
manufacturer. The manufacturers’ protocols were followed
during the analysis of biochemical parameters.

Estimation of interleukins

Serum concentrations of IL-10, IL-19, and IL-22 were
quantified using human ELISA kits from different sources
and according to the manufacturers’ instructions. IL-10 was
measured using the Human IL-10 ELISA Kit (Thermo Fish-
er Scientific, Carlsbad, USA, Cat. No. BMS215HS; sensitivity
0.03 pg/mL), IL-19 using the Human IL-19 ELISA Kit (Abcam
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Limited, Cambridge, UK; Cat. No. ab231922; sensitivity 0.65
pg/mL), and IL-22 using the Human IL-22 ELISA Kit (Thermo
Fisher Scientific, Carlsbad, USA; Cat. No. BMS2047; sensitivity
5 pg/mL). Absorbance was read using a Bio-Rad Model 680 XR
microplate reader (Bio-Rad Laboratories, Hercules, USA). All
samples were analyzed following standardized protocols, and
cytokine concentrations were expressed in pg/mL. Intra- and
inter-assay coefficients of variation were < 10% for all meas-
urements.

Statistical analyses

The Statistical Package for Social Sciences software (SPSS
v. 20, IBM Corp., Armonk, USA) was used for data analysis.
Unlike data with a normal distribution, which was expressed
as the mean + standard deviation (Shapiro-Wilk test), data
that were not normally distributed were represented as me-
dians (Q1—Q3) and analyzed by Chi-Square test. For normal-
ly distributed variables with homogeneous variances, the
significance of differences was determined by the one-way
analysis of variance with Tukey HSD test. In all other cases
the Kruskal-Wallis one-way analysis of variance on ranks and
the multiple comparison post hoc test were used. The p-value
was considered statistically significant when it was < 0.05.

Baseline characteristics of male partici-
pants

The biochemical and anthropometric characteristics of
male T2DM patients and controls are summarized in Table 1.
Fasting glucose levels were comparable to controls in normal
weight, overweight, and class | obese T2DM groups but were
significantly higher in the class Ill obese group (p < 0.001).
HbA1c levels were significantly elevated in all T2DM groups
compared with controls (p < 0.001), with no significant dif-
ferences among patient categories, although relatively higher
values were observed in the class | obese group.

Total cholesterol (TC) was significantly increased in nor-
mal weight, overweight, and class | obese T2DM groups com-
pared with controls (p < 0.01), while class Ill obese patients
exhibited a greater elevation (p < 0.001). TC levels did not
differ significantly among the first three T2DM groups. HDL
levels were not significantly different between patients and
controls, although a decreasing trend was observed in T2DM
groups.

LDL levels were similar in controls and normal weight
T2DM patients but were significantly higher in overweight
and class | obese groups (p < 0.001). Class Ill obese patients

demonstrated significantly higher LDL levels compared with
both controls and overweight T2DM patients (p < 0.001). Tri-
glyceride levels were significantly elevated in all T2DM groups
compared with controls (p < 0.01), with the highest levels
observed in class Ill obese patients (p < 0.001), which were
also significantly greater than those in the other T2DM groups
(p <0.01).

Male T2DM patients (n = 195) aged 28-69 years were
categorized according to BMI into normal weight (n = 52;
21.82 +2.08 kg/m?), overweight (n = 46; 27.68 + 2.32 kg/m?),
class | obese (n = 48; 35.06 + 3.22 kg/m?), and class Ill obese
(n = 49; 47.68 + 5.72 kg/m?). Controls (n = 102) had a mean
BMI of 21.74 + 1.72 kg/m? (Table 1). WHR did not differ
significantly between controls and normal weight or over-
weight T2DM patients but was significantly higher in class
I and class Il obese groups. Class Ill obese patients showed
the greatest increase in WHR compared with normal weight
and overweight groups (p < 0.001), while class | obese pa-
tients also demonstrated a significant increase (p < 0.01).

BMI did not differ significantly between controls and nor-
mal weight or overweight T2DM patients. However, BMI was
significantly higher in class | obese patients compared with
normal weight and overweight groups (p < 0.001). Class Il
obese patients showed the highest BMI values, significantly
exceeding those of all other groups, including class | obesity
(p<0.01).

Baseline features of the female partici-
pants

The biochemical and anthropometric characteristics of
female T2DM patients and controls are summarized in Tab-
le 2. Fasting plasma glucose levels were significantly higher in
normal weight, overweight, and class | obese T2DM patients
compared with controls (p < 0.01), while class Ill obese group
showed a more pronounced elevation (p < 0.001). HbA1c lev-
els were significantly increased in all T2DM groups compared
with controls (p < 0.001), with no significant differences ob-
served among the BMI categories.

Total cholesterol (TC) levels were significantly elevated in
normal weight and overweight T2DM patients compared with
controls (p < 0.01), whereas class | and class Ill obese patients
exhibited more marked increases (p < 0.001). TC levels in class
I and class lll obese patients were also significantly higher
than those in normal weight and overweight T2DM groups
(p < 0.01). HDL-cholesterol levels showed no significant dif-
ferences between controls and normal weight or overweight
T2DM patients, although a non-significant decrease was ob-
served in class | and class Ill obese groups.

LDL-cholesterol levels were comparable between con-
trols and normal weight T2DM patients but were significant-
ly increased in class | and class lll obese groups (p < 0.001).
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Table 1. Biochemical and anthropometric parameters of males with T2DM (n = 195) and healthy male controls (n = 102)

Controls

(n = 102)

Normal weight

Overweight

group (n = 52) group (n = 46)

Class I obesity
group (n = 48)

Class III
(severe) obesity

Group (n = 49)

FSG (mg/dL) | 95 (82-115) 117 (91-133) | 121 (94-142) 118 (88-148) 125 (102-155) *
HbAlc (g/dL) | 5.1 + 0.82 7.5 + 0.99% 8.05 £ 1.1% 8.6 + 1.42*S 7.8 + 0.82*
k%

TC (mg/dL) | 182 (132-216) (2334_240) 220%* (146-238) | 218%* (147-248) | 232* (169-272)
HDbL-C 48 (36-66) 44 (39-58) 47 (41-57) 44 (39-56) 45 (34-55)
(mg/dL)
'(%}%L) 96 (85-116) 108 (78-134) | 120%* (87-142) | 1124** (88-150) | 138*" (92-165)
TG (mg/dL) | 122 (82-138) | 134 (92-145) | 155 (100-195) | 236* (172-262) | 244*" (168-290)
Age (years) | 45 (29-61) 44 (28-54) 49 (34-60) 48 (35-64) 49 (35-69)
BMI (kg/m2) |21.74 +1.72 | 21.82 £2.08 | 27.68 % 2.32 35.06 + 3.22%T | 47.68 % 5.72%Wx
WHR 0.85 0.94 0.95 1.08%*T 1.16%

(0.78-0.94) (0.82-0.1.04) | (0.84-1.08) (0.96-1.12) (1.08-1.22)

Values for various analytes and anthropometric parameters are presented as mean with ranges in parentheses. The values followed by +
sign represent standard deviation.
WHR — waist to hip ratio; BMI — body mass index; FSG — fasting glucose; TC — total cholesterol; HbAlc — glycated hemoglobin; HD — high
density lipoprotein; LDL — low density lipoprotein; TG — triglycerides
*p < 0.001 vs. control group; **p < 0.01 vs. control group, S p < 0.001 vs. normal weight and overweight groups,
T p < 0.01 vs. overweight and class | obesity; W p < 0.001 vs. controls and normal weight group; X p < 0.01 vs. class | obesity group

Table 2. Biochemical and anthropometric parameters of female T2DM patients (n = 125) and the female control group (n = 94)

Controls
(n = 94)

Normal weight
group (n = 31)

Overweight
group (n = 32)

Class I obesity
group (n = 33)

Class III

(severe) obesity
Group (n = 29)

FSG (mg/dL)

94 (80-112)

120%* (88-142)

116%* (90-140)

118** (99-142)

126* (102-155)

HbA1c (g/dL)

4.8 £ 0.48

7.94 £ 1.10*

8.3 £ 1.28%*

8.6 £ 1.52*S

8.5 £ 1.06*

TC (mg/dL) | 172 (129-216) | 196%* (152-242) | 208** (164-246) | 222%T (178-246) | 232*T (172-264)

;'BL'C (M9/ | 55 (44-64) 54 (40-60) 50 (38-58) 45 (34-59) 42 (35-60)

'a'f)"'c (M9/ | 106 + 26.88 |98 + 27.65 118%* + 28.46 | 116%* £29.72 | 136* + 32.04

TG (mg/dL) | 102 (90-128) | 126%* (102-158) | 146%* (94-192) | 158%* (104-218) | 188%w (112-254)

Age (years) | 47 (28-65) | 46 (27-64) 48 (27-65) 45 (27-60) 48 (32-68)

BMI (kg/m2) | 21.28 £ 1.58 | 21.44 + 1.98 28.96 + 2.12 34.12 £ 2.98%T | 46.72 + 4.96%*WX

WHR 0.84 0.92 0.94 1.08%*T 1.12%s
(0.77-0.95) | (0.80-0.1.03) | (0.86-1.08) (0.96-1.14) (0.98-1.24)

Values for various analytes and anthropometric parameters are presented as mean with ranges in parentheses. The values followed by +
sign represent standard deviation.
FSG — fasting plasma glucose; TC — total cholesterol; HbAlc — glycated hemoglobin; HDL — high density lipoprotein; LDL — low density
lipoprotein; TG — triglycerides; WHR — waist to hip ratio; BMI — body mass index
*p < 0.001 vs. control group; **p < 0.01 vs. control group, S p < 0.001 vs. normal weight and overweight groups, T p < 0.01 vs. normal
weight and overweight groups; W p < 0.001 vs. controls and normal weight group; X p < 0.01 vs. class | obesity group
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Class Il obese patients demonstrated significantly higher LDL
levels compared with normal weight patients (p < 0.001).
Triglyceride (TG) levels were significantly elevated in normal
weight, overweight, and class Ill obese T2DM patients com-
pared with controls (p < 0.01), with the class Il obese group
showing the highest increase (p < 0.001). TG levels in class llI
obese patients were also significantly higher than those in
normal weight and class | obese groups (p < 0.01).

Female T2DM patients ranged in age from 27-68 years,
while controls ranged from 28-65 years. Based on BMI, T2DM
patients were categorized into 4 groups: normal weight
(n = 31; BMI 21.44 + 1.98 kg/m?), overweight (n = 32; BMI
28.96 + 2.12 kg/m?), class | obese (n = 33; BMI 34.12 + 2.98
kg/m?), and class Il obese (n = 29; BMI 46.72 + 4.96 kg/m?).
Controls had a mean BMI of 21.28 + 1.58 kg/m? (Table 2).

WHR was significantly higher in class | obese (p < 0.01)
and class Ill obese (p < 0.001) T2DM patients compared with
controls. Additionally, class Ill obese patients exhibited sig-
nificantly higher WHR compared with normal weight and
overweight groups (p < 0.001). BMI did not differ significantly
between controls and normal weight or overweight T2DM pa-
tients. However, BMI was significantly elevated in class | and
class Il obese groups compared with controls (p < 0.001).
Class Il obese patients demonstrated significantly higher
BMI than normal weight and overweight groups (p < 0.001),
as well as higher BMI compared with class | obese patients
(p < 0.01). Class | obese patients also showed significantly
higher BMI than normal weight and overweight groups (p <
0.01).

Interleukin levels in male participants

Table 3 presents a summary of the blood concentrations
of IL 10, 19 and 22 and the results are graphically depicted in
Figure 1.

Interleukin-10 in male participants

The average blood IL-10 concentration in the control
group of healthy males (n = 102) was 18.78 + 2.21 pg/mL.
T2DM patients in normal weight and overweight groups
exhibited significant reductions (p < 0.001) in IL-10 levels,
measuring 7.89 + 1.45 and 7.32 + 1.36 pg/mL, respectively,
as compared to the control group. T2DM patients in in class
I and Ill obesity groups had statistically significant reductions
in IL-10 levels (11.78 + 1.87 and 13.56 + 1.92 pg/mL, respec-
tively) when compared to the control group. The p values for
these comparisons were < 0.01 and < 0.05, respectively. The
IL-10 levels of class | and Ill obesity groups were significantly
higher than those in normal weight and overweight groups
(p <0.05).

Interleukin-19

The IL-19 level (mean % SD) in the male controls (n = 102)
was 72 * 21.45 pg/mL. Male T2DM patients in in normal
weight and overweight groups had a statistically significant in-
crease (p < 0.01) in IL-19 concentrations (232 + 21.45 and 273
+ 29.66 pg/mL) respectively, as compared to controls. T2DM
patients in class | and Ill obesity groups displayed very signifi-
cantincreases in IL-19 values (310 + 32.24 and 356 + 43.64 pg/
mL respectively) in comparison with controls with p values of
< 0.001 and < 0.001. Patients in class | and Il obesity groups
also had significantly greater IL-19 levels in comparison with
those in normal weight and overweight groups (p < 0.05).

Interleukin-22 in male participants

The average serum IL-22 concentration in the male con-
trols (n = 102) was 46 + 12.48 pg/mL. The T2DM patients with
normal weight exhibited a slight, albeit statistically insignifi-
cant elevation in IL-22 levels (52 + 17.45 versus 46 + 12.48
pg/mL). Overweight patients also had significant elevation in
IL-22 levels in comparison to both the control group and
normal weight group (p < 0.05). The levels of IL-22 in class
| obesity group exhibited a statistically significant rise when
contrasted with controls, p < 0.01. Class | obesity T2DM pa-
tients had a notable increase in IL-22 levels in comparison to
overweight T2DM patients, with p < 0.04. While comparing
to both the controls and normal weight group, IL-22 levels
were considerably greater in patients with class Il obesity
(p < 0.001). Figure 1 presents the cluster charts depicting the
levels of serum IL 10 family members in both male control and
patient groups.

Interleukin-10 in female groups

Table 4 provides a summary of the serum levels of IL 10,
19 and 22 in T2DM female patients (n = 125) and 94 individu-
als serving as control subjects. The average serum IL-10 con-
centration in the control group of healthy females was 19.12
+ 2.28 pg/mL, a value comparable to that observed in the
control group of males. Normal weight female T2DM patients
exhibited a statistically significant reduction (p < 0.001) in
IL-10 concentrations as compared to the control subjects. The
female patients in overweight group exhibited a noteworthy
reduction in IL-10 levels (11.68 + 1.55 pg/mL) in contrast to
controls, with p < 0.01. T2DM patients with class | and Il obe-
sity showed a slight, albeit statistically insignificant reduction
in IL-10 levels in comparison with the controls. The results for
female subjects are summarized in table 4 and are graphically
illustrated in Figure 2.
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Table 3: Serum levels of IL 10, 19 and 22 in male T2DM patients (n = 195) and normal controls (n = 102)

IL-10 (pg/mL)

IL-19 (pg/mL) IL-22 (pg/mL)

Controls (n = 102) 18.78 + 2.21 72 £ 21.45 46 + 12.48
Normal weight group (n = 52) 7.89 £ 1.45% 232 £ 21.45*%* 52 £ 17.45
Overweight group (n = 46) 7.32 £ 1.36* 273 £ 29.66** 98 £ 26.12***M

Class I obesity group (n = 48)

11.78 £ 1.87**S

310 + 32.24%*s 147 £ 34.65%*t

Class III (severe) obesity group (n = 49)

13.56 £+ 1.92%**T

356 + 43.64*T 178 + 38.28%*"

Values for various analytes are presented as mean with ranges in parentheses * standard deviation.

*p < 0.001 vs. control group; ** p < 0.01 vs. control group; *** p < 0.05 vs. control group; Lp < 0.04 vs. overweight group; Sp < 0.05
compared to normal weight and overweight T2DM patients; Tp < 0.05 compared to normal weight and overweight T2DM patients;
M p < 0.05 compared to controls and normal weight group; N p < 0.01 compared to controls and normal weight group; Pp < 0.001

compared to controls and normal weight group

450 B 10 w19 Oi-22

400

350 I

300 I

250 [ I =

o . & . .
)l

150
B(n=46 n=48)

Groups

100

; --[’rh i
Controls A(n=52)
(n=102)

Serum IL levels (pg/mL)

w

Figure 1. Cluster charts of IL 10, 19 and 22 levels in male controls and

T2DM patients. A represents T2DM patients with normal weight;
B represents overweight group; C represents class | obeseity group
and D represents class Ill obesity group respectively.

Interleukin-19 in female T2DM patients

The average blood IL-19 concentration in the female
control group (n = 94) was 67 + 17.42 pg/mL. Female T2DM
normal weight and overweight patients exhibited statistically
significant increases in IL-19 concentrations (168 + 26.78 and
212 + 28.22 pg/mL, respectively) in comparison to controls
with p < 0.01. Simultaneously, it was observed that over-
weight T2DM patients exhibited significantly higher I1L-19
levels in comparison to normal weight patients (p < 0.01). Pa-
tients with class | and Ill obesity exhibited a very significant
elevation in IL-19 levels (276 + 35.14 and 288 + 36.98 pg/
mL, respectively) when contrasted with controls (p < 0.0001).
In addition, IL-19 levels were significantly higher in class | and
lll obesity groups compared to the normal weight group
(p < 0.001).

D (n = 49)

Interleukin-22 in female T2DM pa-
tients

The average blood IL-22 concentration in the control
group of healthy females (n = 94) was 44 + 12.02 pg/mL
as are presented in Table 4. The patients with normal
weight exhibited a small and statistically insignificant
rise in IL-22 levels (48 + 14.08 versus 44 + 12.02 pg/mL).
Overweight patients with T2DM had a statistically signif-
icant (p < 0.01) elevation in IL-22 levels in comparison to
both the controls and patients with normal weight. IL-
22 values in patient group with class | obesity exhibited
a statistically significant rise in comparison to the con-
trols, as well as normal weight and overweight patients,
with p values < 0.01, < 0.01, and < 0.04, respectively. The

IL-22 levels in patients with class Ill obesity were significantly
higher than those in the controls (p < 0.001), and also, those
of normal weight group A (p < 0.001) and overweight group
p < 0.04). The cluster charts of serum IL concentrations in 74
female patients and 41 controls are displayed in Figure 2.

Sex-based comparison of IL levels

Comparative analysis of serum IL levels between male and
female T2DM patients revealed distinct sex-related patterns
across BMI categories. IL-10 levels were significantly reduced
in normal-weight and overweight patients of both sexes com-
pared with controls, however, suppression was more pro-
nounced in males (7.32-7.89 pg/mL) than females (9.23-11.68
pg/mL). With increasing obesity severity, IL-10 levels showed
partial restoration, approaching control values more closely
in females than males. IL-19 concentrations were markedly
elevated across all BMI categories in both groups, with a sub-
stantially greater increase observed in males (232-356 pg/mL)
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Table 4. Serum levels of IL 10, 19 and 22 in female T2DM patients (n = 125) and normal controls (n = 94)

IL-10 (pg/mL)

IL-19 (pg/ mL) IL-22 (pg/ mL)

Controls (n = 94)

19.12 + 2.28

67 £ 17.42 44 + 12.02

Normal weight group (n = 31)

9.23 £ 1.52%*

168 + 26.78* 48 + 14.08

Overweight group (n = 32)

11.68 + 1.55**

212 + 28.22*X 112 £ 29.56**S

Class I obesity group (n= 33)

17.46 £ 2.10

276 £ 35.14%**Y 165 £ 33.24%**sM

Class III (severe) obesity group (n = 29)

18.02 + 2.14

288 £ 36.98***Y 198 + 37.82***™N

Values for various analytes are presented as mean with ranges in parentheses * standard deviation.

*p < 0.001 vs. control group; ** p < 0.01 vs. control group; *** p < 0.0001 vs. control group; X p < 0.01 compared to normal weight
patient group; Y p < 0.001 compared to normal weight patient group; S p < 0.01 compared to controls and normal weight patient group;
T p < 0.001 compared to normal weight patient group and controls; M p < 0.04 compared to overweight patients; N p < 0.01 compared

to overweight patient group
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Figure 2. Cluster charts of IL 10, 19 and 22 levels in female controls and
T2DM patients. A represents normal weight group; B represents overwe-
ight group; C represents class | obesity group and D represents class Il

obesity group of T2DM patients.

compared to females (168-288 pg/mL). IL-22 levels demon-
strated a progressive rise with increasing adiposity in both
sexes. Although both sexes exhibited significant elevations in
overweight and obese categories, males showed higher lev-
els in most BMI strata, while severely obese females demon-
strated comparable peak values. Overall, male T2DM patients
exhibited a stronger pro-inflammatory IL profile, whereas fe-
males demonstrated partial preservation of anti-inflammato-
ry IL-10 with increasing adiposity.

IL levels in all T2DM patients (male & fe-
male) vs. controls

A comparison of the serum levels of ILs 10, 19 and 22 in
T2DM patients with controls has been summarized in Table 5
and the results are graphically presented in Figure 3. The av-
erage serum IL-10 concentration in T2DM patients was 12.52
+1.84 pg/mL as compared to 18.95 * 2.25 pg/mL for those of

controls showing a statistically significant decrease
in IL-10 levels with p < 0.01. The average serum IL-
19 concentration in T2DM patients was 264.44 +
34.12 pg/mL in comparison to 69.50 + 20.34 pg/mL
for those of controls, showing a statistically signifi-
cant increase in IL-19 levels with p < 0.0001. The se-
rum IL-22 level in T2DM patients was 124.68 + 30.24
pg/mL as compared to 45.0 + 12.42 pg/mL for those
of controls, depicting a very significant increase in
IL-19 levels with p < 0.001.

To the best of our knowledge, this is the first

study to explore the interplay between obesity-re-

lated anthropometric measures and IL-10 family cytokines in

the context of T2DM in the population of the Asir region of
Saudi Arabia.

IL-10 levels were comparable between male (n = 102) and
female (n = 94) controls, in agreement with previous studies
[21, 23, 32-33]. In contrast, normal-weight T2DM patients
demonstrated a significant reduction in IL-10, suggesting a di-
minished anti-inflammatory milieu that may contribute to
disease onset [21, 23, 33]. Among overweight individuals,
male patients showed a marked decline in IL-10 (p < 0.001),
while females exhibited a more modest reduction. The anti-
inflammatory role of IL-10 is well-established [21-22, 24],
and it is often viewed as protective in metabolic disorders,
although excessively elevated levels may have paradoxical
effects [22]. Notably, IL-10 levels were significantly reduced
in class | and Ill obese males, whereas females in the same
categories showed comparatively higher levels (p < 0.01). This
divergence reinforces the role of obesity as an independent
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Table 5. Comparison of serum levels of ILs 10, 19, and 22 of all T2DM patients (males and females combined n = 320) with normal

controls (= 196)

IL-10 (pg/mL)

IL-19 (pg/ mL) IL-22 (pg/ mL)

Controls (n =196)

18.95 + 2.25

69.50 + 20.34 45.0 + 12.42

T2DM patients (n = 320)

12.52 + 1.84%*

264.44 £ 34.12%%* | 124,68 + 30.24**

Overweight group (n = 32)

11.68 + 1.55**

212 + 28.22* 112 £ 29.56*%*S

* Values for various analytes are presented as mean with ranges in parentheses + standard deviation.
p < 0.01 for combined patients vs. control group; ** p < 0.001 for combined patients vs. control group; *** p < 0.0001 for combined

patients vs. control group
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Figure 3. Cluster charts of IL 10, 19 and 22 levels in combined control-

s(n = 196) and T2DM patients (n = 320)

risk factor and points toward a possible attenuation of anti-
-inflammatory signaling in males. Similar patterns have been
described previously [34].

Sex-based differences in cytokine responses are well doc-
umented [35-37]. The relatively higher IL-10 levels observed
in obese females may be influenced by sex hormones, par-
ticularly given the role of adipose tissue in hormone metab-
olism [34, 37-40]. Elevated IL-10 levels in post-menopausal
women further support this association [34, 40]. These ob-
servations warrant deeper exploration, and comparisons be-
tween pre- and post-menopausal states are being addressed
in our ongoing work.

The mechanisms underlying elevated IL-10 in obese fe-
male T2DM patients remain incompletely understood but
may involve transcriptional regulation [34]. It is plausible that
this reflects a compensatory anti-inflammatory response,
however this speculation requires further validation.

IL-19, a structurally distinct member of the IL-10 family
with an a-helical configuration [26], has increasingly been im-
plicated in metabolic disorders [29, 40]. In our study, IL-19 lev-
els were significantly altered across all T2DM groups, irrespec-
tive of sex, consistently with prior reports [29, 40]. Patients
with class | and Il obesity exhibited marked elevations com-

pared to both controls and normal-weight T2DM individ-
uals (p < 0.001), suggesting a role not only in T2DM but
also in the gradation of obesity [29, 40]. IL-19 has been
associated with anti-inflammatory, antiatherogenic, and
vasculoprotective effects, indicating potential clinical rel-
evance [26,41-44]. However, these observations need

confirmation in larger, well-characterized cohorts [41,

44]. IL-22 demonstrated a progressive increase across

T2DM groups, with statistically significant elevations pri-

marily in overweight and obese individuals, aligning with

earlier findings [45-46]. These results support the view

that IL-22 alone may not serve as a definitive biomark-
er for T2DM, and its levels appear largely independent of sex
hormones [45-46]. IL-22 signals through a receptor complex
comprising IL-22R1 and IL-10R2, the latter also shared by
IL-10, IL-26, IL-28, and IL-29 [45]. When analyzed collective-
ly, T2DM patients showed significant alterations in all three
interleukins compared to controls, consistently with existing
literature [22, 27, 47-48].

Previous studies have reported higher IL-22 levels and
increased frequencies of IL-22-producing CD4+ T cells in in-
sulin-resistant and obese individuals, although many of these
studies are limited by small sample sizes and lack of replica-
tion [46, 49-50]. Experimental models suggest that IL-22 may
mitigate oxidative and endoplasmic reticulum stress, and
exogenous IL-22 has shown beneficial metabolic effects in
animal studies [46, 51]. Unfortunately, human data remain
limited. There is a clear need for carefully designed transla-
tional studies to better define the role of IL-22 in T2DM and to
assess its potential as a therapeutic target.

All the T2DM patients enrolled for this study belonged
to one ethnic group which limits the generalizability of our
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results. Additional investigations using larger sample sizes
in multiple ethnic groups are necessary to explore the IL-10
family’s role in the pathogenesis of T2DM and its potential
therapeutic value. Another limitation of this study is the fact
that our control group did not include a sub-group of obese
participants without T2DM.

IL-10 levels were significantly reduced in both male and
female normal-weight T2DM patients compared to controls.
With increasing adiposity, males consistently showed lower
IL-10 levels than females, while females in class | and Il obesi-
ty groups exhibited relatively higher levels within comparable
metabolic categories. IL-19 levels were significantly elevated
across all T2DM groups, irrespective of sex, with a more pro-
nounced increase in obese and severely obese patients com-
pared to controls and normal-weight individuals, indicating
a potential role in both T2DM and obesity.

IL-22 levels showed a progressive rise across T2DM
groups, although significant changes were limited to over-
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Abstract

Background: Endoscopic lumbar decompression (ELD) is emerging as a minimally invasive alternative to traditio-
nal microdiscectomy, potentially offering faster recovery and reduced tissue damage. Our aim was to analyze
clinical outcomes following the introduction of single-port ELD at our institution. Material and methods: A retro-
spective analysis of 28 consecutive patients undergoing single-port ELD (2019-2023) was conducted. Most sur-
geries involved the L5-S1 level (77.8%) and utilized a translaminar approach (85.7%). Primary outcomes included
the Oswestry Disability Index (ODI) and Numerical Rating Scale (NRS) pain scores. Results: Mean ODI improved si-
gnificantly from 65.1% pre-operative to 15.1% post-operative (p < 0.0001). Mean NRS scores improved from 8.33
to 2.36 (p < 0.0001). A minimal clinically important difference (MCID) was achieved in 92.9% of patients. Intra-
operative conversions to open surgery occurred in 10.7% of cases. Post-operative complications were observed
in 10.7% of patients (2 instances of paresis and 1 recurrence), with one case requiring reoperation. Conclusions:
Single-port ELD yields substantial improvements in both functional outcomes and pain relief. However, moderate
complication and conversion rates reflect the technical learning curve. Extended follow-up is required to assess
long-term recurrence and durability.
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Introduction

Endoscopic lumbar decompression (ELD) has evolved
considerably since Kambin and Gellman first described per-
cutaneous lateral discectomy of the lumbar spine in 1983 [1].
Over the subsequent four decades, advances in optics, in-
strumentation, and surgical technique have transformed ELD
from an experimental concept into a viable minimally inva-
sive alternative to conventional open discectomy (OD) and
microdiscectomy (MD) for the treatment of lumbar disc
herniation and spinal stenosis [2-3]. Despite this progress,
traditional techniques such as MD remain the predominant
surgical method worldwide, as they are long-established and
familiar to the majority of surgeons [4].

A growing body of evidence supports the benefits of ELD
over conventional approaches. Comparative studies have
demonstrated that ELD is associated with smaller incisions
(often 10-16 mm), reduced paraspinal muscle disruption,
less intraoperative blood loss, shorter operating times, and
decreased post-operative pain compared to traditional mi-
croscopic discectomy [5-6]. These advantages lead to faster
recovery, shorter hospital stays, and an earlier return to daily
activities [7]. However, adoption of ELD remains limited due
to the prolonged learning curve and the need for specialized
instruments [3, 8]. For example, rigid endoscopy-assisted pro-
cedures require neurosurgeons to develop specialized skills
for handling single-port endoscopes and adapting to two-
dimensional video-guided navigation in confined surgical cor-
ridors (Figure 1) [9].

Despite these challenges, the continued development
of less invasive surgical techniques has driven interest in ELD
as the preferred alternative to MD and OD [10]. In this retro-
spective study, we aimed to assess the surgical outcomes of
ELD and patient-reported feedback following the adoption of
this technique at our institution.

Materials and methods

Patient selection and demographics

We retrospectively analyzed 28 consecutive patients with
complete pre-operative and post-operative outcome data
who underwent single-port ELD between January 2019 and
December 2023. These 28 patients were selected from a total
of 40 endoscopic lumbar procedures performed at our institu-
tion during this period by 3 neurosurgeons in the early phases
of acquiring endoscopic surgical expertise (< 100 cumulative
endoscopic cases at study initiation).

The 28-patient cohort consisted of 14 males (50.0%) and
14 females (50.0%), with a mean age of 46.1 + 8.8 years (range,

26-58 years). The following levels of the spine were operated:
L5-S1 (n = 21, 77.8%), L4-L5 (n = 5, 18.5%), and L3-L4 (n = 1,
3.7%). One patient’s operative level was not recorded in the
database and was excluded from level-specific analysis (n = 27
for level analysis).

Inclusion criteria

The patient inclusion criteria were: age (> 18 years at
time of surgery), primary lumbar disc herniation confirmed
on magnetic resonance imaging (MRI), lumbar spinal steno-
sis (with or without associated disc herniation) confirmed
on MRI, radiculopathy or neurogenic claudication refractory
to conservative management (> 6 weeks of non-operative
treatment, including physical therapy and/or pharmacologic
management), ODI score > 40% at baseline, sufficient cogni-
tive and language capacity to independently complete stand-
ardized outcome questionnaires during the pre-operative and
post-operative assessments.

Exclusion criteria

The exclusion criteria were: recurrent disc herniation at
the same operative level, spinal instability (spondylolisthesis
> Grade 1, spondylolysis with translation, or scoliosis > 20°),
prior surgical intervention at the same spinal level as the
one considered for endoscopic treatment, cauda equina syn-
drome presenting as an emergency requiring urgent decom-
pression, severe systemic comorbidities (uncontrolled cardiac
arrhythmia, severe pulmonary dysfunction, severe hepatic
disease, uncontrolled diabetes), and active coagulopathy (or
anticoagulation therapy that could not be safely discontinued
perioperatively).

Anesthesia and positioning

Patients were positioned prone on a radiolucent oper-
ating table under general endotracheal anesthesia. Neuro-
monitoring (including transcranial motor evoked potentials
(tcMEP) and somatosensory evoked potentials (SSEP)) was
recorded from bilateral lower extremities to assess nerve root
and spinal cord function throughout the procedure. Vital and
peri-operative parameters (including continuous electrocardi-
ography, pulse oximetry, end-tidal capnography and core tem-
perature) were monitored in accordance with the American
Society of Anesthesiologists (ASA) standards.

Surgical technique and operative param-
eters

All procedures utilized a single-port rigid endoscopic ap-
proach. A rigid 4-mm single-port endoscope with integrated
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visualization and bimanual working channels (Karl Storz SE &
Co. KG, Tuttlingen, Germany) was connected to a high-defi-
nition video system and an appropriate illumination source.
Surgeon preference, anatomical considerations, and the site
of pathology determined the selection of surgical approach
(transforaminal vs. translaminar). Four patients (14.3%) were
operated via transforaminal approach, while the translaminar
approach was chosen in 24 patients (85.7%)

Translaminar approach (n = 24)

Following skin sterilization, a small midline skin incision
(approximately 10-16 mm) was made over the lumbodorsal
(thoracolumbar) fascia at the affected spinal level under fluor-
oscopic guidance. The fascia was incised, and sequential dila-
tion of the interlaminar space was performed using dilators.
The endoscope was advanced into the interlaminar space,
providing direct visualization of the ligamentum flavum, dura
mater, nerve root, and any herniated disc material or osteo-
phytes. Endoscopic decompression was achieved through the
removal of ligamentous and osseous structures using endo-
scopic graspers, curettes, and a 3000 RPM endoscopic burr
under direct visualization. Hemostasis was maintained using
bipolar radiofrequency coagulation. Adequate decompres-
sion was confirmed by direct visualization of the nerve root
and traversing dura without compression.

Transforaminal approach (n = 4)

Following fluoroscopic localization of the target foramen,
a small lateral skin incision was made. Sequential dilators
(6 mm and 8 mm) were used to dilate the intervertebral fo-
ramen through the paravertebral musculature under fluoro-
scopic guidance in a progressive manner. The endoscope was
advanced through the dilators, permitting visualization of the
foraminal anatomy, exiting nerve root, and any herniated disc
material within the foramen or subarticular space. Endoscop-
ic decompression involved the removal of disc material and
osteophytes compressing the nerve root, followed by hemo-
stasis with bipolar coagulation.

Intraoperative conversion

If adequate decompression could not be achieved via the
endoscopic approach (due to technical factors or anatomical
constraints), conversion to open microscopic or open surgi-
cal approach was planned and documented. Three patients
(10.7%) underwent intraoperative conversion: 2 to open mi-
croscopic decompression and 1 to wide surgical decompres-
sion.

Follow-up assessment

Post-operative clinical assessments were conducted at
standardized intervals: at post-operative week 2 (wound
assessment), week 6 (clinical evaluation), week 12 (clinical
and functional assessment), and at final follow-up (mean
4.5 months, range 3-6 months). Imaging included post-oper-
ative MRI at a mean of 6 weeks to assess adequacy of neural
decompression, exclude recurrent or persistent herniation,
and rule out complications.

Outcome measurement

Primary outcome measures

We used the Oswestry Disability Index (ODI) version 2.0,
a 10-item condition-specific disability questionnaire that
quantifies functional limitations attributable to low back
pain [11]. Scores range from 0 to 100%, with higher scores
indicating greater functional disability. Standard disability cat-
egories are defined as follows: 0-20% (minimal disability), 21-
40% (moderate disability), 41-60% (severe disability), 61-80%
(very severe disability), and 81-100% (bedbound/extreme
functional impairment).

To standardize the patients’ assessment of lower back and
radicular pain intensity, we used the 11-point Numerical Rat-
ing Scale (NRS), ranging from 0 (no pain) to 10 (worst possible
pain) [12]. The minimal clinically important difference (MCID)
for NRS in lower extremity pain is generally considered to be
> 2.0 points [13].

The ODI and NRS questionnaires were administered in
a structured format using a standardized script to minimize in-
terviewer variability. Patients were asked to respond to each
item independently without guidance or suggestion.

Secondary outcome measures

Secondary outcomes included: return to work status
(percentage of patients returning to baseline occupation
or equivalent duties), resumption of activities of daily living
without significant limitation, and patient satisfaction with
surgical outcome, (assessed using a 5-point Likert scale: very
dissatisfied, dissatisfied, neutral, satisfied, very satisfied) [14].
Structured interviews were administered by trained research
staff at baseline (pre-operatively) and at final follow-up (mean
4.5 months post-operatively).
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Primary outcome: disability (Oswestry
Disability Index)

Table 1 presents the ODI scores before and after ELD. The

mean change in the ODI score from baseline to post-oper-
ative assessment was 50.0 percentage points (95% Cl: 44.3-
-55.7). A paired t-test demonstrated that this change was
statistically significant: t(27) = 27.3, p < 0.0001, representing
a large effect size (Cohen’s d = 5.14). Table 2 presents the dis-
tribution of patients across ODI disability categories before
and after surgery (see Figures 2.1 and 2.2). This represents
a clinically and statistically significant shift toward lower dis-
ability categories, with 82.1% of patients achieving minimal
disability status post-operatively compared to 0% pre-opera-
tively.

Primary outcome: pain (Numerical Rat-
ing Scale)

The mean reduction in pain was 5.97 points on the NRS
scale (95% Cl: 5.09-6.85). A paired t-test demonstrated statis-
tical significance: t(27) = 19.2, p < 0.0001, representing a large
effect size (Cohen’s d = 3.64). In the current cohort, 26 of 28
patients (92.9%) met the MCID threshold of > 2.0 points, in-
dicating substantial clinically meaningful improvement in pain
(Table 3 and Figure 3).

Secondary outcomes: functional recov-
ery and satisfaction

Of the 28 patients, 24 (85.7%) reported return to their
baseline occupation or equivalent employment duties by fi-
nal follow-up assessment. Twenty-six of 28 patients (92.9%)
reported the successful resumption of activities of daily

Table 1. Summary of Oswestry Disability Index (ODI) scores before and after endoscopic lumbar decompression (n = 28)

Parameter | Pre-operative | Post-operative
Range 41-82% 2-48%

Mean + SD 65.1% + 11.2% 15.1% £ 14.6%
95% CI 60.8-69.4% 9.8-20.4%
Median 68% 10%

Table 2. Distribution of patients by ODI disability category before and after endoscopic lumbar decompression (n = 28)

Disability category

Pre-operative n (%)

Post-operative n (%)

Minimal (0-20%) 0 (0%) 23 (82.1%)
Moderate (21-40%) 5 (17.9%) 5 (17.9%)
Severe (41-60%) 7 (25.0%) 0 (0%)
Very severe (61-80%) 12 (42.9%) 0 (0%)
Bedbound (81-100%) 4 (14.3%) 0 (0%)

Total

28 (100%)

28 (100%)

Table 3. Summary of Numerical Rating Scale (NRS) pain scores before and after endoscopic lumbar decompression (n = 28)

Parameter | Pre-operative | Post-operative
Range 6-10 0-6

Mean + SD 8.33 +£ 1.69 2.36 £ 2.44
95% CI 7.85-8.81 1.39-3.33
Median 8.0 2.0
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low-up.

Figure 1. A compressed nerve root (red arrow) in the endoscopic
view
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Figure 2.1. Preoperative Oswestry Disability Index (ODI) scores recorded
before ELD (n = 28)
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Figure 2.2. ODI Score after ELD
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Figure 3. Chart comparing patient self-assessment of pain on the numerical
rating scale (NRS) before and after (ELD) (n = 28)
blue bars — NRS assessment before ELD, orange bars — NRS assessment after ELD

living (including household activities, self-care, and personal
hygiene) without significant functional limitations at final fol-

Patient satisfaction, assessed via a Likert scale, was highly
favorable: 26 of 28 patients (92.9%) reported being satisfied
or very satisfied with the procedure, 2 of 28 patients (7.1%)
reported neutral satisfaction, and zero patients (0%) reported
dissatisfaction.

In this retrospective study we observed significant im-
provements in both functional disability and pain outcomes
of 28 patients, who underwent single-port ELD during the

early adoption phase of this procedure at our
institution. Mean ODI scores decreased by
50.0 percentage points (from 65.1% to 15.1%,
p < 0.0001), with 82.1% of patients transitioning
from severe or very severe disability categories
to minimal disability post-operatively. Similarly,
mean NRS pain scores decreased by 5.97 points
(from 8.33 to 2.36, p < 0.0001), with 92.9% of
patients achieving the MCID threshold. These
results demonstrate that even when performed
by surgeons in the early stages of their learning
curve, the ELD procedure can produce clinically
meaningful improvements in patient-reported
outcomes.

Our findings are consistent with those
reported by Leyendecker et al., who demon-
strated significant early improvements in both
ODI and NRS scores after full endoscopic spine
surgery in a larger cohort [7]. The magnitude of
improvement observed in our study (Cohen’s
d = 5.14 for ODI and 3.64 for NRS) indicates
large effect sizes, suggesting that the clinical
benefits of ELD are substantial and not merely
statistically significant. The high rate of return
to work (85.7%) and patient satisfaction (92.9%)
further supports the clinical effectiveness of this
approach.

However, equally notable are the 10.7%
intraoperative conversion rate and the 10.7%
complication rate (2 instances of post-operative
paresis and 1 recurrence) in our series. Both
rates are higher than those reported in large-
-volume centers with experienced endoscopic
surgeons and likely reflect the early learning
curve of our surgical team [5-6]. Sun et al. have
previously documented that complication

rates decrease as surgeons progress along the
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ical images systematically, which could
have enhanced the thoroughness and
relevance of the results.

The early stage of adopting ELD at
our center involved a significant learning
curve (Figure 4). Operator experience and
skill levels during this initial period could
have influenced the surgical results (e.g.
differences in surgery duration, compli-
cation rates) and patient outcomes. We

Year 1 Year 2 Year 3

Year

Year 4 lacked specific data to quantify the sur-

geons’ actual improvement on this pro-

Figure 4. The increasing number of endoscopic spine surgeries performed by our

team

This upward trend reflects the learning curve associated with the adoption of the
technique, as well as the growing experience and confidence of the surgical team in

performing these procedures.

learning curve for percutaneous endoscopic lumbar discec-
tomy [8]. Similarly, Kang et al. found that outcomes of endo-
scopic surgery improve significantly with increasing surgeon
experience [4]. Our surgeons reported subjective improve-
ment in their endoscopic skills during the study period, how-
ever, we lacked specific analytical data, such as changes in
operating time, to objectively quantify this progression.

The long-term recurrence rate of disc-related pathology
following endoscopic procedures remains an important area
of ongoing investigation. Several studies have reported recur-
rence rates ranging from 3% to 12% [15-17], but extended fol-
low-up data beyond 5 years remain limited [18].

Study limitations

Our study has several limitations that should be acknowl-
edged when interpreting the results. The small sample size
(n = 28) limits the generalizability of our findings to larger
patient populations. Although the data shows promising
improvements in both pain and disability, larger cohorts are
needed to confirm these findings with more robust statistical
power.

We tracked outcomes during a short post-operative peri-
od (mean 4.5 months), and therefore we did not collect long-
term follow-up data (e.g. recurrence) of disc-related issues
or lasting functional improvements. We assessed cases from
a single center, focusing on the experiences of a particular
surgical team. Therefore, our findings may not apply to other
settings with different levels of ELD expertise or resources.

Patient-reported outcome measures (e.g. the ODI and
NRS) may demonstrate only subjective improvements. We
were unable to assess objective functional tests or radiolog-

cedure’s learning curve (e.g. decrease in
operating time over the years), therefore,
our findings regarding learning curve
progression were based solely on the sur-
geons’ self-reported opinions.

To confirm these preliminary findings and to better un-
derstand the full scope and limits of ELD, multicenter studies
with larger cohorts, standardized methods, and extended fol-
low-up are needed.

Single-port ELD yielded substantial and statistically sig-
nificant improvements in both functional outcomes and
pain relief in this cohort of 28 patients, as demonstrated by
a 50.0 percentage-point mean reduction in ODI scores and
a 5.97-point mean reduction in NRS pain scores, with 92.9%
of patients achieving the MCID threshold. However, the mod-
erate complication rate (10.7%) and intraoperative conversion
rate (10.7%) reflect the challenges associated with the early
stages of the technical learning curve. Extended follow-up
with larger, multicenter cohorts is required to assess long-
term recurrence rates, durability of clinical outcomes, and the
trajectory of the learning curve for this procedure.
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Abstract

Background: Due to their availability and purported benefits for muscle growth and athletic performance, the
use of whey protein and creatine supplements is widespread among recreational and amateur athletes. Material
and methods: 600 gym-goers (24-52 years of age) were divided into 3 groups based on their dietary supplement
use: none (group A), moderate amounts (group B) and high doses (group C). Biochemical analysis of kidney and
liver function was performed. Results: High-dose supplementation significantly increased serum creatinine, se-
rum urea and liver enzymes (AST, ALT) and bilirubin levels compared with the control and medium-dose groups.
Group C showed the highest creatinine (1.33 + 0.216 mg/dL) and serum urea (55.31 + 6.49 mg/dL), suggesting
a possible association with renal function biomarkers. Similarly, AST and ALT levels were significantly increased in
supplement users (particularly in group C), suggesting increased transient variations in hepatic enzyme activity.
Conclusions: Our findings highlight a dose-dependent effect of whey protein and creatine supplementation on
liver and kidney function, and emphasize the importance of responsible dietary supplement use and periodic
monitoring of biochemical markers.
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Introduction

Whey protein (WP) in particular, a component of milk
protein, has become popular for muscle building and weight
management [1]. Despite the growing interest in nutritional
supplementation among physically active people, data on the
use of exercise supplements are limited [2]. It is estimated
that 32-90% of athletes use dietary supplements [3].

Proteins such as B-lactoglobulin, a-lactalbumin, immu-
noglobulins and bovine serum albumin, which are obtained
from the liquid by-product of milk following cheese produc-
tion through enzymatic coagulation and subsequent purifi-
cation processes [4]. These include many of the well-known
branched-chain amino acids of WP. Studies show that WP is
the most popular protein supplement among athletes, con-
tributing to protein synthesis, increased lean muscle mass,
and carbohydrate metabolism [5].

Many physically active people use WP without medical
guidance and few studies examine the safety and adverse
effects of such supplements. Excessive WP intake can lead
to periodontal disease, diarrhea, microbial dysfunction and
changes in kidney and liver metabolism [6]. It is necessary
to differentiate the outcomes derived from animal studies
from those observed in patients with pre-existing illnesses
and in healthy people. Most reported adverse renal or he-
patic effects from high protein or creatine intake come from
animal studies or patients already having existing ilinesses re-
lated to the kidneys or the liver, while there are inconsistent
data from healthy recreational athletes or active individuals
among whom no significant changes were observed [7-8].

Post-exercise protein intake is necessary to increase and
balance muscle protein synthesis, supporting hypertrophy.
Taking 40 g of casein before sleep improves nocturnal protein
synthesis and recovery compared to carbohydrates, this pro-
cess can increase muscle strength and growth over time [9].
High dietary protein intake can lead to kidney problems, e.g.
hyperfiltration, glomerular injury, and proteinuria, which can
lead to chronic kidney disease (CKD) Animal protein diet is
the highest risk factor end-stage kidney disease (ESKD) is as-
sociated due to factors such as acid load and inflammation It
should be the former, especially for those at risk [10].

Although though high protein intake has been associated
with elevated glomerular filtration rate and a greater work-
load of the kidney, there is current evidence indicating this
does not necessarily result in kidney injury among healthy
individuals. This could be the case among those who already
have kidney problems, though [11].

Creatine, a compound composed of the amino acids
arginine methionine and glycine, is produced through diet
and metabolism. Creatine supplements are a promising er-
gogenic adjuvant that enhance athletic performance during
short-term intense exercise and are widely used by both pro-

fessional athletes and the general public [12]. Consistent re-
ports show that creatine supplementation increases muscle
creatine and phosphocreatine levels [13]. This increases the
availability of phosphocreatine, increases the cellular efficien-
cy of the phosphogenic system and facilitates the transport
of high-energy phosphate between the cytosol and the mito-
chondria through creatine phosphate interactions [14].

In some cases, people need to get enough creatine from
their diet to meet a certain level of nutritional needs [15]. Di-
etary creatine is generally considered safe, although excessive
levels can cause gastrointestinal discomfort. Some preclinical
studies and data suggest that exogenous creatine may ad-
versely affect liver function by increasing liver enzymes, ex-
acerbating ethanol-induced alteration in liver enzyme mark-
ers, and potentially leading to changes in hepatic biomedical
parameters [16]. However, the effect of dietary creatine on
biomarkers of liver health in the general population remains
unclear. The indiscriminate use of creatine supplements has
raised safety concerns, particularly with respect to possible
changes in the liver and kidneys [17].

Although WP or creatine supplementation at recom-
mended dosages does not cause significant changes in the
liver or kidney function of healthy subjects, there are evolv-
ing data implicating high doses of these supplements in de-
tectable changes in serum creatinine, urea, and liver enzyme
levels [18]. Accordingly, the purpose of our study was to as-
sess the influence of WP and creatine supplementation on
the chosen liver and kidney function parameters in healthy
participants, especially focusing on the differences between
physiological and clinically significant values.

Material and methods

This cross-sectional analytical study was carried out
in Ninawa (Iraq), from September 2023 to April 2024. The
participants regularly trained at gyms in different locations
within the city. They were interviewed to respond to the
questionnaires directly, supplement intake was assessed us-
ing a self-reported questionnaire. The questions focused on
the quantity of taking supplement and other types of food
taken daily. Information regarding diet was collected using
a 24-hour recall procedure conducted on 3 non-consecutive
days, consisting of 2 weekdays and 1 weekend day. Total dai-
ly protein intake was calculated by adding protein obtained
from diet and protein supplements.

This was followed by biochemical tests to investigate the
liver and kidney function. Ethical approval for this study was
obtained from the Collegiate Committee for Medical Research
Ethics at the University of Mosul. Informed consent was ob-
tained from the participants.
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Participants

All participants (600) in this study were male, 24 to 52
years of age who regularly trained at the gym 6 days/week,
averaging 1 hour per day. Resistance training comprised the
major part of their exercise. To avoid confounding by train-
ing, gym-goers who reported changes in training intensity,
volume or type during the preceding month were not re-
cruited. The rest of the exclusion criteria were as follows: fe-
males, coaches, professional athletes, hormone supplement
use, chronic health conditions (e.g. diabetes, liver and kidney
disease). The participants were divided into 3 equal groups.
Group A included participants who did not consume WP and
creatine supplements. Those in group B taking 30 grams (g)
of WP and 5 g creatine, and group C taking 45 g of WP and
7.5 g creatine. The participants in groups B and C were re-
quested to use WP and creatine supplements at least 8 weeks
before blood sample collection. This ensured that the supple-
mentation usage period was sufficient enough to allow any
biochemical changes to occur.

Biochemical analysis

Consumption of total protein was determined using
24 hours recall combined with a meal replacement list. Body
mass index (BMI) was calculated using the standard formula
(weight (kg)/height (m?)). A total of 5 ml of venous blood was
collected, left to clot and centrifuged to obtain serum for bio-
chemical analysis of liver function tests (AST, ALT, total biliru-
bin and direct bilirubin and kidney function tests (serum cre-
atinine and urea). All participants were instructed to maintain
their usual hydration status and to avoid vigorous exercise and
alcohol consumption 24 hours prior to blood sampling.

Statistical analysis

The study data were analyzed using the SPSS software
(version 24, IBM Corp., Armonk, USA). Normality for contin-
uous variables was determined using the Shapiro-Wilk test.
The homogeneity of variance assumption was checked by
Levene’s test. Variables within groups were compared using
the chi-square test. Continuous variable of liver and kidney
function served as depended variables and were compared
by t-test. In situations requiring comparison of more than two
groups, one-way ANOVA, combined with post hoc Tukey’s
test, was used to account for multiple comparison issues. Dif-
ferences were considered statistically significant at p < 0.05.
For continuous variables, the effect size in terms of Cohen’s
d was determined together with the 95% confidence interval.

Age, weight, height and BMI of all participants are shown
in Table 1 and no statistically significant differences between
them were observed.

Kidney function

Our results demonstrated that the mean level of
serum creatinine in the A, B and C groups were 0.965 +
0.143 mg/dL, 1.011 £ 0.172 mg/Dl and 1.33 + 0.216 mg/dL,
respectively. This reveals that the participants in group
A (who did not consume WP and creatine supplements)
had normal serum creatinine. However, group B showed
a significant increase in serum creatinine compared with
group A. In addition, comparing with group A and B, those
in group C had significantly higher levels of serum creati-
nine (Table 2). Such high serum creatinine levels may in part
represent an association with muscle mass or creatine-pro-
duced creatinine, which are common in physically active
people and not indicative of renal biomarker changes [7].

In addition, the mean level of serum urea in A, B and C
groups were 41.52 + 5.92 mg/dL, 43.87 + 5.64 mg/dL and
55.31 * 6.49 mg/dL, respectively. There was only a significant
increase in serum urea in group C in comparison with both
group A and B as shown in Table 3. Although there were sig-
nificant differences in the levels of serum creatinine and urea,
their results have been cautiously interpreted in the context
of exercise, muscle mass and creatine supplements.

Liver function tests

The mean level of serum AST in groups B and C was
higher (42.36 + 1.82 U/L and 47.41 + 1.58 U/L, respectively)
than in group A (32.17 £ 2.12 U/L) (Table 4). In addition, the
mean level of serum ALT was also elevated in groups B and
C were (40.47 + 1.23 U/L and 42.54 + 1.64 U/L, respective-
ly), compared to group A (33.65 + 1.41 U/L). Groups B and C
had significantly higher ALT than the group A, whilst no sig-
nificant difference was found between groups B and C (Table
4). Furthermore, the mean levels of total bilirubin in groups
A, B and C were 0.98 + 0.07 mg/dL, 1.55 + 0.1 mg/dL, 1.95
+ 0.12 mg/dL, respectively. The differences in total bilirubin
between groups B and A as well as C and A were statistically
significant. In addition, significant difference was also noted
between groups B and C, as shown in the Table 5.

Our findings provide an insight into the effects of WP
and creatine supplements on kidney and liver function in
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Table 1. Comparisons of mean age, height, weight and BMI among the 3 groups of participants
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Age (years) 29.34 + 8.82 28.61 £ 7.93 27.88 £ 7.69
Height (cm) 171.64 £ 9.45 174.13 £ 6.58 172.96 + 8.33
Weight (kg) 78.37 £ 11.24 81.67 £ 10.39 80.91 + 12.73
BMI (kg/m?2) 26.49 = 3.97 26.97 £ 3.18 26.72 £ 4.11
Table 2. Renal function parameters in the 3 groups of participants

D » D » » 0 )
Serum creatinine (mg/dl) 0.965 + 0.143 1.011 +£ 0.172 1.33 £ 0.216
Serum urea (mg/dl) 41.52 £ 5.92 43.87 £ 5.64 55.31 £ 6.49

Table 3. The p value for each pair ways tow sample t-test for each of the parameters (serum urea and serum creatinine)

Serum urea

p = 0.5227

p < 0.0000015

p < 0.0000216

Serum creatinine

p = 0.5875

p < 0.0001

p < 0.0001

Table 4. Liver function parameters in the 3 groups of participants

Mean + SD
Liver function test

Group B
AST (U/L) 32.17 £ 2.12 42.36 =+ 1.82 47.41 £ 1.58
ALT (U/L) 33.65 £ 1.41 40.47 £ 1.23 42.54 + 1.64
Total bilirubin (mg/dL) 0.98 + 0.07 1.55 £ 0.1 1.95 + 0.12
Direct bilirubin (mg/dL) 0.106 £+ 0.015 0.322 £ 0.119 0.391 £+ 0.029
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Table 5. The p value for each paired two sample t-test for each of the parameters (AST, ALT, total bilirubin and direct bilirubin)

Parameter

AST 0.001084 0.00000365 0.050937
ALT 0.003858 0.0000567 0.321044
Total bilirubin 0.000077 0.000000855 0.016813
Direct bilirubin 0.000715 0.0000000162 0.00011

gym-goers. Although the consumption of WP and creatine
and their effect on kidney and liver function are still controver-
sial, same reports found that WP protects against hyperten-
sion and a wide range of metabolic disease (e.g. dyslipidemia,
type 2 diabetes and obesity) [6]. Similarly to other studies, our
data suggests that low dose supplementation of WP and cre-
atine has no effect on the kidney and liver function [19].

The significantly increased levels in group C suggest that
high-dose supplementation may increase creatinine pro-
duction and retention, potentially due to increased muscle
metabolism or decreased renal clearance. Higher creatinine
level may also represent a higher muscle mass or creatinine
production from creatine supplements and not necessarily
renal functional biomarkers changes, particularly in people
with high activity physical levels [7]. Elevated creatinine levels
were associated with increased renal biomarkers due to high
protein intake, which is consistent with findings in previous
research demonstrating the potential effect of excessive WP
supplementation on kidney function [20-21].

In addition, serum urea levels had a similar pattern in the
groups. While there were no significant differences between
groups A and B, group C showed significantly higher levels,
indicating altered kidney function probably due to increased
nitrogenous waste from higher protein metabolism, as con-
firmed by earlier studies. Urea (or blood urea nitrogen, BUN)
is a nitrogen-containing substance produced in the liver during
the urea cycle as a byproduct of protein metabolism. Around
85% of urea removed by the kidneys, while the remainder is
excreted through the gastrointestinal system [20-22].

Elevations of liver enzymes (AST) and ALT levels were ob-
served in groups B and C. These results suggest that WP and
creatine use are associated with increased liver enzyme activi-
ty, indicating transient variations in liver biochemical markers.
Previous reports associate WP intake with minor changes in
liver enzymes, particularly in individuals with underlying dis-
ease or who excessively consume WP [1]. In addition, both
total and direct bilirubin levels were significantly increased in

groups B and C compared with group A, suggesting a dose-
-dependent effect of supplementation on bilirubin metabo-
lism. Our findings are consistent with previous studies that
caution against unsupervised supplement use due to possible
disruption of liver detoxification pathways [22-23].

The liver plays a central role in protein metabolism, par-
ticularly in the deamination and transamination processes
that break down amino acids. Supplementation with WP and
creatine results in increased availability of amino acids in the
bloodstream, requiring the liver to metabolize these excess
substrates. This increased metabolic activity may increase
the expression and release of liver enzymes such as AST and
ALT into the bloodstream, as they are markers of hepato-
cyte activity or damage [24]. Furthermore, the elevation of
transaminases secondary to exercise and/or WP and creatine
supplementation also demands consideration, as these are
not always indicative of hepatocellular damage in physically
active populations [25]. Creatine, if consumed in excess, un-
dergoes metabolism to form creatinine, primarily in the liver.
This additional metabolic burden could lead to mild stress on
the hepatocytes, causing enzymes to be released into the cir-
culation. Studies have shown that prolonged or excessive cre-
atine supplementation is associated with mild but reversible
increases in liver enzyme levels [26].

Limitations of this study

Our study has several limitations. First and foremost, this
was a the cross-sectional analysis without long-term data.
Supplement intake was self-reported in our study. Further-
more, serum creatinine may not be a precise indicator of
kidney function in physically active people. Unfortunately, we
did not measure the participants’ eGFR and other renal bi-
omarkers. Finally, we did not analyze the possible role of di-
etary and exercise-related covariates. Therefore, our results
cannot and should not be generalized to all physically active
individuals.
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This study demonstrated that high-dose WP and creatine The authors would like to express their gratitude to the
supplementation is associated with elevations in several College of Pharmacy at the University of Mosul, for provid-
biochemical markers of liver and kidney function. Moder- ing the support and facilities required to conduct this study.

ate supplementation, however, did not produce significant We extend our heartfelt appreciation to all laboratory Staff,
changes. Although these findings suggest potential physio- whose support contributed to the completion of this study.
logical effects, they do not necessarily indicate organ damage

or clinical dysfunction. Our results underscore the value of

overseeing supplement intake by coach or dietician and in-
terpreting changes in biochemical markers within the context
of exercise, muscle mass, and creatine metabolism. Further None.

longitudinal studies measuring additional renal and liver bio-

markers are recommended to clarify the clinical relevance of

these associations. Conflicts of interest
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Abstract

Background: The purpose of this systematic review and meta-analysis was to assess the nutrient intake and
nutritional status of edentulous patients who received dietary advice combined with complete dentures. Ma-
terial and methods: Data were extracted from PubMed/Medline, Google Scholar, Scopus, and ScienceDirect
from February 2002 to February 2025 by 2 independent reviewers. Ebscohost was searched for full-text artic-
les from 1994 to 2025, in English. 1596 articles were excluded based on exclusion criteria and after removing
7 duplicates. Eight articles were included for qualitative analysis, followed by 3 articles for meta-analysis. Results:
Non-significant improvements were seen in the intake of calcium (p =0.17), iron (p = 0.10), protein (p = 0.21) and
vitamin D (p = 0.93). Heterogeneity was low, indicating consistent results. GRADE analysis indicated a low level of
evidence. Conclusions: Our results have not shown any significant improvement in nutrient intake after dietary
advice and rehabilitation. In addition, the limited number of studies available for this meta-analysis highlights the
need for more standardized, long-term clinical trials to achieve a higher level of evidence.
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Introduction

The loss of teeth (edentulism) is considered an indication
of poor oral cavity health [1-2]. Adequate nutrition is vital in
maintaining a healthy life, especially in geriatric patients with
complete removable prostheses [3]. Chen et al. reported that
an estimated 0.35 billion people were affected by edentulism,
accounting for 4.44% of the whole population [4]. This trend
first increased in developed countries (e.g. UK and Japan) and
later in developing countries such as India [5]. Literature has
shown that dental status is closely linked to an individual’s nu-
tritional status. Hence, for improved human health, dentition
status should be monitored for nutritional counselling, par-
ticularly in the elderly [6].

Diet and nutrition are often misunderstood as synonyms,
but they differ in that diet constitutes the ingestion of food,
whereast nutrition integrates macro and micronutrients for
the building and repairing of tissues [7]. The European So-
ciety for Clinical Nutrition and Metabolism recommends
1.0-1.2 g/kg body weight/day for healthy older adults and
1.2-1.5 g/kg/day for older adults who are malnourished
or have a chronic illness [8]. The nutritional status of elder-
ly people is often impaired due to selective food intake, as
they are more comfortable with certain food items that are
easy to chew with their current prostheses [9]. In addition
to this, elderly patients often swallow inadequately chewed
food as a compensatory mechanism for reduced masticatory
efficiency, which may also indirectly contribute to nutritional
deficiencies.

Evidence from the literature shows that edentulism is as-
sociated with a high risk of malnutrition [10-11]. In developed
countries, adults aged 60 years or older without functional
dentition were found to be at a higher risk of malnutrition
compared to those with functional dentition [10]. Authors
also emphasized the importance of using validated tools to
determine malnutrition in the elderly population. In two sys-
tematic reviews, nutritional assessment was measured us-
ing the Mini Nutritional Assessment (MNA) or its short form
(MNA-SF) [10-11]. In another systematic review, McGowan et
al. examined the nutritional status of adults after prosthetic
rehabilitation (dentures) combined with dietary advice, die-
tary outcomes, as assessed by the Brief-Type Self-Adminis-

tered Diet History Questionnaire (BDHQ), and serum marker
levels reported in analyzed studies [12].

Several studies have demonstrated that tooth loss is asso-
ciated with a reduced intake of fruits and vegetables, as well
as proteins and dietary fiber [13-14]. Previous research by
Hamada et al. and Moynihan et al. have shown that prosthetic
rehabilitation alone leads to less predictable positive dietary
behavior change [15-16]. The evidence remains inconclusive
regarding whether complete rehabilitation of functional den-
tition alone leads to significant improvement in overall nutri-
tional status. Additionally, the combined effect of removable
complete dentures and dietary counseling was not compre-
hensively assessed in completely edentulous patients. Hence,
we conducted a systematic review with meta-analysis in order
to synthesize the data on the improvement in nutrient intake
and nutritional status of patients who received dietary advice
combined with complete removable dentures.

Material and methods

Review design and registration

This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-anal-
ysis (PRISMA) checklist (2020) and the Cochrane Handbook for
Systematic Reviews and Meta-analysis [17-18]. The PRISMA
flowchart is shown in Figure 1. Our systematic review was reg-
istered in PROSPERO (registration number CRD42025633956)
on January 4, 2025. Data extraction was updated in PROSPE-
RO on 1%t March 2025.

Research question and PICOS

The research question for this systematic review was:
“does supplemental dietary advice along with complete re-
habilitation enhance nutrient intake and nutritional status
for completely edentulous patients?” The studied population
consisted of completely edentulous patients with removable
complete dentures. The intervention involved supplementa-
ry dietary advice in any form for individuals with complete


https://ejtcm.gumed.edu.pl/articles/222198

Does dietary advice combined with complete dentures...

dentures. Control involved rehabilitation with complete den-
tures without dietary advice. The outcome measured was
nutrient intake and nutritional status. We included full-text
randomized clinical trials (RCTs), observational studies, and
prospective clinical studies published in the English language.
Exclusion criteria were: studies in which implant rehabilitation
or partial rehabilitation was performed (the research question
focused on complete denture therapy as the sole prosthetic
rehabilitation), cross-sectional studies, case reports, theses,
dissertations, pilot studies, studies published not in the Eng-
lish language, and unpublished data. Gray literature was not
searched in this review.

Data extraction

Two authors (SR and NJ) independently extracted data
from PubMed/Medline (as of April 2, 2025), Google Scholar
(as of February 24, 2025), Scopus (as of February 10, 2025),
and ScienceDirect (as of February 22, 2025), covering the pe-
riod from February 2002 to February 2025. Ebscohost (as of
February 7, 2025) was searched using a filter for full text, cov-
ering the years 1994-2025, in English. The search strategy for
individual databases is presented in Table 1.

Review outcomes

Our systematic review focused on assessing the nutrition-
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The nutrient intake was measured in terms of fruit and veg-
etable (F/V) intake, fiber, protein, fatty acids, energy, micro-
nutrients, and macronutrients. At the same time, nutritional
status was assessed using established questionnaires (MNA,
MNA-SF, BDHQ) for the same or subsequent measurement of
biochemical markers.

Meta-analysis

Two authors (SR and NJ) independently extracted data
into a spreadsheet, detailing the authors, year of publication,
country, demographic data, intervention details, and results
at various time intervals. A meta-analysis was conducted us-
ing fixed-effects models to pool the quantitative data on pa-
tient nutrient intake, incorporating the mean and standard
deviation values provided in the studies (Review Manager
(Rev Man), v 5.4, Cochrane Collaboration). I? statistics were
used to calculate the heterogeneity.

Risk of bias

The Cochrane tool was used to assess the risk of bias
(RoB), including domains selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other bias.
A revised JBI RoB tool was used for observational studies [19].
Two independent reviewers reported RoB for all included
studies under the high-risk, low-risk, or unclear-risk catego-
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Figure 1. PRISMA flowchart of our systematic review
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Level of evidence

The level of evidence was calculated using theGRADE-
pro GDT software (Evidence Prime Sp. z 0.0., Krakéw, Poland,
available from gradepro.org). The quality was assessed as
high, moderate, low or very low based on 5 criteria (risk of
bias, inconsistency, indirectness, imprecision, other consider-
ations).

Search results

A total of 1611 articles were retrieved from the data-
base search: 12 articles in PubMed, 1470 in Google Scholar,
70 in Ebscohost, 7 in Scopus and 52 in ScienceDirect. A man-
ual search of the included articles’ reference lists identified
10 additional articles. 6 additional articles were selected from
other sources (e.g., data registries, journals not indexed in
databases). Google Scholar data was searched using MeSH
keywords with Boolean operators AND and OR. Duplicates
were removed manually by two independent reviewers (no
software was used for removing duplicates in any database)
(Table 1).

After removing 7 duplicates, the titles and abstracts were
reviewed and 1596 articles were excluded based on the crite-
ria listed earlier. If there was any confusion about an article,
then the full text was read independently by 2 authors (SG
and BK). To clarify any discrepancies regarding the inclusion of
an article, a third reviewer was consulted until a clear consen-
sus was reached. A total of 24 articles were assessed for eli-

Table 1. Search strategy used in this systematic review

gibility and 8 were included for qualitative analysis (Figure 1).
After excluding 5 more articles, 3 articles were included in the
meta-analysis. In the event of any ambiguity, the decision was
made by a third author (SR).

Included studies

A total of 7 RCTs and 1 observational study were included
for systematic review; 1 study was conducted in the UK [20],
3in India [21-23] and 4 in Japan [24-27]. In one of the studies
(Kumar et al.) all of the participants were female [21]. Eth-
ical approval and informed consent were reported in all of
the analysed trials. In most of the included studies, dietary
advice was provided to the patients in the form of written
pamphlets either at the time of fitting or insertion of den-
tures [20, 22-27]. An exception is the study by Kumar et al.,
in which patients received dietary advice in the form of food
supplements for 3 months [21]. The Brief Self-Administered
Diet History Questionnaire (BDHQ) was used to assess the
nutritional status of patients in 3 studies [24-26]. In 1 study
the MNA tool was used to determine the participants’ nour-
ishment [23], while its short version (MNA-SF) was used in
2 others [22, 27]. Serum biomarkers (e.g. Vit D, Hb, serum Ca,
BMI, BMD) were analysed in 3 studies [20-21, 23]. Mastica-
tory performance was assessed in 2 studies [21, 25], 1 study
also evaluated muscle activity using EMG [21] and one study
assessed oral health-related quality of life [24] as second-
ary outcomes (Table 2). Baseline and follow-up mean values
(along with standard deviation) for all included studies are
provided in the Supplementary Table 1. The minimum fol-
low-up time period in the included studies was 6 weeks, and
the maximum follow-up period was 6 months. A summary of
outcomes at different time periods is provided in Table 3.

DEYE]LETS Search strategy Articles
PubMed/Medline 12
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Table 2. Partcipant demographics and dietary advice described in the included studies
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Table 3. Outcome assessment of included studies
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BDHQ — Brief-Type Self-Administered Diet History Questionnaire, BMD — bone mineral density, BMI — body mass index, EMG — electro-
myography, F/V — food and vegetable intake, Hb — hemoglobin, MNA — Mini Nutritional Assessment, MNA-SF — Mini Nutritional Assess-
ment-Short Form, OHIP-Edent-J — Oral Health Impact Profile for Edentulous Patients (Japanese version), OHRQoL — Oral-health-related

quality of life
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Table 3. Outcome assessment of included studies (continued)

Follow-
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follow-up
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©

[reference]
Primary
outcome
(nutrient
intake)
Secondary
outcomes

At 3 months post-treatment,
the nutrient intake was
significantly higher in the
intervention group.

At 6 months post-treatment,
plant protein (p = 0.028)
intake was significantly higher
in the intervention group than
the control group; on the
contrary, a significantly higher
intake of animal proteins

(p = 0.049) and vitamin B12
(p = 0.028) was noted in the
control group.

3 and
6 months

Kanazawa et al., 2019 [26]
Food intake (BDHQ)

3 and v6
months

Suzuki et al.,
Status (MNA-

2019 [27]
Nutritional

1) Non-significant at 3
months (p = 0.48)

= 2) Significantly higher than =
the control group by 6 months
g (p = 0.01)

BDHQ — Brief-Type Self-Administered Diet History Questionnaire, BMD — bone mineral density, BMI — body mass index, EMG — electro-
myography, F/V — food and vegetable intake, Hb — hemoglobin, MNA — Mini Nutritional Assessment, MNA-SF — Mini Nutritional Assess-
ment-Short Form, OHIP-Edent-J — Oral Health Impact Profile for Edentulous Patients (Japanese version), OHRQoL — Oral-health-related

quality of life

Bias assessment

According to Cochrane’s tool for risk of bias assessment
of RCTs, 6 of the included RCTs showed a low risk of bias and
only one study had a high risk of bias [20]. Randomization and
concealment of allocation were done adequately in 6 of the
included studies. Reporting bias was also reduced by incor-
porating the appropriate measurement tool. In contrast, de-
tection bias was high in 2 studies and unclear in 4 studies. The
risk of bias in the 7 included RCTs is summarized in Figure 2.
One of the included studies was observational and was found
to have a low risk of bias, as calculated using the revised JBI
tool [23].

Meta-analysis

It was not possible to conduct a meta-analysis of nutri-
tional status because 1 of the studies in which the MNA-SF
was used was an observational study with no control group
of participants [22].

A qualitative analysis was conducted on a total of 8 stud-
ies, and a further quantitative analysis was performed on
3 of these studies for nutrient intake. We included 4 different
articles published from the same single clinical trial, featuring
a different outcome measure in one of the studies and differ-
ences in the follow-up [24-27]. To avoid double-counting data
or introducing bias, in the meta-analysis, the same population
with the same outcomes was considered only once across
those 4 articles from the same clinical trial.

In the comparison of nutritional intake after a 3-month
follow-up, 3 studies were included in the meta-analysis [21,
23, 26]. The heterogeneity across studies for the outcome
‘calcium intake’ was low (44%), so a fixed-effects model was
used for analysis (Figure 3). The mean difference between
the groups was -0.25 (95% confidence interval: -0.61 to 0.11).
The pooled estimate did not show statistically significant dif-
ferences (p = 0.17) in calcium intake between the interven-
tion and control groups and the overall effect across studies
showed results favouring the intervention group. Thus, it can
be concluded that the mean calcium intake was better in the
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Figure 2. Risk of bias graph of the included RCTs

using the Cochrane tool

supplement group across all studies, although that difference
was not statistically significant.

For the outcome ‘iron intake’ the heterogeneity across
the analysed studies was low (0%), so a fixed-effects model
was used for analysis (Figure 4). The mean difference be-
tween the groups was 1.16 (95% confidence interval: -0.21 to
2.54). The pooled estimate did not show statistically signifi-
cant differences (p-value = 0.10) in iron intake between the
intervention and control groups and the overall effect across
studies showed results favouring the control group. Thus, it
can be concluded that the mean iron intake was not (statisti-
cally) significant different between the two groups, however
in clinical terms the control group showed comparable results
to the intervention group.

The heterogeneity across studies for the outcome ‘pro-
tein intake’ was low (0%), so a fixed-effects model was also
used for analysis (Figure 5). The mean difference between the
groups was 7.48 (95% confidence interval: -4.25 to 19.21).
The pooled estimate showed no statistically significant differ-
ences (p-value = 0.21) in protein intake between the interven-
tion and control groups, and the overall effect across studies
showed results favouring the control group. Thus, it can be
concluded that the mean protein intake was not (statistical-
ly) significantly different between the two groups, although
clinically the control group showed comparable results to the
test group.
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Figure 6. Forest plot distribution showing an outcome (vitamin D intake) with fixed effect model and 95% confidence interval

In terms of the outcome ‘vitamin D intake’, the hetero-
geneity across studies was low (0%), so a fixed-effects mod-
el was used for analysis (Figure 6). The mean difference be-
tween the groups was 0.01 (95% confidence interval: -0.23
to 0.25). The pooled estimate showed no statistically signifi-
cant differences (p-value = 0.93) in vitamin D intake between
the intervention and control groups, and the overall effect
across studies showed results favoring both the intervention
and control groups. Thus, it can be concluded that the mean
vitamin D intake was similar results in the intervention and
control groups. Publication bias was not assessed as only
3 studies were included in the meta-analysis.

GRADE analysis

According to GRADE, there was a low level of evidence for
the outcomes of ‘calcium intake’, ‘iron intake’, ‘protein intake’,
and ‘vitamin D intake’, respectively. The evidence was down-
graded considering 2 domains: risk of bias and imprecision.
One of the included RCTs was of high risk, whereas the other
2 studies showed low risk. Imprecision among the studies was
also graded as serious, considering the wide uncertainty sur-
rounding the estimates and the crossing of decision thresh-
olds (Table 4).

Complete tooth loss is directly related to dietary intake
and nutritional status of individuals [28]. Completely edentu-
lous patients with less functional occlusion tend to consume
fewer fruits and vegetables and, hence, are more prone to
systemic diseases [29-30]. In their systematic review, Hussein
et al. indicated that people > 60 years of age who experience
complete tooth loss face a 21% chance of malnutrition [11].
In another systematic review, the risk of malnutrition was
found to be high in individuals who were partially/fully eden-
tulous [12]. Findings from an umbrella review demonstrated
that tooth loss (partial or complete) is a significant risk fac-
tor for malnutrition, indicating that compromised oral health
can negatively impact nutritional status [31]. Although the
above-cited systematic reviews demonstrated an association
between nutritional status and the elderly population, we did

not find a comprehensive review regarding the completely
edentulous patients.

People with tooth loss tend to avoid chewing raw fruits
and vegetables, which reduces their intake of protein and fib-
er, leading to low energy levels. Rehabilitation of functional
units with complete dentures can empower patients to main-
tain a healthy nutrient intake [32]. However, studies have also
shown that prosthetic rehabilitation alone may not be suffi-
cient to enhance nutritional status [27, 33]. Simple dietary
advice, supplemented with comprehensive rehabilitation, has
been proven as an effective way to improve the nutritional
outcomes of patients [25, 28].

Dietary advice can be provided in various forms (e.g. writ-
ten pamphlets, individual consultations, tailored dietary regi-
mens or specified food supplements), all of which can be cus-
tomized according to age, sex, and individual requirements.
However, providing tailored diet plans for patients in a dental
setting is difficult as dentists lack specific knowledge of di-
etary supplements. Hence, in most of the included studies,
simple dietary advice was provided to participants in written
pamphlet form [22, 24-27].

There are various standardized tools for assessing nutri-
tional status, while nutrient intake is evaluated through dif-
ferent components, including macronutrients and micronutri-
ent intake. In our systematic review, the BDHQ questionnaire
was administered in 3 studies [24-26]. Although the BDHQ is
short (4 pages, can be completed in 10-15 minutes) and easy
to understand, the drawback of this tool is that answers de-
pend on the patients’ recall of key details (e.g. the food they
consumed, diet preparation, intake of beverages, including
alcohol). This may result in recall bias during assessment of
elderly participants.

A few studies measured components of fruit and vege-
table intake, macronutrients, and micronutrients after in-
tervention [20, 23-26]. In our review, it was found that the
nutrient intake of calcium, iron, protein, and vitamin D was
slightly improved after dietary advice, although the difference
was non-significant. Our results were not consistent with
other studies, as in a clinical trial conducted by Kanazawa
et al., the intake of protein (p = 0.004), iron (p = 0.035) was
statisticaly significant, but calcium (p = 0.281) and vitamin D
(p =0.295) were not statistically significant in the intervention
group after 3 months of follow-up [26]. In a study by Vijaya
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Table 4. Level of evidence assessed using the GRADE method

N2 of studies

3 [21, 23, 26]

N2 of studies

2 [23, 26]

Certainty

assessment

N° of patients

(n)

Certainty

Importance

[reference] [reference]

Risk of bias not serious Risk of bias serious

Inconsistency not serious Inconsistency not serious

Indirectness not serious Indirectness not serious

Imprecision serious Imprecision not serious

Other Other

© . none " . none

considerations considerations

Calcium intake 121 Iron intake 65

Placebo 114 Placebo 64

Relative - Relative -
MD 0.25 lower MD 1.16 higher
(0.61 lower to (0.21 lower

Mozl 0.11 higher) RS to 2.54 higher)
Lllele) Llelele)
moderate?@ moderate?@
IMPORTANT IMPORTANT

2 — wide uncertainty around the estimate and crossing decision thresholds, ® — high risk of bias, Cl — confidence interval, MD — mean

difference
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Table 4. Level of evidence assessed using the GRADE method (continued)

83

N2 of studies

N2 of studies

assessment

N? of patients

[reference] 2 [23, 26] [reference] 2 [21, 26]
Risk of bias serious® Risk of bias not serious
Inconsistency not serious Inconsistency not serious
Indirectness not serious Indirectness not serious
Imprecision serious@ Imprecision serious@
Other Other

L . none . - none
considerations considerations
Protein intake 65 Vitamin D 86
Placebo 64 Placebo 79
Relative - Relative -

MD 7.48 higher MD 0.01 higher

Absolute (4.25 lower Absolute (0.23 lower

to 19.21 higher)

to 0.25 higher)

Importance

8000 11]0)
lowa.b moderated
IMPORTANT IMPORTANT

2 — wide uncertainty around the estimate and crossing decision thresholds, ® — high risk of bias, Cl — confidence interval, MD — mean
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et al., the intervention group showed no statistically signifi-
cant differences in protein (p = 0.30) or calcium intake (p =
0.196) after the same follow-up period [23]. In contrast, Ku-
mar et al. found that calcium intake was significantly higher
with supplements (p = 0.01), but not with vitamin D (p = 0.30).
The differences in these results may be due to variations in
the demographic distributions of the populations, as 1 of the
analysed studies was conducted in Japan and the other 2 in
India. Another variation was the exclusion of male partici-
pants in one of the analysed studies [23].

In their meta-analysis Bezerra et al. concluded that in
completely edentulous patients the bioavailability of the nu-
trients remained stable with implant-supported dentures.
They also emphasized the role of the nutritional specialist
for the outcomes of rehabilitation [34]. Additionally, nutrient
intake is influenced by multiple factors, particularly in eden-
tulous patients, therefore the systemic health condition of
the included population in trials should be taken into consid-
eration. The meta-analysis also reveals low heterogeneity, as
indicated by the forest plots, with consistent results and a low
level of evidence. In one of the analysed studies, Kumar et al.
presented calcium and Vitamin D intake were presented as
median and IQR [21]. By using the formula described by Wan
et al., we converted these values into mean and SD for inclu-
sion in our meta-analysis [35].

For, The MNA [23], MNA-SF [22, 27], or more informative
assessments, such as BMI [20, 23], and serum biomarkers
(Hb, Ca, Fe) [21], have been used by the authors for assess-
ment of the participants’ nutritional status in the included
studies. The MNA-SF determines the population at risk of
malnutrition via only 6 questions, compared to the MNA form
which includes screening followed by a detailed assessment.
In a study, after a 3-month follow-up, nutrient intake was sig-
nificantly better in the intervention group (p = 0.0331) [22],
compared to another study in which significant improvement
was found after 6 months (p = 0.01) [25]. Vijaya et al. report-
ed that MNA scores were significantly improved in both the
control and intervention groups after 3 months (p < 0.001),
while there was only a slight improvement in the intervention
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Abstract

Background: Medication errors involving antiretroviral therapy (ART) in people living with HIV (PLHIV) are frequ-
ent, particularly in general hospitals and during care transitions, and may lead to preventable toxicity, virological
failure and drug resistance. Several stewardship interventions have been implemented to reduce these errors,
but the available evidence remains fragmented and heterogeneous. Material and methods: We will conduct
a systematic review and meta-analysis of observational studies and intervention studies reporting ART-related
medication errors in adults (> 18 years) with HIV in any clinical setting. We will search MEDLINE, Embase, CINAHL,
Web of Science, CENTRAL and grey literature without language or date restrictions. Two reviewers will indepen-
dently screen records, extract data and assess risk of bias using design-specific tools (RoB-2, ROBINS-I, Newca-
stle-Ottawa Scale and EPOC). We will perform random-effects meta-analyses when appropriate and synthesi-
ze implementation outcomes narratively. Certainty of evidence for key outcomes will be assessed with GRADE.
Conclusions: This review will provide up-to-date, quantitatively synthesized estimates of the burden and clinical
impact of ART-related medication errors and will evaluate the effectiveness of antiretroviral stewardship and re-
lated interventions. Its findings will inform HIV units, antimicrobial stewardship programmes and policy-makers
aiming to improve the safety of ART. Study registration: PROSPERO CRD420251233303.
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Introduction

Medication errors involving anti-retroviral therapy (ART)
in people living with HIV represent a persistent patient-safety
issue that is often underestimated in routine clinical care. Al-
though current ART regimens are highly effective, they remain
pharmacologically complex. Fixed-dose combinations, strong
inhibition (or induction) of metabolic pathways, relevant
transporter effects and the need for dose adjustment in renal
or hepatic impairment all increase the potential for error. In
clinical practice, small prescribing or administration changes
can have disproportionate clinical consequences [1-5].

These problems are particularly visible in hospital set-
tings. During inpatient care, ART is frequently prescribed
or modified by clinicians who do not routinely manage HIV
treatment, often under time pressure and with limited access
to specialist advice. The reported prevalence of ART-related
medication errors varies widely, but rates above 20% (and in
some settings substantially higher) are repeatedly described
[1, 3, 6-8]. Typical errors include incomplete regimens, unin-
tended treatment interruptions, inappropriate substitutions
between non-equivalent agents, dosing mistakes and clinical-
ly significant drug-drug interactions, particularly at admission
and discharge.

The clinical impact of such errors goes beyond theoretical
concern. Unplanned interruptions or incomplete ART regi-
mens may lead to virological rebound and facilitate the selec-
tion of resistance mutations. Conversely, failure to account for
organ dysfunction or drug interactions can result in avoidable
toxicity and adverse drug events [1-2, 4 ,6]. At a population
level, these individual failures matter because sustained viral
suppression is central not only to individual prognosis but also
to public-health objectives, including the UNAIDS 95-95-95
targets [9].

Several factors contribute to the occurrence of ART-relat-
ed medication errors. Many reports highlight limited famili-
arity with ART among non-specialist prescribers, electronic
prescribing systems that inadequately reflect ART-specific
constraints, variable involvement of clinical pharmacists, and
the absence of standardised processes to validate or reconcile
ART prescriptions [2, 4, 8, 10]. In parallel, the demographic
profile of people living with HIV is changing. Increasing age,
multimorbidity and polypharmacy further amplify the risk of
errors and drug—drug interactions in everyday practice.

In addition to prescriber- and system-level determinants,
patient-related and structural factors may modify the risk and
consequences of ART-related medication errors. Substance
use disorders, mental health comorbidity, unstable housing,
stigma, privacy concerns and avoidance of healthcare services
can impair adherence to ART and clinic attendance, and may
increase vulnerability to treatment interruptions, incomplete
medication reconciliation or delayed recognition of prescrib-

ing errors. These factors are not medication errors, but they
may influence both the likelihood that errors occur and their
clinical impact, particularly during hospital admission, dis-
charge and transitions of care.

In response to these challenges, a range of interventions
has been developed over the last decade. These include phar-
macist-led medication reviews, dedicated antiretroviral stew-
ardship programmes, predefined order sets, structured rec-
onciliation workflows and electronic decision-support tools.
Many single-centre studies report reductions in error rates or
faster correction of errors after implementation of such strat-
egies. However, interpretation is difficult because definitions
of “medication error,” outcome measures and study designs
differ substantially across reports [1, 3-4, 6-7, 11].

For these reasons, a comprehensive and methodological-
ly rigorous synthesis of the available evidence is warranted.
This protocol describes a systematic review and meta-analysis
designed to quantify the burden and nature of ART-related
medication errors, explore associated clinical consequences
and assess the observed impact of stewardship-type inter-
ventions. It describes applying design-specific risk-of-bias
tools and grading the certainty of evidence using the GRADE
methodology. In this systematic review and meta-analysis we
aim to provide results that are both transparent and directly
applicable to clinical practice and healthcare organisation.

Material and methods

Study design and registration

This manuscript describes the protocol for a prospectively
registered systematic review and meta-analysis. The protocol
was developed in accordance with PRISMA-P recommenda-
tions and registered in the PROSPERO registry (CRD4202512-
33303) before study selection began. The completed review
will be reported in accordance with the PRISMA 2020 guid-
ance [12].

From the outset, this systematic review was planned to
address 2 closely related questions. First, how frequent are
medication errors involving antiretroviral therapy in adults
living with HIV and how do these errors differ across various
healthcare settings. Second, whether antiretroviral steward-
ship interventions are associated with measurable reductions
in such errors. Key methodological decisions, including eligi-
bility criteria, outcomes of interest and analytical approaches,
were specified a priori to minimise selective reporting and
analytical flexibility.
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Objectives

The primary objective of this systematic review is to iden-
tify and characterise the full spectrum of medication errors
related to antiretroviral therapy and HIV treatment steward-
ship in adults living with HIV, across different clinical contexts.
This will include errors during prescribing, medication recon-
ciliation, dispensing, administration, treatment interruption,
regimen substitution and transitions of care. A second prima-
ry objective is to evaluate the effect of interventions designed
to prevent or correct these errors, including pharmacist-led
programmes, stewardship initiatives and system-level strate-
gies.

Secondary objectives include summarising reported
clinical consequences of ART-related medication errors (e.g.
virological outcomes, drug-related toxicity and preventable
adverse events) as well as organisational outcomes when
available (e.g. length of hospital stay or time to error correc-
tion). Where data permit, this review will also explore sources
of heterogeneity, including healthcare setting, study design
and type of intervention implemented.

Eligibility criteria

We will include studies that report medication errors re-
lated to antiretroviral therapy in adults (> 18 years) living with
HIV, as well as studies evaluating interventions intended to
reduce such errors. Eligible study designs will comprise ob-
servational studies (cross-sectional, cohort and case-control)
and interventional studies (including randomised trials),
quasi-experimental designs and before-after evaluations.
Case reports and case series with < 10 participants will be
considered when they provide sufficient methodological and
clinical detail to identify uncommon, severe or potentially
preventable ART-related medication errors. These reports
will be included only in the qualitative synthesis and will not
contribute to pooled prevalence estimates or quantitative
analyses of intervention effects. Larger case series, observa-
tional studies and interventional studies will be considered for
quantitative synthesis when appropriate.

We will include studies conducted in any healthcare set-
ting, including inpatient wards, emergency departments, out-
patient clinics and transitional care environments. No restric-
tions will be applied based on country, healthcare system or
language of publication. Studies focusing exclusively on paedi-
atric populations will be excluded because paediatric ART for-
mulations, dosing strategies and prescribing processes differ
substantially from those used in adults. We will also exclude
case reports, narrative reviews, editorials and conference ab-
stracts that do not provide sufficient methodological detail.

The primary outcomes of interest are the preva-
lence and types of ART-related medication errors and for

interventional studies, also changes in error frequency fol-
lowing implementation of a stewardship-type intervention.
Secondary outcomes include reported clinical consequences
(e.g. virological failure, drug toxicity or preventable adverse
events) and organisational or process-related outcomes (e.g.
time to error detection or length of hospital stay), when these
data are available.

Information sources and search strategy

We will perform comprehensive searches in MEDLINE (via
PubMed), Embase, CINAHL, Web of Science Core Collection
and the Cochrane Central Register of Controlled Trials (CEN-
TRAL). Searches will not be restricted by language or publi-
cation date (from database inception to the present). Grey
literature will be explicitly included in the search strategy in
order to minimise publication bias and capture relevant un-
published or difficult-to-index evidence. Sources will include
OpenGrey, ProQuest Dissertations and Theses, conference
proceedings and other relevant institutional or professional
sources when sufficient information is available to assess eli-
gibility. In addition, we will screen reference lists of included
studies and perform forward citation tracking using Google
Scholar. If clarification or additional data are required, we will
contact study authors.

Search strategies will combine controlled vocabulary
terms (MeSH and Emtree) with free-text keywords related
to HIV, antiretroviral therapy, medication errors and steward-
ship-type interventions. Strategies will be adapted for each
database and developed with input from an experienced
medical librarian. Where possible, search strategies will be
peer reviewed using the PRESS framework. Full search strings
for all databases will be provided in the supplementary ma-
terials.

Study selection

All records retrieved from the searches will be imported
into Rayyan for de-duplication and screening [13]. Two re-
viewers will independently screen titles and abstracts against
the predefined eligibility criteria. Full texts of potentially rele-
vant articles will then be assessed independently by the same
reviewers. Any disagreements will be resolved through discus-
sion and, when necessary, consultation with a third reviewer.

Reasons for exclusion at the full-text stage will be docu-
mented, and the overall study selection process will be sum-
marised in a PRISMA flow diagram. If multiple publications re-
port data from the same underlying study population, these
reports will be linked and treated as a single study, with data
extracted from the most complete and informative source.
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Data extraction

Data extraction will be performed independently by
2 reviewers using a standardised extraction form that will
be piloted on a small sample of included studies and refined
if necessary. For each study, we will collect information on
study design, setting, country, study period and participant
characteristics. Definitions and methods of detecting medi-
cation errors vary widely across the literature, therefore we
will also record how they were defined and identified in the
included studies.

For descriptive studies, we will extract data on the num-
ber and types of ART-related medication errors, prevalence
estimates and any reported clinical or organisational conse-
qguences. For interventional studies, we will additionally col-
lect detailed information on the intervention itself (e.g. its
main components, duration, implementation context and
comparator conditions). If outcome data are incomplete or
unclear, we will attempt to contact the corresponding au-
thors for clarification. If numerical results are presented only
graphically, we will do our best to extract approximate values
using digital measurement tools. Equivocal situations will be
resolved through discussion or by involving a third reviewer.

When reported, we will also extract patient-related and
structural risk modifiers that may influence ART safety, e.g.
substance use disorders, mental health comorbidity, hous-
ing instability, stigma/privacy concerns, history of poor ad-
herence, retention in care and use of long-acting injectable
antiretroviral agents. These variables will be summarised de-
scriptively and, if sufficiently reported across studies, explored
as potential sources of heterogeneity or effect modification.

Risk of bias assessment

The risk of bias will be assessed independently by two re-
viewers, using tools appropriate for each study design. Rand-
omized controlled trials will be assessed using the Cochrane
Risk of Bias 2 (RoB 2) tool [14]. Non-randomized intervention-
al studies will be assessed using ROBINS-I, paying particular
attention to confounding factors and deviations from planned
interventions [15]. Observational studies will be assessed us-
ing the Newcastle-Ottawa scale, adapted pragmatically where
necessary to reflect the specific challenges of medication er-
ror research [16].

For studies evaluating healthcare system or educational
interventions, the criteria of the Cochrane Effective Practice
and Organization of Care (EPOC) group will also be consid-
ered. Disagreements in risk of bias assessments will be dis-
cussed until consensus is reached, with the involvement of
a third reviewer when necessary. Risk of bias assessments
will inform sensitivity analyses and interpretation of results,

but studies will not be excluded solely on the basis of these
assessments.

Data synthesis and statistical analysis

First, we will summarise the characteristics and results
of the included studies descriptively, grouping them by study
design, context, and outcome. When studies present with
enough comparable results, we will perform a meta-analysis
using random-effects models to account for the expected
clinical and methodological heterogeneity. For prevalence
estimates, appropriate transformations will be applied when
necessary to stabilize variances prior to pooling.

In interventional studies, effect estimates will be synthe-
sized using risk ratios, odds ratios, or mean differences, de-
pending on the type of outcome and the form of reporting.
Statistical heterogeneity will be quantified using the I? statis-
tic and explored using prespecified subgroup analyses, such
as healthcare setting, type of intervention, and study design,
provided that an adequate number of studies are available.
Sensitivity analyses will be performed by excluding studies
considered to be at high risk of bias. When at least 10 studies
contribute to a given meta-analysis, we will assess potential
publication bias using funnel plots and formal statistical tests.
All statistical analyses will be performed using Stata (Stata-
Corp LLC, College Station, TX, USA).

Certainty of evidence

The certainty of evidence for key outcomes will be eval-
uated using the GRADE framework [17]. For each outcome,
we will consider risk of bias, inconsistency, diffuseness, im-
precision and potential publication bias. When the system-
atic review is feasible, GRADE assessments will be presented
in table format. If quantitative synthesis is not possible, the
same principles will be applied in a narrative review in order
to ensure transparency in the reliability with which evidence
is assessed. These assessments are intended to help readers
distinguish between outcomes supported by evidence and
those where conclusions remain uncertain.

Use of artificial intelligence

Artificial intelligence (Al) tools were used to assist with
language review during writing of the manuscript and the
translation to English. Decisions regarding study design, eli-
gibility criteria, data extraction, risk-of-bias assessment, sta-
tistical analysis and interpretation were made by the authors.
The final version of the manuscript was reviewed and edited
by the authors to ensure accuracy, consistency and alignment
with the study objectives.
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Al tools will not replace independent human judgement
while conducting this systematic review. Study selection, data
extraction, risk-of-bias assessment, statistical analysis and
interpretation will be performed and verified by the authors
according to the methods described above.

This article describes the study protocol, therefore results
are not yet available and are not presented here. This docu-
ment highlights the methods that will be used in study selec-
tion, data collection and synthesis. The systematic review will
be conducted after the publication of this protocol, following
the procedure described earlier.

Despite the availability of well-established clinical guide-
lines and simplified therapeutic regimes, medication errors
involving antiretroviral therapy (ART) continue to happen in
standard hospital practices. The problem is more frequent
during admissions and care transitions, when ART is usually
managed by a non-specialist practitioner outside office hours.
Multiple studies have addressed this issue, but the literature
lacks in quality and is difficult to translate across healthcare
settings [1, 3-4, 6-7, 11]. This protocol describes a structured
approach via systematic review of the published evidence sur-
rounding this issue with the objective of assessing the burden
of ART-related medication errors and the observed impact of
stewardship-type interventions.

The key strength of this systematic review is the inclusion
of observational and interventional studies within a single
analytical framework. Descriptive studies inform on how
often this errors occur and what kind of them are, while in-
terventional studies address whether the efficacy of target-
ed strategies in reducing the error frequency. Previous data
suggest that reviews led by pharmacists, stewardship pro-
grammes and computer-level interventions can lead to signif-
icant reduction in the quantity and quality of errors, although
the extent to which these reduction can be extrapolated to
different healthcare settings remains unknown [1, 3-4, 7]. By
integrating risk-of-bias reductions tools in the design and im-
plementation of a grading system to measure the certainty
of evidence (GRADE), we aim to clarify how much confidence
can be placed in these estimates.

Several challenges are anticipated. There is not a consen-
sus on the definition of “medication error” and the methods
used to identify and categorize those errors are considera-

bly different in the literature. These differences are likely to
account for part of the expected heterogeneity of data. In-
terventions described as “stewardship” also differ greatly in
method and type, raging form single-component pharmacist
review to multidisciplinary and multi-approach programmes
that combines education, restrictions of prescription and
computer-supported decision-making [3-4, 6-7]. Such varia-
bility can be a limitation of this study, via diminishing the pre-
cision of the quantitative pooling for particular outcomes and
confound direct comparison between different strategies.

The emergence of long-acting injectable ART also de-
serves specific consideration in the context of medication
safety. Long-acting cabotegravir + rilpivirine may reduce some
risks associated with daily oral dosing, pill burden, dispensing
complexity and inadvertent treatment interruptions, particu-
larly in selected people with adherence challenges. However,
these regimens do not eliminate medication-safety risks, but
rather they shift part of the risk toward scheduling of injec-
tions, management of missed or delayed doses, oral bridging
strategies, documentation across care settings and prevention
of functional monotherapy or resistance in the setting of pro-
longed subtherapeutic drug exposure. For this reason, stew-
ardship interventions may need to adapt to long-acting ART
by incorporating injection tracking, structured recall systems
and clear protocols for missed doses or hospital admissions.

Despite these limitations, the planned systematic review
and meta-analysis is expected to be clinically informative. By
quantifying the frequency and nature of ART-related medica-
tion errors and summarising which intervention components
appear most consistently associated with error reduction, this
review can support decision-making in infectious diseases
units, hospitals and antimicrobial stewardship programmes.
Ultimately, improving the safety and continuity of ART pre-
scriptions requires interventions that are not only effective
but also feasible in real-world clinical environments, especial-
ly outside specialist HIV units.

This protocol describes the methodology of a systematic
review and meta-analysis on medication errors associated
with ART and its impact of stewardship interventions. The
review will take into consideration how often these mistakes
happen, how they are reported across different healthcare
settings and whether structured stewardship interventions
can be associated with a reduction in error frequency. It is
expected that our results can potentially guide efforts to im-
prove safety and ensure continuity of the ART prescription in
both specialist and general care.
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