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Abstract
Introduction: Informal caregivers (ICs), usually family or
friends providing unpaid care, offer emotional and psy-
chological support and personalized care and help navigate
healthcare systems, improving health outcomes. They re-
duce healthcare costs by decreasing the need for profes-
sional care services, which is essential in today’s healthcare
systems strained by aging populations and chronic diseases.
Even though the challenges faced by ICs are well known,
there is surprisingly little research on this topic within the
Gulf Cooperation Council (GCC) region, a region where
caregiving is deeply rooted in Islamic cultural practices. This
study aimed to map the current state of research on ICs in
the GCC. The objectives include identifying key themes in
the literature, highlighting gaps, and providing insights that
can inform the development of targeted interventions and
policies amidst ongoing socioeconomic changes and de-
mographic shifts, specifically the increase in elderly pop-
ulations, and healthcare reforms. Methods: This study em-
ployed a scoping review and thematic analysis following the
PRISMA-ScR guidelines. A comprehensive search of PubMed,

ScienceDirect, and ProQuest Psychology databases identi-
fied articles 25 published between January 2010 and No-
vember 2023. Results: Out of 2,055 articles, only 44 were
included, with the majority conducted in Saudi Arabia. They
identified four key challenges faced by ICs: high levels of
stress and anxiety, limited access to formal support systems,
reliance on informal coping mechanisms, and significant
socioeconomic impacts. The health services available were
underutilized, with a notable gap in support for caregivers.
Conclusion: The study underscores the critical challenges
faced by ICs in the GCC, particularly in terms of mental health
and access to support systems. These findings advocate for
the development of targeted interventions and policies to
better support this underserved population.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Caregivers are an integral cornerstone to healthcare
and societal well-being at multiple levels, serving as the
backbone of support for individuals with health needs
across the world. Caregiving can be categorized into two
primary types based on the caregiver’s relationship to the
care recipient and whether they receive compensation:
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formal caregivers (or professional caregivers) and in-
formal caregivers (ICs). The first category refers to the
provision of care by a paid healthcare practitioner or a
care professional either within or outside of the care
facility. On the other hand, ICs tend to be individuals who
share familial ties, and friendships, or reside near the
recipient of care offering unpaid care [1]. Informal
caregiving can be classified in several ways, reflecting the
depth and nature of the care provided. One common
classification is based on the level of care, where an IC can
be identified as either a primary or secondary caregiver. A
“primary IC” is the person who assumes the main re-
sponsibility for managing and delivering care, often
handling the most intensive tasks. This primary caregiver
typically receives support from other family members or
friends, who serve as “secondary IC” [2, 3]. Another
approach categorizes ICs based on their relationship to
the care recipient, such as spouses, parents, and child
caregivers [4]. Others classify it based on the duration and
frequency of care like long-term versus short-term, while
others base it on the living arrangement: live-in ICs or
non-residential ICs [5]. An IC can fit into multiple
categories simultaneously. For example, one might be a
primary, live-in, informal child caregiver who provides
long-term care. This layered classification allows for a
more comprehensive understanding of the diverse
caregiving situations and the specific challenges and
needs associated with each [6].

ICs provide essential emotional and psychological sup-
port, facilitating personalized care, and assisting in navi-
gating the complexities of healthcare systems, thus affecting
health outcomes for care recipients [7, 8]. Beyond the
confines of individual care, their role extends tomaintaining
familial bonding, fostering community cohesion, and
teaching values of responsibility and empathy, thereby
strengthening the social structure of the community [9].

ICs offer unpaid care to family members or friends at
different life stages and for various health conditions, setting
them apart from professional caregiving, and formal
caregivers, roles that are typically compensated [10]. Eco-
nomically, the IC role can significantly decrease healthcare
costs by reducing the demand for professional healthcare
services [9], this care is critical, especially in contexts where
healthcare systems face challenges due to aging populations
and the rising prevalence of chronic diseases [11]. However,
the burden is shifted to ICs, who face financial strain due to
direct care-related costs and lost income from reduced work
hours or job loss. This, in turn, affects their long-term fi-
nancial stability and retirement security [12, 13].

Caregiving roles can also have significant psychosocial
and economic impacts on the ICs themselves. ICs often face

profound psychosocial and economic impacts that can
significantly affect their well-being. The emotional toll of
caregiving, characterized by stress, anxiety, and depression,
is compounded by social isolation due to the intensive
nature of caregiving duties, leading to a decrease in social
engagement and a sense of loneliness [14, 15]. In many
cases, ICs struggle with their sense of self and experience
conflicts between caregiving and other life responsibilities,
potentially impacting their physical and mental health [16].

Globally, research has highlighted the burden experi-
enced by ICs, emphasizing the challenges, experiences, and
the need for interventions to alleviate their stress and im-
prove their well-being [17, 18]. However, research on these
unsung heroes within the Gulf Cooperation Council (GCC)
region remains unclear and not highlighted despite the
concept of caregiving and informal caregiving being deeply
embedded within Islamic culture [13, 19]. This type of care
upholds the practice of caring for the elderly, sick, and
disabled within the family unit, aligning with Islamic
teachings that stress the importance of caring for one’s
parents and relatives as a moral duty and form of worship
[16]. Recognizing the multifaceted importance of ICs is
essential not only for the development of targeted support
and integration into healthcare policies but also for ensuring
the sustainability of healthcare systems and fostering amore
stable family unit and resilient society [10].

To address this gap, the use of a scoping review
methodology was deemed appropriate for this investigation,
given the fragmented nature of the existing evidence base
concerning ICs in the GCC countries [20]. This is well
needed especially given the rapid socioeconomic changes,
increase in the elderly population, change in family dy-
namics from extended to nuclear, and healthcare reforms in
the GCC, understanding the current landscape of informal
caregiving is crucial for developing targeted interventions
and policies to support ICs effectively. To help achieve this,
this research aimed to map out the current state of research
on these ICs in the GCC countries, including understanding
their relationships with care recipients, the conditions of
these recipients, tools used in each study (e.g., question-
naires, scales, interview questions, etc.), and identifying
common key themes of challenges and needs faced by ICs in
GCC countries.

Methods

This scoping review adheres to the PRISMA extension
for Scoping Reviews (PRISMA-ScR) [21]. Following the
established framework for scoping reviews outlined by
Arksey and O’Malley [22], the primary objective of this
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methodology is to map the breadth and nature of existing
literature on a given topic, rather than to assess the quality
or rigor of individual studies. In line with this approach,
the team did not perform a critical assessment of the
methodologies used in the studies reviewed.

Search Strategy
A comprehensive search was performed in the fol-

lowing databases: PubMed, ScienceDirect, and Proquest
Psychology Database to identify articles published from
Jan 2010 to Nov 2023, using the following terms and their
equivalence (informal caregivers OR unpaid caregivers
OR family caregivers OR non-professional caregivers OR
lay caregivers) AND (GCC OR “Gulf Cooperation
Council” OR “Saudi Arabia” OR SA OR KSA OR UAE
OR “United Arab Emirates” OR Qatar OR Kuwait OR
Oman OR Bahrain). The search was limited to English
publications, and reference lists were screened for ad-
ditional studies.

Inclusion and Exclusion Criteria
The included studies met the following criteria:

• Conducted in one of the GCC countries.
• Focused on ICs.
• Peer-reviewed article.
• Published in English.
• Published between Jan 2010 and Nov 2023.

Articles were excluded if the following criteria
were met:
• Included paid caregivers, such as hired nurses, do-
mestic helpers, and personal care assistants.

• Not chronic or not health-related caregiving studies:
articles were excluded if they focused on caregiving for
individuals without chronic conditions or specific
health needs, such as infants or school children not
requiring medical care.

• Incorporated data from countries outside the GCC.
• Focused on the recipients of care: Studies were ex-
cluded if they primarily targeted the needs of the care
recipients, the education of ICs, or the outcomes of
such education (including awareness, training, atti-
tudes, etc.) with the mere intention of improving care
for the care recipient.

• The research aimed to validate new tools: question-
naires or scales, including tool translations or
developments.

• Unable to access the publications: were not open access
or could not be readily accessed through common
academic platforms such as university subscriptions or
requested through ResearchGate.

• Papers focused on case reports and case studies.

Study Selection
The research process was conducted by utilizing the sys-

tematic review accelerator, a tool designed to make the review
more efficient. Four independent reviewers selected studies
based on inclusion and exclusion criteria after removing
duplicates and screening titles, abstracts, and full texts.

Data Extraction
For each article selected for inclusion in the review, a

detailed data extraction process was carried out for the
following: publication, focus, country, study design and
methods, aim, inclusion and exclusion criteria, ICs re-
lationships, condition of the care recipient, age of the care
recipient, sample size, tools, key findings, and conclusion,
as presented in Table 1.

Results

The initial search across the electronic databases, con-
ducted independently by two researchers, retrieved 2,055
articles. After removing duplicates, this number was nar-
rowed down to 1,927 unique articles. A rigorous screening
process was employed to ensure the articles’ relevance to the
research topic and adherence to specific criteria. Initially,
1,521 articles were discarded during the review of titles and
abstracts because they did not align with the research focus.
The remaining articles underwent a detailed full-text review,
leading to the exclusion of another 362 articles for not
meeting the required inclusion and exclusion criteria. After
this comprehensive screening process, 44 articles were ulti-
mately deemed suitable for inclusion Figure 1. Upon analysis
of the extracted data, a narrative synthesis was conducted by
three researchers based on the studies’ results and conclusion,
from which four main themes emerged: well-being and
mental health, coping mechanisms, socioeconomic status,
and support systems and interventions. General character-
istics of the studies were analyzed and displayed in Table 2
showing frequencies of studies per Country, Age of the care
recipient, Condition of the care recipient, and Research
Focus. Considering the research focus across the studies,
approximately 22% concentrated on QoL while nearly 25%
addressed the issues of burnout and IC burden. The im-
portance of these measures lies not only in their impact on
ICs’ well-being but also in their broader implications for
healthcare outcomes. Finally, word cloud analysis for the
most common words across the 44 articles is shown in
Figure 2. This word analysis highlights the most frequently
used terms related to ICs and the articles, with “caregivers”
being the most prominent, indicating that it is the central
topic. Other important terms include health-related themes

An Overview of the Informal Caregivers in
the GCC
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such as “depression,” “stress,” and “mental,” as well as re-
lational terms like “children,” “mother,” and “family.” Ad-
ditionally, support systems are represented by terms like
“support,” “education,” and “coping.” These terms align with
established key themes and their discussed context in the
following section.

The general characteristics of caregiving included studies
in Table 2, highlighting key demographic and thematic
trends. Most studies were conducted in Saudi Arabia (29
studies), followed byOman (7), Kuwait andQatar (3 studies
each), and the UAE (2 studies). The distribution of care
recipients’ age groups reveals a higher focus on children (19

studies), with 16 studies examining caregiving for adults and
the elderly, and 2 studies addressing both groups. In terms
of the medical conditions of care recipients, cognitive
disorders were the most prominent studied (21 studies),
followed by chronic conditions (12), cancer (7), and other
conditions (4). The research focus varied, with 11 studies
addressing caregiver burden and burnout, 10 focusing on
quality of life (QoL), and 9 exploring mental health con-
cerns such as anxiety, depression, and stress. A smaller
number of studies examined social support and coping
mechanisms (3), while 11 studies explored other areas,
including caregivers’ experiences and specific needs.

Fig. 1. PRISMA-ScR flow diagram.
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Thematic Analysis
Well-Being and Mental Health
Caregiving exerts a substantial influence on the

physical health, psychological well-being, QoL, and
overall life satisfaction of ICs. This complex issue is
particularly pronounced in the context of GCC countries,
where caregiving and familial obligations are deeply
embedded in the cultural fabric. The cultural norms
prevalent within the GCC region serve to amplify the
pressures experienced by ICs, giving rise to heightened
levels of stress, fatigue, and diminished engagement in
social activities associated with caregiving responsibilities.
The intensified burden faced by ICs involved in the care
of individuals suffering from chronic or terminal ill-
nesses, such as cancer or Alzheimer’s disease is very
demanding in nature which necessitates constant vigi-
lance and attention to the care recipient’s needs. Multiple
studies have underscored the challenges, explaining the
tendency of ICs to prioritize the needs of their family
members at the expense of their own social lives [24, 25,
35, 41, 52]. Consequently, this self-neglect contributes to
an overall decrease in the QoL experienced by ICs, as
substantiated [32]. Moreover, it has been observed that

younger ICs or those belonging to smaller households
often report elevated levels of tension and worry [26]. The
cultural norms in the GCC region might intensify the
pressures on caregivers leading to worsening their
challenges. This increase in pressure is especially ap-
parent in the form of social isolation, especially among
ICs who look after individuals with stigmatized condi-
tions, such as mental health disorders [46].

Socioeconomic Status
The socioeconomic status, such as education and in-

come levels, of ICs is another critical factor in deter-
mining the caregiving experience. The extracted studies
suggested that ICs from lower income brackets or with
less education face greater challenges in providing care [53].
These individuals who are already at a disadvantage may
have limited access to information, support services, and
coping resources, exacerbating the stress and burden as-
sociated with caregiving. Moreover, ICs’ financial con-
straints can restrict access to quality healthcare for the care
recipient, further increasing these caregivers’ burden which
has a direct correlation with ICs’ stress. Reducedwork hours
or leaving employment altogether to provide care

Table 2. General characteristics of the studies

Characteristic Frequency

Country Kuwait: 3
Oman: 7
Qatar: 3
Saudi Arabia: 29
UAE: 2

Age of the care recipient Children: 19
Adults and elderly: 16
Children and adults: 2
Not defined: 7

Condition of the care recipient Cancer: 7
Chronic conditions: 12a

Cognitive disorders: 21b

Other conditions: 4c

Research focus QoL: 10
Burden and burnout: 11
Other mental health (including anxiety,
depression, and stress): 9
Social support and coping: 3
Others (including experiences and needs): 11

aPatients who had type II diabetes, hemodialysis, stroke, sickle cell disease; patients diagnosed with
chronic diseases during COVID-19 (including cardiovascular disease, diabetes, cancer, etc.); and patients with
hypertension, diabetes, and/or asthma, chronic disabilities, MS, cerebral palsy, PD, and hemodialysis. bMental
disorders, ASD, schizophrenia, dementia, Alzheimer’s, ADHD, other intellectual disability, Down syndrome.
cRegistered in the Home Health-Care Unit, requiring hospitalization, end-of-life care, stroke.

178 Saudi J Health Syst Res 2024;4:155–184
DOI: 10.1159/000541616

Al Saffer et al.



exacerbates economic hardship [60]. Studies have shown
that financial stress, combined with the severity of the care
recipient’s condition, contributes to depressive symptoms
among ICs [60]. This finding highlights the intricate in-
terplay between economic factors and mental health within
the caregiving context. The need for continuous care often
results in reduced working hours or job loss, leading to
financial strain [25, 28]. Moreover, it was noted that the
gender of the IC also plays a role, as women, who often serve
as primary ICs, may experience greater economic vulner-
ability due to lower workforce participation rates in some
GCC countries [30, 66]. The financial implications extend
beyond immediate economic concerns, impacting long-
term savings, investment in children’s education, and
overall family financial stability [51].

Coping Mechanisms
Despite the challenges they face, ICs exhibit resilience

and employ various coping strategies, with a strong
emphasis on religious and spiritual coping, as well as
social support from family and the community. Religion

emerges as a significant source of comfort and strength
for ICs, deeply rooted in the cultural fabric of the GCC,
helping ICs navigate and overcome the hardships asso-
ciated with their roles [37, 38, 40]. Additionally, the
environmental domain of QoL often scored higher, in-
dicating a satisfactory level of family and social support
[31, 64]. This points to a strong family-oriented culture in
the GCC that may buffer against the adverse effects of
caregiving. This support includes sharing caregiving
duties among family members and offering emotional
encouragement and understanding. Studies indicate that
ICs with strong family support networks experience lower
levels of stress and burden and report a higher QoL [37].
Social support from family members and support groups
is correlated with improved mental health outcomes,
mitigating feelings of isolation and stress [48]. This
support not only offers practical help but also serves as a
vital source of emotional sustenance, reducing feelings of
isolation and providing valuable coping strategies [45].

Studies also suggested that employing diverse coping
strategies, other than religion and family support like

Fig. 2. Word cloud analysis for the most common words across the 44 articles.
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“Acceptance,” and ”Positive Reframing” as ICs’ tendency
to interpret thoughts negatively more positively and
constructively instead helped in enhancing mental health
[37–39]. Still, the effectiveness of these coping strategies
may vary. Relying solely on one approach may offer
temporary relief but it often fails to address the complex
needs of ICs who are dealing with severe and long-term
conditions [59].

Support Systems and Interventions
The results showed a significant impact that the

absence or insufficiency of formal and structured
support systems has on recognizing and supporting
informal ICs and their crucial role in providing care
[30]. These structured support systems are organized
through systematic frameworks specifically tailored to
provide comprehensive assistance and resources to ICs
based on their specific needs. This includes educational
resources, financial support, and other essential aids.
The lack of such support systems creates a critical gap,
exacerbating the IC’s burden and negatively affecting
their mental and physical health, finances, and overall
well-being and QoL [29, 31]. Consequently, many
studies advocate for tailored support and interventions
to address the specific needs of these ICs in the GCC
[24, 56, 57, 61]. This includes the creation of support
groups that offer emotional support and share care-
giving strategies, along with training programs de-
signed to equip ICs with the necessary skills, financial
support, and educational resources to alleviate their
burdens [24, 31, 37, 43, 48]. For instance, interventions
such as IC allowances and subsidized healthcare ser-
vices aim to address the financial pressures faced by
ICs. Although insurance was not thoroughly addressed
in most studies, a key finding revealed that the lack of
insurance, especially among housewife mothers, placed
significant stress on caregivers [51]. Furthermore, the
limited access to essential services, such as respite care
and financial aid, adds to their stress and diminishes the
QoL for both ICs and care recipients [60].

Additionally, the need for educational support is
highlighted, revealing a significant gap in ICs’ under-
standing of the health conditions they manage and the
barriers to accessing educational resources [45, 63]. This
gap could increase their burden and stress, underlining
the necessity for educational programs that enhance ICs’
knowledge and management of these conditions [59, 61].
The studies also point out the variation in needs de-
pending on both the IC and care recipient, suggesting that
more effective recognized caregiver support should in-
clude IC assessments as part of routine medical care to

provide more tailored support [49]. Therefore, healthcare
systems and policies need to acknowledge the integral
role of ICs and establish structured support systems [24,
32, 50, 61].

Discussion

There were diverse types of chronic conditions for
the care recipients covered by the extracted studies,
including Alzheimer’s disease, cancer, dementia, dia-
betes, Down syndrome, mental health issues, multiple
sclerosis, Parkinson’s disease, and stroke among others.
It is notable that a significant portion of studies, nearly
44%, focus on ICs for children, particularly those with
conditions like autism and attention deficit hyperac-
tivity disorder. This emphasis reflects the growing
concern and awareness of developmental disorders
within the region. Autism spectrum disorder, a com-
mon concern in several of the studies reviewed, has
been identified as a significant health concern among
the GCC population, with prevalence rates ranging
widely from 1.4 to 59 per 10,000 persons [67]. The
prevalence of autism and related disorders signifies not
only the direct impact on affected individuals and their
families but also highlights broader societal and
healthcare system challenges. These challenges include
the need for early diagnosis, effective intervention
strategies, and support systems for ICs [68].

The majority of the research on ICs in this review
originates from Saudi Arabia. This can be attributed to
several factors, including Saudi Arabia’s larger population
size compared to other GCC countries [69]. This larger
population likely contributes to a higher volume of re-
search output and a greater diversity of healthcare
challenges that necessitate investigation of the needs of
informal ICs and the role they play [70].

When looking at the characteristics of the ICs, the
prevalence of female ICs, especially mothers across the
studies underscores the critical yet often underappreci-
ated contributions they make to family well-being and the
broader economic landscape [71]. Female ICs embody
the gatekeep of informal care systems, providing essential,
compassionate, and personalized care to family members
in need, which, in turn, significantly reduces the demand
for formal healthcare services [72]. Their contributions,
while invaluable, often come with substantial personal
sacrifices, including financial instability, career disrup-
tions, and emotional and physical stress, highlighting a
gap in social and economic policies that fail to recognize
and support their sacrifices [73]. The reliance on female
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ICs reflects deep-rooted cultural and social norms about
gender roles within the family and society at large [74].
This dynamic not only reinforces traditional gender roles
but also places a disproportionate burden on women,
potentially limiting their personal and professional op-
portunities [73, 75]. Acknowledging the pivotal role of
female ICs is crucial for informing policy decisions that
aim to provide adequate support systems, including fi-
nancial incentives, healthcare benefits, and employment
protections, to mitigate the challenges they face. Such
measures would not only improve the QoL for ICs and
those they care for but also contribute to the broader
economic stability by enabling women to participate
more fully in the workforce [76].

Examining the tools used in studies, such as ques-
tionnaires or scales, is essential because they are funda-
mental to the research process, serving as the primary
means of collecting data and shaping the overall findings.
Given their central role, it is crucial that these instruments
are properly validated and adapted to the culture and
language of the population being studied. The tools used
in the included studies as presented in Table 1 showed
that various tools have been used to assess the ICs’ status
based on each study’s aim and objectives. Aside from the
use of demographic information, instruments like the
Arabic Zarit Burden Interview (ZBI) have been translated
and validated for aspects like psychometric properties
[77]. Instruments like the WHOQOL-BREF, specifically
its Arabic version, and culturally adapted questionnaires
ensure that the assessment of the QoL, IC burden, and
stress levels are relevant and sensitive to the cultural
norms and values of the Arab countries including GCC
[78–80]. Translation validity and cultural adaptation of
the tools, which were ensured in most of the included
studies, are crucial in ensuring that the tool captures the
constructs it is intended to measure in the context of
different cultural norms, values, or expressions [81].

Although there appeared to be quite an interest in ICs’
experience and condition in the GCC countries, there is
still a considerable gap. For instance, there appears to be
negligence of personal health among ICs that incurs long-
term psychological effects, underscoring the imperative of
a more comprehensive examination of the support sys-
tems available within societies to aid these individuals
[82]. This issue transcends geographical boundaries and
is not limited to the GCC countries alone; it represents a
global concern [82]. In addition, the effect of caregiving
on socioeconomic status ICs findings correlate with re-
search from other countries on the frequent encounter of
significant economic challenges due to the demands of
their role which can greatly affect the caregiving expe-

rience and cause financial and psychological stress [73, 83,
84]. Even with cultural norms like the ones found in the
GCCwhich encourage a strong network of family and social
support, in terms of giving care, it can place an excessive
burden on families that lack the financial means to hire
external help or access additional resources [39, 85].

Caregiving is an emotionally demanding role that sig-
nificantly affects the psychological well-being of ICs.
Therefore, coping mechanisms are vital not only for the
immediate health and effectiveness of the ICs but also for
the overall quality of care they provide and their long-term
ability to continue in their caregiving roles. There are a
variety of coping mechanisms employed by ICs, which can
be broadly categorized into problem-focused coping, in-
volving direct actions to address the source of the problem,
and emotion-focused coping, which manages emotional
responses to stress. Additionally, social coping focuses on
seeking social support, and dysfunctional coping includes
emotional disengagement behaviors such as self-blame and
denial [86, 87]. The effectiveness of these strategies is
influenced by several individual and social factors. However,
the GCC scoping review primarily highlights coping
mechanisms related to social and emotional support, with
less emphasis on those related to problem-focused strategies
or dysfunctional behaviors.

While some challenges faced by ICs are specific to their
local contexts, others are universal, and experienced by
ICs across the globe [88]. Still, there is consensus across
literature that ICs are an overlooked population, often
compromising their health while helping others.
Therefore, collaborative efforts among healthcare pro-
viders, policymakers, and community organizations are
essential to implement supportive systems and inter-
ventions. Such initiatives can bridge the gaps identified in
research, ultimately improving the caregiving experience,
and promoting better outcomes.

Conclusion

Caregiving significantly impacts the physical and
mental health, QoL, and overall well-being of ICs. In the
GCC countries, caregiving responsibilities are deeply
rooted in religious and societal norms. While ICs employ
various coping mechanisms, particularly drawing on
religion, family, and community support, there remains
an urgent need for formal, structured support systems to
fill the gaps in care provision and caregiver assistance.
Therefore, a collaborative effort among healthcare pro-
viders, policymakers, and community organizations is
essential to understand the hidden challenges of informal
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caregiving and establish comprehensive support systems
to enhance the well-being of both caregivers and care
recipients, ensuring the sustainability of caregiving.
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Abstract
Introduction: Noncommunicable diseases, which account
for 71% of annual global deaths, necessitate the im-
plementation of targeted legislative measures to reduce
exposure to risk factors, particularly those related to nutri-
tion. Accurately assessing these risk factors is challenging
owing to infrequent national surveys, high costs, and un-
certainties from human behavior. Thus, addressing these
issues is crucial. This study aimed to develop a model for
estimating dietary exposure.Methods: Our study utilizes the
National Nutrient Consumption (NNC) model, which em-
ploys a probabilistic and cost-effective approach. This model
leverages open data and focuses on supply chain dynamics
and uncertainties, integrating import, production, and stock
levels. It estimates commodity supply, consumption, and
nutrient intake using predictive coefficients from historical
data. Model accuracy was assessed using mean absolute
error, correlation coefficient, and one-sample t test. The
findings were evaluated against the recommended intake
outlined in the Technical Regulation of Food Labeling
(SFDA.FD 2233). Results: The model demonstrated high

accuracy in estimating dietary intake, with minimal error
margins. For both genders, the 50th percentile nutrient
exposure exceeded the reference values – with males
consuming 3,310 kcal (+65%), 144 g of total fat (+105%),
33.8 g of saturated fat (+69%), 86 g of free sugar (+72%), and
2,545 mg of sodium daily (+0.06%); females consumed 3,306
kcal (+65%), 143 g of total fat (+104%), 33.5 g of saturated fat
(+67%), 86 g of free sugar (72%), and 2,500 mg of sodium
(+4%). Conclusion: The model, both cost-effective and ac-
curate, identifies elevated nutritional risk factors in Saudi
Arabia, informing targeted health policies.

© 2024 The Author(s).
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Introduction

According to the World Health Organization (WHO),
noncommunicable diseases (NCDs) such as heart disease
and cancer account for 41 million deaths annually and
71% of all global deaths [1]. The prevalence of NCDs is
often considered a complex phenomenon or system,
characterized by multiple interacting components and
agents in a non-linear manner. This complexity may
necessitate addressing multiple components simulta-
neously rather than relying solely on one while neglecting
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others [2]. This composition may encompass biological
factors such as an individual’s body composition, as well
as environmental factors such as lifestyle, psychological
state, and food system regulations [3]. In the context of
NCDs, these components can be categorized as envi-
ronmental, legislative, and behavioral factors that in-
crease an individual’s exposure to risk factors associated
with the increased incidence of these diseases [3]. Nu-
trients and dietary habits are significant contributors that
can increase the risk of developing these diseases [2, 3].
Consequently, many public health interventions con-
centrate on the environmental, legislative, and behavioral
components expected to positively impact exposure to
nutritional risk factors by enhancing food systems [2].

The food system encompasses multiple elements from
production to consumption and is influenced by various
risk factors such as food quality, safety, and broader
economic and political considerations [4]. Consequently,
deficiencies in the food system can increase exposure to
risk factors associated with NCDs, leading to adverse
public health outcomes [5]. Current observations have
indicated that the existing food system may not consis-
tently deliver adequate diets, contributing to malnutrition
and obesity [2, 4, 6].

To continuously improve the food system andmonitor
risk factors associated with NCDs, it is essential to
conduct ongoing assessments of these factors [3, 5, 7].
One significant risk factors for NCDs is daily nutrient
intake [8, 9]. Therefore, dietary exposure plays a fun-
damental role in NCD management [10]. Nutrient ex-
posure refers to the quantity of a nutrient ingested
through diet and can be evaluated using various methods,
each based on different core assumptions [11]. Food
balance sheets (FBS), National Nutrition Survey, and
Probabilistic Methods are among popular approaches [8,
11–14].

The FBS method provides a comprehensive overview
of a country’s food supply over a specific period [8]. It
begins by examining the total food availability in a
country, including imports and local production. Factors
such as exports, industrial usage, and storage changes are
subtracted to estimate the total food available for con-
sumption [8, 15]. This approach is based on the as-
sumption that food is evenly distributed, thereby re-
sulting in a uniform food distribution that reflects the
absence of disparity in consumption among individuals
or within the same individual’s diet over time [15, 16].
Unlike other techniques for assessing food exposure, this
method offers information on food items at various stages
of their supply chains, including production, import, and
export, and their use in manufacturing or nonhuman

consumption such as feed and seeds [8]. This approach is
particularly useful for tracking food exposure across the
supply chain, even with significant variation such as in
assessing pesticide exposure on food [17]. However, the
FBS method can lead to either overestimation or un-
derestimation, depending on the situation [8, 15, 16].

The National Nutrition Survey is primarily concerned
with individual food consumption, typically gathered
through dietary recall methods where participants at-
tempt to recall and provide detailed information about
their food intake over the past 24 h or another specified
period [12]. In contrast to FBS, this method accounts for
the variability in consumption across different indi-
viduals by gathering consumption data over 24 h for
multiple days [17, 18]. It can be supplemented with
techniques involving multiple passes through the
checking process, asking about food and additives that
may have been forgotten. This approach helps mitigate
the recall bias associated with such tools [18]. In pro-
spective studies such as cohort studies, this method can
offer a significant advantage as it allows for establishing a
dose-response relationship with chronic elements and
diseases, which cannot be achieved with the FBS method
alone [12, 17, 18]. Furthermore, it is customarily as-
sumed that there is no daily variation within the same
individual, and thus, the collocated pattern signifies the
daily average intake for the individual [17]. The use of
such methodologies makes outcomes more determin-
istic, and does not account for significant uncertainty
[19]. Furthermore, the requirement for basic resources,
including Food Compositions Tables, before initiating
the study can significantly increase costs [20, 21]. Na-
tional Nutritional Survey is often considered more ac-
curate than the FBS method but tends to be more de-
terministic and may not account for all possible food
consumption pattern [19, 20]. Additionally, conducting
such surveys could incur substantial costs [21].

Probabilistic modeling is a technique that uses sta-
tistical methods to integrate data from various sources
and represent food consumption, offering deeper insights
into current patterns and potential exposure [13, 14].
This method accounts for uncertainty by using different
probability distributions, such as normal, lognormal, or
uniform distributions, for input data [17, 19, 22, 23].
Monte Carlo simulations, combined with probability
distributions, simulate the variation between individuals,
similar to the data from the National Nutrition Survey
method [19]. Additionally, this technique can analyze the
impact of changes in the food supply chain and associated
transformations, akin to the FBSmethod, without causing
overestimation or underestimation [17]. This approach
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does not assume a constant daily food consumption
pattern among individuals, thereby offering a more
practical and realistic pattern of consumption as opposed
to the FBS and National Nutrition Survey. It can also
benefit from a broad range of data, including surveillance
data such as National Nutritional Survey and economic
data combined with food supply data [13, 17, 23–26].

The effectiveness of the probabilistic model was
demonstrated in a study comparing it to point-estimate
methods, such as nutritional surveys, which provide a
single measurement value from a representative sample at
a specific time [19]. The study showed that the point-
estimate approach resulted in higher pesticide exposure
estimates than the probabilistic approach, which repre-
sents the data as a distribution of consumption levels and
their likelihood of occurrence [19]. Unlike the point-
estimate approach, the probabilistic approach accounts
for variability through different methods and uses a
statistical distribution that reflects the most realistic
scenario [19]. Furthermore, it enables comprehensive risk
assessment by considering manufacturing processes,
expected changes in consumption levels, and residue
levels, all of which can impact the overall assessment.

In Saudi Arabia, the absence of a consistent and on-
going National Nutritional Survey offering information
on food consumption or exposure to nutritional risk
factors can limit decision-makers to rely solely on FBS
data from Food and Agriculture Organization (FAO)
database or rely on small-scale survey studies. This lack of
data complicates decision-making and hinders the as-
sessment of legislation’s impact on risk factors. However,
probabilistic modeling could be suitable for application in
Saudi Arabia due to the availability of detailed data on the
supply chain, economy, spending, and prices.While more
cost-effective than the National Nutritional Survey, se-
lecting this approach requires careful consideration of
several factors.

The use of probabilistic models is cost-effective and
flexible in addressing uncertainties in measuring food
consumption, as demonstrated by the aforementioned
methodologies. However, challenges are associated with
incorporating these models into legislative work. First,
sustaining data sources and ensuring accessibility are
crucial for reproducing and enhancing the transparency
of these models before their use as decision-support
systems [27]. Second, the accuracy of mathematical
models depends on the assumptions made during their
construction, which requires thoroughly tested to
maintain model verification. Moreover, separate datasets
are needed for model building and verification. The
accuracy of models relying on statistical distributions

derived from scientific literature and local data is crucial
for representing phenomena like supply chains [27]. If the
data and statistical distributions used are unreliable or
processed incorrectly, the model’s predictions may not
align with reality [28]. To ensure accuracy, it is essential
to test the model’s predictions against real-world data
using statistical methods such as null hypothesis tests and
by assessing the agreement and correlation between the
model’s results and actual outcomes [29–31]. These
challenges and validation considerations emphasize the
importance of pairing the model with a sustainable data
source and a well-defined accuracy testing methodology
to ensure accurate results.

This study aimed to improve decision-making by
developing a probabilistic model to assess exposure to
nutritional risk factors. To achieve this, a probabilistic
graph model (PGM) was implemented to represent the
variables involved in the transformation process, from
food supply to consumption to nutritional risk factors.
Additionally, the model will incorporate a validation
method for accuracy testing, leveraging historical data
from FBS, global dietary database (GDD), and consumer
purchase information to streamline the conversion
process.

Methods

Modeling Description
The National Nutrient Consumption (NNC) model NNC

model utilizes data from the supply chain to estimate food intake
and nutrient exposure through a probability-based approach. This
study employed a PGM, a structured framework with nodes and
edges as its integral components [14]. As illustrated in Figure 1, the
nodes represent distinct variables or states, and the edges sym-
bolize the relationships, dependencies, or conversion predictive
coefficients between these variables. In our model, the node
embodied the conversion process from food commodity supply to
actual food consumption, and the edges interpreted the coefficients
necessary for this transformation. The coefficient values were
determined by training the model with comprehensive historical
data, including FBS, GDD, and accumulated consumer
purchase data.

The model’s processes involve a series of equations that
mathematically represent the food supply chain from supply to
consumption. These equations extract predictive coefficients
during the training phase and utilize the knowledge gained to
forecast future patterns in the food supply chain. To comprehend
the relationship between the model’s elements and parameters,
these processes were divided into 11 stages. Each stage includes a
description of the equation and variable, the rationale behind the
calculation or extraction method, and its unit, as illustrated in
Table 1.

The key stages include: (1) the identification of the list of
food commodities and their values; (2) the determination of
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food commodity subgroups and their associated predictive
coefficients; (3) prediction of the value of commodity sub-
groups; (4) identification of total supply for commodity
subgroups and predictive coefficients; (5) prediction of the
value of the total supply of commodity subgroups; (6) iden-
tification of total supply for commodity groups and predictive
coefficients; (7) prediction of the total supply of commodity
groups; (8) identification of consumed and non-consumed
quantities from supply; (9) prediction of the consumed and
non-consumed quantities of groups; (10) integration of
consumption data with food composition and pricing data;
(11) estimation of nutrient exposure and expenditure rates in
Saudi Riyals.

Identification of Food Commodities
The first stage of building this model involved the identification

of food commodities list and their values. Initially, a distinct
identifier was assigned – referred to as the commodity identifier
(COn) – to each commodity, where n indicates the food item
number or index. For example, apples, apple juice, and concen-
trated apple juice are allotted to the category of apples (excl. Cider)
and are classified under the group of fruits. The classification of the
FAO is followed to determine the list of commodities, subgroups,
and groups, which is included in online supplementary material 1
(for all online suppl. material, see https://doi.org/10.1159/
000540437) [5]. These commodities are designated as CO1,
CO2, and CO3, respectively, and can be mathematically expressed
as follows:

Food Commodities � {CO1,CO2,/,COn} (1)
In deriving the value for each identified commodity, the FAO
database (FAOSTAT) was used to obtain information on the
import, production, and stock variation of various food com-
modities. These values for each commodity are represented bymn,
pn, and stn, respectively. For instance, the first commodity is
denoted as CO1, with values m1, p1, and st1. This process is
uniformly applied to all commodities in the given order. The value
for each commodity can be expressed as follows:

COn � mn pn stn[ ] (2)

Identification and Prediction of Food Commodities Subgroups
Following stage 1, stage 2 involves identifying and calculating

the value of each food commodity subgroup. Stage 3 establishes
prediction equations for commodity subgroups, each referred to as
SGn, where n signifies the subgroup number or index. During these
stages, the subgroups and their commodities were identified and
classified using the FAO classification system outlined in online
supplementary material 1 [5].

The total values for import, production, and stock variation are
calculated by summing each commodity’s value under the re-
spective subgroups. This can be expressed as follows:

Import total � m1 +m2 +/ +mn (4)
Production total � p1 + p2 +/ + pn (5)

Fig. 1. Conceptual model describing the process and parameters, and external validation.
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Table 1. Model input parameters

Variable Description Calculation/input Units

Stage 1: Identification of food commodities list and their values
Food
Commodities

Identified food items
list within commodities
subgroups

FoodCommodities = {CO1,CO2,. . .,COn} Ton

COn One food item COn � mn pn stn[ ] Ton
mn Amount of import for

given food
commodities or COn

Extracted data from Food and Agriculture Organization database
(FAOSTAT) [8]

Ton

pn Amount of production
for given food
commodities or COn

Extracted data from FAOSTAT [8] Ton

stn Amount of stock
variation for given food
commodities or COn

Extracted data from FAOSTAT [8] Ton

Stage 2: Identification of food commodities subgroups and predictive coefficients
Importtotal Total amount of import

for given food
commodities
subgroups

Importtotal = m1+m2+. . .+mn Ton

Productiontotal Total amount of
production for given
food commodities
subgroups

Productiontotal = p1+p2+. . .+pn Ton

Stocktotal Total amount of stock
variation for given food
commodities
subgroups

Stocktotal = st1+st2+. . .+stn Ton

βm The coefficient utilized
for predicting imports

βm � mn
Import total

Fraction

βp The coefficient utilized
for predicting
production

βp � pn
Production total

Fraction

βst The coefficient utilized
for predicting stock
variation

βst � stn
Stock total

Fraction

Stage 3: Prediction of value of commodities subgroups
mn Predicted amount of

import for given COn
mn = βm×Importtotal Ton

pn Predicted amount of
production for
given COn

pn = βp×Productiontotal Ton

stn Predicted amount of
stock variation for
given COn

stn = βst×Stocktotal Ton

Importtotal Predicted total amount
of import for given food
commodities
subgroups

Importtotal = βm1(Importtotal)+βm2(Importtotal)+. . .+βmn(Importtotal) Ton

Productiontotal Predicted total amount
of production for given
food commodities
subgroups

Productiontotal =
βP1(Productiontotal)+βP2(Productiontotal)+. . .+βPn(Productiontotal)

Ton
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Table 1 (continued)

Variable Description Calculation/input Units

Stocktotal Predicted total amount
of stock variation for
given food
commodities
subgroups

Stocktotal = βSt1(Stocktotal)+βSt2(Stocktotal)+. . .+βStn(Stocktotal) Ton

Stage 4: Identification of total supply for commodities subgroups and predictive coefficients
SGn Total amount of supply

for given food
commodities
subgroups

SGn = Importtotal+Productiontotal+Stocktotal Ton

βtm The coefficient utilized
for predicting total
imports

βtm � Import total
SGn

Fraction

βtp The coefficient utilized
for predicting total
production

βtp � Productiontotal
SGn

Fraction

βtst The coefficient utilized
for predicting total
stock variation

βtst � Stock total
SGn

Fraction

Stage 5: Prediction of value of total supply of commodities subgroups
SGn Predicted total amount

of supply for given food
commodities
subgroups

SGn = βtm(SGn)+βtp(SGn)+βtst(SGn) Ton

Stage 6: Identification of total supply for commodities groups and predictive coefficients
Sn Total amount of supply

for given food
commodities groups

Sn=SG1+SG2+. . .+SGn Ton

βSGn The coefficient utilized
for predicting total
supply for given
subgroups

βSGn � SGn
S n

Fraction

Stage 7: Prediction of total supply of commodities groups
Sn Predicted total amount

of supply for given food
commodities groups

Sn = βSG1(S1)+βSG2(S2)+. . .+βSGn(Sn) Ton

Stage 8: Identification of consumed and non-consumed quantities from supply
Sn Supply for given

consumed and non-
consumed quantities of
groups

Sn=Fn+UFn Ton

UFn Total non-consumed
quantities for given
food commodities
groups

UFn � S n − Fn Gram

Fn Total consumed
quantities for given
food commodities
groups

Fn � Fpackaged food n + Funpackaged food n + Foil−suger n Gram

Fpackaged food n Consumed quantities
for given food
commodities groups in
packaged form

Extracted data from Euromonitor [34] Gram
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Table 1 (continued)

Variable Description Calculation/input Units

Funpackaged food n Consumed quantities
for given food
commodities groups in
unpackaged form

Extracted data from Global Dietary Database (GDD) [35] Gram

Foil−suger n Consumed quantities
for given food
commodities groups in
single-ingredient forms
(consisting of sugar
and oil)

Foil−suger n � DSFoil−suger n × 100g
RSoil−sugar n

Gram

RSoil−suger n Price data of the
nutrient in single-
ingredient foods (sugar,
oil) (accounting for
inflation and taxation)

Extracted price data from General Authority for Statistics in Saudi
Arabia (GASTAT) [32], inflation from World Bank Database [37], and
taxation from Zakat Income and Customs Authority [38]

Saudi Riya

DSFoil−suger n Expenditure rate of
single-ingredient foods
(accounting for inflation
and taxation)

Extracted price data from GASTAT [32], inflation from World Bank
Database [37], and taxation from Zakat Income and Customs
Authority [38]

Saudi Riyal

βUFn The coefficient utilized
for predicting food non-
consumed quantities

βUFn � UFn
S n

Fraction

βpackagedn The coefficient utilized
for predicting packaged
food consumed
quantities

βpackagedn � Fpackaged food n

S n
Fraction

βunpackagedn The coefficient utilized
for predicting
unpackaged food
consumed quantities

βunpackagedn � Funpackaged food n

S n
Fraction

βoil−sugern The coefficient utilized
for predicting single-
ingredient food
consumed quantities

βoil−sugern � Foil−suger n

S n
Fraction

Stage 9: Prediction of the Consumed and Non-consumed Quantities of Groups
Sn Predicted supply for

given consumed and
non-consumed
quantities of groups

S n � βpackagedn S n( ) + βunpackagedn S n( ) + βoil−sugern S n( ) + βUFn S n( ) Ton

UFn Predicted total non-
consumed quantities
for given food
commodities groups

UFn � S n× βUFn Gram

Fpackaged food n Predicted consumed
quantities for given
food commodities
groups in packaged
form

Fpackaged food n � S n × βpackagedn Gram

Funpackaged food n Predicted consumed
quantities for given
food commodities
groups in unpackaged
form

Funpackaged food n � S n × βunpackagedn Gram
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Table 1 (continued)

Variable Description Calculation/input Units

Foil−suger n Predicted consumed
quantities for given
food commodities
groups in a single-
ingredient forms
(consisting of sugar
and oil)

Foil−suger n � S n × βoil−sugern Gram

Stage 10: Integration of Consumption Data with Food Composition and Pricing Data
Cpackaged food n Concentration of the

nutrient in packaged
food

Extracted data from Euromonitor [34] Gram

Cunpackaged food n Concentration of the
nutrient in unpackaged
food

Extracted data from Global expanded nutrient supply (GENuS) [36]
and global average [36]

Gram

Coil−suger n Concentration of the
nutrient in single-
ingredient foods
(sugar, oil)

Extracted data from GENuS [36] and global average [36] Gram

RSpackaged food n Price data of the
packaged food
(accounting for inflation
and taxation)

Extracted price data from GASTAT [32], inflation from World Bank
Database [37], and taxation from Zakat Income and Customs
Authority [38]

Saudi Riyal

RSunpackaged food n Price data of the
unpackaged food
(accounting for inflation
and taxation)

Extracted price data from GASTAT [32], inflation from World Bank
Database [37], and taxation from Zakat Income and Customs
Authority [38]

Saudi Riyal

RSoil−suger n Price data of the single-
ingredient foods (sugar,
oil) (accounting for
Inflation and taxation)

Extracted price data from GASTAT [32], inflation from World Bank
Database [37], and taxation from Zakat Income and Customs
Authority [38]

Saudi Riyal

Stage 11: Estimation of Nutrient Exposure and Expenditure Rates in Saudi Riyals
Eunpackaged food n Dietary exposure from

unpackaged food for
given nutrient

Eunpackaged food n � ∑ Cunpackaged food n × Funpackaged food n Gram/day
or
Milligram/
day

Epackaged food n Dietary exposure from
packaged food for
given nutrient

Epackaged food n � ∑ Cpackaged food n × Fpackaged food n Gram/day
or
milligram/
day

Eoil−suger n Dietary exposure from
single-ingredient foods
(sugar, oil) for given
nutrient

Eoil−suger n � ∑Coil−suger n × Foil−suger n Gram/day
or
milligram/
day

EALL Total dietary exposure
from all food items for
given nutrient

EALL � Eunpackaged food n + Epackaged food n + Eoil−suger n Gram/day
or
milligram/
day

Punpackaged food n Expenditure from
unpackaged food for
given nutrient

Punpackaged food n � ∑Cunpackaged food n × Funpackaged food n Saudi
Riyal/day

Ppackaged food n Expenditure from
packaged food for
given nutrient

Ppackaged food n � ∑ Cpackaged food n × Fpackaged food n Saudi
Riyal/day

PALL Expenditure from all
food items for given
nutrient

PALL � Punpackaged food n + Ppackaged food n + DSFoil−suger n Saudi
Riyal/day
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Stock total � st1 + st2 +/ + stn (6)
For predictive coefficients, which help the model learn from

historical data and forecast future values, it is crucial to develop
equations that assist the model in this context. This study de-
veloped multiple equations utilizing the usual rate of import,
production, and stock to determine these coefficients. This is
represented by βm, βp, and βst for import, production, and stock
variance, respectively, and can be calculated as follows:

βm � mn

Importtotal
(7)

βp � pn

Productiontotal
(8)

βst �
stn

Stocktotal
(9)

Since the objective was to utilize the coefficient for forecasting
purposes, the average coefficient for the years 1990–2019 was
computed for these stages.

By using the coefficient values in equations 4, 5, and 6, the
prediction equation for the commodity subgroups can be derived.
Thus, the model can predict the amount of import, production, or
stock variation for a given commodity, or COn, as follows:

mn � βm × Import total (10)
pn � βp × Production total (11)
stn � βst × Stock total (12)
Given that these equations consist of two sides and the coef-

ficients are established from historical data, having information
about any aspect of the equation or its components allows the
prediction of remaining elements. For instance, knowing the
overall import enables us to calculate the remaining components
for each food item. Conversely, knowing the value of a single food
item enables the determination of the overall import and subse-
quently estimates the remaining elements using their respective
coefficients. This significantly enhances the predictive capability of
the model, which is one of the advantages of using a PGM. This can
be expressed as follows:

Import total � βm1 Import total( ) + βm2 Import total( ) +/

+ βmn Import total( ) (13)
Production total � βP1 Productiontotal( ) + βP2 Productiontotal( )

+/ + βPn Productiontotal( )
(14)

Stock total � βSt1 Stock total( ) + βSt2 Stock total( ) +/

+ βStn Stock total( ) (15)

Identification and Prediction of Total Supply for Commodities
Subgroups
For stage 4, determination of the overall supply of subgroups, it

is necessary to aggregate the import, production, and stock var-
iation values and then calculate the coefficient for each variable.
The subgroups are represented by SGn, where n represents the
number of subgroups. To calculate the total supply for each group,
the respective subgroups were summed. The aforementioned

operations were conducted for each subgroup listed in online
supplementary material 1. This can be expressed as follows:

SG n � Import total + Productiontotal + Stock total (16)
These coefficients represent the average fraction of the total

import, total production, or total stock variation relative to the
total supply for subgroups from 1990 to 2019. They are denoted as
βtm, βtp, and βtst, respectively, and expressed as follows:

βtm � Import total

SGn
(17)

βtp �
Productiontotal

SGn
(18)

βtst �
Stock total

SGn
(19)

Stage 5 involved developing a prediction equation for the total
supply of commodities in different subgroups. This was accom-
plished by employing the coefficient values in equation 16, en-
abling the derivation of a prediction equation for the supply of
subgroups. This facilitates the prediction of any value on either
side of the equation. The equation can be expressed as follows:

SGn � βtm SGn( ) + βtp SGn( ) + βtst SGn( ) (20)

Identification and Prediction of Total Supply for
Commodities Groups
Stage 6 focused on calculating the total supply for each group. The

groups are represented by Sn, where n denotes the number of
subgroups. The value of a given group was calculated by aggregating
the supply of subgroups within their respective groups. For instance,
within the fruits group, subgroups such as apples and products were
combined with other subgroups. This can be expressed as follows:

S n � SG 1 + SG2 +/ + SGn (21)
Subsequently, the coefficient for each subgroup was calculated,
representing the average fraction of the supply from each subgroup
to the total supply for the groups from 1990 to 2019. This coef-
ficient is denoted by β, where n denotes the group number.
Therefore, the average coefficients are calculated as follows:

βSGn �
SGn

S n
(22)

The focus of stage 7 was the development of a prediction
equation for the total supply of commodities across various
groups. This was accomplished by using the coefficient values from
equation 22, enabling the derivation of a prediction equation for
the groups’ supply. This facilitates the prediction of any value on
either side of the equation. The equation can be stated as follows:

Sn � βSG1 S1( ) + βSG2 S2( ) +/ + βSGn Sn( ) (23)

Identification of Consumed and Non-Consumed Quantities
from Supply
Notably, for stage 8, the total supply does not always reflect

actual food consumption, as a portion of the supply may be used
for industrial purposes or wasted. Consequently, it is necessary to
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differentiate between consumed quantities, donated as Fn, and
non-consumed quantities, and as UFn within the total supply.
Since the supply is equal to the sum of consumed and non-
consumed quantities, the equation could be represented as follows:

S n � Fn + UFn (24)
The following equation estimates non-consumed quantities

based on the relationship among these three variables:

UFn � S n − Fn (25)
Given that Fn represents the total consumption of the food

groups, sourced from different consumption categories including
packaged, unpackaged, and single-ingredient foods such as sugar
and oil. This could be represented as follows:

Fn � Fpackagedfood n + Funpackagedfood n + Foil−suger n (26)
The quantities for packaged food commodities were denoted as

Fpackagedfood n, while the quantities for unpackaged food com-
modities were denoted as Funpackaged food n. These values were
extracted from EuroMonitor and GDD, respectively. Extracting
these two variables involves minimal mathematical operations or
derivations beyond standard data cleaning. However, Foil-suger may
require additional extraction processes. Determining the con-
sumption of individual food ingredients such as sugar and oil re-
quires data from monthly expenditure surveys conducted by the
General Authority for Statistics in Saudi Arabia (GASTAT) [34].
This is because these types of foodstuffs are typically used either for
culinary purposes or as household additives. Thus, this research has
formulated the following mathematical equation to represent this:

Foil−suger n � DSFoil−suger n × 100g

RSoil−sugar n
(27)

Where DSFoil−suger n represents the expenditure rate of single-
ingredient foods, and RSoil−suger n is the price data of the nutrient
in single-ingredient foods (sugar, oil). All data account for inflation
and taxation. Their values were extracted or obtained from GA-
STAT [34], the World Bank Database [35], and the Zakat Income
and Customs Authority [36].

Accordingly, the preceding rates as detailed in equations 24 to
27, can be modified to provide a comprehensive supply repre-
sentation, clearly outlining its components as follows:

S n � Fpackagedfood n + Funpackaged food n + Foil−suger n( ) + UFn

(28)
In stage 8, the computation of coefficients for supply and con-
sumption was outlined, representing the average proportion of
consumption to total supply for each group from 1990 to 2019.
These coefficients were denoted by βUFn

, βpackagedn, βunpackagedn,
and βoil−sugern for non-consumed quantities, packaged, un-
packaged, and single-ingredient items, respectively, where n in-
dicates the food group’s number or index. This calculation was
performed using the following formula:

βUFn �
UFn
S n

(29)

βpackagedn �
Fpackaged food n

S n
(30)

βunpackagedn �
Funpackaged food n

S n
(31)

βoil−sugern �
Foil−suger n

S n
(32)

To develop a prediction equation for both consumed and non-
consumed quantities from supply data, we used the coefficient
values from equations 29 to 32. This allows for predicting any value
on either side of the equation, which can be expressed as follows:

S n � βpackagedn S n( ) + βunpackagedn S n( ) + βoil−sugern S n( )
+ βUFn S n( ) (33)

The amounts of packaged and unpackaged items, as well as
single-ingredient products that remain unused can be determined
from equation 33 if the supply value for a group (Sn) has been
calculated, other simplified equations can also be used for this
purpose, as follows:

UFn � S n× βUFn (34)
Fpackagedfood n � S n × βpackagedn (35)
Funpackagedfood n � S n × βunpackagedn (36)
Foil−suger n � S n × βoil−sugern (37)

Integration of Consumption Data with Food Composition and
Pricing Data
Stage 10 involves determining the concentration of nutrients per

volume, necessitating the development of a Food Composition Table
tailored to the model’s food groups and consistent with their con-
sumption values (Fpackagedfood nFunpackagedfood n, Foil−suger n). This
task entailed gathering average nutritional data for each group from
various sources. For the concentration of groups where food is un-
packaged or Cunpackagedfood n, we relied on global averages for food
categories [37, 38]. The same process was conducted for single-
ingredient foods or Coil−suger n. For Cpackaged food n, the average
nutritional elements were extracted from the food label for each
product, and were obtained from the source database
EuroMonitor [32].

Furthermore, this study conducted a data extraction process for
packaged, unpackaged, and single-ingredient food items, identified
as RSpackagedfood n, RSunpackagedfood n, and RSoil−suger n, respec-
tively, from GASTAT [34]. To adjust for inflation and taxes, we
sourced information from the World Bank Database [35] and the
Zakat Income and Customs Authority [36].

Estimation of Nutrient Exposure and Expenditure Rates in
Saudi Riyals
Dietary exposurewas established bymerging food consumption data

with the nutritional composition and pricing tables. As most nutritional
risk factors arise from nutrient exposure, key elements such as average
calories, protein, fat, carbohydrates, saturated fat, monounsaturated fat,
polyunsaturated fat, added sugar, fiber, and salt were calculated [32, 33,
37, 38]. Therefore, stage 11 was focused on integrating the nutrient
concentration per volume, or nutrient profiling. This implies that each
(Cpackaged food n, Cunpackaged food n, Coil−suger n) was linked to its
corresponding food group and merged with values
(Fpackaged food n, Funpackaged food n, Foil−suger n) to yield exposure.
Dietary exposure was evaluated using the following equations:
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Eunpackaged food n � ∑Cunpackaged food n × Funpackaged food n

(38)
Epackaged food n � ∑Cpackaged food n × Fpackaged food n (39)
Eoil−suger n � ∑Coil−suger n × Foil−suger n (40)
EALL � Eunpackaged food n + Epackaged food n + Eoil−suger n (41)
This configuration provides detailed insights into nutrient

exposure from various food sources, thereby providing a deeper
understanding of consumption patterns and their implications for
overall health.

Additionally, all types of exposure can be translated into food
expenditure or food spending. This conversion is crucial because it
enables the validation of the model against actual data. With actual
food supply data, it becomes a reliable basis for testing the model’s
predictability and accuracy. The calculations were performed
using the following equations:

Punpackaged food n � ∑RSunpackaged food n × Funpackaged food n

(42)
Ppackaged food n � ∑RSPackaged food n × Fpackaged food n (43)
PALL � Punpackaged food n + Ppackaged food n +DSFoil−suger n (44)

where Punpackaged food denotes the spending on unpackaged foods,
Ppackaged food denotes the spending on packaged foods, and
DSFoil−suger n denotes the spending on single-ingredient foods.

Model Validation
To ensure the accuracy of a model’s predictions, it is crucial to

test its efficacy by comparing its results with independent, real-
world data. One approach is to compare the model’s estimation of
food consumption or related values such as expenditure rates or
dietary exposure to specific food items, with actual data collected
from representative national surveys [39–42].

To test the accuracy of the Pall or expenditure rate model in
estimating food consumption, an analysis was conducted to
compare the results of the model with the actual food expenditure
data obtained from National Budget and Expenditure Surveys in
Saudi Arabia [34]. This methodology was selected based on three
main reasons: the absence of National Nutrition Survey data for
comparison, the potential to reverse-engineer expenditure data
into food consumption when price data is available, and the well-
documentedmethodology of the National Budget and Expenditure
Survey in Saudi Arabia, which uses a representative sample. For
this study, data from surveys conducted in 2013 and 2018 were
included, and interpolation was used for the remaining years in
this period. Thus, the hypothesis for testing the accuracy of
consumption suggests that Fn is accurate if it allows us to predict
that the daily spending rate matches the actual spending rate. This
can be formulated as follows:

H1: True5PAcual = Pall
To assess this hypothesis and validate the model’s results

alignment with real-world data over multiple years, rather than
relying on a single year or an average of all years – which may not
be highly representative – we employed the mean absolute error
(MAE) and correlation coefficient techniques [43, 44]. MAE is
calculated by averaging the absolute differences between the
predicted values and the actual values for each year separately,

which helps evaluate the accuracy of the model. Conversely, the
correlation coefficient is determined by measuring the degree of
linear relationship between the predicted and actual values. This
coefficient ranges from −1 to 1, where 1 indicates a perfect positive
correlation, −1 indicates a perfect negative correlation, and 0
indicates no correlation. These methods were selected to ensure
that the model provided consistent and accurate predictions that
matched real-world data over an extended period, thereby sup-
porting hypothesis 1.

The second aspect of dietary exposure involves the nutritional
content derived from the Food Composition Table, as demon-
strated by the aforementioned equations. Thus, it is crucial to select
a Food Composition Table that contains information on the
nutritional content of each food group in the model. In this study,
it was assumed that the nutrient intakes calculated using different
Food Composition databases would yield similar results under
constant dietary intake. Consequently, utilizing two different Food
Composition Tables would yield comparable outcomes without
significant difference. This assumption was based on the results of
an analysis of the European Prospective Investigation into Cancer
and Nutrition (EPIC) cohort, which aimed to test this
hypothesis [45].

For this study, the Global Expanded Nutrient Supply (GENuS)
Project database for food composition was selected [37]. To assess
whether this choice significantly affects exposure, a hypothesis test
compared this table with another created by calculating the global
average for food composition from a different study [38]. This test
ascertained if the GENuS and the Global Average databases
provided similar nutrient amounts for equivalent servings from
the food groups. Thus, the hypothesis for testing the accuracy of
nutrient concentration from (Cunpackaged food n, Coil−suger n) is
accurate if the difference between the amounts that yield the same
nutritional value, as given by the global average table and another
data source table, does not exceed one serving and is not statis-
tically significant [37, 38]. This can be represented as: H2:
True5|FCTA-FCTB| ≈1servingsize

where FCTA and FCTB are the amounts from the GENuS and
Global Average databases, respectively. If the difference in servings
is within one serving, the tables are considered similar, supporting
the assumption. However, a difference exceeding one serving with
statistical significance implies non-comparability, indicating dis-
tinct food compositions in each group. Consequently, adopting a
Food Composition Table that includes general food groups (as in
this model) and excludes local Food Composition Tables for non-
packaged foods may affect the overall accuracy of the mode.
Statistical confirmation included a one-sample t test in the GENuS
Database to verify that the difference was statistically significant
[46]. This test was restricted to Cunpackaged food n and the
Coil−suger n. Packaged foods (Cpackaged food n) were excluded from
this analysis due to their reliance on exact nutritional data specific
to each food product, which differs from the data utilized in the
other two groups.

Data Sources
We utilized several integrated databases such as the GDD and

EuroMonitor database, ensuring the reliability and comprehen-
siveness of our data for both packaged and unpackaged food
supplies and consumption. These databases were chosen strate-
gically to enable researchers to replicate our study while ensuring
optimal accessibility and utility. The primary criteria for selecting
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these databases were accessibility through publicly available
sources, whether freely or through purchase, and possess com-
prehensive documentation to address data gaps and errors. Ad-
ditionally, the focus was on selecting databases with a global scope
to facilitate the adoption and use of this model by analysts in other
policy contexts, except the GASTAT database, which is limited to
Saudi Arabia.

The training data for the model were obtained from various
authoritative databases. Population data were derived from the
GASTAT, which are crucial for acquiring essential insights into the
overall population [34]. The GDD was instrumental in providing
data on food consumption patterns, offering detailed daily aver-
ages across 19 food categories for Saudis aged 15–80 between 1990
and 2019 [33].

When the GDD lacked data on packaged foods, the Euro-
Monitor database was used [32]. It supplies average daily con-
sumption data and nutrient composition for various categories
such as snacks, sugars, sauces, and dressings. Nutrient composition
data for unpackaged foods were obtained from the GENuS Project
database, which organized each item within specified 19 food
groups to facilitate the modeling process [38, 37].

Nutrient composition data for packaged foods were sourced
exclusively from the EuroMonitor database [32]. Additionally,
pricing data were acquired from GASTAT [34], wherein monthly
reports detailing average food prices were merged with nutritional
data, thus culminating in a comprehensive table consolidating data
on food items, their prices, nutritional values, and nutritional
profiles.

The data utilized for the accuracy testing process, including
inflation levels in Saudi Arabia and value-added tax amounts were
obtained from reputable sources such as the Saudi profile in the
World Bank Database [35], and the report published by the Zakat,
Income, and Customs Authority [36].

The model used in our analysis accounts for the randomness
of individual dietary behaviors, which vary daily and between
individuals within the same community. This variability is sig-
nificant due to differences in nutrition and food. The model
addresses the inherent randomness in the dataset, either indi-
rectly by accounting for it in the original research from the data
source or directly when it is not considered in the data source.
The model processed actual food consumption data from the
GDD using the Markov Chain Monte Carlo method and adjusted
the commodity supply data from the FBS by identifying trends
and patterns [33, 47]. This dual approach ensures that the model
captures the real-world variability in food consumption and
supply metrics.

Population Characteristics
The information on community dietary exposure in Saudi

Arabia is derived from adult individuals aged 15 years and older,
sourced from the GASTAT database [34]. These data provide a
comprehensive overview of the general population. Table 2
displays the demographic characteristics, highlighting the dis-
tribution of gender and the number of deaths per year caused by
various diseases. The study population comprises 25,828,254
individuals, with males constituting 60% (15,466,150) and fe-
males accounting for the remaining 40% (10,362,104). Cancer is
responsible for 15% of annual deaths (79,303), followed by
kidney failure at 10% (50,034), liver failure at 5% (28,004), and
diabetes at 5% (22,684). However, the largest proportion is at-

tributed to cardiovascular disease, amounting to a striking 65% of
deaths (334,222), totaling 514,247 annual deaths. The data are
presented in numerical and percentage form, with the currency
unit “SR” representing Saudi Riyal, suggesting a potential fi-
nancial context to the data provided.

Saudi Dietary Reference Value
The model compared the exposure results to the recom-

mended values or the reference values for these risk factors,
identifying those exceeding these limits in Saudi Arabia and to
what extent. Considering that the model aims to assess dietary
exposure to nutrients, which are critical risk factors for chronic
diseases, it is essential to compare nutrient levels and exposures
to the recommended reference values published in the Saudi
Technical Regulation No. SFDA.FD 2233, which provides these
reference values for nutrients [48]. These nutrients fall into two
categories [33, 49]. The first category involves nutritional risk
factors that require reduction, such as high-energy intake, total
fat, trans fat, sodium, sugar, and cholesterol [33, 49]. According
to the Saudi Technical Regulation No. SFDA.FD 2233, the
recommended daily intake for this category is: 2,000 kcal, 70 g fat,
20 g saturated fat, 50 g free sugars, 2,400 mg salt, and 300 mg
cholesterol. Notably, exceeding these values may increase the risk
of various health problems. The second category includes nu-
trients with recommended intake levels that should be consumed
without reaching toxic levels, which are generally much higher
than the reference values [33, 49]. Examples include vitamins and
minerals.

Results

Model Accuracy
The first hypothesis evaluates the model’s predictive

accuracy in estimating the actual monthly spending rate
based on consumption and price data. As shown in
Table 3, the model accurately predicted all values between

Table 2. Population characteristics of modeling study

Variables n %

Gender
Male 15,466,150 60
Female 10,362,104 40

Total 25,828,254 100

Annual number of deathsa

Cancer 79,303 15
Kidney disease 50,034 10
Liver disease 28,004 5
Diabetes 22,684 5
Cardiovascular disease 334,222 65

Total 514,247 100

Data presented as number and percentage. aGlobal Burden
of Disease (GBD) 2019.
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2010 and 2018, with an average error rate of 7%. The
MAE, which represents the discrepancy or absolute error
rate over this period, was 31 Saudi Riyals compared to the
average actual monthly expenditure of 460 riyals and a
projected value of 491 Saudi Riyals. The correlation
coefficient was almost equal 0.74, indicating a strong
positive relationship between the predicted and actual
spending data. This high correlation suggests the model
reliably forecasts spending trends, adding credibility to its
predictions.

The primary objective of the second hypothesis was to
validate the assumption that Food Composition Tables,
which provided information on nutrient concentrations,
having no statistically significant bearing on the necessary
number of food portions required to achieve the same
nutritional exposure. The second hypothesis aimed to test
the assumption that using different Food Composition
Tables does not affect the exposure outcome for un-
packaged food items. In the study, adopting a Food
Composition Table for unpackaged food and nutritional
label information for packaged food obtained from the
Euromonitor database did not affect the outcome. As
depicted in Table 4, the observed differences were not
substantial, with the variations between each group
amounting to no more than one serving. Furthermore,
the results of the one-sample t test did not reveal any
statistically significant disparities. Consequently, it can be
inferred that the utilization of diverse Food Compositions
Tables does not impact dietary exposure from foods in the
various food categories, except for packaged foods that
are consumed following their nutritional information
labels.

Nutrient Exposure Estimation
Table 5 presents a comprehensive analysis of nutrient

exposure across various percentile categories for both
genders. The calorie intake at the 25th percentile for
males and females was 2,100.6 and 2,098.1 kcal, re-
spectively, with a slight increase at the 50th percentile and
a substantial rise at the 95th percentile, reaching 4,850.5
kcal for males and 4,885.1 kcal for females. The protein
intake was relatively consistent across percentiles, ranging
from 65.6 to 107.46 g for males and from 67.0 to
99.14 g for females.

Conversely, carbohydrate and dietary fiber intakes
display a consistent upward trend across percentiles.
Total fat intake follows a similar pattern, particularly at
the 95th percentile, where it was over twice that at the
25th percentile for both genders. The distribution of all fat
types also increased, with polyunsaturated fats almost
doubling from the 25th to the 95th percentile.

The model also presents specific fatty acid profiles such
as linoleic, linolenic, EPA, DHA, and stearic acid, ex-
hibiting incremental increases across percentile cate-
gories. Cholesterol intake exhibits a marked rise from the
25th to the 95th percentile, with a notable gender dif-
ference at higher percentiles.

For minerals, calcium intake ranges from 461.5 mg at
the 25th percentile to over 1,000mg at the 95th percentile.
Similarly, iron, magnesium, phosphorus, potassium, so-
dium, zinc, copper, manganese, and selenium showed
incremental increases at higher percentiles.

Moreover, a comprehensive range of vitamins was
quantified, including vitamin A, E, D, C, thiamin (B1),
riboflavin (B2), niacin (B3), vitamin B-6, vitamin B-12,

Table 3. Hypothesis 1 for testing accuracy of food consumption estimation

Year Inflation
rate (%)*

VAT
rate
(%)**

Actual data
(Saudi Riyal)##

Model result#

(Saudi Riyal)
Difference
(Saudi Riyal)

Difference
(%)

Mean absolute
error (MAE)

Correlating
coefficient

2010 5.3 0 424 447 23 6 – –
2011 5.8 0 433 453 20 5 – –
2012 2.9 0 442 481 39 9 – –
2013 3.5 0 451 507 56 12 – –
2014 2.2 0 460 482 22 5 – –
2015 1.2 0 469 503 34 7 – –
2016 2.1 0 478 508 30 6 – –
2017 −0.8 0 487 510 23 5 – –
2018 2.5 5 496 525 29 5 – –
Means – – 460 491 31 7 29 0.74

*Inflation rate from Saudi Arabia profile in Word Bank Database. **The Zakat, tax, and customs authority of Saudi. #Result after
accounting for inflation and taxation.
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choline, vitamin K, and folate. Each nutrient demon-
strates a clear progressive increased from the 25th to the
95th percentile. Notably, vitamins C and B exhibited a
marked increase at higher consumption levels, reflecting
their water-soluble nature and higher concentrations in
fortified or nutrient-dense foods.

Exposure and Health-Based Exposure Limit
The analysis of exposure levels to various nutritional

risk factors, including calories, total fat, trans fats, cho-
lesterol, sodium, and free sugar, revealed that many of
these factors exceeded the recommended levels from the
reference values, as depicted in Figure 2. The ratio
demonstrated that the consumption level was propor-
tional to the recommended reference values. A value
below one indicated that the exposure was within the
recommended levels, whereas a value above one signified
that the exposure exceeded the recommended level from
the reference values. For instance, a value of 1.5 implied
that the consumption was 50% or 1.5 times more than the
recommended quantity, while a value of 2.0 indicated that
the quantity exceeded the recommended level by 100% or
twice as much.

The recommended intake for free sugar was 50 mg,
with the 25th, 50th, and 95th percentiles of intake being
52, 86, and 120 mg, respectively. The ratios of the
median, 2.5th, and 95th percentile intakes exceeded the
reference, indicating a high risk of excessive intake. The
reference intake was 2,400 mg, and the 2.5th, 50th, and
95th percentiles of intake were 1,648 mg, 2,518 mg, and
3,571 mg, respectively. Only the 95th percentile sur-
passed the reference value when the ratio exceeded
reference values by 48%. The reference intake was 300
mg, and the 25th, 50th, and 95th percentiles of intake
were 207, 273, and 361 mg, respectively. The 95th
percentile exceeded the reference, indicating that higher
cholesterol intake at this level exceeds the reference
values by 20%. The reference intake was 20 g, and the
2.5th, 50th, and 95th percentiles of intake were 27 g, 33 g,
and 47 g, respectively. All percentiles exceeded the
reference, suggesting widespread high saturated fat in-
take, with ratios of 1.35, 1.65, and 2.35, respectively. The
reference intake was 70 g, and the 2.5th, 50th, and 95th
percentiles of intake were 89, 144, and 204 g, respec-
tively. All observed values and ratios exceeded the
recommended intake. The reference intake for calories
was 2,000 kcal, and the 2.5th, 50th, and 95th percentiles
of intake were 2,128 kcal, 3,314 kcal, and 4,832 kcal,
respectively. These values, with high ratios, indicated
significant caloric intake beyond the recommended
levels across all percentiles.Ta
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Table 5. Nutrient exposure

Calorie level 25th 50th 95th Saudi Dietary
Reference
Value#male female all male female all male female all

Macronutrients
Calories, kcal 2,100.6* 2,098.1* 2,128.0* 3,310.6* 3,306.6* 3,314.6* 4,880.5* 4,885.1* 4,832.0* 2,000
Protein, g 68.6 67.0 68.9 101.4 99.1 100.7 149.7 147.6 146.7 50
Carbohydrate, g 265.7 249.6 252.4 417.3 393.5 392.2 631.0 595.7 584.3 260
Fiber, dietary, g 23.3 23.9 24.3 36.3 36.8 36.7 58.9 59.7 57.8 28
Total lipid (fat), g 89.8* 88.9* 89.8* 144.4* 143.2* 144.1* 206.0* 204.6* 204.5* 70
Trans fatty acids, g 0.0 0.0 0.0 0.03 0.03 0.03 0.1 0.1 0.1 –
Saturated fats, g 27.3* 27.0* 27.2* 33.8* 33.5* 33.7* 47.7* 47.4* 47.4* 20
Monounsaturated
fats, g

25.0 24.6 25.0 40.2 39.5 39.8 58.2 57.6 57.6 –

Polyunsaturated
fats, g

26.9 26.7 27.0 43.8 43.5 43.7 62.6 62.2 62.2 –

Linoleic acid, g 23.0 22.8 23.0 37.6 37.3 37.5 53.7 53.4 53.4 –
Linolenic acid, g 3.3 3.3 3.3 5.2 5.2 5.2 7.5 7.5 7.5 –
EPA, g 0.10 0.10 0.10 0.15 0.14 0.15 0.20 0.23 0.21 –
DHA, g 0.22 0.20 0.21 0.33 0.32 0.32 0.50 0.50 0.50 –
Stearic acid, g 14.8 14.7 14.8 24.05 23.97 24.02 33.6 33.5 33.5 –
Cholesterol, mg 208.6 198.7 207.0 277.5 266.6 273.5 372.9* 361.3* 364.0* 300

Minerals
Calcium, mg 461.5 478.5 480.0 689.3 712.1 701.2 1,055.5 1,085.7 1,046.3 1,000
Iron, mg 11.6 11.6 11.9 17.6 17.5 17.7 27.3 27.2 26.7 14
Magnesium, mg 249.5 252.8 257.5 380.9 383.2 383.2 601.3 605.5 590.2 310
Phosphorus, mg 939.4 935.1 957.8 1,419.5 1,409.2 1,420.1 2,198.6 2,194.5 2,154.4 700
Potassium, mg 2,910.3 2,990.6 3,016.5 4,274.8 4,357.0 4,325.2 6,580.8 6,717.6 6,496.1 2,000
Sodium, mg 1,656.4 1,622.9 1,648.6 2,545.4* 2,500.1* 2,518.2* 3,639.9* 3,587.5* 3,571.3* 2,400
Zinc, mg 7.7 7.6 7.8 10.9 11.0 11.0 17.2 17.0 16.8 11
Copper, mg 956.9 983.5 996.4 1,455.5 1,480.6 1,471.8 2,325.6 2,363.6 2,286.9 900
Manganese, mg 2.4 2.4 2.5 3.6 3.6 3.6 5.8 5.8 5.6 3
Selenium, mg 75.6 72.9 75.7 108.8 105.6 107.7 156.2 152.8 152.6 60

Vitamins
Vitamin A, μg 656.3 687.1 681.6 849.4 888.9 868.2 1,135.6 1,186.8 1,135.3 800
Vitamin E, mg AT 11.7 11.8 11.9 17.9 18.0 18.0 25.6 25.7 25.48 9
Vitamin D, μg 3.2 3.2 3.3 4.6 4.6 4.6 6.9 6.9 6.7 5
Vitamin C, mg 138.0 147.4 145.1 178.5 190.7 184.1 240.6 256.5 242.7 100
Thiamin, mg 1.3 1.3 1.3 2.0 2.0 2.1 3.2 3.2 3.1 1.2
Riboflavin, mg 1.2 1.2 1.2 1.74 1.75 1.75 2.5 2.5 2.5 1.2
Niacin, mg 18.2 17.8 18.3 26.56 25.88 26.35 39.2 38.6 38.4 15
Vitamin B-6, mg 1.9 1.9 1.9 2.69 2.70 2.71 4.1 4.1 4.0 1.3
Vitamin B-12, μg 3.3 3.2 3.3 4.70 4.56 4.65 6.7 6.6 6.6 2.4
Choline, mg 306.7 302.5 310.2 427.70 422.40 426.70 613.8 610.2 602.3 –
Vitamin K, μg 314.9 331.2 326.9 410.66 430.48 419.87 537.7 563.6 539.5 60
Folate, μg 2.9 2.8 2.9 4.03 4.01 4.03 5.8 5.8 5.7 400

Other
Free sugar 52.6* 52.6* 52.7* 86.5* 86.0* 86.4* 120.4* 120.4* 120.5* 50
Cost per day 12.7 12.6 12.8 17.4 17.3 17.5 24.4 24.3 24.0 –

#Reference values are the recommended values according to Saudi Technical Regulation No. SFDA.FD 2233. *A nutritional risk
factor that has exceeded the reference value.
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Discussion

The primary aim of this study was to develop a PGM
to accurately measure exposure to specific population
dynamics. Mathematical modeling has increasingly es-
tablished its significance as an essential tool in the field
of nutrition science, providing a precise analytical ap-
proach beyond conventional dietary assessment
methods. The probabilistic modeling approach was
selected for its cost-effectiveness, reliance on open data
sources, and focus on supply chain dynamics and un-
certainties. This approach facilitates the evaluation of
exposure to nutritional risk factors, aiding policymakers
in implementing targeted legislative measures to mini-
mize these risk factors, particularly in nutrition-related
context.

This methodology differs from conventional dietary
assessment techniques such as National Nutritional
Survey and FBS, leveraging regularly updated accessible
data sources to estimate food consumption and exposure
[8, 11–14]. Furthermore, it integrates algorithmic com-
ponents to test the results’ accuracy.

Although various models utilize open data sources
such as GDD, GENuS, and FABIO, ours possesses dis-
tinct advantages [33, 37, 50]. Notably, our model con-
siders a broader range of food sources. Typically, other
models primarily rely on data sources that concentrate on
non-packaged foods such as FBS, or a limited number of
food items, through the use of a dietary frequency
questionnaire (FFQ). For example, the GDD model was

developed using a Markov chain Monte Carlo based on
surveys and FBS from each country [33]. In Saudi Arabia,
a study titled “Premature biological aging in Saudi adults
with Type 2 diabetes and the influence of endotoxemia”
was conducted by the King Saud University using an FFQ
[33]. The GENuS and FABIO models utilized data from
the FBS and other sources in their estimation, but did not
account for packaging and single food ingredients, and
the accuracy of these data was not evaluated [37, 50].
Despite using the GDDmodel to train the NNCmodel on
some estimates for unpackaged food, the NNC model
differed in its approach of incorporating data for pack-
aged foods and single-ingredient foods such as sugar
and oil.

Another advantage of the current model differs is its
use of an equations-based probabilistic approach to es-
timate all the elements of the supply chain (Table 1). For
example, the total supply for a large food group can be
applied to estimate supplies for subgroups, enabling
detailed assessment of food stock, production, and im-
ports for a specific food or food group. This increased
capability allows the model to have a greater impact on
nutrition, food security, and food safety decisions by
providing information on the availability of targeted
foods, thereby enhancing the usefulness and represen-
tation of the supply chain.

The model’s accuracy was evaluated through hy-
pothesis testing, which assessed its predictive capabilities
for consumption, supply, and nutrient concentration.
The results indicated that the model’s estimate of

Fig. 2. Exposure to nutritional risk factors.
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consumption had an MAE averaging 7% for the period
between 2010 and 2018 (Table 3). Furthermore, the study
determined the suitability of the Food Composition Table
utilized in the model for non-packaged foods by com-
paring it with the GENuS Food Composition Table,
revealing no significant difference between the two tables
(Table 4).

The model’s simulation of the current dietary patterns
in the community estimated the percentage of excess
nutritional risk factors, including caloric intake, fat,
saturated fat, cholesterol, sugar, and sodium (Table 5).
Excessive levels were observed in most reference
values – except cholesterol, which was high only in the
95th percentile, and sodium, which was only in the 50th
and 95th percentiles but was statistically insignificant in
the 2.5th percentile. These outcomes suggest that the
appropriate volume and levels of fat and salt in Saudi
Arabia may result from implemented policies and efforts
[51, 52]. Further research is required to determine
whether these patterns of exposure are directly attrib-
utable to these policies.

Although the model is likely to provide accurate es-
timates of food consumption, certain aspects must be
considered. The model estimated total con-
sumption ranging from 2.5% to 95%, but the geographic
distribution data for consumption may not currently be
available. For example, it may be difficult to determine
which areas of Saudi Arabia consume the most of certain
foods or the spatial distribution of these food com-
modities. Thus, the model treats Saudi Arabia as a
complete unit. Additionally, it cannot estimate the
consumption of specific vulnerable groups based on
economic or demographic characteristics. Thus, neces-
sitating further study and research.

The objective of the proposed model was to expand
its applications beyond estimating direct exposure to
nutritional risk factors from food. The NNC model
includes additional estimates, including the impact of
vitamins, minerals, and fiber, enhancing decision-
making in fortification policy evaluation [53]. Addi-
tionally, the risk factor exposure estimates from the
NNC model can be combined with the dose-response
model to predict the effects of nutritional interventions
on mortality rates from NCDs, such as by utilizing the
Peter algorithm in the prime model [49]. These models
provide valuable insights for decision-making by
highlighting the consequences of nutritional inter-
ventions and subsequent changes in mortality rates.
They can also be applied to food security to prioritize
staple food items and predict future demand [53–55].
The model’s results can further guide nutritional

prioritization using decision matrices based on the
exposure results, such as the three-pronged approach
matrix, to determine nutritional priorities [56].

Conclusions

This study developed a computational model that
effectively addressed limited and unreliable data in Saudi
Arabia, essential for measuring dietary intake. The
probabilistic mathematical model for dietary con-
sumption and exposure assessment showed that high
levels of nutritional risk factors such as calories, satu-
rated fats, salt, and sugar were found in the 50th and
95th percentiles, highlighting the need for better policies
and legislation. The model results can serve as a baseline
for monitoring the impact of future regulations and
policies on these factors and provide insights into which
foods have the most significant impact, aiding in tar-
geted modifications of their compositions. Additionally,
it relies on sustainable and accessible data sources, of-
fering a scalable solution to the limitations of national
dietary surveys. This progress is a critical step toward
enhancing public health strategies and nutritional
planning in Saudi Arabia.
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Abstract
Introduction: Dental malpractice is becoming an increasing
concern in the health care sector. Dentistry is a highly
stressful profession, and neglecting stress and burnout can
harm patients, dentists, and the quality of their work. This
study estimated the prevalence of dental malpractice,
evaluated the association between burnout, work engage-
ment, and dental malpractice, and identified other potential
risk factors. Methods: Between May 2023 and May 2024, a
cross-sectional study was conducted using a convenience
sample of 259 Saudi dentists working in public dental clinics
in Jeddah. Dentists completed an online self-administered
anonymous questionnaire that included four sections: so-
ciodemographics and occupational characteristics, a previ-
ously valid and reliable Maslach Burnout Inventory, Areas of
Worklife Survey, and self-reported dental malpractice
questions. Data were analyzed using STATA 18, including
descriptive statistics, bivariate analysis, and multivariate
analysis. Results: Among the 259 responding Saudi dentists,
27% reported malpractice concerns, and 20.8% reported
that they had a malpractice claim. Multivariate logistic re-

gression analysis revealed that dentists with high levels of
depersonalization (OR = 2.44, p = 0.012) and low levels of
community engagement (OR = 2.92, p = 0.011) were more
likely to have malpractice concerns. Additionally, dentists
working in primary health care centers (OR = 4.62, p ≤ 0.001),
dentists experiencing high emotional exhaustion (OR = 2.58,
p = 0.033), and those with low-value engagement (OR = 2.99,
p = 0.017) were more likely to be involved in malpractice
claims. Conclusion: This study provides in-depth informa-
tion on dentists’ characteristics, burnout levels, work en-
gagement levels, and their association with dental mal-
practice. Saudi dentists experience high emotional ex-
haustion and low personal accomplishment. In addition,
various workplace factors have been associated with dental
malpractice. © 2024 The Author(s).

Published by S. Karger AG, Basel

Plain Language Summary
Dental malpractice is becoming a growing concern in health
care. Dentistry is a high-stress job, and ignoring stress and
burnout can negatively affect patients, dentists, and the
quality of their work. This study examined the prevalence of
dental malpractice, burnout, and work engagement among
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dentists, explored the association between dental mal-
practice and burnout, and identified other possible risk
factors. From May 2023 to May 2024, a study was conducted
of 259 Saudi dentists working in public clinics in Jeddah. The
dentists completed an anonymous online survey that in-
cluded questions about their backgrounds, job character-
istics, burnout levels, work engagement levels, and dental
malpractice experiences. Stata 18 software was used to
analyze the data. Of the 259 dentists, 27% were concerned
about malpractice, and 20.8% had faced malpractice claims.
The analysis showed that dentists who felt detached from
their work and who had low community engagement were
more likely to worry about malpractice. Dentists working in
primary health care centers, those feeling emotionally ex-
hausted, and those with low job satisfactionweremore likely
to have malpractice claims. This study provided detailed
information about the work conditions and burnout levels of
Saudi dentists and how these relate to malpractice. It also
found that Saudi dentists often experience high levels of
emotional exhaustion and lack of personal achievement.
Various workplace factors have been linked to dental
malpractice. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Dentistry as an occupation is considered to possess
many positive qualities; however, it can be a stressful
profession that can lead to emotional and physical health
issues [1]. Since burnout has emerged as a significant
public health concern, neglecting the risk of burnout can
adversely impact dentists, patients, and overall quality of
work. Professional burnout is a psychological syndrome
characterized by three types of feelings: emotional ex-
haustion (EE), depersonalization (DP), and a decreased
sense of personal accomplishment (PA) [2]. On the other
hand, work engagement is a positive, fulfilling, work-
related state of mind characterized by vigor, dedication,
and absorption in one’s work [3]. Burnout and work
engagement are two concepts that can influence a den-
tist’s behavior, leading to positive or negative outcomes.
The negative effects of burnout and work disengagement
can lead to dental malpractice, a type of professional
malpractice, along with medical and legal malpractices.
Generally, dental malpractice refers to the professional
negligence of a dentist or another dental professional
resulting in harm to the patient. Negligence can occur
because of failure to properly diagnose a condition,
provide appropriate treatment, or obtain informed
consent from the patient [4].

In the Kingdom of Saudi Arabia (KSA), researchers
assessing the status of medical malpractice lawsuits found
a rapid rise in the number of lawsuits involving dentists in
Saudi Arabia [5, 6]. Moreover, a national study found that
29.2% of the cases were in Riyadh, followed by Jeddah at
14.9%; they had the highest number of malpractice
lawsuit cases compared with other regions [7]. Regarding
specialties, researchers found that prosthodontics (35%)
and endodontics (31%) had the highest number of claims
[5, 8]. However, litigation studies on malpractice have
solely examined the prevalence of malpractice claims
based on the common causes or reasons for lawsuits and
compensations. These findings underscore the need to
study and define the root causes of dental malpractice. A
survey conducted in the USA found that 46.1% of the
dentists were concerned that they may have made an
error, and those with a high burnout risk proportion were
significantly associated with self-reporting a perceived
dental error within the previous 6 months when com-
pared to those with a low burnout risk proportion [9].
Burnout among dental professionals is another significant
concern in the health care sector. As previously men-
tioned, burnout comprises three types of feelings. The
first is EE, which refers to emotional exhaustion and
overextension caused by work. The second is DP, which
involves an unfeeling and impersonal response toward
those who receive one’s service, care, treatment, or in-
structions. The final type is low PA, which refers to the
feeling of incompetence and unsuccessful achievement in
one’s work with others [2]. A previous study reported that
Saudi dentists experience higher levels of burnout than
non-Saudi dentists (p < 0.05), and in terms of specialties,
prosthodontics at 57.9% and endodontics at 37.7%
showed more burnout than others [10], same specialties
were had the most frequent malpractice cases in Riyadh
[5, 8]. A recent systematic review reported that the
prevalence of burnout among dentists was 13%, with the
EE subscale showing high burnout levels [11]. Previously,
similar findings showed that dentists exhibited high
scores in the EE subscale [12]. Researchers have identified
six key areas that contribute to employee’ well-being
when studying workplace burnout and job stress.
These areas, known as the Six Areas of Worklife, form a
framework that includes workload, control, reward,
community, fairness, and values. Workload refers to the
amount of work performed at a given time. Control
represents an opportunity to make decisions. Reward
pertains to the recognition of contributions to the job. A
community involves the quality of the workplace’s social
environment, support, and positive feelings. Fairness is
related to the extent to which the workplace has equitable
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rules for everyone. Lastly, values come into play when
workplace and personal values align and lead to shared
success; mismatches occur when differences exist be-
tween a workplace’s values and the values of its staff, or if
the organization does not practice its stated values [2]. In
a previous study, burnout and work engagement were
negatively correlated (χ2 = 22.51, p < 0.0001) [13]. Ad-
ditionally, work engagement does not affect the error rate
[9]. Examining the work engagement of Indonesian
dentists, it was discovered that they experienced high
levels of workload and moderate levels of work en-
gagement in the five other areas [14]. A local qualitative
study identified several workplace challenges, including
supervisors’ attitudes, a lack of equitable rewards, han-
dling a large number of patients, and limited advance-
ment and leadership opportunities. The study also
highlighted that engaged employees feel capable of
managing job demands [15].

Although some studies have been conducted to
determine how common malpractice and burnout are
among dentists in KSA, the currently available litera-
ture is insufficient to establish causal relationships
between dental malpractice, burnout, and work en-
gagement. Our understanding of the causes and con-
sequences of dental malpractice remains limited. This
study aimed to estimate the prevalence of dental
malpractice, evaluate the association between burnout,
work engagement, and dental malpractice, and identify
other risk factors associated with dental malpractice
among Saudi dentists.

Methods

This cross-sectional study was conducted in public
dental clinics between May 2023 and May 2024. This
study was conducted at various dental facilities to provide
a comprehensive view of the dental practice environment.
These facilities include dental clinics in primary health
care centers (PHCs), dental departments of hospitals, and
specialized dental centers. The target population for this
study included Saudi male and female dentists across all
dental specialties in public clinics. The sample size was
calculated using STATA 18 software at a 95% confidence
level and a test power 0.95. The minimum required
sample size was 213. We increased this by 20%–256 to
account for nonrespondents. The study tool used was an
online, self-administered English questionnaire divided
into four sections to gather relevant data from partici-
pants comprehensively. The first section consisted of 14
items: gender, age, marital status, number of children,

dentist qualification, dental specialties, current work-
place, years of experience in the current workplace, years
of experience in their position, the number of work
sessions and patients, work shift, work system, and
medical malpractice insurance.

The second section was the Maslach Burnout In-
ventory Human Services Survey for Medical Personnel
(MBI-HSS [MP]), which was designed to measure
personal feelings and attitudes towards work. It
comprises 22 items categorized into three dimensions:
EE (9 items), DP (5 items), and PA (8 items). Re-
spondents indicated how often they experienced each
feeling using a frequency scale ranging from 0 (never)
to 6 (every day).

The third section was the Areas of the Worklife Survey
(AWS) used to investigate work engagement levels. It
consists of 28 items divided into six dimensions: work-
load (5 items), control (4 items), rewards (4 items),
community (5 items), fairness (6 items), and values (4
items). Each item is rated on a 5-point Likert-type scale to
represent the degree of match between a dentist and their
work environment. The ratings ranged from 1 (strongly
disagree) to 3 (hard to decide) to 5 (strongly agree). Due
to copyright restrictions by Mind Garden, a provider of
psychological assessment tools, no items from the MBI
and AWS instruments may be included in any publica-
tion. Permission was obtained to administer these tools
via an online survey using a platform other than Mind
Garden.

The fourth section included five previously validated,
self-reported dental malpractice questions with yes/no
responses [9]. In this study, dental malpractice was ex-
amined as a dependent variable, defined by two aspects:
dental malpractice concerns and dental malpractice
claims. Dental malpractice concerns occur when a dentist
worries about making errors, committing acts that could
be considered professional misconduct, or receiving
feedback from the staff about potential errors. It includes
the following three questions: “Are you concerned you
have made an error in the last 6 months?’, “In the past
year, have you been concerned a malpractice complaint
might be brought against you?”, and “Have any dental
assistants or staff informed you that you may have
committed an error in the last 6 months?’. Dental mal-
practice claims were defined as formal complaints by a
patient that a dentist’s negligence, error, or omission
caused harm. Such claims often lead to investigations and
may result in legal action or compensation. This aspect
includes the following two questions: “In the past year,
have you actively been involved in a malpractice claim
against you or your practice?’, and “In the past year, has a
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complaint been filed against you or your practice with the
(937) service center?’.

The reliability of the current study depended on the
MBI-HSS (MP) and AWS; both instruments are valid and
reliable tools purchased from Mind Garden. MBI has
been used in numerous studies involving Saudi dentists.
However, because of limited use of the AWS among Saudi
dentists, a pilot study was conducted to check its reli-
ability by assessing Cronbach’s alpha for each dimension
to ensure its applicability in this cultural context.
Cronbach’s alpha value ranges from 0 to 1, with a higher
value indicating a higher level of survey reliability.
Generally, a Cronbach’s alpha of ≥0.7 is acceptable for
most research purposes.

A sample of 22 dentists working in public dental clinics
in Jeddah were invited to participate in the pilot study and
were not included in the main study. The calculation was
10% of the main study’s sample size calculated at 213 ×
0.10 = 21.3. Therefore, approximately 22 participants
were required the pilot study. The results revealed that the
AWS has an acceptable level of reliability. The Cron-
bach’s alpha for the AWS dimensions ranged from 0.702
to 0.882. These results indicate that the AWS can be
reliably used for data collection in the current study
(online suppl. Table 1; for all online suppl. material, see
https://doi.org/10.1159/000541263).

For the current study, data were collected using non-
probability/convenience sampling. The study settings
were selected based on the density of dentists’ numbers
and the variety of their qualifications and specialties.
Dentists were invited to participate in the survey
through their official email addresses, sent by the In-
ternal Communication Department. Additionally, five
volunteers working in the dental field used WhatsApp
and QR code scanning to collect data from the dentists.
The recruitment of dentists was based on their ac-
cessibility and availability to the five volunteers. The
Research and Studies Department of King Abdullah
Medical Complex selected the volunteers from the
official Health Volunteering Platform for a volun-
teering opportunity listed under “Data Collectors of the
Research and Studies Department of King Abdullah
Medical Complex.”

Statistical analyses were performed using STATA 18.
In the descriptive analysis, we used frequencies and
percentages for categorical variables. The χ2 test was used
to determine the relationship between dental malpractice
and categorical variables, and multivariate logistic re-
gression was used to identify the independent predictors
of dental malpractice. The statistical significance level was
set at p ≤ 0.05.

Results

This study included 259 Saudi dentists, mostly fe-
males (70.7%). The age distribution showed that 39.0%
were between 31 and 39 years old, and 25.5% were
between 40 and 49 years old. Most participants were
married (61.0%). Additionally, 39.8% reported having
no children, 20.5% had two children, and 16.2% had
three children. Based on the occupational character-
istics distribution, the results revealed that most par-
ticipants were general dentists (43.6%), with consul-
tants accounting for 26.3%. Regarding dental special-
ties, 38.6% identified as general dentists, while the rest
represented nine different dental specialties. The most
common workplace setting was specialized dental
centers (47.1%), followed by hospitals (33.2%). The
participants had varied levels of experience in their
current workplaces and positions. According to work
environment characteristics, 32.4% of participants
work 5–6 sessions per week, while 24.7% work 9–10
sessions. Regarding daily patients, 31.3% manage 5–6
patients, and 32.1% deal with more than eight patients.
Most participants (62.6%) worked in the morning shift.
In relation to employment status, 70.3% were civil
service employees, and 29.7% were self-employed.
Regarding medical malpractice insurance, 80.3% had
coverage, whereas 19.7% did not have it (Tables 1–2).

Table 1. Distribution of sociodemographic characteristics
among dentists (n = 259)

Sociodemographic characteristics n %

Gender
Female 183 70.7
Male 76 29.3

Age
≤30 years 62 23.9
31–39 years 101 39.0
40–49 years 66 25.5
50–59 years 30 11.6

Marital status
Single 81 31.3
Married 158 61.0
Divorced 20 7.7

Number of children
None 103 39.8
One child 20 7.7
Two children 53 20.5
Three children 42 16.2
Four children 27 10.4
Five children or more 14 5.4
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Table 2. Distribution of occupational
and work environment characteristics
among dentists (n = 259)

Occupational and work environment characteristics n %

Qualification
General dentist 113 43.6
Consultant 68 26.3
Specialist 46 17.8
Postgraduate training program 32 12.4

Specialty
General dentist 100 38.6
Pedodontist 41 15.8
Restorative dentistry 26 10.0
Endodontist 24 9.3
Orthodontist 22 8.5
Prosthodontist 17 6.6
Periodontist 12 4.6
Family dentistry 10 3.9
Oral and maxillofacial surgeon 6 2.3
Dental public health 1 0.4

Current workplace
Specialized dental center 122 47.1
Hospital 86 33.2
Primary health care center 51 19.7

Years of experience in the current workplace
<A year 38 14.7
1–2 years 49 18.9
3–5 years 45 17.4
6–10 years 37 14.3
11–15 years 46 17.8
16–20 years 19 7.3
>20 years 25 9.7

Years of experience in the present position
<A year 39 15.1
1–2 years 61 23.6
3–5 years 52 20.1
6–10 years 45 17.4
11–15 years 39 15.1
16–20 years 10 3.9
>20 years 13 5.0

Number of sessions per week
2–4 Sessions 61 23.6
5–6 Sessions 84 32.4
7–8 Sessions 50 19.3
9–10 Sessions 64 24.7

Number of patients seen per day
Less than 5 patients 46 17.8
5–6 patients 81 31.3
7–8 patients 49 18.9
More than 8 patients 83 32.1

Work shift
Morning shift 162 62.6
Rotating 80 30.9
Night shift 17 6.6

Work system
Civil service employee 182 70.3
Self-employment 77 29.7
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Table 3 shows that 49.8% of participants experienced
high EE, 61.0% showed low levels of DP, and 45.6%
demonstrated low levels of PA. According to work en-
gagement, the results showed that most study participants
reported a moderate level in all six areas; more detailed
information is provided in Table 3. Based on self-reported
dental malpractice survey responses, the findings revealed
that 20.1% expressed concerns about making an error in
the last 6 months, 11.6% of participants indicated concern
about the possibility of facing a malpractice complaint in
the past year, and 6.6% acknowledged being informed by
assistants or staff that they may have committed an error
in the last 6 months. On the other hand, 19.3% of par-
ticipants reported having a complaint filed against them
in the past year by 937 service centers, and 4.6% reported
direct involvement in a malpractice claim in the past year.
Moreover, the results revealed that 27.0% of the partic-
ipants expressed concerns about potential malpractice
incidents, while 20.8% reported being involved in actual
malpractice claims (online suppl. Table 2).

The results of Pearson’s χ2 tests indicated no signifi-
cant association between dentists’ malpractice concerns
or malpractice claims and their sociodemographic
characteristics (p value >0.05). However, a significant
association was found between dentists’ current work-
place and malpractice concerns (p = 0.040). Additionally,
there was a significant relationship between dentists’
specialty (p = 0.006), current workplace (p < 0.001), and
malpractice claims. No association was found between
work environment characteristics and malpractice con-
cerns, but a significant link was identified between
malpractice claims and the number of patients treated
daily (p = 0.017).

Regarding the association between burnout and dental
malpractice, Table 4 shows a significant association be-
tween malpractice concerns with DP (p = 0.006) and PA
(p = 0.015). Moreover, the results revealed a significant
relationship between malpractice claims and both EE (p =
0.004) and DP (p = 0.003). Regarding work engagement,
workload (p = 0.023) and community (p = 0.001) were
associated with malpractice concerns. Furthermore, there
were significant associations between malpractice claims

Table 2 (continued)
Occupational and work environment characteristics n %

Medical malpractice insurance
Yes 208 80.3
No 51 19.7

Table 3. Distribution of burnout and work engagement levels
among dentists (n = 259)

MBI dimensions MBI cutoff pointa n %

EE
Low 0–16 82 31.7
Moderate 17–26 48 18.5
High ≥27 129 49.8

DP
Low 0–6 158 61.0
Moderate 7–12 49 18.9
High ≥13 52 20.1

PA
Low ≥39 118 45.6
Moderate 32–38 56 21.6
High 0–31 85 32.8

Areas of work life
dimensions

AWS cutoff pointb

Workload
Low 2.40 41 15.8
Moderate 3.00 158 61.0
High 3.50 60 23.2

Control
Low 2.67 42 16.2
Moderate 3.33 136 52.5
High 4.00 81 31.3

Reward
Low 2.67 65 25.1
Moderate 3.25 111 42.9
High 3.75 83 32.0

Community
Low 2.75 25 9.7
Moderate 3.40 128 49.4
High 3.80 106 40.9

Fairness
Low 2.25 37 14.3
Moderate 2.83 147 56.8
High 3.25 75 29.0

Values
Low 2.67 56 21.6
Moderate 3.25 117 45.2
High 3.75 86 33.2

aSource: [16]. bSource: [16].
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and the control, reward, community, and value dimen-
sions, with p values ranging from <0.001 to 0.010 (online
suppl. Tables 3, 4).

Table 5 shows that the multivariable logistic regression
model was performed using the stepwise technique.
Variables that showed significant associations with
malpractice concerns were included in the model. The
final model retained DP levels and community levels. The
results indicated that Saudi dentists with high levels of DP
(OR = 2.44, 95% CI = [1.21–4.90]) are more likely to have
malpractice concerns compared to those with low levels
of DP. Additionally, dentists with a high community level
(OR = 0.34, 95% CI = [0.14–0.78]) are less likely to have
malpractice concerns than those with a low community
level. Whereas the multivariable logistic regression model
for the independent predictors of malpractice claims
revealed that dentists working in specialized dental

centers (OR = 0.12, 95%CI = [0.09–0.49]) are less likely to
have a malpractice claim compared to dentists working in
PHCs. Furthermore, dentists with a high level of EE
(OR = 2.58, 95% CI = [1.08–6.18]) are more likely to have
a malpractice claim compared to their counterparts with a
low level of EE. Regarding the value predictor, it shows
that dentists with high levels of value (OR = 0.33, 95%
CI = [0.13–0.82]) are less likely to have dental malpractice
claims compared to those with a low level of value.

Discussion

This study examined the prevalence of dental malpractice
among Saudi dentists and its associationwith different factors
such as sociodemographic characteristics, occupational fac-
tors, work environment, burnout, and work engagement. In
this study, dental malpractice was evaluated through a self-
reported survey of participants, which consisted of five
questions. A good indication of participants’ dental practice
was reported, where most dentists (more than 70%) did not
report any malpractice concerns or malpractice claims in the

Table 4. Association between dental malpractice and burnout
levels among dentists (n = 259)

MBI dimensions Yes No χ2 p value

n % n %

Dental malpractice concerns
EE
Low 18 22.0 64 78.0 2.962 0.227
Moderate 11 22.9 37 77.1
High 41 31.8 88 68.2

DP
Low 34 21.5 124 78.5 10.240 0.006*
Moderate 13 26.5 36 73.5
High 23 44.2 29 55.8

PA
Low 22 18.6 96 81.4 8.363 0.015*
Moderate 17 30.4 39 69.6
High 31 36.5 54 63.5

Dental malpractice claims
EE
Low 8 9.8 74 90.2 11.039 0.004*
Moderate 9 18.8 39 81.3
High 37 28.7 92 71.3

DP
Low 23 14.6 135 85.4 11.941 0.003*
Moderate 12 24.5 37 75.5
High 19 36.5 33 63.5

PA
Low 26 22.0 92 78.0 0.992 0.609
Moderate 9 16.1 47 83.9
High 19 22.4 66 77.6

MBI, Maslach Burnout Inventory. *p < 0.05.

Table 5. Multiple logistic regression models for possible pre-
dictors of dental malpractice among dentists (N = 259)

Independent predictors OR CI p value

Dental malpractice concerns
DP level
Low Reference
Moderate 1.35 0.62–2.93 0.437
High 2.44 1.21–4.90 0.012

Community level
Low Reference
Moderate 0.31 0.14–0.66 0.002
High 0.34 0.14–0.78 0.011

Dental malpractice claims
Current workplace
Primary health care Reference
Hospital 0.52 0.23–1.16 0.112
Specialized dental center 0.21 0.09–0.49 <0.001

EE level
Low Reference
Moderate 2.02 0.70–5.84 0.190
High 2.58 1.08–6.18 0.033

Value level
Low Reference
Moderate 0.49 0.23–1.06 0.071
High 0.33 0.13–0.82 0.017

OR, Adjusted Odd Ratio (stepwise technique); CI, 95%
Confidence Interval.
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last year. However, a growing number of dental malpractice
lawsuits in the KSA have been identified [5–7], prompting
the need for action to tackle this issue. In addition, several
dentists with a track record of malpractice altered their
conduct toward patients; this shift in behavior was most
frequent among dentists who had faced prior lawsuits; fur-
thermore, the Saudi Ministry of Health has made reporting
medical errors and malpractices easier by providing 24/7
availability for patients to submit their claims through phone
calls, emails, and social media comments [17]. Since 2010,
there has been an increase in both the frequency and payment
amount of malpractice claims filed against dentists in the
USA. Franklin et al. [18] determined that dentists should
evaluate their own skills in providing treatment and handling
any issues that may arise to reduce the chances of facing a
malpractice claim.

To achieve the main goal of this study, the relation-
ships between dental malpractice and different variables,
namely, sociodemographic, occupational, work envi-
ronment, professional burnout, and work engagement,
were evaluated. A previous study revealed that most
plaintiffs were female (62.6%), with most belonging to the
age range of 30–49 years [8]. Compared to the current
study, males accounted for 22.4%, and the age group of
31–39 made up 24.8% of the malpractice claims. How-
ever, no association was found between dental mal-
practice and the sociodemographic characteristics.

As an occupational component, the workplace was asso-
ciated with dental malpractice concerns, whereas the work-
place and specialty were associated with malpractice claims.
Dentists with the most malpractice concerns work in PHCs.
In addition, it was revealed that general dentists and dentists
working in PHCswere participants with themostmalpractice
claims. However, Aldahmashi et al. [17] discovered that
dentists in public clinics better understand dental regulations
than those in private clinics. Few studies have examined
occupational characteristics related to dental malpractice;
therefore, comparing these findings is impossible.

The association between dental malpractice and work
environment characteristics showed that the number of
daily patients significantly affected dental malpractice
claims. This is logical as an increase in the number of
patients and the diversity of their treatment conditions
increases the likelihood of medical errors. Technical
negligence has contributed to an increasing number of
malpractice complaints in medical services. When den-
tists fail to fulfill their duty, it can lead to injuries due to
improper use of dental equipment or inadequate steril-
ization of dental instruments [19].

Our findings showed a dependency of dental malpractice
concerns on two dimensions of professional burnout DP

and PA, while dental malpractice claims were associated
with the EE and DP dimensions. Yansane et al. [9] dis-
covered that American dentists at high risk of burnout were
more inclined to express concerns about potential errors in
the past 6 months. Furthermore, Chinese doctors also
mentioned experiencing heavy workloads, high burnout
rates, and a high frequency of medical errors [20]. Burnout
adversely affects organizations, clinics, and businesses by
decreasing the quality of patient care, increasing rates of
workplace absence, errors in clinical practice, and financial
setbacks [2]. Additionally, a study indicated that burnout in
health care workers is linked to job turnover, absenteeism,
low morale, personal dysfunction, and medical errors [21].
However, all studies show that burnout syndrome affects
individuals and leads to negative consequences such as
decreased patient care, medical mistakes, lower quality of
care, increased staff absences, and financial losses for the
organization [22].

The current study found that dental malpractice was
associated with work engagement levels, with malpractice
concerns correlating with workload and community
levels. In contrast, malpractice claims were associated
with the control, community, value, and reward levels of
surveyed dentists. However, none of the work engage-
ment subscales showed significant associations with
perceived dental errors among US dentists [9]. Recent
research has shown that being highly engaged at work is
linked to a lower likelihood of being concerned about
making significant medical errors. Work engagement has
also been suggested to lead to improved job performance
and occupational functioning, ultimately contributing to
a better quality of care. Patient safety is crucial for en-
suring quality care, and reducing medical errors is the key
to promoting patient safety [23]. Furthermore, a study
investigated how medical staff engagement is connected
to patient safety results and found a strong, consistent
correlation between staff engagement levels, safety culture
ratings, and error occurrences [24].

The predictors of dental malpractice concerns
among the surveyed dentists were the level of DP and
the community. In contrast, EE, current workplace,
and value levels independently predicted dental
malpractice claims. The research conducted by
Wright et al. [25] demonstrated that most errors in
dentistry stem from human factors rather than a lack
of technical skills or knowledge. Human factors in
health care focus on enhancing patient safety by
improving the design of technologies, processes, and
work systems to promote efficiency, safety, and ef-
fectiveness. This involves adopting standardization,
identifying, and eliminating errors. In Saudi Arabia, a
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study identified the primary reasons for dental mal-
practice lawsuits linked to human errors, such as
inadequate procedure execution, absence of treatment
plans, and inadequate documentation [4].

In conclusion, the participants exhibited a relatively high
level of burnout which directly affected their concerns re-
garding dental malpractice and claims. Furthermore, the
study found that perceived dental malpractice could be
associated with other variables, such as workplace, specialty,
number of daily patients, workload, community, control,
value, and reward conditions at work. Additionally, this
research identified potential predictors of dentalmalpractice
among Saudi dentists, including DP, EE, current workplace,
community, and value levels. Based on these findings, we
recommend performing qualitative research, especially for
dentists involved in malpractice claims. This approach
could provide valuable, in-depth insights into various po-
tential risk factors contributing to malpractice incidents
among dentists. In addition, we suggest conducting lon-
gitudinal studies to establish causal relationships and track
changes over time.
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It has been years since the passing of my beloved
grandmother, who was like a second mother and so
special to me because I was named after her. Although
the memories I have of her are sweet to my soul,
I still remember the sad circumstances of her
passing – uncontrolled diabetes, hypertension, and
painful-to-see bed ulcers. She stayed at home with my
inexperienced aunt by her side because of her stub-
bornness – refusing to leave her home for a healthcare
facility surrounded by strangers. Nowadays, we have
been witnessing the employment of advanced health-
care, in a way that means place, time, or distance no
longer hinders receiving timely care. I cannot help
thinking wishfully of what might have been different in
the past, mixed with enthusiasm for the present and
future of healthcare around the world.

“Hospital from home” is the approach where care is
delivered to patients by their healthcare provider virtually
in the convenience of their own homes, in so-called
virtual wards. Virtual wards came as a catalyst for the
continuous strain on healthcare and were derived from
telemedicine. Telemedicine is described as the healthcare
provision through information technologies and tele-

communication systems [1]. In virtual wards, hospital-
level care is delivered to patients in the community
through telemedicine. The virtual wards approach con-
sists of multidisciplinary care delivered at a level similar
to the ward while the patient is at home [2]. “People want
to be managed in their own homes, and the technology
allowed that to happen safely,” according to Dr. Tom
Clark, Chief Medical Officer at the Dartford and
Gravesham NHS Trust [3]. The virtual wards approach
was developed to bring care to patients in comfort while
improving efficiency and alleviating the burden of a busy
healthcare system like the NHS in the UK. A patient will
be monitored and receive care and treatment through
various technological models, as are necessary and
suitable for their needs. For a virtual ward to be enabled
and functional for a patient, NHS England has recom-
mended minimum technological requirements to be
present in such models. This includes the patients’ ability
to monitor and input their health data and feeding data
into a digital platform or dashboard, while the clinical
team is in the background to monitor them and act as
appropriate [4]. A team of multidisciplinary specialists
follows the patient throughout their journey from the
point of triage or assessment to care and treatment until
discharge or follow-up [5]. This continuum of care
(shown in Fig. 1) accompanies the patient through
regular contacts and checks, to ensure they are cared for
by proficient clinicians, in a method that is as close as
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possible to the hospital model of care, while being
at home.

To date, virtual wards have been employed to care for
those with frailty, respiratory infections, and heart failure
cases [6]. These patients’ state of being at home promotes
their wellness and safe care as opposed to the acutely and
critically ill who need hospital admission. Being cared for at
home has a significant impact on efficiency and effec-
tiveness, as cost, time, space, and other resources utilised
during admission are minimised or avoided. In adopting
this approach, efforts, and resources can be devoted to
prioritising critical cases and unexpected emergencies.

The potential of adopting and implementing virtual
care is receiving wide attention, due to several advantages:
reducing the burden and efficiency in healthcare are the
main driving forces. In addition, an increase in healthcare
accessibility will serve patients of various geographical
distributions or socioeconomic status. These include not
only patients who prefer being at home or whose wellness
relies on the comfort of their home but also disadvan-
taged individuals in rural or poor areas who cannot access
a clinic or hospital. Thus, technology can provide care,
regardless of time and place.

However, one cannot disregard the absence of the care
provider’s physical presence. Lack of face-to-face inter-

action plays a role in limiting the engagement between
patients and their clinicians, which is a vital aspect in
building trust and eventually achieving the desired out-
come. We may be able to reach the furthest patient, yet
are we close enough for the patient to be well and content?

Globally, virtual wards have been recognised for their
potential to transform healthcare through innovative
approaches. A recent report by the World Economic
Forum has noted growing evidence of virtual care’s ef-
ficacy and efficiency as a substitute for patients’ visits to
physicians and in reducing hospital admissions [7]. For
instance, remote reach can be well employed for deliv-
ering care to disadvantaged areas around the world at
times of unforeseen crisis. Conflict zones, areas massively
affected by climate emergencies, quarantined regions in
times of pandemics, as well as poor countries, are ex-
amples of where virtual care can fill the gap in service
provision. The Food and Drug Administration (FDA)
and Centres for Disease Control and Prevention (CDC)
were major advocates of implementing telemedicine
during the COVID-19 pandemic; they issued guidelines
to ensure technology would prevent the spread of the
disease and help manage patients at home [8]. In such
times of pandemic or crisis, virtual care would enable
accessibility to urgent healthcare. COVID-19 virtual care

Fig. 1. Patients’ journey in virtual care: a continuum of care [5].
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enabled this when presented in pre-hospital models (for
patients referred by GPs, emergency departments, or hot
hubs) and in post-hospital models for patients discharged
from the hospital [9]. It is undeniable that virtual care in a
global or humanitarian crisis can bring clinicians closer to
the patient, by providing technology on-site when af-
fected individuals are beyond the reach of basic
healthcare.

A close examination of virtual care’s implementation
in the development journey of NHS hospitals provides a
fine example of promising digital health delivery within a
complex healthcare system. The Greater Manchester
virtual ward project, launched in 2022, has gained pos-
itive feedback from both clinicians and patients. Re-
garding a patient receiving care via this project: “the
patient, who would have been admitted to the hospital or
regularly visit the GP, would much rather be at home with
remote monitoring so that he could potter about in his
garden. He was over the moon to be able to go home.”
[10]. In addition to patient comfort, privacy and au-
tonomy were positive elements reported when the virtual
ward example was rolled out in Cornwall [11]. As ex-
plained in the continuum of care, a patient in a virtual
ward will be monitored regularly until their case improves
and they are discharged. Surrounding patients with
technology aims to connect individuals with their
healthcare provider continuously and closely; however,
the level of closeness we imagine is needed in an actual
hospital setting may not be desired by a patient who seeks
to return to their normal lifestyle.

The positive outcomes of virtual care have received
attention, and it is to be expanded to other trusts through
the 2025 NHS transition plan. This is expected to relieve
part of the burden affecting the population’s health on a
national level, and at a global healthcare scale, as was seen
in the burden created by the COVID-19 pandemic.

In the Middle East, countries such as Saudi Arabia
and the UAE are considered ideal candidates for im-
plementing virtual wards. The rise in chronic and
lifestyle diseases demands more modern, timely, and
continuous care strategies; therefore, virtual wards are
an ideal and expected development in the region. In
KSA, the employment of advanced medical technologies
took a sophisticated turn in the Seha Virtual Hospital
(SVH) [12] programme, which represents an exemplary
project of Saudi Arabia’s 2030 Vision. SVH plans to
bring a variety of virtual services and multidisciplinary
teams, including emergency and critical care, supportive
medical services, and home care; as well as a compre-
hensive range of subspecialities, to collaboratively
manage patients during their virtual journey. Advanced

technologies will be fundamental in the hospital system:
for instance, artificial intelligence for diagnostics and
medical imaging, and augmented reality for transmis-
sion of surgeries and knowledge sharing. As the KSA
Ministry of Health reported on SVH, “It will improve the
quality of services provided and reduce the proportion of
medical referrals between regions.” The higher scale of
virtual care initiated in KSA demonstrates that remote
care is coming closer than ever to more patients’ homes,
regardless of place, time, and also their condition, in
many cases.

In conclusion, current developmental trends in virtual
care are showing numerous benefits, despite the long way
to go for a deeper utilisation of technology. Admitting
patients to virtual wards or hospitals will remain “virtual”;
however, the distance between a patient and clinician is
reasonable when considering the advantages of being at
home, while they are regularly contacted and taken care
of – whereas the clinical space can be utilised for the
critically ill and emergency situations. Nonetheless, as
humans are social creatures, human interaction is ex-
tremely important for healing, and this aspect cannot be
fulfilled completely with dashboards and apps. Therefore,
it is important to consider methods for improving the
virtual ward care delivery and broaden its effectiveness. A
wider range of specialities should be considered for
virtual wards. In addition, supporting innovation, im-
proving the implementation and choice of technological
tools, and appropriate integration within the health
system are required to expand the impact of virtual care.
Further review and attention to these aspects would
potentially improve the virtual ward experience; this
would help achieve the overall aims of enhancing ac-
cessibility, increasing capacity – and most importantly,
improving patient outcomes, while they enjoy the
comfort of their own home.
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