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Evaluation of Management Approaches and Short-Term Outcomes
of Neonatal Hypoxic-lschemic Encephalopathy: A Study at Atbara
Teaching Hospital NICU, Sudan
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(Received: 12-03-2025; Accepted: 13-05-2025)

Abstract

Background: Hypoxic-ischemic encephalopathy (HIE) is a leading cause of neonatal mortality and long-term neurodevelopmental
impairment, especially in resource-limited settings. It arises due to inadequate oxygen and blood flow to the brain during the perinatal
period.

Aim: To evaluate the management strategies and short-term clinical outcomes of neonates diagnosed with HIE at Atbara Teaching
Hospital NICU, Sudan.

Methods: A hospital-based descriptive cross-sectional study was conducted. Data were collected retrospectively from medical records
of neonates admitted with HIE using a structured checklist. The sampling method included all eligible neonates admitted during the
study period.

Results: The case fatality rate among neonates with HIE was 38.2%. Mortality was significantly associated with prolonged NICU stays,
neonatal sepsis, and low Apgar scores at birth. Management primarily involved basic interventions such as therapeutic hypothermia and
mechanical ventilation. However, the absence of advanced monitoring tools like blood gas analyzers and cerebral function monitors
limited accurate diagnosis and timely management.

Conclusion: Basic management strategies currently used at Atbara NICU are insufficient to significantly improve survival and short-
term neurological outcomes in neonates with HIE. The limited availability of diagnostic tools and the lack of specialized equipment are
major challenges affecting neonatal care quality.

Recommendations: To improve HIE outcomes, it is essential to equip NICUs with advanced monitoring and therapeutic devices, such
as blood gas analyzers and hypothermia systems. Future efforts should also consider incorporating structured follow-up programs and
enhancing staff training based on the clinical burden identified.

Keywords: Neonatal hypoxic-ischemic encephalopathy; Short-term outcomes; NICU management; Atbara Teaching Hospital; Sudan
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1. Introduction

Hypoxic-ischemic encephalopathy (HIE) is a
significant cause of neonatal morbidity and mortality
worldwide, particularly in low- and middle-income
countries (LMICs) like Sudan(1). The condition arises
from insufficient oxygen and blood flow to the neonatal
brain during the perinatal period, leading to potential
long-term neurological impairments(2).

In Sudan, healthcare facilities often face challenges
such as limited resources and inadequate infrastructure.
Atbara Teaching Hospital, serving as the primary
neonatal care center for Atbara City and its surrounding
regions, exemplifies these challenges. The hospital’s
neonatal intensive care unit (NICU) primarily relies on
basic resuscitation techniques for managing HIE, lacking
advanced interventions like therapeutic hypothermia and
mechanical ventilation. This limitation may contribute to
suboptimal outcomes for affected neonates.

Therapeutic hypothermia, involving controlled
cooling of the neonate, has been shown to reduce
inflammation and neuronal apoptosis, thereby improving
neurological outcomes in infants with moderate to
severe HIE(3). Additionally, mechanical ventilation
ensures adequate oxygenation, crucial for neonates with
compromised respiratory function (4). The absence
of these interventions in settings like Atbara Teaching
Hospital underscores the need for evaluating current
management strategies.

Neonatal hypoxic-ischemic encephalopathy (HIE)
remains a significant cause of neonatal morbidity and
mortality worldwide, particularly in low- and middle-
income countries (LMICs) like Sudan(5). The condition
results from a lack of oxygen and blood flow to the
infant’s brain during the perinatal period, leading to
potential long-term neurological deficits(6).

Therapeutic hypothermia (TH) has emerged as
the standard neuroprotective treatment for moderate to
severe HIE in term and near-term infants(7). By cooling
the infant’s body to 33-34°C within six hours of birth
and maintaining this temperature for 72 hours, TH has
been shown to reduce brain injury and improve survival
rates(8).

Arecentsurvey across Sub-Saharan Africa highlighted
that TH is available in only 13 countries, predominantly
in private healthcare settings(9). Facilities offering
TH often have better access to supportive technologies
like mechanical ventilation and electroencephalograms
(EEGs), which are crucial for monitoring and managing
HIE. This disparity underscores the need for the equitable
distribution of resources to manage HIE effectively
across different healthcare settings(10).

In addition to TH, adjunctive therapies are being
explored to enhance neuroprotection in HIE. Hyperbaric
oxygen therapy (HBOT) has shown promise in reducing
oxidative stress and inflammation, thereby improving
neurological outcomes in neonates with HIE(11). A
meta-analysis indicated that HBOT could be an effective
supplementary treatment, although further large-scale
studies are needed to confirm its efficacy.

The implementation of dedicated neonatal
neurocritical care programs has also been associated
with improved outcomes in HIE management(12).
Such programs emphasize standardized protocols,
early initiation of TH, and comprehensive monitoring,
leading to reduced brain injury and shorter hospital stays.
These findings suggest that structured care models can
significantly enhance the quality of neonatal care in HIE
cases(13).

In the context of Sudan, and specifically at Atbara
Teaching Hospital, the management of HIE is hindered
by resource constraints, including limited access to TH
and mechanical ventilation(14). This situation mirrors
challenges faced in other LMICs, where infrastructural
limitations impede the adoption of evidence-based
practices for HIE management. Addressing these
gaps requires concerted efforts to improve healthcare
infrastructure, train medical personnel, and implement
standardized care protocols to enhance neonatal outcomes.

Given the high burden of hypoxic-ischemic
encephalopathy (HIE) and the limited access to advanced
neonatal interventions at Atbara Teaching Hospital, this
study aims to evaluate current management practices and
outcomes to identify areas for improvement in treating
neonates with HIE in resource-constrained settings.

1.1 Significance of the Study

Hypoxic-ischemic encephalopathy (HIE) remains
a significant contributor to neonatal morbidity and
mortality, particularly in low-resource settings like Sudan.
The Atbara Teaching Hospital, serving as the primary
neonatal care center for Atbara City and its surrounding
regions, exemplifies the challenges faced in managing
HIE due to limited resources and infrastructure. This
study aims to assess the current management approaches
and short-term outcomes of neonates diagnosed with
HIE at Atbara Teaching Hospital’s NICU. By analyzing
survival rates and associated complications, the study
seeks to identify gaps in care and recommend strategies
for improving neonatal outcomes in resource-limited
settings. The findings are expected to inform healthcare
policies and practices, contributing to enhanced neonatal
care and reduced long-term disabilities associated with
HIE.
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1.2 Aim of the Study

This study aims to evaluate the management
approaches and short-term outcomes of neonates
diagnosed with hypoxic-ischemic encephalopathy (HIE)
at Atbara Teaching Hospital’s Neonatal Intensive Care
Unit (NICU) in Sudan. By analysing current treatment
protocols and associated neonatal outcomes, the research
seeks to identify existing gaps in care and propose
strategies to enhance clinical practices and improve
survival rates in resource-limited settings.

1.3 Research question

1. What are the current management approaches
for neonates diagnosed with hypoxic-ischemic
encephalopathy (HIE) in the Neonatal Intensive
Care Unit (NICU) at Atbara Teaching Hospital?

2. What are the short-term outcomes, including
survival rates and complications, among
neonates with HIE in the NICU at Atbara
Teaching  Hospital?

3. What differences, if any, exist in the outcomes
of neonates with HIE who receive advanced
interventions (such as therapeutic hypothermia
and mechanical ventilation) compared to those
who receive only basic resuscitative care?

2. Methodology

2.1 Study Design:

This descriptive cross-sectional study was conducted
to evaluate the management approaches and short-term
outcomes of neonates diagnosed with hypoxic-ischemic
encephalopathy (HIE) in the Neonatal Intensive Care
Unit (NICU) at Atbara Teaching Hospital, Sudan. The
study period spanned from January to September 2022.
Neonates with HIE were monitored from NICU admission
until discharge or death.

2.2 Study Area and Population:

Atbara Teaching Hospital, located in Atbara City,
Sudan, serves as the primary healthcare facility for
the region. The hospital’s NICU, established in 2016,
is equipped with basic amenities such as incubators,
oxygen concentrators, and phototherapy units. However,
it lacks advanced equipment like mechanical ventilators,
therapeutic hypothermia devices, and blood gas analysers.

The study included 68 neonates diagnosed with
HIE during the study period. Data were collected from
mothers, healthcare providers, and the NICU team.

2.3 Inclusion and Exclusion Criteria:
* Inclusion Criteria: Neonates diagnosed with
HIE during the study period.

e Exclusion Criteria: Newborns with major

congenital malformations or chromosomal
anomalies.

2.4 Sample Size:

A total of 68 neonates diagnosed with HIE were
included in the study. A sample size of at least 60
participants is recommended for cross-sectional studies
to ensure statistical reliability and representativeness.

2.5 Data Collection:

Structured questionnaires were employed during
face-to-face interviews with mothers and healthcare
providers. The questionnaires were administered by
trained interviewers during scheduled sessions within
the NICU to ensure consistency, confidentiality, and
reliability of responses. Data collected included maternal
characteristics, risk factors for HIE, resuscitation
procedures, treatment protocols, and neonatal outcomes,
such as survival, neurological improvement (as indicated
by clinical signs and Apgar scores), length of NICU
stay, and respiratory support requirements (including
mechanical ventilation or Continuous Positive Airway
Pressure [CPAP]).

2.6 Outcome Measures:
The outcome measures utilized in the study included:

* Mortality Rate: The Proportion of neonates
who died during the study period.

* Neurological Improvement: Assessed through
clinical signs and Apgar scores.

e Length of NICU Stay:
hospitalization in  the

Duration of
NICU.

e Respiratory Support Needs: Requirement for
mechanical ventilation or CPAP.

2.7 Ethical Considerations

Ethical approval for the study was obtained from the
Institutional Review Board of Atbara Teaching Hospital.
Informed consent was obtained from the mothers of all
participating neonates. Participation was voluntary, and
confidentiality was maintained throughout the study. The
study adhered to ethical principles, including respect for
participants, minimizing harm, and ensuring the integrity
of the research process.

2.8 Statistical Analysis

Data were analysed using SPSS software (version
25). Descriptive statistics, including frequencies,
percentages, means, and standard deviations, were
calculated to summarize the data. Chi-square tests were
used to assess associations between categorical variables,
and independent t-tests were employed to compare
continuous variables between groups. A p-value of less
than 0.05 was considered statistically significant.

Reliability and Validity

The reliability of the structured questionnaires was
assessed using Cronbach’s alpha coefficient, with a value
of 0.85 indicating good internal consistency. The validity



Journal of the North for Basic and Applied Sciences (JNBAS), Vol. (10) - Issue (1), May 2025 - Dhul-Qidah 1446H 1-8

ofthe questionnaires was evaluated through expert review,
ensuring content validity by consulting with neonatology
specialists and paediatricians. Additionally, face validity
was confirmed by pre-testing the questionnaires with
a small sample of participants to ensure clarity and
relevance.

3. Results

3.1 Management Practices

The study revealed that all neonates requiring
resuscitation received initial management in the Neonatal
Intensive Care Unit (NICU), with no resuscitation
performed in the delivery room. This indicates a delay
in initiating critical interventions during the early hours
post-birth, potentially impacting neonatal outcomes.
Basic life-sustaining measures implemented in the NICU
included warmth, oxygen administration, suction, and
bag-mask ventilation. However, only 36.8% of neonates
received mechanical ventilation due to the limited
availability of appropriate ventilatory support systems.
These findings highlight significant gaps in neonatal care
infrastructure, which may have adversely affected patient
outcomes.

3.2 Short-Term Outcomes

The study reported a mortality rate of 38.2%,
indicating that approximately 40% of neonates with HIE
did not survive during hospitalization. This underscores
the severity of HIE and its impact on neonatal survival,
particularly in settings lacking advanced therapeutic
interventions. Additionally, 48.5% of neonates required
NICU stays exceeding 10 days, reflecting the prolonged
nature of HIE and associated complications. While 70%
of survivors showed some clinical improvement, many
remained at high risk for long-term neurological issues,
including cerebral palsy, seizures, and developmental
delays.

Table 1 Neonatal Outcomes in Atbara NICU
(January — September 2022)

Outcome Measure Frequency (%)
Mortality Rate 38.2
Duration of NICU 485
Stay > 10 days '
Sepsis Present 77.9
Low Apggr Score 56.5
(5 mins)
Neurological The majority improved but were at
Recovery risk for long-term complications.

Table 1 presents outcomes for neonates with HIE
at Atbara NICU from January to September 2022, with
a 38.2% mortality rate, 48.5% of infants experiencing

NICU stays exceeding 10 days, 77.9% developing sepsis,
and 56.5% recording low Apgar scores at 5 minutes.
These results suggest that severe initial hypoxic injury and
suboptimal resuscitation, as well as high infection rates,
are likely to lead to increased mortality and longer hospital
stays. While most survivors presented neurological
improvement, the long-term risk of complications
indicates the need for enhanced neuroprotective measures
and improved infection control measures in this setting.

3.3 Complications:

Sepsis was prevalent in 77.9% of neonates,
highlighting the increased susceptibility to infections
in this population. The high incidence of sepsis may be
attributed to compromised immune systems, extended
hospitalizations, and invasive procedures. Furthermore,
56.5% of neonates had low Apgar scores at 5 minutes,
a critical indicator of adverse outcomes such as elevated
mortality rates and neurodevelopmental disorders.
Notably, low Apgar scores were associated with higher
case fatality rates, emphasizing the importance of
effective neonatal resuscitation and monitoring.

Incidence of sepsis and low Apgar scores among
neonates with HIE.

Figure 1: Incidence of sepsis and low Apgar scores among
neonates with HIE.

3.4 Maternal and Neonatal Risk Factors

Several maternal and neonatal risk factors were
identified, including prolonged rupture of membranes
(61.8%), meconium-stained liquor (47.1%), maternal
infections (32.4%), and prolonged labour (82.4%). These
factors contribute to intrauterine infections and fatal
oxygenation compromise, underscoring the need for
enhanced prenatal care and monitoring to mitigate HIE
severity.
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Table 2: Maternal and Neonatal Risk Factors

Risk Factor Frequency (%)
Prolonged Rupture of Membranes 61.8
Meconium Stained Liquor 47.1
Maternal Infection 324
Prolonged Labour 82.4

Table 2 outlines several key maternal and neonatal
risk factors associated with HIE. Prolonged rupture of
membranes (61.8%) can increase the risk of intrauterine
infection, compromising fetal oxygenation. Meconium-
stained liquor (47.1%) is indicative of fetal distress,
often resulting from hypoxia before or during labour.
Maternal infections (32.4%) further heighten the risk by
potentially inducing systemic inflammation and sepsis,
which can adversely affect placental function and fetal
oxygen supply. Prolonged labour (82.4%) heightens fetal
stress and the risk of hypoxic events by extending uterine
contractions that can impair blood flow, highlighting the
need for improved prenatal care and monitoring to reduce
HIE severity.

These results suggest that severe initial hypoxic
injury, delayed resuscitation, and high infection rates
are likely contributors to increased mortality and
extended hospital stays. Although most survivors
exhibited neurological improvement, the persistent risk
of complications indicates a critical need for improved
neuroprotective strategies and infection control measures
in this setting.

4. Discussion

This study evaluated the management and early
outcomes of neonates diagnosed with hypoxic-ischemic
encephalopathy (HIE) at Atbara Teaching Hospital’s
Neonatal Intensive Care Unit (NICU). The primary aim
was to assess current management practices, the efficacy
of available interventions, and short-term outcomes in a
resource-constrained setting.

HIE is a leading cause of neonatal morbidity and
mortality, often resulting from insufficient blood and
oxygen supply to the brain during labour and delivery(12).
The condition can range from mild to severe, leading
to serious neurological complications or death. Early
identification and intervention are crucial for improving
survival rates and preventing long-term developmental
impairments (15). At Atbara Teaching Hospital, basic
supportive measures such as oxygen supplementation,

suctioning, and warming are routinely employed.
However, advanced interventions like therapeutic
hypothermia (TH) and mechanical ventilation are limited
due to resource constraints. Only 36.8% of neonates
requiring mechanical ventilation received it, highlighting
a significant gap in care(16). Improving survival rates for
these neonates significantly depends on early identification
and management(17). A 2010 Cochrane review showed
that initiating TH within 6 hours of birth for babies with
moderate to severe HIE significantly decreased mortality
and major disability from 61% to 46%(18). However,
despite its proven efficacy, the implementation of TH in
low- and middle-income countries (LMICs) like Sudan
remains limited due to resource constraints.

Mechanical ventilation is another critical component
in the management of HIE, especially for neonates
experiencing respiratory failure. The limited availability
of ventilators in Atbara Teaching Hospital hampers the
ability to provide adequate respiratory support, potentially
exacerbating the severity of HIE and increasing
mortality rates(19). A study from Nigeria highlighted
that appropriate training in neonatal resuscitation can
reduce neonatal mortality, thereby considerably reducing
under-five mortality trends, especially in resource-
poor countries(20). This underscores the importance of
not only equipment availability but also the training of
healthcare providers in neonatal resuscitation techniques.

The study also revealed a high incidence of sepsis
among neonates with HIE, which further complicates
management and adversely affects outcomes.
Implementing stringent infection control protocols,
including hand hygiene, use of protective gear, and
effective cleaning of surfaces and instruments, is
essential to reduce infection risks(21). Additionally,
practical measures such as antibiotic stewardship and the
establishment of isolation areas in the NICU can protect
these patients from severe infections.

The lack of advanced interventional procedures and
equipment, such as TH and mechanical ventilation, in
Atbara Teaching Hospital reflects a broader issue faced
by many hospitals in developing countries(22). A survey
on the diagnosis and management of neonatal hypoxic-
ischemic encephalopathy in sub-Saharan Africa found
that therapeutic hypothermia was available in only 13
countries, most frequently in private institutions(23). This
disparity highlights the need for the equitable distribution
of resources to manage HIE effectively across different
healthcare settings.
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In conclusion, the management of HIE in Atbara
Teaching Hospital is hindered by significant resource
limitations, including the unavailability of therapeutic
hypothermia and mechanical ventilation, as well as
inadequate infection control measures. Addressing
these challenges requires concerted efforts to improve
healthcare infrastructure, train medical personnel, and
implement standardized care protocols to enhance
neonatal outcomes. Further studies are needed to evaluate
the long-term outcomes of HIE survivors to develop
appropriate interventions and improve neonatal care
systems, thereby increasing survival and neurological
outcomes.

5. Conclusion

This study wunderscores that hypoxic-ischemic
encephalopathy (HIE) remains a significant contributor
to neonatal mortality and neurological morbidity at
Atbara Teaching Hospital’s Neonatal Intensive Care
Unit (NICU). The observed high mortality rate of 38.2%,
extended NICU stays exceeding 10 days in nearly half
of the cases, a sepsis incidence of 77.9%, and low
Apgar scores in 56.5% of neonates highlight substantial
deficiencies in current neonatal care practices.

A critical factor contributing to these adverse
outcomes is the limited availability of essential
interventions, notably therapeutic hypothermia and
mechanical ventilation. Only 36.8% of neonates received
mechanical ventilation, and therapeutic hypothermia
was not administered, reflecting gaps in both equipment
and clinical protocols. These findings align with existing
literature emphasizing the efficacy of therapeutic
hypothermia in reducing mortality and improving
neurodevelopmental outcomes in neonates with moderate
to severe HIE(24).

To address these challenges, it is imperative to invest
in critical care resources, including the procurement and
maintenance of ventilators and hypothermia equipment.
Equally important is the enhancement of healthcare
provider training in neonatal resuscitation, ventilatory
support, and neuroprotective strategies. Implementing
robust infection prevention and control protocols is also
essential, given the high incidence of sepsis observed.

Furthermore, improving the physical infrastructure of
the NICU to prevent overcrowding and facilitate optimal
care delivery is recommended. Future research should
focus on longitudinal studies to assess the long-term
neurodevelopmental outcomes of HIE survivors, which
will inform the development of targeted interventions
and policies aimed at improving neonatal care systems in
resource-limited settings.

6. Recommendations

To improve HIE outcomes, it is essential to equip
NICUs with advanced monitoring and therapeutic
devices, such as blood gas analysers and hypothermia
systems. Future efforts should also consider incorporating
structured follow-up programs and enhancing staff
training based on the clinical burden identified.

Strengthen Early Identification and Resuscitation
Protocols and Enhance Neonatal Resuscitation Training.
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1. Introduction

Statistics has a history that spans several centuries,
evolving from basic data collection methods used
for administrative and governmental purposes to a
complex and independent discipline that influences
science and discoveries. In the late 19% and early 20th
centuries, statistics began to emerge as an independent
discipline, driven by the contributions of pioneer
scientists such as Francis Galton, Karl Pearson, and
Ronald Fisher. Galton’s work on correlation and
regression, Pearson’s contributions to biometry and
popular statistical techniques such as the Chi-square
test, and Fisher’s introduction of maximum likelihood
estimation and the foundation of the frequentist approach
to statistical inference have immensely contributed
to the establishment of statistics as a discipline. In the
early 20th century, Karl Pearson established the first
department of statistics at University College London.
Since then, research in statistics has evolved, resulting
in further statistical theories and techniques that have
played a central role in scientific research and discovery
across all fields (Bessant and MacPherson 2002; Cozzens
2013; Fraser 2018; Gigerenzer et al. 1990; Porter 2020;
Salsburg 2002; Stigler 2002).

Technological advances have enabled the utilization
of computationally intensive statistical methods such
as simulation-based inference, bootstrap, and Bayesian
approaches to statistical inference. Additionally, these
technological innovations have resulted in the availability
of big data, necessitating more advanced and scalable
statistical methods to handle high-dimensional and
unstructured data. Furthermore, artificial intelligence,
machine learning, and data science have expanded
and revolutionized the scope and methods of statistics,
opening new research avenues and directions (Bispo et
al. 2022; Blei and Smyth 2017; Efron and Hastie 2021;
Efron 2012; Weihs and Ickstadt 2018). Consequently,
the discipline is witnessing growing interest from
scholars and practitioners to meet the increasing need for
methodological and technological advances that enable
the analysis and understanding of vast amounts of data
for the benefit of mankind.

Saudi Arabia has experienced rapid growth in
scholarly publications. The total scholarly output
increased from 24,057 in 2018 to 59,016 in 2022, with
a 25% increase. Meanwhile, the total number of authors
participating in research increased from 23,766 in 2018
to 45,862 in 2022, with an 18% annual increase (Saudi
Arabia’s Leap in Research and Development Excellence
2023). While several studies have investigated the
scientific landscape of fields of research in Saudi Arabia
such as neurosciences (Alhibshi et al. 2020), sustainable
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water planning and management (Almulhim et al. 2021),
and cardiovascular disease (Saquib et al. 2017)—no study
has been conducted to analyze research output within
the field of probability and statistics. This study aims to
address this gap by identifying productivity trajectories,
the most influential institutions, prolific authors, key
publication sources, and emerging topics and themes.
To achieve this, a bibliometric analysis was conducted
using data extracted exclusively from the Web of Science
database, chosen for its comprehensive coverage and
high-quality indexing of scientific research (Birkle et
al., 2020; Singh et al., 2021). Globally, bibliometric
methods have been widely employed to assess scientific
output across various disciplines, including mathematics
(Tsilika, 2023), machine learning (Ahmed et al., 2022),
and big data (Liao et al., 2018).

This study is significant for its potential to offer
strategic insights for future research, inform policymakers
by identifying leading scholars and institutions, highlight
existing research gaps, and assist prospective graduate
students in selecting institutions for advanced studies.

The rest of the article is structured as follows:
In Section 2, the methodology is presented, whereas
Sections 3, 4, and 5 present the results, discussion, and
conclusion, respectively.

2. Methods

2.1 Data extraction

Scientific publications on statistics and probability
were extracted from the Web of Science database using
the Web of Science category “Statistics and Probability”.
To capture the most recent trend and patterns articles
published in the last 10 years were extracted, that is
article that are published from 2014 to 2023. Only, articles
written in English-language were considered. The search
returned 1546 articles. The study exclusively utilizes the
Web of Science database due to its high quality indexed
scientific publications (Birkle et al. 2020; Singh et al.
2021).

2.2 Data analysis

Bibliometric analysis is a computationally intensive
statistical method used to examine large volumes of
scientific literature. It is a widely adopted and effective
approach for exploring and analyzing research output,
enabling the identification of evolving trends and
emerging areas within a specific field, and reflecting
the evolution and complexity of research landscapes.
Therefore, bibliometric analysis identifies key research
areas, offering researchers a solid foundation for
contextualizing significant contemporary contributions
and uncovering potential directions for future studies.
Details on concepts, definitions, formulas, and steps for



Zakariya M. S. Mohammed:A Bibliometric Analysis of Probability and Statistics Research in Saudi Arabia.

9-16

conducting such analysis could be found in (Donthu,
2021 & Zupic I and Cater T, 2015) be This study utilizes
bibliometric analysis to understand the evolution of
statistics and probability research in Saudi Arabia in
the last 10 years. Various bibliometric indicators were
used, encompassing trend analyses, authorship analysis,
citation and impact analysis, most prolific sources along
with identification of most pertinent affiliations, and
evolving themes and topics. Bibliometrix, an R package,
is used to conduct the analysis and visualize the findings
(Aria et al, 2017).

3. Results

3.1 Overview

Atotal of 1,546 articles indexed in the Web of Science
database were analyzed. These articles were published
in 140 sources ( (journals, conference proceedings, etc)
with 158 being single-authored. The average number of
co-authors per article is 3.5. Additionally, the percentage
of international co-authorships is notably high at 79.6%.
The average document age is reported as 4.6 years, and
each document receives an average of 13.2 citations,
highlighting the high quality of these publications. The
number of publications doubled from 95 articles in 2014
to 204 articles in 2023. The trend shows a general increase
in research output over the years, reflecting an overall
positive trajectory in Saudi Arabia’s research productivity
in probability and statistics.

Figure 1: Key bibliometric indicators
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3.2 Authorship Analysis

Table 2 presents a comparative analysis of the most
productive authors and publication influence measured by
citation impact using citation metrics; namely, h-index,
g-index, m-index, total citations, and average citations
per publication. In terms of productivity, Aslam M has
the highest number of total publications (112), followed
by Genton MG (104). However, Genton MG exhibits a
higher h-index (23) and g-index (34), indicating that his
work is more frequently cited and has a greater cumulative
influence compared to Aslam M (h-index = 18, g-index
= 25). Genton MG also has the highest m-index (2.09),
suggesting a strong research impact relative to the duration

of his career. Despite having only 45 publications, Rue H
has the highest g-index (36), reflecting a strong citation
impact for his top-cited papers. Furthermore, Rue H
has the highest average citation per publication (29.5),
indicating that his research is highly influential. Other
notable contributors to research productivity include Sun
Y (48), Balakrishnan N (47), Rue H (45), Gao X (41),
Huser R (40), Jun CH (36), Riaz M (36), and Ombao H
(34). The results reflect the significant contributions of
these researchers, particularly Aslam M and Genton MG.
This trend indicates a strong research presence in the field
of statistics and probability in Saudi Arabia.

Table 1: Most productive authors and comparative analysis of their impacts

Author Total Publications H-index | G-index M-index Total citation | Average citation
Aslam M 112 18 25 1.8 1105 9.9
Genton MG 104 23 34 2.1 1558 15.0
SunY 48 12 19 1.1 459 9.6
Balakrishnan N 47 14 19 1.3 513 10.9
Rue H 45 13 36 1.6 1329 29.5
Gao X 41 15 27 1.5 806 19.7
Huser R 40 14 27 1.4 788 19.7
Riaz M 36 14 24 1.3 622 17.3
Jun CH 36 13 20 1.3 501 13.9
Ombao H 34 8 14 1 246 7.2

3.3 Source Analysis

Table 2 presents the top 10 sources of publications in
the field of probability and statistics, reporting the number
of articles published in each journal. The most prominent
journal is Advances and Applications in Statistics, where
110 articles were published, followed by Bioinformatics
with 108 articles and the Pakistan Journal of Statistics
and Operation Research with 104 articles. Other major

Table 2: Top 10 sources of publications

sources include Communications in Statistics-Theory
and Methods (92 articles), Communications in Statistics-
Simulation and Computation (88 articles), Hacettepe
Journal of Mathematics and Statistics (66 articles),
Journal of Statistical Computation and Simulation
(46 articles) and Fuzzy Sets and Systems (31 articles),
Journal of Applied Statistics (30 articles), and Statistics
and Computing (27 articles).

Rank Source Number of Published Articles
1 ADVANCES AND APPLICATIONS IN STATISTICS 110
2 BIOINFORMATICS 108
3 PAKISTAN JOURNAL OF STATISTICS AND OPERATION RESEARCH 104
4 COMMUNICATIONS IN STATISTICS-THEORY AND METHODS 92
5 COMMUNICATIONS IN STATISTICS-SIMULATION AND COMPUTATION 88
6 HACETTEPE JOURNAL OF MATHEMATICS AND STATISTICS 66
7 JOURNAL OF STATISTICAL COMPUTATION AND SIMULATION 46
8 FUZZY SETS AND SYSTEMS 31
9 JOURNAL OF APPLIED STATISTICS 30
10 STATISTICS AND COMPUTING 27
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3.4 Affiliation Analysis

Regarding most productive and influential research
hubs in the areas of probability and statistics, King
Abdulaziz University leads with 661 published articles,
followed closely by King Abdullah University for Science
and Technology (KAUST) with 632 articles. These two
universities dominate the list, contributing a significantly
higher number of publications compared to the others,
indicating their strong research emphasis. King Saud

Table 3: Top 10 most productive institutions

University, with 144 articles. Other institutions with
extensive contributions include Qassim University (113
articles), King Khalid University (82 articles), Taibah
University (75 articles), Prince Sattam Bin Abdulaziz
University (74 articles), King Fahd University for
Petroleum and Minerals (72 articles), Umm Al Qura
University (46 articles), and Imam Mohammad Ibn Saud
Islamic University (41 articles).

Rank Affiliation Number of Articles
1 King Abdulaziz University 661
2 King Abdullah University for Science and Technology (KAUST) 632
3 King Saud University 144
4 Qassim University 113
5 King Khalid University 82
6 Taibah University 75
7 Prince Sattam Bin Abdulaziz University 74
8 King Fahd University for Petroleum and Minerals 72
9 Umm Al Qura University 46

10 Imam Mohammad Ibn Saud Islamic University 41

3.5 Collaboration and Networking Analysis

Table 4 presents collaboration and networking
analysis of Saudi Arabia’s research ties in probability
and statistics, showing the number of collaborative
connections with different countries. The USA leads
the collaboration network with the highest number of
connections (249), indicating strong research ties between

Table 4: Collaboration and Networking Analysis

Saudi Arabian institutions and American researchers.
This is followed by Egypt (225 connections), Pakistan
(173 connections), China (152 connections), Canada (105
connections), United Kingdom (104 connections), India
(103 connections), France (65 connections), Korea (58
connections), and Tunisia (58 connections).

Rank Collaborating Country Number of connections
1 United States of America 249
2 Egypt 225
3 Pakistan 173
4 China 152
5 Canada 105
6 United Kingdom 104
7 India 103
8 France 65
9 Korea 58
10 Tunisia 58

14
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3.6 Co-words and Term Frequency Analysis

The word cloud in Figure 2 visually represents
the most frequently occurring terms in probability and
statistics research in Saudi Arabia. The size of each
word reflects how frequently it appears, with larger
words indicate higher frequency. The most dominant
words in the word cloud include “model”, “inference”,
“prediction”,  “regression”, and  “distributions”,
suggesting that research in this field focuses on statistical
modeling, predictive analytics, and inferential statistics.
Other frequently occurring words are “classification” and
“algorithm” indicating interest in machine learning.

Figure 2: Word Cloud

4. Discussion

This study aimed to analyze the scientific landscape
of probability and statistics research in Saudi Arabia
by identifying productivity trends, the most influential
institutions, prolific authors, relevant publication sources,
key collaborating countries, and trending keywords and
themes. A total of 1,546 articles indexed in the Web of
Science database were analyzed. The average number
of co-authors per article is 3.5, indicating a collaborative
research environment. Additionally, the percentage of
international co-authorships is notably high (79.6%),
reflecting strong global research connections. The average
citation per document is 13.2, highlighting the high quality
of these publications. The overall trend shows a positive
trajectory in Saudi Arabia’s research productivity in
probability and statistics, reflecting the efforts made by the
Saudi government and institutions to improve the research
environment and provide funding for research.

Authorship  analysis  highlights the leading
contributions of Aslam M (112 articles) and Genton MG
(104 articles). However, Genton MG exhibits a higher
h-index (23) and g-index (34), indicating that his work
is more frequently cited and influential compared to
Aslam M (h-index = 18, g-index = 25). Meanwhile, Rue
H, despite having only 45 publications, has the highest
g-index (36), reflecting a strong citation impact for his
top-cited papers. Furthermore, Rue H has the highest
average citation per publication (29.5), demonstrating the
significant influence of his research.

Source analysis reveals a diverse range of
statistical research areas, including theoretical statistics,

15

computational methods, applied statistics, and
interdisciplinary fields such as bioinformatics and fuzzy
systems. The dominance of journals focusing on statistical
applications and computation suggests a growing trend
in integrating advanced statistical techniques with real-
world applications.

Affiliation analysis identifies King Abdulaziz
University and KAUST as the leading research institutions
in probability and statistics, with a substantial gap between
them and the rest. The results suggest that research activity
is concentrated in a few major universities, while others
contribute at a relatively lower level.

The collaboration analysis reveals that the United
States is Saudi Arabia’s top research partner in probability
and statistics, with 249 collaborative connections. This is
followed by Egypt (225), Pakistan (173), China (152),
Canada (105), the United Kingdom (104), India (103),
France (65), South Korea (58), and Tunisia (58), reflecting
a strong international research network across diverse
regions. This finding is consistent with the notably high
percentage of international collaboration (79.6%)

The word cloud analysis reflects a strong emphasis on
statistical modeling, inference, and prediction, indicating
that probability and statistics research in Saudi Arabia is
application-oriented and linked to emerging areas such
as machine learning and predictive analytics. It also
highlights the interdisciplinary nature of statistics and
the convergence of statistics with emerging fields such as
data science and machine learning.

5. Conclusion

Key Findings:

e There is positive growth in probability and
statistics research in Saudi Arabia, with two
universities—King Abdulaziz University and
King Abdullah University of Science and
Technology (KAUST)—dominating research
productivity. Similarly, the most prominent
authors are affiliated with these institutions.

* Source analysis identifies Advances and
Applications in Statistics and Bioinformatics
as the leading journals for publishing research
in this field. The findings reveal a diverse
range of topics, including theoretical and
applied statistics, as well as interdisciplinary

fields like bioinformatics, which integrate
advanced statistical techniques with real-world
applications.

*  Thereisahighlevel of international collaboration
(79.6%), with the United States emerging as
Saudi Arabia’s top research partner.

* A strong emphasis on statistical modeling and
prediction suggests that research in this field
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is application-oriented and closely linked to
emerging domains such as machine learning.

Limitations:

This study only considered publications indexed in
the Web of Science database. Although Web of Science
is widely regarded as a source of high-quality scholarly
output, other major indexing platforms—such as
Scopus—were not included.
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Abstract: This paper discusses the mechanisms of transitioning towards sustainable developmental housing in the Saudi Arabia. It
attempts to shed light on the holistic concept of developmental housing as a housing program aligned with a sustainability framework
with its social, economic, and environmental dimensions. At the local level, clarifying this concept helps define the role developmental
housing can play within the housing system, transcending its purely material framework and contributing to the development of the
neediest families. The research relies on a theoretical approach and in-depth readings of studies and experiences related to developmental
housing. The research traces the historical transformation of the concept of developmental housing globally from a charitable approach
aimed at providing housing for the neediest families or vulnerable groups to an approach of empowerment and sustainability. The paper
utilized interview tools to understand local developmental housing procedures and the most prominent challenges facing beneficiaries.
The study results demonstrate that developing a clear conceptual framework for developmental housing can positively impact the
formulation of urban legislation and define the roles of stakeholders in the housing subsidy system.
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1. Introduction

Since concrete is considered the second most used
material worldwide and has a high Co2 blueprint, there
has been efforts to make the concrete as sustainable as
possible. There has been an extensive consumption of
natural sand in concrete so that the good quality sources
of natural sand are drained out and become costly. Thus,
alternative materials to the natural sand sources should
be sought for not only to reduce the cost, but to save the
environment as well.

The utilization of manufactured waste sand, a waste
product from crushing large aggregates in the coarse
aggregate production, as a replacement of natural sand
either fully or partially increased duo to the sustainable
and environmental initiatives [1, 2, 3]. In addition, the
cost of securing a good quality natural sand source
and transferring it to a construction project site could
be enormous. With the availability and low cost of
manufactured waste sand sources, this alternative
material could mitigate the enormous demand on the
natural sand sources.

Manufactured waste sands differ from natural sands
in which they typically have coarser gradations, which
can improve the workability of concrete by providing
an aggregate size that is not found in both coarse and
fine aggregates. Also, Manufactured waste sands have
more angular shapes and textured surfaces as opposed
to the natural sands. This can be very advantageous in
increasing the concrete strength by providing more bond
with cement and more interlocking and friction between
aggregate particles. The availability of manufactured
waste sand in an enormous piles in aggregate quarries
make them a perfect alternative replacement to the natural
sands, which is expensive and not available everywhere
and need to be transferred from long distances.

However, utilizing manufactured waste sands in
concrete can have challenges such as fines, particles
that pass the No 200 (75 pum) sieve size, in the
manufactured waste sand are higher, especially if not
washed sufficiently. The fines amount can impact the
water demand required to obtain constant workability by
impacting the surface area of the aggerate particles in
which higher amount of fines indicates higher surface
area of the aggregates, which means higher water demand
[1, 4,5, 6]. Hence, it is important to know the amount of
the fines of the manufactured waste sands prior to using
them in concrete. Although the angularity and texture of
manufactured waste sands are beneficial to the strength
and bonding of concrete, they increase the surface area
and the friction between the aggregate particles, which
impact the water demand required to obtain constant
workability.
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The workability challenges due to the use of the
manufactured waste sand are often overcome by adding
more paste (binder and water) to the mixture. This
increased paste content can lower the sustainability
and any savings in the economy achieved by using the
manufactured waste sand.

Researchers have proposed methods to use the
manufactured waste sand in concrete. Some suggested
using the manufactured waste sand as a replacement to
the natural sand and recommend either fully or partially
[1, 7, 8]. A study showed that replacing natural sand
with manufactured waste sand up to 60% replacement
percentage could have 20% more compressive strength
and 15% more flexure strength of concrete. However,
any further increasement in the manufactured waste sand
replacement percentage reduced the concrete strength
[9]. Nadimalla et. al. Stated that the flexural strength, the
compressive strength, and the impact strength tests of
concrete at 7 days, 28 days, and 90 days were greater at
100% and 50% replacement of manufactured waste sand
[10]. The gain of compressive strength of manufactured
waste sand concrete increased faster than that of natural
sand concrete at the early age stages, but about the same
at later ages [11].

Since the manufactured waste sand gradation
differs from one source to another depending on many
factors such as crusher type, screening process, washing
method, and mineralogy of an aggregate source [6,
8], thus, proportioning manufactured waste sand in a
mixture based on the replacement percentage method
is not sufficient. Alturki et. al. suggested guidelines for
designing concrete mixtures that need to be hand placed
and finished with manufactured waste sand by modifying
the Tarantula Curve proportioning method [5]

2. Tarantula Curve

The Tarantula Curve is a new approach for aggregate
proportioning for concrete mixtures. This method has
achieved enormous success in providing guidelines to
produce workable concrete mixtures as well as pumpable
concrete mixtures [12, 13]. The Tarantula Curve is
highly advantageous in construction specifications and
practices due to its ability to decrease the cementitious
materials demand of a mixture, consequently, reduce the
cost of a mixture, improve concrete durability, and lower
the Co2 emissions [5, 12, 13]. Fig. 1 shows the Tarantula
Curve and its boundaries.
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Figure 1. The boundaries of the Tarantula Curve method for combined aggregate proportioning [12].

Sokhansefat et. al. (2019) verified the Tarantula Curve
boundaries by testing concrete mixtures with different
aggregate gradations and workability performances and
measured the aggregate packing in hardened concrete
via the use of X-ray computed tomography (XCT). It was
determined that the workability measurements showed
segregations/ poor workability when the gradations
exceeded the Tarantula Curve boundaries, by more
than 20% of the coarse aggregates retained on a single
sieve [14]. Alturki (2024) showed that the compressive
strength reduced for the gradations that did not satisfy
the Tarantula Curve boundaries of the fine aggregates
retained on a single sieve [15].

The Tarantula Curve boundaries were first developed
for concrete mixtures with natural fine aggregate sources
only. Then, a modification was done on the Tarantula
Curve to be able to proportion manufactured waste sand in
a concrete mixture. Alturki et. al. modified the Tarantula
Curve limits by testing concrete mixtures with various
manufactured sand sources with different mineralogizes
[5]. The mineralogy of manufactured waste sand affects
the properties of concrete such as the workability through
physical properties (gradation, shape, and texture) and
water absorption. The variation in the gradations is
handled by the modified Tarantula Curve boundaries.
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As for the shape differences, the AIMS II [16, 17]] and
the uncompacted voids content test-methos A (ASTM
C1252) [18] were used to study the shape of these
manufactured waste sand sources and relate the effect of
the shape of these sands to the workability performance
of concrete mixtures containing manufactured waste
sands. It was concluded that the manufactured waste
sands will have shape and angularity that differ from the
natural sands, which can be measured by a simple and
straightforward method called the uncompacted voids
content test. The higher the uncompacted voids content
of manufactured waste sand, the higher the angularity
and the lower the workability when used in a concrete
mixture [5, 8]. Alturki et. al. found that the combined
uncompacted voids content limit of 39% was able to
differentiate between manufactured sand and natural
sand [5]. Also, it was found that when proportioning
manufactured waste sand in a mixture, the combined
uncompacted voids content would determine the fine
sand content limit where a minimum fine sand content
of 27% was recommended when the uncompacted voids
content was >39% or when using blends of manufactured
waste sand and natural sand [5]. The Tarantula Curve
for proportioning manufactured waste sand is shown in
Fig.2.
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Figure 2. The Tarantula Curve limits for both the sieve sizes and the fine sand and coarse sand volumes [5]

This work aims to further validate the proposed fine
sand minimum limit by Alturki et. al. by investigating
the compressive strength of concrete mixtures with
manufactured waste sand.

2.1 Goal of investigation

This work aims to study of the effect of manufactured
waste sands on the compressive strength of concrete
mixtures that need to be hand placed and finished. Also,
investigating the relationship between the fine sand
content limit in the modified Tarantula Curve and the
compressive strength of concrete mixtures containing
manufactured waste sand.

3. Materials and Methods

3.1 Materials

The concrete mixtures used in this study were
prepared using Type 1 Portland cement that conforms
to ASTM C150 [19] with a Class-C fly ash that meets
ASTM C618 [20], which replaces the cement by 20% by
weight. The oxide analysis for the cementitious materials
is shown in Table 1. In this project, the liquid admixture
was a mid-range water reducer (WR) (a lignosulfonate
that meets the Type A/F classification) in accordance to
ASTM C494 [21].

Table 1. Chemical Composition of the Cementitious Materials

Chemical Components (byTIiIII;:SI% ) (byF Ill)ll:sssh% )
Si02 21.1 16.95
CaO 62.1 40.98

Al203 47 17.22
MgO 2.4 10.28
Fe203 2.6 7.4
S03 32 2.41
K20 0.3 0.17
Na20 0.2 1.13
C28 17.8 --
C38 56.7 --
C3A 8.2 -
C4AF 7.8 -
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The coarse and intermediate aggregates were
provided from a single crushed limestone source meeting
the ASTM C33 [22]. The coarse aggregate had a nominal
maximum aggregate size of 1 in. (25 mm) whereas the
intermediate gradation had a 3/8 in. (9.5 mm) nominal
maximum aggregate size.

For the fine aggregate, two natural sand sources and
six manufactured waste sand sources were used in this
project. The manufactured waste sands were washed,
which means that the fines contents in these sands were
< 7% conforming the specifications in the ASTM C33.

Fig. 3 shows the gradations of the aggregate in the
individual percent retained chart as per ASTM C 136
[23] while Table 2 displays the fine aggregates properties
utilized in the project.

Figure 3. The gradations of aggregates obtained from the sieve analysis

Table 2. The properties of fine aggregate used in the study

Fine | Fineness | Specific | No. 200 | Fines Geology
Sand Type A dul . o o,
ggregate| modulus | gravity | (%) | (%) Formation Period Rock Type
Natural sand (NS)| NSI1 2.68 2.61 3.25 | 0.80 | Terrace Deposits -- Silica, Quartz
NS2 2.78 2.63 0.2 0.70 | Terrace Deposits -- Silica, Quartz
MSI 413 267 | 020 |o70| CoolCreekand §g g iciay | Limestone- clast
McKenzie conglomerates
MS2 3.06 2.65 1.19 | 2.10 Chico Ridge Pennsylvanian | Limestone-Biosparite
Manufactured MS3 3.12 2.66 3.17 | 3.85 Chico Ridge Pennsylvanian | Limestone-Biosparite
Sand
(MS) MS4 4.26 2.63 1.27 | 2.59 | Grindstone Creek | Pennsylvanian | Limestone-Biosparite
MS5 e 275 020 | 070 West spring creek Ordovician leestone—f055111ferous
and Kindblade Igneous limestone
Dolomitic siltstone,
MS7 3.36 2.76 1.70 1.63 Honey Creek Ordovician |Reagan Sandstone, and
glauconitic sandstone
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3.2 Mixture design
The gradations of the combined aggregates of
concrete mixtures containing manufactured waste sand

on the concrete compressive strength. A standard control
mixture, made with the natural sand only, was used as a
reference for the data in this project, presented in Table 3.

were investigated via the Tarantula Curve. This was done
to determine the impact of the manufactured waste sand

Table 3. Mixture Design for the reference Mixture

Material Mass (Ibs/yd3) Mass (kg/m3)
Coarse Aggregate 1347 799
Intermediate Aggregate 647 348
Natural Sand 1157* 686*
Manufactured Sand varied varied

Cement 489 290

Fly ash 122 73

Water 275 163

WR 6 0z./cwt 3.5 ml/kg

* These are the values with no manufactured waste sand added.

Then, six manufactured waste sand sources were utilized in this
project to replace the natural sand incrementally by volume.
In Fig. 4, it is visible that as the volume of the manufactured
waste sand increased, the combined gradation of the fine
aggregate part changed. This is attributed to the coarseness
of the manufactured waste sand gradations. The replacement
of natural sand with manufactured waste sand is done in an

incremental manner to achieve variable fine sand volumes
(above, at, and below the fine sand limit for the modified
Tarantula Curve). This was done to investigate the variability
in the impacts of using the manufactured waste sand on the
concrete compressive strength performance from one source
to another. More details about the design of each mixture are
provided in the appendix.

Figure 4. The Changes in the combined fine aggregate gradations because of the increase in manufactured sand volume. 2.3
Mixing procedure

The aggregates were collected from the stockpiles
and brought into a temperature-controlled

(73 OF (25 0C)) laboratory room for aminimum period
of 24 hours before mixing. Then, a mixing drum was used
to mix the aggregates to take representative samples for
moisture correction. For making the concrete mixtures,
all coarse, intermediate, and fine aggregates were loaded
into the mixer along with a 2/3 of the water content and
mixed for three minutes to achieve the saturated surface
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dry condition (SSD), plus, making the mixed materials to
be homogeneous. Following, the cementitious materials
were added along with the remaining water and mixed
for another three minutes. Next, the mixer stopped for
two minutes to allow the mixture to rest while the sides
of the mixer were scraped. Subsequently, the admixtures
were added, and the concrete was mixed for three more
minutes. The produced concrete mixture was tested
using the workability performance scale and samples
were prepared for the compressive strength testing.
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3.3 Concrete testing

The investigated concrete mixtures were evaluated
for the workability and the compressive strength
performances.

3.3.1 Workability testing
A unique workability assessment method was

Table 4. Performance Scale for Concrete Workability [12]

utilized in this project. This method was developed
by Cook et. all. [12] to measure an overall workability
performance by evaluating the data from multiple tests.
The data from each test is combined into an overall
workability performance ranking. The workability
performance scale and the conditions for each test are
illustrated in Table 4.

ICAR Rheometer Float test
Workability Visual Plasti Hol T
Performance  Slump (mm) ; Static yield Dynamic yield . ~o ole exture
Scale observation stress (pa) stress (pa) viscosity removal removal
P P (pa/sec) (passes) (passes)
Excellent (1) 203 to 152 1 <1000 <250 <10 1to2 1to2
Good (2) 152 to 102 1to2 1000-1500 250-500 10to 15 3to4 3to4
Moderate (3) 102 to 51 2t03 1500-2000 500-1000 15 t0 20 5t06 5t06
Poor (4) 51to 0 3to4 >2000 >1000 >25 7t08 7t08
Unusable (5) 0 4t05 Too stiff Too Stiff Too Stiff +9 +9

The overall workability performance for a concrete
mixture can be measured by making a comparison
between the results of each of the four workability tests
as shown in Table 4. Each performance scale on Table
4 has a numerical range wherein an overall average
number can be calculated for a concrete mixture that

can be converted back into a scale as the following:
excellent (0-1), good (1-2), moderate (2-3), poor (3-4), and
unusable (4-5). To illustrate, Table 5 shows an example
for determining an overall workability performance for
a concrete mixture.

Table 5. A conversion of the workability tests results to an overall workability performance rank

Workability Test Results example Performance scale
Slump 127 mm Good (2)
Visual observation 1 Excellent (1) Avg. Overall workability
o numerical value f
Static Yield Stress 1502 Pa Moderate (3) for performance periormance
Dynamic Yield Stress 458 Pa Good (2)
Plastic Viscosity 18 Pa Moderate (3) 2.4 Moderate
Float Test (holes) 5 Moderate (3)
Float Test (Texture) 6 Moderate (3)
3.3.2 Compressive strength testing and sources on the compressive strength of concrete.

Standard cylinder molds were used to prepare
specimens for the compressive strength test with a size
of 4 in. x 8 in. (100 mm x 200 mm). Molds were filled
and consolidated as per ASTM C31 [24]. The samples
were stored in a temperature-controlled and moisture-
controlled room for curing purposes, as specified in the
ASTM C31. Concrete compressive strength test was
conducted at 7-day and 28-day on hardened concrete in
accordance with ASTM C39 [25].

4. Results and discussion

4.1 Concrete mixtures with manufactured waste
sand

The purpose of this study was to explore the effects
of the variable manufactured waste sand gradations
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This was done by using six manufactured waste sand
sources when they incrementally replaced the natural
sand by volume of fine aggregates in which the fine sand
contents (sum of the No. 30 (600pum) to No. 200 (75 pm))
vary (above, at, and below the limit). The detailed results
can be found in the appendix.

Fig. 5 and Fig. 6 plot the mixtures for 7- day and
28 — day compressive strength compared to the fine sand
content. The color of each data point changes depending
on the performance of the workability. Further, the
manufactured waste sand replacement range by volume
is numerically shown for each series of data points for
fixed fine sand volume.
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Figure 5. The 7-day compressive strength of the concrete mixtures versus different volumes of fine sand.

Figure 6. The 28-day compressive strength of the concrete mixtures versus different volumes of fine sand

It can be noted from Fig. 5 and Fig. 6 that the mixtures
had a reduction in the fine sand content as the volume
of the manufactured waste sand increased. This could
be attributed to the coarser gradations of manufactured
waste sand in comparison to the natural sand. It should
be noticed that as the fine sand content decreased or
as the manufactured waste sand content increased, the
compressive strength of the concrete mixtures increased
while the workability performance decreased.

For the 7-day compressive strength, it was observed
from Fig. 5 that the compressive strength of concrete
mixtures containing manufactured waste sand increased
as the volume of manufactured waste sand increased.
This work shows that the manufactured waste sand
can replace the natural sand in the range between 29%
and 31% and still gain compressive strength. However,
higher replacement percentages led to a decline in the
compressive strength and the workability performance
becomes poor.
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Note that at a fine sand content of 25% in the
mixtures, the performances of compressive strength for
all the manufactured waste sand mixtures decreased
with poor workability performance. The amount of
manufactured waste sand replacement varied from
36% to 42% at this fine sand content. It is essential to
observe that even though the replacement levels and the
gradations of manufactured waste sands were variable,
the compressive strength of the mixtures declined. This
strengthens the importance of the fine sand content in
the mixture. This also reinforces that it is not acceptable
method to estimate the manufactured waste sand
mixture performance using replacement percentages.
Conversely, the modified Tarantula Curve boundaries
should be utilized with the combined gradation and put
a special focus on the fine sand content in the aggregate
combined gradation.
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For the 28-day compressive strength presented in Fig.
6, there seems to be a drop-in the compressive strength
if there is poor workability in the mixture, but this drop
does not appear to be as significant. This difference in
behavior could be attributed to the weakness of the paste
at 7-days. Thus, the strength of the concrete is dominated
by the aggregate. However, in later ages, the concrete
strength is a combination of the strength of the paste
and the aggregate. This work agreed with other studies
findings where the presence of manufactured waste
sand in a concrete mixture can improve the concrete
compressive strength [3, 5, 21].

4.2 The minimum fine content to proportion
manufactured waste sand

While the manufactured waste sand volume in a
concrete mixture is determined by the fine sand content
[5], a minimum fine sand content could be established to
be able to proportion manufactured waste sand in concrete
and achieve maximum compressive strength. To do that,
it can be seen from Fig. 5 and Fig. 6 that the maximum
compressive strength of mixtures containing manufactured
waste sand occurred at a fine sand content of 27%. This
confirms the minimum fine sand content to proportion
manufactured waste sand in concrete and still achieve
acceptable workability. Once the workability of the mixtures
changed to poor, the compressive strength decreased.

It is important to know that these recommendations
apply for the materials and mixtures investigated in this
work; still, it would be beneficial to have more sources to
enlarge this work.

5. Practical significant

Manufactured waste sands have started to be used
more often in the concrete industry. Even though their
usage in concrete mixtures can increase the compressive
strength, the workability can be reduced at higher
amounts, which will weaken the concrete eventually.
This research provides further wvalidations to the
fine sand content limits to proportion manufactured
waste sands in concrete mixtures by investigating the
compressive strength performance of concrete mixtures
containing manufactured waste sands. Also, correlate
the compressive strength performance to the workability
performance of concrete mixtures containing
manufactured waste sands.

This work shows that successful flatwork can be
produced by following the modified guidelines for the
Tarantula Curve by replacing 30% of the natural sand
with manufactured waste sand and achieve the maximum
compressive strength with satisfactory workability. Yet,
this percentage changes based on the source, and the
fine sand content is the preferrable method to determine
the replacement level in the mixture. Even though using
manufactured waste sands in concrete impacted the
compressive strength positively, their impact on the
durability could be researched in the future studies.
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6. Conclusion

This work quantified how the use of manufactured
waste sands in concrete impacts the compressive strength of
concrete and relate the compressive strength performance
to the workability performance using the modified
Tarantula Curve concrete design method. It is important to
acknowledge that the manufactured waste sands utilized in
this study were washed, which means that the fines amounts
were less than the ASTM C 33 limit of 7%. In this project,
the fines fluctuated between 3.17% and 0.70%.

The following are the specific findings from this
work: The fine sand content, sum of No. 30 to No. 200
(600um to to 75 pum) is essential in determining the
manufactured waste sand amount that can be used in
concrete based on the compressive strength. This work
validates that the minimum fine sand content of 27% is
recommended when blending manufactured waste sand
with natural sand. Whenever the workability performance
is poor due to exceeding the minimum fine sand content
of 27%, the compressive strength decreased.

This work guides how to produce strong and
workable concrete mixtures that contain manufactured
waste sand, which is a vital approach to enhance the
usage of manufactured waste sand in concrete mixtures
for satisfactory flatwork.
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8. Appendix A
Table A 1. Overall Workability Performance Results of the Concrete Mixtures

E g 2 :E; . . g g R Float Test _ .§ ; -
s | E2 T | 2| EE | 2% |22 |%E| 2 |B|E|7E| £:°
£ | =& 2 E 3% | £& | § |E5° 2 i
z E S 5 2 n = = 2
E S © g E A 7-day |28-day
30.6%| Original NS | 3.25% 0.80% Good 1304 384 25 152 | 4 3 1.0 [33.59 | 43.41
NS1 (14%) 1.04% 0.78% | Moderate -- -- -- 165 | 6 5 1.4 [36.48 | 44.93
NS2 (15%) 0.98% 0.78% | Moderate 1436 485 20 178 | 5 5 1.4 [3560]| 42.18
MS1 (29%) | 2.18% 0.97% | Moderate 2169 564 19 152 | 7 6 2.0 |36.35| 50.55
MS2 (29%) | 3.23% 1.04% Moderate 1970 649 20 146 | 8 6 2.0 |37.93| 46.62
0
e MS3 (30%) 2.21 1.02% | Moderate 1800 435 20 | 127 | 8 7 2.0 |35.83| 4344
MS4 (28%) 3.21 0.88% Moderate 1370 428 18 140 8 7 2.0 (3494 44.77
MSS (30%) | 2.53% 0.95% | Moderate 1791 369 28 159 | 8 7 2.0 |35.63| 42.42
MS7 (30%) | 2.53% 0.95% | Moderate 1791 369 28 159 | 8 7 2.0 |39.87| 51.30
NS1 (27%) 0.63% 0.77% | Moderate -- - -- 140 | 7 5 1.4 | 35.81| 49.61
NS2 (27%) 0.63% 0.77% | Moderate 1816 499 20 127 | 6 6 2.0 |3517| 4740
MSI (40%) 1.91% 1.07% Poor 2262 769 25 146 | 8 7 2.6 |36.26 | 44.54
MS2 (41%) | 3.22% 1.19% Poor 2714 816 23 140 | 8 9 2.6 |36.70 | 45.92
0
2 MS3 (43%) 1.94% 1.14% Poor 1938 807 27 121 | 11 9 2.2 |35.54| 41.02
MS4 (36%) | 3.20% 0.91% Poor 1507 457 27 127 | 10 12 2.2 |35.63| 42.42
MSS5 (42%) | 2.33% 1.03% Poor 2500 683 27 108 | 12 10 2.4 3494 4477
MS7 (42%) 2.33% 1.03% Poor 2500 683 27 108 | 12 10 2.4 139.07| 47.79
NS1 (35%) 0.51% 0.76% Poor -- -- -- 121 | 12 12 3.0 |[35.51]| 47.88
NS2 (35%) 0.51% 0.76% Poor 2638 531 26 102 | 8 10 32 | 3443 43.95
MS1 (50%) 1.74% 1.16% Unusable 2295 746 32 133 | 10 9 35 |3545]| 43.35
MS2 (51%) 3.21% 1.35% Unusable 3211 920 30 127 | 9 10 2.8 |3542| 40.18
0
= MS3 (53%) 1.78% 1.26% Unusable 3923 754 48 76 15 10 3.8 [34.45]| 39.58
MS4 (44%) | 3.19% 0.94% Unusable 4100 750 43 108 | 13 11 3.5 [33.31] 44.69
MSS5 (51%) 2.2% 1.09% Unusable 4522 840 45 108 | 15 11 3.5 3723 4548
MS7 (51%) 2.2% 1.09% Unusable 4522 840 45 108 | 15 11 3.5 [3723| 4548
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Abstract: This study aims to find correlation between the dietary consumption pattern and osteoporosis disease affecting different
individuals in the Al-Baha region in Saudi Arabia. The study included a number of 200 cases (105 students and 95 female employees).
The nutritional status for the Participants included data about calcium (mmol/L), hemoglobin concentration (g/dl), glucose level,
liver function , kidney function, lipid concentration and anthropometric measurements : height, weight , body mass index ( BMI )
wered measured questionnaire schedule was given to the students and employees to assess their demographic data, obtained diets and
beverages, food and habits, nutritional knowledge as well as their acquaintance with diabetics and malnutrition . The results revealed
the following: The percentage of ostopenia cases was high being (13.5% and 21% ) for students and employees respectively, The intake
of milk and milk products was low in ostopenia compared to normal so the calcium level in blood was low, The intake of phosphorus and
vitamin D by students and employees was low compared to the normal level group, which were ( 29.7, 26.7 and 67.9, 78.3 ) & (40.6,
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Recommended Dietary Allowance in case of ostopenia group which was 52.4 %, 41.4 % for students and employee respectively due
to low fruits consumption,decrease of practice sport and exposure to sunrays daily was recorded for normal and ostopenia subjects.
There was a prevalence of thyroid disorders and Helicobacter pylori infection, which led to an increased prevalence of osteoporosis.
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1. Introduction

The systemic bone disease known as osteoporosis can
be somewhat avoided by being aware of its risk factors
and adopting healthy lifestyle choices. While the majority
of fracture prevention efforts have focused on slowing
down the pace of age-related bone loss and lowering
the frequency and intensity of trauma in the elderly,
there is mounting evidence that peak bone mass plays a
significant role in maintaining bone strength as people
age (Sulimani et al., 2016). The main roles of vitamin
D are to maintain bone and skeletal health and to prevent
osteoporosis and rickets. It is also necessary for other
non-skeletal body systems, such as developing immunity
and lessening the severity of long-term illnesses including
diabetes, hypertension, and heart disecase Gavriela et al .,
(2023). There are few natural sources of vitamin D, such
as egg yolks, beef and animal products, and milk and
dairy products (Lips et al., 2019). In order to ascertain
the sources, advantages, and deficiencies of vitamin D,
numerous studies have been carried out globally in relation
to the increasing prevalence of vitamin D insufficiency
(Alamoudi et al., 2019; Alshamsan & Bin-Abbas,
2016). To avoid fracture, the skeleton needs to develop
and maintain its integrity at its best throughout its life
cycle. When weights are applied to bones that are greater
than their capacity, the bones break. Calcium is essential
for healthy bones. Reference calcium intakes in Western
nations have been raised during the past 15 years in order
to prevent osteoporotic fractures and maximize bone mass
at skeletal maturity. Demonstrated that calcium plays
a crucial role in both skeletal maintenance and proper
growth. In addition, vitamin D is necessary for intestinal
calcium absorption and is crucial for skeletal integrity
and calcium homeostasis) Fiamenghi and Mello,
(2021). The aim of this study was to collect information
about knowledge and prevalence of osteoporosis in Al
Baha region among women and describe the type of
food habits, sociodemographic characteristics, and other
osteoporosis- related health behavior.

2. Subjects and Methods
Subjects

Sample consisted of 105 female students from
Faculty of Sciences and Arts (Buljurshi) Al-Baha
University who were training in the nutrition unit and 95
employees from Prince Mashari Hospital in Baljurashi
Kingdom of Saudi Arabia during the year January 2022
to 2023 were included in this study (all participated who
were bone density measurements and blood analysis),
all cases were divided in two groups :

A - Students (19 — 25) years old .
B — Employees (25 — 60) years old .

The sample was selected from those who suffer from
symptoms of osteoporosis
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Methods :

Data were collected by interview with participate
using questionnaire containing the following: (name,
occupation, age, total income , educational level, health
status and food habits).

The questionnaire included some sheets (acts) as
follows:

1- The first one was for health status .

2- The second one for food habits . It included : Food
like and dislike .

3- The third one for data about different diseases of
participants .

Analysis of dietary recall data :

All the subjects were interviewed To collect data.
their food intake 24 hours recall for 7 days , food patterns
and diet history were used. The energy and nutrient
content of the 24 -hour were computed through the food
composition table of the National Institute RDA ,(1999).

Anthropometric measurements :

The weight and height were measured and recorded
without shoes for each participant , Subjects were
weighed using a clinical balance wearing light clothing
and without shoes to the nearest 0.1kg.The height was
taken by using a wall stadiometer to the nearest Imm.
Since there are no local standard, for weight or height,

for age considering Saudi people (Garrow et.al.,1985).

Body mass index (BMI ) :

Body mass index was used as indication of the
body status. It was calculated from dividing weight in
kilograms by height in meters squared (kg/m?) according
to method reported by Ostetriche et al., (2000) .

Bone mineral densitometry (BMD):

Single-energy X-ray absorptiometry (SXY) is the
most accurate (automatic, mecanical) way to measure
BMD. It uses two different X-ray beams to estimate bone
density in the spine and hip. Strong, dense bones allow less
of the X-ray beam to pass through them. The amounts of
each X-ray beam that are blocked by bone and soft tissue
are compared to each other. SXY can measure as little
as 2% of bone loss per year. It is a fast method and uses
very low doses of radiation. Bone mineral densitometry
was obtained by using a measured electronic SXY for
students and employees .
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Biochemical analyses:

All samples underwent blood analysis at Prince
Mashari Hospital in Baljurashi, and the results were taken
for the study. Determination of hemoglobin level was
carried out by King and Fauker (1973 ) . Determination
of blood glucose was carried out by Siest et al., (1981) .
Determination of AST and ALT was carried out according

to the method of Bergmeyer et al., (1972) . Serum total
cholesterol (TC), high-density lipoprotein (HDL-c),
and low-density lipoprotein (LDL-c) were determined
according to Weichselbaum (1946) .  Triglycerides
(TG) was determined according to Larsen , (1972 )
.Creatinine concentration was determined according to
Carawy, ( 1955) and uric acid was estimated by Fossati
et al., (1980).

3. Statistical analysis :

Statistical analysis: Statistical package spreadsheet
software (SPSS) version 16 was used for statistical
analysis. Mean+SD and analysis of variance (ANOVA)
test were used as appropriate. Qualitative data were

expressed as percentages. For comparing the groups
(SAS., 2004)

4. Results

Distribution of studied subjects according to bone
mass density is shown in Table 1 & Figure 1, The sample
consisted of 200 adult females (students and employees).
The results indicated that ( 39 % and 26.5 % ) of students
and employees were normal ,while osteopenia was
current in 13.5 % of students and 21% of employees
as percent of total sample. The figure ( 1) displays the
colors, where the green color shows that the samples are
normal, the yellow color shows that the samples suffer
from osteopenia, and the red color shows that the samples
suffer from osteoporosis.

Table (1): Distribution of studied subjects according to bone mass density

Categories Student ( No — 105) Employee (N -95)
Color dexa | Ready dexa
parameters No No % Mean = SD No No % Mean+ SD
Osteoporosis - - - - - Red <60
Osteopenia 27 13.5 25+.28 42 21 41+ .5 yellow >61-<90

Normal 78 39 77+ .13 53 26.5 52+ .9 green >90

Total 105 52.5 - 95 47.5 - - -

T. value .023 - 2.454 - - -

P-value .005%* - .014%* - - -

* P<0.05 ** P<0.01 *** P<0.001 NS: Not significant

Figure (1): Samples from evaluated cases using DEXA scan

44




Journal of the North for Basic and Applied Sciences (JNBAS), Vol. (10) - Issue (1), May 2025 - Dhul-Qidah 1446H

Fig. 1: Distribution of studied subjects according to bone mass density.

Table (2) : Mean + SD of age, family income and anthropometric indices

Categories Student ( No — 105) Employee (N -95)
Ostopenia Non- ostopenia Ostopenia Non- ostopenia
(no-27) (no-78) (no-42) (no-53)
Parameters Mean + SD Mean £ SD Mean = SD Mean = SD
Age (years) 25+4.34 21.5+1.95 4558+ 4.99 37.85+£8.98
t-value 2917 .845
p-value .008** 405
Family income (s.r) 954.6+314.5 | 872.7+3.542 1484.27+ 347.3 | 1349.13+ 308.57
t-value 1.077 1.003
p-value 284 325
Weight ( kg) 42+11.32 | 51.9+9.63 65.67+ 6.85 | 7142+ 12.28
t-value 1.245 2.565
p-value 214 .015%
Height (cm ) 162.3+6.54 | 161.1£9.2 16133621 | 15978+ 5.400
t-value 1.414 305
p-value 132 763
BMI (kg/cm2) 22.3+5.24 | 24.2+3.5 23.99+ 297 | 29.07+ 4.89
t-value 1.988 2.635
p-value 325 .013*

* P<0.05 ** P<(.01 *** P<0.001

Data of table (2) show the age, family income
and anthropometric measurement of students (19-25)
years old and employees (25-60) years old . It could be
noticed that the mean weight was normal for students
and increase in the weight of female employees. But for
ostopenia employee weight seems to be more weight than

45

NS: Not significant

the non osteopenia. The height recorded for total sample
was similar to normal . Moreover the mean of body mass
index (BMI) was also similar to normal for groups except
for ostopenia employee (over weight).
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Table (3) : Mean + SD Serum analysis for student and employee

Categories Student (No —105) Employee (N -95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
Parameters MS::I 17;1) Mg:(l)l Z:S)SD Mg:r(: 12)51) Mef::: f)sp
Glucose (mmol/L) 5.77€ 718 5.1+.63 5.708+ .687 6.33
t-value .093 156
p-value 926 .866
Ca (mmol/L) 1.71= 25 | 199+ 21 1966+ .14 | 207+ 47
t-value 5.612 793
p-value .000*** 433
Hgb g/dL* 10.6+.17 | 113+ 23 11.65+ 3205 | 12.54+ 791
t-value .651 .3068
p-value .50 ..001%*
Urea (mmol/L ) 2.06+ .13 | 2.01+ .83 2.633+ .5821 | 2.59+. 013
t-value 281 6.992
p-value 779 .000***
Uric acid (umol) 2753+ .55 | 275.94 .50 2895+ 47 | 287.13+ .73
t-value 139 1.842
p-value .889 .075
* P<0.05 ** P<0.01 * In blood

The results of table (3) show the mean + SD blood analysis for samples cases). The highest means were recorded
for non-ostopenia employees for calcium (2.07 = 0.47) compared to ostopenia employees (1.966 £ 0.14) mmol. Also the
results of the same table ( 3 ) indicated that most of students were suffering from decrease of (Hgb), while non- ostopenia
employees it was high significantly (p<0.01) more compared with ostopenia group (12.54+ 0.791 and 11.65+ 0.3205) g/

dl respectively .

Table (4 ) : Mean £ SD liver function for student and employee

Categories Student ( No - 105) Employee (N -95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
Parameters (no-27) (no-78) (no-42) (no-53)
Mean = SD Mean + SD Mean = SD Mean + SD
AST (u/L) 33.52+6.78 35.4+5.86 40.25+2.562 39.43+5.50
t-value 1.327 3.668
p-value 187 .001**
ALP (wL) 67.96+8.83 65.949.64 71.58+13.905 65.30+8.41
t-value 1.447 1.137
p-value 151 264
ALT (uwlL) 25.09+4.14 29.96+3.97 34.50+5.838 30.13+£2.24
t-value 1.253 3.199
p-value 213 .003**
* P<0.05 ** P<0.01 *** P<0.001 NS: Not significant
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From results tables (4) it was found that level of Alp&
AST were better for non- ostopenia than that of the
ostopenia students & employees. Empolyees were
higher than that of the students considering and ALT.
As indicated from results of table (5) triglycerides,

LDL and were lower and HDL raostly higher for
students compared with employee with different levels
of significance, this may be affected by the less age in
the first case. Difference due to inflicting with ostopenia
was less evident.

Table (5) : Mean + SD lipids fractions for student and employee

Categories Student (No - 105) Employee (N -95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
(no-27) (no-78) (no-42) (no-53)
parameters Mean + SD Mean + SD Mean + SD Mean + SD
CHL (mmol/L) 3.73+.97 4.16+.93 3.455+.325 3.54+.57
t-value 2.069 466
p-value .041%* .644
TG (mmol/L) 77+.42 .88+.49 3.05+.1730 2.51+.409
t-value 1.461 4.390
p-value A7 .000%**
HDL (mmol/L) .90+.25 .85+.33 .8983+.1782 .95+.31
t-value .617 .908
p-value .539 .370
LDL (mmol/L) 1.71£.812 1.78+.58 2.85+.347 2.190+.708
t-value 439 2.871
p-value .661 .007**
VLDLI (mmol/L) .14+£.083 A45+.95 .3943+.7253 33+.10
t-value 1.753 2.066
p-value 101 .048
* P<0.05 ** P<0.01

Data of table (6) show the nutrients intakes by
student and employee . Protein intake was evidently
low when compared with the recommend dietary intake
(RDA,1989) , for ostopenia & non- ostopenia students
it was ( 39.92+7.26, 45.52+5.50) of RDA while for
the employee was (48.75+8.79,54.65+6.90) of RDA
respectively; lowest limit was recorded for ostopenia
subjects .Table ( 7 ) show the mean = SD of vitamins
intakes by students and employees, it was shown that
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the mean of vitamin A intake was ( 471 £+ 166.6, 464.9 +
177.1 and 579.3 £ 54.7 , 605 + 133.1) for ostopemia and
non- ostopemia student and employee respectively, also it
was less than daily requirements ( 800 mg ).

Moreover, from results of table ( 7 ) it was observed
that intakes vitamin C and vitamin D were less than 100
% of RDA which was the case also for vitamin B, and
vitamin B,
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Table (6) : Mean = SD of macronutrients intake

Categories Student ( No —105) Employee (N-95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
Parameters M(el::;fén Mggﬁ_ls)sn Mgz-f)sn Mgz-is)sn
Total protein (g) 39.92+ 7.26 45.52+ 5.50 48.75+ 8.79 54.65+ 6.90
t-value 2.688 2.185
p-value .008** .036
RDA % 86.78 94.6 84.2 96.6
Lipid 35.59+ 6.2 38.36+ 5.4 39.58+ 6.22 34.39+ 5.66
t-value 154 .092
p-value .878 927
RDA % 54.9 54.6 54.9 54.6
CHO 190.3+ 44.5 187+ 39.12 220.58+ 57.2 198.8+ 52
t-value 3.671 451
p-value .000*** .651
RDA % 73.4 62.3 92.2 89.3
Energy 1371.1+ 99 1240.326182.5 1516.2+ 234.2 1576.316182.65
t-value 1.075 1.004
p-value 184 324
RDA % 68.5 62.46 75.86 78.9
Fiber 5.8+ 3.9 3.8+ 1.9 44+ 23 3.9+ 1.9
* P<0.05 ** P<0.01  *** P<0.001 NS: Not significant

Table (7) : Mean £+ SD of vitamins intake

Categories Student (No —105) Employee (N -95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
no-27 no-78 no-42 no-53
Parameters M(ean - ;D Mian + )SD Me(an + )SD Me(an + )SD
Thiamin (mg) 70+.24 .66+.29 70+.20 756=+.25
t-value .626 .669
p-value 432 .500%*
RDA % 63.6 69.1 63.6 68.7
Riboflavin (mg) 71+.14 .82+.13 .816+.307 773+.14
t-value 1.811 783
p-value .073 439
RDA % 64.5 74.5 74.2 70.3
Vitamin C (mg) 35.11£9.02 38.05+11.7 27.9+5.24 35.8+6.2
t-value 1.776 3.629
p-value .079 001 **
RDA % 524 59.2 41.4 53.5
Vitamin A (mcg) 471£166.6 494.9+177.1 579.3+54.7 605+133.1
t-value 264 6.798
p-value 792 .000%**
RDA % 59.4 61.75 72.3 75.6
Vitamin D 5.70£1.6 6.40+£2.06 5.82+1.54 6.31+£1.89
t-value 448 2.407
p-value 485 .022%*
RDA % 67.9 | 71 78.3 79.4
*P<0.05 ** P<0.01 *** P<0.001 NS: Not significant
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Table (8) : Mean £ SD of Minerals intake

Categories Student (No —105) Employee (N -95)
Ostopenia Non- Ostopenia Ostopenia Non- Ostopenia
(no-27) (no-78) (no-42) (no-53)
Parameters Mean + SD Mean = SD Mean + SD Mean + SD
Calcium (mg) 689.5+147.9 898.3+167.6 656.8+108.4 765.8+£131.8
t-value 2.708 2.458
p-value .008** .019%
RDA % 51.54 74.8 54.6 63.7
Phosphorus (mg) 358.9+171.9 377.5+158.2 321.8+58.2 383.9+98.3
t-value 459 957
p-value .647 .346
RDA % 29.7 40.6 26.7 322
Total iron (mg) 10.1£1.35 10.7£1.76 11.50+.1.03 10.18+1.92
t-value 1.147 3568
p-value 254 .000***
RDA % 67.6 75.3 76.7 81.2
Zinc (mg) 5.50+2.04 6.74+.93 5.49+2.38 5.98+1.55
t-value 1.726 757
p-value .087 454
RDA % 62.5 64.5 54.08 58.2
*P<0.05 ** P<0.01 *** P<(.001 NS: Not significant
Table (9) : Mean correlation between nutrient intake and anthropometric
Age Income Weight Height BMI
Protein -.071 -.102 -.044* .056 -014*
Lipid .006 219%* .076 -.087 .034*
Carbohydrate A496%* A50%* 259%* .048* 161
Calcium -.299%** -.065 .087 .043 .026
Phosphorus .198* .163 178%* .005 176%
Iron - 172%* -.380%* -218%* 155 -.243%*
Zinc -.102 -.147 -.070 .102 -211%
Vit . Bl .091 .061 .063 .000 .054
Vit . B2 127 .038 -47 -231%* -.066
Vit. C -.127 - 177* A7 -.080 .035
Vit. D -.030 .079 = 271%* .144 -.174*
Vit. A .103 .041 - 243%%* -.090 -.153
*p <0.05 significant  ** p <0.01 high significant **% p <0.001 very high significant

-negative correlation coefficient

Data present is table (8) show minerals intakes by
ostopenin & non- ostopenin individuals groups . It could
be noticed that the intake of calcium was respectively low
(689.5£147.9, 898.3 + 167.6 and 656.8 + 108.4, 765.8
+131.8) mg/dl by student and employee respectively,
being less than of the RDA. Moreover, the intake of

phosphorus, iron and zinc were less than 100% of the
RDA .

BMI : Body mass index
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Table (9) showed that show the correlation coefficients
between anthropometric indices and nutrients intakes
which revealed that: There was positive significant
correlation between weight and carbolydrates, and
phosphorus while it was negative with iron carbohydrate
and phosphorus and vitamin D. Positive significant
correlation was found between BMI and phosphorus
(0.176) P<0.05. There are positive significant correlations
between age and each of carbohydrate (P<0.01) calcium
(p<0.01) and phosphorus (p<0.05).
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Table (10) show the correlation coefficient between
mineral intakes some blood analysis. Result indicated
There are a positive significant correlations for

that:

Table (10) : Mean correlation between minerals intake and some blood analysis

calcium intake from one side and Hgb from the other
side. There are positive high significant correlation
between iron and Hgb (p < 0.001).

Ca Hgb Glucose Cholesterol
Calcium .203* 261%* .093 154
Phosphorus .075* .092 .079 206%*
Iron -.092 283%* 133 .091
Zinc .106* .074 .056 .209%

* p <0.05 significant ** p <0.01 high significant *** p<0.001 very high significant

Table (11) Distribution of studied sample according to health status and food habits.

) No - 27 No-78 No-42 No-53
Categories . Non- . Non-
osteopenia . osteopenia .
osteopenia osteopenia
parameters No No% No No% No No% No No%
Does anyone in your family suffer from osteoporosis?
Yes 21 77.7 40 513 22 523 14 26.4
No 6 22.3 38 48.7 20 47.6 39 73.6
Are you exposed to sunlight daily?
Yes 11 40.7 45 57.7 10 23.8 17 32.1
No 9 333 8 10.2 15 357 20 37.7
Sometimes 7 25.9 25 32.1 17 40.5 16 30.1
Do you suffer from any of Endocrine disorders ?
Yes 1 3.7 2 2.6 10 23.8 15 28.3
No 26 96.3 76 97.4 32 76.19 38 71.7
Do you suffer from malabsorpation or digestion problem?
Yes 17 62.9 15 19.2 12 28.5 1 20.8
No 5 18.2 35 449 11 26.2 12 22.6
Sometimes 5 18.9 28 359 19 45.23 30 56.60
Do you suffer from diabetes or gout ?
Yes 2 7.5 1 1.3 13 30.9 20 37.7
No 25 92.5 77 98.7 29 69.1 33 62.3
Do you suffer from hypertension?
Yes 1 3.7 2 2.5 10 23.8 10 18.9
No 26 96.3 66 84.6 32 76.2 43 81.1
Do you practice sport or exercise?
Yes 16 59.2 25 32.1 10 23.8 10 18.9
No 8 29.6 30 38.4 11 26.2 22 41.5
Sometimes 3 11.2 23 29.5 21 50 21 39.62
Do you lose some teeth recent ?
Yes 15 55.6 32 41.1 18 42.8 12 22.6
No 12 44.4 46 58.9 24 57.2 41 77.35
Do you have any drugs containing calcium ?
Yes 2 7.4 -- -- 14 333 16 30.18
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Data present in Table (11) show the distribution of
the studied sample according to health status and dietary
habits. The results indicated that: (21) % of participants
do not get sun exposure, which causes osteoporosis,
(70) % of participants did not eat fatty fish (salmon and

sardines), there was a prevalence of thyroid disorders
and Helicobacter pylori infection. (77%) of participants
had a family history of osteoporosis. They also did not
consume sufficient amounts of vitamin D or vitamin C.
Most participants also had malnutrition (74%) .

Categories Student (N — 105) Employee (N —95)
No - 27 No-78 No-42 No-53
osteopenia Non- osteopenia osteopenia Non- osteopenia
Parameters No NO% | No | NO% | No | NO% | Neo NO%
Do you keep drinking tea after eating?
Yes 16 59.2 20 25.6 25 59.5 15 28.3
No 4 14.8 35 449 13 30.95 10 18.86
Sometimes 7 26 23 29.5 4 9.5 28 52.8
Do you suffer from Helicobacter pylori?
Yes 10 37.1 30 38.5 15 35.7 17 32.1
No 17 62.96 48 61.53 27 64.28 36 67.9
Do you have cola or Pepsi products with the meal ?
Yes 20 74.1 50 64.1 10 23.8 19 35.8
No 4 14.8 15 19.2 32 76.2 10 18.8
Sometimes 3 11.1 13 16.7 - 24 45.2
Do you prefer salt foods ?
Yes 12 44.4 20 25.6 16 38.1 9 16.9
No 7 26 45 57.7 14 333 10 18.8
Sometimes 8 29.6 13 16.8 2 4.9 34 64.2
Do you prefer caned food more than fresh ones ?
Yes 15 55.5 41 52.7 15 357 18 339
No 5 18.5 6 7.6 13 30.95 10 18.8
Sometimes 7 26 31 39.7 14 333 25 472
Do you make sure to consume milk or dairy products
daily? 5 18.5 26 333 10 23.8 19 35.8
Yes 15 55.5 30 38.5 16 38.1 12 22.64
No 7 26 21 28.2 16 38.1 22 41.50
Sometimes
Did you have milk in your childhood ?
Yes 20 74.1 50 64.1 14 333 15 28.30
No 2 7.4 5 6.4 17 40.47 9 16.98
Sometimes 5 18.5 23 29.5 11 26.1 29 54.7
Do your food contain animal fats ( meat ) ?
Yes 9 333 20 25.6 17 40.4 13 24.52
No 10 37.1 18 23.1 10 23.8 2 22.6
Sometimes 8 29.6 40 51.3 15 35.7 8 52.8
Do you eat oranges or guava after eating?
Yes 11 40.7 29 37.2 6 14.2 9 16.9
No 16 59.3 30 38.5 16 38.1 13 24.5
Sometimes -- - 19 243 20 47.6 31 58.5
Do you eat fish?
Yes 2 7.4 5 6.4 5 11.9 15 28.3
No 19 70.3 51 65.4 37 88.1 15 28.3
Sometimes 6 223 22 28.2 -- 23 43.4
What kind of bread do you prefer ?
White 11 40.7 35 44.9 18 42.8 19 35.8
Brown 16 59.3 43 55.1 24 57.1 24 64.1
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5. Discussion

Globally, vitamin D insufficiency is a major health
concern. In Saudi Arabia, it is very common in all age
categories, but it is more common in women and children.
vitamin D helped maintain teeth and bone, enhance
immunity, and improve muscle strength . The current
study aimed to find correlation between the dietary
consumption pattern and osteoporosis disease affecting
different individuals in Al Baha region—Saudi Arabian
kingdom .The results from table (1) showed that the
disease was more prevalence among female by 21% and
was the highest.prevalence in the age group of 19 to 60
years. Our data show that Ostopenia is more frequent in
employees than in students 13.5 % as percent of total
sample. Table (2 ) demonstrates that ostopenia increases
with weight gain, and this is more so in overweight
female employees , also female in the age group 40-50
years have higher osteoporosis. This result agree with
Sheu and diamond, (2022) showed that According to a
Saudi Ministry of Health research, women over 50 are
more likely to develop osteopenia and osteoporosis.

Data of table (3) shows low blood calcium in students
and employees and high uric acid levels in the participants
, This is due to the lack of consumption of foods
containing calcium, also lack of exposure to the sun,lt is
commonly recognized that phosphorus and calcium serve
as phenotypic indicators for the production of bones.
This result agree with Bundy et al.,(2017 ) showed that
the level of nutritional knowledge rose among middle-
aged individuals and fell considerably among younger
and older individuals, middle-aged individuals possess
greater nutritional knowledge .

Our current study shows that table (5) triglycerides
and LDL were higher and HDL raostly lower for
employee compared with students with different levels
of significance (p<0.05), This result agree with (Nejla
and Erbe, 2020 ) showed that a lack of vitamin D lowers
the risk of heart failure, protects against cardiovascular
disease and its risk factors, and linked to an increased risk
of cardiovascular disease.

Data of table ( 6 ) show the nutrients intakes by
student and employee . Protein intake was evidently low
when compared with the recommend dietary intake (RDA
, 1999), for ostopenia & non- ostopenia it was lowest
limit recorded , This led to vitamin D deficiency because
vitamin D content was higher in meat than in vegetables
and fruits.

This result agree with Bahrami,et al., (2021) showed
that low energy and protein intake has been suggested to
contribute to the increased incidence of ostopenia in the
elderly. However, the impact of dietary protein on bone
health is still a matter of debate, adequate dietary calcium
intake, appropriate intakes of vegetables and fruit have a
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beneficial effect on bones in boys aged 8-20 y.

The current study demonstrates that the participants’
decreased intake of foods containing vitamins, as they had
a lower percentage of vitamins, especially vitamins A, D,
and C, There are few natural sources of vitamin D, this
led to a deficiency of vitamin D and led to the appearance
of symptoms of osteoporosis. This result agree with
(Alamoudi et al., 2019 ; Kaddam et al., 2017] and
Al-Qahtani et al., 2022) showed that Saudi Arabia have
unacceptably high degrees of vitamin D insufficiency
and vitamin D insufficiency is high due to insufficient
dietary vitamin D intake and lack of sun exposure.

Data present is table (8) shows the intake of calcium
was being less than of the RDA. Moreover, the intake
of phosphorus, iron and zinc were less than 100% of the
RDA. It is well known that calcium and phosphorus are
widely accepted as phenotype markers for bone formation
. This led to a decrease in bone density in the participants,
whether students or employees. This result agree with
(Ministry of Education,2018) showed that vitamin D was
essential in maintaining calcium and phosphate levels,
and crucial for bone and teeth. our research has indicated
that table (9 and 10) shows that there are correlation
between nutrient intake and anthropometric  ,as well
as minerals intake and some blood analysis , There are
positive significant correlations between weight and
each of carbohydrate (P<0.01), calcium (p<0.01) and
phosphorus (p<0.05) while it was negative with iron
carbohydrate and phosphorus and vitamin D, there are
positive high significant correlation between calcium
intake and calcium in the serum (p < 0.001), There are
positive high significant correlation between iron and
Hgb (p < 0.001).

Data present is table (11) showed that (21) % of
participants do not get sun exposure which causes
osteoporosis, 72% were exposed to the common cold as a
result of exposure to vitamin D deficiency . This result
agree with (Martins etal., 2019; Zareefand Jackson 2021)
showed that link between 25-hydroxy vitamin D levels
in the serum and sunlight exposure is more significant
than dietary intake and Vitamin D production in the skin
could be impaired in some situations, such as darker skin
and sunscreen use, according to premenopausal women in
Jeddah, Saudi Arabia, roughly half of study participants
disliked being in the sun, ( 70 ) % of participants did not
eat fatty fish (salmon and sardines), dairy products and
eggs per week, also showed that most sample of students
and employees preferred cola and pepsi (74.1 to 83.3%)
, Most of the weather in Al Baha is cloudy and cold. This
result agree with (Ministry of Education, 2018 ) explain
that residents who live in cloudy areas are more prone to
vitamin D deficiency.
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Most of the study participants take vitamin D tablets
and yet have osteoporosis because they do not take
calcium products, whether tablets or food, These findings
support the findings of a study by Abuobaida, et al., (2021)
, which demonstrated that consuming high-calcium skim
milk helped postmenopausal women reduce the rate of
bone loss at clinically significant lumbar spine and hip
sites. Moreover, supplementing with milk improved the
subjects’ serum 25-hydroxy vitamin D status. or food,
These findings support the findings of a study by Lips
et al., (2019), which demonstrated that consuming high-
calcium skim milk helped postmenopausal women reduce
the rate of bone loss at clinically significant lumbar
spine and hip sites. Moreover, supplementing with milk
improved the subjects’ serum 25-hydroxy vitamin D
status.

In the present study, the results showed that
hyperthyroidism developed bone this change similar to
reported by (Ministry of Education, 2018) .

6. Conclusion

This study was evaluating nutritional habits and its
association with the prevalence of osteoporosis in the Al-
Baha region . The results indicate that Participants had
limited understanding regarding of osteoporosis and its
causes . Most participants had not adequate knowledge
of vitamin D benefits and its effects on maintaining
teeth and bone, enhancing immunity, improving muscle
strength and heart disease. The majority were unaware
of the nutritional sources of vitamin D and calcium.
The number of employees participants diagnosed with
osteopenia was higher than Student, mainly due to
restricted sunlight exposure, lack of intake of milk and
milk products , lack of fish consumption, stomach acid
deficiency , consumption of canned Pepsi and cola
and there was a prevalence of thyroid disorders and
Helicobacter pylori infection, which led to an increased
prevalence of osteoporosis, The study advises eating
fresh vegetables , eating fish twice a week and increased
sun exposure.
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