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ABSTRACT
Introduction: In Côte d'Ivoire, individuals wishing to perform Hajj must undergo medical examinations, including clinical and biological tests. A brief laboratory assessment includes tests for diabetes mellitus, hepatic and renal status, and anaemia. However, these medical results are not integrated into the selection decision-making process.  
Aim: This study aimed to determine the relevance of the biochemical profile of Hajj candidates in light of their age and the difficult conditions in which they are performed, which may decompensate for pre-existing pathologies. 
Materials and Methods: This descriptive retrospective study examined the medical records of 1511 Hajj candidates in 2012. Based on the inclusion criteria, 674 participants were selected for the study. The records included medical history, clinical examination, and the results of biochemical blood tests performed at the laboratory of the National Institute of Public Hygiene in Abidjan, Côte d'Ivoire.
Results: The average age of the population was 52 years. Anaemia was observed in 50.7% of the cases. High blood glucose levels were found in 13.9% of cases, and awareness of the candidates' diabetic status was 9.8%. The frequency of high blood pressure (HBP) was 44.4%. High blood creatinine and urea nitrogen levels were common, occurring in 24% and 23.7% of patients, respectively. An association between elevated blood creatinine and elevated blood urea nitrogen levels was noted in 17.9% of the candidates, suggesting renal failure requiring further investigation. The frequencies of increased aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were 8% and 12.3%, respectively.
Conclusion:  The study revealed that a substantial proportion of candidates were unaware of their health status prior to Hajj. Laboratory tests indicated a higher prevalence of chronic pathologies compared to clinical examinations or patient self-reports. Furthermore, older candidates exhibited more frequent biological disorders, thereby increasing the risk of decompensation during the Hajj. Additionally, 43% of the candidates exhibited unrecognised high blood glucose or elevated transaminase levels, suggesting potential undiagnosed diabetes or liver dysfunction. There was a frequent occurrence of elevated blood urea nitrogen and creatinine levels, indicating possible renal dysfunction in some candidates. The results highlight the importance of enhancing health awareness initiatives aimed at future pilgrimages. It is crucial to offer customised medical assistance and interventions, especially for older pilgrims. 
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1. [bookmark: _Toc256000012]INTRODUCTION

Globally, 1.6 billion Muslims desire to perform Hajj at least once in their lifetime. The congregational act of worship that takes place in the Kingdom of Saudi Arabia is one of the largest human gatherings, with an estimated two to three million pilgrims annually (Ramli et al., 2022). However, pilgrimages may involve overcrowding, national and international movement of people that exposes individuals to the risk of communicable diseases, environmental hazards arising from the effects of adverse weather conditions, transport-related hazards, stampedes and physical and mental stress that may be precipitated by the demands of the rituals, and exacerbation of pre-existing medical conditions (Parker et al., 2024). The pilgrimage to Mecca, known as Hajj, is a significant religious event that attracts millions of Muslims annually. However, the physical demands of this journey can pose health risks, particularly to older pilgrims.  The arduous nature of the trek, often involving long distances, challenging terrain, and varying weather conditions, can exacerbate existing health issues or trigger new ones (Aldossari et al., 2019; Yezli et al., 2024). Cardiovascular strain, dehydration, heat exhaustion, and musculoskeletal injuries are common concerns (Gautret et al., 2009; Samarkandi et al., 2025). Additionally, crowded conditions and close proximity to other pilgrims can increase the risk of infectious disease transmission (Haseeb et al., 2023).To mitigate these health risks, pilgrims undergo thorough medical evaluations before embarking on their journeys. Proper preparation, including physical conditioning, is expected to reduce the likelihood of health complications.  One of the ways to overcome these problems is to identify facilitators and implement measures that can help mitigate the challenges faced during the Pilgrimage (Moulaei et al., 2024). Understanding the health status of pilgrims before their journey is crucial for implementing effective preventive measures and ensuring their safety during this spiritually important but physically challenging pilgrimage (Yezli et al., 2021). 
In Côte d'Ivoire, individuals wishing to perform Hajj must undergo medical examinations, including clinical and biological tests. A brief laboratory assessment includes tests for diabetes mellitus, hepatic and renal status, and anaemia. However, these medical results are not integrated into the selection decision-making process.  It is unknown whether laboratory profiles correlate with clinical assessments and patient medical statements. In addition, it is unknown whether the summary laboratory assessment of Hajj candidates in Côte d'Ivoire can be used to predict potential health decompensation during the pilgrimage or whether older pilgrims are at greater risk of decompensation. Due to an age-related weakening of the general metabolic balance and immune system, we assume that older pilgrims may be more susceptible to diseases that could not be revealed by clinical examination and patient verbal statements. Therefore, this study aimed to determine the relevance of the summary laboratory assessment of Hajj candidates in Côte d'Ivoire in screening for chronic frequent diseases. Specifically, the aim was to identify biological disturbances and determine potential associations between the laboratory profile, clinical assessment, verbal medical statements, and potential decline.

2. [bookmark: _Toc256000013]MATERIALS AND METHODS

2.1 Study design, variables and selection criteria 

The present study utilised a retrospective descriptive design to analyse the medical records of Hajj candidates from 2012, as documented at the National Institute of Public Hygiene in Abidjan (INHP), Côte d'Ivoire. A total of 1511 Hajj candidates underwent biological assessments at the INHP. The inclusion criteria stipulated that candidates must have completed biological assessments at the INHP laboratory, with medical records encompassing results for all biological parameters recommended by the Hajj Commission, including hemogram, blood urea nitrogen, blood glucose, blood creatinine, and blood transaminases (Alanine Aminotransferase (ALAT) and Aspartate Aminotransferase (ASAT)), and the requisite sociodemographic and clinical data. The sociodemographic data collected comprised age and sex, while clinical data included systolic and diastolic blood pressure, personal medical history, and any ongoing pharmacological treatment for chronic conditions. Data on high blood pressure were obtained through personal medical history as declared by the patient (verbal-stated) and by measurement using a sphygmomanometer. Diabetes was identified based on the personal medical history declared verbally by the pilgrimage candidate. Suspected cases of diabetes were identified using blood glucose measurements.

2.2 Biological material and laboratory analysis 

The biological assessment included the quantification of blood haemoglobin (Hb), urea, glucose, and creatinine levels, as well as the activity of serum alanine aminotransferase (ALAT) and aspartate aminotransferase (ASAT). Haemoglobin concentrations were measured using the Drakbin colorimetric method on an SF-3000 automaton (SYSMEX). For biochemical parameters, the FULLY automaton from Biosystems was used. Enzymatic methods were used to measure glucose, urea, and transaminases, while the Jaffé colourimetric method was used for creatinine determination. The raw quantitative results of the biological analyses were categorised into qualitative data and interpreted according to the pathological threshold values presented in Table I (Hasumi & Jacobsen, 2012; Raoul, 1980). (Table I).


Table I: Threshold values used to categorise quantitative variables into pathological qualitative variables

	Clinical and Biological Variables
	Normal value
	Pathological threshold values

	Pression artérielle systolique (PAS) mm Hg
Pression artérielle diastolique (PAD) mm Hg
	< 120
< 85
	Low blood pressure : PAS < 100 or PAD < 60 
High blood pressure : PAS ≥ 140 and/or  PAD ≥ 90 

	Haemoglobin rate (g/dl)
	Male: 13-18
Female: 12-16
	Male Anemia: < 13
Female Anemia: < 12

	Blood glucose (g/l)
	0.70- 1.10
	Hypoglycemia: < 0.70
Suspected glucose intolerance : [1.10- 1.25]
Suspected Diabetes Mellitus : ≥ 1.26

	Blood Urea Nitrogen (g/l)
	0.10- 0.32
	High blood urea nitrogen : > 0.35

	Blood Creatinine (mg/l)
	5-12
	High blood creatinine : > 14

	Transaminase ALAT (UI/L)
	5- 42
	Elevated ALAT : > 42

	Transaminase ASAT (UI/L)
	7- 52
	Elevated ASAT : > 52




2.3 Data analysis 

Statistical analyses were conducted using Epi Info 2000, version 3.5.1. Chi-square and Fisher’s exact tests were employed to compare frequencies and evaluate associations between variables, with a significance threshold set at 5%.
3. [bookmark: _Toc256000014]RESULTS AND DISCUSSION

3.1 Results

3.1.1 Clinical features 

Based on our inclusion criteria, we selected 674 participants for our study, which constituted 44.6% of the 2012 Hajj candidates. The proportion of male participants was 49%. The average age of the participants was 52 years, which is slightly above the life expectancy in Côte d'Ivoire, which was 50 years.
Among the candidates, 45% exhibited blood-pressure disorders. The medical history indicated that 12.6% had hypertension, 5.49% had diabetes mellitus, and 1.63% had heart disease. Approximately one-third (31.8%) of the study population presented with blood pressure readings that were indicative of potential hypertension. The majority of candidates (71.6%) with elevated blood pressure levels were identified during blood pressure assessments conducted during the pre-pilgrimage consultation (Table II).

Table II: Distribution of high blood pressure

	
	% of all candidates (n=674)
	% of those with HBP (n=299)

	Verbal-stated HBP
	12.6
	28.4

	Screened HBP
	31.8
	71.6

	Total (%)
	44.4
	100
















3.1.2 Biological morbidity 

Anaemia was the most prevalent biological disturbance, followed by abnormalities in renal assessment parameters (Table III).
Table III: Distribution of biological disorders
	Biological disorder
	%
Frequency 
(n=674)

	Anemia
	51

	High blood creatinine (> 14 mg/l) 
	24

	High blood urea nitrogen (> 0.35 g/l) 
	23.7

	High blood ALAT activity (> 60 U/l) 
	12.3

	High blood ASAT activity (> 64 U/l) 
	8

	Suspected diabetes mellitus (> 1.26 g/l) 
	7.7

	Moderate hyperglycemia (1.10 – 1.26 g/l) 
	6.2

	Hypoglycemia (< 0.70 g/l) 
	4.3





3.1.3 Blood glucose disorders 

The frequency of high blood glucose levels in our population was approximately 10%. Notably, 4.3% of the pilgrim candidates and 43% of individuals with diabetes and high blood glucose levels ignored this condition (Table IV).
Table IV: Distribution of blood glucose disorders
	
	Percentage among all candidates (n=674)
	Percentage among hyperglycemias (n=66)

	Verbal-stated diabetic
	5.5
	56.1

	Blood glucose disorder was detected during the visit
	4.3
	43.9

	Total
	9.8
	100


There was a significant correlation between high blood glucose and the age of the participants; as age increased, the incidence of high blood glucose levels also increased (Table V).

Table V: Distribution of blood glucose disorders according to age
	Age group (years)
	% Normoglycemia [0.70-1.10] g/l
	% Hyperglycemia
(≥ 1.10 g/l)
	%
Total
(n=645)
	Khi² test

	[15-35[
	96.7
	3.7
	100
	P = 0.0159

	[35-50[
	88.5
	11.5
	100
	

	[50-65[
	81.5
	18.5
	100
	

	≥ 65
	86.5
	13.5 
	100
	

	TOTAL
	86
	13.9
	100
	





3.1.4 Prevalence of signs in favor of potential kidney and liver diseases 

The frequency of high blood urea nitrogen was inversely associated with the age of the pilgrim candidates; high blood urea nitrogen was more frequent in candidates under 50 years old (Table VI).

Table VI: Distribution of blood urea nitrogen disorders according to age
	Age group (years)
	% High blood urea nitrogen (> 0.35 g/l)
	% Normal blood urea nitrogen
	%
Total (n=674)
	Khi2 test

	[15 – 50[
	29
	71
	100
	p = 0.00558

	≥ 50
	19.8
	80.2
	100
	

	Total
	23.7
	76.3
	100
	 






The frequency of high blood creatinine levels was inversely associated with the age of the pilgrim candidates: high blood creatinine levels were more frequent in candidates under 50 years old (Table VII). 

Table VII: Distribution of blood creatinine disorders according to age
	Age group (years)
	% High blood creatinine (> 14 mg/l)
	% Normal blood creatinine
	%
Total 
(n=674)
	Khi2 test

	 [0 – 50[
	29.3
	70.7
	100
	p = 0.00535

	≥ 50
	20
	80
	100
	

	TOTAL
	24
	76
	100
	




The frequency of high blood creatinine levels was positively associated with the frequency of high blood urea nitrogen levels (Table VIII). This is indicative of potential kidney disease. Similarly, we found an association between ALAT and ASAT hypertransaminasemia, suggesting hepatocytolysis (Table IX).

Table VIII: Distribution of blood creatinine disorders according to blood urea nitrogen
	
	% Normal blood urea nitrogen
	% High blood urea nitrogen
	%
Total 
(n=674)
	Khi2 test

	% Normal blood creatinine
	91
	9
	100
	 p = 0.000

	% High blood creatinine
	29.6
	70.4
	100
	

	Total
	76.3 
	23.7
	100
	 








Table IX: Distribution of transaminases activities
	
	% Normal blood ASAT activity
	% High blood ASAT activity
	%
Total 
(n=674)
	Khi2 test

	% Normal blood ALAT activity
	97
	3
	100
	p < 0.001

	% High blood ALAT activity
	56.6
	43.4
	100
	




3.1.5 Age-related Prevalence of anaemia 

Anaemia was present in more than half of the study participants. A statistically significant relationship was identified between age and anaemia prevalence, with the occurrence of anaemia increasing with age (Table X).
Table X: Distribution of anaemia
	Age group (years)
	 % Anemia (n=674)
	Khi2 test

	[15-35[
	38.2
	p < 0.001

	[35-50[
	43.4
	

	[50-65[
	53.9
	

	≥ 65
	66.4
	

	TOTAL
	51
	 













3.2 [bookmark: _Toc256000015]Discussion

Individuals preparing for the Hajj pilgrimage constitute 25% of those aged over 65 years, with a significant proportion experiencing chronic illnesses, particularly non-communicable diseases (NCDs), which are the predominant cause of mortality globally (Aldossari et al., 2019; Yezli et al., 2021; Samarkandi et al., 2025). Hajj rituals necessitate considerable physical exertion under extreme climatic conditions, potentially exacerbating pre-existing chronic conditions among pilgrims. Consequently, it is imperative for individuals to be aware of their health status before embarking on Hajj. This study aimed to assess the importance of implementing a brief biological evaluation for Hajj candidates in the Ivory Coast to identify the most common chronic metabolic or organic diseases. Such evaluations could potentially reduce the risk of exacerbating chronic illnesses that may have been stabilised or previously undiagnosed.
Our study revealed that over 55% of Hajj applications registered in 2012 were excluded due to incomplete medical records. This finding indicates a lack of emphasis placed by applicants on pre-Hajj medical examinations.
The mean age of the study population, 52 years, exceeded the life expectancy in Côte d'Ivoire, which was recorded as 50 years in 2012 (Ref). Based on the mean age, it is evident that the group of pilgrim candidates represents a medically vulnerable population (Mostafa et al., 2023; Sohail et al., 2025). A substantial segment of this cohort demonstrated risk factors for non-communicable diseases of which they were previously unaware, including hypertension, blood glucose disorders, blood creatinine disorders, and blood urea nitrogen disorders (Table I and Table II). These are all risk factors for diabetes mellitus, kidney failure and cardiovascular diseases.
In the epidemiological landscape of Côte d’Ivoire, several factors may account for the concurrent elevation of blood transaminase levels. Malaria, viral hepatitis types A, B, and C, exposure to industrial chemicals, and the use of traditional herbal medicines are potential contributors to liver dysfunction. Moreover, the prevalence of non-alcoholic fatty liver disease (NAFLD) is increasing, attributed to the rising rates of obesity and metabolic syndrome within the country (Fu et al., 2022; Suciu et al., 2020). Additionally, limited access to healthcare facilities and diagnostic tools may result in the underdiagnosis of liver conditions, potentially obscuring the true magnitude of the issue (Leibenguth et al., 2024).

In a mass screening context, glucose metabolism disorders detected during the visit and verbal declarations of prior diabetes diagnosis can be cautiously suspected as diabetes mellitus. They represented 9.8% of pilgrims. The observed prevalence aligns with the range reported in numerous other studies (Gautret et al., 2009; Samarkandi et al., 2025; Yezli et al., 2021). Furthermore, approximately 43.9% of suspected diabetes mellitus cases were identified during the biological assessment, underscoring the necessity of pre-pilgrimage screenings (Table II). Blood glucose disorders, which increase with age, were more prevalent among individuals aged 50–65 years. These findings have been observed in several other studies (Halter et al., 2014; Naito et al., 2023). The presence of high blood glucose levels in individuals presumed to be fasting necessitates further biological investigations to assess the potential for diabetes mellitus.
The frequencies of elevated blood urea nitrogen and creatinine levels were inversely and statistically correlated with age (Tables IV and V). This unexpected finding may be attributable to a confounding variable, specifically the increased mortality associated with advancing age (You et al., 2017; ). Furthermore, the parameters of renal function assessment, specifically blood urea nitrogen and creatinine levels, were significantly associated (Table VI). This finding suggests a decrease in renal blood filtration, indicating the potential presence of chronic renal disease in certain pilgrim candidates (Murata et al., 2018).
The prevalence of the observed disorders is of significant interest to medical teams providing care to pilgrims during Hajj. Anaemia emerged as the most common biological disturbance, followed by abnormalities in renal function parameters, specifically high blood creatinine and urea nitrogen levels. Anaemia, encompassing all etiologies, constituted more than half of the pathological disorders.
Many pilgrims were affected by chronic illnesses. It is advisable to implement additional measures, such as education and management, before Hajj. Pilgrimage organisers and healthcare providers should work together to implement preventive measures, such as providing adequate medical facilities along the route and offering health education to participants. By proactively addressing these health concerns, the spiritual experience of the pilgrimage can be preserved while minimising potential negative health outcomes.



4. [bookmark: _Toc256000016]CONCLUSION

This study highlights the importance of comprehensive pre-Hajj medical evaluations of pilgrimage candidates in Côte d'Ivoire. The findings revealed that a significant proportion of candidates were unaware of underlying health conditions that could pose risks during the physically demanding Hajj journey. Key findings from the study include the following: a significant prevalence of undiagnosed hypertension was observed during pre-pilgrimage consultations. Additionally, 43% of the candidates exhibited unrecognised high blood glucose or elevated transaminase levels, suggesting potential undiagnosed diabetes or liver dysfunction. There was a frequent occurrence of elevated blood urea nitrogen and creatinine levels, indicating possible renal dysfunction in some candidates. Anaemia was present in over half of the study participants. This study demonstrated that laboratory tests often reveal more chronic pathologies than clinical examinations or patient-reported histories alone. Given that the average age of candidates exceeded the life expectancy in Côte d'Ivoire, this population represents a medically vulnerable group that requires special attention. The frequency of biological disorders increased with age, indicating a higher risk of health decompensation during Hajj for older pilgrims. These findings underscore the necessity for enhanced pre-Hajj health screening protocols, which should encompass comprehensive biochemical profiling. Additionally, there is a need for increased health awareness programs that target prospective pilgrims. Tailored medical support and interventions should be provided, particularly for older pilgrims. By implementing these measures, health authorities can more effectively identify individuals at risk, offer appropriate pre-travel counselling, and potentially mitigate the incidence of health complications during the Hajj pilgrimage.
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