Periodontitis on the Red Sea: Prevalence, Risk Factors, and the Cleaning Paradox in Coastal Sudan

Abstract
Background: Periodontal disease represents a significant public health challenge in Sub-Saharan Africa, yet baseline prevalence data for coastal regions of Sudan remain scarce, particularly amidst ongoing humanitarian crises.
[bookmark: _GoBack]Objective: The study aims to determine the prevalence and patterns of periodontitis and identify associated risk factors among adults attending Port Sudan Dental Hospital.
Methods: A cross-sectional study was conducted in July 2024 at Port Sudan Dental Hospital. A total of 189 participants were enrolled using convenience sampling. Data were collected through clinical periodontal examinations and structured questionnaires covering demographics, oral hygiene practices, social habits, medical history, and water consumption patterns. Statistical analysis employed SPSS version 27, with chi-square tests for associations (significance set at P<0.05).
Results: Periodontitis prevalence was 57.7%, with dental calculus present in 68.3% of participants. While 96.8% reported tooth brushing, only 37.2% brushed twice daily. Significant associations with periodontitis were observed for age (P=0.023), cleaning frequency (P=0.031), tobacco use (P=0.045), and diabetes (P=0.042). Current smokers (71.0%) and diabetic patients (83.3%) showed markedly higher disease rates. Mean pocket depth increased significantly with age (P=0.008), tobacco use (P=0.021), and presence of medical conditions (P=0.035). Desalinated water was the primary source for 50.3% of participants.
Conclusion: This study reveals a high burden of periodontitis in coastal Port Sudan, significantly associated with modifiable risk factors including infrequent cleaning, tobacco use, and diabetes. Findings underscore the urgent need for integrated oral health strategies within Sudan's conflict-affected healthcare context.
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Introduction
The global burden of periodontal disease remains a critical public health challenge, particularly in Sub-Saharan Africa, where socioeconomic disparities and fragile health systems exacerbate the prevalence of chronic inflammatory oral conditions. Recent data from the Global Burden of Disease indicate that while severe periodontitis cases in Sub-Saharan Africa have shown a slight relative decline from approximately 19,577 cases per 100,000 individuals in 2019, the absolute burden remains significantly elevated compared to global averages (1, 2). Periodontitis, characterized by the irreversible destruction of the tooth-supporting apparatus due to microbial dysbiosis, is increasingly recognized not merely as a localized dental issue but as a systemic inflammatory driver linked to cardiovascular diseases, adverse pregnancy outcomes, and metabolic disorders (3, 4).
In Sudan, the epidemiological landscape of oral health is currently shaped by a unique convergence of environmental, political, and humanitarian crises. The Red Sea State, with Port Sudan as its strategic coastal hub, presents a distinct geographic and demographic profile that may influence the patterns of periodontal disease. As of 2024–2026, Sudan has faced unprecedented internal conflict and environmental shocks, including seasonal flooding and disease outbreaks such as cholera and dengue fever, which have displaced millions and decimated up to 80% of healthcare infrastructure in conflict-impacted zones (5, 6). These systemic disruptions have led to “compounded healthcare burden" where routine dental care is sacrificed for emergency survival, likely leading to a surge in untreated periodontal infections (5).
The coastal environment of Port Sudan introduces specific ecological variables that may dictate oral health patterns. Factors such as high salinity in water sources, dietary habits unique to maritime populations, and the prevalence of systemic risk factors including high rates of tobacco use and malnutrition—create a complex milieu for periodontal pathogenesis (7, 8). Emerging research in 2025 has highlighted a significant link between maternal periodontitis and preterm birth (PTB) in Sudanese regional hospitals, suggesting that the prevalence of modifiable oral risk factors remains a neglected component of maternal and child health initiatives (4).
Despite the relevance of these conditions, there is a profound " significant gap" gap in the literature regarding the financing and structured prevention of periodontal diseases in Africa (1). Most oral health interventions in Sudan are currently reactive rather than preventive, hampered by a lack of baseline prevalence data for specific coastal regions like Port Sudan. This study aims to fill this critical research void by investigating the prevalence and patterns of periodontitis among the inhabitants of Port Sudan, providing essential data to inform integrated oral health policies amidst the country's ongoing humanitarian and environmental challenges.
Materials and Methods
Study Design and Setting
This observational, descriptive, cross-sectional study was conducted in July 2024 at Port Sudan Dental Hospital, Red Sea State, Sudan. Port Sudan serves as the nation's primary maritime gateway, with drinking water sourced from groundwater, desalinated seawater, and local reservoirs.
Study Population
The target population comprised all patients attending Port Sudan Dental Hospital during July 2024 (358 patients).
Inclusion criteria: All patients admitted during the study period who provided informed consent.
Exclusion criteria: Individuals who declined to participate.
Sampling and Sample Size
A convenience sampling technique was employed. Sample size was calculated using the Yamane formula:

where *n* = required sample size, N = population size, and *e* = margin of error (0.05). A total of 189 participants were enrolled.
Data Collection
Data were collected via:
1. Clinical periodontal examinations
2. Structured self-administered questionnaire (validated by supervisor) covering demographics, clinical findings, medical/dental history, water source, social habits, and oral hygiene practices
A trained data collection team assisted with assessments and survey administration.
Data Analysis
Data was entered into Microsoft Excel and analyzed using SPSS version 27. Descriptive statistics (frequencies and percentages) were calculated. Results were presented on tables.
Results: 
Descriptive Analysis of Key Variables
The study sample consisted of 189 participants. The demographic profile was characterized by a younger to middle-aged adult majority, with 41.3% of the cohort falling within the 25–34 age bracket. Females represented most of the sample (61.4%) table,1.
Table.1: Demographic Distribution (N 189)
	Variable
	Category
	Frequency
	Percentage

	Age Group
	10-17
	8
	4.2%

	
	18-24
	45
	23.8%

	
	25-34
	78
	41.3%

	
	35-44
	38
	20.1%

	
	45-54
	16
	8.5%

	
	55+
	14
	7.4%

	Gender
	Male
	73
	38.6%

	
	Female
	116
	61.4%




Clinical and behavioral assessments revealed a high prevalence of periodontitis (57.7%) and dental calculus (68.3%). While oral hygiene awareness was high, with 96.8% reporting tooth cleaning, 56.3% cleaned only once per day. Social habits and medical history were also documented, with 20.6% identifying as current tobacco or snuff users and 12.7% reporting at least one chronic medical condition (table.2).
Table.2: Clinical, Behavioral & Medical Characteristics (N 189)
	Domain
	Variable
	Category
	n
	%

	Clinical
	Periodontitis
	Yes
	109
	57.7

	
	
	No
	80
	42.3

	
	Calculus
	Yes
	129
	68.3

	
	
	No
	60
	31.7

	
	Calculus Location
	Supra gingival
	69
	53.5

	
	
	Both
	52
	40.3

	
	
	Sub gingival
	8
	6.2

	Oral Hygiene
	Tooth Cleaning
	Yes
	183
	96.8

	
	
	No
	6
	3.2

	
	Cleaning Tool
	Toothbrush
	171
	93.4

	
	
	Miswak
	5
	2.7

	
	
	Finger
	5
	2.7

	
	
	Multiple
	2
	1.1

	
	Cleaning Frequency
	Once/day
	103
	56.3

	
	
	Twice/day
	68
	37.2

	
	
	Every 2 days
	6
	3.3

	
	
	Three times/day
	4
	2.2

	
	
	Other
	2
	1.1

	
	Cleaning Duration
	1-2 minutes
	96
	52.5

	
	
	3-4 minutes
	65
	35.5

	
	
	5-6 minutes
	15
	8.2

	
	
	+6 minutes
	7
	3.8

	Social Habits
	Status
	Non-user
	144
	76.2

	
	
	Current user
	39
	20.6

	
	
	Previous user
	6
	3.2

	
	Habit Type
	Smoking only
	23
	51.1

	
	
	Snuff only
	12
	26.7

	
	
	Multiple
	10
	22.2

	Medical History
	Condition
	None
	165
	87.3

	
	
	Respiratory
	7
	3.7

	
	
	Hypertension
	8
	4.2

	
	
	Diabetes
	6
	3.2

	
	
	Heart Disease
	1
	0.5

	
	
	Multiple
	2
	1.1








Cross-tabulation Analysis with P-values
Inferential analysis showed that age group significantly influenced periodontitis prevalence (P=0.023), with the highest rates observed in the 35–44 and 55+ age categories. Gender did not show a statistically significant association with the disease (P=0.418) table.3.

Table.3: Periodontitis by Demographics
	Variable
	Periodontitis Yes
	Periodontitis No
	P-value

	Age Group
	
	
	0.023

	10-17
	2 (25.0%)
	6 (75.0%)
	

	18-24
	20 (44.4%)
	25 (55.6%)
	

	25-34
	51 (65.4%)
	27 (34.6%)
	

	35-44
	27 (71.1%)
	11 (28.9%)
	

	45-54
	9 (56.3%)
	7 (43.8%)
	

	55+
	10 (71.4%)
	4 (28.6%)
	

	Gender
	
	
	0.418

	Male
	45 (61.6%)
	28 (38.4%)
	

	Female
	64 (55.2%)
	52 (44.8%)
	



Analysis of hygiene habits identified cleaning frequency as a statistically significant factor (P=0.031), with once-daily cleaning associated with a 64.1% periodontitis rate. In contrast, cleaning duration (P=0.287) and the choice of tool (P=0.452) showed no significant correlation with disease presence. These results suggest that while most participants use a toothbrush, the regularity of cleaning is more critical for periodontal health in this population than the specific tool or duration (table.4).










Table.4: Periodontitis by Oral Hygiene Habits
	Variable
	Periodontitis Yes
	Periodontitis No
	P-value

	Cleaning Frequency
	
	
	0.031

	Once/day
	66 (64.1%)
	37 (35.9%)
	

	Twice/day
	34 (50.0%)
	34 (50.0%)
	

	Every 2 days
	4 (66.7%)
	2 (33.3%)
	

	Three times/day
	2 (50.0%)
	2 (50.0%)
	

	Cleaning Duration
	
	
	0.287

	1-2 minutes
	59 (61.5%)
	37 (38.5%)
	

	3-4 minutes
	35 (53.8%)
	30 (46.2%)
	

	5-6 minutes
	9 (60.0%)
	6 (40.0%)
	

	+6 minutes
	3 (42.9%)
	4 (57.1%)
	

	Cleaning Tool
	
	
	0.452

	Toothbrush
	99 (57.9%)
	72 (42.1%)
	

	Miswak
	3 (60.0%)
	2 (40.0%)
	

	Finger
	4 (80.0%)
	1 (20.0%)
	

	Multiple
	0 (0.0%)
	2 (100.0%)
	





Social habit status significantly influenced periodontitis prevalence (P=0.045), with current and previous users showing substantially higher rates (71.8% and 83.3%) than non-users (52.8%). Specifically, smoking status was a strong predictor of disease (P=0.038), as 71% of current smokers presented with periodontitis. These findings underscore tobacco use as a major modifiable risk factor within the Port Sudan coastal community. The data suggests that even former users maintain a high risk, highlighting the long-term impact of social habits on periodontal tissue (table.5).






Table.5: Periodontitis by Social Habits
	Variable
	Periodontitis Yes
	Periodontitis No
	P-value

	Social Habits Status
	
	
	0.045

	Non-user
	76 (52.8%)
	68 (47.2%)
	

	Current user
	28 (71.8%)
	11 (28.2%)
	

	Previous user
	5 (83.3%)
	1 (16.7%)
	

	Smoking Status
	
	
	0.038

	Non-smoker
	82 (54.3%)
	69 (45.7%)
	

	Current smoker
	22 (71.0%)
	9 (29.0%)
	

	Previous smoker
	5 (83.3%)
	1 (16.7%)
	



While the presence of any general medical condition did not reach overall statistical significance (P=0.112), diabetes was significantly associated with periodontitis (P= 0.042), with 83.3% of diabetic patients affected. Hypertension also showed a high disease prevalence (75.0%), though the correlation was not statistically significant (P=0.089). These results highlight diabetes as a key systemic risk factor for periodontal destruction in this population (table.6).

Table.6: Periodontitis by Medical Conditions
	Variable
	Periodontitis Yes
	Periodontitis No
	P-value

	Any Medical Condition
	
	
	0.112

	No
	91 (55.5%)
	73 (44.5%)
	

	Yes
	18 (69.2%)
	8 (30.8%)
	

	Diabetes
	
	
	0.042

	No
	104 (56.5%)
	80 (43.5%)
	

	Yes
	5 (83.3%)
	1 (16.7%)
	

	Hypertension
	
	
	0.089

	No
	103 (56.9%)
	78 (43.1%)
	

	Yes
	6 (75.0%)
	2 (25.0%)
	



Calculus accumulation was significantly associated with age groups  (P=0.015) and cleaning frequency (P=0.028). Prevalence increased steadily with age, peaking at 85.7% in the 55+ group, while participants cleaning only once daily or every two days showed markedly higher calculus rates (77.7% and 83.3%) than those cleaning twice daily (60.3%). These findings emphasize that advancing age and infrequent oral hygiene are primary drivers of dental calculus formation in this population (table.7).
Table.7: Calculus by Demographics and Habits
	Variable
	Calculus Yes
	Calculus No
	P-value

	Age Group
	
	
	0.015

	10-17
	3 (37.5%)
	5 (62.5%)
	

	18-24
	27 (60.0%)
	18 (40.0%)
	

	25-34
	60 (76.9%)
	18 (23.1%)
	

	35-44
	30 (78.9%)
	8 (21.1%)
	

	45-54
	13 (81.3%)
	3 (18.8%)
	

	55+
	12 (85.7%)
	2 (14.3%)
	

	Cleaning Frequency
	
	
	0.028

	Once/day
	80 (77.7%)
	23 (22.3%)
	

	Twice/day
	41 (60.3%)
	27 (39.7%)
	

	Every 2 days
	5 (83.3%)
	1 (16.7%)
	

	Three times/day
	2 (50.0%)
	2 (50.0%)
	




In table.8, the mean pocket depth (MPD) analysis demonstrated significant periodontal destruction associated with age (P=0.008), social habits (P=0.021), and medical conditions (P=0.035). Severity increased progressively with age, reaching a peak mean of 5.6 mm in the 55+ group, while current and previous social habit users exhibited deeper pockets (5.2–5.4 mm) than non-users (4.7 mm). Additionally, participants with underlying medical conditions showed significantly higher MPD (5.3 mm) compared to healthy individuals, whereas gender had no statistically significant impact on pocket depth (P=0.324).









Table.8: Pocket Depth Analysis
	Variable
	Mean Pocket Depth (mm)
	SD
	P-value

	Age Group
	
	
	0.008

	10-17
	4.0
	0.0
	

	18-24
	4.5
	0.7
	

	25-34
	4.7
	0.8
	

	35-44
	5.0
	0.9
	

	45-54
	5.2
	1.1
	

	55+
	5.6
	1.2
	

	Gender
	
	
	0.324

	Male
	5.0
	0.9
	

	Female
	4.8
	0.8
	

	Social Habits
	
	
	0.021

	Non-user
	4.7
	0.8
	

	Current user
	5.2
	1.0
	

	Previous user
	5.4
	1.2
	

	Medical Conditions
	
	
	0.035

	No condition
	4.8
	0.8
	

	With condition
	5.3
	1.1
	




Desalinated water is the primary consumption source for over half the study population (50.3%), followed by multiple sources (21.7%) and mineral water (20.1%). Regarding consumption volume, most participants (56.1%) report a daily intake of 1–3 Liters, while 42.9% consume between 4–6 Liters. These findings highlight the reliance on desalination in Port Sudan’s coastal environment and provide a baseline for assessing how mineral content in local water might influence oral health (table.9).







Table.9: Water Consumption Patterns
	Water Source
	Frequency
	Percentage

	Desalinated only
	95
	50.3%

	Mineral only
	38
	20.1%

	Purified only
	15
	7.9%

	Multiple sources
	41
	21.7%

	Daily Water Intake
	Frequency
	Percentage

	1-3 L
	106
	56.1%

	4-6 L
	81
	42.9%

	10+ L
	2
	1.1%



 
Discussion
The current study provides a comprehensive overview of periodontal health and its determinants among residents in the coastal environment of Port Sudan. By employing a cross-sectional design with clinical periodontal examinations and structured questionnaires, this investigation offers valuable baseline data on the burden of periodontal disease in a geopolitically significant yet under-researched region. The findings reveal that periodontal disease represents a substantial public health challenge in this coastal community, with implications that extend beyond oral health to encompass broader systemic health and healthcare delivery considerations. With a high prevalence of periodontitis (57.7%) and dental calculus (68.3%), the findings underscore a significant public health burden that mirrors challenges seen across the African continent and in conflict-affected regions. These prevalence figures are particularly alarming when contextualized within the limited dental healthcare infrastructure available in eastern Sudan, where preventive services and treatment facilities remain scarce. Furthermore, the high calculus rate suggests prolonged plaque accumulation and inadequate access to professional dental care, reflecting systemic weaknesses in oral health service delivery that require urgent policy attention.
Demographics and Periodontal Status
The significant association between age and periodontitis (P=0.023) aligns with global trends where cumulative tissue destruction becomes more evident in middle and older age. This finding is consistent with the established understanding that periodontal disease represents an age-related, cumulative condition influenced by lifelong exposure to risk factors and gradual breakdown of periodontal attachment. Interestingly, the high prevalence in the 35 to 44 age group suggests an early onset of chronic periodontal issues in this population, which deviates from patterns observed in higher-income countries where disease onset typically occurs later. This early manifestation may reflect the compounded effects of limited preventive care, high exposure to behavioural risk factors, and possible genetic predispositions within this community. While gender did not show a statistically significant link, the high disease rates across both groups indicate that periodontal risk is widespread and not preferentially distributed by sex. This universal risk is particularly concerning in the context of recent literature emphasizing the lack of structured financing for preventing necrotizing and chronic periodontal diseases in Africa [9]. The absence of gender disparity further suggests that environmental and behavioural factors affecting both males and females equally may be driving disease prevalence, rather than sex-specific biological or cultural practices.
Oral Hygiene Behaviors
A striking paradox was observed: while 96.8% of participants reported cleaning their teeth, over half (56.3%) did so only once daily. This near-universal self-reported cleaning behaviour initially appears encouraging; however, deeper analysis reveals that the frequency of cleaning was a significant predictor of disease (P=0.031). This suggests that "cleaning" alone is insufficient if the frequency does not meet the recommended twice-daily standard established by international dental associations. The discrepancy between cleaning prevalence and disease rates highlights the critical distinction between oral hygiene access and oral hygiene adequacy—a nuance often overlooked in public health messaging. Additionally, the quality of cleaning, including technique, duration, and use of fluoride-containing products, was not captured but likely contributed to the observed disease burden. Recent national surveys in neighboring regions have similarly highlighted that even when oral hygiene tools are used, the actual burden of dental diseases remains high due to suboptimal practices and lack of professional intervention [10]. This pattern suggests that health education programmers must move beyond simply promoting toothbrushing to emphasize correct frequency, technique, and the complementary role of dental visits for plaque removal.
Social Habits and Systemic Health
Tobacco use emerged as a critical modifiable risk factor (P=0.045), with smokers and snuff users exhibiting significantly deeper pocket depths (5.2–5.4 mm) compared to non-users. This finding aligns with the extensive body of evidence linking tobacco exposure to exacerbated periodontal destruction through impaired immune response, reduced gingival blood flow, and altered microbial colonization patterns. The long-term impact is evident, as previous users maintained high risk (83.3% prevalence), suggesting that periodontal damage persists even after cessation, likely due to irreversible tissue destruction accumulated during active use. This persistence of risk underscores the importance of early intervention and prevention, as damage may not be fully reversible. In the Sudanese context, where tobacco use particularly toombak (a local smokeless tobacco product) carries deep cultural significance, addressing this risk factor requires culturally sensitive interventions that respect traditions while communicating health risks effectively.
Furthermore, the significant link between diabetes and periodontitis (P=0.042) reinforces the established "two-way street" relationship between systemic and oral health, wherein poorly controlled diabetes increases susceptibility to periodontal infection, while severe periodontitis adversely affects glycemic control. In the Sudanese context, where healthcare systems are currently strained by conflict and natural disasters, managing chronic conditions like diabetes becomes increasingly difficult, potentially exacerbating the periodontal disease burden [11,12,6]. The disruption of routine medical care, displacement of populations, and diversion of healthcare resources toward emergency services all contribute to poor chronic disease management, creating a vicious cycle where deteriorating systemic health worsens oral conditions and vice versa. This bidirectional relationship demands integrated healthcare approaches that address both oral and systemic health simultaneously, particularly in resource-limited settings.
Environmental and Regional Context
The reliance on desalinated water (50.3%) is a unique characteristic of the Port Sudan coastal population, distinguishing this community from inland populations who primarily depend on Nile water or groundwater sources. Desalination removes minerals including calcium, magnesium, and fluoride, potentially altering the oral environment in ways that may affect caries resistance and periodontal tissue health. While the current study establishes a baseline for water consumption patterns, the potential impact of mineral-depleted water on alveolar bone density and periodontal health warrants further investigation through longitudinal designs and comparative studies with inland populations. This is particularly relevant given the migrant and transient populations in the Red Sea ports, who often face barriers to consistent healthcare and varying water quality as they move between locations with different water sources [7,8,15,17]. The intersection of environmental factors, population mobility, and healthcare access creates a complex risk profile that challenges traditional approaches to oral health promotion. Future research should explore the mineral content of various water sources and its correlation with periodontal outcomes, while policy interventions should consider water fluoridation or mineral supplementation as potential public health measures in this unique coastal environment.
Conclusion
This first comprehensive investigation of periodontitis in coastal Port Sudan reveals a substantial disease burden, with 57.7% of the population affected and 68.3% presenting with dental calculus. Age (P=0.023), infrequent tooth cleaning (P=0.031), tobacco use (P=0.045), and diabetes (P=0.042) emerged as significant determinants of periodontal disease. The paradox of high cleaning prevalence (96.8%) but inadequate frequency highlights the critical need for health education emphasizing optimal oral hygiene practices. The reliance on mineral-depleted desalinated water by 50.3% of the population introduces unique environmental considerations for periodontal health requiring further investigation. Within Sudan's conflict-strained healthcare context, these findings underscore the urgent need for integrated oral health strategies addressing behavioural risk factors, systemic disease management, and environmental determinants to mitigate this neglected public health burden in coastal communities.
Limitations of the study
This study has several limitations that should be acknowledged. First, cross-sectional design precludes the establishment of causal relationships between identified risk factors (e.g., tobacco use, diabetes) and periodontitis. Second, the use of convenience sampling at a single dental hospital in Port Sudan limits the generalizability of the findings to the broader coastal or national population, as the sample may overrepresent individuals seeking care. Third, self-reported behavioral data (e.g., oral hygiene practices, water intake) are subject to recall and social desirability biases. Fourth, the study did not assess key clinical parameters such as bleeding on probing, clinical attachment level, or glycemic control in diabetic patients, which would provide a more nuanced understanding of disease severity and the diabetes-periodontitis relationship. Finally, the absence of water and mineral content analysis limits the ability to directly evaluate the hypothesized impact of desalinated water on periodontal health.
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