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ABSTRACT
Objective: In Yemen, several studies have investigated the prevalence of periodontal diseases; however, most 
were geographically restricted or assessed fewer clinical parameters and risk factors. Therefore, the objective 
of this study was to evaluate the prevalence and severity of periodontal diseases among the Yemeni population 
and their relationship to various risk factors. Material and Methods: A total of 405 Yemeni adults attending the 
polyclinics of Civilization, Mahweet, and Aden Universities, as well as private clinics, from March 2024 to August 
2024, were included in this study. Data were collected using a questionnaire that covered sociodemographic 
information, oral hygiene practices, and harmful habits, along with a clinical examination. All data were 
subsequently entered for statistical analysis. Results: The results showed that the prevalence of biofilm-induced 
gingivitis was 51.6%, while periodontitis was more prevalent, affecting 79.3% of the population. Both gingivitis 
and periodontitis were more common in males and in participants aged ≥35 years. Regular daily tooth brushing, 
especially twice daily, was significantly associated with lower rates of gingivitis and periodontitis (p < 0.001). 
In contrast, gingivitis and periodontitis were more frequent among khat chewers, particularly those who chewed 
daily for more than 20 years. Similarly, smokers, especially those who smoked for over 20 years, showed a 
significantly higher prevalence of gingivitis and periodontitis (p < 0.001). Conclusion: Periodontitis is more 
prevalent than biofilm-induced gingivitis among the Yemeni population. Both conditions are more common in 
males and in individuals aged ≥35 years. Lack of tooth brushing, long-term daily khat chewing, and long-term 
smoking (>20 years) were identified as the most strongly associated risk factors.

KEYWORDS
Khat; Periodontal diseases; Prevalence; Risk factors; Yemen.

RESUMO
Objetivo: No Iêmen, vários estudos investigaram a prevalência de doenças periodontais; no entanto, a maioria 
era geograficamente restrita ou avaliava menos parâmetros clínicos e fatores de risco. Portanto, o objetivo deste 
estudo foi avaliar a prevalência e a gravidade das doenças periodontais entre a população iemenita e sua relação 
com vários fatores de risco. Material e Métodos: Um total de 405 adultos iemenitas atendidos nas policlínicas 
das Universidades Civilization, Mahweet e Aden, bem como em clínicas privadas, de março de 2024 a agosto 
de 2024, foram incluídos neste estudo. Os dados foram coletados por meio de um questionário que abrangia 
informações sociodemográficas, práticas de higiene bucal e hábitos prejudiciais, juntamente com um exame clínico. 
Todos os dados foram posteriormente inseridos para análise estatística. Resultados: Os resultados mostraram 
que a prevalência de gengivite induzida por biofilme foi de 51,6%, enquanto a periodontite foi mais prevalente, 
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INTRODUCTION

Chronic diseases have been steadily 
increasing worldwide, affecting all regions 
and socioeconomic groups without exception. 
Among these, periodontal disease contributes 
significantly to this growing global health burden 
and shares many common risk factors with other 
chronic conditions [1]. Despite this, oral and 
periodontal health often receive limited attention.

The American Academy of Periodontology 
describes periodontal diseases as “a serious 
infection that if left untreated, can lead to tooth 
loss.” [2]. These diseases involve inflammation 
and/or infection that progressively damages the 
supporting structures of the teeth, including the 
gingiva, cementum, periodontal ligaments, and 
alveolar bone [2].

Although the primary cause of periodontal 
disease is bacterial dental biofilm, multiple factors 
can influence its onset and progression [3]. 
Smoking is a major risk factor, while other 
well-established contributors include diabetes, 
khat consumption, male sex, poor oral hygiene 
practices, low educational level, improper 
brushing techniques, iatrogenic factors, genetic 
predisposition, and aging [4,5].

Several studies have demonstrated that 
tobacco use significantly impacts the oral 
ecosystem, affecting periodontal blood supply, 
altering immune and inflammatory responses, 
and impairing the healing capacity of periodontal 
tissues [6,7]. The prevalence of periodontal 
diseases varies globally, largely due to differences 
in the distribution and intensity of these risk 
factors [8]. For example, cigarette smoking is 
more prevalent in lower-income populations [9]. 
Additionally, some risk factors are unique to 

specific geographical areas, such as betel quid 
chewing and smokeless tobacco use in South 
Asia [10]. Recognizing country-specific risk 
factors is therefore essential for designing effective 
educational campaigns, planning interventions, 
and guiding public health policies [11] .

Yemen, a low-income developing country 
located in the southwest of the Arabian Peninsula 
has unique local factors influencing periodontal 
health. One such factor is khat (Catha edulis), 
an evergreen shrub whose leaves are chewed 
by millions in Yemen and East Africa for their 
stimulant effects. Khat chewing is widespread in 
Yemen, particularly among men [12]. Several 
studies among Yemeni adults have reported a 
positive correlation between the frequency and 
duration of khat chewing and the severity of 
periodontal disease [4,13,14]. Studies looking 
for risk factors of periodontitis in Yemen have 
nearly exclusively concentrated on the possible 
role of khat (also spelled qat) chewing [15]. The 
results from these studies have been debatable, 
so far; some have recorded harmful effects on the 
periodontium [4,16,17] , while others reported 
no or even protective effects [18-21] .

In a related context, a recent cross-sectional 
study among Yemeni adults found that females 
had a higher overall prevalence of gingival 
recession (GR) and periodontitis, whereas males 
exhibited a greater number of teeth affected by 
GR and furcation involvement (FI) [22]. The risk 
of developing periodontitis increases with age, 
typically resulting in tooth loss after 35 years of 
age. This age-related increase in prevalence is 
generally attributed to the cumulative progression 
of the disease rather than increased biological 
susceptibility [23,24].

afetando 79,3% da população. Tanto a gengivite quanto a periodontite foram mais comuns em homens e em 
participantes com idade ≥35 anos. A escovação diária regular dos dentes, especialmente duas vezes ao dia, foi 
significativamente associada a taxas mais baixas de gengivite e periodontite (p < 0,001). Em contrapartida, 
a gengivite e a periodontite foram mais frequentes entre os consumidores de khat, particularmente aqueles 
que o consumiam diariamente há mais de 20 anos. Da mesma forma, os fumantes, especialmente aqueles que 
fumavam há mais de 20 anos, apresentaram uma prevalência significativamente maior de gengivite e periodontite 
(p < 0,001). Conclusão: A periodontite é mais prevalente do que a gengivite induzida por biofilme entre a 
população iemenita. Ambas as condições são mais comuns em homens e em indivíduos com idade ≥35 anos. A 
falta de escovagem dos dentes, a mastigação diária prolongada de khat e o tabagismo prolongado (>20 anos) 
foram identificados como os fatores de risco mais fortemente associados.
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The diagnosis and monitoring of periodontal 
conditions rely heavily on clinical measures. 
Key clinical parameters assessed by periodontal 
probing include probing pocket depth (PPD)—the 
distance from the base of the sulcus or pocket to 
the gingival margin; gingival recession (GR)—the 
distance from the cementoenamel junction (CEJ) 
to the gingival margin; and clinical attachment 
level (CAL)—the distance from the base of the 
sulcus or pocket to the CEJ [25]. A prevalence 
study, commonly referred to as a cross-sectional 
study, is the simplest form of observational 
research and is particularly effective for assessing 
chronic rather than acute conditions [26].

Several studies have investigated the 
prevalence of periodontal diseases in different 
populations. In Yemen, however, existing studies 
have often been geographically limited to specific 
governorates or have assessed only a few clinical 
parameters and risk factors. Therefore, the aim of 
the present study is to determine the prevalence 
and severity of periodontal diseases among 
the Yemeni population and to examine their 
association with selected risk factors.

MATERIAL AND METHODS

This study is a cross-sectional investigation 
involving Yemeni adults who were randomly 
recruited from patients seeking dental treatment 
between March 2024 and August 2024. 
Participants were recruited from the outpatient 
dental clinics at the Department of Dentistry, 
Civilization University (Sana’a), the Faculty of 
Dentistry, Aden University, as well as public and 
private clinics in the cities of Sana’a, Aden, and 
Mukalla. A total of 405 adult dental patients were 
included in the study. Inclusion criteria included 
individuals aged ≥15 years and having ≥20 teeth. 
Exclusion criteria included fully edentulous 
patients, complete denture wearers, and patients 
with acute oral diseases or those who had 
received antimicrobial therapy within one month 
prior to the study [25] .

Ethical approval was obtained from the 
Research and Ethics Committee, Faculty of 
Dentistry, Thamar University (Ref#: 2024008). 
Informed consent was obtained from each 
participant after explaining the study objectives. 
Written or verbal consent was accepted prior to 
participation. Aims of the study were explained 
to all participants and they were called for giving 
their written or verbal consent to participate.

Data Collection: Data were collected through 
a questionnaire and a clinical examination, as 
follows:

Questionnaire: which included an important 
information as the following:

a-	 Sociodemographic data: Age, sex and 
occupation.

b-	 Oral hygiene practices: Tooth brushing, 
interdental aids, frequency and types.

c-	 Harmful habits e.g. khat chewing (Frequency, 
duration and time), smoking (duration and 
cigarettes number).

Clinical examination

All fully erupted permanent teeth, excluding 
third molars, were examined. Clinical parameters 
were assessed as follows: Dental plaque was 
calculated by PLI on a 0-3 scale [26,27]. Gingival 
inflammation was calculated by GI, also on a 0-3 
scale [26,27]. The degree of bleeding is measured 
by PBI on a scale of 0-4 [28]. The presence or 
absence of supra- and/or subgingival calculus 
(CI) was determined also [29].

The parameters were determined using a mm 
periodontal probe with grading (1,2,3,5,7,8,9,10) 
(University of Michigan O probe with Williams 
markings, Hu-Friedy Inc., Chicago, IL, USA). The 
university of Michigan O probe with Williams 
markings probe tip is inserted between the lateral 
wall of the gingival sulcus or periodontal pocket 
and tooth surface and walked around the tooth to 
determine the subgingival calculus, pocket depth, 
and bleeding response. The examined sites per 
tooth were mesial, mid-line and distal on both 
facial and lingual or palatal/lingual surfaces. The 
dentition was divided into six sextants. The third 
molars were excluded except where they were in 
place of missed or non-functional second molars. 
Six index teeth, that is, 16, 11, 26, 36, 31, 46 
were examined [25].

All measurements were performed using 
a millimeter-calibrated periodontal probe 
(University of Michigan O probe with Williams 
markings; Hu-Friedy Inc., Chicago, IL, USA). The 
probe tip was gently inserted between the lateral 
wall of the gingival sulcus or periodontal pocket 
and the tooth surface and moved circumferentially 
to assess subgingival calculus, pocket depth, and 
bleeding response.
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Each tooth was examined at mesial, midline, 
and distal sites on both facial and lingual (or 
palatal) surfaces. The dentition was divided into 
six sextants. Third molars were excluded except 
when replacing missing or non-functional second 
molars. Six index teeth (16, 11, 26, 36, 31, 46) 
were examined [27].

PD was measured to the nearest millimeter 
at the mid-facial aspect of each tooth and was 
defined as the distance from the free gingival 
margin to the base of the gingival sulcus [30], 
GR was measured in millimeters from the 
cementoenamel junction (CEJ) to the gingival 
margin at six sites per tooth: mesiobuccal, 
midbuccal, distobuccal, mesiolingual, midlingual, 
and distolingual. The measured recession was 
then classified according to Miller’s classification 
(Classes I–IV) [31].  If the CEJ was covered by 
calculus or lost due to carious lesions, its location 
was estimated based on adjacent teeth. FI was 
also assessed and recorded as either present or 
absent. Tooth mobility was evaluated according 
to Miller’s classification (1950), as the tooth is 
firmly held between two instruments to move 
back and forth and mobility is scored on a scale 
of 0-3 where 0: No detectable movement beyond 
physiologic mobility, 1: Slight mobility greater 
than normal, 2: Mobility up to 1 mm in the 
buccolingual direction and 3: Mobility >1 mm in 
the buccolingual direction, often combined with 
vertical displacement [32].

Statistical analysis

Microsoft Excel 2016, coded, and analyzed 
using SPSS (v25; IBM Corp.). Results were 
expressed as frequencies and percentages for 
categorical variables and as means ± standard 
deviations for continuous variables. The chi-
square test was used for 2×2 categorical 
comparisons, and Spearman correlation was 
applied to assess associations between categorical 
variables. A p-value <0.05 was considered 
statistically significant.

RESULTS

A total of 405 patients were included in 
this study, with a mean age of 34.3 ± 12.1 years 
(range: 16–80 years). More than half of the 
participants (53.1%) were aged ≥35 years. The 
distribution by sex was approximately equal, with 
49.6% males and 50.4% females. Among them, 
32.2% were students, 58.3% were khat chewers, 
and 40.7% had been chewing khat for more 
than 20 years. Regarding smoking habits, 56.5% 
were smokers, while cigarette smoking was the 
most common type among smokers (38.9%). 
Concerning oral hygiene practices, 76.3% of 
participants reported brushing their teeth, with 
68.9% brushing daily. Further details on the 
sociodemographic and behavioral characteristics 
of the study sample are presented in Table I.

Table I - Characteristics of the study sample

Parameters Frequency Percentage

Age
> 35 215 53.1

≤ 35 190 46.9

Gender
Male 201 49.6

Female 204 50.4

Occupation

house wife 69 17.0

Employee 34 8.4

Farmer 29 7.2

Worker 18 4.4

Teacher 29 7.2

Doctor 29 7.2

Engineer 15 3.7

Student 133 32.8

Other 29 7.2

unemployed 20 4.9

Khat chewing

No 151 37.3

Yes 236 58.3

Previous 18 4.4
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Parameters Frequency Percentage

Khat chewing frequency

Once daily 119 50.4

Twice daily 15 6.4

Three times daily 8 3.4

once weekly 25 10.6

Twice weekly 24 10.2

Three times weekly 1 0.4

once monthly 4 1.7

Twice monthly 2 0.8

Rarely 38 16.1

Khat chewing duration in years

Less than 5 years 77 32.6

5 – 10 years 52 22

11– 20 years 11 4.7

More than 20 years 96 40.7

Khat chewing duration in hours

Less than 3 hours 171 67.3

3 – 5 hours 59 23.2

6 – 10 hours 24 9.5

More than 10 hours 0 0.0

Smoking

No 166 41.0

Yes 229 56.5

Previously 10 2.5

Smoking duration

Less than 5 years 183 76.6

5 – 10 years 16 6.7

11– 20 years 13 5.4

More than 20 years 27 11.3

Type of smoking

Cigarette 93 38.9

Shisha (Hookah) 65 27.2

Water pipe (mada’a) 21 8.8

Vape (Electronic) 13 5.4

More than one 47 19.7

Cigarette no

Less than 10 cig. 152 63.6

10 – 20 cig. 67 28

More than 20 cig. 20 8.4

Tooth brushing
No 96 23.7

Yes 309 76.3

Tooth brushing
Daily 213 68.9

Not daily 96 31.1

Tooth brushing

Once daily 95 44.6

Twice daily 117 54.9

Three times daily 1 0.5

Interdental aids
No 192 47.4

Yes 213 52.6

The results presented in Table  II show 
that the overall prevalence of biofilm-induced 
gingivitis was 51.6%, with the mild form being 
the most common, accounting for 67% of 
gingivitis cases. Periodontitis was more prevalent 
in the Yemeni population, affecting 79.3% of 

participants. Among periodontitis cases, Stage I 
and Stage II were the most frequent, observed in 
35.5% and 31.8% of patients, respectively.

The results in Table III and Graph 1 indicate 
that the mean PLI of the sample was 1.7, 
reflecting moderate oral hygiene, while the 

Table I - Continued...
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mean GI was 1.1, indicating that most patients 
had moderate gingivitis. The mean CI was 1.1, 
and the mean PPD was 4.1 mm. The correlation 
between PLI and GI is presented in Table IV. It 
shows that most participants aged <35 years 
had a PLI score of 2, while those aged ≥35 years 
had a PLI score of 3. Similarly, females generally 
had a PLI score of 2, whereas males had a PLI 
score of 3. Participants with farmer or worker 
occupations also exhibited the highest PLI scores. 
Regarding GI, the worst gingival conditions were 
observed among participants aged ≥35 years, 
males, and those who were farmers, workers, 
or unemployed. The correlation analysis of khat 
chewing, smoking, and tooth brushing revealed 
the following: Khat chewers, smokers, and non-
brushers had the highest PLI scores. Smoking 
alone showed a slightly lower impact on GI 
compared to khat chewing and poor oral hygiene.

The possible correlations between periodontal 
health status and various risk factors including 
age, gender, occupation, oral hygiene measures 

(tooth brushing), smoking, and khat chewing were 
assessed. As shown in Table V and Graph 2.

Gender: Both gingivitis and periodontitis 
were more prevalent in males than in females, 
with 28.6% of males and 23% of females having 
gingivitis, and 45.4% of males versus 33.6% of 
females having periodontitis. This difference was 
statistically significant.

Age: Gingivitis and periodontitis were more 
prevalent in participants aged <35 years, as 
demonstrated in Table V.

Table II - Prevalence and severity of biofilm-induced gingivitis and periodontitis

Severity of biofilm induced gingivitis F % F %

• Healthy 196 48.4 196 48.4

• Mild 140 67

209 51.6• Moderate 69 33

• Severe 0 0.0

Total 405 100 405 100

Severity of periodontitis F % F %

• Healthy 84 20.7 84 20.7

• Mild (Stage I) 114 35.5

321 79.3
• Moderate (Stage II) 102 31.8

• Severe (Stage III) 86 26.8

• Very Severe (Stage IV) 19 6

Total 405 100 405 100

Table III - The mean (±SD) and median of PLI, GI, PBI, CI and 
periodontal pockets

Variables Mean ±SD Median

• PLI 1.7±0.67 1.7

• GI 1.3±0.64 1.2

• PBI 1.2±0.67 1.2

• CI 1.1±0.95 1

• Periodontal pockets 4.2±0.89 4

Graph 1 - Showing the severity of gingivitis and periodontitis among study population.
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Occupation: While students and housewives 
constituted the largest number of cases in absolute 
count, workers and unemployed participants had 
the highest prevalence as a percentage of their 
respective groups.

As shown in Table VI, the analysis of tooth 
brushing measures as risk factors for gingivitis 
and periodontitis demonstrated that regular 
tooth brushing was significantly associated with 
lower prevalence of both conditions (p < 0.001). 
Conversely, infrequent brushing including not 
brushing daily or brushing only once per day was 
significantly associated with higher prevalence of 
gingivitis and periodontitis (p < 0.001). Similarly, 
the analysis of interdental aid use as a potential 
protective factor revealed that participants 
who used interdental cleaning aids had lower 
rates of gingivitis and periodontitis; however, 
this difference was not statistically significant 
(p > 0.3). Further details are provided in Table VI.

The correlation between khat chewing and 
gingivitis and periodontitis showed a statistically 
significant difference between khat chewers and 

non-chewers, with higher prevalence of both 
conditions among khat chewers. Participants who 
chewed khat daily, for more than 20 years, and 
for 6–10 hours per day exhibited markedly higher 
rates of gingivitis and periodontitis compared to 
those with less frequent use, shorter duration, or 
fewer hours of chewing, with P < 0.001. Similarly, 
the analysis of smoking habits demonstrated that 
smokers had significantly higher prevalence of 
both gingivitis and periodontitis compared to non-
smokers (p < 0.001). Furthermore, participants 
who had been smoking for more than 20 years 
exhibited worse periodontal status than those 
with shorter smoking durations, with p < 0.001. 
Further details are provided in Table VII.

The analysis of periodontal parameters 
including PPD, GR, FI, and tooth mobilityshowed 
that participants aged ≥35 years and males 
exhibited higher values and stronger associations 
with all these parameters. Regarding occupation, 
farmers, workers, and unemployed participants 
demonstrated the highest correlation with PPD, 
GR, FI, and tooth mobility compared to other 

Table IV - Correlation between PLI and GI, FI with age, gender, occupation, khat chewing, smoking and tooth brushing

PLI GI

0 1 2 3 X p. 
value 0 1 2 3 X p. 

value

Age
<35 0.5% 22.8% 43.7% 32.6%

0.19 0.001*
0.5% 41.9% 47.0% 10.2%

0.24 0.001*
≥35 0.0% 10.0% 42.6% 47.4% 0.0% 20.0% 60.0% 19.5%

Gender
Male 0.0% 10.9% 33.8% 55.2%

-0.31 0.001*
0.0% 25.4% 64.2% 10.0%

-0.05 0.3
Female 0.5% 22.5% 52.5% 24.0% 0.5% 37.7% 42.2% 19.1%

Occupation

House wife 0.0% 13.0% 58.0% 29.0%

-0.005 0.91

0.0% 24.6% 43.5% 31.9%

-0.20 0.001*

Employee 0.0% 2.9% 61.8% 35.3% 0.0% 17.6% 50.0% 29.4%

Farmer 0.0% 10.3% 10.3% 79.3% 0.0% 13.8% 75.9% 10.3%

Worker 0.0% 0.0 27.8% 72.2% 0.0% 5.6% 83.3% 11.1%

Teacher 3.4 10.3% 27.6% 55.2% 3.4 17.2% 69.0% 10.3%

Doctor 0.0% 41.4% 41.4% 17.2% 0.0% 51.7% 44.8% 3.4%

Engineer 0.0% 53.3% 40.0% 6.7% 0.0% 46.7% 33.3% 20.0%

Student 0.0% 21.8% 47.4% 30.8% 0.0% 47.4% 47.4% 5.3%

Other 0.0% 6.9% 27.6% 65.5% 0.0% 24.1% 55.2% 17.2%

Unemployed 0.0% 5.0% 45.0% 50.0% 0.0% 15.0% 70.0% 15.0%

Khat 
chewing

No 0.7% 29.8% 51.0% 17.9%

0.32 0.001*

0.7% 51.0% 35.8% 11.9%

0.26 0.001*Yes 0.0% 6.8% 38.3% 54.9% 0.0% 19.6% 64.3% 16.2%

Previous 0.0% 36.8% 42.1% 21.1% 0.0% 26.3% 52.6% 15.8%

Smoking

No 0.6% 27.7% 54.2% 16.9%

0.39 0.001*

0.6% 45.2% 41.6% 12.0%

0.22 0.001*Yes 0.0% 9.6% 34.9% 55.5% 0.0% 23.1% 60.3% 16.6%

Previous 0.0% 0.0% 55.6% 44.4% 0.0% 0.0% 88.9% 11.1%

Tooth 
brushing

No 0.0% 11.1% 11.1% 77.8%
0.19 0.001*

0.0% 22.2% 33.3% 33.3%
0.20 0.001*

Yes 0.3% 20.4% 47.9% 31.1% 0.3% 38.2% 51.1% 10.0%

* in p-value column means a statistically significant diference p<0.001
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Table V - Correlation between biofilm-induced gingivitis and periodontitis with age, gender and occupation

Demographic 
characteristics

Biofilm-induced gingivitis X p-
value Periodontitis X p- 

value

Age group
No Yes

14.2* 0.001*

No Yes

43.4* 0.001*
F % F % F % F %

• > 35 123 30.4 92 22.7 70 17.3 145 35.8

• ≤ 35 73 18.0 117 28.9 14 3.4 175 43.2

Gender
No Yes

5.9* 0.015

No Yes

43.2* 0.001*
F % F % F % F %

• Male 85 20.9 116 28.6 16 4.0 184 45.4

• Female 111 27.4 93 23.0 68 16.7 136 33.6

Occupation
No Yes

-0.15** 0.002

No Yes

-0.25** 0.001*

F % F % F % F %

• House 
wife 24 5.9 45 11.1 3 0.7 66 16.3

• Employee 14 3.4 20 4.9 3 0.7 31 7.6

• Farmer 5 1.2 24 5.9 0 0.0 29 7.2

• Worker 4 0.10 14 3.4 0 0.0 18 4.4

• Teacher 11 2.7 18 4.4 3 0.7 26 6.4

• Doctor 21 5.2 8 2.0 10 2.4 18 4.4

• Engineer 10 2.4 5 1.2 3 0.7 12 2.9

• Student 96 23.7 37 9.1 58 14.3 75 18.5

• Other 6 1.5 23 5.7 1 0.2 28 7.0

• 
Unemployed 5 1.2 15 3.7 3 0.7 17 4.2

*Chi Square. **Spearman Correlation. *in p-value column means a statistically significant diference p<0.001.

Graph 2 - Showing the correlation between biofilm-induced gingivitis and periodontitis with age, gender and occupation.

occupational groups. More details are presented 
in Table VIII.

DISCUSSION

Periodontal diseases encompass two primary 
conditions: gingivitis, which is confined to the 
gingival tissues and is reversible with adequate 

oral hygiene, and periodontitis, which involves 
progressive destruction of the periodontal 
ligament and alveolar bone, leading to clinical 
attachment loss [1]. This cross-sectional 
study assessed the prevalence and severity of 
periodontal diseases in a Yemeni population and 
explored their association with demographic, 
behavioral, and oral hygiene risk factors.
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The present cross-sectional study assessed 
the prevalence of periodontal diseases and their 
association with several risk factors in a Yemeni 
population. Biofilm-induced gingivitis was observed 
in 51.6% of participants, predominantly in its 
mild form (67%), while periodontitis was more 
widespread, affecting 79.3% of the sample. These 
rates are lower than those reported by Bansal et al. 
in India (96.3%), likely due to differences in 
socioeconomic status, cultural practices, and 
oral hygiene behaviors [25]. Analysis of PLI and 
GI revealed a clear association between poor 
oral hygiene and age ≥35, male gender, and 
occupations such as farming and manual labor, 
consistent with findings by Amran et al. [33]. 
This supports the observation that males, who 
often have less attention to oral care and higher 
plaque and calculus deposition, experience 
worse periodontal conditions than females [34]. 
Although behavioral differences largely explain 
this disparity, hormonal and biological factors 
may also contribute [35], though the gender 

effect remains partly controversial [36,37]. Age 
showed a significant influence, with older adults 
presenting more gingivitis, periodontitis, and clinical 
attachment loss, which aligns with the cumulative 
effect of untreated periodontal inflammation rather 
than age-related susceptibility [38,39].

Oral hygiene practices demonstrated a strong 
protective effect, as regular tooth brushing was 
significantly associated with lower prevalence 
of both gingivitis and periodontitis (p < 0.001), 
whereas infrequent or once-daily brushing 
correlated with higher disease rates, consistent 
with Amran et al. [33]. Khat chewing emerged 
as a major local risk factor. This study found 
significantly higher prevalence of gingivitis and 
periodontitis among khat chewers, especially those 
chewing daily for over 20 years, corroborating 
findings by Al-Hajj et al. [22,40] . While some 
studies suggested that khat might have a 
mechanical or anti-plaque effect, with deeper 
pockets on non-chewing sides [16,19,41] , the 

Table VI - Correlation between biofilm-induced gingivitis and periodontitis with oral hygiene measures

Tooth  
Brushing

Biofilm-induced gingivitis X p-
value Periodontitis X p-

value

Tooth brushing
No Yes

28.1* 0.001*

No Yes

34.6* 0.001*
F % F % F % F %

• No 3 0.7 6 1.5 1 0.2 8 1.9

• Yes 174 43.0 135 33.3 83 20.5 225 55.6

Tooth brushing
No Yes

47.5* 0.001*

No Yes

50.1* 0.001*
F % F % F % F %

• Daily 138 34.1 75 18.5 72 17.8 140 34.5

• Not Daily 36 8.9 60 14.8 11 2.7 85 21.0

Tooth brushing 
frequency

No Yes

-0.37** 0.002

No Yes

-0.34** 0.001*

F % F % F % F %

• Once daily 52 12.8 43 10.6 3 0.7 66 16.3

• Twice daily 87 21.5 35 8.6 3 0.7 31 7.6

• Three times daily 0 0.0 1 0.2

Interdental 
Aides

Interdental Aids
No Yes

1.1* 0.3

No Yes

2.2* 0.3
F % F % F % F %

• No 88 21.7 104 25.6 36 8.9 156 38.5

• Yes 108 26.7 104 25.6 48 11.8 163 40.2

Interdental Aids 
use type

No Yes

-0.4** 0.3

No Yes

-0.5** 0.3

F % F % F % F %

• Dental floss 6 1.5 4 0.9 4 0.9 6 1.5

• Interdental brush 3 0.7 8 1.9 3 0.7 8 1.9

• Toothpicks 24 5.9 59 14.5 2 0.5 80 19.7

• Other 19 4.7 18 4.4 5 1.2 32 7.9

• More than one 56 13.8 16 3.9 34 8.4 38 9.4

*Chi Square. **Spearman Correlation. *in p-value column means a statistically significant diference p<0.001
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Table VII - Correlation between biofilm-induced gingivitis and periodontitis with khat chewing frequency, duration, smoking duration and type

Oral Habits

Gingivitis X p-value Periodontitis X p-value

Khat chewing No Yes

0.08** 0.09

No Yes

0.5** 0.001*
• No 85 66 77 74

• Yes 97 138 5 229

• Previous 14 5 2 17

Khat chewing F No Yes

0.0* 0.47

No Yes

0.4** 0.001*

• Once daily 46 73 1 118

• Twice daily 3 12 0 15

• Three times daily 0 8 0 8

• Once weekly 10 15 1 24

• Twice weekly 15 9 3 21

• Three times weekly 0 1 0 1

• Once monthly 4 0 1 3

• Twice monthly 1 1 0 2

• Rarely 19 19 0 37

Khat chewing No Yes

10.2 0.1

No Yes

0.4 0.001*

• Less than 5 years 41 36 1 76

• 5 – 10 years 19 33 2 50

• 11– 20 years 4 7 0 10

• More than 20 years 34 62 3 93

Khat chewing No Yes

0.06 0.2

No Yes

0.4 0.001*
• Less than 3 hours 74 97 3 167

• 3 – 5 hours 34 25 4 55

• 6 – 10 hours 3 21 0 24

Khat chewing side No Yes

0.2 0.001*

No Yes

0.4 0.001*
• Right 14 7 2 19

• Left 54 54 2 106

• Both 27 58 2 82

Smoking No Yes

0.2** 0.001*

No Yes

0.2** 0.001*
• No 105 61 49 116

• Yes 85 144 34 195

• Previous 5 4 0 9

Smoking duration No Yes

0.2** 0.001*

No Yes

0.2** 0.001*

• Less than 5 years 81 102 34 149

• 5 – 10 years 3 13 0 16

• 11– 20 years 2 11 0 13

• More than 20 years 5 22 1 26

Type of Smoking No Yes

0.2** 0.001*

No Yes

0.2** 0.001*

• Cigarette 27 66 6 87

• Shisha (Hookah) 36 29 24 41

• Water pipe (mada’a) 7 14 1 20

• Vape (Electronic) 5 8 0 13

• More than one 16 28 4 40

Number of cigerettes No Yes

0.2** 0.001*

No Yes

0.2** 0.001*
• Less than 10 cig. 69 83 30 122

• 10 – 20 cig. 20 47 4 63

• More than 20 cig. 1 16 0 17

*in p-value column means a statistically significant diference p<0.001. **Spearman Correlation.
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overall evidence, including our results, supports 
its detrimental periodontal impact, likely due to 
chronic mechanical trauma and facilitation of 
plaque retention [42]. Smoking was also strongly 
associated with periodontal disease (p < 0.001), 
with longer duration and higher consumption 
leading to worse outcomes, consistent with 
previous Yemeni and international studies [22,33].

Further evaluation of clinical parameters, 
including PPD, GR, and FI, confirmed that older 
age and male gender correlated with more 
advanced periodontal destruction. GR and FI were 
more prevalent in khat chewers, consistent with 
prior researches linking repetitive chewing trauma 
to recession and furcation defects [13,22,43,44]. 
Males also exhibited more severe GR, although 
Al-Hajj et al. [22] noted that females had more 
GR sites, possibly reflecting a difference between 
number of sites versus depth and severity (Miller 
class III–IV). These findings align with Hill and 
Gibson, who reported higher PPD on chewing sides 
in long-term Yemeni khat chewers [20].

CONCLUSIONS

Within the limitations of this study, it can 
be concluded that periodontitis is more prevalent 
than biofilm-induced gingivitis in the Yemeni 
population. Both conditions were found to be 
more common among males, individuals aged 35 
years or older, and those working as farmers or 
manual laborers. Poor oral hygiene, particularly 

irregular tooth brushing, along with long-term khat 
chewing especially daily chewing for > 20 years 
and 6–10 hours per day emerged as significant risk 
factors for the development of both gingivitis and 
periodontitis. Cigarette smoking, particularly for 
durations > 20 years, showed a strong association 
with the presence and severity of periodontal 
disease. Furthermore, older age, male gender, 
and occupations such as farming, manual labor, 
or unemployment were correlated with worse 
periodontal parameters, including PPD, GR, and FI.

LIMITATIONS

This study has several limitations that should 
be acknowledged. Although it was conducted 
across multiple centers, the majority of participants 
were recruited from Sanaa which may limit 
generalizability. This reflects the demographic 
reality and healthcare referral patterns in Yemen, 
where Sanaa serves as the primary hub for advanced 
dental services, attracting patients from surrounding 
regions. Nevertheless, this distribution may limit the 
full representativeness of all Yemeni regions.

Another limitation is that risk factors such as 
khat chewing, smoking, and oral hygiene practices 
were not analyzed independently, making it 
challenging to determine the isolated impact of 
each factor. This is because most participants were 
exposed to multiple risk factors simultaneously, 
complicating the assessment of each one’s distinct 
effect. Because our primary objective was to 

Table VIII - Correlation between pocket distribution, GR and FI with age, gender and occupation.

Pockets distribution GR FI

Localized Generalized X p. 
value No Yes X p. 

value No Yes X p. 
value

Age
<35 28.8% 14.0%

14.4 0.001*
83.7% 16.3%

20.4 0.001*
78.6% 21.4%

8.3 0.004
≥35 41.1% 20.5% 64.2% 35.8% 65.8% 34.2%

Gender
Male 38.3% 19.4%

6 0.04
64.2% 35.8%

23.1 0.001*
62.2% 37.8%

22.1 0.001*
Female 30.9% 14.7% 84.8% 15.2% 82.8% 17.2%

Occupation

House Wife 43.5% 21.7%

-.179 0.001*

75.4% 24.6%

-.126 0.01

71.0% 29.0%

-.091 0.06

Employee 26.5% 32.4% 64.7% 35.3% 70.6% 29.4%

Farmer 51.7% 31.0% 27.6% 72.4% 41.4% 58.6%

Worker 38.9% 38.9% 50.0% 50.0% 72.2% 27.8%

Teacher 34.5% 27.6% 65.5% 34.5% 69.0% 31.0%

Doctor 17.2% 10.3% 86.2% 13.8% 75.9% 24.1%

Engineer 33.3% 93.3% 6.7% 73.3% 26.7%

Student 24.8% 3.0% 94.0% 6.0% 82.0% 18.0%

Other 55.2% 24.1% 58.6% 41.4% 69.0% 31.0%

Unemployed 50.0% 25.0% 55.0% 45.0% 70.0% 30.0%

*in p-value column means a statistically significant diference p<0.001.
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identify significant associations and explore 
patterns within the dataset, the associations 
between risk factors and outcomes were assessed 
primarily using bivariate analyses (chi-square 
and correlation tests), and multivariate analyses 
were not initially performed. This may limit the 
ability to fully control for potential confounding 
factors. Future studies are recommended to 
include multivariate approaches with broader 
and more balanced sampling to enhance the 
generalizability and robustness of findings. Further 
recommendation states that public health efforts 
should focus on improving oral hygiene awareness, 
addressing culturally specific risk factors such as 
khat chewing, and promoting smoking cessation.
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