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ABSTRACT
Background: Dental diseases are chronic, lifelong and preventable yet affect over half the 
world’s population. Personal oral hygiene practices and socio-economic factors contribute to 
oral health outcomes affecting oral health quality of life. Integrating basic oral care within 
community level health systems increases accessibility and availability of oral health 
resources.
Objective: National Oral Health Survey of Rwanda (NOHSR) data were investigated for 
associations of socio-demographic characteristics, personal oral hygiene practices, oral health 
outcomes, and oral health quality of life indicators.
Methods: Data were analyzed and descriptive statistics calculated. Multivariable logistic 
regression models were developed to assess associations between untreated caries, calculus, 
and pain with various independent variables (demographics and personal oral hygiene 
practices). Additional logistic regression models examined associations between quality of 
life indicators and the aforementioned independent variables as well as untreated caries and 
pain.
Results: Those who did not use a toothbrush (62.7%), or toothpaste (70.0%), and cleaned 
their teeth less than once per day (55.3%) had a higher prevalence of untreated caries. 
Approximately one-third of those in rural areas cleaned their teeth once per day or more 
compared to two-thirds of those in urban areas (35.4% vs. 71.2%). Those cleaning their teeth 
less than once daily were estimated to have 56.0% higher odds of caries than those who 
cleaned their teeth once a day or more (OR = 1.56, [95% CI 1.25–1.95]). Those with secondary 
education or higher and those with skilled jobs demonstrated more frequent teeth cleaning 
and higher toothbrush and toothpaste use. Quality-of-life indicators varied significantly with 
untreated caries and pain.
Conclusion: Socio-economic, individual, and workforce characteristics are important consid
erations when assessing oral health outcomes. This study investigated social demographic 
disparities in relation to oral health related behaviors and outcomes. This information can 
help guide oral health care programming in Rwanda.
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Background

Largely preventable, dental diseases are chronic and 
lifelong conditions [1] inextricably tied to general 
health and well-being [2]. Evolving research points 
toward evidence that periodontal disease is linked to 
systemic conditions such as diabetes and cardiovas
cular disease [3–5]. Approximately 3.5 billion people 
worldwide exhibit active oral disease [6]. The World 
Dental Federation (FDI) estimates that 60–90% of 
schoolchildren and nearly 100% of adults worldwide 
have experienced tooth decay in their lifetimes [7]. 
The Global Burden of Disease 2010 Study identified 
dental decay in permanent teeth as the most preva
lent condition out of 291 reported diseases and inju
ries. Severe periodontitis in adults and untreated 
caries in deciduous teeth ranked sixth and 10th 
respectively [8]. While oral health promotion 

interventions that target individual behavior change 
have shown some success, oral disease prevention 
and management that take into account social deter
minants warrant a more comprehensive approach [9].

Dental biofilm or plaque is a major biologic deter
minant of oral diseases [10]. Untreated caries and 
periodontal disease are related, in part, to personal 
oral hygiene practices designed to remove this dental 
biofilm. Routinely performed oral hygiene (tooth 
brushing) with fluoridated toothpaste is the most 
important behavioral factor affecting both dental car
ies and periodontal disease [9]. However, behavioral 
preventive approaches alone do not address oral 
health inequalities [11]. Major non-communicable 
diseases (NCDs), including oral diseases, have been 
associated with components of socio-economic status 
such as education, income, and social position [9,12]. 
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Affordability and availability are challenges that result 
in disparities in accessing oral health care especially 
in rural and disadvantaged populations [12]. Oral 
health services tend to be centralized in urban loca
tions with most care rendered as palliative or emer
gent rather than as preventive or restorative [12].

The Primary Health Care (PHC) model proposed 
in the 1978 World Health Organization’s (WHO) 
Declaration of Alma-Ata emphasized a shift from 
expensive, patient-centered, hospital-based therapeu
tic care to community-centered, locally accessible, 
cost-effective preventive care that complements oral 
care by oral health professionals [13]. The World 
Dental Federation (FDI) adapted the primary care 
model and graphically depicted its pyramid of pri
mary oral healthcare known as the ‘Oral Healthcare 
Continuum’. (Figure 1) This model emphasizes the 
need for inexpensive community based oral health 
promotion and disease management services accessi
ble to a large portion of the population (base of the 
pyramid). The inverse relationship of costs and ser
vices demonstrates cost-effective approaches by 
addressing frequency-of-need and cost-of-care issues 
in relation to a population’s need and the level of 
training of the workforce [12].

In 2019, ‘tooth and gum disease’ ranked as the most 
commonly recorded complaint at district hospitals in 
Rwanda [14]. A previous publication described the 
Rwandan context and development of the first 
National Oral Health Survey of Rwanda (NOHSR), 
socio-demographics of the study population, and oral 

disease burden [15]. The aim of this study was to 
analyze selected variables from the NOHSR dataset 
to provide a better understanding of oral health in 
Rwanda and inform strategies for oral disease preven
tion and management. The objectives of this study 
were as follows: a) report data regarding selected per
sonal oral hygiene practices b) investigate associations 
of oral health outcomes with demographic variables 
and personal oral hygiene practices, and c) investigate 
quality of life with oral health outcomes and demo
graphic variables.

Methodology

Data source

This manuscript was developed from results of spe
cialized analyses of the dataset from the National Oral 
Health Survey Rwanda (NOHSR) conducted in 2016. 
The NOHSR study design was based on the World 
Health Organization’s (WHO) oral health basic sur
vey methods [16]. Structured interviewer- 
administered questionnaires collected demographic, 
oral health practice, oral health behavior and quality- 
of-life-information. Oral epidemiologic screenings 
recorded oral health status. The data collection 
instrument was developed from questions and oral 
health indicators available from the WHO [16]. Data 
collection formats were developed for children (ages 
2–11 years), adolescents (ages 12–17 years) and adults 
(ages 18 years and above). Each questionnaire was 
pretested for face and content validity and then 

Figure 1. The Oral Healthcare Continuum.
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translated into Kinyarwanda. Parents or guardians 
were present at the time of the survey and provided 
information as required for children and adolescents 
who were 17 years of age or younger.

Site selection and sample size were based on the 
WHO Oral Health Surveys Pathfinder stratified clus
ter methodologies in consultation with the National 
Institute of Statistics Rwanda (NISR). This resulted in 
the selection of 15 sample sites representing four 
provinces of Rwanda and the capital city of Kigali. 
Sites were randomly selected to reflect the country’s 
approximate urban/rural ratio (20%/80%) and pro
vincial population distributions [17].

The study population included five age groups 
(2–5, 6–11, 12–19, 20–39, and 40+ years). These age 
groups were selected based on accepted oral health 
sampling domains [18]. A minimum of 25 subjects in 
each age group for each site was determined based on 
the Pathfinder methodology and pilot oral health data 
available in Rwanda. Individuals participating in the 
survey represented households randomly selected by 
the community health worker responsible for each 
site. Participants had to be a resident of the selected 
community.

A single survey team of seven calibrated Rwandan 
dental therapists collected data at each of the 15 
selected sites. Each data collector was calibrated 
against a gold standard examiner and recalibrated at 
the conclusion of weeks one, two, and four of the six- 
week data collection period. A previous publication 
describes the specific details of the methodology for 
the NOHSR and baseline data regarding the oral 
disease burden in Rwanda [15].

Analysis

For this study selected variables from the 2016 
NOHSR (Table 1) were analyzed using the 
Statistical Package for Social Sciences (SPSS) 
Version 22 (IBM Corp, Armonk, NY), Stata version 
13.1 (Stata Corp LP, College Station, TX) and SAS 
version 9.4 (SAS Institute Inc., Cary, NC). For analy
sis, the frequency of cleaning teeth variable (self- 
reported by adult and adolescent participants and 
parent/guardian-reported for children) was categor
ized as greater than or equal to once per day if the 
participant reported cleaning their teeth one time 
per day or more. Cleaning frequency was categorized 
as less than once per day if the participant reported 
cleaning her/his teeth less than one time per day or 
not at all. Answer options in the survey accounted for 
the possibility that participants reported cleaning 
their teeth occasionally, but less than once per day, 
when aggregated across days (e.g. cleaning once every 
two days). Data regarding education and occupation 
were only available for analysis of age groups 20–39 
and 40+ years. Descriptive statistics (counts and 

percentages for categorical variables, means and stan
dard deviations for continuous variables) were calcu
lated. The chi-square test (Tables 2–5) was used to 
determine associations between categorical oral 
health and demographic variables; oral health quality 
of life indicators and variables such as demographics, 
pain and untreated caries; and, oral health variables 
with each other.

Multivariable logistic regression models (Table 6) 
were developed and tested to assess associations 
adjusted for potential confounding. In particular, 
models for the dependent binary (yes/no) variables 
of untreated caries, calculus and pain were con
structed with the following covariates (all of which 
were considered as confounders): sex, age, location, 
medical insurance, cleaning teeth less than once 
per day, and toothbrush use. Further models were 
constructed for the dependent binary variables of 
difficulty working, difficulty chewing and self- 
consciousness with each model initially including all 
of the covariates mentioned above as well as 
untreated caries and pain as further covariates - all 

Table 1. Definitions of Selected Variables.
Independent 

Variable
Definition

Sex Male or female
Age Groups In Years (2–5, 6–11, 12–19, 20–39, 40+)
Education Participants (age ≥20 years) indicate their highest 

level of education attended (None, Any 
primary, Some secondary, Secondary or more)

Geographic 
Location

Live in urban or rural area as defined by National 
Institute of Statistics Rwanda

Medical Insurance Medical coverage that pays for medical or surgical 
care (Yes, No)

Occupation Participants (age ≥20 years) indicate the kind of 
work they mainly do (Agriculture and Unskilled 
manual; Skilled, Technical, Professional; 
Student or Not working)

Oral Health 
Indicators

Definition

Untreated Caries Visually detectable cavitated carious lesion on at 
least one deciduous or one permanent tooth 
(Yes, No)

Calculus Calcified dental plaque noted by visual inspection 
only (Yes, No)

Frequency of 
cleaning

Frequency with which participant reported 
cleaning his/her teeth at least once per day 
(Yes, No)

Pain Felt painful aching in the mouth within the 
12 months preceding the survey (Yes, No)

Treatment 
urgency

Presence of oral pain, infection, or swelling or any 
condition that is life threatening (Yes, No)

Use of toothbrush Participant indicated using a toothbrush to clean 
his/her teeth (Yes, No)

Use of toothpaste Participant indicated using toothpaste to clean 
his/her teeth (Yes, No)

Quality of Life 
Indicators

Definition

Difficulty chewing Difficulty chewing in the past 12 months because 
of problems with teeth, mouth or dentures 
(Yes, No)

Difficulty working Difficulty doing usual jobs, attending school or 
participating in social activities in the past 
12 months because of problems with teeth, 
mouth or dentures (Yes, No)

Feel self-conscious Felt self-conscious or embarrassed within the 
preceding year because of teeth, mouth or 
dentures (Yes, No)
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of which were considered as confounders. However, 
medical insurance was ultimately excluded from the 
model for untreated caries due to lack of fit (based on 
the Hosmer-Lemeshow test for goodness of fit which 
was also used to confirm the fit of each model).

The assumption of lack of multicollinearity was 
assessed using Variance Inflation Factor (VIF) values. 
From previous research [19], a VIF of 2.5 or higher was 
considered to indicate substantial collinearity. Based on 
this criterion, toothbrush and toothpaste use were the 
only covariates to exhibit substantial collinearity, due to 
their high level of correlation. Since toothbrush use was 
of greater interest as a covariate, it was retained in each 
final model, whereas toothpaste use was excluded from 
the models. Adjusted odds ratios and corresponding 
95% confidence intervals were calculated based on the 
final logistic regression models. McFadden pseudo R2 

values were also calculated.

Results

As reported by the NOHSR, the study population 
consisted of 2097 participants (61.1% female), mean 
(SD) age of 22.5 (19.6) years (range 2–104 years). 
Demographic information of the study group includ
ing level of education, rurality, occupation, and par
ticipation in community-based health insurance 
(CBHI) reflected the population of Rwanda. 
Approximately three quarters (73.8%) lived in rural 
communities. For participants ages 20 years and 
above, the majority (86.8%) had completed primary 
school or lower grade level. Over three quarters of the 
participants (78.7%) had medical insurance coverage. 
Consistent with a high disease burden, over half of 
the study sample (54.3%) had untreated caries with 

a significantly higher prevalence in older age groups 
and rural areas. Nearly two-thirds (63.9%) had 
experienced painful aching in the mouth within the 
past 12 months. For those ages 20 years and above, 
over 50% of the participants reported that oral health 
problems were affecting their quality of life [15].

Further analysis of the NOHSR dataset for this 
study showed that most people 20 years of age and 
older (76.3%) reported their occupation as agriculture 
or unskilled labor. Selected variables of untreated 
caries and calculus varied significantly with age and 
geographic location (p < .05) but not by sex or 
medical insurance (p > .05). The highest prevalence 
of caries (65.6%) and calculus (69.7%) was reported 
in those 40 years of age and older. Caries prevalence 
was higher among those living in rural areas verses 
urban areas (56.0% vs. 49.3%). The reported presence 
of calculus was also higher in rural areas compared to 
urban areas (31.4% vs. 24.9%). For those 20 years of 
age and older, the presence of calculus varied signifi
cantly with level of education and occupation 
(p < .05). Less calculus was present in individual 
with higher levels of education and those engaged in 
skilled labor. Untreated caries did not vary signifi
cantly with education or occupation (p > .05). 
(Table 2)

Cleaning frequency varied significantly by sex, age, 
geographic location, level of education and occupa
tion (p < .05). Overall 55.3% of the study population 
cleaned their teeth less than once per day or not at all. 
The frequency of cleaning teeth once per day or more 
was higher among females than males (47.7% vs. 
40.2%) and those living in urban areas versus rural 
areas (71.1% vs. 35.4%). Cleaning frequency was 
highest for participants 20–39 years of age (64.8%) 

Table 2. Oral health indicators by demographic indicators.
Oral health indicators

Demographic Characteristics

Untreated Caries Calculus

Yes 
(n) %

No 
(n) % p-value §

Yes 
(n) %

No 
(n) % p-value §

Total 1138 (54.3) 959 (45.7) NA 623 (29.7) 1474 (30.3) NA
Sex Male 439 (53.8) 377 (46.2) .73 226 (27.7) 590 (72.3) .11

Female 699 (54.6) 582 (45.4) 397 (31.0) 884 (69.0)
Age (Years) 2–5 199 (49.8) 201 (50.3) <.0001 0 (0.0) 400 (100.0) <.0001

6–11 239 (56.2) 186 (43.8 23 (5.4) 402 (94.6)
12–19 177 (43.1) 234 (56.9) 83 (20.2) 328 (79.8)
20–39 250 (56.2) 195 (43.8) 227 (51.0) 218 (49.0)
40+ 273 (65.6) 143 (34.4) 290 (69.7) 126 (30.3)

Geographic Location Urban 271 (49.3) 279 (50.7) .006 137 (24.9) 413 (75.1) .004
Rural 867 (56.0) 680 (44.0) 486 (31.4) 1061 (68.6)

Medical Insurance* Yes 928 (54.0) 789 (46.0) .73 504 (29.4) 1213 (70.7) .47
No 208 (55.0) 170 (45.0) 118 (31.2) 260 (68.8)

Education** None 173 (65.5) 91 (34.4) .18 191 (72.4) 73 (27.7) <.0001
Any primary 287 (59.5) 195 (40.5) 271 (56.2) 211 (43.8)
Some secondary 34 (53.1) 30 (46.9) 33 (51.6) 31 (48.4)
Secondary or more 28 (56.0) 22 (44.0) 21 (42.0) 29 (58.0)

Occupation** Agriculture and Unskilled 400 (61.0) 256 (39.0) .86 410 (62.5) 246 (37.5) .002
Skilled, Technical and Professional 72 (58.5) 51 (41.5) 56 (45.5) 67 (54.5)
Not working and Student 50 (61.7) 31 (38.3) 50 (61.7) 31 (38.3)

§All p values derived from χ2 tests. 
*Total n = 2097. Missing data represents less than 1%. 
**Data reported for participants ≥20 years of age (n = 860). 
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Table 6. Binary logistic regression models§.

Characteristics Oral Health Outcomes

Untreated Caries 
n = 2094

Calculus 
n = 2094

Pain 
n = 2094

Demographics OR [95% CI] OR [95% CI] OR [95% CI]
Sex
Male 1.03 [0.86–1.24] 1.89 [1.46–2.45]* 0.94 [0.77–1.15]
Female 1.00 1.00 1.00
Age (Years)
2–5 0.43 [0.32–0.58]* <.001 [<.001–0.01]* 0.09 [0.06–0.13]*
6–11 0.60 [0.45–0.80]* 0.02 [0.01–0.03]* 0.18 [0.13–0.25]*
12–19 0.40 [0.30–0.53]* 0.09 [0.07–0.13]* 0.22 [0.15–0.31]*
20–39 0.74 [0.56–0.98]* 0.50 [0.37–0.67]* 0.42 [0.29–0.61]*
40+ 1.00 1.00 1.00
Geographic Location
Urban 0.95 [0.76–1.19] 0.82 [0.61–1.11] 0.77 [0.60–0.98]*
Rural 1.00 1.00 1.00
Medical Insurance
Yes -** 1.23 [0.91–1.67] 1.17 [0.91–1.51]
No -** 1.00 1.00
Personal Oral Hygiene Practices
Cleaning Freq. < 1± 1.56 [1.25–1.95]* 1.12 [0.84–1.49] 0.87 [0.68–1.11]
Cleaning Freq. ≥ 1 1.00 1.00 1.00
No use of Toothbrush 1.20 [0.94–1.52] 2.01 [1.48–2.72]* 0.74 [0.57–0.98]*
Use of Toothbrush 1.00 1.00 1.00
Characteristics Quality of Life Indicators
Oral health Outcomes Difficulty Working 

n = 2090
Difficulty Chewing 

n = 2085
Feel Self-conscious 

n = 2082
No Untreated Caries 0.40 [0.31–0.51]* 0.40 [0.32–0.51]* 0.34 [0.28–0.46]*
Untreated Caries 1.00 1.00 1.00
No Pain 0.08 [0.06–0.12]* 0.07 [0.05–0.09]* 0.08 [0.06–0.11]*
Pain 1.00 1.00 1.00
Geographic Location
Urban 0.44 [0.32–0.59]* 0.41 [0.31–0.56]* 0.53 [0.40–0.71]*
Rural 1.00 1.00 1.00
Medical Insurance
Yes 1.34 [0.99–1.79] 1.40 [1.04–1.88]* 1.33 [0.99–1.77]
No 1.00 1.00 1.00
Sex
Male 0.79 [0.62–1.01] 0.86 [0.68–1.10] 0.84 [0.67–1.07]
Female 1.00 1.00 1.00
Age (Years)
2–5 0.10 [0.07–0.16]* 0.14 [0.09–0.21]* 0.14 [0.10–0.21]*
6–11 0.16 [0.11–0.22]* 0.15 [0.10–0.21]* 0.16 [0.11–0.22]*
12–19 0.19 [0.13–0.27]* 0.19 [0.13–0.27]* 0.22 [0.15–0.31]*
20–39 0.73 [0.53–1.01] 0.54 [0.38–0.78]* 0.55 [0.40–0.75]*
40+ 1.00 1.00 1.00
Personal Oral Hygiene Practices
Cleaning Freq. < 1± 2.14 [1.60–2.87]* 1.44 [1.08–1.93] 1.25 [0.94–1.66]
Cleaning Freq. ≥ 1 1.00 1.00 1.00
No use of Toothbrush 0.50 [0.37–0.69]* 0.62 [0.45–0.84]* 0.70 [0.50–0.95]*
Use of Toothbrush 1.00 1.00 1.00

§All results derived from multivariable logistic regression. All odds ratios presented are adjusted odds ratios; for each outcome in the table, the 
multivariable logistic regression model included all covariates listed underneath that outcome. 

*Statistically significant (p < .05). 
**Medical Insurance was not included in the multivariable logistic regression model for untreated caries. 
±Frequency of cleaning ≥1x/d = participant reported cleaning their teeth one time per day or more; < 1x/d = participant reported cleaning their teeth 

less than one time per day or not at all. 

Table 5. Oral health outcomes by personal oral hygiene practices and pain.
Oral Health Outcomes

Personal Oral Hygiene Practices and Pain

Untreated Caries Calculus

Yes 
n (%)

No 
n (%) p-value §

Yes 
n (%)

No 
n (%) p-value §

Total* 1137 (54.2) 959 (45.8) NA 622 (29.7) 1474 (60.3) NA
Use of Toothbrush* Yes 379 (48.5) 402 (51.5) <.0001 238 (30.5) 543 (69.5) .54

No 758 (57.6) 557 (42.4) 384 (29.2) 931 (70.8)
Use of Toothpaste* Yes 333 (49.6) 338 (50.4) .004 212 (31.6) 459 (68.4) .18

No 803 (56.4) 620 (43.6) 409 (28.7) 1014 (71.3)
Frequency of cleaning* ≥ 1x/day± 451 (48.1) 487 (51.9) <.0001 311 (33.2) 627 (66.8) .002

<1x/day 687 (59.3) 472 (40.7) 312 (26.9) 847 (73.1)
Pain Yes 865 (64.6) 475 (35.4) <.0001 513 (38.3) 827 (61.7) <.0001

No 273 (36.1) 484 (63.9) 110 (14.5) 647 (85.5)
§All p values derived from χ2 tests. 
*Total n = 2097. Missing data represents less than 1%. 
(±) Frequency of cleaning ≥1x/d = participant reported cleaning their teeth one time per day or more; < 1x/d = participant reported cleaning their teeth less 

than one time per day or not at all. 
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and lowest for those ages 2–5 years (20.8%). For the 
study population 20 years of age or older, the fre
quency of cleaning once per day or more was greater 
for people with higher levels of education and those 
engaged in skilled, technical or professional occupa
tions. Frequency of cleaning did not vary significantly 
based on having medical insurance (p > .05). 
(Table 3)

Of the study population, 62.7% reported not using 
a toothbrush and 70.0% reported not using toothpaste. 
Use of a toothbrush and toothpaste varied significantly 
by age, geographic location, education and occupation 
(p < .05), but not by sex (p > .05). Toothbrush use was 
highest for participants 20–39 years of age (58.4%) and 
lowest for those ages 2–5 years (17.3%). Participants 
living in urban areas reported more toothbrush use 
than those living in rural areas (71.2% vs. 25.2%). For 
participants 20 years and older, toothbrush and tooth
paste use was reported more often by those with higher 
levels of education and more skilled labor. The use of 
toothpaste was significantly higher among participants 
with medical insurance (p < .05). (Table 3) 
Approximately 83.1% (648/780) of those using 
a toothbrush reported using toothpaste as well. Of 
those not using a toothbrush approximately 1.7% 
(22/1313) reported using toothpaste.

Indicators for oral health quality of life varied 
significantly with oral health outcomes and 
selected demographic characteristics. Study parti
cipants without pain or untreated caries reported 
less difficulty working, less difficulty chewing, and 
less feelings of self-consciousness (p < .05). 
Difficulty working and feelings of self- 
consciousness varied significantly with geographic 
location, level of education and type of occupation 
(p < .05). Participants living in urban areas 
reported less difficulty working and feeling less 
self-conscious due to oral problems. Those 
20 years of age and older with higher levels edu
cation also reported less difficulty working and 
feeing less self-conscious about their oral condi
tions (p < .05). None of the quality-of life indica
tors varied based on medical insurance (p > .05). 
(Table 4)

In bivariate analyses, toothbrush use, toothpaste 
use, frequency of cleaning and oral pain varied sig
nificantly with untreated caries (p < .05). Participants 
who did not use a toothbrush, did not use toothpaste, 
and cleaned their teeth less than one time per day or 
not at all had a higher prevalence of untreated caries 
(57.6%, 56.4% and 59.3% respectively). Nearly two- 
thirds (64.6%) of those with oral pain within the 
last year had untreated caries. The presence of calcu
lus did not vary significantly with the use of tooth
brush or toothpaste (p > .05). (Table 5)

After excluding toothpaste use from all models 
and excluding medical insurance from the model 

for untreated caries (as described in the Analysis 
section), all assumptions for multivariable logistic 
regression were met in the final models. Table 6 
shows the adjusted odds ratios and corresponding 
95% confidence intervals for each multivariable logis
tic regression model. Within the table, all variables 
shown for a given model were included as covariates 
(potential confounders) in that model. After adjusting 
for potential confounders via the multivariable logis
tic regression models, participants not cleaning their 
teeth at least once per day were estimated as having 
56.0% higher odds for untreated caries than those 
who cleaned once a day or more. Furthermore, in 
the multivariable logistic regression model, statisti
cally significant findings indicated that participants 
who did not use a toothbrush were estimated at 
101.0% higher odds of having calculus than those 
who used a toothbrush. Those living in urban areas 
were estimated to have 23.0% lower odds of having 
pain than those in rural areas. (Table 6) The pseudo 
R 2 was 0.052 for the untreated caries model, 0.495 
for the calculus model and 0.190 for the pain model.

Quality-of-life predictors in the multivariable 
logistic regression models included untreated caries, 
pain, location, medical insurance, age, frequency of 
cleaning teeth, and use of a toothbrush. Participants 
without untreated caries were estimated to have 
60.0% lower odds of having difficulty working than 
those with untreated caries. Those without pain in 
their mouths were estimated to have 92.0% lower 
odds of having difficulty working than those who 
had pain. Predictors for the two additional quality 
of life indicators, difficulty chewing and self- 
consciousness, followed a similar pattern for 
untreated caries and pain. Participants living in 
urban areas had lower odds of adverse impacts on 
oral health quality of life than those living in rural 
areas. A cleaning frequency of less than once per day 
resulted in 114.0% higher odds of difficulty working 
than if cleaning was done more frequently. However, 
not using a toothbrush did not have higher odds for 
difficulty working, difficulty chewing, or feeling of 
self-consciousness. Younger age groups had lower 
odds for the quality of life indicators consistent with 
age related oral disease. (Table 6) Pseudo R 2 values 
were 0.488 for difficulty working, 0.515 for difficulty 
chewing, and 0.469 for feeling self-conscious.

Discussion

The data provided by the NOHSR afforded the 
opportunity to assess factors related to oral disease. 
Building on the first manuscript describing the 
NOHSR [15], we further analyzed the NOHSR data
set to investigate key outcome and descriptive vari
ables to better understand the oral health of the 
surveyed population. Specifically, we investigated 
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oral health indicators in relation to demographic 
information, personal oral hygiene practices, and 
oral health quality of life indicators. This provided 
further insight into the substantial oral disease bur
den in Rwanda and the impact of selected determi
nants in relation to the reported oral health 
outcomes.

Personal oral hygiene practices such as the use of 
a toothbrush with fluoridated toothpaste, professional 
cleaning, oral hygiene instruction and motivation, 
dietary advice, and professional fluoride application 
contribute to the management of dental caries and 
periodontal disease [9,20–24]. The NOHSR identified 
that 70.6% of the study population never visited an 
oral health provider and of those who did, 98.7% 
sought care for pain relief [15]. Given the oral health
care system was predominantly used for pain relief, 
the focus of professional visits on pain management 
diminishes the opportunity for beneficial contribu
tions of professional services such as cleaning, oral 
health promotion, prevention, and oral disease man
agement services. Our current findings are consistent 
with an identified need for the development of stra
tegies that improve personal oral hygiene practices 
including the frequency of tooth cleaning and the use 
of fluoridated toothpaste. Specific age groups, those 
living in rural areas, those with lower education 
levels, those in less skilled occupations and students 
were specifically challenged in regard to their self- 
performed oral hygiene.

Oral diseases impact well-being and quality of life 
[25–27]. Oral discomfort and pain can affect chewing, 
talking and social roles [25]. Bivariate analysis 
showed that the adverse impact on quality of life 
was greater when untreated dental caries or pain 
were reported. Those in rural locations, with less 
than secondary education, and who engaged in agri
cultural and unskilled occupations reported the high
est percentage of adverse impact on oral health 
quality of life. Although other studies do not report 
a direct correlation between the extent of carious 
lesions and whether pain and discomfort are felt 
[20], the dataset showed nearly two-thirds of the 
study participants with oral pain had untreated caries.

The lack of available data limits the understanding 
of oral health behavior and its impact on oral health 
outcomes as well as its overall effect on health [28]. 
Logistic regression models in our study provided 
additional insights into the complexity of oral dis
eases. The results of the logistic regression model for 
oral-health-quality of life outcomes reinforce that the 
factors of age, untreated caries, pain, geographic loca
tion and self-performed oral hygiene practices are 
important considerations when contextualizing oral 
health in Rwanda.

Access to adequate oral healthcare is an important 
factor in oral health outcomes and is a challenge 

faced by one-third of the global population [12]. 
Even health systems with favorable oral health work
force provider-to-patient ratios approaching 1:2000 
[9], often fail to meet existing oral health treatment 
and disease prevention needs [1,6,29]. In developing 
nations such as Rwanda with small workforce-to- 
population ratios estimated in 2015 at 1:90,000 
[14,30], overcoming oral health disparities presents 
substantial challenges. Nearly all Rwandans who 
sought oral health treatment at district hospitals 
were seeking pain relief [15], requiring the limited 
oral health workforce efforts at those facilities to be 
focused on pain relieving therapies.

Approaches to oral disease management that 
incorporate interventions targeted at individual 
health behaviors as well as at the broader community 
and societal levels are consistent with current socio- 
ecological frameworks that recognize the interplay 
among multi-level factors influencing oral health out
comes [1,11,31]. The Oral Healthcare Continuum 
(OHC) [12] offers an integrative framework lever
aging community health workforce efforts to deliver 
community-accessible cost-effective oral health pro
motion and disease prevention services. 
Simultaneously the OHC recognizes the need for 
professionally trained oral health providers [12]. 
The Basic Package of Oral Care (BPOC), the only 
WHO-approved model for the management of oral 
diseases, focuses on oral urgent treatment, affordable 
fluoride toothpaste and atraumatic restorative treat
ment. The guiding principles of BPOC center on 
equity and access, cost-effectiveness, community con
textualization, and multi-sectorial integration [32]. 
Integrating models such as the BPOC within existing 
community-level health systems increases the acces
sibility and availability of oral health promotion, pre
vention, as well as disease management services. 
Systematically developing multi-level approaches 
that target complex demographic, personal oral 
health, workforce, and socio-economic determinants 
offers an ecologically comprehensive approach to oral 
disease prevention [33]. Our analysis of the NOHSR 
dataset provides a resource to inform the implemen
tation of strategies including the BPOC through the 
OHC model to help reduce the oral disease burden in 
Rwanda.

Variations in study design limit the ability to 
compare our findings with oral health studies of 
East African nations. The use of oral examination 
verses self-reported oral health status, physical con
ditions of the clinical evaluations, demographic and 
clinical variables, study population size, and inclusion 
criteria vary greatly for oral health studies reported in 
the literature. The NOHSR used clinical evaluation 
methods to document oral disease prevalence. 
Nonetheless, studies using self-rated oral health status 
and outcomes in Kenya and Tanzania reported oral 
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health outcomes in relation to selected variables of 
age, education, rurality, personal oral hygiene prac
tices and oral health quality of life findings consistent 
with ours [34,35].

Discussion of statistical considerations

Important to note in our analysis, while the Hosmer- 
Lemeshow test did not indicate a significant misfit in 
any of the reported models, the pseudo R2 values 
indicated the varied abilities of the models to predict 
the outcome. In particular, the pseudo R2 values 
ranged from 0.469 to 0.515 for the models predicting 
calculus, difficulty working, difficulty chewing and 
feeling self-conscious, whereas the values for 
untreated caries and pain were lower (0.052 and 
0.190, respectively). Therefore, the independent vari
ables in the models for untreated caries and pain 
showed limited value in predicting these outcomes.

The use of survey weights in a given data analysis 
is also a statistical consideration. Gelman [36] pre
ferred unweighted regression models in order to 
avoid the disadvantages associated with such weights. 
His recommendations were similarly incorporated in 
our study. Previous research using the WHO Oral 
Health Surveys Pathfinder methodology also 
employed unweighted analyses [37,38]. Comparison 
of the different statistical procedures when using the 
Pathfinder method in oral health research would be 
an interesting topic for future work.

Strengths and limitations

The Pathfinder methodology is advocated by the WHO 
for the planning of oral care services [16]. There are 
certain methodological considerations. Participant 
recruitment continued until cluster quotas were 
reached, leading to possible volunteer bias. No infor
mation was known about non-participants in the 
study, limiting conclusions regarding selection bias. 
The survey relied, in part, on self-reported information 
that could lead to recall bias with over reporting or 
underreporting due to social desirability. Untreated 
caries and calculus were assessed by visual exam only 
and therefore, the true burden of diseases was under
represented. Information on education and occupation 
was consistently available only for those in age groups 
20–39 and 40+ years. Assessing barriers to the use of 
toothbrush, use of toothpaste, and frequency of clean
ing was beyond the scope of the NOHSR. Despite these 
limitations, strengths of the study include the large 
sample size with representative national sampling in 
regard to age and randomization of site selection. Data 
collected from the study participants were consistent 
with national data reported for education, occupation 
and medical insurance. Pre-stratification by age and sex 
reduced selection bias. The cluster sampling approach 

ensured that the study population’s urban/rural and 
provincial distribution reflected that of the population 
of Rwanda. The NOSHR data set offers valuable 
insights to the complex issues regarding oral disease 
burden in Rwanda [15].

Future studies focused on investigating socio- 
economic, environmental, and individual barriers to 
achieving optimal oral health outcomes would assist 
in providing more information for developing con
textually relevant oral health promotion, prevention 
and disease management strategies. Information 
regarding knowledge and attitudes toward personal 
oral hygiene practices and barriers to those practices 
is not currently available. Detailed information 
regarding utilization of professional oral health ser
vices as well the availability and cost of toothbrushes 
and fluoridated toothpaste would also be helpful to 
better inform oral health programming in Rwanda.

Conclusion

Socio-economic, personal oral hygiene practices, and 
oral workforce characteristics are important consid
erations when assessing oral health outcomes. This 
study investigated social demographic disparities in 
relation to oral health related behaviors and out
comes. This information can help guide oral health- 
care programming in Rwanda.

Acknowledgments

The authors wish to sincerely thank Bill and Joyce 
Cummings, Cummings Foundation, for their financial sup
port for this research. The authors are also very grateful for 
the advice and efforts from the following persons: Patricia 
Campbell, former Executive Vice President, Tufts University 
and Chancellor, University of Rwanda; Professor Philip 
Cotton, former Vice Chancellor University of Rwanda; Jane 
Barrow, Associate Dean, Harvard School of Dental Medicine 
and Theodore Habiyakare, Dental Therapist and One Health 
Fellow, Cummings School of Veterinary Medicine, Tufts 
University.

Disclosure statement

No potential conflict of interest was reported by the 
authors.

Funding information

The original study was generously funded through a gift 
from The Cummings Foundation with support from Tufts 
University School of Dental Medicine, Harvard School of 
Dental Medicine and University of Rwanda Schools of 
Dentistry and Public Health.

10 D. M. HACKLEY ET AL.



Author Contributions

JM, DH and JN developed and designed this study. JM and 
DH oversaw the implementation of the survey. JM and DH 
supervised all field and data operations. JM and DH super
vised all data entry. JM oversaw daily backup, merging and 
uploading of the dataset. JM, DH, JN, SJ, SP and MF were 
involved in the analysis and interpretation of the data. JM 
and DH participated in the critical review and interpreta
tion of the study. All authors contributed to the final 
version and approved the final manuscript.

Ethics and Consent

On behalf of the Rwanda National Ethics Committee, the 
University of Rwanda College Medicine and Health 
Sciences granted ethical approval– 51/CMHSIRB/2016. 
The national Scientific National Health Research 
Committee granted review approval. The National 
Institute of Statistics of Rwanda (NISR) issued a study 
visa. District mayors and sector leaders authorized data 
collection within their respective communities. Every sur
vey participant provided signed informed consent (in 
Kinyarwanda) and participants ages 7–17 years provided 
informed assent.

PAPER CONTEXT

Heavy disease burden and disparities, coupled with 
a limited workforce require innovative strategies to 
improve oral health. Community-based oral health promo
tion and disease prevention/management approaches can 
complement an existing, overburdened, treatment-focused 
workforce.

ORCID

Donna M. Hackley http://orcid.org/0000-0002-6838- 
0199

References

[1] Peres MA, Macpherson LMD, Weyant RJ, et al. Oral 
diseases: a global public health challenge. Lancet Lond 
Engl. 2019 Jul 20;394(10194):249–260.

[2] Watt RG. Strategies and approaches in oral disease 
prevention and health promotion. Bull World Health 
Organ. 2005 Sep;83:711–718.

[3] Eke PI, Genco RJ. CDC periodontal disease surveil
lance project: background, objectives, and progress 
report. J Periodontol. 2007 Jul;78(7s):1366–1371.

[4] Kinane D, Bouchard P. on behalf of group E of the 
European workshop on periodontology. Periodontal 
diseases and health: consensus report of the sixth 
european workshop on periodontology. J Clin 
Periodontol. 2008 Sep;35:333–337.

[5] U.S. Department of Health and Human Services. Oral 
Health in America: A Report of the Surgeon General. 
Rockville, MD: U.S. Department of Health and 
Human Services, National Institute of Dental and 
Craniofacial Research, National Institutes of Health; 
2000. Available from https://www.nidcr.nih.gov/sites/ 
default/files/2017-10/hck1ocv.%40www.surgeon. 
fullrpt.pdf

[6] Watt RG, Daly B, Allison P, et al. Ending the neglect 
of global oral health: time for radical action. Lancet. 
2019 Jul;394(10194):261–272. .

[7] Facts, figures and stats, oral disease: 10 key facts 
[Internet]. FDI World Dental Federtion. [cited 2020 
Apr 18]. Available from: https://www.fdiworlddental. 
org/oral-health/ask-the-dentist/facts-figures-and-stats

[8] Marcenes W, Kassebaum NJ, Bernabé E, et al. Global 
burden of oral conditions in 1990-2010: a systematic 
analysis. J Dent Res. 2013 Jul;92(7):592–597. .

[9] Jepsen S, Blanco J, Buchalla W, et al. Prevention and 
control of dental caries and periodontal diseases at 
individual and population level: consensus report of 
group 3 of joint EFP/ORCA workshop on the bound
aries between caries and periodontal diseases. J Clin 
Periodontol. 2017 Mar;44:S85–93.

[10] Sanz M, Beighton D, Curtis MA, et al. Role of micro
bial biofilms in the maintenance of oral health and in 
the development of dental caries and periodontal dis
eases. Consensus report of group 1 of the Joint EFP/ 
ORCA workshop on the boundaries between caries 
and periodontal disease. J Clin Periodontol. 2017 
Mar;44:S5–11.

[11] Watt RG. Social determinants of oral health inequal
ities: implications for action. Community Dent Oral 
Epidemiol. 2012 Oct;40:44–48.

[12] Benzian H, Williams D, eds. The challenge of oral 
disease: a call for global action[Internet]. The oral 
health atlas. 2nd. edn. Geneva: FDIWorld Dental 
Federation by Myriad Editions; 2015. Available from: 
https://www.fdiworld dental.org/sites/default/files/ 
media/documents/complete_oh_atlas.pdf

[13] van P Helderman W, Mikx F. Priorities in oral health 
care in non-EME countries. Int Dent J. 2002 Feb;52 
(1):30–34.

[14] Statistical Yearbook. 2019. [Internet]. National 
Institute of Statistics of Rwanda; [cited 2020 Apr 20]. 
Available from: https://www.statistics.gov.rw/publica 
tion/statistical-yearbook-2019

[15] Morgan JP, Isyagi M, Ntaganira J, et al. Building oral 
health research infrastructure: the first national oral 
health survey of Rwanda. Glob Health Action. 2018 
Jan;11(1):1477249. .

[16] World Health Organization. Oral health surveys: basic 
methods. 5th. Internet]. Geneva, Switzerland: World 
Health Organization; 2013 [cited 2020 Sep 13]. Available 
from: https://apps.who.int/iris/bitstream/handle/10665/ 
97035/9789241548649_eng.pdf?sequence=1

[17] Statistical Yearbook. 2012. [Internet]. National 
Institute of Statistics of Rwanda; [cited 2018 Feb 18]. 
Available from: http://www.statistics.gov.rw/publica 
tion/statistical-yearbook-2012

[18] Beltran-Aguilar ED, Barker LK, Canto MT. et al. 
Centers for disease control and prevention (CDC). 
Surveillance for dental caries, dental sealants, tooth 
retention, edentulism, and enamel fluorosis–USA, 
1988-1994 and 1999-2002. Morb Mortal Weekly Rep 
Surveillance Summary. 2005;54(3):1–43.

[19] Johnston R, Jones K, Manley D. Confounding and 
collinearity in regression analysis: a cautionary tale 
and an alternative procedure, illustrated by studies of 
British voting behaviour. Qual Quant. 2018 
Jul;52:1957–1976.

[20] Pitts NB, Zero DT, Marsh PD, et al. Dental caries. Nat 
Rev Dis Primer. 2017 Dec 21;3(1):17030.

[21] Figuero E, Nóbrega DF, García-Gargallo M, et al. 
Mechanical and chemical plaque control in the 

GLOBAL HEALTH ACTION 11

https://www.nidcr.nih.gov/sites/default/files/2017-10/hck1ocv.%40www.surgeon.fullrpt.pdf
https://www.nidcr.nih.gov/sites/default/files/2017-10/hck1ocv.%40www.surgeon.fullrpt.pdf
https://www.nidcr.nih.gov/sites/default/files/2017-10/hck1ocv.%40www.surgeon.fullrpt.pdf
https://www.fdiworlddental.org/oral-health/ask-the-dentist/facts-figures-and-stats
https://www.fdiworlddental.org/oral-health/ask-the-dentist/facts-figures-and-stats
https://www.fdiworlddental.org/sites/default/files/media/documents/complete_oh_atlas.pdf
https://www.fdiworlddental.org/sites/default/files/media/documents/complete_oh_atlas.pdf
https://www.statistics.gov.rw/publication/statistical-yearbook-2019
https://www.statistics.gov.rw/publication/statistical-yearbook-2019
https://apps.who.int/iris/bitstream/handle/10665/97035/9789241548649_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/97035/9789241548649_eng.pdf?sequence=1
http://www.statistics.gov.rw/publication/statistical-yearbook-2012
http://www.statistics.gov.rw/publication/statistical-yearbook-2012


simultaneous management of gingivitis and caries: 
a systematic review. J Clin Periodontol. 2017 Mar;44: 
S116–34.

[22] Darby I. Non-surgical management of periodontal 
disease. Aust Dent J. 2009 Sep;54:S86–95.

[23] Rothen M, Cunha-Cruz J, Zhou L, et al. Northwest pre
cedent network. Oral hygiene behaviors and caries experi
ence in Northwest precedent patients. Community Dent 
Oral Epidemiol. 2014 Dec;42(6):526–535.

[24] Tinanoff N. Individuals who brush their teeth infre
quently may be at greater risk for new carious lesions. 
J Evid Based Dent Pract. 2017 Mar;17(1):51–52.

[25] Baiju R. Oral health and quality of life: current 
concepts. J Clin Diagn Res. Internet]. 2017 [cited 
2020 Dec 29]; Available from: http://jcdr.net/article_ 
fulltext.asp?=0973-709x&year=2017&volume= 
11&issue=6&page=ZE21&=0973-709x&id=10110

[26] Haag DG, Peres KG, Balasubramanian M, et al. 
Health-related quality of life: a systematic review. 
J Dent Res. 2017 Jul;96(8):864–874.

[27] Zucoloto ML, Maroco J, Campos JADB. Impact of oral 
health on health-related quality of life: a cross-sectional 
study. BMC Oral Health. 2016 Dec;16(1):55.

[28] Broadbent JM, Zeng J, Foster Page LA, et al. Oral health– 
related beliefs, behaviors, and outcomes through the life 
course. J Dent Res. 2016 Jul;95(7):808–813.

[29] Tomar SL, Cohen LK. Attributes of an ideal oral 
health care system. J Public Health Dent. 2010;70 
(Suppl 1)Journal Article: 6.

[30] The World Bank: population, total -Rwanda 
[Internet]. The World Bank. [cited 2020 Nov 25]. 

Available from: https://data.worldbank.org/indicator/ 
SP.POP.TOTL?locations=RW

[31] Jackson SF, Perkins F, Khandor E, et al. Integrated health 
promotion strategies: a contribution to tackling current 
and future health challenges. Health Promot Int. 2006 
Dec 1; 21(suppl_1):75–83.

[32] Karim A, Mascarenhas AK, Dharamsi S. A Global 
Oral Health Course: isn’t It Time? J Dent Educ. 2008 
Jul 20;72(11):1238–1246.

[33] Marmot M, Bell R. Fair society, healthy lives. Public 
Health. 2012 Sep;126:S4–10.

[34] Masalu JR, Kikwilu EN, Kahabuka FK, et al. Oral health 
related behaviors among adult Tanzanians: a national path
finder survey. BMC Oral Health. 2009 Dec;9(1):22.

[35] Pengpid S, Peltzer K. Self-rated oral health status and 
social and health determinants among community 
dwelling adults in Kenya. Afr Health Sci. 1970 Jan 
1;19(4):3146–3153.

[36] Gelman A. Struggles with Survey Weighting and 
Regression Modeling. Stat Sci. 2007 May;22 
(2):153–164.

[37] Masalu JRP, Kikwilu EN, Kahabuka FK, et al. Socio- 
demographic and behavioural correlates of oral health 
related quality of life among Tanzanian adults: 
a national pathfinder survey. Tanzan J Health Res. 
Internet]. 2012 Oct 22 [cited 2020 Nov 25];14(3). 
Available from: http://www.ajol.info/index.php/thrb/ 
article/view/78753

[38] Tobin AO, Ajayi IO. Common oral conditions and 
correlates: an oral health survey in Kwara State 
Nigeria. BMC Res Notes. 2017 Dec;10(1):568.

12 D. M. HACKLEY ET AL.

http://jcdr.net/article_fulltext.asp?=0973-709x%26year=2017%26volume=11%26issue=6%26page=ZE21%26=0973-709x%26id=10110
http://jcdr.net/article_fulltext.asp?=0973-709x%26year=2017%26volume=11%26issue=6%26page=ZE21%26=0973-709x%26id=10110
http://jcdr.net/article_fulltext.asp?=0973-709x%26year=2017%26volume=11%26issue=6%26page=ZE21%26=0973-709x%26id=10110
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=RW
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=RW
http://www.ajol.info/index.php/thrb/article/view/78753
http://www.ajol.info/index.php/thrb/article/view/78753

	Abstract
	Background
	Methodology
	Data source
	Analysis

	Results
	Discussion
	Discussion of statistical considerations
	Strengths and limitations

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	Author Contributions
	Ethics and Consent
	PAPER CONTEXT
	References



