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KEYWORDS Abstract Objective: To describe the study design, and the distal and proximal influences on oral
Oral health: health reported in the national demographic and health survey (DHS) of the Kingdom of Saudi
Saudi Arabia; Arabia (KSA) in 2017.

Health risk behaviors; Methods: The 2017 KSA DHS used an innovative multistage stratified random-sampling tech-
Oral health influences; nique to select the population sample by using primary health care centers’ (PHCs) catchment areas
National health survey as the primary sampling unit. Over 45,000 household heads plus a family member were interviewed.

A conceptual framework for distal and proximal oral health influences specific to the KSA was
adapted based on the oral health surveillance model. Cross-tabulation and Chi-square tests were
performed with consideration for sample weights to provide estimates representative for the
KSA population. Frequencies and weighted percentages for each variable reflecting each construct
were reported.

Results: The total number of individuals included in the analysis was n = 55,511, ages ranging
between 2 and > 65 years. Lack of dental care when needed was reported for 22.5 % of the pop-
ulation (males = 20.8 %/females = 24.7 %). Proportion of population from Central, West, East,
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South, and North regions who reported available dental care services when needed was 62.3 %,
58.0 %, 58.9 %, 62.3 %, and 60.1 %, respectively. PHCs were the most regular source for dental
care (55.1 %). In total, 48.3 % visited the dentist at least once last year (males = 49.4 % /females =
46.8 %). Dental pain was the most common reason for last dental visit (69.0 %), while only 6.4 %
reported visited the dentist for routine visit. Only 15.3 % reported brushing their teeth at least twice
per day (males = 14.6 % /females = 16.4 %).

Conclusion: Two major oral health influences previously reported to have a significant negative
influence on oral health, namely, limited routine dental check-up visits and inadequate oral hygiene,
were present among KSA residents. Further inferential study is needed to investigate such influence
on oral health status within the KSA population.
© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oral diseases are a major public health problem worldwide,
causing pain and imposing economic burdens on individuals
and countries’ healthcare systems. Over the last few decades,
developed countries have experienced a decrease in the inci-
dence of dental caries and periodontal diseases, but their inci-
dence has shown a sharp rise in middle- and low-income
countries, driven mainly by social and economic changes
(Kassebaum et al., 2017). Oral health can be influenced by
exposure to various influences throughout a person’s lifetime.
These influences can be classified as proximal and distal
(Petersen, 2005). Proximal influences can directly or relatively
directly lead to adverse oral health outcomes, while distal influ-
ences shape the proximal influences and indirectly lead to
adverse oral health outcomes (Fig. 1) (Petersen, 2005).

In the Kingdom of Saudi Arabia (KSA), data from many
regional oral health surveys have demonstrated a high preva-
lence of oral diseases, especially dental caries, making them a
national public health problem. A systematic review investi-
gated the nationwide prevalence of dental caries in the KSA
for studies conducted between 1988 and 2010 has showed that
the prevalence of dental caries in the primary dentition of chil-
dren younger than 6 years ranged between 62 % and 84 %,
while in the permanent dentition, the prevalence varied

between 58 % and 94 % (Al Agili, 2013). Poor oral hygiene
practices and inadequate dental preventive visits were identi-
fied as the main proximal influences on oral health in the
KSA (Almas et al., 2003; Morgano et al., 2010), while the main
distal influences were disadvantaged sociodemographic condi-
tions such as low parental income, low education, and lack of
dental insurance (Al Hamdan and Fahmy, 2014; Alhabdan
et al., 2018).

In dental public health research, it is important to identify
the influences that may result in the development of oral dis-
eases by using a multi-level risk assessment approach to plan
effective health promotion programs (Watt et al., 2019). In
2017, the ministry of health (MOH) in the KSA conducted
the largest and most comprehensive nationwide demographic
and health survey (DHS). The DHS (2017 KSA DHS) pro-
vided data that should be instrumental to investigate the pop-
ulation’s oral health risk factors in the KSA at the national
level for the first time. The MOH used the catchment areas
of primary healthcare centers (PHCs) as the primary sampling
unit which, in terms of sampling methodology, was innovative.

The primary objective of this study was to describe the
proximal and distal influences on oral health according to gen-
der, age group, and region differences at a national level in the
KSA by utilizing data from the 2017 KSA DHS. We adapted a
conceptual framework for oral health influences in the KSA
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Fig. 1

Adapted framework for distal and proximal influences on oral health.
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(Fig. 1) from the World Health Organization (WHO’s) model
for Oral Health Surveillance (Petersen, 2005). The secondary
objective was to describe the study design of the 2017 KSA
DHS.

2. Materials and methods

2.1. Survey design

The present study used a cross-sectional design for the 2017
DHS KSA covering all regions of the KSA by using multistage
stratified random sampling. The target population included all
non-institutionalized residents of the KSA. House-to-house
visits were conducted to interview the head of the household
or an eligible representative plus a randomly selected family
member. The proposed sample size was a target number of
50,000 households, which constitutes approximately (1 %) of
the nationwide household size (Abdul Salam, 2013). A family
member representing each age group was selected within each
household.

2.2. Sample strategy and distribution

The MOH delivers health services through twenty regional
directorates of health (thirteen administrative regions in addi-
tion to seven major governorates). The regional directorates of
health run 2282 PHC centers nationwide. Each PHC center
has a well-defined geographic area called the catchment area.
Based on the population sizes within each PHC catchment
areas, they were classified into eight strata representing differ-
ent population densities and reflecting the socio-demographic
nature of the people living in the geographic locations in the
KSA (Table S1).

In each stratum, a sample of 25 % (total number of
PHC = 571) of the PHC centers within the KSA were ran-
domly selected by selecting the 4th PHC from a list where
PHC catchment areas were ordered by population density
from least to highest populous PHC catchment area. The list
was available from the MOH registries.

Fifty-thousand households were distributed across the eight
strata in proportion to the population size of each stratum
(Table S1). The number of households per stratum was calcu-
lated based on the following formula:

Numberofhouseholdsassignedperstratum

_50,000households x proportionofpopulationsizeperstratum
- 100

The proportion of population size per stratum was calcu-
lated as follows:
Proportionofpopulationsizeperstratum

_ Populationsizeperstratum

— x 100
totalpopulationsize

The number of households assigned to each stratum was
then distributed to the selected 25% PHC centers. Within each
household, one family member representing each age group
was randomly selected. The third youngest person in each
age group was selected. If two persons were available, the sec-
ond one was selected. If only one person was available, he/she
was selected.

The population size per stratum was derived from MOH
registries in 2016. The total population size of the KSA was
calculated according to the KSA 2010 national census data
(Statistics, 2010).

2.3. Overview of the survey

Training was conducted centrally at MOH headquarters
(Riyadh, KSA) for regional field supervisors and trainers,
who, in turn, conducted peripheral training workshops and
meetings for the field investigators in their respective regions.
In each PHC catchment area, a field investigation team was
assigned to cover their area using a cartography map. Consent
by the head of the household for the team to enter homes and
verbally accept the survey questionnaire was considered as
willingness to participate in the survey. The house-to house
visits were taken place between February 12, 2017, to May
23, 2017.

The questionnaire included different sociodemographic,
environment- and health-related questions. The family head
questionnaire covered topics relevant to the household. Other
family members’ questionnaires covered health specific topics
relevant to their age group. Anthropometric measurements,
namely, weight and height were obtained. Oral health ques-
tionnaire was derived from the World Health Organization
oral health assessment tool (Organization 2013). A pilot survey
was conducted prior to the main survey in eight governates to
assess feasibility. Further details about the sample distribution,
survey implementation, survey design and tools, and sampling
weights are available at the office of Directorate of Primary
Health Care Centers (MOH headquarters, Riyadh, KSA).

2.4. Model adaptation

The conceptual framework (Fig. 1) was adapted based on both
the WHO’s model for Oral Health Surveillance (Petersen,
2005) and the available variables reported in the 2017 KSA
DHS. The constructs and variables included in the framework
were detailed in Table S2.

2.5. Data processing and statistical analysis

A data management plan was prepared by the MOH in collab-
oration with the Biostatistics Department, Indiana University
School of Medicine, Indianapolis, Indiana, USA (IRB num-
ber: 1808825963). Three main datasets were received: house-
hold head dataset (N = 45,287); adult family member
dataset (N = 40,955); and pediatric and adolescent family
member datasets (N = 15,585). Each family was assigned a
number to track family members to their respective household
heads. The household head, adult family member, and pedi-
atric and adolescent family member datasets were merged to
track measures to the household head. Among the 45,287
household heads, 20,294 had a valid family number that
allowed merging. After merging, data for 55,511 participants
were available for analysis.

Cross-tabulation was performed to describe the distal and
proximal influences on oral health. SPSS (IBM Corp. Armonk,
NY, USA) software was used to perform the analysis. Variable
selection was guided by the multi-level conceptual framework
(Fig. 1). Chi-squared tests were performed to compare
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sex-related, age-group, and geographic region differences in
proximal and distal influences. Analysis was performed with
consideration for sample weights to provide estimates repre-
sentative for KSA residents. Data analysis was performed by
(NA) at the Cariology, Operative Dentistry, and Dental Public
Health Department, Indiana University School of Dentistry,
in collaboration with the Biostatistics Department, Indiana
University School of Medicine, Indianapolis, Indiana, USA.

3. Results

Participants aged 25 to 44 years constituted the largest age
group (40.7 %). There were more female respondents than
males, but the weighted estimates indicated that the male pop-
ulation was larger than the female population. Almost one-
third of KSA residents were non-Saudi citizens. Almost
90 % of the household heads were currently married. Results
for proximal and distal influences on oral health for total pop-
ulation are illustrated in Tables 1 and 2. Table 3illustrates
major distal and proximal influences on oral health by gender.

More female participants (23.5 %) had college or higher
degrees than males (6.3 %). A middle household income of
7,700 to 22,900 SAR was the most frequently reported
(38.3 % of the sample population). Over half of the population
owned their homes. Most respondents lived in flats (55.3 %) or
houses (41.4 %), which were either new (34.5 %) or in a good
condition (57.2 %), while <10 % lived in old decaying hous-
ing. Approximately 80 % of the respondents shared a bedroom
with another family member.

Approximately 36 % of the household heads and their fam-
ily members reported that they were covered by health insur-
ance. Also, around 22 % of the respondents reported a lack
of dental services when needed, with females reporting less
availability than males. Elderly (65 + years) and older adults
(55-64 years) reported more lack of dental care when needed
(around 27 %) than the rest of adult age groups (10.7 % for
2-4 years old children and between 21.1 % — 23.5 % for 5-
54 years). Table 4 shows the major distal and proximal influ-
ences on oral health based on age groups.

PHCs were reported as the most regular source of dental
care, followed by private clinics, which were used by
approximately-one-third of the population. However, Central
region reported the lowest usage of PHCs (37.1 %) and the
highest for private clinic (40.7 %), while the North region
was the highest user of PHC (80.8 %) and lowest in private
clinics (10.7 %). Table 5 illustrates major distal and proximal
influences based on geographic region differences.

4. Discussion

Traditionally, national-level surveys use a multistage cluster
sampling design to select their sample. The first stage of this
process involves identifying the primary sampling unit by
selecting naturally occurring clusters or areas, which are usu-
ally census enumeration areas, followed by random household
selection (USAID, 2020). Cluster-sampling designs have limi-
tations, however, the most important of which has to do with
less precise estimates of the population parameters due to an
increase in sampling error among the clusters (Dixon et al.,
2016). To overcome this limitation, the 2017 KSA DHS
applied a stratified random sampling design. This was possible

Table 1 Distal influences on oral health for total population.

Variable N* wN® w%°
Sociodemographic

Age groups

2-4 4674 2963 5.4
5-14 11,653 9365 16.9
15-24 9910 8435 15.3
25-34 11,072 10,893 19.7
35-44 8495 11,586  21.0
45-54 5066 6921 12.5
55-64 2834 3248 5.9
65+ 1807 1843 3.3
Gender

Male 25,619 31,848  57.6
Female 29,892 23,406 424
Citizenship

Citizen 50,155 34,555  62.5
Non-citizen 5356 20,699 37.5
Region

North 11,447 4002 7.2
South 17,836 8193 14.8
East 11,041 8441 15.3
West 10,222 18,166  32.9
Central 4965 16,452  29.8
Marital status

Married 20,785 17,546 89.1
Not-married 2036 2140 10.9
Socioeconomic

Completed education level

Primary school 7633 7446 19.7
Intermediate school 13,648 15,107 39.9
High school 9604 8710 23.0
Intermediate Diploma 1508 1427 3.8
College or higher education 5505 5182 13.7
Monthly household income

(>38,200 Riyals) 172 166 0.6
(22,901-38,200 Riyals) 776 991 3.4
(7,700-22,900 Riyals) 12,871 11,130  38.3
(3,801-7,699 Riyals) 7254 8124 28.0
(3,800 Riyals or less) 8086 8622 29.7
Ownership of residence

Own 14,724 11,160  57.6
Rent 7606 8024 41.4
Other 295 198 1.0

Home Environment
Type of residence

Flat 12,169 10,711  55.3
House 10,204 8419 43.4
Other 280 251 1.3
Residence condition

New 8518 6754 34.5
Old in good condition 12,566 11,216 57.2
Old decaying 1652 1627 8.3
Residence overcrowding

<1 person per room 4046 3960 21.1
1-2 person per room 9972 8190 43.7
> 2 person per room 7815 6579 35.1
General Health

History of medical conditions

History of hypertension 2859 2859 26.5
History of diabetes 786 786 7.3
Other diseases 7130 7130 66.2
Past accident experience

Yes 2687 2850 5.5
No 50,014 49,360  94.5

(continued on next page)
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Table 1 (continued)

Variable N* wNP w%"
Type of accident

Car accident 1530 1742 62.9
Electric accident 76 65 2.3
Fall 688 695 25.1
Hot liquid burn 135 137 4.9
Other 156 131 4.7
History of physical disability

Yes 823 867 1.7
No 51,772 51,471 983
Type of disability

Movement disability 259 287 37.2
Vision disturbance 290 302 39.0
Hearing disturbance 61 96 12.5
Speech disturbance 45 31 3.9
Other 62 57 7.4
Body mass index

Underweight = <18.5 7426 5624 12.7
Normal weight = 18.5-24.9 17,161 16,189  36.5
Overweight = 25-29.9 12,728 13,706  30.9

Obesity = 30 or greater 7561 8863 20.0
Oral health system & services
State of insurance

Yes 5635 7108 36.3
No 17,080 12,489  63.7
Family state of insurance

Yes 5277 6648 36.5
No 15,391 11,580  63.5
Regular source of dental care

PHC 19977 16,813  55.1
Governmental hospital 3225 3468 11.4
Private clinic 6260 9036 29.6
Other 779 1209 4.0
Dental care availability when needed

Not available 13,028 11,178 22.5
Available 29,105 29,974  60.2
Do not remember 8036 8598 17.3

2 Non-weighted frequency. ® Weighted frequency. © Weighted
percent. Data were not complete for some variables (missing data
from participants).

because of the universal coverage of all inhabited regions by
PHCs. The stratified random sampling design provided more
precise estimates of population characteristics because of the
reduced sampling error in comparison with a multistage cluster
design (Dixon et al., 2016).

Our results indicate that people aged between 25 and
44 years constitute over 50 % of the population. As this age
group grows older, the proportion of people aged over 65 years
is estimated to double by 2030 and triple by 2040 (United
Nations, December 2019). As people age, the cost and demand
for dental treatment is expected to increase due to the cumula-
tive effect of constant exposure to risk factors of oral diseases
and the biological changes occurring as a result of aging, such
as the ability to perform oral hygiene practices (Lopez et al.,
2017). To ensure oral health welfare of the growing aging pop-
ulation, oral public healthcare officials need to prepare for
these challenges.

The KSA residents are offered several channels to obtain
free-of-cost oral healthcare services, yet 22.5 % reported they
were unable to obtain oral health services when needed. A

Table 2 Proximal influences on oral health for total
population.

Variable Total
N* wNP  wo%°

Oral health service usage
Dental visit frequency last year

Once 11,459 11,651 23.8
More than once 11,570 11,991 24.5
Did not visit a dentist in the past year 19,014 18,351 37.5
Never visited a dentist 4661 4306 8.8
I do not know or do not remember 2507 2675 5.5
Reasons for last dental visit

Pain or problem in your teeth or gums or 19,762 20,478 69.0
mouth

For treatment and follow up 3819 4139 13.9
Routine examination and treatment 156 1911 6.4
I don’t know 2029 2689 9.1
Other 2741 461 1.6
Dental health risk behavior

Tooth brushing frequency

I have never cleaned my teeth 5845 5656 11.7
I clean my teeth some days but not daily 13,248 12,719 26.3
Once weekly 3985 4190 8.7
Many times per week 5679 5518 11.4
Once daily 12,477 12,838 26.6
Twice or more daily 7217 7417 15.3
Frequency of eating sweets

I don’t eat at all 8460 9162 17.5
Many times per month 29,922 30,123 57.5
Many times per week 9148 8540 16.3
Once or more per day 5225 4584 8.7
Frequency of drinking soft drinks

I don’t drink at all 18,800 19,575 37.3
Many times per month 24,075 23,787 454
Many times per week 7109 6744 12.9
Once or more per day 2650 2332 4.4
Smoking status

Yes 3321 3014 6.4
No 41,948 44,206 93.6
Secondhand smoker status

Yes 4684 4780 18.3
No 20,338 21,323 81.7

2 Non-weighted frequency. ® Weighted frequency. © Weighted
percent. Data were not complete for some variables (missing data
from participants).

study conducted on the elderly population in Riyadh reported
that lack of perceived need, no insurance, cost, and transporta-
tion were the main barriers to obtaining dental services
(Hamasha et al., 2019). Furthermore, our results showed that
a few participants reported visiting the dentist for routine
checkups (6.4 %), while the majority (82.9 %) reported that
the main reason was pain or dental treatment. This finding
agrees with a previous national level study that reported simi-
larly low numbers of Saudis who visited the dentist for a rou-
tine checkup (El Bcheraoui et al., 2016). Oral health access and
use is a complex phenomenon that requires a conceptualized
understanding of the links between the oral healthcare services
systems and the population. Identifying factors such as predis-
posing, enabling, and need conditions at a conceptual and
individual level is crucial to understanding access and use of
oral health services (Andersen 2008). Future investigation is
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Table 3 Major distal and proximal influences on oral health by gender.
Variable Males Females P
N wNP W% N¢ wN° W%°
Distal influences
Oral health system & services
State of insurance
Yes 2433 4242 40.5 3202 2866 31.4 <0.001
No 6997 6220 59.5 10,083 6269 68.6
Family state of insurance
Yes 2241 3936 394 3036 2712 32.9 <0.001
No 6680 6054 60.6 8711 5526 67.1
Regular source of dental care
PHC 9529 9486 51.5 10,448 7327 60.5 <0.001
Governmental hospital 1378 2097 11.4 1847 1371 11.3
Private clinic 2796 5878 31.9 3464 3158 26.1
Other 427 956 5.2 352 253 2.1
Dental care availability when needed
Not available 5732 5979 20.8 7296 5199 24.7 <0.001
Available 13,442 17,369 60.5 15,663 12,605 59.9
Do not remember 3918 5365 18.7 4118 3233 15.4
Proximal influences
Oral health service usage
Dental visit frequency last year
Once 5360 6900 24.3 6099 4751 23.1 <0.001
More than once 5325 7113 25.1 6245 4878 23.7
Did not visit a dentist in the past year 8758 10,361 36.5 10,256 7990 38.8
Never visited a dentist 2255 2499 8.8 2406 1807 8.8
I do not know or do not remember 1105 1518 5.3 1402 1157 5.6
Reasons for last dental visit
Pain or problem in your teeth or gums or mouth 9264 12,150 69.0 10,654 8328 69.0 0.007
For treatment and follow up 1808 2538 14.4 2011 1601 13.3
Routine examination and treatment 950 1107 6.3 1079 804 6.7
I don’t know 1273 1552 8.8 1468 1137 9.4
Other 220 256 1.5 240 205 1.7
Dental health risk behavior
Tooth brushing frequency
I have never cleaned my teeth 2869 3473 12.3 2976 2183 10.8 <0.001
I clean my teeth some days but not daily 6364 7461 26.5 6884 5258 26.0
Once weekly 1898 2544 9.0 2087 1646 8.1
Many times per week 2645 3209 11.4 3034 2309 11.4
Once daily 5550 7337 26.1 6927 5501 27.2
Twice or more daily 3168 4108 14.6 4049 3309 16.4
Frequency of eating sweets
I don’t eat at all 3812 5294 17.5 4648 3868 17.5 <0.001
Many times per month 14,041 17,718 58.6 15,881 12,405 56.0
Many times per week 4177 4792 15.8 4971 3748 16.9
Once or more per day 2401 2440 8.1 2824 2144 9.7
Frequency of drinking soft drinks
I don’t drink at all 8400 11,012 36.3 10,400 8563 38.8 <0.001
Many times per month 11,357 14,117 46.5 12,718 9670 43.8
Many times per week 3392 3931 13.0 3717 2813 12.7
Once or more per day 1256 1289 4.2 1394 1043 4.7
Smoking status
Yes 1494 1748 6.3 3321 1266 6.5 0.286
No 19,263 26,075 93.7 41,948 18,131 93.5
Secondhand smoker status
Yes 2243 3000 19.3 2441 1780 16.8 <0.001
No 9372 12,539 80.7 10,966 8784 83.2

Data were not complete for some variables (missing data from participants).

2 Non-weighted frequency. ® Weighted frequency. © Weighted percent.
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Table 4 Major distal and proximal influences on oral health by age group.

Variable 2-4 5-14 15-24 25-34 3544 45-54 55-64 65+ P

wN * w%® wN* w%° wN* w%® wN* w%® wN* w%® wN? w%°® wN* w%® wN* w%"

Distal influences

Oral health system &

services

State of insurance

Yes NA NA NA NA NA NA 1616 41.0 1681 42.5 954 404 471 36.0 233 289 <0.001
No NA NA NA NA NA NA 2321 59.0 2276 57.5 1408 59.6 839 64.0 573 71.1

Family state of

insurance

Yes 366 34.6 924 31.0 732 29.1 1506 40.6 1548 41.6 909 41.3 436 344 227 29.1 <0.001
No 691 654 2055 69.0 1781 70.9 2204 59.4 2169 584 1294 58.7 832 656 553 709
Regular source of

dental care

PHC 55 58.5 2618 66.0 3277 63.4 3640 52.4 3483 48.6 2059 494 958 50.7 722 645 <0.001
Governmental hospital 6 6.4 408 103 515 10.0 829 11.9 809 1.3 579 139 193 102 130 11.6
Private clinic 30 319 872 22.0 1249 242 2159 31.1 2456 342 1376 33.0 681 36.0 213 19.0
Other 3 32 67 1.7 130 25 319 4.6 424 59 152 3.6 59 3.1 55 4.9

Dental care availability
when needed

Not available 277 107 1819 21.4 1805 23.5 2253 229 2409 232 1399 22.1 783 273 432 272 <0.001
Available 1965 76.0 5243 61.8 4660 60.7 5867 59.6 6109 58.8 3841 60.7 1499 524 790 49.7
Do not remember 343 133 1427 16.8 1206 15.7 1722 17.5 1865 18.0 1086 17.2 581 20.3 368 23.1

Proximal influences
Oral health service

usage
Dental visit frequency

last year

Once 417 169 1884 232 1813 23.9 2306 23.7 2526 24.5 1616 26.1 681 234 406 24.7 <0.001
More than once 235 9.5 1666 20.5 2052 27.0 2518 259 2835 27.5 1519 245 755 260 410 249

Did not visit a dentist 1147 46.5 3396 41.8 2714 35.7 3648 37.5 3538 343 2249 36.3 1054 36.3 607 36.9
in the past year

Never visited a dentist 583 23.6 724 89 581 7.6 688 7.1 838 8.1 499 8.1 262 9.0 132 8.0
I do not know or do 87 35 447 55 438 58 556 5.7 590 5.7 315 5.1 154 53 89 5.4
not remember

Reasons for last dental

visit

Pain or problem in 472 56.2 2933 64.7 3340 69.1 4272 70.6 4790 72.0 2725 69.9 1243 67.2 703 68.8 <0.001
your teeth or gums or

mouth

For treatment and 102 12.1 681 150 641 13.3 832 13.7 901 13.5 532 13.7 295 159 155 152
follow up

Routine examination 151 18.0 409 9.0 302 6.2 352 5.8 282 42 241 6.2 113 6.1 63 6.2
and treatment

I don’t know 107 127 430 9.5 460 9.5 495 8.2 589 8.9 350 9.0 174 94 84 8.2
Other 8 1.0 80 1.8 93 1.9 102 1.7 89 1.3 48 1.2 25 1.4 17 1.7
Dental health risk

behavior

Tooth brushing

frequency

I have never cleaned 413 17.8 866 10.7 830 11.1 1054 11.0 1235 12.0 744 122 343 122 171 10.5 <0.001
my teeth

I clean my teeth some 837 36.0 2544 31.5 1861 249 2358 24.5 2395 232 1630 26.8 703 249 390 24.0
days but not daily

Once weekly 249 107 572 7.1 626 84 915 9.5 915 8.9 494 8.1 295 10.5 124 7.6
Many times per week 241  10.4 1067 13.2 862 11.6 1040 10.8 1131 11.0 699 I1.5 327 11.6 150 9.2
Once daily 460 19.8 2045 253 2022 27.1 2637 27.4 2958 28.7 1512 248 703 249 501 309

Twice or more daily 124 53 995 123 1260 169 1605 16.7 1686 16.3 1010 16.6 448 159 287 17.7
Frequency of eating

sweets

I don’t eat at all 237 85 675 7.5 1556 194 2108 20.4 2338 214 1402 21.5 533 174 313 179 <0.001
Many times per month 1370 48.9 4807 53.6 4742 59.0 6017 58.4 6380 58.3 3724 57.0 2018 65.8 1066 60.8

Many times per week 578  20.6 2165 24.1 1215 151 1498 14.5 1454 133 1012 155 356 11.6 263 15.0



Oral health-related influences in Saudi Arabia, 2017 87

Table 4 (continued)
Variable 2-4 5-14 15-24 25-34 3544 45-54 55-64 65+ P
wN* w%® wN* w%° wN* w%® wN* w%® wN* w%® wN* w%°® wN* w%® wN* w%"
Once or more per day 616 22.0 1325 14.8 523 6.5 686 6.7 766 7.0 398 6.1 159 5.2 110 6.3
Frequency of drinking
soft drinks
I don’t drink at all 1791 65.4 2807 31.5 2819 35.0 3812 36.8 4143 37.7 2548 389 1063 343 592 33.8 <0.001
Many times per month 725 26.5 4165 46.7 3765 46.8 4855 46.9 5013 45.6 2908 44.4 1540 49.7 817 46.6
Many times per week 164 6.0 1457 16.3 1080 13.4 1215 11.7 1377 12.5 817 12.5 379 122 255 14.5

Once or more per day 57 2.1 492 55 381 4.7 463 4.5 457 42 271 4.1 119 3.8 90 5.1
Smoking status

Yes NA NA NA NA NA NA 3810 7.7 729 6.5 452 6.9 196 6.2 144 8.1 <0.001
No NA NA NA NA NA NA 9695 923 10,448 93.5 6097 93.1 2958 93.8 1637 91.9
Secondhand smoker

status

Yes NA NA NA NA NA NA 1228 20.7 1136 184 749 20.6 276 16.0 178 189 <0.001
No NA NA NA NA NA NA 4691 79.3 5046 81.6 2886 79.4 1444 84.0 763 8l1.1

Data were not complete for some variables (missing data from participants). NA = Non applicable.
% Weighted frequency (non-weighted frequency is not shown because of the space limitation. Non-weighted frequency is available in table S5).
® Weighted percent.

Table 5 Major distal and proximal influences on oral health by geographic region.

Variable North South East West Central P
N*  wN® w%® N*  wN® w%® N* wN® w%® N° wN®  w%°® N*  wN°  w%°

Distal influences

Oral health system &

services

State of insurance

Yes 68 44 39 479 298 27.0 995 776 243 896 899 11.6 3197 5091 79.0 <0.001
No 1593 1081 96.1 1322 804 73.0 4123 2422 757 8889 6826 88.4 1153 1355 21.0

Family state of

insurance

Yes 57 37 3.7 472 285 274 932 724 27.6 736 710 9.7 3080 4891 78.4 <0.001
No 1490 955 96.3 1225 755 72.6 3166 1903 72.4 8479 6616 90.3 1031 1351 21.6
Regular source of

dental care

PHC 2540 2101 80.8 4331 3650 753 4446 2934 62.7 5753 4630 51.5 2907 3499 37.1 <0.001
Governmental hospital 296 201 7.7 515 383 79 707 485 104 756 1216 135 951 1184 126
Private clinic 339 278 10.7 893 699 144 1215 1172 25.1 1727 3053 34.0 2086 3835 40.7
Other 32 19 0.7 168 116 24 147 85 1.8 88 86 1.0 344 903 9.6

Dental care availability
when needed

Not available 1495 1059 28.6 2339 1756 23.6 2686 1751 22.6 4293 3739 239 2215 2873 18.9 <0.001
Available 2670 2222 60.1 5780 4630 62.3 5641 4575 589 8868 9078  58.0 6146 9468  62.3
Do not remember 438 416 113 1334 1046 14.1 1949 1435 18.5 2334 2845 18.2 1981 2856  18.8

Proximal influences
Oral health service

usage
Dental visit frequency

last year

Once 1185 1031 29.7 1999 1591 21.4 2374 1724 229 3600 3956 24.6 2301 3348 231 <0.001
More than once 790 684 19.7 2259 1839 24.8 2449 2009 26.7 3798 4277 26.6 2274 3181 22.0

Did not visit a dentist 1780 1323 38.1 3569 2905 39.1 3801 2739 36.5 6138 6221 38.7 3726 5164  35.7
in the past year

Never visited a dentist 483 344 9.9 906 687 9.3 675 529 7.0 1602 1282 8.0 995 1464 10.1
I do not know or do 142 88 2.5 548 403 54 513 512 6.8 452 357 2.2 852 1316 9.1
not remember

Reasons for last dental

visit

(continued on next page)
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Table 5 (continued)

Variable North South East West Central yZ
N wN® w%® N*  wN® w%® N*  wN® w%° N* wN®  w%°® N'  wN®  w%©
Pain or problem in 1715 1521 74.5 3734 3048 69.5 4214 3315 664 6460 6962  72.0 3795 5632 655 <0.001
your teeth or gums or
mouth
For treatment and 293 248 122 698 569 13.0 784 731 147 1167 1428 14.8 877 1163 13.5
follow up
Routine examination 142 120 5.9 331 301 6.9 473 319 6.4 641 591 6.1 442 580 6.7
and treatment
I don’t know 217 142 7.0 622 403 9.2 668 573 11.5 540 536 5.5 694 1035 12.0
Other 11 10 0.5 80 62 1.4 80 51 1.0 168 151 1.6 121 189 2.2
Dental health risk
behavior
Tooth brushing
frequency
I have never cleaned 664 486 13.8 1226 1004 13.7 1151 947 12.7 1696 1488 9.4 1108 1731 122 <0.001
my teeth
I clean my teeth some 1314 1193 34.0 2734 2004 27.4 3009 2292 30.6 3566 3674 233 2625 3556 25.0
days but not daily
Once weekly 426 349 9.9 751 624 8.5 734 582 7.8 1309 1586  10.1 765 1050 7.4  <0.001
Many times per week 520 386 11.0 1297 1038 14.2 1216 924 12.3 1570 1472 9.3 1076 1698 11.9
Once daily 1059 841 239 2035 1711 234 2609 1942 26.0 4331 4823  30.6 2443 3520 24.7
Twice or more daily 364 258 7.3 1161 946 129 1025 796 10.6 2781 2734 17.3 1886 2683 18.8
Frequency of eating
sweets
I don’t eat at all 871 635 17.3 1837 1500 19.5 1634 1150 14.2 1795 1849 10.7 2323 4028 25.6 <0.001
Many times per month 2841 2360 64.2 5380 4447 57.7 6052 4765 59.0 9940 10,376 60.2 5709 8174  52.0
Many times per week 509 379 10.3 1673 1185 154 1785 1369 169 3430 3423 19.9 1751 2184 139
Once or more per day 399 300 82 866 579 7.5 1073 798 9.9 1743 1583 9.2 1144 1325 8.4
Frequency of drinking
soft drinks
I don’t drink at all 1289 977 26.2 3261 2593 33.6 3180 2198 27.1 5942 5640 32.8 5128 8167 52.1 <0.001
Many times per month 2500 2131 57.1 4225 3414 442 5187 4116 50.7 8027 8628 50.2 4136 5498  35.0
Many times per week 605 437 11.7 1738 1335 17.3 1524 1261 155 2085 2232 13.0 1157 1478 9.4
Once or more per day 233 184 49 528 385 5.0 661 540 6.7 177 680 4.0 451 544 3.5
Smoking status
Yes 845 657 18.7 1334 1076 155 718 712 9.8 225 187 1.2 199 382 2.7 <0.001
No 3399 2857 81.3 6904 5849 84.5 8408 6541 90.2 14,197 15416 98.8 9040 13,542 97.3
Secondhand smoker
status
Yes 882 695 374 1312 1125 29.1 1050 987 24.0 983 1098 12.8 457 874 11.4  <0.001
No 1501 1164 62.6 3249 2745 70.9 4128 3122 76.0 6747 7491 87.2 4713 6801 88.6

2 Non-weighted frequency. ® Weighted frequency. ¢ Weighted percent. Data were not complete for some variables (missing data from

participants).

needed to understand oral healthcare access and its use in the
KSA.

This study indicated that the Central region population had
the highest insurance coverage and the highest utilization of
dental private clinics as the regular source of dental care. This
can be due to the KSA’s government efforts to transform the
health care system. In 2003 the Cooperative Health Insurance
Act was enacted, and the Council of Cooperative Health
Insurance was established. The council recommended compul-
sory employment-based health insurance. First stage was
implemented in 2006 by compels private sectors employers to
provide health insurance to their employees. The second phase,
which involves public sector employees, and third phase, which
covers all other groups, are expected to be applied (Almalki
et al., 2011). Studies evaluating oral health care access and

use in the KSA are required to evaluate the effectiveness of
such reforms on oral health wellbeing among the KSA’s
population.

Our study has some important limitations due to the inher-
ent response biases associated with self-reported surveys, such
as recall or social desirability biases. The answers to many
questions, such as those evaluating the reasons for and fre-
quency of dental visits, were largely dependent on the respon-
dents’ ability to recall past experiences. Moreover, social
desirability bias may have influenced the responses to the
smoking-related questions, since only 6.4 % of the respondents
reported that they were currently smoking, in comparison with
12.2 % in a previous study that was conducted in 2012
(Moradi-Lakeh et al., 2015). This wide discrepancy in report-
ing smoking status should be addressed when designing future
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studies. Another limitation of this survey is the lack of data for
clinical oral health outcomes such as previous caries experi-
ence. It would be valuable to include data for such measures
in future national health surveys.

5. Conclusions

The 2017 KSA DHS provided a comprehensive information
about oral health influences in Saudi Arabia for the first time
at a substantial national scale due the DHS’s large sample size,
broad geographic distribution, wide age range, and the exten-
sive social and health information included in the survey.
Among the investigated oral health influences, two that were
previously reported to have a significant negative influence on
oral health were identified for the population in the KSA:
infrequent routine dental examination visits and inadequate
oral hygiene. Future studies should investigate if they also neg-
atively influence oral health within the conditions and environ-
ment of the KSA population.
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