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Dental Caries in African Preschool Children: 
Social Factors as Disease Markers 
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Abstract 
Objective: This study investigated the associations between dental caries 

prevalence and severity and social factors in 3- to 5-year-old African children. 
Methods: Dental caries was diagnosed in natural light using WHO criteria, 
mirrors, and explorers. Socioeconomic information was obtained by question- 
naire. Results: The percentages of 3-, 4-, and 5-year-olds with any caries 
experience were 47percent, 58 percent, and 63 percent, respectively. Mean dmfs 
scores (sd) were 2.2(3.6), 3.0(3.8), and 3.7(4. l), respectively. Family education 
was associated with caries prevalence fp=.03) and severity (P=.008) in a muiti- 
variable regression model. Conclusion: In the indigenous African group studied, 
family education is a disease marker to target in future caries risk evaluations. [J 
Public Health Dent 1998;58(1):7- 1 11 
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South Africa has undergone a social 
revolution in the 1990s. Both racial 
segregation and a low-level civil war 
ended, and the first democratically 
elected government in the country’s 
history took office. To make up for 
past inequities and to allow for future 
developments, many more demands 
are being placed on the national health 
care budget than can be satisfied (1). In 
such circumstances common sense 
suggests that those most at risk to dis- 
ease be targeted to make best use of 
available resources. One way to target 
individuals at high risk to dental canes 
is to use social factors as canes predic- 
tors (2). 

Social gradients have been ob- 
served for a wide range of health 
measures. Whatever measures are 
used, be they objective clinical indica- 
tors or self-reported indicators, lower 
social classes are disadvantaged com- 
pared to those at the higher end of the 
social scale (3). Social factors reported 
to be indicators of risk for dental caries 
in children include parental education 
( 4 3 ,  social class (6), and the number 
of children per family (7). 

Contemporary evidence from Af- 
rica generally has shown a higher 

prevalence and severity of caries 
among children from upper socioeco- 
nomic backgrounds (8-121, a relation- 
ship opposite to that in Europe. In 
South Africa, two studies found an in- 
verse relationship between dental car- 
ies, parental education, and social 
class in white children; however, simi- 
lar information for black children is 
not available (13,141. 

The purpose of this study was to 
look for associations between dental 
caries and some social factors in a typi- 
cal South African urban black commu- 
nity. A long-term goal of this work is 
to enable resources to be concentrated 
on those most at risk to caries in South 
Africa. 

Methods 
Subjects. The study protocol was 

approved by the University of Wit- 
watersrand’s Committee for Research 
on Human Subjects. Permission also 
was obtained from the Central Creche 
Committee of Katlehong to conduct 
the study, and from parents to exam- 
ine their children on the under- 
standing that no child would be exam- 
ined against his or her will. 

The large cities of the province of 

Gauteng (the most densely populated 
region of South Africa), which are al- 
most contiguous, are bounded by so- 
called black townships originally es- 
tablished to house labor for the cities. 
The townships, while differing in size, 
are all similar in broad design and con- 
tain the same standardized mass-pro- 
duced houses and hostels (single-sex 
dormitory accommodations). Squat- 
ters, or individuals living in self-made 
shacks, are found in all townships. The 
townships share the same suboptimal 
fluoride water supply (0.33 ppm F). 
The Gauteng townships are typical of 
urban black townships throughout the 
country. 

The study was carried out in the 
black township of Katlehong, situated 
27 km east of Johannesburg, 10 km 
south of Germiston, and 8 km east of 
Alberton, three of the largest cities in 
South Africa. The official township 
population is500,000, although an un- 
official estimate is double that number 
(15). There are 23,309 known housing 
units subclassified into standard two- 
room houses (40%), informal back- 
yard tenants (30%), squatters (20%), 
hostels (7%), and elite homes (3%). 
Electricity is supplied to 60 percent of 
homes. Piped water goes to 85 percent 
of homes, while 15 percent have com- 
munal taps. 

All children attending the seven 
municipal creches (day nurseries) 
throughout Katlehong were chosen 
for study. A minimum required sam- 
ple size of 384 was calculated based on 
an estimated canes prevalence of 50 
percent, a beta error of 0.05, and an 
alpha error of 0.05. 

Dental Caries. The single examiner 
(MNK) was calibrated for dental caries 
diagnosis before the survey to a kappa 
score for surface to surface compari- 
sons of 0.90 (16). During the field 
study, TO percent of the sample was 
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reexamined and the reliability of the 
examiner was found to have been 
maintained. The children’s primary 
teeth were examined in good natural 
light outside the school using sterile 
plain mirrors and explorers and WHO 
caries diagnostic criteria (17). Only 
teeth extracted for dental caries were 
recorded as missing. Caries preva- 
lence was defined as the percent of the 
sample with a dmfs score of 1 or more, 
while caries severity was indicated by 
mean dmfs scores. 

Social Factors. A pretested anony- 
mous questionnaire coded to link with 
the dental caries data was sent home 
with each child. The responses were 
used to define nine variables. Each 
child’s age was recorded in whole 
years. A social class variable was de- 
rived from the occupation of the father 
(or mother if the father was unem- 
ployed or no longer in the family) us- 
ing the six British social classes (18) 
and South African occupation descrip- 
tions (19). These six classes are I (inde- 
pendent and high professional), I1 
(salaried professional and equivalent), 
IILN (owners and executives in small 
commerce and services), IIIM (work- 
ing owner in small commerce/serv- 
ice), IV (routine nonmanual), and V 
(unskilled manual). The six classes 
were then condensed into upper (I, 11, 
IIIN) and lower (IIIM, IV, V). The oc- 
cupational classification was based on 
the usual occupation of a parent irre- 
spective of whether the parent was 
employed or not at the time of the 
survey. The employment statusof par- 
ents at the time of the study was used 
to designate both parents, one parent, 
or no parents employed. 

In South Africa seven years of pri- 
mary school are followed by five years 
of secondary school, culminating in 
matriculation (high school diploma). 

Tertiary education can be at a univer- 
sity, technical college, or commercial 
college. Three family education 
groups were defined according to 
combinations of the years of schooling 
completed by the parents. In the low 
group both parents had completed 
less than 10 years of schooling. The 
middle group contained one parent 
who had completed 10 to 12 years of 
school and the other seven to 12 years. 
The high group had one parent with 
12 years of completed schooling plus 
tertiary education, the other with at 
least 10 to 12 years of school. In single- 
parent households the education level 
of that parent was used. 

Total family income per month was 
recorded in 13 categories similar to 
those used in the South African Na- 
tional Census. These categories were 
condensed into three groups for analy- 
sis: a low group of sUS$285, a middle 
group of US$286 to US$999, and a high 
group of >US$l,OOO. (The exchange 
rate for the South African rand at the 
time of the study was ZAR3.5=US$I.) 

The number of families and indi- 
viduals per land unit was recorded. 
Family crowding was determined by 
dividing the number of rooms per 
dwelling (excluding toilet) by the 
number of inhabitants in that dwell- 
ing. A ratio of less than 1.0 was termed 
crowded; a ratio of 1.0 or more, not 
crowded. The availability of piped 
drinking water, electricity, and gar- 
bage collection was recorded as pre- 
sent or absent. 

Data Management and Analysis. 
All the data were transferred to a Sun 
SPARCcenter 2000 computer and ana- 
lyzed on a university network using 
SAS (20). Pearson correlations were 
calculated between each of the social 
variables used to see if similar aspects 
were captured in more than one vari- 

able. For the analysis of discrete canes 
data (prevalence), a logistic regression 
analysis was used. The distribution of 
dmfs scores (caries severity) was 
highly skewed. Transformation to ex- 
act normality of such ordinal data is 
not possible; however, it is possible to 
achieve a key feature of normality - 
namely, zero skewness- by a system- 
atic search among transformations of 
the form log(dmfs+k). The k achieving 
zero skewness was 0.15. In this family 
of so-called Box-Cox transformations 
with shift, the selection is restricted to 
a small subfamily and is done by eye 
(21). The log(dmfs+O.l5) was evalu- 
ated with a general linear model 
analysis. For both multivariable analy- 
ses the independent variables were en- 
tered simultaneously. The critical level 
for statistical significant was set at 
P<.05. 

Results 
Of the 668 children attending the 

nursery schools, 464 (69%) returned 
questionnaires completed by their 
parents. Six of these had so much in- 
formation missing that they were dis- 
carded. The age of children with com- 
pleted questionnaires ranged from 2 to 
6 years. A minimum of 30 per age 
group was necessary for statistical rea- 
sons; thus, children aged 2 years 
(n=12) and 6 years (n=20) were ex- 
cluded. The final sample reported in 
this paper is 426,64 percent of all chil- 
dren attending the schools. 

No significant differences in dental 
caries prevalence were found among 
the creches (x2=6.78; df=6; P=.34) or 

Also, no significant relationships be- 
tween creche or sex and any of the 
social factors were found. The data 
were therefore pooled. 

At 3 years of age, 47.3 percent had 

between sexes ( x  2 =0.31; df=l; P=.58). 

TABLE 1 
Frequency Distribution of Children by Age and d m f s  Levels 

dmfs 

0 1-5 6-1 0 11-20 Age Total 
(Years) n % n % n % n % n 

3 48 26 30 20 8 11 5 21 91 
4 80 44 67 46 33 45 9 38 189 
5 54 30 50 34 32 44 10 42 146 
Total 182 43 147 35 73 17 24 5 426 
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caries; at 4 years, 57.7 percent had car- 
ies; and at 5 years, 63.0 percent had 
caries. Mean dmfs scores (SD) were 2.2 
(3.6), 3.0 (3.8),and 3.7 (4.1) at 3,4,and 
5 years of age, respectively. The dmfs 
scores were grouped into four levels of 
increasing severity (Table 1) to look at 
the change in prevalence with increas- 
ing age. A chi-square for trend test 
showed a statistically significant in- 
crease in dmfs  scores with age 

Family characteristics, caries preva- 
lence, and caries severity are pre- 
sented in Table 2. Most families were 
in the lower social class, indicating the 
unskilled nature of work done by most 
family breadwinners. The prevalence 
of caries was greater in the higher so- 
cial class; however, mean dmfs scores 
were identical in the two groupings. 
Only 10 percent of families had no one 
employed. Caries prevalence and 
mean dmfs were similar in all the em- 
ployment groupings. Almost two- 
thirds of the families were in the low- 
income bracket, which was below the 
unofficial national minimal subsis- 
tence level of US$343 at the time of the 
study. Caries prevalence and severity 
were highest in the low-income group. 

Regarding education, most families 
were in the middle group, over one- 
third of whom had high school gradu- 
ates. In general, mothers had higher 
education levels than fathers. Both 
prevalence and dmfs scores were in- 
versely associated with education. 

The sample was evenly distributed 
between crowded and not crowded 
homes, and caries prevalence and ex- 
perience were similar in the two 
groups. Homes had from 1 to 11 rooms 
(mean=4.5, ~ ~ 1 . 8 ) .  The number of 
persons per family ranged from 3 to 14 
(mean=5.5, s ~ 2 . 2 ) .  The mean number 
of rooms per  inhabitant was 0.9 
(s~=0.5). The number of families per 
land unit ranged from 1 to 24 
(mean=2.3,s~=3.0). While most homes 
had piped water and electricity, gar- 
bage collection was not common. No 
clear associations between caries and 
household variables (home crowding, 
piped water, electricity, and garbage 
collection) were evident. 

The correlation coefficients for the 
nine social variables ranged from a 
low of r=0.02 (employment) to a high 
of r=0.41 (electricity and water). Of the 
nine variables, only family education 
was associated with dental caries 
prevalence and log(dmfs+O.l5) (Table 

2 (x  =6.95; df=6; P= .008). 

TABLE 2 
Frequency Distribution of Families, and Canes Prevalence and Mean dmfs 

Scores of Children, by Social Variables 

Variable 
~ 

Age (years) 
3 
4 
5 

Social class 
Lower 
Higher 

Both unemployed 
Both employed 
One employed 

Low 
Middle 
High 

Low 
Middle 
High 

Home crowded 
Crowded 
Not crowded 

Piped water 
Absent 
Present 

Electricity 
Absent 
Present 

Absent 
Present 

Employment of parents 

Income group 

Education group 

Garbage collection 

Children 

Family With Caries dmfsl- 

n+ % n % Mean SD 
_ _ _ ~ _ _ _ _ _ _ ~ ~  

91 21 43 53 2.2 3.6 
1 89 44 109 58 3.0 3.8 
146 35 92 63 3.7 4.1 

256 72 139 54 3.3 3.8 
102 28 64 63 3.3 3.8 

43 10 25 58 3.0 3.4 
155 37 89 57 3.0 3.9 
226 53 129 57 3.0 4.0 

263 62 155 59 3.1 3.8 
144 34 81 56 3.0 4.0 
19 3 8 42 2.3 4.1 

100 28 61 61$ 3.6 4.1$ 
170 48 102 60 3.3 3.6 

87 24 41 47 2.7 3.6 

203 52 110 54 3.3 3.7 
186 48 106 57 3.3 4.0 

39 9 23 59 2.5 3.1 
387 91 221 57 3.3 3.8 

51 12 26 51 2.4 3.1 
375 88 218 58 3.4 3.8 

276 65 157 57 3.2 3.8 
146 35 84 57 3.3 3.6 

*Sample sizes vary because of nonresponse to some questionnaire items. 
tWhole sample. 
$Statistically significant at R.05 

3) in multivariable analyses. 

Discussion 
The essence of any epidemiologic 

study is whether or not the sample 
examined is suitably representative 
for a particular study. The township 
investigated is typical of a South Afri- 
can urban black community. Since at- 
tendance at municipal creches is vol- 
untary and subject to affordability, the 
study sample might not be repre- 
sentative of the general population. 
The realities of life in South Africa, 

however, are that general population 
surveys of young children are almost 
impossible to do. Even the National 
Oral Health Survey of the Department 
of Health (22) was limited to children 
attending schools in metropolitan ar- 
eas. The children aged 2 or 6 years 
excluded from this study were few be- 
cause parents tend to keep 2-year-olds 
at home and most children already 
have started primary school at 6 years 
of age. 

A heartening factor in this study 
was the high questionnaire response 
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TABLE 3 
Results of Multivanable Analyses of Canes Prevalence and Seventy (n=277) 

Logistic Regression General Linear Models Analysis 
[for Caries Prevalence] [for log(dmfs+O.l5)] 

Variable Beta Coefficient Standard Error P-value F Ratio P-value 

Child age 4.19 0.17 .26 1.86 .16 
Social class 0.55 0.31 .07 0.40 .53 

Family income 0.38 0.24 .12 1.50 .23 

Home crowding 0.45 0.27 .09 1.21 .27 
Piped water -0.08 0.54 .89 1.02 .31 

Employment -0.10 0.23 .67 0.10 .90 

Education group 0.47 0.21 .03* 4.96 .008" 

Electricity -0.69 0.45 .13 1.65 .20 
Garbage collection 4.09 0.26 .73 0.03 .86 

%.Statistically significant at P<.05. 

rate of 69.5 percent, which is higher 
than our institute has experienced in 
other recent surveys - a typical figure 
being 40 to 50 percent. This high re- 
sponse rate could have been because 
the field examiner (MHK) is well 
known in the area. 

With all questionnaire studies, re- 
sponse accuracy is an essential compo- 
nent. We have no data to confirm the 
validity of our questionnaire other 
than that it was based on a similar one 
successfully used in an earlier study in 
older children of other communities 
(14). Individuals completing a ques- 
tionnaire must be literate enough to 
understand what is being asked. Ap- 
proximately 48 percent of the indige- 
nous African population in South Af- 
rica (rural plus urban) is illiterate or 
semiliterate, as indicated by less than 
seven years of formal schooling (23). 
No rates are available for the urban 
population; however ,  local re- 
searchers in this field estimate the rate 
at about 40 percent. In our sample only 
6 percent of families who completed 
the questionnaire had both parents 
with less than seven years of school- 
ing. Anecdotal evidence from discus- 
sions with teachers at schools in the 
present study suggests that neighbors, 
friends, or relatives who were literate 
helped these loweducation families to 
complete their questionnaires. In our 
experience, reporting of family in- 
come is a problem because of the natu- 
ral desire for privacy. To help over- 
come this problem, we used broad in- 
come ranges, made the questionnaire 
anonymous, and provided an enve- 
lope in which to seal the questionnaire. 

The fairly high canes prevalence but 
low mean dmfs scores seen in this 
study are similar to trends reported 
elsewhere in Africa (9,10,25). Our 
study differs from most African inves- 
tigations in that our observed canes 
rates decreased as family education 
increased, a typical western pattern. 

The spectrum of social factors in the 
s tudy sample shows the charac- 
teristics of disadvantaged people who 
have been collectively termed an un- 
derclass community by Kliegman (24), 
a relic of a previous political system. 
This system, "apartheid" (apartness), 
used a separate, inferior education 
system and restrictions on where to 
live as core policy. 

The multivanable analyses in our 
study showed only one of the nine 
variables - family education - to 
have a statistically significant relation- 
ship to canes prevalence and seventy. 
Social class, mostly based on the occu- 
pation of a parent, has been examined 
for its effects on canes in several stud- 
ies in Africa, with inconsistent find- 
ings. Caries was found to be signifi- 
cantly worse in higher social classes in 
Nigeria (8,ll) and Sierra Leone (12). In 
the current study, no statistically sig- 
nificant effect was seen, an assessment 
shared by researchers in Kenya (251, 
Sudan (261, and Tanzania (27-29). 

The way in which individuals with 
different  educat ional  levels a re  
grouped influences the statistical 
analysis. In an initial analysis of these 
same data, a six-category education 
variable suggested by Holan et al. (5) 
was used for each parent separately. 
No statistically significant associa- 

tions between cariesratesand parental 
education were found (30) .  Sub- 
sequent reflection led us to believe that 
the general milieu of the family in 
South Africa is probably more impor- 
tant than the education level of one 
parent; hence, the system reported in 
this paper was devised. A feature of 
families in developing communities in 
South Africa is that the father, re- 
garded as the head of the household, 
frequently has less education than the 
mother. Due to pressure to earn 
money early in life, males leave school 
earlier than females. Currently, fe- 
males constitute 57 percent of the 
school and university population, 
compared to 52 percent of the general 
population (31). The combined paren- 
tal education level at home thus seems 
a more appropriate measure. The rea- 
sons for the significant relationship be- 
tween education and caries are not 
known. 

Clearly, different ethftic groups liv- 
ing in the same country can have dif- 
ferent social markers for the same dis- 
ease. This possibility was shown re- 
cently when 12-year-old South 
African Indian and white groups were 
compared for dental caries using the 
same social markers. In the Indian 
community, no statistically significant 
social markers were seen, in contrast 
to three in the white group - namely, 
social class, family income, and 
crowding (14). One reason for a lack of 
identified social markers in Africans 
could be that the wrong markers or 
methods have been used up to now 
because investigations apply factors 
or classifications applicable to Europe 
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and other western countries. No as- 
sessments appropriate for African 
populations have been defined and 
are needed. An advantage of the cur- 
rent study is that clearly defined clas- 
sifications were used. In studies else- 
where in Africa, classifications either 
have not been described or have been 
vague (8,11,12), so that conclusions 
may not be accurate. 

A final complicating factor in our 
study of the relationship between so- 
cial factors and dental caries is the rela- 
tively low caries level in the Katlehong 
community. Dental caries was diag- 
nosed in natural light in this study. In 
our experience, this technique yields 
results comparable to the operatory 
light. Studies to identify risk markers 
in populations with high rates of dis- 
ease may show different statistical ef- 
fects than in communities with low 
disease. The d, m, and f components 
have not been reported separately in 
this article because no children had 
filled teeth and very few had missing 
teeth. Almost all caries recorded was 
untreated, the d component indicating 
a lack of access to dental treatment. 

What has emerged from this study 
is that family education grouping 
should be used in prospective studies 
of dental caries risk groups in South 
African children. 
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