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Abstract — Aim: To investigate whether measures of school performance and
socioeconomic circumstances could be used as indicators of caries experience in
5-year-old Wandsworth state primary schoolchildren. Design: An ecological
study using aggregated caries data collected in the British Association for the
Study of Community Dentistry (BASCD) Oral Health Survey of 5-year-old
children (2001), Jarman scores generated from national census data and
matched by school postcodes (1991), school performance results in English,
mathematics and Linguistic Awareness of Reading Readiness test (LARR;
literacy) and free school meals recipient data from the Local Education
Authority, Research and Evaluation Unit (2001). Setting: State primary schools
in the London borough of Wandsworth, UK. Subjects: All 55 Wandsworth
state primary schools including 1968 5-year-old pupils. Outcome measure:

The school mean dmft score. Results: Simple linear regression analysis
demonstrated that school mean dmft was statistically significantly associated
with all five explanatory variables: English (P = 0.001), mathematics
(P = 0.002), LARR (P < 0.001), the percentage of children receiving free school
meals (P < 0.001) and the school address Jarman score (P = 0.02). Stepwise
multiple linear regression identified the LARR score and the percentage of
children receiving free school meals as the strongest indicators of school mean
dmft score explaining 41% of the variation in school mean dmft
score. Conclusion: Early school performance results in English, mathematics
and LARR, the percentage of children receiving free school meals and school
address Jarman scores were good indicators of school mean dmft scores in
5-year-old children in the Wandsworth state primary schools.
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The last three decades has seen massive improve-
ments in child dental health in most industrial-
ized countries (1). The percentage of caries-free
5-year-old children in the UK increased from 30%
in 1973 to 55% in 1993 (2). More worrying is the
evidence suggesting a polarization of disease;
dental caries is now increasingly confined to the
minority at the right-hand tail of the caries
distribution curve (3). The 80-20 phenomenon

refers to the trend where 20% of the children
harbour 80% of caries experience (4). This phe-
nomenon has led researchers to question the
appropriateness of whole-population preventive
strategies and heightened the search for indica-
tors that identify those at greater risk (5). How-
ever, the quest for reliable caries indicators to
identify at-risk individuals has proved disap-
pointing (6).
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Several researchers have used an alternative
ecological approach to identify at-risk groups and
community risk factors with better success (7, 8).
The identification of community caries indicators is
a practical option and consistent with directed
population strategies aimed at specifically target-
ing high-risk groups (contrary to individuals),
thereby preserving variable resources.

Material deprivation is the most widely
researched social variable and a consistent marker
of childhood caries. Numerous studies have docu-
mented the relationship between high caries risk
and increased levels of material deprivation using
both conventional measures of socioeconomic sta-
tus and area-based measures of deprivation (9-15).
Studies using free school meals receipt as a mater-
ial deprivation indicator have found high caries
incidence in schools with more children receiving
free school meals (16, 17). Free school entitlement
also affected food choices; schools with a higher
proportion of children entitled to free schools also
had a lower proportion of children opting for
noncariogenic school meals (16).

Numerous studies have found an association
between maternal education and child oral health;
a mother’s educational attainment is a consistent
indicator of her offspring’s caries status (18, 19).
However, the relationship between a child’s own
school performance and caries status has been
rarely explored. The few studies investigating
school performance and oral health show that
academically successful adolescents have better
oral health than their less successful counterparts
(20-22). Moreover, Weissenbach et al. (20) found
school marks to be more closely related to oral
health indices than socioeconomic variables. No
study has investigated school performance as a
caries indicator in younger school children.

The aim of this ecological study was to investi-
gate whether measures of school performance and
socioeconomic circumstances could be used as
indicators of school mean dmft scores in 5-year-
old children in Wandsworth, UK.

Methods

This ecological study included all 55 Wandsworth
state primary schools. Three sets of data (caries,
material deprivation and school performance data)
were aggregated at the school level.

Caries data were obtained from the BASCD
Oral Health Survey of 5-year-old children, in
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2001-2002. No sampling methods were used
because the survey included all 5-year-old
children in all 55 Wandsworth primary schools
in Reception and Year 1 classes. The age of the
subjects was defined as age in years on the date of
the clinical examination (23). Caries data were
collected (from October 2001 to April 2002) by one
BASCD-trained examiner and recorders using the
standard protocol (23).

Material deprivation was measured using the
Jarman underprivileged area score (Jarman score)
for the school address and the percentage of
children in each school in receipt of free school
meals (24, 25). The Jarman scores for each of the 22
electoral wards in Wandsworth (based on the 1991
national census) were obtained from the local
public health department. These data were used
to generate 55 school Jarman scores using school
postcodes. Data related to the percentage of chil-
dren in each school receiving free school meals
were obtained from the Local Education Authority,
Research and Evaluation Unit.

School performance data included the results of
baseline English, mathematics and literacy tests
[more formally known as the Linguistic Awareness
of Reading Readiness test of emergent literacy test
(LARR)]. School-aggregated baseline scores were
obtained from the Local Education Authority,
Research and Evaluation Unit.

Class teachers routinely and formally assessed
all Wandsworth state primary schoolchildren dur-
ing the first 7 weeks of entering the Reception year
(the year in which the child turns 5 years of age).
The results from each school are then centralized
and processed by the Local Education Authority,
Research and Evaluation Unit.

Baseline assessment tests were carried out in
September 2000 for Year 1, 5-year-old children and
in September 2001 for 5-year-old children in the
Reception classes. Of the 1968 5-year olds exam-
ined as part of the BASCD survey 2001-2002, 1406
5-year olds were educationally assessed at baseline
in September 2000 (Year 1 children) and 562 5-year
olds were assessed in September 2001 (Reception
class children). The LARR score is age-standard-
ized (26).

The baseline assessment test was evaluated in
1991 and has been used annually to test all
Wandsworth state primary school children for the
last 10 years. The baseline assessment test used by
the Local Education Authority, Research and Eval-
uation Unit is accredited in accordance with the
National Framework for Baseline Assessment



Criteria (27). Wandsworth Local Research Ethics
Committee approved the study protocol.

Data analysis

Caries data (input at the time of the clinical
examination directly onto a laptop computer in
SurveyPlus Version 2 format) were converted into
SPSS format and data aggregated according to the
55 Wandsworth schools. School performance and
data related to free school meals receipt (obtained
in Excel format) were also converted into SPSS
format. Caries, school performance and free school
meals receipt SPSS files were merged. The school
address Jarman scores were entered directly into
the merged SPSS file. The final SPSS file contained
caries, school performance and material depriva-
tion data (the percentage of children receiving free
school meals and school address Jarman scores).

Data pertaining to school mean performance
scores (LARR, English and mathematics) and the
percentage of children receiving free school meals
were obtained for 2000 and 2001. Differences
between mean scores for 2000 and 2001 were not
statistically significant (LARR P = 0.12; English
P = 0.22; mathematics P = 0.14; and free school
meals P = 0.28). School performance and the per-
centage of children receiving free school meals data
for 2001 were therefore used in the data analysis.
School performance results for the previous 8 years
were also obtained from the Local Education
Authority, Research and Evaluation Unit. Data
analysis using the mean school performance scores
for this 8-year period produced similar results. The
most recent school performance results are presen-
ted to avoid redundancy.

Data analysis included descriptive statistics (fre-
quency and distribution and cross-tabulation).

Ecological indicators of school caries scores

Statistical significance testing for associations
between explanatory variables and caries experi-
ence was carried out using linear regression ana-
lysis. Multiple linear regression analysis was used
to assess the independent effect of each explanat-
ory variable tested which included the mean school
mathematics, English and LARR scores, the per-
centage of children receiving free school meals and
the school address Jarman scores. The level of
significance was set at 5%.

Results

Caries, school performance and material depriva-
tion data were obtained for all 55 Wandsworth
schools, a response rate of 100%. The BASCD Oral
Health Survey of 5-year-old children in Wands-
worth for 2001-2002 examined 1968 children. The
school mean response rate was 91% (76-100).
School performance scores and free school meal
receipt data were obtained for 99% of Wandsworth
5-year-old children. Fifty-two per cent of the
children were male and the mean age of the sample
was 5.5 years (SD 0.28).

The frequency distribution of school mean dmft
values approximated a normal distribution. The
school mean dmft was 1.66 (SD 0.66) and ranged
from 0.23 to 3.32. Table 1 presents descriptive
statistics for the outcome and explanatory variables
used in this study.

The results of simple linear regression analysis
(Table 2) showed that school mean dmft was highly
statistically associated with school mean scores in
English (P = 0.001), mathematics (P = 0.002),
LARR (P <0.001), the percentage of children
receiving free school meals (P < 0.001) and school
address Jarman scores (P = 0.02). The percentage
of children receiving free school meals explained

Table 1. Descriptive statistics for outcome and explanatory variables in all 55 Wandsworth primary schools

Minimum Quartiles Maximum

Mean (SD) value 25th 50th 75th value
School mean dmft 1.66 (0.66) 0.23 1.25 1.55 2.06 3.32
Mean decayed teeth 1.2 (0.5) 0.2 0.85 1.2 1.5 2.3
Mean missing teeth 0.18 (0.19) 0 0.036 0.14 0.29 0.81
Mean filled teeth 0.27 (0.19) 0 0.14 0.23 0.35 1.05
Mean mathematics score 6.1 (1.65) 2.5 5.0 6.1 7.2 9.9
Mean English score 16.9 (2.2) 12.3 15.0 17.1 18.5 20.9
Mean LARR (literacy) score 94.7 (6.6) 81.7 89.2 94.9 99.2 112.1
School address Jarman score 21.71 9.7) 9.17 11.9 19.3 29.0 40.31
% of children receiving free school meals 33.6 (22.9) 0 18.5 30 51.1 80
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Table 2. Simple linear regression

Unadjusted regression  Level of analysis of material deprivation and
Simple linear regression coefficient (95% CI) significance R%wvalue  school performance variables on
Mathematics ~0.16 (=0.2 to —0.06) 0.002 0.17 ;\C]};ﬁsﬁeﬁg dmft e e all 55
English ~0.13 (<0.21 to —0.06) 0.001 0.2 primary schools
LARR —0.048 (-0.072 to —0.024) <0.001 0.23
% of children receiving free ~ 0.016 (0.01 to 0.023) <0.001 0.32

school meals

School address Jarman score  0.021 (0.003 to 0.039) 0.095
) - Table 3. Stepwise multiple linear
Adjusted regression Level of regression analysis of material depri-
Coefficient (95% CI) Signiﬁcance Rz—Value vation and school performance vari-
002 o0 000 0006 i o ool e il e
% of children receiving 0.013 (0.007 to 0.02) 0.0001 041 p y

free school meals

32% of the variation in the school mean dmift
scores. LARR, English, mathematics and school
address Jarman scores explained 23%, 20%, 17%
and 9.5% of the variation in school mean dmft,
respectively.

Multiple linear regression analysis was used to
identify the best indicators of school mean dmft
scores using a stepwise technique. The LARR score
and the percentage of children receiving free school
meals were selected as the strongest indicators and
remained in the model. This model comprised of
LARR score and the percentage of children receiv-
ing free school meals explained 41% of the vari-
ation in school mean dmft score (Table 3).

Discussion

This study found that the percentage of children
receiving free school meals, school address Jarman
scores and mean school performance scores in
LARR, mathematics and English were good indi-
cators of school mean dmft scores in 5-year-old
children in Wandsworth state primary schools.
The percentage of children receiving free school
meals was the strongest caries indicator. This
concurs with previous studies using free school
meals as a variable, showing higher school caries
experience in schools with more children receiving
free school meals (16, 17). Not all eligible children
opt for free school meals because of the stigma
attached to claiming: 31% of the children receive
free school meals although 42% of children are
actually entitled to claim free school meals in Inner
London (25, 28). The percentage of children receiv-
ing free school meals is possibly a strong measure
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of deprivation, representing materially deprived
families who would not otherwise be able to afford
the cost of school meals.

This study used the Jarman score based on the
school address postcode contrary to the subjects’
postcodes because the main focus of this study was
to establish school caries indicators. The majority of
5-year-old children attend the school closest to their
home. It is therefore likely that the school address
Jarman scores and the Jarman scores of the subjects’
postcodes would be highly correlated as children
tend to live within the school catchment area.

The LARR score was the strongest caries indica-
tor amongst the school performance variables
explaining 23% of the variation in school mean
dmft. However, mathematics and English were
also found to be equally good indicators explaining
17 and 20% of the variation in school mean dmft
scores, respectively. This result was expected due
to covariance.

Multiple regression analysis produced a model
comprised of LARR score and the percentage of
children receiving free school meals explaining
41% of the variation in school mean dmft. Similar
studies have used census and social variables to
construct models explaining variations in dmft.
One study investigating the effect of deprivation
and ethnicity in 5-year-old children in Leeds
constructed a model (comprised of the Townsend
index and religion) explaining only 9% of the
variation in dmft (15). Another study used census
and health service data for north-west England and
found that their model explained 51% of the
variation in ward dmft (29).

School performance and free school meal recipi-
ent indicators have several advantages over other



population-based indicators. Other interested bod-
ies routinely collect these data and data can be
downloaded from the Department of Education
and Skills website (30). These data are therefore
readily available and are updated annually. These
data are also specifically related to the chosen age
group.

It is not surprising that school performance and
free school meals receipt were statistically stronger
indicators of school caries experience than the more
frequently used Jarman scores. Free school meal
receipt has a conceptual basis as it is directly
related to diet and has dietary consequences.
Educational achievement measures such as school
performance are good proxy measures of other key
determinants of oral health (e.g. parental educa-
tion) and are theoretically distinct (31). Socioeco-
nomic status governs working and living
conditions whilst education reflects lifestyle
choices and health behaviours including dietary
preferences (32, 33).

This study has some limitations and results
should be interpreted with caution. All primary
schools in the UK carry out baseline assessment
testing of children during the first 8 weeks of
formal schooling. However, there is no nationally
applied test or assessment procedure for this age
group. As different education authorities use dif-
ferent accredited baseline testing methods, these
results may not apply to schools in other boroughs
using alternative tests. The results related to school
performance from this study cannot be therefore
generalized. All UK Local Education Authorities
apply the same national criteria for free school
meals receipt (25). However, further studies are
needed to confirm these results in different UK
regions and in other countries.

This study did not control for potential con-
founders such as home language and time spent
in preschool education, which may affect early
literacy (34, 35). This is a common weakness in
ecological studies. However, this may not have
influenced our findings. Caries experience may be
equally affected by these variables. In this context,
the noninclusion of these confounders and other
unmeasured variables may well be irrelevant. We
do need to confirm this by including early educa-
tion and bilingual variables (obtained from other
Local Education Authority datasets) in future
studies.

School-based ecological data could possibly be
used to identify high caries schools and target
groups through oral health promotion strategies.

Ecological indicators of school caries scores

Schools have traditionally been the target of oral
health promotion initiatives using health education
messages directed at the entire school population.
However, directed population strategies specific-
ally targeting high caries risk schools with a high
percentage of children receiving free school meals
may be more appropriate than both whole and
high-risk population strategies. School meals also
provide an opportunity for oral health promotion
teams to be involved with other agencies such as
caterers and school governors adopting a multi-
sectoral approach to caries prevention.

In summary, school mean performance scores
and material deprivation measures were good
indicators of school mean dmft scores in 5-year-
old children attending state primary schools in
Wandsworth, UK. LARR and the percentage of
children receiving free school meals were the
strongest indicators of school mean dmft scores.
Further studies are needed to confirm these find-
ings in different child populations.

References

1. World Health Organisation. Oral health programme.
12 Year. Book 95.3. Geneva: WHO; 1995.

2. Downer M. Caries prevalence in the United King-
dom. Int Dent J 1994;44:367-70.

3. Johnson M. Risk markers for oral diseases. Dental
caries, vol. 1, Cambridge: Cambridge University
Press; 1991. pp. 100-3.

4. Murray ]. Comments on results reported at the
second international conference “‘changes in caries
prevalence”. Int Dent ] 1994;44:457-8.

5. Sheiham A, Joffe M. Public dental health strategies
for identifying and controlling dental caries in high
and low risk populations. In: Johnson NW, editor.
Risk markers for oral diseases. Dental caries markers
of high and low risk groups and individuals, vol. 1.
Cambridge: Cambridge University Press; 1991. pp.
455-82.

6. Demers M, Brodeur J-M, Simard P, Mouton C,
Veilleux G, Frechétte S. Caries indicators suitable
for mass-screening in children: a literature review.
Community Dent Health 1990;7:11-21.

7. Taylor P, Carmichael C. Dental Health and the
application of geographical methodology. Commu-
nity Dent Oral Epidemiol 1980;8:117-22.

8. Gibson A, Gelbier S, Bhatia S. Dental health and
treatment needs of five-year old children in the health
area of Lambeth, Southwark and Lewisham, England.
Community Dent Oral Epidemiol 1981;9:5-9.

9. Todd J, Dodd D. Children’s dental health in the
United Kingdom. London: HMSO; 1985.

10. Jones C, Taylor G, Woods K, Whittle G, Evans, D,
Young P. Jarman underprivileged area score, tooth
decay and the effect of water fluoridation. Commu-
nity Dent Health 1998;14:156-60.

269



Muirhead & Marcenes

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Elley K, Langford ]. The use of a classification of
residential neighbourhoods (ACORN) as a health
related variable in service planning in dentistry.
Community Dent Health 1993;10:131-8.

Whittle J, Whittle K. Household income in relation to
dental health and dental health behaviour: The use
of Super Profiles. Community Dent Health 1998;15:
150-4.

Slade GD, Spencer AJ], Davies MJ, Stewart JF.
Influence of exposure to fluoridated water on socio-
economic inequalities in children’s caries experience.
Community Dent Oral Epidemiol 1996;24:89-100.
Sweeney P, Nugent Z, Pitts N. Deprivation and
dental caries status of b5-year-old children in
Scotland. Community Dent Oral Epidemiol 1999;27:
152-9.

Prendergast M, Beal ], Williams S. The relationship
between deprivation, ethnicity and dental health in
5-year-old children in Leeds, UK. Community Dent
Health 1997;14:18-21.

Schou L, Wight C, Wohgemuth B. Deprivation and
dental health. The benefits of a child dental health
campaign in relation to deprivation as estimated by
the uptake of free meals at school. Community Dent
Health 1991;8:147-54.

Gratrix D, Holloway P. Factors of deprivation
associated with dental caries in young children.
Community Dent Health 1994;11:66-70.

Mattila M, Rautava P, Sillanpdd M, Paunio P. Caries
in five-year-old children and associations with fam-
ily-related factors. ] Dent Res 2000;79:875-81.
Kinirons M, McCabe M. Familial and maternal
factors affecting the dental health and dental attend-
ance of preschool children. Community Dent Health
1995;12:226-9.

Weissenbach M, Chau N, Benamghar L, Lion C,
Schwartz F, Vadot ]J. Oral health in adolescents
from a small French town. Community Dent Oral
Epidemiol 1995;23:147-54.

Petridou E, Athanassouli T, Panagopoulos H, Revin-
thi K. Sociodemiographic and dietary factors in
relation to dental health among Greek adolescents.
Community Dent Oral Epidemiol 1996,24:307-11.
Crowley E, O’Brien G, Marcenes W. School league
tables: a new population based predictor of dental
restorative treatment need. Community Dent Health
2003;20:78-82.

270

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pitts N, Evans D, Pine C. BASCD diagnostic criteria
for caries prevalence surveys. Community Dent
Health 1997;14:6-9.

Jarman B. Identification of underprivileged areas.
Br Med ] 1983;286:1705-9.

Statistics of Education. Schools in England. London:
The Stationery Office; 2001. p. 31.

Downing ], Schaefer B, Ayers ]J. LARR test of
emergent literacy. Nelson: NFER; 1993.
Qualification and Curriculum Authority. Early years
accredited schemes for baseline assessment [cited
1998]. Available from URL: http:/ /www.qca.org.uk/
ca/foundation/baseline.

Storey P, Chamberlain R. Improving the take up of
free school meals. Norwich (UK): Department of
Education and Employment (UK), Thomas Coram
Research Institute of Education, HMSO; 2001. Report
No: 270.

Tickle M, Kay E, Worthingham H, Blinkhorn A.
Predicting population dental disease experience at a
small area level using census and health service data.
J Public Health Med 2000;22:368-74.

Department of Education and Skills. National Cur-
riculum Key Stages 1, 2 and 3; 2002 [cited 2002 Oct
12]. Available from URL: http://www.dfes.gov.uk/
statistics/DB/SFR/s0356/index.html/.

Dahl E. Social inequalities in ill-health: the signifi-
cance of occupational-status, education and income-
results from a Norwegian survey. Sociol Health
Illness 1994;16:644—-67.

Braddon FE, Wadsworth M, Davies ], Cripps HA.
Social and regional differences in food and alcohol
consumption and their measurement in a national
birth cohort. ] Epidemiol Community Health
1988;2:341-9.

Winkleby MA, Jatulis DE, Frank E, Fortmann SP.
Socio-economic status and health: How education,
income and occupation contribute to risk factors for
cardiovascular disease. Am ] DPublic Health
1992,82:816-20.

Crone DA, Whitehurst GJ. Age and schooling effects
on emergent literacy and early reading skills. ] Educ
Psychol 1999;91:604-14.

Christina K, Morrison FJ, Bryant FB. Predicting
kindergarten academic skills: Interaction among
child care, maternal education, and family literacy
environments. Early Child Res Quart 1998;13:501-21.



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



