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Abstract
Objective: To study energy and macronutrient intake in relation to dental caries
incidence among urban black South African children at the ages of 1 and 5 years.
Design and subjects: Food frequency questionnaires and WHO caries diagnostic
criteria were used. The study sample of 1639 urban black children with nutrition and
dental information from the 1991 and/or 1995 Birth-to-Ten (BTT) Study interceptions
comprised true longitudinal (n = 259) and cross-sectional (n = 1216 for 1991 and n =
164 for 1995) subjects. For the longitudinal group true dmfs (decayed, missing, ®lled
surfaces) incidence and average intakes of energy and macronutrients between 1991
and 1995 were calculated.
Setting: South Africa.
Results: Median macronutrient intakes were not signi®cantly different between the
cross-sectional and longitudinal samples. Dental caries prevalences at age 1 were
1.2% and 1.5% for the cross-sectional and longitudinal samples, respectively. By age 5
these values were 60.4% and 62.2%, respectively. The median dmfs score at age 1 was
0. At 5 years this was 2 for all children and 5 for those with caries. Statistical analysis
for trend at age 5 showed a signi®cant increase in caries prevalence with increasing
energy, carbohydrate and added sugar in the cross-sectional sample only. The only
signi®cant changes in dmfs scores were seen for energy and added sugar for the
whole sample. The r values between log(dmfs incidence� 0.3) and the average
nutrient log variables were low, and a general linear models analysis showed no
statistically signi®cant effects on log(dmfs incidence� 0.3) of any of the log nutrient
variables.
Conclusions: For the relationship between macronutrient intake and caries (prevalence
and incidence), a cross-sectional and true longitudinal study gave similar results.
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The association between nutrition and dental health has

been studied by numerous investigators around the

world1±4, but dental data have been published from only

nine of the 18 countries in subequatorial Africa. Just ®ve

of these report nutritional research connected to dental

caries, dealing almost exclusively with sucrose intake or

¯uoride ingestion5. Local dietary factors, particularly

sugars, have usually been investigated as risk factors for

caries, rather than general nutrition6±10.

Many factors have to be taken into consideration

regarding sugar intake and dental caries, e.g. the amount

of sugar consumed, frequency of intake and type of sugar

ingested. Over the years the relative importance of these

factors has changed. The development of dental caries has

been shown to be both negatively11±17 and positively18±25

related to sugar intake. Even with these contrasting results,

convincing evidence suggests that frequency and kind

of sugar-containing products consumed correlate with

caries better than total amount consumed11,26. This paper,

however, is limited to the amount consumed and a separate

paper will report on the frequency of nutrient intake.

Recent reports have attributed a much less important role

of carbohydrate; sugar consumption as a single factor no

longer affects caries prevalence as much as it did in the

past and it is obvious that the role of sugar in the aetiology

of dental caries needs to be revised11.

Some workers have consequently considered diet in a

wider context27,28. Studies thus far have shown no relation-

ship of energy intake to caries incidence29,30 and carbo-

hydrate intake alone or together with other macronutrients

does not fully explain the development of dental caries.

This could be because most studies conducted on diet and

dental health have been cross-sectional. The Vipeholm31

and Hopewood House32 studies, and more recently the

Michigan study16 are the only longitudinal studies that have

examined the association between diet and dental caries
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incidence in the permanent dentition, two of which studied

only selected groups in institutions31,32. Longitudinal

studies performed have concentrated mainly on bacterio-

logical rather than dietary variables33.

Until 1990 no true longitudinal studies had been

conducted on South African preschool children regarding

the association between diet and dental caries. The BTT

Study is the ®rst South African study to describe the detailed

dietary intake of representative South African populations,

as well as their dental health. This paper will report on the

caries incidence in relation to energy and macronutrient

intake (total available carbohydrate, ®bre and added sugar)

of a cross-sectional and true longitudinal sample of 1- and

5-year-old urban black South African children from the 1991

and 1995 BTT nutrition and dental interceptions. These

speci®c nutrients were used in this paper for comparison

with other studies. Information on other macronutrients as

well as micronutrients is available from the authors.

Methods

Prior to the study ethical approval was obtained from the

University of the Witwatersrand Committee for Research on

Human Subjects. Details of the BTT Study design have been

reported elsewhere34±38, so only a brief outline is provided.

The BTT Study commenced in 1990. It is a longitudinal

observational study designed to follow the biological,

environmental, social, economic and psychosocial factors

associated with the survival and health of some 2000 urban

South African children from the black, `coloured' (African-

European-Malay), Indian and white communities over a

10-year period, living in the Johannesburg/Soweto area in

the Gauteng province, previously the Transvaal province,

of South Africa. Nutrition and dental interceptions of the

study took place in 1991 and 1995 when the children were

1 and 5 years of age, respectively.

Population sample

Sample size of each community was based on a repre-

sentative proportional sample of the total South African

population according to the 1994 population census39.

Hence there was a large difference in numbers between

the communities for this study. The black community

predominates in South Africa and comprises 76% of the

total population39; 2±5-year-olds make up 12% of this total.

This fact, together with available subject numbers made

the black community the choice for the current article. The

number of subjects in the other groups were too few.

The subject sample reported in this paper consisted of

all urban black children participating in the BTT Study that

had both nutrition and dental information from the 1991

and/or 1995 interceptions (n = 1639). This comprised a

true longitudinal sample (n = 259) that had nutrition and

dental information for both 1991 and 1995, as well as

cross-sectional samples that had information for only 1991

(n = 1216) or 1995 (n = 164).

Dietary assessment

After examination of the literature40±46, a semiquantitative

food frequency questionnaire, validated by Margetts et al.43,

appeared to be the most appropriate method for large-

scale studies such as the BTT Study, in culturally diverse

populations. Parents or guardians were asked by multi-

lingual trained interviewers to indicate how frequently

these listed food items were consumed. Food items were

coded onto computer coding forms using the South

African Medical Research Council (MRC) food composi-

tion tables and codes47. The daily amounts were calculated

from the intake frequency and our nutrition programme

was applied to determine the mean daily nutrient intake

for each individual.

Dental assessment

Dental caries was recorded according to WHO48 criteria in

natural light by calibrated dentists49.

Statistical analysis

The data were analysed with SAS50. The prevalence of

caries and dmfs scores were determined within each

quartile for energy and each macronutrient. The caries

prevalence within each quartile was compared between

cross-sectional and longitudinal groups for 1991 and for

1995 with the chi-square test; for dmfs the Kruskal±Wallis

non-parametric test was used. A Mantel±Haenszel chi-

square test for trend was used to examine the caries

prevalence from ®rst to last quartile within cross-sectional

and longitudinal groupings within each year. The Kruskal±

Wallis test was used to examine for signi®cant differences

between mean dmfs scores for each quartile of energy and

macronutrient intake within each study grouping.

For the longitudinal component of the study the true

caries incidence was calculated for each child by subtract-

ing the dmfs score at 1991 from that at 1995. For energy

and the macronutrient intakes the average of the intakes at

both years was calculated for each child.

The distribution of dmfs incidence was highly skewed

with many of the scores being zero (Table 1) which

indicated a need to transform the data for statistical

analysis. Transformation to exact normality of such ordinal

data is not possible; but a key feature of normality ± zero

skewness ± was achieved by a systematic search among

transformations of the form log(dmfs incidence� k). The k

achieving zero skewness was 0.3. The energy and nutrient

Table 1 Frequency of dmfs incidence for the longitudinal group of
urban black South African children (n = 259)

dmfs incidence Frequency %

< 0 2 0.8
0 96 37.1
1±4 74 28.5
5±9 55 21.2

> 10 32 12.4

https://doi.org/10.1017/S1368980000000355 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980000000355


315Macronutrient intake and dental disease

information was also not normally distributed but since

there were no zero values a simple log transformation

was done for each child. Two statistical analyses were

done. Pearson correlations were calculated between the

log(dmfs incidence� 0.3) and the log of average energy

and each nutrient variable, and, secondly a general linear

model analysis was performed with log(dmfs incidence�

0.3) as the dependent variable and the log of the average

energy and macronutrient intakes as the independent

variables. The critical level for statistical signi®cance was

set at P , 0.05.

Results

Cross-sectional sample median macronutrient intakes

were almost the same as in the longitudinal sample

(Table 2). Median intakes of energy and total available

carbohydrate were 3 times greater at age 5 years than

at age 1 for both the cross-sectional and longitudinal

samples, while for ®bre and added sugar intakes at age 5

years were three and four times greater than at age 1,

respectively. For all nutrients the mean intakes were

always greater than the median values. The Kruskal±

Wallis test showed no signi®cant differences in energy and

macronutrient intakes between the cross-sectional and

longitudinal samples.

The dental caries prevalences at age 1 were very low as

might be expected, being 1.2% and 1.5% for the cross-

sectional and longitudinal samples, respectively, but by

age 5 these values had increased to 60.4% and 62.2% for

the respective groups. Median dmfs scores for all the

children at age 1 was 0. By 5 years this had increased to 2

for all children and 5 for those individuals with caries only.

Because of the extremely low caries prevalence among

the 1 year olds no statistical tests were done on this group.

All further analysis was carried out on the 5 year olds (1995

sample) only. Statistical analysis for trend at age 5 showed

a signi®cant increase in the prevalence of caries with

increasing energy (x2 = 7.91, P = 0.05), total available

carbohydrate (x2 = 3.95, P = 0.01) and added sugar (x2 =
6.12, P = 0.01) in the cross-sectional sample, but no

signi®cant changes were seen in the longitudinal sample.

The only signi®cant changes in dmfs scores were seen

for energy (x2 = 8.00, P = 0.05) and added sugar (x2 = 14.15,

P = 0.003) for all the children in the cross-sectional sample,

with no signi®cant changes in the longitudinal sample. No

signi®cant changes were found in dmfs scores for

individuals with caries only in the cross-sectional or

longitudinal samples, therefore the results for these

individuals are not shown in this manuscript.

Table 3 shows mean energy and macronutrient intakes

in 1991 and 1995 as well as the average intakes of the two

periods. The dmfs incidence in Table 1 clearly shows

skewing towards the lower values. The negative incidence

in two children indicates either a misdiagnosis or a reversal

of an earlier caries lesion.

The r values between log(dmfs incidence� 0.3) and

the log nutrient variables were energy 0.03, total available

carbohydrate 0.001, ®bre -0.008 and added sugar -0.008.

All of these values are very low and none were statistically

signi®cant. The general linear models analysis showed no

statistically signi®cant effects on dmfs incidence of any of

the nutrient variables.

Discussion

Dental caries prevalence rates differed signi®cantly as

energy and macronutrients increased in the cross-sectional

Table 2 Daily energy and macronutrient intake (median, mean and SD) for urban black South African children.
Kruskal±Wallis testing results are shown (df = 1)

1991 (1 year olds) 1995 (5 year olds)

Cross-sectional Longitudinal Cross-sectional Longitudinal

Number 1216 259 164 259

Energy (cal) x2 = 2.62, P = 0.11 x2 = 1.89, P = 0.17
Median 707 671 1950 2029
Mean 812 779 2039 2096
SD 449 424 631 511

Total available carbohydrate (g) x2 = 1.51, P = 0.22 x2 = 1.86, P = 0.17
Median 79 76 245 258
Mean 91 89 257 260
SD 49 51 90 62

Fibre (g) x2 = 0.04, P = 0.84 x2 = 1.86, P = 0.17
Median 5 5 16 17
Mean 5 5 17 18
SD 2 3 5 5

Added sugar (g) x2 = 0.5, P = 0.48 x2 = 1.69, P = 0.20
Median 15 14 67 72
Mean 17 17 77 78
SD 13 14 55 36
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sample only, but was less evident with dmfs scores. This

was probably due to the mathematical effect of larger

sample size in the cross-sectional sample. However, this

study enabled a true longitudinal examination of caries

incidence in relation to energy and macronutrient intake.

The nutrient intake of the children increased from 1991 to

1995, and there was very little caries progression in 62% of

the same individuals. Statistical analysis showed no

relationship between caries incidence and average

nutrient consumption over 4 years in this true longitudinal

cohort.

Many publications have assessed the in¯uence of diet

on dental caries in the permanent dentition, but dietary

in¯uences on primary dentition caries have not been

studied widely25,51, not in large samples25, and particularly

not in longitudinal studies24. In addition no South African

study has been able to compare the association between

diet and dental caries incidence in cross-sectional and

longitudinal subjects in the same longitudinal cohort. The

information from this study is thus unique and true

comparisons with other studies can therefore not be made.

Studies on the association between diet and dental

caries have used dietary records25,51 and/or 24-hour

recalls14,24 to assess dietary intake. No study, however,

has used a semiquantitative food frequency questionnaire

covering the overall general dietary intake of the study

population, although a food frequency questionnaire with

limited selected food items has been used3. According

to Willett52, food frequency questionnaires have now

become the primary method for measuring dietary intake

in epidemiological studies. The underlying principle of the

food frequency approach is that average long-term diet is

the conceptually important exposure rather than intake on

a few speci®c days53. This is particularly important when

studying the relationship between diet and dental health

as caries develop over a period of time and caries

incidence is dependent on long-term dietary intake rather

than present intake. The semiquantitative food frequency

questionnaire was the method of choice for this study.

The dmfs scores and caries incidence of the present

study have shown both similar and contrasting differences

with reported studies in other countries as well as in

South Africa itself. A longitudinal study on dental caries

incidence in the Netherlands in 2±5-year-old children

showed mean dmfs scores to be 2.54, 1.17 and 1.00,

respectively, for 5-year-old children who were 47.8%,

71.9% and 75.9% caries free according to three evidential

categories for carious lesions24. These results were low in

comparison to other studies conducted in the Nether-

lands54,55 that found about 60% of 5-year-old children to be

caries free, but the dmfs scores to be twice as high. The

mean dmfs scores in Roeters24 study were, however, lower

than those reported in our study (mean dmfs 4) for 5-year

olds, but compare favourably with those reported by Truin

et al.55. Approximately 40% of the 5-year-old children in

the present study were caries free, lower than that

reported for 5 year olds in the Netherlands. However,

the 1992/93 National Diet and Nutrition Survey25 of

children in Britain aged 1.5±4.5 years showed that 17%

of all the children had some caries experience that greatly

increased with age affecting 30% of the 3.5±4.5 year olds,

with approximately 70% of the children being caries free.

The percentage of caries-free individuals in that study is

considerably higher than for urban black children of

approximately the same age in South Africa. In the USA51

mean dfs scores were 4.0 for the total sample of children

aged 2±6 years, which compares favourably with the

mean dmfs scores for the 1995 sample in the present study.

South African studies5 have shown mean dmfs scores in

urban black 4- and 5-year-old children to be higher than

the present study but the caries prevalence to be similar at

around 60%.

In the BTT Study there was no signi®cant difference in

caries prevalence or dmfs scores between the longitudinal

and cross-sectional children aged 1 year. With regard to

caries the longitudinal group of BTT children were

representative of the whole group of urban black 1 year

olds. The prevalence of caries at 1 year in the longitudinal

group was low as was the mean dmfs score; the only other

study in South Africa56 on urban 1-year-old children in the

same Soweto area 10 years previously also reported low

caries rates with a prevalence of 5.1% and mean dmfs

score of 0.2. There is no reason to believe that the BTT

longitudinal group differed from other urban black 1-year-

old children.

Diet, in particular sugar intake in association with dental

health, has shown both signi®cant18±25 and non-signi®-

cant12±14,16,17 roles in caries incidence. Studies in Dunedin4,

South America57 and South Africa12,13,58 have also shown

no signi®cant associations between the intake of sugar

Table 3 Mean daily energy, macronutrient intake and dmfs incidence for the longitudinal group of urban black South African children (n = 259)

Average intake
1991 (1 year olds) 1995 (5 year olds) of both years dmfs incidence

Variable Mean SD Mean SD Mean SD Mean SD

Energy (cal) 779 424 2096 511 1438 331
Total available carbohydrate (g) 89 51 260 62 174 41
Fibre (g) 5 3 18 5 12 3
Added sugar (g) 17 14 78 36 48 19
dmfs 0 0 4 6 4 6
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(amount, type or frequency), re®ned carbohydrate and

dental caries incidence among preschool children. The

importance of diet in caries incidence has, however, been

demonstrated in other studies, with regard to total amount

consumed22, as well as the frequency of intake3,31,32,59. It

should be noted that the correlation between diet and

caries prevalence will be low when caries prevalence is

low and the difference in diet habits is small. Cross-

sectional data in South Africa showed sugar consumption

between 1976 and 1984 to remain relatively constant at

63±70 g day-1 among 5-year-old urban black South African

children, but dental caries prevalence to worsen during

this time as did the mean dmft scores15,22,60,61. This was,

however, in keeping with worldwide trends of dental

caries reducing in developed populations and increasing

in developing populations. By the 1990s the situation

among the urban black community had changed. Sugar

intake, although assessed by different assessment methods,

had increased to about 78 g day-1 by 1995 in the present

study, but caries prevalence had decreased with approxi-

mately 60% of the 5-year-old urban black children having

caries compared to approximately 70% between 1976 and

1978 and 78% in 198422.

With regard to other nutrients besides sugar, Marques

and Messer51 studied the nutrient intake and dental caries

incidence in 2±6-year-old children in the USA. The

association of 15 nutrients in addition to sugar were

assessed. No association was apparent between dental

caries and the intake of total sugar consumption or Ca : P

ratio. Except for a positive association with iron and a

negative association with magnesium, caries were not

associated with any speci®c nutrient. Dental caries

prevalence among 4- and 5-year-old South African

children from all communities was constant for protein

intake, but higher in those children in the upper quartile

for energy, fat and total available carbohydrate, the

difference being statistically signi®cant for all nutrients

except protein. A similar contrast was made for dmfs

scores. Among the children for energy, fat and total

available carbohydrate and sugar intake, those in the

upper quartile had dmfs scores of about twice those in the

lower quartile. These were statistically signi®cant for all

groupings5. The present study too showed a signi®cant

increase in caries as energy, total available carbohydrate

and added sugar increased in the cross-sectional sample.

In contrast, energy intake among 11-year-old black

children in Namibia and KwaZulu was not associated

with dental caries in the permanent dentition30.

It is clear from this discussion that studies12,57,62±64

among South African preschool children have indicated

some unexpected and contrasting patterns of dental caries

between the communities. In particular, the unusual

association of low sucrose intake with relatively high

caries among rural black South African preschool

children62. The results of this study are therefore speci®c

to preschool children from the urban black community

and cannot be extrapolated to other communities,

populations or age groups.

This study enabled both a cross-sectional and true

longitudinal examination of caries (prevalence and

incidence) in relation to energy and macronutrient

intake. For the relationship between macronutrient

intake and dental caries prevalence rates in urban black

South African children minimal differences were found

between the cross-sectional and longitudinal groups,

probably due to subject numbers. Within the longitudinal

group there was no relationship between caries incidence

and average nutrient consumption. Therefore, for the

relationship between macronutrient intake and caries

(prevalence and incidence) a cross-sectional and true

longitudinal study among urban black South African

preschool children gave very similar results.
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