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Abstract

Objective

The objective of this study was to determine the relationship between added sugar and die-

tary diversity, micronutrient intakes and anthropometric status in a nationally representative

study of children, 1–8.9 years of age in South Africa.

Methods

Secondary analysis of a national survey of children (weighted n = 2,200; non weighted n =

2818) was undertaken. Validated 24-hour recalls of children were collected from mothers/

caregivers and stratified into quartiles of percentage energy from added sugar (% EAS). A

dietary diversity score (DDS) using 9 food groups, a food variety score (FVS) of individual

food items, and a mean adequacy ratio (MAR) based on 11 micronutrients were calculated.

The prevalence of stunting and overweight/obesity was also determined.

Results

Added sugar intake varied from 7.5–10.3% of energy intake for rural and urban areas,

respectively. Mean added sugar intake ranged from 1.0% of energy intake in Quartile 1 (1–

3 years) (Q1) to 19.3% in Q4 (4–8 years). Main sources of added sugar were white sugar

(60.1%), cool drinks (squash type) (10.4%) and carbonated cool drinks (6.0%). Added

sugar intake, correlated positively with most micronutrient intakes, DDS, FVS, and MAR.

Significant negative partial correlations, adjusted for energy intake, were found between

added sugar intake and intakes of protein, fibre, thiamin, pantothenic acid, biotin, vitamin E,

calcium (1–3 years), phosphorus, iron (4–8 years), magnesium and zinc. The prevalence of

overweight/obesity was higher in children aged 4–8 years in Q4 of %EAS than in other quar-

tiles [mean (95%CI) % prevalence overweight 23.0 (16.2–29.8)% in Q4 compared to 13.0

(8.7–17.3)% in Q1, p = 0.0063].
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Conclusion

Although DDS, FVS, MAR and micronutrient intakes were positively correlated with added

sugar intakes, overall negative associations between micronutrients and added sugar

intakes, adjusted for dietary energy, indicate micronutrient dilution. Overweight/obesity was

increased with higher added sugar intakes in the 4–8 year old children.

Introduction
Increasing intakes of sugar in the diet have been of concern to World Health Organization
(WHO) [1, 2] in relation to obesity, non-communicable diseases, dental caries, food patterns
and nutrient intakes. Substantial evidence exists for the relationship of a high sugar intake and
dental caries [3–6]. The effect of added sugar intake on micronutrient dilution has been less
consistent [7–11]. In relation to the latter relationship a number of reviews [8, 9, 11–15] on the
effects of sugar intake on micronutrients intake, are primarily based on studies of adults and
children from developed countries, with the exception of one small study in the elderly in
South Africa [16]. The need for further studies in developing countries has been highlighted
[14]. Since 2007, a study on sugar and micronutrient intakes in adults in South Africa has been
published [17]. An analysis of sugar and micronutrient intakes in children aged 6–9 years in
South Africa at the national level supported the inclusion of a Food Based Dietary Guideline
on sugar consumption [18]. Since food patterns and the dietary context in children from devel-
oped countries are very different to those in developing countries, where a large proportion of
children generally do not meet the recommended nutrient requirements, extrapolation of find-
ings from the developed to the developing countries is both limiting and inappropriate. Fur-
ther, the findings in the developed countries often lack context in terms of consequences of the
relationship with regard to growth and nutritional status.

Many children in developing countries suffer the effects of food insecurity resulting in defi-
cits in energy, protein, and micronutrients such as vitamin A, iron, and zinc. These deficits are
associated with low weight- and low height- for- age as well as micronutrient deficiencies [19–
21]. Generally the diet of these children is monotonous with low dietary diversity scores and
comprises large portions of carbohydrates (staple foods) and lower intakes of animal proteins,
fruit and vegetables [22]. More specifically, in South Africa a large proportion of the population
live below the poverty level [23] and underweight affects one in ten children; stunting one in
five children; and vitamin A, iron and zinc deficiencies are common [24, 25]. Tea with added
sugar is very commonly consumed, frequently more than once a day by both adults and chil-
dren [26]. Table sugar is fairly inexpensive and used by more than 97% of households [26].
Because of a lack of knowledge of differences in food groups consumed and the possible effects
of micronutrient dilution with increased levels of added sugar, research in this field is essential,
since micronutrient intakes of children are already compromised by poor intakes in many
households.

In the context of energy intake, it is also important that the rising trends in overweight and
obesity in children [2] are considered. The 2012 South African National Health and Nutrition
Examination Survey (SANHANES-1) showed a combined overweight and obesity prevalence
of 13.5% for South African children aged 6–14 years [27]. The report concluded that, “inter-
ventions are needed to address the dual problems of chronic undernutrition (stunting) and the
rapidly rising trend of overweight and obesity among children in South Africa”.
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Sugar in the diet, especially in the form of sugar sweetened beverages (SSB) has been impli-
cated in the development of obesity [28]. Further evidence comes from a systematic review and
meta-analysis which combined the findings from 38 cohort studies and 30 randomized, con-
trolled trials (Te Morenga, Mallard & Mann, 2012) [29]. Findings from the studies on adults
with ad libitum diets showed that the effects of sugar intake on weight were due not only to
SSBs but also to the total intake of sugar. An increased sugar intake was associated with a 0.75
kg higher body weight while a decreased sugar intake was associated with a 0.80 kg lower body
weight. Most of the studies on children in the review [29] investigated SSB with few investigat-
ing total/added sugar intake. The link of SSB intake in children with increase in weight or adi-
posity is supported by several reviews of prospective studies in school-aged children [29–31].
The odds ratio for children being overweight or obese was 1.55 (1.32–1.82) among groups with
the highest intake of SSB, compared to the lowest intake [29]. One daily serving increase in SSB
for children was associated with a 0.06 (0.02–0.10) increase in BMI [30]. However with regard
to the five studies reviewed which investigated total/added sugar in children [29] none of them
found a difference in overweight measures between higher and lower consumers of sugar [32–
36]. Studies investigating the relationship between socioeconomic status and sugar intakes
have shown that in developed countries sugar sweetened beverage/soda consumption is higher
in children in low income households [37–39] and in children whose mothers were less edu-
cated [40]. However the opposite association was seen in a study in Brazil where greater food
insecurity was inversely associated with sugar intake [41].

The objective of this secondary analysis was therefore to determine the relationship between
added sugar and food group intakes, dietary diversity, micronutrient intakes and anthropomet-
ric status in a nationally representative study of children in a developing country. This objective
was achieved.

Methods

Ethics
This research was a secondary data analysis and no ethical approval was required. The original
study was approved by the Ethics Committee of the University of Stellenbosch, South Africa.

Sample
A secondary data analysis was undertaken on the database of the National Food Consumption
Survey (NFCS) which took place in 1999 [24, 42]. To date the 1999 NFCS is the only national
survey which has measured dietary intake by 24 hour recall and food frequency questionnaire.
Data was collected on children ages 1.0–8.9 years old in a national sample. The original sample
was oversampled for poorer areas. For this analysis the data was weighted for provincial,
urban/rural and age representation (weighted n = 2,200, non weighted n = 2818). The sampling
procedures have been described elsewhere [43].

Dietary intake
A 24 hour recall interview using a pre-coded, validated questionnaire [24, 43] was conducted
with the mother or caregiver of each of the children participating in the study at their homes.
Trained interviewers conducted the dietary recalls which required each participant to recall all
food and beverages consumed in the previous 24 hours. Dietary aids comprising food models
of local foods and portion sizes were used to assist the interviewers in obtaining dietary infor-
mation. Relative validity was determined by comparison with data obtained from the same par-
ticipants using a food-frequency questionnaire and three 24-hour recalls were repeated on 10%
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of the sample for quality control purposes. The dietary intake results have been reported else-
where [26]. Signed informed consent was obtained from the caregivers of the children who
were participants in the study.

Dietary diversity was measured by means of a dietary diversity score (DDS) which was cal-
culated out of a maximum of 9 food groups, namely (1) cereals, roots and tubers; (2) vitamin-
A-rich fruits and vegetables; (3) other fruit; (4) other vegetables; (5) legumes and nuts; (6)
meat, poultry and fish; (7) fats and oils; (8) dairy; and (9) eggs [44]. These food groups were
also used to examine food consumption of each food group. A food variety score (FVS) was cal-
culated as the total number of different food items consumed over a period of 24 hours [44].
The nutrient adequacy ratio (NAR) was calculated for micronutrients as the intake of the nutri-
ent divided by the recommended nutrient intake (RNI) for a given nutrient expressed as a per-
centage. Micronutrients included vitamins A, B6, B12 and C, thiamin, riboflavin, niacin, folate,
calcium, iron and zinc. Mean adequacy ratio (MAR) was calculated as the sum of the NARs
(truncated at 100%) divided by the number of nutrients (= 11). (Truncation before calculating
MAR was necessary to reduce all those NARs above 100% to 100%). Only data for MAR is
presented.

Anthropometric data
Weight was measured to the nearest 100g by trained fieldworkers, average of two measure-
ments, using electronic scales, placed on an even, uncarpeted area and levelled with the aid of
its in-built spirit level. The children were weighed (preferably after emptying their bladders)
and with the minimum of clothing. Diapers only for babies (dry only) or underclothes for
older children were allowed. Supine length, for children younger than 2 years, was determined
by means of a measuring board. Two readings were taken (average reported) and the measure-
ment was repeated if the two readings varied by more than 0.5 cm. For children 2 years of age
and older, standing height was taken by means of a stadiometer [24, 45]. Height-for-age,
weight-for-age and body mass index (BMI)-for-age Z-scores were calculated using the WHO
Anthro (1–5 years) and WHO AnthroPlus (5–9 years) software. Height-for-age Z-score<-2
was defined as stunting[46, 47] and BMI-for-age Z-scores of>+1 to +2 and>+2 were defined
as overweight and obese respectively in children aged 5.1 years and older [46]; BMI-for-age Z-
of>+2 to +3 and>+3 were defined as overweight and obese respectively in children aged 1–5
years old [47].

Data analysis
Data was analysed in SAS 9.3 (SAS Institute Inc., SAS Version 9.3 Cary, NC, USA). Mean val-
ues with 95% confidence intervals were calculated for energy, carbohydrate and added sugar
intakes in 1–3 and 4–8 year olds. Data was also analysed by rural and urban areas, and by cate-
gories of money spent by household on food weekly as a measure of socio-economic status
(SES). Added sugar was defined as sugar (sucrose) added at household level and sugars (mono-
or disaccharides) added at the point of manufacture (ingredients in food processing). The
amount of added sugar was determined by the nutrient tag ‘SUGAR’ in the food composition
database. White and brown sugar (sucrose), as well as honey and syrup were counted as added
sugar by the food composition database compilers. Sugar added at the table refers to white and
brown sugar added to food or drinks, combined together (this relates to food code 3989 and
food code 4005 respectively in the national food composition database) [48]. The added sugar
value does not include sugars naturally present in foods, e.g. lactose in milk, fructose, glucose
and sucrose in fruit or fruit juice. Free sugars include monosaccharides and disaccharides
added to foods and beverages by the manufacturer, cook or consumer, and sugars naturally
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present in honey, syrups, fruit juices and fruit juice concentrates as defined by WHO [2]. Free
sugars were calculated by using the values of total carbohydrate in fruit juice and fruit
concentrates.

The subjects were divided into quartiles of added sugar intake (% of dietary energy, %EAS).
Mean micronutrient intake values were calculated per quartile of sugar intake (%EAS). The
South African food composition tables were used [48]. Mean DDS, FVS and MAR were calcu-
lated per quartile of % EAS. Pearson’s correlations were determined between sugar intake and
micronutrient intakes and micronutrient intake per 4.18MJ, respectively. Pearson’s correla-
tions adjusted for energy intake were also determined between added sugar intake (absolute)
and micronutrient intakes. The Pearson partial correlation was used to measure the strength of
the linear relationship between nutrient intakes and (absolute) added sugar intake, while
adjusting for the effect of energy intake. Food group consumption and anthropometric status
(height for age, weight for age, BMI for age and prevalence of overweight/obesity) were also
analysed in quartiles of % EAS.

Results
At the national level, there were significant urban rural differences in daily energy intake, as
well as macronutrient intake and related energy distribution indices (Table 1). Children from
rural areas had lower mean such values than urban children, except for carbohydrate intake,
for which similar or increased intakes were found between the two groups. Mean added sugar
intake, as well as % EAS was significantly higher in urban areas (32.4g and 10.3%, respectively)
when compared with rural areas (20.9g and 7.5%, respectively).

The top 3 sources of added sugar in the diet for the country as a whole in terms of contribu-
tion (%) to added sugar intake in children aged 1–8 years were white sugar (60.1%), cool drink
(squash type; 10.4%), carbonated cool drink (6.0%) (Table 1). The food item consumption
rates (%) were 77.0% for white sugar, 14.8% for cool drink (squash type) and 5.3% for carbon-
ated cool drink. Corresponding rates for the next seven top food sources of added sugar (jam/
marmalade, hard boiled/soft jelly sweets, cookies/pancakes/cakes/tarts, brown sugar, choco-
late/sweets, canned/bottled orange juice, pumpkin/butternut) were less than 10% for consump-
tion rates and less than 5% for contributions to added sugar intakes. These 10 items provided
91.6% of the added sugar in the diet (89.6% in urban and 96.6% in rural areas). Most children
(77%) consumed sugar (white and brown) added at the table at breakfast, with only a few (3–
9%) adding sugar at other meals. By age and geotype these three food items i.e. white sugar,
carbonated cool drinks and squash type cool drinks (Table 1) comprised 70.9% (urban) -
88.2% (rural) of the added sugar intake for 1–3 year old children. The consumption rates and
contribution to added sugar intake of cool drinks were higher in older children and in children
living in urban areas (Table 1). Added sugar consumption and %EAS increased with increased
weekly household food expenditure, as did the consumption of energy, protein and fat, for
both age groups (Tables 2 and 3). With increased household food expenditure white sugar
comprised a lower proportion of added sugar intake and the contribution of cool drinks
(squash type) and carbonated cool drinks increased.

Variation in the intakes of some food groups was observed in the different quartiles of %
EAS (Table 4). The per capita mean intakes in grams of the other vegetables (1–3 year olds
only), other fruit; fats and oils; meat, poultry and fish; dairy (4–8 year olds only); and eggs (4–8
year olds only) food groups overall increased in the higher quartiles of %EAS intakes. For these
food groups, consumer portion sizes showed some tendency to decrease overall with increasing
%EAS intakes. However, there were significant increases in the percentage of the group who
consumed the particular food group, mostly in both age groups (Table 4).
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In contrast there was a decrease in the per capita consumption of the cereal, roots and tubers
in both age groups; vitamin A rich fruits and vegetables (in both age groups), other vegetables
(4–8 year olds only); legumes and nuts (4–8 year olds only) and dairy food groups (1–3 year
olds only) with increased %EAS intakes. For the vitamin A rich fruits and vegetables food
group (4–8 year olds only) there was a significant decrease in the percentage of the group who
were consumers. There was a significant decrease in portion size for the cereal, roots and tubers
(both age groups); other vegetables (4–8 year olds only); legumes and nuts (4–8 year olds only)
and dairy food groups (1–3 year olds only) (Table 4), the reverse being the case for white sugar
(both age groups), and cool drink squash type (significant for the 4–8 year olds only). By quar-
tiles of sugar intake (%EAS), both age groups had significantly higher mean values of DDS and

Table 1. Sugar, macronutrient intakes and% contribution of main sources of sugar for children aged 1–8 years by geotype.

Nutrient 1–8 years 1–3 years 4–8 years

SA SA Urban SA Rural SA Urban SA Rural SA Urban SA Rural

Number (weighted n) 2818 (2200) 1390 (1218) 1428 (982) 664 (445) 644 (350) 726 (773) 784 (632)

Energy (kJ) Mean 5047.7 5220.0 4834.0### 4388.8 4092.4&& 5699.3 5244.5$$

Energy (kJ) 95% CI* 4928–5166 5036–5404 4697–4971 4193–4585 3923–4261 5477–5922 5049–5440

Protein (g) Mean 37.3 39.9 34.0### 32.7 28.9&&& 44.0 36.8$$$

Protein (g) 95% CI 36.2–38.4 38.3–41.5 32.6–35.5 31.0–34.4 27.6–30.3 42.1–45.9 34.9–38.8

Fat (g) Mean 30.0 35.3 23.3### 29.0 21.5&&& 39.0 24.4$$$

Fat (g) 95% CI 28.7–31.2 33.2–37.4 22.1–24.6 27.0–31.0 20.1–22.9 36.3–41.6 22.7–26.0

Carbohydrate (g) Mean 183.0 179.1 187.9## 153.4 156.2 193.9 205.5$$

Carbohydrate (g) 95% CI 179.1–186.9 173.4–184.8 182.9–192.9 146.6–160.3 149.5–162.9 187.2–200.7 198.3–212.7

AS (g) Mean 27.3 32.4 20.9### 25.4 17.3&&& 36.5 22.9$$$

AS (g) 95% CI 25.7–28.9 29.7–35.2 19.3–22.5 23.3–27.5 15.9–18.6 33.0–40.0 20.6–25.3

Protein (%E) Mean 12.3 12.7 11.8### 12.4 11.7&& 12.9 11.8$$$

Protein (%E) 95% CI 12.1–12.5 12.5–13.0 11.5–12.0 12.0–12.7 11.4–12.1 12.7–13.2 11.4–12.1

Fat (%E) Mean 21.2 24.1 17.7### 23.7 19.4&&& 24.3 16.8$$$

Fat (%E) 95% CI 20.7–21.8 23.3–24.9 17.0–18.4 22.6–24.7 18.4–20.3 23.4–25.3 16.0–17.5

CHO (%E) Mean 65.8 62.4 70.1### 63.2 68.5&&& 62.0 70.9$$$

CHO (%E) 95% CI 65.3–66.4 61.6–63.3 69.3–70.8 62.1–64.4 67.3–69.6 61.0–63.0 70.1–71.8

AS (%E) Mean 9.1 10.3 7.5### 9.8 7.5&&& 10.6 7.6$$$

AS (%E) 95% CI 8.7–9.5 9.7–11.0 7.1–8.0 9.1–10.5 6.9–8.2 9.8–11.4 6.9–8.2

% Consuming white sugar 77.0 80.3 72.8 77.9 74.2 81.7 72.1

White sugar % of Added Sugar intake 60.1 51.0 77.7 56.2 82.8 48.9 75.5

% Consuming Cool Drink Squash Type 14.8 20.7 7.5 16.5 3.6 23.2 9.6

Cool Drink Squash Type % AS intake 10.4 12.7 6.1 10.6 3.1 13.5 7.3

% Consuming Cool Drink Carbonated 5.3 8.2 1.6 4.8 1.8 10.2 1.6

Cool Drink Carbonated % AS intake 6.0 8.2 1.7 4.1 2.3 9.9 1.4

WS+CDC+CDS % AS intake 76.5 71.9 85.5 70.9 88.2 72.3 84.2

* 95% CI = 95% Confidence Intervals: LCI = Lower confidence interval; UCI = Upper confidence interval
###Significant difference between urban and rural values, t-test p<0.0001
##Significant difference between urban and rural values, t-test p<0.01
&&&Significant difference between urban and rural values, age 1–3 years, t-test p<0.0001
&&Significant difference between urban and rural values, age 1–3 years, t-test p<0.01
$$$Significant difference between urban and rural values, age 4–8 years, t-test p<0.0001
$$Significant difference between urban and rural values, age 4–8 years, t-test p<0.01

CHO = carbohydrate; WS = White sugar; AS = Added sugar; CDC = Cool drink, carbonated; CDS = Cool drink, squash type

doi:10.1371/journal.pone.0142059.t001
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FVS in the highest quartile of sugar intake (%EAS) compared with the lowest quartile of sugar
intake (%EAS) (Table 5). This was not found for MAR.

A significant positive correlation was shown between added sugar intake per day and abso-
lute micronutrient intakes for all micronutrients except vitamin B12 (both age groups) and
magnesium (4–8 year olds) (Table 6). However, when nutrient intakes were adjusted for energy
intake, significant positive partial correlations were found in 1–3 year olds for % energy carbo-
hydrate, riboflavin, niacin, vitamin B6 and vitamin C (Table 6); and significant negative partial
correlations were found between added sugar intake and % energy protein, protein, fibre, thia-
min, pantothenic acid, biotin, vitamin E, calcium, phosphorus, magnesium and zinc, indicating
that as sugar intake increased, certain nutrient intakes decreased when adjusted for energy
intake (Table 6). In 4–8 year olds when nutrient intakes were adjusted for kJ intake significant
positive partial correlations were found only between added sugar intake and total fat and ribo-
flavin intakes. Otherwise, partial correlations with added sugar intakes (adjusted for energy

Table 2. Sugar, macronutrient intakes and% contribution of main sources of sugar for children aged 1–3 by categories of money spent by house-
hold on food weekly (SES).

Nutrient 1–3 years

SA SES 1 SES 2 SES 3 SES 4

Number (weighted n) 1308 (795) 317 (194) 244 (149) 228 (141) 228 (140)

Energy (kJ) Mean 4258.4 4127.4 [B] 4349.6 [A][B] 4212.2 [A][B] 4656.7 [A]

Energy (kJ) 95% CI* 4128.0–4388.9 3889.7–4365.2 4049.3–4649.9 3956.6–4467.8 4366.6–4946.7

Protein (g) Mean 31.0 29.1 [B] 31.5 [A][B] 30.7 [B] 35.1 [A]

Protein (g) 95% CI 29.9–32.1 27.0–31.2 29.2–33.9 28.4–33.1 32.5–37.6

Fat (g) Mean 25.7 21.4 [C] 27.0 [A][B] 26.9 [B] 31.4 [A]

Fat (g) 95% CI 24.4–26.9 19.6–23.2 24.0–30.1 24.0–29.9 28.6–34.3

Carbohydrate (g) Mean 154.6 158.3 156.7 149.4 161.1

Carbohydrate (g) 95% CI 149.8–159.5 148.6–168.0 146.1–167.2 140.3–158.5 151.2–171.0

Added Sugar (g) Mean 21.8 18.6 [B] 19.5 [B] 25.5 [A] 29.7 [A]

Added Sugar (g) 95% CI 20.5–23.1 16.2–21.0 17.2–21.9 22.4–28.5 26.1–33.3

Protein (%E) Mean 12.1 11.7 12.3 12.2 12.5

Protein (%E) 95% CI 11.8–12.3 11.2–12.2 11.7–12.8 11.6–12.8 12.0–12.9

Fat (%E) Mean 21.8 19.3 [B] 22.5 [A] 23.0 [A] 24.3 [A]

Fat (%E) 95% CI 21.1–22.5 18.0–20.5 21.0–24.0 21.6–24.4 22.7–26.0

Carbohydrate (%E) Mean 65.5 68.6 65.0 63.9 62.5

Carbohydrate (%E) 95% CI 64.7–66.4 67.2–69.9 63.5–66.6 62.3–65.6 60.6–64.3

Added Sugar (%E) Mean 8.8 7.9 [B] 7.8 [B] 10.3 [A] 10.6 [A]

Added Sugar (%E) 95% CI 8.3–9.3 6.8–9.0 6.8–8.8 9.2–11.5 9.6–11.6

% Consuming white sugar 76.2 74.5 72.8 78.3 80.0

White sugar % of Added Sugar intake 65.4 74.2 67.6 62.1 50.6

% Consuming Cool Drink Squash Type 10.8 5.2 10.5 15.7 19.7

Cool Drink Squash Type % AS intake 8.0 4.6 7.7 9.8 11.5

% Consuming Cool Drink Carbonated 3.5 2.9 1.4 4.7 7.5

Cool Drink Carbonated % AS intake 3.5 4.0 1.5 3.6 5.6

WS+CDC+CDS % AS intake 76.9 82.7 76.8 75.5 67.7

* 95% CI = 95% Confidence Intervals: LCI = Lower confidence interval; UCI = Upper confidence interval.

[A], [B],[C],[D]: Significant differences between SES groups when letters are different; Bonferroni, p<0.05.

CHO = carbohydrate; WS = White sugar; AS = Added sugar; CDC = Cool drink, carbonated; CDS = Cool drink, squash type

SES 1 = R0-50; SES 2 = R50-100; SES3 = R100-200; SES4 = R200-400+

doi:10.1371/journal.pone.0142059.t002
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intake) were negative and significant for protein (as %E), total protein, fibre, thiamin, panto-
thenic acid, biotin, vitamin E, phosphorus, iron, magnesium and zinc, indicating that as sugar
intake increased, these intakes decreased when adjusted for energy intake. Both the DDS and
FVS partial correlations with added sugar intakes were positive and significant indicating that
increases in sugar intake were associated with increases in these scores. However, there was no
significant partial correlation between added sugar intake and MAR when adjusted for energy
intake, indicating no association between overall dietary quality and added sugar intake.

In terms of mean daily micronutrient intakes (per 4.18MJ) by quartile of %EAS (Table 7)
added sugar (%E) ranged from 1.0% of energy intake in Quartile 1 (Q1) to 19.2% of energy
intake in Q4 for 1–3 year olds and 1.5% of energy intake in Q1 to 19.3% of energy intake in Q4
respectively for 4 to 8.9 year olds. Energy intakes did not differ significantly with increased %
EAS in both age groups. The highest mean vitamin intakes per 4.18MJ were found in the lowest
quartiles of %EAS intake for thiamin, pantothenic acid, biotin and vitamin E in 1–3 year olds

Table 3. Sugar, macronutrient intakes and% contribution of main sources of sugar for children aged 4–8 years by categories of money spent by
household on food weekly (SES).

Nutrient 4–8 years

SA SES 1 SES 2 SES 3 SES 4

Number (weighted n) 1510 (1405) 339 (302) 281 (265) 325 (301) 285 (282)

Energy (kJ) Mean 5494.6 5309.0 [B] 5275.1 [B] 5496.7 [B] 6206.6 [A]

Energy (kJ) 95% CI* 5344.9–5644.4 5021.7–5596.2 4984.2–5566.1 5173.0–5820.5 5872.5–6540.7

Protein (g) Mean 40.8 37.6 [B] 39.8 [B] 41.2 [B] 47.1 [A]

Protein (g) 95% CI 39.4–42.2 34.7–40.4 37.3–42.4 38.5–43.9 44.2–50.0

Fat (g) Mean 32.4 25.4 [C] 31.4 [B] 34.5 [B] 43.5 [A]

Fat (g) 95% CI 30.8–34.0 23.0–27.7 28.6–34.1 31.2–37.8 39.6–47.5

Carbohydrate (g) Mean 199.1 207.0 [A][B] 190.1 [B] 194.4 [A][B] 209.6 [A]

Carbohydrate (g) 95% CI 194.2–204.1 195.5–218.5 179.5–200.6 183.3–205.6 198.7–220.5

AS (g) Mean 30.4 23.2 [C] 25.1 [C] 32.3 [B] 45.4 [A]

AS (g) 95% CI 28.2–32.6 19.4–27.0 22.2–27.9 28.8–35.9 39.9–50.8

Protein (%E) Mean 12.4 11.8 [B] 12.6 [A][B] 12.6 [A][B] 12.7 [A]

Protein (%E) 95% CI 12.2–12.6 11.3–12.4 12.2–13.1 12.1–13.1 12.3–13.1

Fat (%E) Mean 20.9 17.3 [C] 21.5 [B] 22.3 [B] 25.2 [A]

Fat (%E) 95% CI 20.3–21.6 16.2–18.4 20.3–22.7 21.1–23.5 23.7–26.7

CHO (%E) Mean 66.0 70.2 [A] 65.5 [B] 64.4 [B] 61.4 [C]

CHO (%E) 95% CI 65.3–66.7 69.0–71.4 64.2–66.8 63.1–65.8 59.8–62.9

AS (%E) Mean 9.2 7.6 [C] 8.3 [C][B] 9.8 [B] 12.0 [A]

AS (%E) 95% CI 8.7–9.8 6.6–8.6 7.4–9.2 8.9–10.8 10.9–13.1

% Consuming white sugar 77.4 74.0 75.4 79.7 84.3

White sugar % of Added Sugar intake 57.9 76.2 61.8 55.8 42.2

% Consuming Cool Drink Squash Type 17.1 11.3 13.7 18.5 31.7

Cool Drink Squash Type % AS intake 11.4 8.6 9.6 10.8 16.7

% Consuming Cool Drink Carbonated 6.3 2.1 4.3 9.3 13.1

Cool Drink Carbonated % AS intake 7.0 2.8 4.6 9.6 11.0

WS+CDC+CDS % AS intake 76.3 87.6 76.0 76.2 69.9

* 95% CI = 95% Confidence Intervals: LCI = Lower confidence interval; UCI = Upper confidence interval.

[A], [B],[C],[D]: Significant differences between SES groups when letters are different; Bonferroni, p<0.05.

CHO = carbohydrate; WS = White sugar; AS = Added sugar; CDC = Cool drink, carbonated; CDS = Cool drink, squash type

SES 1 = R0-50; SES 2 = R50-100; SES3 = R100-200; SES4 = R200-400+.

doi:10.1371/journal.pone.0142059.t003
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Table 4. Mean dietary intake (24-hr recall) of South African children aged 1–3 and 4–8 years old according to quartiles of added sugar intake as a
percentage of energy (%EAS).

1–3 years 4–8 years

Sugar quartile Q1 Q2 Q3 Q4, Q1, Q2 Q3 Q4

1–3 years 4–8 years

Number (weighted n) 322 (199) 317 (199) 330 (199) 339 (198) 387 (351) 370 (352) 377 (351) 376 (351)

Added Sugar (g) Mean 2.9 [D] 14.1 [C] 25.2 [B] 45.2 [A] 5.8 [D] 20.0 [C] 33.6 [B] 62.1 [A]

Added Sugar (g) 95% CI# 2.4–3.3 13.3–14.9 23.8–26.5 42.5–47.9 4.9–6.8 19.2–20.8 31.8–35.5 57.5–66.8

Added Sugar (%E) Mean 1.0 [D] 5.4 [C] 9.8 [B] 19.2 [A] 1.5 [D] 6.0 [C] 10.1 [B] 19.3 [A]

Added Sugar (%E) 95% CI 0.8–1.1 5.2–5.5 9.6–10.0 18.2–20.1 1.3–1.8 5.8–6.1 9.9–10.3 18.5–20.1

Cereals,roots & tubers:

Per capita Mean (g) 571 509 473 404 706 631 539 417

Consumers % sample 98 100 100 99 98 100 100 99

Portion size (g) Mean 582 [A] 512 [B] 473 [B] 406 [C] 709 [A] 631 [B] 541 [C] 417 [D]

Portion size (g) 95% CI 541–623 476–547 442–503 378–434 666–751 594–669 510–572 384–449

Portion size (g) Median 500 485 430 360 630 585 515 370

Portion size (g) Q1 –Q3 340–750 314–670 284–615 245–515 400–900 400–785 340–680 245–555

Vitamin A-rich fruit&veg:

Per capita Mean (g) 36 26 21 27 42 23 31 25

Consumers % sample 25 25 19 25 30 18 23 22**

Portion size (g) Mean 144 107 109 106 141 126 135 111

Portion size (g) 95% CI 111–177 91–122 84–133 86–127 122–160 100–151 110–159 90–133

Portion size (g) Median 105 85 85 85 105 90 100 85

Portion size (g) Q1 –Q3 80–190 50–120 45–120 45–125 85–175 80–160 80–160 50–105

Other fruit:

Per capita Mean (g) 30 38 60 64 46 42 61 84

Consumers % sample 13 17 27 30** 15 19 21 34***

Portion size (g) Mean 223 220 221 216 300 219 284 250

Portion size (g) 95% CI 174–271 171–268 192–250 172–261 194–406 190–249 237–331 209–291

Portion size (g) Median 165 150 195 150 200 200 220 180

Portion size (g) Q1 –Q3 125–275 75–250 135–320 75–300 150–270 150–275 150–400 150–330

Other vegetables:

Per capita Mean (g) 19 27 26 23 41 29 35 29

Consumers % sample 20 33 33 29* 33 28 33 34

Portion size (g) Mean 98 83 80 77 126 [A] 102 [A][B] 108 [A][B] 85 [B]

Portion size (g) 95% CI 71–125 72–94 70–89 66–88 103–149 88–117 89–128 72–97

Portion size (g) Median 75 70 70 65 85 85 75 75

Portion size (g) Q1 –Q3 38–115 40–110 40–105 45–90 60–160 55–140 60–120 45–105

Legumes and nuts:

Per capita Mean (g) 18 28 17 13 33 30 20 10

Consumers % sample 15 22 20 16 18 24 20 20

Portion size (g) Mean 118 126 84 79 177 [A] 125 [B] 102 [B][C] 51 [C]

Portion size (g) 95% CI 87–148 95–157 58–111 52–105 134–220 93–156 76–127 36–65

Portion size (g) Median 120 120 50 50 125 85 50 20

Portion size (g) Q1 –Q3 30–135 17–180 10–120 10–120 85–240 12–200 10–170 10–85

Fats and oils:

Per capita Mean (g) 3 3 6 5 5 7 7 9

Consumers % sample 20 31 35 40** 23 44 43 52***

Portion size (g) Mean 13 [A][B] 9 [B] 16 [A] 13 [A][B] 21 17 17 17

(Continued)
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Table 4. (Continued)

1–3 years 4–8 years

Sugar quartile Q1 Q2 Q3 Q4, Q1, Q2 Q3 Q4

Portion size (g) 95% CI 9–16 8–11 11–20 11–15 15–28 13–20 15–19 15–20

Portion size (g) Median 10 7 10 10 14 10 14 14

Portion size (g) Q1 –Q3 5–17 5–10 5–15 5–15 7–21 7–20 7–20 7–21

Meat, poultry and fish:

Per capita Mean (g) 36 48 45 48 56 71 75 68

Consumers % sample 36 50 52 55** 50 58 60 61**

Portion size (g) Mean 100 95 86 88 113 121 125 111

Portion size (g) 95% CI 81–120 83–107 76–96 79–98 101–124 111–132 111–138 98–123

Portion size (g) Median 85 80 72 75 90 105 100 85

Portion size (g) Q1 –Q3 45–110 42–120 40–105 42–105 60–150 60–170 60–166 50–150

Dairy:

Per capita Mean (g) 220 200 163 122 94 102 118 119

Consumers % sample 57 65 67 62 40 52 57 61***

Portion size (g) Mean 386 [A] 306 [B] 241[B][C] 197 [C] 234 197 208 195

Portion size (g) 95% CI 326–446 267–345 207–276 171–223 188–281 166–229 175–240 165–225

Portion size (g) Median 250 250 180 145 165 145 155 135

Portion size (g) Q1 –Q3 125–520 120–430 80–310 60–310 80–305 45–260 68–250 50–273

Eggs:

Per capita Mean (g) 7 10 11 9 6 12 12 10

Consumers % sample 9 14 17 13 8 15 17 14**

Portion size (g) Mean 73 71 68 65 83 81 76 71

Portion size (g) 95% CI 62–84 59–82 61–75 56–74 65–100 70–92 67–85 62–80

Portion size (g) Median 52 52 52 52 55 62 52 52

Portion size (g) Q1 –Q3 52–104 52–100 52–100 52–80 52–104 52–104 52–104 50–102

White sugar:

Per capita Mean (g) 2 11 17 27 4 16 20 30

Consumers % sample 31 88 93 93*** 37 92 91 89***

Portion size (g) Mean 8 [D] 12 [C] 19 [B] 28 [A] 11 [C] 17 [B] 22 [B] 34 [A]

Portion size (g) 95% CI 7–8 12–13 18–20 27–30 11–12 17–18 21–24 30–38

Portion size (g) Median 6 12 18 24 12 18 18 24

Portion size (g) Q1 –Q3 6–12 9–12 12–24 18–36 9–12 12–18 12–30 18–36

Cool drink, squash type:

Per capita Mean (g) 1 9 30 70 6 20 70 128

Consumers % sample 1 6 13 24*** 2 9 24 33***

Portion size (g) Mean 184 152 228 296 238 [B] 219 [B] 292 [A][B] 390 [A]

Portion size (g) 95% CI 97–272 109–196 201–254 255–338 132–345 191–246 263–322 345–434

Portion size (g) Median 125 125 250 250 250 250 250 330

Portion size (g) Q1 –Q3 125–250 120–250 175–250 180–360 125–250 150–250 250–350 250–500

Cool drink, carbonated:

Per capita Mean (g) - 0 8 21 0 1 13 69

Consumers % sample 0 4 10*** 0 0 6 19***

Portion size (g) Mean - 125 199 215 125 150 235 366

Portion size (g) 95% CI 125–125 165–233 182–248 125–125 150–150 187–284 303–430

Portion size (g) Median 125 250 180 125 150 250 340

(Continued)
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(Table 7). In contrast riboflavin, niacin, vitamin B6 and folate intakes (per 4.18MJ) were signif-
icantly lower in the lowest quartile of %EAS intake. In the 4–8 year olds, higher vitamin intakes

Table 4. (Continued)

1–3 years 4–8 years

Sugar quartile Q1 Q2 Q3 Q4, Q1, Q2 Q3 Q4

Portion size (g) Q1 –Q3 125–125 125–250 125–250 125–125 150–150 180–250 250–450

#95% CI = 95% Confidence interval;

[A], [B], [C], [D]: Bonferroni, p<0.05. Values with different letters are significant differences between groups (%EAS quartile groups)

*Significant relationship between quartile groups of added sugar intake (%EAS) and whether or not food from the relevant food group / food item was

consumed, Chi square p<0.05.

**Significant relationship between quartile groups of added sugar intake (%EAS) and whether or not food from the relevant food group / food item was

consumed, Chi square p<0.01.

***Significant relationship between quartile groups of added sugar intake (%EAS) and whether or not food from the relevant food group / food item was

consumed, Chi square p<0.0001.

doi:10.1371/journal.pone.0142059.t004

Table 5. Dietary diversity, food variety score andmean adequacy ratio of 1–3 and 4–8 year olds according to quartiles of added sugar intake per
day as a percentage of energy (%EAS).

All Q1 Q2 Q3 Q4

1–3 yrs

Number (weighted n) 1308(795) 322 (199) 317 (199) 330 (199) 339 (198)

Added Sugar (g) Mean 21.8 2.9 [D] 14.1 [C] 25.2 [B] 45.2 [A]

Added Sugar (g) 95% CI* 20.5–23.1 2.4–3.3 13.3–14.9 23.8–26.5 42.5–47.9

Added Sugar (%) Mean 8.8 1.0 [D] 5.4 [C] 9.8 [B] 19.2 [A]

Added Sugar (%) 95% CI 8.3–9.3 0.8–1.1 5.2–5.5 9.6–10.0 18.2–20.1

Mean DDS 3.5 3.0 [B] 3.6 [A] 3.7 [A] 3.7 [A]

DDS 95% CI 3.4–3.6 2.8–3.1 3.4–3.8 3.6–3.9 3.5–4.0

Mean FVS 5.4 4.1 [B] 5.4 [A] 5.9 [A] 5.9 [A]

FVS 95% CI 5.1–5.6 3.9–4.4 5.1–5.8 5.6–6.3 5.5–6.4

Mean MAR 64.7 61.4 [B] 68.5 [A] 67.3 [A] 61.7 [B]

MAR 95% CI 63.1–66.3 58.2–64.5 66.1–70.9 65.2–69.4 58.4–65.0

4–8 yrs

Number (weighted n) 1510 (1405) 387 (351) 370 (352) 377 (351) 376(351)

Added Sugar (g) Mean 30.4 5.8 [D] 20.0 [C] 33.6 [B] 62.1 [A]

Added Sugar (g) 95% CI 28.2–32.6 4.9–6.8 19.2–20.8 31.8–35.5 57.5–66.8

Added Sugar (%) Mean 9.2 1.5 [D] 6.0 [C] 10.1 [B] 19.3 [A]

Added Sugar (%) 95% CI 8.7–9.8 1.3–1.8 5.8–6.1 9.9–10.3 18.5–20.1

Mean DDS 3.6 3.2 [C] 3.6 [B] 3.7 [A][B] 4.0 [A]

DDS 95% CI 3.5–3.7 3.0–3.3 3.4–3.8 3.5–3.9 3.7–4.2

Mean FVS 5.6 4.6 [C] 5.5 [B] 6.0 [A][B] 6.4 [A]

FVS 95% CI 5.4–5.9 4.2–4.9 5.2–5.8 5.5–6.4 5.9–6.9

Mean MAR 62.5 59.2 [B] 64.9 [A] 64.2 [A] 61.6 [A][B]

MAR 95% CI 60.7–64.2 56.7–61.6 62.8–66.9 61.3–67.1 57.4–65.7

*95% CI = 95% Confidence interval;

[A], [B], [C], [D]: Values with different letters are significant differences between groups (%EAS quartile groups), Bonferroni, p<0.05.

DDS = Dietary Diversity Score; FVS = Food Variety Score; MAR = Mean Adequacy Ratio.

doi:10.1371/journal.pone.0142059.t005
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Table 6. Pearson correlation coefficients of added sugar intake (AS) per day with nutrient intake values, micronutrient intakes per 4.18MJ, and
Pearson’s partial correlation coefficients (adjusted for kilojoule intake).

Variables Correlation with AS Correlation with AS / 4.18MJ Partial correlation with AS†

Age 1–3 years

Number (weighted n) 1308 (795) 1308 (795) 1308 (795)
Carbohydrate (% E) -0.01 0.06*

Protein (% E) -0.12*** -0.13***

Fat (% E) 0.05 -0.03

Total carbohydrate 0.40*** 0.04

Total protein 0.27*** -0.12***

Total fat 0.31*** 0.01

Total fibre 0.21*** -0.08*

Vitamin A 0.06* -0.06* -0.01

Thiamin 0.19*** -0.24*** -0.23***

Riboflavin 0.27*** 0.09** 0.09**

Niacin 0.31*** 0.05 0.12***

Vitamin B12 0.05 -0.01 -0.01

Vitamin B6 0.35*** 0.09** 0.13***

Folic acid 0.27*** 0.07* 0.04

Pantothenic Acid 0.20*** -0.12*** -0.16***

Biotin 0.14*** -0.14*** -0.10**

Vitamin D 0.12*** 0.01 0.03

Vitamin E 0.09** -0.09** -0.14***

Vitamin C 0.18*** 0.07* 0.10**

Calcium 0.08** -0.11*** -0.14***

Phosphorous 0.21*** -0.19*** -0.21***

Iron 0.17*** -0.11*** -0.04

Magnesium 0.17*** -0.28*** -0.27***

Zinc 0.26*** -0.09** -0.07*

DDS 0.34*** 0.22***

FVS 0.43*** 0.30***

MAR 0.32*** 0.03

Age 4–8 years

Number (weighted n) 1510 (1405) 1510 (1405) 1510 (1405)
Carbohydrate (% E) -0.09** 0.02

Protein (% E) -0.15*** -0.18***

Fat (% E) 0.17*** 0.05

Total carbohydrate 0.40*** 0.04

Total protein 0.24*** -0.21***

Total fat 0.39*** 0.10**

Total fibre 0.06* -0.28***

Vitamin A 0.08** 0.01 0.04

Thiamin 0.14*** -0.30*** -0.34***

Riboflavin 0.22*** 0.07** 0.06*

Niacin 0.29*** 0.04 0.03

Vitamin B12 0.04 0.00 0.01

Vitamin B6 0.30*** 0.07** 0.05

Folic acid 0.22*** 0.02 -0.01

Pantothenic Acid 0.24*** -0.05* -0.08**

(Continued)
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(per 4.18MJ) were found in the lowest quartile of added sugar (%EAS) intake only for thiamin.
Niacin, folate and vitamin D intakes (per 4.18MJ) were found to be significantly lower in the
lowest quartile of added sugar (%EAS) intake. Overall mean intakes for all minerals per 4.18MJ
were significantly higher in the lowest quartile of sugar (%EAS) intakes for both age groups,
with the exception of calcium for the 4–8 year olds.

Table 8 shows that for children aged 1–3 years there was a significant trend for decreased
stunting in the quartiles with higher sugar (%EAS) intakes [mean (95%CI) in terms of height-
for-age Z score -1.22 (-1.42 - -1.01) in Q1 compared to -0.87 (-1.10–-0.64) in Q4 (p<0.05, Bon-
ferroni multiple comparison test)]. The prevalence of stunting also showed a significant trend
for decreased prevalence in the quartiles with higher sugar (%EAS) intakes [mean (95%CI)
from 32.0 (27.4–36.6)% in Q1 compared to 24.8 (19.7–29.9)% in Q4 (Chi square p-value
<0.05)]. The trend in mean height-for-age Z scores was also decreased in children aged 4–8
years, [mean (95% CI) height-for-age Z score -0.80 (-0.98 - -0.63) in Q1 compared to -0.58
(-0.78 - -0.37) in Q4 but not significantly so (Bonferroni p-value>0.05). However there was no
trend seen in the mean prevalence of stunting with increasing sugar intakes (Table 9).

There was a non-significant trend for a lower prevalence of overweight and obesity com-
bined in 1–3 year old children (Table 8) in Q4 (highest %EAS) than in the other three quartiles
(Q1-Q3), [mean (95%CI) % prevalence overweight 10.2 (6.8–13.6)% in Q4 compared to 16.8
(12.2–21.4)% in Q1]. However, the opposite was seen in the older children aged 4–8 years. The
prevalence of overweight and obesity combined was significantly higher in the older children
in Q4 (highest %EAS) than in the other three quartiles [mean (95%CI) % prevalence over-
weight 23.0 (16.2–29.8)% in Q4 compared to 13.0 (8.7–17.3)% in Q1, (p = 0.0063, Table 9)].

Decreased stunting and underweight was observed in both age groups in the urban areas
compared with the rural areas, and for the 4–8 year old children the prevalence of overweight
and obesity was higher in the urban than in the rural areas (S1 and S2 Tables). Children aged
1–3 years old in households with increased food expenditure showed decreased stunting and
decreased underweight. For children aged 4–8 years old underweight was decreased and

Table 6. (Continued)

Variables Correlation with AS Correlation with AS / 4.18MJ Partial correlation with AS†

Biotin 0.09** -0.11*** -0.08**

Vitamin D 0.16*** 0.04 0.05

Vitamin E 0.12*** -0.04 -0.07*

Vitamin C 0.05* 0.03 -0.02

Calcium 0.20*** -0.04 0.00

Phosphorous 0.21*** -0.24*** -0.27***

Iron 0.13*** -0.13*** -0.12***

Magnesium 0.04 -0.41*** -0.45***

Zinc 0.22*** -0.11*** -0.14***

DDS 0.30*** 0.14***

FVS 0.39*** 0.21***

MAR 0.29*** -0.02

AS = Added sugar

†adjusted for kJ intake.

*Correlation/Partial correlation significant, p<0.05.

**Correlation/Partial correlation significant, p<0.01.

***Correlation/Partial correlation significant, p<0.0001.

doi:10.1371/journal.pone.0142059.t006
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Table 7. Mean daily micronutrient intakes per 4.18MJ of 1–3 year and 4–8 year olds according to quartiles of added sugar intake as a proportion of
energy (% EAS).

1–3 years 4–8 years

Sugar quartile Total Q1 Q2 Q3 Q4 Total Q1 Q2 Q3 Q4

Number (weighted n) 1308
(795)

322 (199) 317 (199) 330 (199) 339 (198) 1510
(1405)

387 (351) 370 (352) 377 (351) 376 (351)

Energy (kJ) Mean 4258.4 4162.2 4424.8 4306.7 4140.0 5494.6 5387.5 5651.7 5548.6 5390.6

Energy (kJ) 95% CI* 4128–
4389

3866–
4458

4219–
4630

4085–
4528

3884–
4396

5345–
5644

5084–
5691

5435–
5868

5290–
5807

5061–
5720

AS (g) Mean 21.8 2.9 [D] 14.1 [C] 25.2 [B] 45.2 [A] 30.4 5.8 [D] 20.0 [C] 33.6 [B] 62.1 [A]

AS (g) 95% CI 20.5–23.1 2.4–3.3 13.3–14.9 23.8–26.5 42.5–47.9 28.2–32.6 4.9–6.8 19.2–20.8 31.8–35.5 57.5–66.8

AS (%E) Mean 8.8 1.0 [D] 5.4 [C] 9.8 [B] 19.2 [A] 9.2 1.5 [D] 6.0 [C] 10.1 [B] 19.3 [A]

AS (%E) 95% CI 8.3–9.3 0.8–1.1 5.2–5.5 9.6–10.0 18.2–20.1 8.7–9.8 1.3–1.8 5.8–6.1 9.9–10.3 18.5–20.1

Vitamin A (μgRE /4.18
MJ) Mean

389.8 404.2 486.7 334.5 333.6 346.2 397.3 [A]
[B]

252.1 [B] 298.4 [A]
[B]

437.2 [A]

Vitamin A (μgRE /4.18
MJ) 95% CI

341.6–
437.9

326–
482.3

336.6–
636.8

255.8–
413.3

273.4–
393.9

291.8–
400.7

257.7–
536.9

194.5–
310

239.4–
357

295.9–
578.5

Thiamin (mg /4.18 MJ)
Mean

0.59 0.64 [A] 0.62 [A] 0.58 [B] 0.51 [C] 0.57 0.66 [A] 0.59 [B] 0.55 [C] 0.50 [D]

Thiamin (mg /4.18 MJ)
95% CI

0.57–0.60 0.62–0.66 0.60–0.65 0.56–0.59 0.49–0.53 0.56–0.59 0.64–0.68 0.57–0.61 0.53–0.57 0.48–0.53

Riboflavin (mg /4.18 MJ)
Mean

0.66 0.57 [B] 0.68 [A]
[B]

0.75 [A] 0.63 [A]
[B]

0.58 0.55 0.56 0.56 0.64

Riboflavin (mg /4.18 MJ)
95% CI

0.62–0.70 0.51–0.63 0.60–0.76 0.67–0.83 0.55–0.70 0.54–0.61 0.47–0.62 0.49–0.64 0.51–0.60 0.57–0.72

Niacin (mg /4.18 MJ)
Mean

5.5 5.1 [B] 5.8 [A] 5.5 [A][B] 5.6 [A][B] 6.0 5.5 [B] 6.3 [A] 6.1 [A][B] 6.1 [A][B]

Niacin (mg /4.18 MJ)
95% CI

5.2–5.7 4.5–5.6 5.3–6.3 5.2–5.9 5.1–6.0 5.8–6.2 5.2–5.9 5.9–6.7 5.7–6.5 5.6–6.7

Vitamin B12 (μg/4.18 MJ)
Mean

2.1 1.8 2.8 1.9 1.8 2.2 2.1 2.2 1.9 2.6

Vitamin B12 (μg/4.18 MJ)
95% CI

1.6–2.5 1.2–2.3 1.4–4.2 1.3–2.6 1.3–2.3 1.7–2.7 0.8–3.3 1.4–3.0 1.4–2.4 1.2–4.1

Vitamin B6 (mg /4.18 MJ)
Mean

0.48 0.42 [B] 0.51 [A] 0.53 [A] 0.48 [A]
[B]

0.49 0.47 0.49 0.49 0.53

Vitamin B6 (mg /4.18 MJ)
95% CI

0.47–0.50 0.39–0.45 0.47–0.55 0.50–0.56 0.44–0.52 0.47–0.52 0.44–0.51 0.46–0.51 0.45–0.52 0.48–0.58

Folate (μg /4.18 MJ)
Mean

93.9 80.4 [B] 99.8 [A] 101.5 [A] 93.9 [A]
[B]

115.0 101.2 [B] 124.7 [A] 114.8 [A]
[B]

119.5 [A]

Folate (μg /4.18 MJ) 95%
CI

89.9–97.9 73.3–87.4 93.0–
106.6

93.9–
109.1

85.4–
102.4

108.9–
121.2

87.4–
115.0

114.1–
135

106.1–
124

111.7–
127.2

Pantothenic (mg /4.18
MJ) Mean

1.9 2.0 [A] 2.0 [A] 1.9 [A] 1.6 [B] 1.7 1.7 1.7 1.7 1.6

Pantothenic (mg /4.18
MJ) 95% CI

1.8–2.0 1.9–2.1 1.9–2.2 1.8–2.0 1.5–1.7 1.6–1.7 1.6–1.8 1.6–1.8 1.6–1.7 1.5–1.8

Biotin (μg /4.18 MJ)
Mean

14.3 15.5 [A] 15.2 [A] 14.3 [A] 12.1 [B] 12.6 14.0 12.3 12.1 12.0

Biotin (μg /4.18 MJ) 95%
CI

13.6–14.9 14.1–16.9 13.8–16.6 13.2–15.4 11.1–13.1 12.0–13.3 12.7–15.3 11.0–13.7 11.2–13.1 10.7–13.4

Vitamin D (μg /4.18 MJ)
Mean

1.6 1.6 1.6 1.7 1.5 1.4 0.92 [B] 1.5 [A] 1.7 [A] 1.5 [A]

Vitamin D (μg /4.18 MJ)
95% CI

1.4–1.8 1.1–2.1 1.3–2.0 1.3–2.1 1.2–1.8 1.2–1.6 0.71–1.13 1.2–1.9 1.3–2.0 1.2–1.8

(Continued)
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overweight and obesity was increased with increased household food expenditure (S1 and S2
Tables).

Discussion
This analysis of food intakes, micronutrient intakes, micronutrient dilution and anthropome-
try in children consuming different amounts of added sugar in a developing country, extends
previous findings published in 2003 [18], and affords a developing country’s more comprehen-
sive perspective on previous studies conducted in children in the age range 1–8 years in the
developed world [49–59].

The mean percentage contribution of added sugar to total energy (%EAS) was 9.1% in this
study, which is just below the new and former WHO guidelines [2, 60] of a maximum of 10%
energy from free sugars, and is also lower than that reported in national studies of children in
developed countries (14.9 to 16.8%EAS) [51, 53, 57]. However, consumption was higher in
urban children (10.3%EAS), and SES quartile analysis in both age groups showed children in
the highest quartile had %EAS higher than the current WHO guidelines [2]. Free sugars

Table 7. (Continued)

1–3 years 4–8 years

Sugar quartile Total Q1 Q2 Q3 Q4 Total Q1 Q2 Q3 Q4

Vitamin E (mg/ 4.18 MJ)
Mean

4.0 4.7 [A] 4.1 [A][B] 3.8 [B][C] 3.3 [C] 3.6 3.8 3.8 3.6 3.3

Vitamin E (mg /4.18 MJ)
95% CI

3.7–4.2 4.1–5.3 3.7–4.5 3.5–4.2 3.0–3.6 3.4–3.8 3.4–4.3 3.3–4.2 3.3–4.0 3.0–3.6

Vitamin C (mg /4.18 MJ);
95% CI

29.9 24.9 28.4 31.8 34.4 28.1 33.1 24.7 22.3 32.1

Vitamin C (mg /4.18 MJ)
95% CI

25.9–33.8 20.2–29.4 20.4–36.4 25.4–38.2 26.8–42.0 21.6–34.5 10.8–55.4 18.9–30.5 18.1–26.5 24.2–40.0

Calcium (mg /4.18 MJ)
Mean

326.3 379.2 [A] 322.5 [B]
[C]

332.6 [A]
[B]

270.6 [C] 244.9 253.9 239.2 252.4 234.2

Calcium (mg /4.18 MJ)
95% CI

307.4–
345.2

335.7–
422.7

293.2–
351.7

299.1–
366.1

247.6–
293.7

231.7–
258.2

229.0–
278.7

217.6–
260.8

232.3–
272.5

207.7–
260.8

Phosphorus(mg /4.18
MJ); 95% CI

523.7–
545.9

543.2–
596.6

539.2–
576.5

523.6–
560.0

453.1–
458.8

493.0–
512.2

513.1–
547.1

506.0–
542.1

493.2–
521.4

429.7–
468.1

Phosphorus (mg /4.18
MJ) Mean

534.8 569.9 [A] 557.9 [A] 541.8 [A] 469.4 [B] 502.6 530.1 [A] 524.1 [A] 507.3 [A] 448.9 [B]

Phosphorus (mg /4.18
MJ) 95% CI

523.7–
545.9

543.2–
596.6

539.2–
576.5

523.6–
560.0

453.1–
458.8

493.0–
512.2

513.1–
547.1

506.0–
542.1

493.2–
521.4

429.7–
468.1

Iron (mg /4.18 MJ) Mean 5.0 5.5 [A] 5.2 [A][B] 4.7 [A][B] 4.6 [B] 5.2 6.1 [A] 5.3 [B] 5.0 [B] 4.6 [B]

Iron (mg /4.18 MJ) 95%
CI

4.7–5.3 4.8–6.2 4.7–5.6 4.4–5.1 4.2–5.1 5.0–5.5 5.4–6.9 4.9–5.6 4.7–5.3 4.3–4.9

Magnesium (mg /4.18
MJ) Mean

161.9 175.9 [A] 169.4 [A]
[B]

159.2 [B] 143.1 [C] 160.8 183.2 [A] 168.9 [B] 159.3 [B] 131.6 [C]

Magnesium (mg /4.18
MJ) 95% CI

157.9–
165.9

167.9–
184

162.5–
176.2

154.9–
163.4

137.3–
149.0

156.9–
164.7

175.7–
190.7

163.5–
174

153.3–
165

125.9–
137.3

Zinc (mg /4.18 MJ) Mean 4.1 4.2 [A] 4.4 [A] 4.2 [A] 3.7 [B] 4.2 4.3 [A] 4.4 [A] 4.2 [A] 3.8 [B]

Zinc (mg /4.18 MJ) 95%
CI

4.0–4.2 4.0–4.5 4.2–4.5 4.0–4.3 3.6–3.9 4.1–4.3 4.1–4.6 4.2–4.5 4.0–4.3 3.6–4.0

*95% CI = 95% Confidence interval

[A], [B], [C] AND [D]: significant difference between groups (quartiles of sugar, EAS % of energy intake) when letters are different

Bonferroni, p<0.05.

doi:10.1371/journal.pone.0142059.t007
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include monosaccharides and disaccharides added to foods and beverages by the manufacturer,
cook, or consumer, and sugars naturally present in honey, syrups, fruit juices and fruit concen-
trates as defined byWHO [2]. Thus free sugars as defined by FAO/WHO are similar to the def-
inition for added sugars used in this paper, the main difference being that free sugars included
sugars naturally present in fruit juice. Due to the limitations of the South African Food Compo-
sition Tables, which give no values for free sugars as per the WHO definition, we calculated
free sugars intakes as using total carbohydrate in fruit juice and fruit concentrates (g). We
found that the national intake of free sugars was 9.8% Energy from Free Sugars (% EFS) (29.8g/
day); 11.4% EFS (36.2g/day) for urban children and 7.8% EFS (21.8g/day) for rural children.
Urban children thus had intakes of free sugars above the 10% EFSWHO guidelines [2]; these
guidelines also proposed a further reduction to 5% energy from free sugars as a conditional
recommendation.

In this study the main source of added sugar for children was white sugar (60.1% of added
sugar). In contrast, table sugar was not the main source of added sugar in the diets of children
in developed countries, where a variety of processed foods and drinks,including soft drinks,
carbonated beverages, fruit juice, fruit drinks, squash, yogurts/ cultured milks, chocolate, con-
fectionary, high-fat desserts, cakes and sugary foods are the major sources of sugar [50–53, 55–
58]. In 1999 in South Africa, the national contribution of added sugar intake from cool drinks
(16.4%) was much lower than national studies in developed countries: 28% in the UK (4–18
year olds) [57]; and 35% in the USA (preschool children) [51]. A national study of school chil-
dren in Norway found that soft drinks/ lemonade contributed 25–46% of added sugar in 4 year
olds and 31–47% in 9 year olds (mean contributions in quartile 1 and quartile 4) [53]. How-
ever, in South Africa the percentage contribution to added sugar intakes from cool drinks

Table 8. The anthropometric status of children aged 1–3 years old nationally and by quartiles of added sugar intake as a percentage of energy (%
EAS) (mean z-score and prevalence with two-sided confidence limits), according toWHO 2006/2007 sex specific z-scores, (male and female
combined).

Sugar quartile Total sample Q1 Q2 Q3 Q4

Number (weighted n) 1554(1097) 404 376 (272) 384 (275) 390 (269)

Height-for-age Z-score (mean) -1.11 -1.22 [B] -1.29 [B] -1.07 [AB] -0.87 [A]

Height-for-age Z-score (95% CI) -0.23 -0.41 -0.34 -0.32 -0.46

Weight-for-age Z-score (mean), -0.32 -0.32 [AB] -0.45 [B] -0.22 [A] -0.27 [AB]

Weight-for-age Z-score (95% CI) -0.15 -0.25 -0.24 -0.25 -0.32

BMI-for-age Z-score (mean) 0.57 0.65 0.54 0.66 0.43

BMI-for-age Z-score (95% CI) 0.49 – 0.65 0.45 – 0.84 0.39 – 0.69 0.52 – 0.80 0.25 – 0.61

Height-for-age Z-score <-2 (Stunting) % 28 32 32.8 22.3 24.8

Height-for-age Z-score <-2 (Stunting) 95% CI 25.7 – 30.3 27.4 – 36.6 27.6 – 38.1 18.3 – 26.2 #19.7 – 29.9

Weight-for-age Z-score <-2, % 7.4 9.1 8.3 4.5 7.7

Weight-for-age Z-score <-2, 95% CI 6.1 – 8.8 6.2 – 11.9 5.6 – 11.0 2.6 – 6.5 4.9 – 10.6

BMI-for-age Z-score >+2 to +3* % 8.9 10 11.8 7.8 6

BMI-for-age Z-score >+2 to +3* 95% CI 7.4 – 10.4 7.0–13.1 8.0 – 15.6 4.8 – 10.8 3.5 – 8.6

BMI-for-age Z-score > +3* % 4.8 6.8 3 5.1 4.2

BMI-for-age Z-score > +3* % 95% CI 3.6 – 5.9 4.0 – 9.5 1.4 – 4.6 2.9 – 7.3 2.2 – 6.2

BMI-for-age Z-score >+2* (Overweight + obesity) % 13.7 16.8 14.7 12.9 10.2

BMI-for-age Z-score >+2* (Overweight + obesity) 95% CI 11.6 – 15.7 12.2 – 21.4 10.7 – 18.8 9.1 – 16.6 6.8 – 13.6

* for children aged 1–5 years

[A], [B]: significant differences between groups (quartiles of sugar intake %EAS) when letters are different; Bonferroni, p<0.05.

#Significant relationship between different groups of added sugar (%EAS) intake and stunting, Chi square p<0.05.

doi:10.1371/journal.pone.0142059.t008
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(carbonated and squash types) in urban older children aged 7–8 years rose to 24.1%. Another
difference from the data in developed countries [37–40] is that in this study in South Africa the
increased sugar consumption is seen the higher SES households rather the lower SES house-
holds. This is similar to the data from Brazil [41]. The data in this study indicate a trend of
increasing contribution of sugar intakes from cool drinks by age, urbanisation and improved
SES and affords an important area of intervention in the current global efforts to reduce sugar
consumption in line with WHO guidelines [2].

Concerns in relation to added sugar in the diet have been raised in the context of the poten-
tial displacement of nutrient dense foods from the diet [58]. The latter has been supported by
data from developed countries where increased sugar intake in children has often been associ-
ated with a decreased intake of nutrient dense food groups; e.g. meat, fish eggs; grains, fruits
and vegetables [55]; milk [49, 50]; fruits and vegetables at similar energy intakes [53]. However,
the data in the current study in South African children is different. Increasing %EAS intakes
were associated with increased dietary diversity scores, albeit the latter being in the low accept-
able levels. Increased intakes of a number of nutrient rich food groups were found including
meat, poultry and fish; eggs; as well as other fruits for both age groups and dairy in the older
children. This may be due to confounding factors such as for instance increased income avail-
able to spend on food. Analysis of the money spent weekly on food showed a significant (chi
square p<0.001) trend for both age groups for greater weekly expenditure on food in the
households of the children consuming higher %EAS. Also households with increased food
expenditure showed increased energy, protein and fat intakes in addition to increased added
sugar intakes.

Table 9. The anthropometric status of children aged 4–8 years old nationally and by quartiles of added sugar intake as a percentage of energy (%
EAS) (mean z-score and prevalence with two-sided confidence limits), according toWHO 2006/2007 sex specific z-scores, (male and female
combined).

Sugar quartile Total sample Q1 Q2 Q3 Q4

Number (weighted n) 1045 (1103) 270 (280) 256 (280) 256 (272) 263 (272)

Height-for-age Z-score (mean) -0.71 -0.8 -0.83 -0.62 -0.58

Height-for-age Z-score (95% CI) -0.26 -0.35 -0.47 -0.54 -0.41

Weight-for-age Z-score (mean), -0.49 -0.66 [B] -0.52 [AB] -0.44 [AB] -0.34 [A]

Weight-for-age Z-score (95% CI) -0.2 -0.28 -0.38 -0.29 -0.42

BMI-for-age Z-score (mean) -0.1 -0.25 -0.06 -0.09 0

BMI-for-age Z-score (95% CI) -0.22 – 0.02 -0.36 -0.31 – 0.20 -0.29 – 0.11 -0.22 – 0.22

Height-for-age Z-score <-2 (Stunting) % 16 15.5 16.6 17.2 14.6

Height-for-age Z-score <-2 (Stunting) 95% CI 13.2 – 18.8 11.0 – 20.1 10.7 – 22.5 12.1 – 22.3 10.1 – 19.1

Weight-for-age Z-score <-2, % 8.1 10.4 7.1 7 8.1

Weight-for-age Z-score <-2, 95% CI 6.4 – 9.9 6.8 – 14.0 3.9 – 10.2 3.8 – 10.1 4.5 -11.7

BMI-for-age Z-score >+1 to +2*; >+2 to +3** % 10.2 9.8 6.5 7.8 16.9

BMI-for-age Z-score >+1 to +2*; >+2 to +3** 95% CI 8.3 – 12.2 5.9 – 13.7 3.6 – 9.4 4.6 – 11.0 11.7 – 22.1

BMI-for-age Z-score >+2*; > +3** % 6.2 3.2 9.2 6.2 6.1

BMI-for-age Z-score >+2*; > +3** 95% CI 3.8 – 8.5 0.9 – 5.5 3.0 – 15.4 3.0 – 9.3 3.1 – 9.1

BMI-for-age Z-score >+1 *; >+2** (Overweight + obesity) % 16.4 13 15.7 14 23.0&&

BMI-for-age Z-score >+1 *; >+2** (Overweight + obesity) 95% CI 13.3 – 19.5 8.7 – 17.3 9.1 – 22.2 9.7 – 18.3 16.2 – 29.8

* for children aged 5.1 years and older.

** for children aged 1–5 years.

[A], [B]: significant differences between groups (quartiles of sugar intake %EAS) when letters are different; Bonferroni, p<0.05.

&&Significant relationship between different groups of added sugar (%EAS) intake and (overweight + obesity), Chi square p<0.01.

doi:10.1371/journal.pone.0142059.t009
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Associated with the higher intake of a number of food groups and combined with a lower
intake of the cereals, roots and tubers group, there was no difference in energy intake observed
with the increase in sugar (%EAS) intake. This is similar to other studies set in the developed
world where energy intake did not rise significantly with higher sugar intakes [49, 52–54, 56,
58] although in three studies, there was a higher energy intake with a higher sugar intake in
some groups [50, 56, 57]. The inconsistency of the findings in the available literature as well as
in the present study on the role of sugar per se in increasing energy intake as opposed to an
increase in total energy intake from all food items should be further investigated.

Another concern regarding higher sugar intakes has been the impact of high added sugar
consumption on absolute micronutrient intakes and micronutrient dilution. Reviews of previ-
ous studies investigating the relationship between sugar and micronutrient intakes in devel-
oped countries has often been regarded as inconsistent [11, 14]. Methodological differences in
studies (e.g. definition of sugar used, method of reporting sugar intakes and micronutrient
intakes, the adjustment for differences in energy intakes [9] and differences in the selection of
micronutrients investigated have added to the inconsistencies. To enable comparison of the
findings of the present study with previous studies, we, in line with most of the studies in chil-
dren in developed countries, used quartiles of % energy from added sugar for most of the anal-
yses (S3 and S4 Tables), and reported absolute micronutrient intakes and micronutrient
density as micronutrient intakes per 4.184 MJ intake to allow for differences in energy intakes.
However, we would argue that it is not to be expected that the impact of sugar intake on micro-
nutrient intakes and micronutrient dilution would be uniform, because the quality of the base-
line diet and food patterns concurrent with changes in sugar intakes would be expected to lead
to differing effects. Rennie and Livingstone [9] for instance have stated that “The risk of low
micronutrient intakes appears to be greatest in diets that are characterized by high % energy
from sugars at low levels of energy intake.” Therefore, differential effects could be expected for
children, adults and the elderly. However, the reviews generally have considered both studies
in adults and in children together thus highlighting the need to consider the studies in children
separately.

Our study and other studies in children of similar ages (summarised in S3 and S4 Tables),
show, that for most micronutrients, intakes (either absolute or per unit energy intake) are
reduced when sugar intakes are high [49–59]. The previous studies showed overall consistent
decreases in intakes of several B vitamins, and for the minerals magnesium, zinc and phospho-
rous. Vitamins A, E, folate, and calcium and iron intakes were decreased with increased sugar
intakes in most studies. Exceptions were found for vitamins C and D where the effect was
much less consistent [49–59].

In the current study all the minerals showed micronutrient dilution with increase in sugar
intake in both age groups, except for calcium in the 4–8 year old children. Thiamin, panto-
thenic acid, biotin and vitamin E showed micronutrient dilution in both age groups. The
micronutrients considered to be “diluted” in the diet, were also found to be affected in other
studies in children and adolescents in the developed world (S3 and S4 Tables) [49–59]. In the
present study, absolute micronutrient intakes rose with increasing absolute added sugar con-
sumption for all micronutrients except vitamin B12 in both age groups and magnesium in the
4–8 year old children. This is consistent with the findings of increased energy intake, increased
dietary diversity and increased consumption of a variety of food groups with an increased
intake of added sugar. The increase in energy intake seen over the four quartiles of absolute
added sugar consumption in our study, was a 1885–2505 kJ/day increase, of which 931–1116
kJ/day was attributable to the added sugar (for the 1–3 and 4–8 year olds respectively). Even
though the absolute micronutrient intakes rose with absolute sugar intake in the present study,
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micronutrient intakes of children were low at all levels of added sugar in the quartiles as shown
by a mean MAR of 64.7 and 62.5 (children aged 1–3 years and 4–8 years respectively).

The findings of the present study are also similar to those of the regional THUSA study in
South African adults which found a small but significant nutrient dilution effect for a number
of micronutrients in men and women with higher %EAS intakes [17]. Another regional South
African study in the elderly found micronutrient dilution in women with higher %EAS, but not
in men [16]. The clinical significance of the micronutrient dilution concept, if any, in South
Africa, should be seen against the mandatory multiple micronutrient food fortification policy
enacted in 2003. Micronutrient fortification of staple foods, a tried and tested long-term effica-
cious policy in addressing micronutrient deficiencies, has recently been shown to be associated
with significant improvements in micronutrient status, at least in folate status, as well as vita-
min A and iron status in both children and women of reproductive age [25, 27].

We also addressed the issue of stunting as well as overweight and obesity in South African
children in relation to %EAS in the diet. The decreased stunting prevalence in the children in
the quartiles with the higher %EAS (statistically significant in the 1–3 year old children only),
may indeed be related to the increased dietary diversity. However, it is of concern that in the
4–8 year old children the prevalence of overweight and obesity was significantly higher in the
highest %EAS quartile than in the other three quartiles, consistent with previous analysis of the
children aged 6–9 years in this same dataset [18]. Studies in children in the developed countries
have shown contradictory results. In Finland, among children of similar age groups, Ruottinen
et al. [49] found that BMI was higher in the high sugar consumers aged 1–3 years of age and
lower in the high sugar consumers aged 5–9 years of age. Also in Norway, Overby et al. [53]
found that BMI in boys aged 4 years was higher with increased %EAS, whereas it was lower
with increased %EAS in 13 year old girls. With regard to South Africans, a cohort study in
adults showed that in the period 2005 to 2010 the consumption of added sugar and sugar
sweetened beverages increased dramatically, with an increased BMI in higher sugar consumers,
presumably partly due to increased total energy intakes [61]. Data from prospective studies in
the literature showed sugar sweetened beverage consumption to be the most consistent dietary
factor in association with subsequent increases in adiposity [31]. Also randomized controlled
intervention trials in children lasting 6 months to 2 years have shown that lowering the intake
of soft drinks reduced weight gain [28]. In the South African context at least a focus on inter-
ventions preventing further increases in the consumption of sugar, derived from added sugar
or sweetened beverages consumption would appear to be appropriate for the reduction of the
prevalence of overweight and obesity in children.

The main limitation of our secondary analysis is that the latter was based on a cross sec-
tional observational national survey and thus does not allow any conclusions about causal rela-
tionships. The 24 hour dietary recalls were completed by interviewing the caregivers of the
children. This may have led to under-reporting, particularly of snacks and sugar sweetend bev-
erages consumed away from the home environment. Although this study was carried out in
1999, in light of the increasing concerns about sugar in the diet globally and, in the national
context, the recent national data from the SANHANES 1 [27] documenting that less than half
(42.1%) of the population had a low sugar consumption score, with 27.0% of the youngest seg-
ment of the population (15–24 years of age) having a high sugar consumption score), the
authors felt that the secondary analysis of older national data would afford additional baseline
perspective that would contribute to the current debate on appropriate policy intervention
strategies to address the need to decrease the intake of sugar in the country. Also it is the first
ever national dietary survey of children in South Africa and only national dietary survey which
allows calculation of micronutrient intakes. Dietary diversity remains a concern [27] and
although the status of some micronutrients is improving in high risk groups [27] micronutrient
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intakes in general remain of concern in South Africa in the context of low dietary variety, poor
dietary practices and choices and inadequate intakes of energy [26, 27]. Monitoring of added
sugar intakes in children in South Africa in relation to micronutrient intakes and status and
overweight/obesity are important areas of future research. When considering these dietary
issues in conjunction with the current dual nutritional burden of stunting and overweight/obe-
sity in South African children [27], the findings of this study suggest that there is a need for the
diet of children to be considered in terms broader than current policies as a whole allow.
Micronutrient intakes should increase, e.g through food fortification, and nutrition education
[62]. Measures in line with other countries in transition [63] should emphasise the consump-
tion of micronutrient rich foods and also actively promote the reduction in sugar intake. Sug-
gestions for reducing sugar consumption include the prohibition of advertising of foods and
beverages high in sugar and restriction of the use of advertising techniques which appeal specif-
ically to children during children and family television viewing times [64].

Conclusion
DDS and FVS (but not MAR), energy intakes and the absolute intakes of micronutrients were
positively partially correlated with added sugar intakes (adjusted for energy intake). Overall
protein, fibre and several micronutrient intakes adjusted for energy intake were negatively
associated with percentage of energy from added sugar intakes showing micronutrient dilution.
Overweight and obesity was increased with higher added sugar intakes in the 4–8 year old
children.

Supporting Information
S1 Table. The anthropometric status of children aged 1–3 years nationally, by geotype and
by categories of money spent by household on food weekly (SES) (mean z-score and preva-
lence with two-sided confidence limits), according to WHO 2006/2007 sex specific z-scores,
(male and female combined)
(DOCX)

S2 Table. The anthropometric status of children aged 4–8 years old nationally, by geotype
and by categories of money spent by household on food weekly (SES) (mean z-score and
prevalence with two-sided confidence limits), according to WHO 2006/2007 sex specific z-
scores, (male and female combined)
(DOCX)

S3 Table. Summary of relationships between higher sugar intakes and vitamin intakes in
children.
(DOCX)

S4 Table. Summary of relationships between higher sugar intakes and mineral intakes in
children.
(DOCX)

Acknowledgments
Department of Health, UNICEF, Micronutrient Initiative, and USAID Micronutrient Program
are thanked for funding. Directors of the National Food Consumption Survey and the Depart-
ment of Health are thanked for their participation in the planning and execution of the survey.
Nazeeia Sayed is thanked for conceptual discussions, preliminary statistical analysis and

Sugar and Micronutrient Dilution

PLOS ONE | DOI:10.1371/journal.pone.0142059 November 11, 2015 20 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142059.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142059.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142059.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142059.s004


interpretation of the data, writing a preliminary draft of the article and for assistance in compu-
tation of free sugars.

Author Contributions
Conceived and designed the experiments: EMWMDL JHN NPS. Performed the experiments:
EMWMDL JHN NPS. Analyzed the data: EMWMDL JHN NPS HSK. Wrote the paper:
EMWMNPS DL HSK JHN. Final approval of the version to be published: EMWM JHN NPS
HSK DL. Agreement to be accountable for all aspects of the work: EMWM JHN NPS HSK DL.

References
1. WHO. Draft Guideline: Sugars Intake for adults and children. 2014. Available: http://www.who.int/

nutrition/sugars_public_consultation/en/. Accessed 6 May 2014.

2. WHO. Guideline: Sugars intake for adults and children Geneva: World Health Organisation, 2015.

3. Miyazaki H, Morimoto M. Changes in caries prevalence in Japan. Eur J Oral Sci. 1996; 104(4(pt
2)):452–8. PubMed Central PMCID: PMC8930597. PMID: 8930597

4. Sreebny L. Sugar availability, sugar consumption and dental caries. Community Dent Oral Epidemiol.
1982; 10(1):1–7. PMID: 6949660

5. Lee J, Messer L. Intake of sweet drinks and sweet treats versus reported and observed caries experi-
ence. Eur Arch Paediatr Dent 2010; 11(1):5–17. PMID: 20129028

6. Moynihan P, Kelly S. Effect on Caries of Restricting Sugars Intake: Systematic Review to InformWHO
Guidelines. Journal of Dental Research. 2014; 93(1):8–18. doi: 10.1177/0022034513508954 PMID:
24323509

7. Ruxton CHS. Dietary guidelines for sugar: the need for evidence. British Journal of Nutrition. 2003; 90
(2):245–7. doi: 10.1079/bjn2003922 PMID: WOS:000184714700001.

8. Ruxton CHS, Garceau FJS, Cottrell RC. Guidelines for sugar consumption in Europe: Is a quantitative
approach justified? European journal of clinical nutrition. 1999; 53(7):503–13. doi: 10.1038/sj.ejcn.
1600831 PMID: WOS:000081659400001.

9. Livingstone MBE, Rennie KL. Added sugars and micronutrient dilution. Obesity Reviews. 2009; 10:34–
40. doi: 10.1111/j.1467-789X.2008.00563.x PMID: WOS:000263258600004.

10. Gibson SA. Do diets high in sugars compromise micronutrient intakes? Journal of Human Nutrition and
Dietetics. 1997; 10(2):125–33. doi: 10.1046/j.1365-277X.1997.00265.x PMID: WOS:
A1997XK66400006.

11. Rennie KL, Livingstone MBE. Associations between dietary added sugar intake and micronutrient
intake: a systematic review. British Journal of Nutrition. 2007; 97(5):832–41. doi: 10.1017/
s0007114507617206WOS:000246523200005. PMID: 17408523

12. Murphy S, Johnson R. The scientific basis of recent US guidance on sugars intake. Am J Clin Nutr
2003; 78((suppl)):827S–33S.

13. Gibney M, Sigman-Grant M, Stanton J, Keast D. Consumption of sugars Am J Clin Nutr. 1995; 62
(Suppl):178S–94S.

14. Gibson SA. Dietary sugars intake and micronutrient adequacy: a systematic review of the evidence.
Nutrition research reviews. 2007; 20(2):121–31. doi: 10.1017/s0954422407797846 PMID:
WOS:000252463200002.

15. Bolton-Smith C. Intake of sugars in relation to fatness and micronutrient adequacy. Int J Obes Relat
Metab Disord. 1996; 20(Suppl 2):S31–S3. PMID: 8646269

16. Charlton KE, Kolbe-Alexander TL, Nel JH. Micronutrient dilution associated with added sugar intake in
elderly black South African women. European journal of clinical nutrition. 2005; 59(9):1030–42. doi: 10.
1038/sj.ejcn.1602208 PMID: WOS:000231601900008.

17. MacIntyre U, Venter C, Kruger A, Serfontein M. Measuring micronutrient intakes at different levels of
sugar consumption in a population in transition: the Transition and Health during Urbanisation in South
Africa (THUSA) study. S Afr J Clin Nutr 2012; 25(3):122–30.

18. Steyn NP, Myburgh NG, Nel JH. Evidence to support a food-based dietary guideline on sugar con-
sumption in South Africa. Bulletin of the World Health Organization. 2003; 81(8):599–608. PMID:
WOS:000185162800009.

19. Ramakrishnan U, Huffman S. Multiple micronutrient malnutrition:What can be done? In: Semba R, MW
B, editors. Nutrition and health in Deveoping Countries. 2nd ed. New York: Humana Press; 2008.

Sugar and Micronutrient Dilution

PLOS ONE | DOI:10.1371/journal.pone.0142059 November 11, 2015 21 / 24

http://www.who.int/nutrition/sugars_public_consultation/en/
http://www.who.int/nutrition/sugars_public_consultation/en/
http://www.ncbi.nlm.nih.gov/pubmed/8930597
http://www.ncbi.nlm.nih.gov/pubmed/6949660
http://www.ncbi.nlm.nih.gov/pubmed/20129028
http://dx.doi.org/10.1177/0022034513508954
http://www.ncbi.nlm.nih.gov/pubmed/24323509
http://dx.doi.org/10.1079/bjn2003922
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000184714700001
http://dx.doi.org/10.1038/sj.ejcn.1600831
http://dx.doi.org/10.1038/sj.ejcn.1600831
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000081659400001
http://dx.doi.org/10.1111/j.1467-789X.2008.00563.x
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000263258600004
http://dx.doi.org/10.1046/j.1365-277X.1997.00265.x
http://www.ncbi.nlm.nih.gov/pubmed/WOS:A1997XK66400006
http://www.ncbi.nlm.nih.gov/pubmed/WOS:A1997XK66400006
http://dx.doi.org/10.1017/s0007114507617206
http://dx.doi.org/10.1017/s0007114507617206
http://www.ncbi.nlm.nih.gov/pubmed/17408523
http://dx.doi.org/10.1017/s0954422407797846
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000252463200002
http://www.ncbi.nlm.nih.gov/pubmed/8646269
http://dx.doi.org/10.1038/sj.ejcn.1602208
http://dx.doi.org/10.1038/sj.ejcn.1602208
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000231601900008
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000185162800009


20. Schroeder D. Malnutrition. In: Bloem(eds). RSM, editor. Nutrition and health in Developing Countries.
2nd ed. New York: Humana Press; 2008.

21. De Onis M. Child growth and deveopment. In: Bloem(eds). RSM, editor. Nutrition and health in Deveop-
ing Countries 2nd ed. New York: Humana Press 2008.

22. Kennedy G. Evaluation of dietary diversity scores for assessment of micronutrient intake and food
security in deveoping countries. Wageningen, The Netherlands: Wageningen University; 2009.

23. Statistics SA. Poverty Trends in South Africa: An examination of absolute poverty between 2006 and
2011 Pretoria: Statistics South Africa, 2011.

24. Labadarios D, Steyn N, Maunder E, MacIntire U, Swart R, Gericke G, et al. The National Food Con-
sumption Survey (NFCS): Children aged 1–9 years, South Africa, 1999. Pretoria: Department of
Health, 2000.

25. Labadarios D. The National Food Consumption Survey: Fortification Baseline (NFCS_FB) 2005. Stel-
lenbosch University. Department of Health, Pretoria South Africa: 2007.

26. Steyn N, Labadarios D. Chapter 5: The dietary intake of children in South Africa based on the 24 hour
recall method. In: Labadarios D, editor. The National Food Consumption Survey (NFCS): Children
aged 1–9 years, South Africa, 1999. Pretoria: Department of Health; 2002.

27. Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A, et al. South African National Health
and Nutrition Examination Survey (SANHANES-1). Cape Town: HSRC Press, and the SANHANES-1
Team) (2014.

28. Bray GA, Popkin BM. Dietary Sugar and BodyWeight: HaveWe Reached a Crisis in the Epidemic of
Obesity and Diabetes. Diabetes Care. 2014; 37 (4):950–6. doi: 10.2337/dc13-2085 PMID: 24652725

29. Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic review and meta-analy-
ses of randomised controlled trials and cohort studies. Br Med J. 2012; 346. doi: 10.1136/bmj.e7492
PMID: WOS:000313867100001.

30. Malik V, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in children and adults:
a systematic review and meta-analysis. Am J Clin Nutr. 2013; 98(4):1084–102. doi: 10.3945/ajcn.113.
058362 PMID: 23966427

31. Must A, Barish EE, Bandini LG. Modifiable risk factors in relation to changes in BMI and fatness: what
have we learned from prospective studies of school-aged children? Int J Obes. 2009; 33(7):705–15.

32. Herbst A, Diethelm K, Cheng G, Alexy U, Icks A, Buyken AE. Direction of Associations between Added
Sugar Intake in Early Childhood and Body Mass Index at Age 7 Years May Depend on Intake Levels.
Journal of Nutrition. 2011; 141(7):1348–54. doi: 10.3945/jn.110.137000 PMID:
WOS:000292061600020.

33. Paineau D, Beaufils F, Boulier A, Cassuto D, Chwalo J, Combris P, et al. Family dietary coaching to
improve nutritional intakes and body weight control: a randomized controlled trial. Arch Pediatr Adolesc
Med. 2008; 162:34–43. doi: 10.1001/archpediatrics.2007.2 PMID: 18180410

34. Davis J, Kelly L, Lane C, Ventura E, Byrd-Williams C, Alexandar K, et al. Randomized control trial to
improve adiposity and insulin resistance in overweight Latino adolescents. Obesity. 2009; 17:1542–8.
doi: 10.1038/oby.2009.19 PMID: 19247280

35. Butte N, Cai G, Cole S, Wilson T, Fisher J, Zakeri I, et al. Metabolic and behavioral predictors of weight
gain in Hispanic children: the Viva la Familia Study. Am J Clin Nutr. 2007; 85:1478–85. PMID:
17556682

36. Weijs P, Kool L, van Baar N, van der Zee S. High beverage sugar as well as high animal protein intake
at infancy may increase overweight risk at 8 years: a prospective longitudinal pilot study. Nutrition jour-
nal. 2011; 10:95–102. doi: 10.1186/1475-2891-10-95 PMID: 21943278

37. Kakinami L, Gauvin L, Seguin L, Lambert M, Nikiema B, Paradis G. Persistent and occasional poverty
and children's food consumption: evidence from a longitudinal Quebec birth cohort. J Epidemiol Com-
munity Health. 2014; 68(10):987–92. doi: 10.1136/jech-2014-203951 PMID: WOS:000341827800014.

38. De Coen V, Vansteelandt S, Maes L, Huybrechts I, De Bourdeaudhuij I, Vereecken C. Parental socie-
conomic status and soft drink consumption of the child. The mediating proportion of parenting practices.
Appetite. 2012; 59:76–80. doi: 10.1016/j.appet.2012.03.024 PMID: 22475631

39. Han E, Powell L. Consumption patterns of sugar-sweetened beverages in the United States. J Acad
Nutr Diet. 2013; 113(1):43–53. doi: 10.1016/j.jand.2012.09.016 PMID: 23260723

40. van AnsemWJC, van Lenthe FJ, Schrijvers CTM, Rodenburg G, van de Mheen D. Socio-economic
inequalities in children's snack consumption and sugar-sweetened beverage consumption: the contri-
bution of home environmental factors. British Journal of Nutrition. 2014; 112(3):467–76. doi: 10.1017/
s0007114514001007 PMID: WOS:000339054100019.

Sugar and Micronutrient Dilution

PLOS ONE | DOI:10.1371/journal.pone.0142059 November 11, 2015 22 / 24

http://dx.doi.org/10.2337/dc13-2085
http://www.ncbi.nlm.nih.gov/pubmed/24652725
http://dx.doi.org/10.1136/bmj.e7492
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000313867100001
http://dx.doi.org/10.3945/ajcn.113.058362
http://dx.doi.org/10.3945/ajcn.113.058362
http://www.ncbi.nlm.nih.gov/pubmed/23966427
http://dx.doi.org/10.3945/jn.110.137000
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000292061600020
http://dx.doi.org/10.1001/archpediatrics.2007.2
http://www.ncbi.nlm.nih.gov/pubmed/18180410
http://dx.doi.org/10.1038/oby.2009.19
http://www.ncbi.nlm.nih.gov/pubmed/19247280
http://www.ncbi.nlm.nih.gov/pubmed/17556682
http://dx.doi.org/10.1186/1475-2891-10-95
http://www.ncbi.nlm.nih.gov/pubmed/21943278
http://dx.doi.org/10.1136/jech-2014-203951
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000341827800014
http://dx.doi.org/10.1016/j.appet.2012.03.024
http://www.ncbi.nlm.nih.gov/pubmed/22475631
http://dx.doi.org/10.1016/j.jand.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23260723
http://dx.doi.org/10.1017/s0007114514001007
http://dx.doi.org/10.1017/s0007114514001007
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000339054100019


41. dos Santos Barroso G, Sichieri R, Salles-Costa R. Relationship of socio-economic factors and parental
eating habits with childfren's food intake in a population-based sutdy in a metropolitan are of Brazil.
Public Health Nutrition. 2012; 17(1):156–61. doi: 10.1017/S1368980012004624 PMID: 23067543

42. Labadarios D, Steyn NP, Maunder E, MacIntryre U, Gericke G, Swart R, et al. The National Food Con-
sumption Survey (NFCS): South Africa, 1999. Public Health Nutrition. 2005; 8(5):533–43. doi: 10.1079/
phn2005816 PMID: WOS:000231761100012.

43. Steyn NP, Labadarios D, Maunder E, Nel J, Lombard C. Secondary anthropometric data analysis of the
national food consumption survey in South Africa: The double burden. Nutrition. 2005; 21(1):4–13. doi:
10.1016/j.nut.2004.09.003 PMID: WOS:000226704700003.

44. Hatloy A, Torheim L, Oshaug A. Food variety–a good indicator of nutritional adequacy of the diet? A
case study from an urban area in Mali,West Africa. European Journal of Clinical Nutrition 1998;
52:891–8. PMID: 9881884

45. Lee RD, Nieman DC. Nutritional Assessment. Oxford, England Brown & Benchmark; 1993.

46. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth
reference for school-aged children and adolescents. Bulletin of theWorld Health Organization. 2007;
85(9):660–7. doi: 10.2471/blt.07.043497 PMID: WOS:000250059700008.

47. de Onis M, Martorell R, Garza C, Lartey A, Reference WHOMG.WHOChild Growth Standards based
on length/height, weight and age. Acta Paediatr. 2006; 95:76–85. doi: 10.1080/08035320500495548
PMID: WOS:000237456600009.

48. MRC. Food Composition Tables. Parow, South Africa 1998.

49. Ruottinen S, Niinikoski H, Lagstrom H, Ronnemaa T, Hakanen M, Viikari J, et al. High sucrose intake is
associated with poor quality of diet and growth between 13 months and 9 years of age: the special
Turku Coronary Risk Factor Intervention Project. Pediatrics. 2008; 121(6):e1676–85. doi: 10.1542/
peds.2007-1642 PMID: 18519471.

50. Gibson SA. Non-milk extrinsic sugars in the diets of pre-school children: association with intakes of
micronutrients, energy, fat and NSP. British Journal of Nutrition. 1997; 78(3):367–78. doi: 10.1079/
bjn19970157 PMID: WOS:A1997XU23800004.

51. Kranz S, Smicklas-Wright H, Siega-Riz AM, Mitchell D. Adverse effect of high added sugar consump-
tion on dietary intake in American preschoolers. Journal of Pediatrics. 2005; 146(1):105–11. doi: 10.
1016/j.jpeds.2004.08.077 PMID: WOS:000226337700025.

52. Erkkola M, Kronberg-Kippila C, Kyttala P, Lehtisalo J, Reinivuo H, Tapanainen H, et al. Sucrose in the
diet of 3-year-old Finnish children: sources, determinants and impact on food and nutrient intake. British
Journal of Nutrition. 2009; 101(8):1209–17. doi: 10.1017/s0007114508057619 PMID:
WOS:000265698700013.

53. Overby NC, Lillegaard ITL, Johansson L, Andersen LF. High intake of added sugar among Norwegian
children and adolescents. Public Health Nutrition. 2004; 7(2):285–93. doi: 10.1079/phn2003515 PMID:
WOS:000220567200007.

54. Farris RP, Nicklas TA, Myers L, Berenson GS. Nutrient intake and food group consumption of 10-year-
olds by sugar intake level: The bogalusa heart study. J Am Coll Nutr. 1998; 17(6):579–85. PMID:
WOS:000077250100009.

55. Alexy U, Sichert-Hellert W, Kersting M. Associations between intake of added sugars and intakes of
nutrients and food groups in the diets of German children and adolescents. British Journal of Nutrition.
2003; 90(2):441–7. doi: 10.1079/bjn2003904 PMID: WOS:000184714700023.

56. Lyhne N, Ovesen L. Added sugars and nutrient density in the diet of Danish children. Scandinavian
Journal of Nutrition. 1999; 43:4–7.

57. Gibson S, Boyd A. Associations between added sugars and micronutrient intakes and status: further
analysis of data from the National Diet and Nutrition Survey of Young People aged 4 to 18 years. British
Journal of Nutrition. 2009; 101(1):100–7. doi: 10.1017/s0007114508981484 PMID:
WOS:000262713000015.

58. Joyce T, Gibney MJ. The impact of added sugar consumption on overall dietary quality in Irish children
and teenagers. Journal of Human Nutrition and Dietetics. 2008; 21(5):438–50. doi: 10.1111/j.1365-
277X.2008.00895.x PMID: WOS:000258974000004.

59. Forshee RA, Storey ML. The role of added sugars in the diet quality of children and adolescents. J Am
Coll Nutr. 2001; 20(1):32–43. PMID: WOS:000167742300006.

60. WHO. Diet, nutrition and the prevention of chronic diseases—Introduction. Diet, Nutrition and the Pre-
vention of Chronic Diseases. 2003; 916:1–149. PMID: WOS:000184541900001.

61. Vorster H, Kruger A, Wentzel-Viljoen E, Kruger H, Margetts B. Added sugar intake in South Africa: find-
ings from the Adult Prospective Urban and Rural Epidemiology cohort study. Am J Clin Nutr. 2014; 99
(6):1479–86. doi: 10.3945/ajcn.113.069005 PMID: 24740206

Sugar and Micronutrient Dilution

PLOS ONE | DOI:10.1371/journal.pone.0142059 November 11, 2015 23 / 24

http://dx.doi.org/10.1017/S1368980012004624
http://www.ncbi.nlm.nih.gov/pubmed/23067543
http://dx.doi.org/10.1079/phn2005816
http://dx.doi.org/10.1079/phn2005816
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000231761100012
http://dx.doi.org/10.1016/j.nut.2004.09.003
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000226704700003
http://www.ncbi.nlm.nih.gov/pubmed/9881884
http://dx.doi.org/10.2471/blt.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000250059700008
http://dx.doi.org/10.1080/08035320500495548
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000237456600009
http://dx.doi.org/10.1542/peds.2007-1642
http://dx.doi.org/10.1542/peds.2007-1642
http://www.ncbi.nlm.nih.gov/pubmed/18519471
http://dx.doi.org/10.1079/bjn19970157
http://dx.doi.org/10.1079/bjn19970157
http://www.ncbi.nlm.nih.gov/pubmed/WOS:A1997XU23800004
http://dx.doi.org/10.1016/j.jpeds.2004.08.077
http://dx.doi.org/10.1016/j.jpeds.2004.08.077
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000226337700025
http://dx.doi.org/10.1017/s0007114508057619
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000265698700013
http://dx.doi.org/10.1079/phn2003515
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000220567200007
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000077250100009
http://dx.doi.org/10.1079/bjn2003904
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000184714700023
http://dx.doi.org/10.1017/s0007114508981484
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000262713000015
http://dx.doi.org/10.1111/j.1365-277X.2008.00895.x
http://dx.doi.org/10.1111/j.1365-277X.2008.00895.x
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000258974000004
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000167742300006
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000184541900001
http://dx.doi.org/10.3945/ajcn.113.069005
http://www.ncbi.nlm.nih.gov/pubmed/24740206


62. Moench-Pfanner R, Laillou A, Berger J. Introduction: Large-scale fortification, an important nutrition-
specific intervention. Food and Nutrition Bulletin. 2012; 33(4):S255–S9. PMID:
WOS:000313528400001.

63. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing
countries. Nutrition Reviews. 2012; 70(1):3–21. doi: 10.1111/j.1753-4887.2011.00456.x PMID:
WOS:000298798800002.

64. Steyn N, Mchiza Z, Abrahams Z, Temple N. Television advertising to children: Ethical considerations
with regard to advertising of unhealthy foods and drinks. Human Sciences Research Council, South
Africa: Human Sciences Research Council, 2014.

Sugar and Micronutrient Dilution

PLOS ONE | DOI:10.1371/journal.pone.0142059 November 11, 2015 24 / 24

http://www.ncbi.nlm.nih.gov/pubmed/WOS:000313528400001
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000298798800002

