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Abstract
Objective: To provide insight into the context and public health implications of the
South African sugar-sweetened beverage (SSB) tax (Health Promotion Levy; HPL)
by describing SSB and added sugar intakes, as well as BMI, 1 year prior to, at the
time of and 1 year after implementation of the HPL.
Design: Longitudinal dietary intake was assessed using a quantitative food fre-
quency questionnaire (QFFQ) and BMI was measured via anthropometry.
Setting: Soweto, Johannesburg, South Africa.
Participants: Adolescents, young adults and middle-aged adults (n 617).
Results: At baseline, median SSB intakes were 36 ml/d, 214 ml/d and 750 ml/d for
those in low, medium and high consumption tertiles, respectively. SSB intake
decreased by two times/week in medium consumers and seven times/week in
high consumers between baseline and 12 months, equivalent to 107 ml/d and
536 ml/d reductions, respectively. These reduced levels were maintained in the
following year (i.e. to 24 months). There was an overall decrease in the amount
of energy consumed as added sugar in the low (−48 kJ/d), medium (−153 kJ/d)
and high (−106 kJ/d) SSB consumption groups between baseline and 24 months;
however, the percentage of total energy consumed as added sugar remained rel-
atively consistent (between 10 and 11 %). There were small overall increases in
BMI across low (0·6 kg/m2), medium (0·9 kg/m2) and high (1·0 kg/m2) SSB tertiles
between baseline and 24 months.
Conclusions: These findings suggest reductions in SSB and added sugar consump-
tion contemporaneous to the introduction of the HPL – particularly for those with
higher baseline intakes.
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Non-communicable diseases are responsible for 15 million
global premature deaths each year, with 85 % of these
occurring in low- and middle-income countries(1).
Specifically in South Africa, overweight and obesity affects
68 % of women and 31 % of men and the probability of
dying prematurely (i.e. between 30 and 69 years of age)
from CVD, cancer, diabetes or chronic respiratory disease
is 27 %(2,3). These rising burdens of obesity and non-
communicable diseases are driven by spatial, economic
and social conditions that have encouraged increasing
adoption of obesogenic behaviours – particularly poor

quality diets and low levels of physical activity(4,5). The
health consequences are complex and multi-faceted; how-
ever, research shows that high sugar consumption is par-
ticularly linked to sugar-sweetened beverage (SSB)
intake and is associated with weight gain, diabetes and
multiple metabolic risk factors and is now widely accepted
as a global health concern(6).

The implications of the growing SSB industry on global
health have been recognised, with fiscal policies focused
on the taxation of SSB being introduced in several high-
and middle-income countries since 2014. In Mexico, the
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USA and Chile, taxation has been shown to effectively
reduce purchasing and consumption of SSB within 2 years
after implementation(7–11). In addition, many studies have
proposed positive health and economic implications of tax-
ing SSB – including reductions in obesity prevalence, NCD
morbidity andmortality and national healthcare costs(12–16).
In South Africa, a 20 % price increase in SSB was projected
to reduce energy intakes by 36 kJ/d and the number of
obese adults by over 220 000, consequently preventing
85 000 incident stroke cases and 72 000 deaths, as well
as reducing health care costs by R58 million over a period
of 20 years(17,18).

In April 2018, following a 2-year consultation process, a
10 % tax on SSB titled theHealth Promotion Levy (HPL) was
implemented in South Africa – only half of the originally
proposed 20 %(19,20). A unique feature of the South
African HPL was that rather than being levied at a flat rate
per volume, the HPL is levied by the sugar content of bev-
erages – with the aim to not only encourage consumer
responses but also to incentivise a supply-side effort to
reduce the sugar content of SSB(19). Early evidence suggests
that the prices of taxed beverages have increased, whilst
those of untaxed beverages remain unchanged(21).
However, from a previous qualitative study, we showed
that adults living in urban Soweto, South Africa, believed
that the degree of taxation would need to be increased fur-
ther in order to influence their purchasing patterns(22). In
addition, habit and addiction, as well as the accessibility
and the widespread advertising of SSB, were perceived
to drive participants’ SSB consumption and could poten-
tially restrict the effect that changes in price have on pur-
chasing patterns(22). South African data have also shown
that, in addition to the documented increase in consump-
tion of SSB, other sources of added sugar such as table
sugar, jam, biscuits, sweets and breakfast cereals also con-
tribute substantially to total intakes(23,24). For this reason,
without accounting for other sources of added sugar, the
HPL may have limited impact on overall added sugar con-
sumption and potentially on obesity risk.

The current study aimed to provide insight into the con-
text and public health implications of the South African SSB
tax by describing SSB and overall added sugar intakes, as
well as BMI, of adolescents, young adults and middle-aged
adults living in urban South Africa prior to, at the time of,
and 1 year after, implementation of the HPL.

Methods

Research setting
This study was conducted at the South African Medical
Research Council (SAMRC)/Wits Developmental
Pathways for Health Research Unit (DPHRU) at Chris
Hani Baragwanath Academic Hospital in Soweto. Chris
Hani Baragwanath Academic Hospital is one of the largest

hospitals worldwide and a public tertiary care institution
that serves the low-income urban community of greater
Soweto in Johannesburg, South Africa.

Participants

Recruitment
A total of 750 black South African participants were
recruited for the study. Specifically, a purposive sampling
method was used to recruit 250 adolescent participants
from Soweto. During this process, research assistants
entered the community to issue recruitment letters to com-
munity members. These recruitment letters clearly
explained the purpose and details of the study and pro-
vided contact information for DPHRU. Prospective partic-
ipants provided their contact details directly to the
research assistants and/or contacted the research unit using
the details provided on the recruitment letters. Additionally,
in some cases, information about the study was shared
between community members, and the research unit was
contacted for more information by those interested in par-
ticipating. Research assistants at DPHRU collated the infor-
mation on prospective participants and these participants
were called back to make appointments. In addition, 250
young adults and 250 middle-aged adults were purpose-
fully selected from those who were part of the Birth to
Twenty Plus cohort study (Bt20þ). Bt20þ, the longest run-
ning birth cohort study in Africa, recruited singleton chil-
dren born to women living in Soweto from April 1990
and has tracked their growth, health and educational
progress(25). The Bt20þ study has alsomonitored the health
of the biological mothers or caregivers of the participants,
and it is from these subjects that the middle-aged partici-
pants were drawn. Participants were selected for inclusion
in the current study if they had attended the most recent
data collection wave for Bt20þ and were contactable at
the time of recruitment.

Selection criteria
Selection criteria for the study were (1) adolescent boys (n
125) and girls (n 125) aged 13–17 years, all of whom
needed to be accompanied by their parent/caregiver and
live in Soweto; (2) young adult males (n 125) and females
(n 125) aged 26–27 years and (3) middle-aged males (n
125) and females (n 125) aged 45þ.

Data collection
Following recruitment and enrolment of adolescents,
young adults andmiddle-aged adults into the study, all data
collection took place at the DPHRU site using the same
methodology. Baseline data collection took place in May
2017, 1 year prior to the introduction of the SSB tax.
Follow-up visits took place at DPHRU at 12 months (i.e.
at the time the tax was introduced) and 24 months (i.e. 1
year after the tax was introduced).
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Questionnaires
Participant socio-demographic variables were collected
using interviewer-administered questionnaires. House-
hold socio-economic status (SES) was assessed using an
asset index which scored each participant according to
the number of assets that they possessed out of a possible
12 (electricity, radio, television, DSTV/satellite television,
refrigerator, mobile phone, personal computer, bicycle,
motorcycle/scooter, car, agricultural land and farm ani-
mals). This was based on standard measures used in the
Demographic and Health Surveys household question-
naire (available at: www.measuredhs.com) and exten-
sively utilised in this setting(26,27). Asset index scores
were subsequently grouped into low (<5), medium (5–7)
and high (>7) SES categories.

A standardised quantitative FFQ (QFFQ), designed for
the South African population, was used to collect dietary
intake data. This tool was developed by the
SAMRC using results from dietary surveys in both urban
and rural areas since 1983(28). The QFFQ consists of 214
food items that are representative of foods consumed by
at least 3 % of the population. This tool has been piloted
and utilised extensively in Soweto(29–32). In order to com-
plete the QFFQ, trained research assistants used high-qual-
ity photographs of food items to trigger participant’s
memories of all foods and beverages consumed during
the previous 7 days. The participants were asked to arrange
the cards into three piles: foods eaten in the last seven days,
foods eaten occasionally or foods never eaten, and this was
recorded. The QFFQ was then administered and took
approximately 40–50 min to complete. In the case of food
items that were consumed in the past 7 days, additional
data on the frequency and quantity of consumption were
recorded. For SSB specifically, unbranded information on
the intake of sugar-sweetened carbonated soft drinks,
energy drinks and concentrates were collected. As fruit jui-
ces are exempt from the SSB tax in South Africa, data on the
frequency and quantity of fruit juice consumptionwere col-
lected separately. Portion sizes were estimated using a
combination of high-quality two-dimensional drawings of
foods, household utensils and three-dimensional food
models which have been described and validated by
Steyn et al.(33). Estimated portion sizes were converted to
grams to allow for calculation of the participant’s average
intake over the previous 7 d. The QFFQ was captured
and managed online using REDCap electronic data capture
tools hosted at The University of the Witwatersrand(34).

Nutrient composition (energy and macronutrients)
was calculated from conversion of single food item
intakes by the SAMRC using the South African Food
Composition Tables. As a result of the introduction of
the HPL, significant reformulation took place whereby
the sugar density of SSB was reduced by manufacturers
by an average of 2 g/100 ml between the baseline (2017)
and 24 months (2019) visit (Fig. 1). As this is not yet
reflected in the South African Food Composition

Tables, the amount of added sugar consumed from
SSB was manually adjusted for participants by 11·65 %
at the 12 months and 20·82 % at the 24 months visits to
more accurately reflect sugar intake across the 2-year fol-
low-up. The approach to estimating these values is
described in Supplementary Appendix A. Since the base-
line visit occurred prior to reformulation of SSB, the
South African Food Composition Tables provided appro-
priate figures for added sugar consumption from SSB at
this time point and, thus, no adjustment was needed at
baseline.

Anthropometry
All anthropometric measurements were taken by trained
members of research staff.Weightwasmeasured to thenear-
est 0·1 kg using a portable electronic scale (SecaGmbh&Co.
KG, Germany), and height was measured to the nearest
1 mm using a stadiometer (Holtain Ltd, UK). BMI was calcu-
lated as: weight (kg)/height (m2). For adults, BMI was clas-
sified as underweight (BMI< 18·5 kg/m2), normal weight
(BMI 18·5–24·9 kg/m2), overweight (BMI 25·0–29·9 kg/m2)
and obese (BMI≥ 30·0 kg/m2)(35). In the case of adolescents,
age- and sex-specific BMIZ-scoreswere calculated, andBMI
was classified according to International Obesity Task Force
(IOTF) references(36–38).

Data analysis
Data were analysed for 617 adolescents (n 219), young
adults (n 191) and middle-aged adults (n 207) with com-
plete data across the baseline, 12-month and 24-month vis-
its using StataSE version 16·0 (StataCorp.). The flow of
participants through the study to reach the final sample size
is depicted in Figure 2. Continuous variables were
described as median (interquartile range), and categorical
variableswere described as percentages (%). Differences in
socio-demographic, anthropometric and dietary variables
by age group (i.e. adolescents, young and middle-aged
adults) and sex were assessed using either the Kruskal–
Wallis test (continuous variables) or the χ2 test (categorical
variables). Changes in SSB and added sugar intakes, as well
as BMI, across the follow-up period were described for the
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Fig. 1 Change in sugar density of sugar-sweetened beverages
(SSB) in South Africa between 2017 and 2019
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total sample, as well as according to tertiles of SSB con-
sumption (times/week) at baseline. Stratification according
to low, medium and high intakes at baseline allowed us to
explore sub-group changes over time which may have
been missed in the total population due to the variance
in intakes across the whole study sample. Differences in
longitudinal SSB and added sugar intakes and BMI were
compared across tertiles of baseline SSB consumption
(times/week) using linear regression analyses adjusted
for sex and age at baseline (medium and high baseline
SSB intake v. low baseline SSB intake; reference category).
We also ran an additional model which was also adjusted
for household SES as a potential covariate; however, the
associations were found to be independent of SES and
therefore this was not included in the final models pre-
sented. A two-tailed P-value of <0·05 was considered sta-
tistically significant.

Results

Participants’ baseline socio-demographic, anthropometric
and dietary characteristics are described in Table 1.
Median ages of adolescents, young adults andmiddle-aged
adults were 14, 27 and 53 years, respectively. Overall,
median height, weight and BMI increased significantly
across the age groups (P < 0·001) with the exception of
height which was comparable for young and middle-aged
adults (P= 0·274). The proportion of participantswithin the
various BMI categories differed significantly across age
groups, with themajority of adolescents classified as under-
weight or normal weight (85 %), the majority of young
adults as normal weight or overweight (70 %) and the
majority of middle-aged adults classified as overweight
or obese (76 %). A significantly lower proportion of adoles-
cents lived in high SES households v. both young and

middle-aged adults. Total energy (TE) intake differed sig-
nificantly by age group, with middle-aged adults reporting
the lowest (6615 kJ/d) and young adults the highest
(14 632 kJ/d) median intakes. Adolescents consumed
median TE intakes of 11 135 kJ/d. Middle-aged adults con-
sumed a significantly higher proportion of energy frompro-
tein and a significantly lower proportion from fat compared
with adolescents and young adults (P< 0·001), whereas
young adults consumed a significantly lower proportion
of their energy from carbohydrate compared with the other
two groups (P< 0·001). The percentage of TE from added
sugar was 11 %, 12 % and 10 % for adolescents, young and
middle-aged adults, respectively, with significant differences
shown between the young and middle-aged adults
(P= 0·026).

Within the age groups, BMI was similar between young
adult males and females; however, adolescent and middle-
aged adult females exhibited significantly higher BMI com-
pared with the males (P< 0·001). In addition, within the
adolescent group, a significantly higher proportion of
males were underweight, with females exhibiting a higher
overweight prevalence (P< 0·001). Similarly, there was a
significantly higher prevalence of obesity in middle-aged
adult females v. males (P< 0·001). Sex differences in
household SES were only evident in the adolescent group,
where a higher proportion of females v. males lived in low
SES households (P< 0·05). TE intake was significantly
higher in young adult males v. females (P < 0·05); however,
there were no sex differences for adolescents or middle-
aged adults. Females consumed a significantly higher pro-
portion of TE from fat across all age groups (P< 0·05), as
well as a significantly lower proportion from carbohydrate
in the adolescent group (P< 0·05). In middle-aged adults,
females also consumed a significantly higher proportion of
total energy from carbohydrate (P< 0·05) and added sugar
(P< 0·001), but a lower proportion from protein (P< 0·05).

Fig. 2 Flow chart of participants within the study
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Table 1 Baseline characteristics

Adolescents (A) Young adults (YA) Middle-aged adults (OA)

Total (n 219) Male (n 108) Female (n 111) Total (n 191) Male (n 88) Female (n 103) Total (n 207) Male (n 104) Female (n 103)

Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range Median

Interquartile

range

P (A v.

YA)

P (A v.

OA)

P (YA v.

OA)

Age (year) 14 13, 15 14 13, 15 14 13, 15 27 27, 27 27 27, 27 27 27, 27 53 47, 57 55 50, 60 50 46,

55***

<0·001 <0·001 <0·001

Height (m) 1·60 1·54, 1·66 1·63 1·55, 1·69 1·58 1·53, 1·62*** 1·64 1·59, 1·72 1·64 1·59, 1·72 1·65 1·60, 1·71 1·64 1·58, 1·71 1·71 1·66, 1·75 1·58 1·54, 1·62*** <0·001 <0·001 0·274

Weight (kg) 52·6 46·8, 59·8 51·0 44·4, 58·4 53·2 48·6, 61·8* 65·5 57·7, 75·1 67·9 57·6, 75·7 65·2 57·7, 74·2 79·5 68·2, 93·7 74·5 63·4; 89·4 83·8 74·5, 98·0*** <0·001 <0·001 <0·001

BMI (kg/m2)† 0·21 −0·58, 1·08 −0·19 −0·90, 0·71 0·57 −0·22 1·48*** 24·2 20·6, 28·2 24·7 21·0, 28·2 23·7 20·4, 28·2 29·7 25·2, 35·9 25·6 22·3, 31·3 34·6 29·2, 38*** N/A N/A <0·001

BMI category (%)†,‡

Underweight 9 13 5*** 6 8 5 4 7 0*** <0·001 <0·001 <0·001

Normal weight 69 77 61 50 45 54 20 34 6

Overweight 17 8 26 24 25 23 27 32 23

Obese 5 2 8 20 22 18 49 27 71

Household SES

score§

8 6, 9 7·5 6, 9 8 6, 9 9 8, 11 9 8, 11 9 8, 11 9 8, 11 10 8, 11 9 8, 11 <0·001 <0·001 0·853

Low 10 6 12* 4 5 4 3 3 3 <0·001 <0·001 0·760

Medium 36 44 29 16 16 16 17 16 18

High 54 50 59 80 79 80 80 81 79

TE (kJ/d) 11 135 8503, 14 270 11 347 8694, 13 919 11 068 8040, 14 705 13 385 9613, 18 027 14 632 10 749, 18 754 11 921 9267, 16 863* 6615 5152, 8920 7266 5184, 9488 6154 4975, 8366 <0·001 <0·001 <0·001

% TE from protein 10 9, 12 10 9, 12 10 9, 12 11 9, 12 11 9, 12 10 9, 12 12 10, 14 12 10, 15 11 10, 13* 0·192 <0·001 <0·001

% TE from fat 34 29, 40 32 28, 39 36 32, 42* 35 30, 41 34 28, 38 37 32, 44** 32 26, 37 30 25, 37 33 28, 37* 0·382 <0·001 <0·001

% TE from carbohy-

drate

53 47, 56 53 48, 58 51 46, 55* 48 42, 52 50 43, 53 47 42, 52 51 45, 56 50 44, 55 52 47, 56* <0·001 0·254 <0·001

% TE from added

sugar

11 8, 15 11 8, 15 10 8, 15 12 8, 16 12 8, 15 11 8, 15 10 7, 15 8 5, 12 12 8, 17*** 0·435 0·078 0·026

Fibre (g/d) 23 17, 30 25 17, 30 21 16, 29 24 17, 33 27 18, 36 22 16, 30* 15 12, 20 16 12, 22 15 11, 19 0·258 <0·001 <0·001

SES, socio-economic status; TE, total energy intake.
*P< 0·05.
**P< 0·01.
***P< 0·001 male v. female.
†Adolescent BMI calculated as age- and sex-specific BMI Z-scores and classified according to International Obesity Task Force (IOTF) references(36–38).
‡Adult BMI classified as: underweight (BMI< 18·5 kg/m2), normal weight (BMI 18·5–24·9 kg/m2), overweight (BMI 25·0–29·9 kg/m2) and obese (BMI≥ 30·0 kg/m2)(35).
§Asset index scores grouped into low (<5), medium (5–7) and high (>7) SES categories. Between-group comparisons assessed via Kruskal–Wallis test (continuous) or χ2 test.
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The longitudinal changes in SSB and added sugar con-
sumption, as well as BMI, for thewhole study sample are pro-
vided in SupplementaryAppendixB.Only small reductions in
median SSB consumption (−54 (−310; 107) ml/d), and the
amount of sugar consumed from SSB (−6 (−32; 8) g/d), were
observed between baseline and 12months. These changes
were maintained at the 24- month follow-up. There were
no changes in the frequency of SSB consumption or in
BMI across the 2-year period. A total of 84, 87 and
92 participants reported consuming no SSB at
baseline, 12months and 24months, respectively (data
not shown).

Table 2 summarises the longitudinal changes in SSB and
added sugar consumption and BMI according to tertiles of
baseline SSB intake (times/week). There were no
differences in age group or sex between the low, medium
and high intake tertiles. At baseline, the median amounts of
SSB consumed were 36 ml/d, 214 ml/d and 750 ml/d in the
low, medium and high intake groups, respectively. The
frequencies (times/week) and amounts (ml/d) of SSB con-
sumed, as well as the amounts of sugar consumed from
SSB, were significantly higher in the median and high
intake v. low intake groups. However, there were no
differences in the amount of table sugar, fruit juice or
%TE from added sugar across the tertiles, with fruit juice
intake being low overall throughout the study. There
was a decrease in the frequency of SSB consumption in
the medium and high intake groups between baseline
and 12 months, with the medium and high intake groups
consuming SSB two and seven fewer times/week, respec-
tively. This reduction equated to a median decrease in SSB
intake of 107 ml/d in the medium and 536 ml/d in the high
intake groups. Changes in SSB consumption across groups
between 12 and 24 months were negligible, resulting in a
net reduction in SSB intake of 106 ml/d in the medium
and 540 ml/d in the high intake groups between baseline
and 24 months. In contrast, there was an increase in the fre-
quency (þ2 times/week) and amount (þ71 ml/d) of SSB
consumed by the low intake group between baseline
and 24 months. The amount of energy consumed as added
sugar increased by 35 kJ/d in the low and 105 kJ/d in the
high SSB intake tertiles and decreased by 29 kJ/d in the
medium SSB intake tertile between baseline and
12 months. Between 12- and 24-months energy consumed
as added sugar decreased across all tertiles of SSB intake,
resulting in net reductions of 48 kJ/d, 153 kJ/d and
106 kJ/d in the low, medium and high intake tertiles,
respectively, between baseline and 24 months. The per-
centage of TE from added sugar remained comparable
overall across SSB tertiles between baseline (T1: 10 %;
T2: 11 %; T3: 10 %) and 24 months (T1: 10 %, T2: 10 %;
T3: 11 %). Only the medium-intake group experienced a
1·7 % reduction in the TE consumed from added sugar over
the 2-year period, with the low and high intake groups
experiencing a <1 % reduction and increase, respectively.

There were no significant differences in BMI across the
low, medium and high SSB intake tertiles at baseline,
12 months or 24 months. However, there were small over-
all increases in BMI between baseline and 24 months in the
low (0·6 kg/m2), medium (0·9 kg/m2) and high (1·0 kg/m2)
intake groups.

Discussion

Motivated by concerns regarding obesity rates and added
sugar intakes, South Africa joined a growing number of
countries and jurisdictions levying taxes on SSB in April
2018. The design of this particular tax, the HPL, is some-
what unique in that the rate due depends on the sugar con-
tent of the beverage. This is intended to incentivize
reformulation and a reduction in the sugar content of
SSB – with the UK, and later Portugal, also following this
approach.While prior studies sought to estimate the poten-
tial impact of SSB taxation in South Africa, there is little evi-
dence on the effects of the policy on consumer behaviour.

Within the context of the introduction of the HPL, this
study therefore explored longitudinal SSB and added sugar
intakes of adolescents, young adults and middle-aged
adults living in urban Soweto. We found that baseline
SSB consumption in Soweto was similar to that estimated
for middle-income countries overall, where intakes are
the highest globally(6). Specifically, for those with the high-
est levels of SSB consumption at baseline, average intakes
were equivalent to four 250 ml servings per day. Given that
previous data suggest a 26 % greater likelihood of over-
weight and obesity in adolescents who consume >1 v.
<1 SSB serving/d, intakes of this magnitude are a concern
and support the introduction of SSB taxation in this
setting(39).

As shown in Supplementary Appendix A, data from a
forthcoming study (Stacey et al., unpublished) show that
that South African manufacturers had reduced the sugar
density of SSB by 21 % on average across the 2-year fol-
low-up period. While there was little overall change in
SSB consumption for the whole study sample, our study
additionally demonstrates a substantial reduction in the fre-
quency and amount of SSB consumed by participants
between baseline (at the time the intention of an SSB tax
was announced) and 12 months (at the time the SSB tax
was implemented) by those with medium and high SSB
intakes at baseline. These levels remained consistent 1 year
after the SSB tax was introduced (i.e. at 24 months) and
therefore indicate positive overall reductions in the amount
of added sugar consumed from SSB in the population. Of
the seventeen studies included in a recent meta-analysis,
eleven similarly showed significant reductions in SSB sales,
purchases or intakes after introduction of an SSB tax(40). In
Hungary –where taxation was placed on products accord-
ing to their sugar, salt and caffeine content – the sale of
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Table 2 Longitudinal changes in sugar-sweetened beverage, added sugar intakes and BMI according to tertiles of sugar-sweetened
beverage consumption at baseline†

Baseline SSB intake (times/week)

T1 (n 243) T2 (n 202) T3 (n 172)

Median Interquartile range Median Interquartile range Median Interquartile range

Baseline
Sex
Male 53 45 48
Female 47 55 52

Age 27 15, 48 27 15, 46 27 16, 47
Adolescents 39 34 32
Young adults 26 34 34
Middle-aged adults 35 32 34

SSB (times/week) 1 0, 2 4 3, 6** 10 8, 14**
SSB (ml/d) 36 0, 71 214 143, 357* 750 411, 1786**
Sugar from SSB (g/d) 4 0, 7 21 14, 35* 74 41, 177**
Table sugar (g/d) 24 11, 46 23 14, 45 22 10, 39
Fruit juice (ml/d) 0 0, 54 0 0, 71 36 0, 143
Energy from added sugar (kJ/d) 1003 600, 1722 1128 650, 1910 993 586, 1635
% TE from added sugar 10 7, 15 11 8, 15 10 7, 14
BMI (kg/m2) 23·4 20·0, 29·3 23·9 20·0, 29·2 24·9 19·8, 29·8
12months
SSB (times/week) 3 1, 6 3 1, 6 3 1, 6
SSB (ml/d) 134 47, 250 142 47, 250 143 41, 280
Sugar from SSB (g/d) 12 4, 22 12 4, 22 13 4, 24
Table sugar (g/d) 27 12, 48 24 10, 46 24 8, 44
Fruit juice (ml/d) 0 0, 36 0 0, 50 0 0, 71
Energy from added sugar (kJ/d) 1091 717, 1757 1053 601, 1742 1119 666, 1651
% TE from added sugar 11 8, 15 10 7, 14 12 7, 15
BMI (kg/m2) 23·6 19·9, 30·0 25·0 20·7, 29·9 25·1 19·8, 30·8

Changes from baseline
SSB (times/week) 2 0, 5 –2 –3, 1** −7 –11, −4**
SSB (ml/d) 94 0, 226 –107 –250, 36* −536 –1598, –205**
Sugar from SSB (g/d) 8 0, 19 –11 –28, 1* −55 –160, –23**
Table sugar (g/d) 3 –12, 23 –1 –18, 19 0 –15, 17
Energy from added sugar (kJ/d) 35 –525, 584 –29 –571, 380 105 –460, 711
% TE from added sugar –0·2 –4·3, 4·1 –1·2 –5·4, 3·5 0·8 –3·3, 4·5
BMI (kg/m2) 0·4 –2·2, 2·2 0·5 –2·2, 3·3 0·2 –3·6, 3·4

24months
SSB (times/week) 3 1, 7 3 1, 6 4 2, 7
SSB (ml/d) 119 36, 286 143 47, 286 143 71, 321
Sugar from SSB (g/d) 9 3, 22 11 4, 22 11 6, 25
Table sugar (g/d) 21 10, 44 21 11, 39 18 9, 40
Fruit juice (ml/d) 0 0, 71 0 0, 71 0 0, 36
Energy from added sugar (kJ/d) 996 579, 1626 1084 640, 1478 967 612, 1477
% TE from added sugar 10 7, 14 10 7, 13 11 7; 15
BMI (kg/m2) 24·1 20·2, 30·3 25·2 21·0, 30·3 25·1 20·2, 31·7

Changes from 12months
SSB (times/week) 0 –2, 2 0 –2; 3 0 –1; 3
SSB (ml/d) 0 –96, 107 0 –107, 116 0 –90, 107
Sugar from SSB (g/d) –1 –10, 7 –1 –9, 8 –1 –10, 8
Table sugar (g/d) 0 –18, 11 0 –15; 8 –1 –19; 8
Energy from added sugar (kJ/d) –96 –575, 414 –67 –499, 318 –129 –588, 292
% TE from added sugar –0·6 –4·7, 3·9 0·5 –3·5, 4·1 –0·2 –3·9, 3·8
BMI (kg/m2) 0·2 –0·5, 0·9 0·3 –0·4, 1·3 0·3 –0·6, 1·2

Changes from baseline
SSB (times/week) 2 0, 6 –1 –3, 1** –6 –10, –3**
SSB (ml/d) 71 0, 250 –106 –250, 46* –540 –1523, –221**
Sugar from SSB (g/d) 6 –1, 19 –11 –28, 1* –57 –157, –26**
Table sugar (g/d) 0 –17, 17 –3 –20, 11 –2 –17, 11
Energy from added sugar (kJ/d) –48 –600, 475 –153 –673, 298 –106 –576, 384
% TE from added sugar –0·4 –5·3, 3·6 –1·7 –5·1, 3·0 0·5 –4·1, 4·7
BMI (kg/m2) 0·6 –2·3, 3·2 0·9 –2·0, 3·7 1·0 –3·3, 3·8

Data presented as median (interquartile range) (continuous variables) or % (categorical variables).
SSB, sugar-sweetened beverage; TE, total energy intake (kJ/d); sugar per SSB defined as 9·90 g/100ml (2017); 8·75 g/100ml (2018); 7·84 g/100ml (2019).
†Between-group comparisons assessed via linear regression analysis adjusted for age and sex; *P< 0·05, **P< 0·001 medium and high intakes v. low intake (reference
category).
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taxable products decreased by 27 % 1 year after tax intro-
duction; with a resulting 25–35 % reduction in the con-
sumption of taxed products by the public(3). Tax
introduction was also shown to positively influence refor-
mulation of food and beverage items in this setting, with
40 % of manufacturers reducing the amount of the taxable
ingredient in their products(3).

Interestingly, our findings show that the reductions in
SSB consumption may have taken place prior to tax intro-
duction but after the announcement and were maintained
in the following year. As described in previous studies, one
potential explanation for this may be linked to a ‘health sig-
nalling pathway’, whereby even at low levels of taxation,
public awareness of the tax and its motivating health impli-
cations promote reductions in SSB purchasing and con-
sumption(17,40,41). Such findings are encouraging and
suggest that strategies to increase awareness of fiscal poli-
cies and the serious health implications that motivate them
may have a positive impact on purchasing and consump-
tion patterns even before the financial effects would be felt.
However, ensuring that effective promotion campaigns are
received and understood is critical, with our qualitative data
also indicating limited awareness by participants of any of
the taxes national promotion and education strategies and
thus a level of suspicion towards the governments motiva-
tion for the tax, as well as doubts about its potential impact
on behaviour change(22). This is echoed by results from
Chile which suggest that the effectiveness of public health
messaging aimed at reducing consumption of SSB may dif-
fer by SES and that tailoring health messages and motiva-
tional strategies towards target groups is critical to their
understanding and effectiveness(11,40).

Data from this and previous studies show that SSB con-
tribute to only a proportion of the overall intake of added
sugar in South Africa(23,24). Specifically, our findings
showed that, while there were beneficial reductions in
SSB and added sugar intakes, as well as reductions in the
amount of energy consumed as added sugar, the contribu-
tion that added sugar made to TE intakes remained rela-
tively stable across the study duration. In addition,
overall energy intakes and the amount of sugar consumed
from other sources (e.g. table sugar) remained consistently
high. This suggests that for the population studied, target-
ing individual components of the diet in isolation may not
be enough to improve overall diet quality and associated
health outcomes such as obesity. For example, we showed
that, alongside higher than recommended added sugar
intakes, urban South African adolescents and adults con-
sumed higher than the WHO recommended levels of fat
(i.e. ≥30 % TE) and relatively low levels of protein and
fibre. As dietary components are not consumed in isolation
and reductions in one energy source or food are often com-
pensated for by increases in another (for example a substi-
tution of saturated fat with polyunsaturated fat v.
carbohydrate), improving broader patterns of dietary
intake may be critical to optimising diversity and quality

of diets overall(42,43). Previous studies have indicated that,
in particular, increasing the consumption of whole-grain,
high fibre foods and reducing the overall intakes of
energy-dense, micronutrient-poor foods and fast-food
products, alongside SSB and fruit juice intakes may be pro-
tective against obesity(44).

Strengths and limitations
The main strength of our study was the longitudinal design
which followed the dietary behaviours and anthropometric
changes in males and females living in Soweto – giving us
the opportunity to understand the SSB and added sugar
consumption patterns at three time points. The age catego-
ries were selected in order to clearly distinguish between
adolescents, young adults and middle-aged adults and
therefore to allow comparison with baseline characteristics
and dietary intake according to life stages. However, while
the dropout rate reduced the sample sizes for stratified
analyses between the distinct age and gender groups over
the 2-year follow-up, we were effectively able to monitor
longitudinal changes in over 600 participants. While it is
not possible to causally link changes in SSB consumption
to the introduction of the HPL, we were able to identify
when changes in SSB consumption patterns occurred in
conjunction with tax implementation by exploring relative
change across the 2-year period. However, as national data
show, longitudinal declines in both added sugar and SSB
intake were documented in the USA without widespread
taxation or the introduction of alternative policies(45,46)

and, as the HPL is a national policy, it was not possible
to assess SSB intakes in a comparison group who were
not subject to SSB taxation. Thus, the possibilities that
the decline in SSB consumption in our study may have
occurred independent of the HPL (e.g. as a result of educa-
tion and awareness) or due to natural regression toward the
mean should be considered. In addition, longer-term fol-
low-up is needed to determine whether the changes in
SSB consumption were sustained after the 2-year period,
as well as to fully explore the potential impact of SSB refor-
mulation and intakes on body size outcomes.

A further limitation of the study was that dietary nutrient
composition – and thus added sugar intakes in particular –
were assessed using the South African Food Composition
Tables which have not been revised according to manufac-
turing changes to the sugar density of SSB (and potentially
other food products) as a result of the SSB tax. While we
were able to account for these changes in our analyses
by manually adjusting the added sugar consumption from
SSB, there is an urgent need to update the current tables
and thus to ensure accuracy of dietary assessment across
South African studies in future. It is also important to con-
sider the limitations in assessing dietary intake via subjec-
tive recall – specifically in relation to quantitative methods
such as QFFQ in this case. While such questionnaires pro-
vide the opportunity to estimate habitual dietary intake
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over a specified period in a relatively simple and
inexpensive manner which places a low burden on the
respondent, their ability to provide accurate estimates of
the individual nutrients consumed and to test relationships
with health outcomes is debated(47). This is particularly
related to inaccuracies in portion size estimation by partic-
ipants, the varying contribution of individual food items to
composite dishes and the conversion of food items to their
individual nutrient components overall(47). However, while
previous research suggests that subjective dietary assess-
ment methods may be better suited to describing overall
patterns of dietary intake in populations, studies which
aim to assess individual components of the diet – e.g.
added sugar – do require a degree of quantification to allow
for relative comparison within populations(48). As such, the
need for objective measures which provide more accurate
estimation of consumption (and absorption) of specified
nutrients is apparent(49). While these tools have their
own challenges – particularly regarding their cost and
the respondent burden – a promising biomarker for the
assessment of added sugar intake (i.e. the natural abun-
dance carbon isotope ratio) has been identified in studies
from high-income countries and its use is currently being
explored in this and other settings(50,51).

Implications and conclusion

Our findings suggest reductions in SSB and added sugar
consumption contemporaneous to the introduction of the
HPL in an urban South African setting. These changes were
particularly evident for those with higher consumption lev-
els at baseline. However, we also show that the nutritional
benefits of reduced SSB consumption may have been miti-
gated by high added sugar intake from other sources. Thus,
while targeted policies such as SSB taxation may be effec-
tive in reducing SSB intake and, if designed appropriately,
reducing the sugar density of SSB, other policies and inter-
ventions which complement these are critical. Through this
and other dietary studies conducted in our setting(52–56), we
have shown that, in urban South African populations, diets
are relatively homogenous over time, as well as between
age and sex groups. This is promising from a public health
perspective, as it suggests the potential for developing via-
ble intervention strategies across demographic groups in
which the dietary targets for recommendations are consis-
tent. For example, front of pack labelling and regulating the
marketing of unhealthy food products to children have
been shown to effectively draw attention of consumers
to nutritional information and to influence unhealthy food
preferences, so should be explored in this setting(57–59).
Unlike the current HPL which focuses particularly on
SSB andmay have limited scope on shifting overall patterns
of dietary intake, these measures may contribute to more
general changes in food choices. Since the drivers of
obesity are complex and interrelated, a broader range of

fiscal and legislative policies which aim not only to deter
consumption of junk and ultra-processed foods but also
simultaneously stimulate the demand for, and access to,
healthier foods should be considered to achieve substantial
improvements in population health outcomes(60,61).
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