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Abstract

Background/Objectives: The prevalence of obesity in South Africa has risen sharply, as has the consumption of sugar-
sweetened beverages (SSBs). Research shows that consumption of SSBs leads to weight gain in both adults and children,
and reducing SSBs will significantly impact the prevalence of obesity and its related diseases. We estimated the effect of a
20% tax on SSBs on the prevalence of and obesity among adults in South Africa.

Methods: A mathematical simulation model was constructed to estimate the effect of a 20% SSB tax on the prevalence of
obesity. We used consumption data from the 2012 SA National Health and Nutrition Examination Survey and a previous
meta-analysis of studies on own- and cross-price elasticities of SSBs to estimate the shift in daily energy consumption
expected of increased prices of SSBs, and energy balance equations to estimate shifts in body mass index. The population
distribution of BMI by age and sex was modelled by fitting measured data from the SA National Income Dynamics Survey
2012 to the lognormal distribution and shifting the mean values. Uncertainty was assessed with Monte Carlo simulations.

Results: A 20% tax is predicted to reduce energy intake by about 36kJ per day (95% Cl: 9-68kJ). Obesity is projected to
reduce by 3.8% (95% Cl: 0.6%-7.1%) in men and 2.4% (95% Cl: 0.4%-4.4%) in women. The number of obese adults would
decrease by over 220 000 (95% CI: 24 197-411 759).

Conclusions: Taxing SSBs could impact the burden of obesity in South Africa particularly in young adults, as one
component of a multi-faceted effort to prevent obesity.
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Introduction The 2013 Global Burden of Disease (GBoD) Study reports that the
prevalence increased to 13.5% and 42.0% for men and women
respectively in 2013 [6].

The association of obesity with hypertension and non-commu-
) 15 nicable diseases (NCDs) such as diabetes, stroke and cardiovascu-
expected to increase to 3.28 billion by 2030 [1,2]. In low and  13; gisease (CVD) is well-established and the risk of these NCDs
middle-income countries (LMICs), including South Africa (SA), increases with increasing body mass [2,7,8]. The World Health
overweight and obesity also continue to rise [3]. The 2003 SA Organisation estimates that world-wide, obesity-related diseases
Demographic an‘d. Health .SUI.V ey and the 2012 SA National account for over 2.8 million deaths annually [9]. The 2010 GBoD
Health and Nutrition Examination Survey (SANHANES-1) show Study shows a substantial shift in the burden of disease from

that in less than a decade, obesity prevalence has increased from communicable disease to NCDs. In 1990. 47% of DALY
8.8% to 10.6% in men and from 27.4% to 39.2% in women [4,5]. i

Globally, overweight (25=BMI<30) and obesity (BMI=30)
have reached epidemic proportions. In 2008, 1.46 billion adults
worldwide were either overweight or obese and this figure is

worldwide were from communicable, maternal, neonatal, and
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nutritional disorders, 43% from NCDs, and 10% from injuries. By
2010, these were 35%, 54%, and 11%, respectively [10]. In SA,
7% of all deaths and 2.9% of all disability-adjusted life years
(DALYs) were attributable to excess body weight (BMI=21kg/m?)
in 2000 [11]. In 2004, 28% all DALYs were attributable to NCDs
[11,12]. Analysis of the GBoD data for South Africa shows that in
2010 29.2% of all DALYs were attributable to NCDs.

Obesity has significant direct and indirect economic costs. In
Europe and the United States of America (USA), increased body
mass is associated with an increase in healthcare costs [13—15]. In
SA, moderate obesity (BMI 30-35 kg/m?) is associated with an
11% increase in healthcare costs and severe obesity (BMI >35 kg/
m?) with a 23% increase [16]. In 1991 the annual cost of CVD in
SA was 4-1 to 5-0 billion Rands or 17.4 to 21.3 billion Rands at
2013 prices, equivalent to 1.6 to 2.0 billion US dollars (USD) using
2014 conversion rates [17].

Observational and experimental studies show that consumption
of SSBs promotes weight gain in adults and children [18,19]. SSB
consumption has increased across the globe and time-trend data
over the past three decades show a close parallel with the
escalating obesity epidemic [20,21]. SSBs are thought to lead to
weight gain due to their high sugar content and incomplete
compensation for total energy at subsequent meals following
intake of liquid calories [20,21]. A 330 ml can of carbonated soft
drink contains about 40 g of sugar and sweetened fruit juice close
to 45 g of sugar. Although further research is still needed, there is
sufficient evidence to indicate that reducing SSB consumption will
impact obesity prevalence. [18,19,22,23]. There is also strong
evidence that this would impact diseases associated with SSB
consumption such as dental caries, CVD, type 2 diabetes mellitus
and metabolic syndrome [20,21,24-26].

Evidence from modelling and meta-analysis studies in the
United Kingdom (UK), Ireland, India and Brazil shows that fiscal
policy, such as taxing SSBs, may reduce SSB consumption and
consequently total energy intake, leading to reductions in
population weight [27-31]. The Danish, French, Hungarian and
Mexican governments have implemented an SSB tax.

In Denmark the tax was passed in the 1930s but repealed in
2013 in a bid to ‘create jobs and boost the economy’ [32].
Hungary and France implemented SSB taxes in 2011 and 2012
respectively [33,34]. These taxes have attracted resistance from
industry, with the Union of European Soft Drinks Associations
maintaining that they are regressive and have not proved to be
effective [35]. In Mexico an SSB tax was passed in 2013 amid
opposition from industry, economists and opposition political
parties [36]. Evidence to inform a similar policy in SA is not yet
available.

The SA Department of Health (DOH) has demonstrated
willingness to use fiscal and regulatory policy tools for improving
public health. Increases in tobacco excise tax and tobacco control
regulations decreased aggregate cigarette consumption by a third
between 1993 and 2003, and per capita consumption by 40%.
The instrument with the biggest impact was excise taxation [37].
In 2011 regulations were passed to limit the level of trans-fatty
acids in food to a maximum of 2% of the oil content [38,39]. In
2013, further regulations to limit salt content for various foodstuffs
including bread, butter, breakfast cereals, ready-to-eat snacks,
processed meat and soup powder were passed [40]. The DOH
Strategic Plan for the Prevention and Control of NCDs 2013-17
lists taxes on foods high in sugar as potentially cost-effective
strategies and “best buys” for addressing diet and obesity [39]. In
line with these plans, the Minister of Health has recently called for
regulations on foods high in sugar [41].
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The aim of this study is to model the effect of a 20% SSB tax on
the prevalence of obesity in SA adults. It will provide evidence on
the potential impact of fiscal policy on SSB consumption and
obesity in SA and enable the DOH to consider this as a lever to
prevent and reduce the burden of disease resulting from obesity-
related NCDs.

Materials and Methods

Overview of model

We constructed a mathematical simulation model to estimate
the effect of a 20% SSB tax on the prevalence of obesity, using
2012 as the baseline year.

The model compares two populations: an unchanged reference
population and a counterfactual intervention population in which
changes in SSB price are translated into changes in SSB
consumption and subsequently body mass change. Previously
published price elasticities were used to estimate the effect of the
tax on SSB consumption.

Published equations linking energy intake to body weight were
used to estimate changes in body mass index and obesity [42]. The
model was implemented in Microsoft Excel (2010). Similar models
have been used previously to estimate the effects of tax and other
interventions on obesity prevalence [27,28,43,44]. Figure 1 shows
the analytical framework for the model, which has been adapted
from work done by Briggs et al. and Sacks et al. in estimating the
effect of interventions on obesity [28,45].

Data and assumptions

Price elasticities. Price elasticity measures the rate of

response of the quantity of a good demanded when price
increases. Own-price elasticity refers to the change in demand
that occurs for a good in response to price changes of the same
good. Cross-price elasticity is the change in purchases that occur
for a good in response to price changes of another good. We used
price elasticity estimates from a systematic review and meta-
analysis of studies done in the USA, France, Mexico and Brazil to
derive the changes in energy intake [46].
SSB tax may be passed on in full to consumers,
or manufacturers and retailers may absorb some of the tax by
reducing tax margins. An Irish study by Briggs et al. assessing the
mmpact of a 10% SSB tax on obesity assumed a pass on rate of 80—
100% [47], based on evidence from France that the pass on rate
for carbonated drinks is 100%, 60% for fruit drinks and 85% for
flavoured water [48]. Evidence from the USA shows that alcohol
taxes are passed on in full [49]. For this study we assumed a 100%
pass on rate.

Prevalence of obesity in SA. BMI estimates were obtained
from anonymised datasets of Wave 3 Version 1 of the National
Income Dynamics Study (NIDS) [50]. NIDS, SA’s first national
panel study, was implemented by the Southern Africa Labour and
Development Research Unit based at the University of Cape
Town’s School of Economics. A total of 28 255 individuals in 7
305 households were recruited in the base wave in 2008 [51].
Waves 2 and 3 were conducted in 2010/2011 and 2012
respectively [52,53]. Stratified, two-stage cluster sampling was
used to sample the houscholds in Wave 1 and all resident members
of private households at selected dwelling units were eligible to
participate [51,54]. Data were collected through household and
individual questionnaires and anthropometric measurements [55].

Adult men and women aged 15 years and above with a valid
height and weight measurement were included in our analysis. We
cleaned and coded the data in STATA Version 12.1 (College
Station, TX) [56]. The STATA svyset command was used to

Pass on rate.
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| 20% tax on SSBs |

/
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| Change in SSB consumption |
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y

| Change in total calories consumed |
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| Change in energy balance |
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Based on Swinburn et.al (37)
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Figure 1. Analytical framework for the effect of a 20% tax on obesity in South Africa. Figure 1 is the hypothesised causal pathway of the
effect of a 20% tax on SSBs. The assumptions are indicated in the text outside of the text boxes. The arrows show how each step of the pathway leads

to the next.
doi:10.1371/journal.pone.0105287.g001

account for design effect. BMI was computed as weight in
kilograms divided by the square of height in metres. BMI values
falling below and above the 1% and 99™ percentiles were excluded
from the analysis.

Data were fitted to the log-normal distribution in Microsoft
Excel (2010) using the least squares method. Polynomial functions
were used to fit the means and standard deviation across age-
groups, separately for men and women. The lognormal or gamma
distribution can be used for positively skewed data. We compared
the two and found no significant difference between the results.
The log-normal distribution however had better fitting properties
and it has previously been used to model population BMI in
similar modelling studies [43,57,58]. The fitting procedure and
comparison between the two distributions is described in Text S1.
Figure S1 and Figure S2 present a comparison of the raw and log-
normal fitted BMI data and a counterfactual distribution in which
the mean BMI was increased by five BMI points. Table SI shows
the results of the comparison between the gamma and lognormal
distribution for fitting the BMI data.

Consumption estimates. An SSB was defined as a non-
alcoholic drink with added sugar and this comprised carbonated
sweetened drinks, sweetened fruit juices and squash concentrates.
Data from the SANHANES-1 were used to estimate SSB, milk
and unsweetened fruit juice consumption in adults aged 15 years
and above [5]. The SANHANES-1, a baseline cross-sectional
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survey of the SANHANES, obtained questionnaire-based data
through interviews in combination with some health measure-
ments. Multi-stage disproportionate, stratified cluster sampling was
used to select the study population and all individuals residing at
the selected households were eligible to participate.

Participants were asked the number of cups of milk and
unsweetened juice they drank per day with response categories
being more than two cups, one to two cups, half to one cup, less
than one cup, none and don’t know.

One cup was assumed to be 250 ml, the standard size of a cup.
In our analysis the mid-point of each range was taken as the
average. Those who consumed more than two cups were assumed
to have taken 500 ml because they would have drunk at least two
cups of drink and those who consumed less than half a cup were
assumed to have taken 125 ml because they would have drunk at
most half a cup of drink. This capping was done to enable
calculation of the average consumption of milk and unsweetened
fruit juice per person per day.

For SSBs the participants were asked the frequency of
consumption in the last week with response options none, every
day, one to three times last week and four to six times last week.
We assumed one serving to be 330 ml, the size of a can of
carbonated soft drink and that one serving was drunk per day. The
mid-point of each frequency of consumption category was taken as
the average consumption for the category. Based on SAB Miller
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figures, diet drink consumption was estimated as 4% of SSB
consumption [59].

Population estimates. The baseline population estimates by
sex and five-year age-groups were taken from the Statistics SA

201272013 Release [60].

Modelling

Step 1 - Change in SSB consumption. A 20% tax with a
100% pass on rate was used to estimate a price rise, which together
with price elasticities was used to estimate the percentage change
in purchasing and hence consumption of SSBs. Consumption of
SSBs was in litres per day per person, calculated per 5-year age
bands. An own-price elasticity of —1.299 was used for SSBs,
meaning that a 10% increase in the price of SSBs would lead to a
decrease in consumption of 13%.

The cross-price elasticities of milk, fruit juice and diet drinks
were 0.129, 0.388 and —0.423 respectively (1.e. a 10% SSB price
increase would increase milk and fruit juice consumption by 1.2%
and 3.8% respectively, decrease diet drink consumption by 4.2%)
[46]. The same price elasticities were applied across all age and sex
categories.

Step 2 — Change in energy intake. We used average calorie
density estimates for each drink to convert change in volume
consumed to change in energy intake, assuming the percentage
change in energy intake to be the same as percentage change in
volume consumed. SSBs were assumed to have an energy density
of 1800 kilojoules (k])/litre (average of Coca Cola SSBs), 1340 kJ/1
for unsweetened juice, 2540 kJ/1 for whole milk [61] and 4 kJ/1 for
diet drinks. We assumed that all milk drunk was full cream milk.
The changes in caloric intake for each beverage type were
summed to give the net change in energy intake.

Step 3 - Change in body mass index and obesity
prevalence. Change in body mass was estimated using equa-
tions published by Swinburn et al. al [42], which state that a daily
increase in energy intake of 94 kJ/day is needed for a change in
body weight of 1 kg in equilibrium for adults. The change in
average body mass was converted to change in average BMI by
applying average height estimates for each age-group, derived
from the NIDS Wave 3 data set. We applied Rose’s theorem that
the mean predicts the number of deviant individuals to estimate
the prevalence of obesity from the mean BMI for each age-group

and sex [62].

Uncertainty analysis

Ninety-five percent uncertainty intervals were estimated using
Monte Carlo simulation using the Ersatz programme (Barendregt
JJ, Brisbane 2007), varying the own-and cross-price elasticity
estimates [30], the conversion factor between energy consumption
change and weight change [42], and the consumption estimates by
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age and sex for all four beverages. The estimates, distributions and
sources of the uncertainty inputs are presented in Tables 1 and 2.

Sensitivity analysis

Deterministic two-way sensitivity analysis was performed to
assess the effect on the prevalence of obesity of varying the tax and
pass on rates. A range of 10%—-30% was used for the level of tax
and 80-120% for the pass on rate. The tax rate and pass on rate
were chosen for sensitivity analysis due to their uncertainty and
lack of locally applicable empirical evidence on the best estimate.
One-way sensitivity analysis was also performed for the unit
volume of a serving of SSB due to there being several serving sizes
in which SSBs are available e.g. 200 ml, 250 ml, 330-350 ml and
500 ml.

Ethics

This study was based on secondary analysis of human
participant data collected through two national surveys, the
SANHANES-1 for baseline consumption data and NIDS for
baseline prevalence of obesity. Ethics approval was not sought for
because the NIDS dataset used in this study i1s an edited,
anonymised dataset for public distribution available through
DataFirst, a data service based at the University Of Cape Town,
South Africa.

The data set contains only a limited number of variables in
order to protect the identities of the NIDS respondents and is
publicly available from the Datalirst data portal [63]. The
SANHANES-1 consumption data was obtained with no identify-
ing information. The two national surveys themselves indepen-
dently obtained ethics approval before they commenced [5,51].

Results

Baseline consumption and energy intake from drinks

The SANHANES-1 data show that on average SA adults
consume 184 ml of SSBs, 200 ml of unsweetened fruit juice and
204 ml of milk a day. Consumption of SSBs at baseline showed a
declining trend as age increased, with the 15-24 age-group
drinking the highest amount and those aged 65 and over drinking
the least (Table 3).

Change in daily energy intake and BMI

Table 4 presents the impact of the tax on total daily energy
intake and BMI. The average reduction in energy intake is 36.0 kJ
per person per day. There is marked variation in the changes in
both energy intake and BMI by age, with the largest and most
significant reductions in the younger age-groups. Figure 2 shows
the mean BMI levels before and after the intervention for both
men and women. The mean BMI for women remained above

Table 1. Uncertainty distributions and sources of model parameters: price elasticities and energy intake conversion factor.

Mean Value(SD) distribution

Uncertainty
Sources and assumptions

Parameter

SSB own price elasticity —1.30 (0.11)
Milk cross-price elasticity 0.13 (0.1)
Fruit juice cross-price elasticity 0.39 (0.19)
Diet drinks cross-price elasticity —0.42 (0.10)
Daily energy intake required for 1 kg change in weight (kJ/kg/day) 94 (2.96)

Normal Review and meta-analysis, Cabrera et al (25)
Normal Review and meta-analysis, Cabrera et al (25)
Normal Review and meta-analysis, Cabrera et al (25)
Normal Review and meta-analysis, Cabrera et al (25)
Normal Swinburn et. al (37)

doi:10.1371/journal.pone.0105287.t001
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Table 2. Uncertainty distributions and sources of model parameters: Consumption estimates in I/person/day: Mean value (SD)

Age SSB Milk Unsweetened Fruit juice Diet drinks

15-24 0.21 (0.01) 0.21(0.01) 0.21 (0.01) 0.01 (5.58x10™%)
25-34 0.20 (0.02) 0.20 (0.01) 0.20 (0.01) 0.01 (6.11x10™%
35-44 0.18 (0.01) 0.21 (0.01) 0.21 (0.01) 0.01 (5.91x10™%
45-54 0.17 (0.01) 0.21 (0.02) 0.20 (0.02) 0.01 (450x10™%)
55-64 0.15 (0.02) 0.19 (0.02) 0.17 (0.02) 0.01 (827x10~%)

65+ 0.12 (0.02) 0.22 (0.02) 0.17 (0.02) 4.80x1072 (6.73x10™%)

doi:10.1371/journal.pone.0105287.t002

25 kg/m? after the intervention for all age-groups except for those
aged 20 to 24 years. Energy intake and BMI changes are largely
not statistically significant in those aged 60 and above.

Effect on obesity

The prevalence of obesity is projected to go down by 3.8% (95%
CI: 0.4%-7.2%) in men, equating to a 0.5 percentage point
change and 2.4% (95% CI: 0.3%—4.4%) in women, equivalent to a
0.8 percentage point change.

The number of obese women is expected to decrease by 142
217 (16 550-265 039), and obese men by 80 452 (16 060147
284). Figure 3 shows the relative percentage change in obesity by
age and sex. Overall, a greater relative decrease in the prevalence
of obesity was observed in men than in women although mean MI
shifts were on average greater in the women than the men. This is
because the baseline mean BMI for women was higher than men
for all age groups.

Sensitivity analysis

The prevalence of obesity at different tax levels and pass on
rates was compared. The results (Table 5) show that greater
reductions in obesity prevalence resulted from increasing the tax
even when the pass on rate is less than 100%. Figure 4 is a tornado
plot showing results of the sensitivity analysis for the SSB serving
size. Smaller SSB serving sizes resulted in less relative change in
the prevalence of obesity. The greatest difference was 0.6
percentage points between a 200 ml and 330 ml portion and a
500 ml and 330 ml portion in men. The men appear to be
affected more by changes in SSB unit size than the women.

Table 3. Daily consumption of different drinks at baseline.

Discussion

A 20% SSB tax in SA is predicted to a reduce obesity by 3.8%
in adult males and 2.4% in females. The average reduction in
energy intake is estimated to be 30.0 kJ per person per day. The
younger age-groups are the biggest consumers of SSBs and may
benefit most from an SSB tax.

Our model and results are comparable to other studies showing
the effect of taxing SSBs on obesity. The study by Briggs et al.
estimated that a 10% SSB tax may result in an overall reduction in
obesity of 1.2% in men and 1.3% in women [28].

A similar study in the UK modelled the effect of a 20% tax and
estimated an overall reduction of 1.3% [27]. In India a 20% tax
was estimated to reduce obesity by 3% [31].

Study strengths and limitations

This is the first SA study to quantify the potential effect of tax on
SSB consumption and obesity. There is a dearth of literature on
this type of intervention in LMICs where the obesity prevalence
and NCDs are increasing [6]. Similar studies were conducted in
Brazil and India [29,31] but none have been done in Africa.

This study has several strengths. Firstly, we used nationally
representative SA data to estimate baseline consumption of
different drinks and baseline prevalence of obesity. This increases
the generalizability of our results. In addition, the height and
weight from the survey were anthropometrically measured, which
should allow for more accurate BMI estimates. Secondly, the
model accounts for substitution of SSBs with other drinks through
the use of cross-price elasticities. This prevents the overestimation
of the reduction in total liquid caloric consumption. Thirdly, the
model demonstrates the differential effects of the tax by age and
sex.

Daily consumption of drinks in ml (95% confidence intervals)

Age SSB Fruit Juice Milk Diet Drinks
15-24 209 (183-238) 211 (189-236) 205 (182-232) 8 (7-10)
25-34 199 (171-231) 205 (179-233) 199 (197-227) 8 (7-9)
35-44 181 (154-212) 210 (182-241) 205 (179-235) 7 (6-9)
45-54 171 (144-188) 193 (159-233) 211 (180-246) 7 (6-8)
55-64 149 (119-200) 171 (142-207) 195 (161-235) 6 (5-8)

65+ 120 (92-158) 166 (132-208) 217 (174-270) 5 (4-6)

doi:10.1371/journal.pone.0105287.t003
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Figure 2. Mean BMI before and after the intervention by age and sex. Mean BMI of the reference population (Male_reference;
Female_reference) at baseline and the intervention population (Male_intervention; Female_intervention) after the 20% tax intervention for males and

females, for each age-group.
doi:10.1371/journal.pone.0105287.g002

A limitation of this study is the lack of SA-specific own- and
cross-price elasticity data. The estimates used were pooled results
derived from a systematic review and meta-analysis [30]. Our
estimates were close to those used in previous work in Europe and
the USA [27,28,44]. Variations in the price elasticities would have
potentially impacted our results in several ways. A lower own-price
elasticity, such as was found by Basu et.al [31] would have led to
smaller changes in SSB consumption and subsequently more
modest changes in obesity. Briggs et al [27] found the cross-price
effect for diet drinks to be in the opposite direction to the effect

used in our model, 0.304 for concentrated SSBs to concentrated
diet drinks and 0.167 for non-concentrated SSBs to non-
concentrated diet drinks, compared to —0.423. An increased
demand for diet drinks would, however, have minimal impact due
to the low energy content of those drinks. Both studies quoted
above used smaller fruit juice cross-price elasticities than were used
in our study.

Using similar values in our model would have led to lower
energy intake estimates than reported and hence more reductions
in obesity.
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Table 4. Estimated change in energy intake and body weight after 20% tax.

Change in average energy intake in kJ/person/day (95% uncertainty
Age intervals) Change in mean BMI in kg/m? (95% uncertainty intervals)

All Male Female
20-24 —45.78 (—80.14, —12.04) —0.17 (-=0.32, —0.04) —0.19 (=0.35, —0.05)
25-29 —43.28 (=75.71, —9.64) —0.16 (—0.29, —0.03) —0.18 (—=0.32, —0.04)
30-34 —43.02 (—74.37, —9.55) —0.16 (—0.28, —0.03) —0.18 (—0.32, —0.04)
35-39 —35.48 (—67.73, —0.89) —0.13 (—0.26, 0.00) —0.15 (—0.29, 0.00)
40-44 —35.45 (—68.67, —1.80) —0.13 (—0.26, —0.01) —0.15 (—0.28, —0.01)
45-49 —33.04 (—63.36, —0.15) —0.12 (—0.24, 0.00) —0.14 (—0.27, 0.00)
50-54 —33.03 (—64.07, —0.85) —0.12 (—0.24, 0.00) —0.14 (—0.27, 0.00)
55-59 —27.73 (—57.71, 3.65) —0.10 (—0.22, 0.01) —0.12 (—0.25, 0.02)
60-64 —27.93 (—58.14, 4.07) —0.10 (—0.22, 0.01) —0.12 (—0.25, 0.02)
65-69 —15.98 (—45.74, 15.56) —0.06 (—0.17, 0.06) —0.07 (—0.20, 0.07)
70-74 —16.03 (—47.13, 16.83) —0.06 (—0.18, 0.06) —0.07 (—0.20, 0.07)
75-79 —16.23 (—46.99, 16.43) —0.06 (—0.18, 0.06) —0.07 (—0.20, 0.07)
80+ —15.78 (—45.16, 15.29) —0.06 (—0.18, 0.06) —0.07 (—0.19, 0.07)
doi:10.1371/journal.pone.0105287.t004
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Figure 3. Percentage change in obesity after the intervention. The graph shows the estimated relative percentage changes in obesity in men
(% change obesity_male) and women (% change obesity_female), by age as a result of the 20% SSB tax.

doi:10.1371/journal.pone.0105287.g003

Our model did not include the substitution effect of other
sweetened drinks such as coffee, tea and hot chocolate, and other
non-sweetened drinks like water. Other studies have shown that
the demand for tea and coffee, as well as water goes up with SSB
price increases [27,31]. We did not account for the differential
effects in price elasticities between carbonated SSBs, drinks from
concentrates, and sweetened fruit drinks due to the unavailability
of this data. Briggs et.al found that an increase in the price of non-
concentrated SSBs resulted in increased demand for concentrated

SSBs and vice versa [27]. We also assumed similar price elasticities
for both men and women, and for all age and income groups.
Evidence from some studies suggests that demand for SSBs would
decrease the most in those in the lowest income group [28,31,64],
some studies found the effects similar across income strata [65],
and others found that demand decreased the most in the lower
stratum for concentrated SSBs only [27].

We used the SANHANES-1 to estimate baseline consumption
of different drinks. However, comparison to soft drink sales

Change in obesity
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Figure 4. Tornado plot for the sensitivity analysis of the volume of an SSB serving. Tornado plot showing sensitivity analysis of the
corresponding change in obesity due to different unit sizes of an SSB serving. Unit sizes tested: 200 ml, 250 ml, 330 ml and 500 ml.

doi:10.1371/journal.pone.0105287.g004
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Table 5. Two-way sensitivity analysis of the effect of changing pass on rate and tax rate on obesity.

Change in obesity Men

Pass on rate

Tax rate 80% 90%
10% —1.9% —2.1%
20%" —33% —3.6%
30% —4.3% —4.6%
Women

10% —1.1% —1.3%
20%" —2.0% —22%
30% —2.7% —2.9%

100%' 110% 120%

—23% —2.4% —2.6%
—3.8% —4.1% —43%
—4.9% —5.2% —5.4%
—1.4% —1.5% —1.6%
—2.4% —2.5% —2.7%
-3.1% —3.3% —3.4%

'Value used in model.
doi:10.1371/journal.pone.0105287.t005

suggests that our estimates may have underestimated consump-
tion. Coca Cola company figures show that average per capita
consumption of Coca Cola products is 67 litres of soft drinks a year
in SA, or 184 ml a day [59] whereas our consumption estimates
were 184 ml of all SSBs per day including concentrates,
carbonated drinks and sweetened fruit juice. Coca Cola products
account for about half of the soft drinks market [66] so the average
South African is potentially consuming about 400 ml of SSBs
daily.

In the UK study by Briggs et al., sales figures reported 446 ml/
person/day compared to the 123 ml/person/day used in their
model [27]. For the purpose of calculating the model consumption
inputs the maximum and minimum amount of milk and
unsweetened fruit juice were capped at 500 ml and 125 ml
respectively. The potential impact of capping the maximum at
500 ml would be underestimating consumption and capping the
minimum amount would possibly result in overestimating
consumption. Furthermore, the SANHANES-1 consumption
estimates were self-reported and may have been affected by recall
bias. We assumed that all milk drunk was full cream milk because
the SANHANES-1 data did not have details of types of milk. This
may have overestimated the caloric shift due to substitution effect.

We did not explicitly account for substitution of SSBs with other
sugar-sweetened food items. We assumed that SSBs would be
substituted with other drinks and other studies show that
substitution of drinks with other foods is insignificant [64].

An increase in the price of SSBs may lead to a reduction in food
waste and hence not result in the projected increased consump-
tion. This would reduce the change in BMI and obesity levels.
SSBs are however easy to keep and don’t easily rot or go stale.
There is lack of evidence of exactly how much of the SSBs and
other food is wasted or the price elasticity of food waste in LMICs
but it is known that in high income countries substantial waste
occurs at household level [67]. Another consequence of increased
SSB price may be price shocks where changes in purchasing are
due to a signal that SSBs are unhealthy and are therefore being
taxed rather than the price change itself, and this may be more
than what we modelled. A 100% pass on rate was assumed but the
tax increase may not be passed on in full. However, our sensitivity
analysis shows that with 20% tax rate and pass on rates ranging
from 80-120%, the estimates of the effect on obesity shift by no
more than 0.6 percentage points. Data from Irance also showed
that a pass on rate of 100% is plausible [48].

Our model compares the current situation with a counterfactual
situation in which higher SSB prices reduce consumption and

PLOS ONE | www.plosone.org

individuals lose weight until they are in a new equilibrium, given
their energy consumption and assuming stable levels of physical
activity. It does not capture a possible effect of the intervention on
the rate of weight gain over time that is caused by a small but
persistent average daily energy imbalance. It is therefore possible
that our study, and all previous studies that made the same
assumption [28,29], underestimate the cumulative impact of
changes in SSB consumption on body mass over the years.

Policy implications

The DOH considers fiscal policy to be a cost effective ‘best buy’
that can be used to prevent obesity and NCDs [39]. This study
provides evidence in the SA context of how one such fiscal policy
would impact obesity. Such a policy would form part of a multi-
faceted and intersectorial approach to tackling NCDs in SA [39].
Other interventions that the DOH has listed as ‘best buys’ in NCD
prevention include promotion of physical exercise and creating an
environment conducive to exercising, increased health education
and early detection of NCDs [39].

The SA Declaration on the Prevention and Control of NCDs
signed in 2011 includes a commitment to “reduce by 10% the
percentage of people who are obese and/or overweight by 2020
[39]. By reducing obesity in adults by 2.8%, an SSB tax would
potentially contribute towards approximately 25% of this target
and the reduction would even be greater by 2020. Studies show
that half the weight change can be achieved in one year and 95%
in three years [68].

The SSB tax would also contribute towards relieving pressure
on an already fragile health system. The tax would contribute
substantially to the multi-sectorial and ‘whole of government’ and
‘whole of society’ approach envisaged by the DOH.

Taxing SSBs can potentially raise considerable revenue. An
SSB tax of a penny per ounce in the state of Louisiana, USA,
would have generated approximately 210 million USD in 2013,
equivalent to over two billion Rands at current rates [69]. These
funds can be dedicated in part or wholly to public health programs
including subsidising fruits and vegetables, social marketing
campaigns, school-based nutrition programs and enhancing the
built environment to increase physical activity. Polls conducted in
the USA between 2001 and 2004 show that the public favoured an
SSB tax if the revenue were to be used to support child nutrition
programs [70]. A 2008 poll of New York State residents showed
that 52% of respondents supported a soda tax and that 72%
supported such a tax if the revenue was used to support programs
for the prevention of obesity in children and adults [71].
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As our study and others have shown, an increase in the price of
SSBs will result in reduced purchasing and consumption of SSBs.
This may increase the demand for healthier alternatives and
influence manufacturers to reformulate their products [69]. The
SSB tax may disproportionately affect the poor [69]. However the
poor are also disproportionately affected by obesity and NCDs,
have less access to healthcare and less income available to seek
healthcare. The tax would potentially reduce these health
Inequities.

Recommendations for further research

To characterise the potential cumulative effects of an SSB tax
over time, the possible effect of SSB consumption on the daily
energy balance and weight change should be investigated.
However, this may require a degree of measurement of energy
intake and expenditure that is currently not achievable.

The consumption levels of SSBs in SA have not been sufficiently
quantified. Further work is required to determine consumption
levels and trends in both adults and children. The possible impact
of projected increases in soft drink sales on obesity also needs to be
investigated to better understand future gains of the tax.

Further research is needed to determine the extent to which
reduced SSB sales would have adverse economic or social
consequences such as job losses, and whether these would
outweigh the benefits of reduced obesity and its related diseases,
increased productivity and quality of life. A study conducted in the
states of Illinois and California in the USA showed that SSB taxes
did not have a negative impact on state-level employment. This
macroeconomic simulation study found that declines in the
beverage industry occurred but were offset by new employment
in non-beverage industry and government sectors [72].

The role of public opinion in the uptake of fiscal policy is
important and has not been explored. The SA public’s nutritional
literacy in relation to SSBs, their understanding of the role of sugar
in obesity, and their perception of the benefits and drawbacks of
an SSB tax needs to be assessed. Further research is also needed to
quantify the impact of taxing SSBs on the burden of obesity-
related NCDs and on life expectancy.
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