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Abstract

Background

We aimed to evaluate the impact of a local sugar sweetened beverages (SSB) health promo-

tion and 20p price increase in leisure centre venues and estimate the impact on consumption.

Method

Monthly cold drinks sales data and attendance at leisure centres across the city of Sheffield

were analysed over the period January 2015-July 2017. Interrupted time-series methods

were employed to estimate changes in consumption per attendance of SSB and non-SSB

cold drinks following the introduction of the SSB policy from August 2016 adjusting for sea-

sonal variation and autocorrelation. SSB price elasticities were estimated with fixed effects

log-log models by SSB product type (soda can, soda bottle, soda post mix, energy drinks,

juice from concentrate).

Findings

We estimated a 31% (95% CI 4%, 59%) reduction in units of SSB sold per attendance in the

year since the policy was introduced. We did not observe substitution effects to fruit juice or

water but found sales of other artificially sweetened non-SSB products increased by 27%

(95% CI 6%, 47%) after the introduction of the tax. Price elasticity analysis identified that a

1% increase in price alongside health promotion leads to a 3.8% (95% CI 3.1% 4.4%)

decrease in demand for SSB’s. Price elasticity of demand was highest for child friendly and

high caffeine energy drinks.

Interpretation

Demand for SSB drinks at leisure centre venues is highly responsive to the policy, particu-

larly for child-friendly and high caffeine energy drinks, compared with other SSB tax policy

evaluations. The policy also increased purchases of carbonated non-SSB.
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Introduction

The impact of obesity on associated chronic diseases has led to calls for a comprehensive public

health approach to tackling the current trends in physical inactivity and high calorie diets. Lei-

sure centres present an opportunity for broad health education and promotion influencing

positive behaviour changes both in their service users and in their local communities. Public

Health England (PHE)’s ‘Sugar reduction: the evidence for action’ report in 2015 specified

eight areas for action in public areas, including leisure centres, to reduce sugar consumption,

targeting price promotions, advertising, price manipulation, training and education.[1]

There is growing evidence that pricing policies for sugar sweetened beverages (SSBs) are

effective in reducing the growing burden of obesity. A randomised controlled trial found that

reductions in the consumption of sweetened drinks were associated with weight loss.[2] Addi-

tional evidence from prospective cohorts studies indicates an association between SSBs and

type 2 diabetes.[3–4] An analysis based on data from the Global Burden of Disease study 2010

estimated a total of 184,000 deaths from diabetes (72%), CVD (24%), and cancers (4%) per

year and 8.5 million DALYs attributable to SSB consumption.[5]

Several pricing policies for SSBs have demonstrated significant reduction in sugar drinks

consumption. In Mexico a study on the effect on purchases of beverages from stores identified

reductions in sales of SSBs across all income groups one year after implementation of the

excise tax (approximately 10% increase) on SSBs.[6] In the UK a levy of £0.10 per drink on

sales of SSBs introduced in a national chain of restaurants was evaluated and found to reduce

sales of SSBs by 11.7% at 12 weeks.[7] A simulation study to appraise the health effect of indus-

try responses to a soft drinks levy estimated a 32.7mL reduction in daily intake of SSBs follow-

ing price rises, which corresponded to a 0.5% reduction in obesity, reduction in incidence of

type 2 diabetes by 17.7 per 100,000 person years and reduction in incidence of dental caries by

2.4 per 1,000 person years.8 However, there is often scepticism regarding the effectiveness of

national taxes on SSBs due to unpredictable responses by manufacturers and consumers. [8]

In April 2018 a national levy on SSB will be introduced in the UK but there is uncertainty

regarding the impact of the levy on sugar consumption. [9]

In July 2016 Sheffield City Trust (SCT) introduced a comprehensive sugar sweetened drink

strategy to improve customer health outcomes at all of its Sheffield leisure facilities including:

1. £0.20 ($0.27, €0.23) increase on price of all drinks containing 5mg of sugar per 100ml or

more directly applied to all products in leisure centre venues enforced by a central catering

team. Approximately 11%-25% of product prices.

2. Staff training in order to deliver face to face awareness of scheme with customers

3. Publicity in local and national media

4. Publicity within venues including posters, billboards and drinks stickers in café and vend-

ing areas.

Details of the policy and its development can be found in S1 File.

Estimates from the NDNS suggest that 1.4% of all SSB purchases are made in leisure centre

facilities.[10] Although the volumes SSB sales at leisure centres are small, leisure centres pro-

vide a unique context for delivering public health interventions. Venues implementing price

rises have greater control over the impact on consumers and can enhance policies with health

promotion and education. Furthermore, 16% of SSB’s are purchased outside of work or home

indicating a wider health impact if pricing policies were extended to other public venues.[10]

The aim of this study is to appraise the impact of the pricing and promotional policies in lei-

sure centres on consumption of SSBs. Prices of SSBs increased by 20p after July 2016 alongside

Sugar drinks policy in public leisure centres
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health promotion initiatives, and these prices increases have been maintained throughout the

study period. Using routinely collected sales data provided by SCT, we evaluated changes in

the demand for cold beverages after the implementation of the pricing and promotional

policy.

Method

We obtained data on sales of cold drinks at all venues from January 2015 to July 2017. Cold

drinks sales at cafes and vending machines within venues were included but sales data for hot

drinks and other confectionary were not available. Each month the total numbers of cold

drinks sold were extracted by product from routine monitoring of product sales used by the

catering team for accounting and stock control purposes. Data for seven venues affected by the

pricing policy and eight venues not affected by the policy were available. Each venue has a dif-

ferent mix of beverages on offer depending on the venue size and facilities. However, there

were some commonalities across all venues. All venues sold carbonated soft drinks (cans, bot-

tles, or post mix cups) with SSB and non-SSB options. All venues, except two golf courses, sold

water. The most popular products were available throughout the study period, however the

analysis includes some products that were available for limited periods.

The venues affected by the policy were public leisure centres providing a range of sporting

facilities including swimming pools, gyms, ice skating, indoor athletics track, and other train-

ing facilities. The community leisure centres attract attendances from all age ranges, black and

minority backgrounds and people with disabilities. The leisure centres are located across the

city serving a diverse range of communities with high participation in lower sociodemographic

areas. The venues vary in size and some include cafes and vending facilities, and some vending

only. The venues not included in the policy included golf courses and entertainment venues.

Data from the unaffected venues were extracted to describe patterns in sales in the absence of

the policy over the study period. The population profiles attending each venue type are differ-

ent so the unaffected venues do not represent a true control to the intervention, but are drawn

from the same local population. It is useful to observe whether trends observed in the affected

venues are also seen in the other venues to understand if changes were due to other external

factors, such as media coverage of the national sugar drinks tax or other sugar-related local

and national health promotion campaigns.

Over the same period monthly recorded attendances were extracted for each venue. We

employed methods used by SCT to monitor visitors attending at classes, gyms, using sporting

facilities, or attending events for routine accounts. Visitor numbers for some venues include

some estimated values where exact numbers for some visitor types were not available (for

example accompanying carers for children’s sports lessons or the number of attendees at a

squash court booking). Data on product volumes and prices were obtained from the catering

team. Attendance data were used to estimate average sales per attendance at the venues to

account for variability in demand due to attendance volume. We obtained nutritional informa-

tion for all beverages in the UK from publicly available sources to describe the sugar and calo-

rie content of the products sold. [11]

Statistical analysis

Differences in total sales before and after the promotions and pricing policy was introduced

were assessed using two sample t-test. In addition two regression models were specified to

describe changes in sales per attendance after the policy and price elasticity of demand in

response to price changes. All statistical analyses were conducted using Stata 15. [12]

Sugar drinks policy in public leisure centres
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Interrupted time series analysis. It was not possible to construct a true experimental

design to study the association between the SSB policy and purchases due to the timing of the

evaluation after implementation of the policy. A control group was not planned in the develop-

ment of the policy. Therefore, we applied an interrupted time series study design because the

policy was introduced in a number of venues over a clearly defined time period. We conducted

an interrupted time-series analysis using linear fixed effects models (xtreg) with venue as a

fixed effect to assess whether there was a step-change in sales per visitor of levy-eligible SSBs in

the period after implementation. Sensitivity analyses investigated the effects at individual ven-

ues, venues grouped by vending only and vending and café, using ordinary least squares

regression. We also tested a sensitivity analysis using a mixed effects model to allow the inter-

cept and slope to vary across venues. We grouped products into SSB, all non-SSB, carbonated

non-SSB (excluding juice and water), non-SSB fruit juice and water. We also examined SSB by

product type into groups of carbonated bottles (500ml), carbonated cans, carbonated post-mix

(soda on draught), high sugar juice concentrate, and caffeinated energy drinks.

Model outcomes included all cold drink sales per attendance, SSB sales per attendance,

non-SSB sales per attendance, non-SSB sales per attendance (excluding water and juice), non-

SSB fruit juice, non-SSB water and volume of SSB sold per attendance. It was hypothesised

that the intervention would have an immediate impact on sales on initiation of the policy and

would maintain effectiveness over time. Investigations of the data suggested that sales per

attendance were relative stable over the study period, i.e. no gradual increases or decreases

over time and time trend covariates for month and year were not significantly associated with

demand. Therefore, the model assumed no time trend in sales over time and a level change in

SSB sales per visitor with no lag.

Yit ¼ b
0
þ b

1
Xt

Where Yit is the outcome at venue i at time t, Xt is a dummy variable indicating the pre-inter-

vention period (coded 0), or the post-intervention period (coded 1). Č0 represents the esti-
mated baseline sales per attendee, and Č1 is the level change following the intervention.

Average monthly rainfall was included to describe environmental factors. [13] Seasonality

was adjusted for to account for seasonal changes in sales and because there was an unbalanced

distribution of months before and after the intervention. We included two methods for adjust-

ing for seasonal variations in sales. Firstly, to include a dummy variable for months with school

holidays due to known increases in sales and attendance amongst families during school holi-

days. Secondly, to include Fourier terms to describe smooth fluctuations in sales. Fourier

terms are pairs of sine and cosine functions describing a pattern covering the full calendar

year. Fourier terms enable the model to capture peaks corresponding to school holiday peri-

ods, and were selected in our primary analysis due to superior model fit using the Akaike

Information Criterion.

Serial correlation was tested using the Wooldridge test (xtserial command in STATA). The

test did not identify serial correlation with the inclusion of Fourier seasonal adjustment terms

and rainfall.

Price elasticity. Price elasticity measures the responsiveness of the quantity demanded of

a good to a change in its price. Price elasticity is the ratio between the percentage change in the

quantity demanded, q, and the corresponding percent change in price, p. We analysed the

response of demand for all SSB’s at leisure venues to changes in prices and health promotion

policy over the analysis period to generate generalisable estimates of the percent change in

demand to a percent change in prices alongside health promotion. SSB drinks were disaggre-

gated into five product types (can, bottle, post mix, energy drinks, high sugar juice from

Sugar drinks policy in public leisure centres
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concentrate), and venue in a fixed effects linear model to account for heterogeneity in demand

across venues and product types. Some products were not consistently available in any of the

venues, due to bespoke orders for events. As a consequence, Schweppes, Lucozade, and Relent-

less were excluded from the analysis due to inconsistent availability (Less than 1% of all sales).

The log-log model to estimate the price elasticity of demand for SSB is described by,

logðqitÞ ¼ b
0
þ b

1
logðpitÞ þ b

2
vit þ ðČX

it
Þ þ ai þ uit

Where qit is the quantity of sales for each product and venue, i, at each monthly time period of

the analysis, t. pit is the price for each product within venue, i, at each time period t. vit is atten-

dance for each venue by time periods ċi is the unobserved time-invariant individual effect for

each product by venue, and uit the random error term. Additional covariate adjustments were

added to account for seasonal variations using Fourier terms, school holiday dummy variables

and average rainfall as described above (ČXit).

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data inter-

pretation, or writing of the report. The corresponding author had full access to all the data in

the study and had final responsibility for the decision to submit for publication.

Results

The unadjusted mean total unit sales per month by venue and drink type are reported in

Table 1 across the study period. SSB’s contributed over a third of total sales over the study

period, with variation between venues with different types of facilities (over a half of soft drinks

sales at the ice-skating facility “ICE Sheffield” were SSB’s). There was also substantial variabil-

ity in the volume of sales across venues due to the differences in venue capacity and catering

provisions. The analysis of all cold drinks sales per attendance showed a non-significant reduc-

tion in total monthly sales since the policy was introduced (Table 2). The change in sales per

attendance of SSB since the tax was introduced is both large and statistically significant -0.016

(95% CI -0.011, -0.022). The increase in all non-SSB drinks was borderline significant 0.011

(95% CI -0.002, -0.020) and the increase in non-SSB excluding water and fruit juice was statis-

tically significant, 0.009 (95% CI 0.004, 0.013). There were no significant changes in water or

in fruit juice consumption since the tax was introduced.

Fig 1 illustrates the monthly sales per attendance over the study period. The vertical red line

illustrates the date that the policy was introduced. A time trend in sales per attendance was not

Table 1. Total average unit sales per month by venue and drink type.

All cold drinks SSB Non-SSB (inc. water
+ fruit juice)

Non-SSB (exc.
Water + fruit juice)

Non-SSBWater Non-SSB Fruit Juice

Monthly sales Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Hillsborough 4473 1120 1735 704 2738 575 1068 233 822 163 848 278

Ponds Forge 11511 2267 3666 1091 7845 1762 3142 934 3098 720 1605 521

Concorde 1697 544 460 231 1236 366 534 201 417 165 285 115

Springs 347 196 129 101 219 130 83 80 100 64 36 29

ICE Sheffield 9237 2322 4764 1389 4473 1167 2912 857 936 190 625 246

English Institute for Sport 5139 1965 1343 749 3796 1407 1610 551 1371 477 816 636

Heeley 252 147 56 43 197 126 64 60 77 45 56 48

All venues 32655 4575 12151 3151 20504 2948 9412 1619 6821 855 4271 1161

https://doi.org/10.1371/journal.pone.0194637.t001

Sugar drinks policy in public leisure centres
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observed in the pre-tax period. Although, monthly changes in sales per attendance are highly

variable, the graph confirms that sales per attendance for SSB fall following the tax whilst the

sales of non-SBB tend to be higher from August 2016.

Table 3 summarises the results of the interrupted time series analysis of affected venues (see

model 4 Tables B-H in S1 File). The interrupted time series analysis estimated a 31% (95% CI

4%, 59%) reduction in sales of SBB per attendance in the year since the policy was introduced.

The estimated reduction in volume of SSB was similar, suggesting that customers were not

switching purchases to larger volume SSB drinks to get better value for money. Fig 2 illustrates

the gap between the post-tax estimated volume of sugar drinks consumed by customers and

the predicted counterfactual with seasonal adjustment. The predicted sales rates are based on

the seasonally adjusted fixed effects regression model (model 4), and the counterfactual illus-

trates this estimation in the absence of the intervention dummy term. There is no indication

Table 2. Unadjusted difference before and after policy in unit sales per attendance per month by drink type.

All cold drinks SSB Non-SSB (inc.
water + fruit
juice)

Non-SSB (exc.
Water + fruit
juice)

Non-SSBWater Non-SSB Fruit
Juice

Mean St.error Mean St.error Mean St.error Mean St.error Mean St.error Mean St.error

Monthly sales per attendance before policy 0.113 0.004 0.049 0.002 0.065 0.002 0.029 0.001 0.022 0.001 0.014 0.001

Monthly sales per attendance after policy 0.108 0.005 0.032 0.002 0.076 0.004 0.037 0.002 0.024 0.001 0.014 0.001

Percentage change -4.79% -33.80% 16.97% 30.26% 7.77% 4.26%

P-value 0.421 <0.0001 0.017 0.0003 0.256 0.702

https://doi.org/10.1371/journal.pone.0194637.t002

Fig 1. Monthly sales per attendee at affected venues for high and low sugar cold drinks during study period.

https://doi.org/10.1371/journal.pone.0194637.g001
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from Fig 2 that the effectiveness of the policy varied over the post-tax period included in this

study. However, after only 12 months follow-up we have limited evidence on the long-term

effectiveness of the policy. Detailed output for the interrupted time series analysis, including

analyses by venue, are reported in S1 File. Overall the results were robust to removal of rainfall,

seasonal adjustment, inclusion of school holiday dummy variables, and mixed effects model.

Additional sensitivity analyses investigated whether the policy increased in effectiveness over

time. The analysis revealed a possible time trend in the reduction in SSB sales per attendance

but the result was not statistically significant (results not reported).

The analysis identified an increase in sales per attendance for non-SSBs after the policy was

introduced. There was a 16% (95% CI 1%, 30%) increase in sales of non-SSB per attendance

(artificially sweetened sodas, energy drinks, juices, and water) in the post-policy period. Sales

per attendance of water and low sugar fruit juice reported small non-significant changes in

sales per attendance suggesting no change in healthy beverage consumption. Nevertheless,

artificially sweetened carbonated drinks (excluding water and low sugar fruit juices) were

highly responsive to the policy leading to a 27% (95% CI 6%, 47%) increase in sales per atten-

dance. The impact of the policy on non-SSB options were highly variable across venues with

Table 3. Interrupted time series model 4 results: Estimated change in cold drinks sales and SSB volume (ml) per attendance before and after policy after adjusting
for seasonality and rainfall.

All cold drinks SSB Non-SSB Non-SSB (excl. Juice and water) Water Fruit juice SSB volume (ml)

Estimated sales per attendance before policy 0.100 0.043 0.057 0.026 0.019 0.012 15.785

Estimated sales per attendance after policy 0.095 0.030 0.066 0.033 0.020 0.012 11.451

Percentage change in sales per attendance -4.70% -31.44%� 15.83%� 26.52%� 6.88% 5.96% -27.46%�

�P<0.05,
��P<0.01,
���P<0.001

https://doi.org/10.1371/journal.pone.0194637.t003

Fig 2. Monthly predicted sugar drinks volume (ml) per attendance comparing post-tax estimation with
counterfactual prediction.

https://doi.org/10.1371/journal.pone.0194637.g002
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almost no substitution observed for Concord and ICE Sheffield (comprising lower socioeco-

nomic status and younger attendees respectively) but much higher in Ponds Forge in the city

centre and Hillsborough suggesting that the response to the policy and impact on revenues are

likely to be highly dependent on the population demographics (see Tables I-P in S1 File).

The log-log price elasticity of demand analysis identified that a 1% increase in price along-

side health promotion leads to a 3.8% (95% CI 3.1% 4.4%) decrease in demand for SSB’s

(Table 4). This demonstrates that demand for SSB in leisure venues were highly elastic and sta-

tistically significant. The analysis was also broken down product type. There is substantial vari-

ability in price elasticity between product types. Post mix drinks had the lowest price elasticity

whilst juice from concentrate and energy drinks had very high price elasticities.

Analysis of venues not affected by the SSB policy found no statistically significant changes

in demand for SSB or non-SSB at these venues at the time of the policy introduction (See S1

File).

Discussion

This study examines the changes in purchases of SSB at leisure centres over one year after a

20p price increase and promotion campaign was introduced. The average volume of SSBs pur-

chased monthly was 31% lower compared with expected purchases in the absence of a price

increase and health promotions policy. Purchases of non-SSBs were 16% higher after the price

increase, may be indicative of substitution to artificially sweetened carbonated drinks rather

than water or juice. Furthermore, our analyses show that demand for SSB in leisure centre ven-

ues is highly elastic. The overall and substitution effects varied between venues and product

types, suggesting that consumers of drinks specifically marketed for children were more likely

to reduce consumption and switch to alternatives. The very large price elasticity for these prod-

ucts may suggest that the policy is more effective for young people and, more specifically,

when parents are purchasing drinks for their children. The changes in non-SSB sales per atten-

dance in two venues suggest that substitution to artificially sweetened beverages may vary with

Table 4. Price elasticity of demand for all sugar sweetened beverages.

SSB drinks at all venues by product type

All SSBs Cans Bottles Post Mix (soda on
draught)

Sweetened juice from
concentrate

High caffeine
energy

Intercept (Č0) 6�008 (0.194)��� 3�944 (0.396)��� 6�344 (0.277)��� 6�996 (0.379)��� 4�832 (0.522)��� 7�839 (0.950) ���

Own price elasticity of demand
(Č1)

-3.753 (0.328)��� -2.550 (0.695)��� -2.263 (0.433)��� -1.271 (0.619)� -8.060 (0.861)��� -6�133 (1.417)���

Attendances at venue per
month

0�009 (0.003)�� 0�004 (0�010) 0�014 (0.004)�� 0�003 (0�005) 0�020 (0.009)� -0�007 (0�010)

Seasonal adjustment: Fourier
term (1)

-0�107 (0�037)�� -0�180 (0�101) -0�045 (0�047) -0�024 (0�063) -0�259 (0�110)� -0�068 (0�088)

Seasonal adjustment: Fourier
term (2)

-0�035 (0�038) 0�044 (0�103) 0�053 (0�048) -0�046 (0�069) -0�248 (0�118)� -0�095 (0�089)

Seasonal adjustment: Fourier
term (3)

0�032 (0�032) -0�095 (0�091) -0�031 (0�048) 0�040 (0�066) 0�182 (0�113) 0�118 (0.104)

Seasonal adjustment: Fourier
term (4)

-0�025 (0�037) -0.057 (0�091) -0�075 (0�049) 0�015 (0�063) 0�101 (0�107) -0�157 (0�086)

�P<0.05,
��P<0.01,
���P<0.001

https://doi.org/10.1371/journal.pone.0194637.t004
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visitor profile. One of these venues attracts a younger population (ICE Sheffield) and the other

serves a more socioeconomically deprived area of the city (Concord).

Comparison with other literature

This analysis demonstrates that the leisure centre pricing and promotions policy has been

more effective in changing purchasing behaviour than observed in other studies. Previous poli-

cies fromMexico and a restaurant chain estimated decreases in sales from 9–12%,[6–7]

whereas this study estimates a 30% reduction in sales of SSBs. Using data from the Living

Costs and Food Survey in the UK, Briggs et al. estimate a 1% price increase leads to 0.92%

decrease for concentrated sugar sweetened drinks and 0.81% decrease for non-concentrated

drinks.[14] In another study of New Zealand the own price elasticity for SSBs varied from

decreases of 0.14% to 3.47% per 1% price increase depending on income quintiles.[15] In a

study from the US demand decreased by 1.03% for regular carbonated sugar sweetened drinks

and 2.36% for sports/energy drinks per 1% increase in price.[16] In a study from Chile

demand decreased by1.37%.[17] In contrast, our study found a 1% increase in price as part of

a health promotion leads to a 3.8% decrease in demand. The large effect sizes observed in this

study may be due to two factors. Firstly, the price increases were accompanied by staff training

to draw customers attention to price differences, poster promotions, stickers identifying

affected products and ensuring non-SSB are at eye-level. The analysis indicates that the combi-

nation of price rises and promotional policy changes are effective. A randomised controlled

trial of vending machines interventions found that product replacements and promotions

were more effective in encouraging healthy purchases than pricing alone. [18] Secondly, it has

not been possible to evaluate how the policy has affected purchasing behaviour outside of these

venues. It is possible that some customers delayed the purchase of SSBs and visited other retail

outlets to avoid paying the higher price. This explanation is less likely to apply to customers

choosing to substitute for non-SSB products. Given that we observed a large increase in non-

SSB consumption and overall sales did not decrease significantly, we believe that there would

be limited delayed purchases of SSB products outside the venues which might mitigate the

effectiveness of the policy.

The results of this study should be reviewed in the context of the introduction of a national

levy on SSB products in the UK in April 2018, which highlights that price increases will most

likely lead to substitution to non-sugar alternatives. This study presents the first evaluation of a

public health campaign within community leisure centres, which provides a unique setting to

deliver public health policy. Leisure centres are part a complex system impacting on health

and obesity through provision of physical activity facilities and broader health campaigns. We

find that price increases, combined with poster displays, re-location of diet products and staff

promotion, in this setting were more impactful than similar studies of pricing policy alone.

This highlights the importance of modifications to the local food provision setting to enhance

pricing policies and responds to calls for greater focus on systems approaches to public health

interventions modifying multiple factors influencing SSB consumption. [19]

Strengths and limitations

The policy has been evaluated in leisure centre venues across Sheffield serving a broad social

spectrum. The results have shown that catering policies in leisure centres throughout the UK

and internationally can be implemented to modify consumer behaviour and encourage more

healthy drink choices. SCT attracts a high proportion of customers from lower socioeconomic

groups due to the location of venues, suggesting that the policy can be effective in more hard

to reach groups. Given the breadth of facilities on offer, the study population includes
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representation from wide age ranges, gender mix and BME groups. As such we believe that the

results can be generalisable to other public catering facilities. The results suggest that adoption

of price and health promotion policies on SSB products is an effective way to support public

health efforts to reduce sugar consumption. This finding may encourage other leisure centres

and public catering facilities to adopt similar health promotion policies.

This analysis retrospectively evaluated the policy and as such was not designed to establish

causality in a controlled setting. Other changes are occurring concurrent with the tax, includ-

ing anticipation of a national tax on SSB, health campaigns about sugar sweetened beverages,

and anti-obesity programs may contribute to the demand for SSB in the leisure centre venues.

The study did not identify any pre-existing trends in SSB in the pre-tax period. From our anal-

ysis of venues not affected by the policy it is clear that a similar reduction in SSBs were not

observed in the post-policy period. The affected and unaffected venues were not randomly

allocated, which means it is not possible to conclusively state that the changes observed are

solely due to the new policy.

It was not possible to distinguish the effects of the price increase from the health promo-

tional policies. In this study we have assessed the impact of the all measures implemented by

SCT, but we cannot conclusively assess the additional benefits of the staff training and pro-

motion in addition to the price changes. In future prospective policy evaluation designs it

would be preferable to randomise venues to different components of the policy and estimate

the incremental effectiveness of adding health promotion to a price increase in leisure

centres.

The analysis utilises routinely collected data by SCT rather than data collected for the pur-

poses of this study. While sales data are accurately recorded, attendance data relies on estima-

tion methods to account for the number of parents/carers accompanying children for lessons,

number of customers using booked sports facilities and spectators at un-ticketed events. We

rely on the methods developed over time by SCT for accounting purposes believe these repre-

sent good approximations of the number of attendances each month. Furthermore, the meth-

ods are consistent over the study period.

Further research is needed to understand how customers viewed the policy and whether the

policy affected purchasing behaviour outside of the venues. This study was not able to directly

investigate how the policy was received by visitors and what factors motivated drink choices to

reduce consumption of SSBs and switch to alternative products. Furthermore, a prospective

randomised evaluation would strengthen future investigation of food and drinks policies to

ensure that changes in behaviour are not due to other external factors.

Conclusions

This study details the impact of a SSB pricing and promotion strategy in leisure centre venues

and the findings are relevant for other leisure centres and catering facilities in public spaces.

This analysis has useful lessons on how pricing and promotion can be used to promote healthy

dietary behaviour changes in public places. Firstly, the price rises in leisure centres were effec-

tive in reducing purchases of high sugar beverages. Secondly, visual and verbal promotions of

the policy at retail points and by staff are likely to have enhanced the effectiveness of the policy

when the results are compared with other policy evaluations. Thirdly, the price elasticity of

demand is highly variable across products, with the greatest reductions in child-friendly prod-

ucts, suggesting that parent’s purchases of food and drink for children may be particularly sus-

ceptible to these campaigns. Fourthly, the evaluation identified a large increase in sales of

artificially sweetened beverages, suggesting customers are willing to substitute with diet

products.

Sugar drinks policy in public leisure centres

PLOSONE | https://doi.org/10.1371/journal.pone.0194637 May 30, 2018 10 / 12

https://doi.org/10.1371/journal.pone.0194637


Supporting information

S1 File.

(DOCX)

S2 File.

(XLSX)

Acknowledgments

The study was funded by the Medical Research Council (MC_PC_15062). The funders had no

role in study design, data collection and analysis, decision to publish, or preparation of the

manuscript. We thank Sheffield City Trust for providing access to sales and attendance data

for this study.

Author Contributions

Conceptualization: Penny Breeze, Robert Womack, Alan Brennan, Elizabeth Goyder.

Data curation: Penny Breeze, Robert Womack.

Formal analysis: Penny Breeze, Robert Pryce.

Funding acquisition: Penny Breeze, Robert Womack, Alan Brennan, Elizabeth Goyder.

Methodology: Penny Breeze, Robert Pryce.

Supervision: Robert Womack, Robert Pryce, Alan Brennan, Elizabeth Goyder.

Writing – original draft: Penny Breeze.

Writing – review & editing: Robert Womack, Robert Pryce, Alan Brennan, Elizabeth Goyder.

References
1. Sugar Reduction: The evidence for action. Public Health England; [Last Accessed 27/09/2017] URL:

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/470179/Sugar_
reduction_The_evidence_for_action.pdf

2. Tate DF, Turner-McGrievy G, Lyons E, Stevens J, Erickson K, Polzien K et al. Replacing caloric bever-
ages with water or diet beverages for weight loss in adults: main results of the Choose Healthy Options
Consciously Everyday (CHOICE) randomized clinical trial. Am J Clin Nutr 2012; 95(3):555–563. https://
doi.org/10.3945/ajcn.111.026278 PMID: 22301929

3. Greenwood DC, Threapleton DE, Evans CE, Cleghorn CL, Nykjaer C, Woodhead C et al. Association
between sugar-sweetened and artificially sweetened soft drinks and type 2 diabetes: systematic review
and dose-response meta-analysis of prospective studies. Br J Nutr 2014; 112(5):725–734. https://doi.
org/10.1017/S0007114514001329 PMID: 24932880

4. Imamura F, O’Connor L, Ye Z, Mursu J, Hayashino Y, Bhupathiraju SN et al. Consumption of sugar
sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes:
systematic review, meta-analysis, and estimation of population attributable fraction. BMJ 2015; 351:
h3576. https://doi.org/10.1136/bmj.h3576 PMID: 26199070

5. Singh GM, Micha R, Khatibzadeh S, Lim S, Ezzati M, Mozaffarian D. Estimated Global, Regional, and
National Disease Burdens Related to Sugar-Sweetened Beverage Consumption in 2010. Circulation
2015; 132(8):639–666. https://doi.org/10.1161/CIRCULATIONAHA.114.010636 PMID: 26124185

6. Colchero MA, Popkin BM, Rivera JA, Ng SW. Beverage purchases from stores in Mexico under the
excise tax on sugar sweetened beverages: observational study. BMJ 2016; 352:h6704. https://doi.org/
10.1136/bmj.h6704 PMID: 26738745

7. Cornelsen L, Mytton OT, Adams J, Gasparrini A, Iskander D, Knai C, PetticrewM, Scott C, Smith R,
Thompson C,White M, Cummins S. Change in non-alcoholic beverage sales following a 10-pence levy
on sugar-sweetened beverages within a national chain of restaurants in the UK: interrupted time series
analysis of a natural experiment. J Epidemiol Community Health 2017; 71(11):1107–1112. https://doi.
org/10.1136/jech-2017-209947 PMID: 29038317

Sugar drinks policy in public leisure centres

PLOSONE | https://doi.org/10.1371/journal.pone.0194637 May 30, 2018 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0194637.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0194637.s002
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/470179/Sugar_reduction_The_evidence_for_action.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/470179/Sugar_reduction_The_evidence_for_action.pdf
https://doi.org/10.3945/ajcn.111.026278
https://doi.org/10.3945/ajcn.111.026278
http://www.ncbi.nlm.nih.gov/pubmed/22301929
https://doi.org/10.1017/S0007114514001329
https://doi.org/10.1017/S0007114514001329
http://www.ncbi.nlm.nih.gov/pubmed/24932880
https://doi.org/10.1136/bmj.h3576
http://www.ncbi.nlm.nih.gov/pubmed/26199070
https://doi.org/10.1161/CIRCULATIONAHA.114.010636
http://www.ncbi.nlm.nih.gov/pubmed/26124185
https://doi.org/10.1136/bmj.h6704
https://doi.org/10.1136/bmj.h6704
http://www.ncbi.nlm.nih.gov/pubmed/26738745
https://doi.org/10.1136/jech-2017-209947
https://doi.org/10.1136/jech-2017-209947
http://www.ncbi.nlm.nih.gov/pubmed/29038317
https://doi.org/10.1371/journal.pone.0194637


8. Cornelsen L, Green R, Dangour A, Smith R (2015)Why fat taxes won’t make us thin. J Public Health
(Oxf) 37: 18–23. https://doi.org/10.1093/pubmed/fdu032 PMID: 24854986

9. Briggs AD, Mytton OT, Kehlbacher A, Tiffin R, Elhussein B, Rayner M et al. Health impact assessment
of the UK soft drinks industry levy: a comparative risk assessment modelling study. Lancet Public
Health 2[1], 15–22. 1-1-2017.

10. NatCen Social Research MEWLUCLMS. National Diet and Nutrition Survey Years 1–6, 2008/09-2013/
14. [data collection]. 8th Edition. UK Data Service [2017

11. CocaCola; [Last accessed 25/07/2017]; URL:http://www.coca-cola.co.uk/drinks/coca-cola/coca-cola

12. StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC.

13. StephensonWeather Data; [Last accessed 26/09/2017] URL:http://www.sheffieldweather.co.uk/
stephenson.htm

14. Briggs AD, Mytton OT, Kehlbacher A, Tiffin R, Rayner M, Scarborough P. Overall and income specific
effect on prevalence of overweight and obesity of 20% sugar sweetened drink tax in UK: econometric
and comparative risk assessment modelling study. BMJ 2013; 347:f6189. https://doi.org/10.1136/bmj.
f6189 PMID: 24179043

15. Ni MC, Eyles H, Schilling C, Yang Q, Kaye-BlakeW, Genc M et al. Food prices and consumer demand:
differences across income levels and ethnic groups. PLoS One 2013; 8(10):e75934. https://doi.org/10.
1371/journal.pone.0075934 PMID: 24098408

16. Zhen C, Finkelstein EA, Nonnemaker J, Karns S, Todd JE. Predicting the Effects of Sugar-Sweetened
Beverage Taxes on Food and Beverage Demand in a Large Demand System. Am J Agric Econ 2014;
96(1):1–25. https://doi.org/10.1093/ajae/aat049 PMID: 24839299

17. Guerrero-Lopez CM, Unar-Munguia M, Colchero MA. Price elasticity of the demand for soft drinks,
other sugar-sweetened beverages and energy dense food in Chile. BMC Public Health 2017;
17(1):180. https://doi.org/10.1186/s12889-017-4098-x PMID: 28183287

18. Hua SV, Kimmel L, Van EM, Taherian R, Remer G, Millman A et al. Health Promotion and Healthier
Products Increase Vending Purchases: A Randomized Factorial Trial. J Acad Nutr Diet 2017;
117(7):1057–1065. https://doi.org/10.1016/j.jand.2016.12.006 PMID: 28163006

19. Rutter H, Savona N, Glonti K, Bibby J, Cummins S, Finegood DT et al. The need for a complex systems
model of evidence for public health. Lancet 2017.

Sugar drinks policy in public leisure centres

PLOSONE | https://doi.org/10.1371/journal.pone.0194637 May 30, 2018 12 / 12

https://doi.org/10.1093/pubmed/fdu032
http://www.ncbi.nlm.nih.gov/pubmed/24854986
http://www.coca-cola.co.uk/drinks/coca-cola/coca-cola
http://www.sheffieldweather.co.uk/stephenson.htm
http://www.sheffieldweather.co.uk/stephenson.htm
https://doi.org/10.1136/bmj.f6189
https://doi.org/10.1136/bmj.f6189
http://www.ncbi.nlm.nih.gov/pubmed/24179043
https://doi.org/10.1371/journal.pone.0075934
https://doi.org/10.1371/journal.pone.0075934
http://www.ncbi.nlm.nih.gov/pubmed/24098408
https://doi.org/10.1093/ajae/aat049
http://www.ncbi.nlm.nih.gov/pubmed/24839299
https://doi.org/10.1186/s12889-017-4098-x
http://www.ncbi.nlm.nih.gov/pubmed/28183287
https://doi.org/10.1016/j.jand.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28163006
https://doi.org/10.1371/journal.pone.0194637

