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Abstract

Objective—We aimed to identify socio-demographic, lifestyle and behavioural determinants of 

consumption of sugar-sweetened beverages (SSBs) and artificially-sweetened beverages (ASBs) in 

adults in Cambridgeshire, UK.

Design—Cross-sectional data were obtained from a cohort of 9,991 adults born between 1950 

and 1975. A food frequency questionnaire was used to assess consumption of beverages and other 

dietary factors. Multivariable logistic regression was used to examine potential determinants of 

consuming SSBs and ASBs (≥1 serving/day).

Setting—Recruitment from general practice surgeries to participate in the ongoing population-

based Fenland Study

Subjects—Adults (n=9,991) aged 30-64 years from three areas of Cambridgeshire, UK.

Results—Prevalence estimates for daily SSB and ASB consumption were 20.4% (n=2,041) and 

8.9% (n=893), respectively. SSB consumption was more common in men than women (OR 1.33; 

95% CI 1.17, 1.50), and among those reporting lower income (<£20,000/year) than those reporting 

higher income (>£40,000/year) (OR 1.31; 95% CI 1.09, 1.58). In contrast, daily ASB consumption 

was more common among women than men (OR 1.62; 95% CI 1.34, 1.96), those on weight-loss 

diets than those who were not (OR 2.58; 95% CI 2.05, 3.24), and those reporting higher income 

than lower income (OR 1.53; 95% CI 1.16, 2.00). Factors associated with higher consumption of 

each of SSBs and ASBs included being a younger adult, being overweight/obese, having shorter 
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education, eating meals or snack foods while watching television, and skipping breakfast (p<0.05 

each).

Conclusions—Frequent consumers of SSBs and ASBs differ by several socio-demographic 

characteristics. However, increased BMI, younger age, and unhealthy eating behaviours are 

common to both groups.
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Introduction

Consumption of sugar-sweetened beverages (SSBs) has increased both internationally, and 

in the UK, in recent decades (1–3). SSBs are a major source of added sugars, and frequent 

consumption has been linked to weight gain and obesity (4–6) and risks of diabetes mellitus 

(4, 7–9), dental caries (10, 11), and other health problems (12–16). Globally, SSBs have 

been identified as a single, modifiable component of diet that can impact on preventable 

death and disability in adults (17). The importance of reducing sugar intake from SSBs has 

been highlighted in national and international public health guidance (18–20). Preventive 

actions have been initiated at a population level in the UK to begin to address the challenge, 

including awareness campaigns, food labelling recommendations, and a pledge by 

government to introduce taxation of SSBs.

The consumption of artificially-sweetened beverages (ASBs) has also increased in recent 

years in the UK and elsewhere (1, 21, 22). Although ASBs are unlikely to offer any 

nutritional benefit they are promoted as a substitute for SSBs for weight control (23). ASBs 

are considered to be a less harmful alternative to SSBs, although little is known about the 

long-term consequences of habitual ASB consumption.

There is a need to identify social and behavioural determinants of SSB and ASB 

consumption. Understanding consumers’ characteristics can help identify the groups most 

likely to benefit from public health interventions. Much of the existing research on social 

and behavioural correlates with sweetened beverage consumption has been conducted in 

North America and has focused on consumption of SSBs only, particularly among children 

and adolescents (24–27). Less is known about social and behavioural factors underlying 

sweetened beverage consumption in adults in European settings, particularly ASB 

consumption. To fill this knowledge gap, we aimed to identify the socio-demographic and 

behavioural factors associated with consumption of SSBs and ASBs in adults in a 

population-based cohort in the UK.

Methods

Study design

We conducted cross-sectional analyses in the Fenland Study, a population-based prospective 

cohort of adults born between 1950 and 1975 in Cambridgeshire, UK. The study was 
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initiated to investigate the influence of lifestyle and genetic factors on the development of 

cardiometabolic disorders (http://www.mrc-epid.cam.ac.uk/research/studies/fenland/) (28). 

Briefly, baseline recruitment and assessment were conducted over 2005-2013 for 10,452 

adults, after contacting residents listed with a participating general practice surgery in the 

Cambridge, Ely, and Wisbech areas (27% response rate). As UK adults are registered with a 

general practitioner, these registers formed a population-based sampling frame. Adults were 

not invited if they had a known diagnosis of diabetes since the purpose of the cohort was to 

examine the risk of cardiometabolic disorders. The other exclusion criteria included: 

terminal illness with a prognosis of less than one year, psychotic illness, or being pregnant, 

lactating, or unable to walk unaided. Participants gave written informed consent.

The current study sample included data on 9,991 participants aged 30-64 years. Participants 

were excluded for the following reasons: missing data on consumption of SSB or ASB 

(N=355), missing data related to nutrient intake (N=6), or implausible data related to 

nutrient intake based on responses to a food-frequency questionnaires (FFQ) (N=100). 

Implausible responses were defined by <0.5th percentile or ≥99.5th percentiles of a ratio of 

total energy intake to basal metabolic rate (29).

Assessment of dietary intake

Data on consumption of SSBs and ASBs were collected at baseline visit using a previously 

validated FFQ (30). For each of 130 food/beverage items, participants were asked to report 

frequency of consumption over the previous year by selecting one of nine categories: never 

or less than once/month, 1-3/month, once a week, 2-4/week, 5-6/week, once a day, 2-3/day, 

4-5/day, and 6 or more a day. SSB consumption was based on the sum of frequency of 

consuming two items: “fizzy soft drinks (e.g. Coca cola, lemonade)” and “fruit squash or 

cordial”. ASB consumption was based on responses to one item, “low calorie or diet fizzy 

soft drinks”.

Diet quality, a potential determinant of SSB or ASB consumption, was assessed by a score 

representing the degree of adherence to the Mediterranean diet (possible range 0 to 18). The 

score was created using responses to the FFQ and cut-offs described by Sofi et al. (31). A 

higher score was assigned if participants reported higher consumption of fruits, vegetables, 

cereals, legumes, and fish, and lower consumption of dairy products, meat and meat 

products, moderate consumption of alcohol, and more regular use of olive oil (31).

Assessment of lifestyle and eating behaviours

The Fenland Study General Questionnaire was used to assess smoking status (current, 

former, never) and the frequency of the following seven eating behaviours: eating breakfast, 

home-delivery/take-away meals, ready-made meals, home-cooked meals, meals outside of 

the home, meals while watching television, and snack foods while watching television. 

Different frequency categories were used for each of the eating behaviours. Information was 

also collected on daily intake of alcoholic beverages. Data relating to intake of beer, cider, 

wine, spirits (e.g. whiskey, vodka) and other alcoholic beverages (e.g. port, sherry) was 

collected using the FFQ, and responses were summed to calculate total servings/day of 

alcoholic beverages.
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Assessment of socio-demographic factors

Demographic variables (age, sex) and socio-economic variables were collected by 

questionnaire. Seventeen categories of ethnic origin were assessed and collapsed into two 

groups of white (97.6%) and non-white ethnicity. Education level, income, and other social 

factors were evaluated as indicators of socioeconomic conditions which relate to dietary 

habits, including daily consumption of SSBs or ASBs. These included age finishing 

education, current work status (full-time, part-time, keeping house, not currently working), 

employment type (employee, self-employed), household income (<£20,000, £20,000-

£40,000, >£40,000), marital status (single, married, separated/widowed/divorced), number 

of people in household, car ownership (yes, no), and home ownership (yes, no). Eight 

occupation types were collapsed to lower, middle, or higher socio-economic class in 

concordance with the National Statistics Socio-Economic Classification (NSSEC) (32). 

Individuals with occupations in NSSEC I/II were considered to be in the higher socio-

economic class; in NSSEC III/IV, the middle socio-economic class; and in NSSEC V/VI/

VII, the lower socio-economic class.

Anthropometry and physical activity

Body weight and height were measured objectively by trained research staff and we 

computed body mass index (BMI) as weight/height2 (kg/m2). Physical activity was 

objectively measured for six days with a combined heart rate and acceleration sensor 

(Actiheart, CamNTech, Cambridge, UK). A treadmill test was used for individual calibration 

of these data to model energy expenditure due to physical activity, expressed as metabolic 

equivalents (METs) and summarised as average hours/day spent in sedentary or resting time 

(<1.5 METs), light physical activity (≥1.5 and <3.0 METs) or moderate/vigorous physical 

activity (≥3.0 METs) (33).

Statistical analysis

All analyses were undertaken using Stata 13.1 (Stata Corp, College Station, TX, USA) (α 
two-sided=0.05). For each of SSB and ASB, participants were classified to daily consumers 

(≥1 drink/day) and non-daily consumers (<1 drink/day, including non-consumers) based on 

their responses to frequency of consumption. The association between socio-demographic 

factors and lifestyle/behavioural factors and daily or non-daily consumption of each of SSBs 

and ASBs was evaluated using logistic regression, in line with previous approaches (34–36). 

Odds ratio (OR) and 95% confidence intervals (CI) were estimated by exponentiating 

regression coefficients, followed by calculating p-values based on Wald tests.

Multivariable-adjusted logistic regression models were built sequentially. All models 

included age, sex and test site (Cambridge, Ely or Wisbech). In analysis of socio-

demographic factors as independent variables, the model included other socio-demographic 

factors simultaneously for mutual adjustment. Individual behaviour factors were not adjusted 

for in these models, as they may be intermediate factors in the associations between socio-

demographic factors and sweetened beverage consumption. For example, watching 

television may mediate the association between socio-economic status and SSB 

consumption. In analysis of lifestyle factors and eating behaviours as independent variables, 

socio-demographic variables were included in the logistic regression models as potential 
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confounders. The seven eating behaviours and BMI were evaluated categorically and also 

continuously in logistic regression models to examine a linear relationship of each of the 

variables with the odds of daily SSB and ASB consumption.

To account for correlations between SSB and ASB consumption, logistic regression models 

were additionally evaluated after including both variables together in the same model (one as 

the outcome, and the other as a covariate). We adjusted for calendar year and date of 

baseline visit, and medication use for hypertension or dyslipidaemia to assess their influence 

on results because calendar time and co-morbid status may have influenced errors in 

responses to questionnaires and distorted true associations of interest. Total energy intake 

reflects consumption of foods and beverages overall, and was thus adjusted for in the most 

adjusted model to obtain results independent of the total amount of foods consumed. To 

account for missing information on independent variables we created dummy variables 

indicating missing information and included the indicator variables in all logistic regression 

models. Chi-squared tests were used to examine whether the presence of missing data was 

associated with daily consumption of sweetened beverages.

As sensitivity analysis, we repeated analyses by classifying consumers as those consuming 

≥3 servings/day of SSB and of ASB, respectively; and by defining only fizzy drinks as 

SSBs, because fruit squash/cordial may be consumed after being diluted to contain low 

sugars. We also repeated analysis by evaluating consumers of both SSB and ASB (≥1 

serving/day for both beverage types) to characterise adults who did not consider how soft 

drinks were sweetened.

Results

Of 9,991 participants, 54.0% were women. The mean and standard deviation of age was 

47.8±7.4 years. The prevalence of obesity (BMI≥30 kg/m2) was 21.1%; of overweight (BMI 

25.0 – 29.9 kg/m2), 39.7%; of current smoking, 12.9%; and of former smokers, 32.3%. SSB 

and ASB consumption were skewed to the right (Supplementary Figure 1) and mean±sd 

servings/day of SSBs and ASBs. Daily consumption of SSBs and ASBs was reported by 

20.4% and 8.9% of participants, respectively. Among daily consumers, SSB consumption 

and ASB consumption were 2.2±1.4 servings/day and 2.0±1.3 servings/day on average, 

respectively.

In unadjusted analysis, daily SSB consumption was positively associated with being male, 

whereas daily ASB consumption was positively associated with being female (p<0.001) 

(Table 1 and 2). SSB and ASB consumption were similarly associated with younger age, 

white ethnicity, and all eating behaviours (p<0.001 each), apart from eating outside of the 

home (p>0.1). Mean BMI was higher among daily SSB consumers than SSB non-consumers 

(27.6±5.0 and 26.6±4.7 kg/m2, respectively) and daily ASB consumers than ASB non-

consumers (29.5±5.6 and 26.6±4.6 kg/m2).

In multivariable-adjusted analysis, daily SSB consumers were significantly more likely to be 

men, of lower socio-economic class, and have younger age of finishing education (Table 3). 

They were less likely to own their home and more likely to have lower household income 
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and live in a larger household. Daily consumption of ASBs showed significant associations 

with age finishing full-time education, but not with socio-economic class and home 

ownership. Longer duration of education was associated with lesser SSB and ASB 

consumption (OR=0.52 and 0.43, respectively, in comparison between extreme categories). 

Significant trends in an opposing direction for SSB and ASB were observed for sex and 

household income. Comparing men with women, OR for daily consumption of ASB was 

0.66 (95% CI 0.56, 0.79); and of SSB, 1.33 (95% CI 1.17, 1.50). Comparing those with 

higher income to those with lower income, OR for daily consumers of SSB and of ASB 

were 0.76 (95% CI 0.63, 0.91) and 1.53 (95% CI 1.16, 2.00), respectively.

Results for lifestyle characteristics are presented in Table 4. Obese or overweight adults 

were more likely to consume SSBs and ASBs, than normal weight adults. Current smoking 

was associated with lesser likelihood of consuming SSBs daily, with OR 0.79 (95% CI 0.66, 

0.93) compared to non-smokers. Those on weight-loss diet were more likely to consume 

ASBs daily, with OR 2.58 (95% CI 2.05, 3.24), compared to those not on a weight-loss diet. 

Among eating behaviours (Figure 1), skipping breakfast and having meals or snacks while 

watching television were associated with daily consumption of SSBs or ASBs (p<0.02).

After adjustment for socio-demographic factors, ASB consumption and SSB consumption 

were modestly correlated (r=0.13). In additional analyses including SSB or ASB 

consumption as a covariate, results changed little. Results were not altered materially after 

adjustment for total energy intake, calendar year or date of baseline visit, or medications for 

hypertension or dyslipidaemia.

Having missing information (i.e. at least one exposure variable missing) was not 

significantly associated with daily consumption of SSBs (χ2=0.02; p=0.88) or ASBs 

(χ2=3.32; p=0.07). Not adjusting for the missing variable indicator had little influence on 

the main results. Evaluating ≥3 servings/day as a cut-point for SSB and ASB consumption 

or excluding fruit squash/cordial from SSB definition, estimates became imprecise, but were 

generally similar to those in the primary analysis (Supplementary Table 1 and 2). As 

exception, by contrast to the primary findings, ≥3 servings/day of ASBs was significantly 

associated with former smoking history, lower alcohol drinking and lower diet quality 

(Mediterranean diet score) (p<0.05). Evaluating ≥1 servings/day of both SSB and ASB as an 

outcome (n=307, 3.1%), one third of daily consumers of ASBs (n=893) reported daily SSB 

consumption, while approximately 15% of SSB consumers reported daily ASB 

consumption, and trends of associations were generally similar to the findings for ASBs with 

wide confidence intervals (Supplementary Table 1 and 2).

Discussion

In this study of 9,991 adults in Cambridgeshire, UK, one in five adults reported daily 

consumption of SSB, and one in ten adults reported daily consumption of ASB. Although 

daily consumers of SSBs and ASBs shared many socio-demographic characteristics, a key 

difference between groups was the finding that having a lower household income was 

associated with higher SSB consumption, but with lower ASB consumption. In addition to 

socio-demographic factors such as age and education, modifiable factors were significantly 
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associated with higher consumption of both SSBs and ASBs, including being overweight or 

obese, eating meals or snack foods while watching television, and skipping breakfast.

SSB consumption

Some of our findings relating to SSB consumption were consistent with existing studies 

which reported positive associations with younger age, men, a lower level of education and a 

lower household income (3, 34, 35, 37–40). Our study was consistent with previous studies 

that reported positive associations of frequent SSB consumption with higher BMI (4–6, 41), 

less frequent alcohol consumption (35), and eating meals or snack foods in front of the 

television (26, 36, 42, 43). Habitual SSB consumption exerts adverse health effects, and its 

association with lower household income may therefore worsen health outcomes for 

disadvantaged groups.

Some of the current findings were not consistent with the existing literature, which might 

reflect differences in population and methodology. We did not observe a significant 

association of SSB consumption with socio-economic classes after adjustment for other 

demographic variables, whereas other European studies reported higher SSB consumption 

among those of lower socio-economic groups (44–46). This could be partly explained by the 

differences in the definitions of socio-economic class that were used across studies (45, 46), 

or it may be because the current study controlled for more covariates. We identified home 

ownership and the number of household members as significant determinants of SSB 

consumption in this study, independent of socio-economic class. Home ownership may act 

as a proxy for relative affluence, and has not been explored as an independent covariate in 

similar studies. The positive association with household size suggests that adults living with 

children may be more frequent consumers of SSBs. Since children consume more SSBs than 

any other age group in the UK (47), parents living with children may purchase and consume 

more SSBs than those who are not living with children, as supported by a UK national 

survey (39) and previous American studies (48, 49). This finding highlights the potential 

benefit of considering family-based interventions to reduce SSB consumption.

Previous evidence suggests that SSB consumers tend to have generally unhealthy lifestyles 

(35, 37, 50, 51). This was not observed in our study, where daily SSB consumption was 

associated with greater physical activity and lesser alcohol consumption. The finding for 

physical activity might reflect that physically active adults consume more sports/energy 

drinks, which are SSBs. The lower consumption of alcoholic beverages may be due to a 

substitution effect. This might be influenced by the type of alcoholic beverages consumed, 

as some people who consume spirits may also consume SSBs as mixers. Further research on 

the details of such substitution effects will be valuable.

Our finding of an inverse association between current smoking and daily SSB consumption 

also contrasts with previous studies (34, 35, 51–53). Our study supports that smokers have 

less appetite to consume caloric beverages and foods (54) and may avoid consuming SSBs 

and other perceived unhealthy products to “compensate” for their smoking. Although such 

mechanisms are not proven, our findings indicate the need for population-specific 

monitoring and intervention to reduce SSB consumption among adults, particularly when 
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they are trying to make other lifestyle changes such as quitting smoking or starting an 

exercise programme.

Eating meals or snacking while watching television were related to SSB consumption, while 

eating takeaway meals or eating outside the home were not significantly related, inconsistent 

with previous studies (26, 55–58). As discussed above, the inconsistency may reflect 

differences in available variables for statistical adjustment and population demographics. 

Additional research is warranted in different populations, evaluating socioeconomic and 

behavioural variables that were previously under-studied, but identified in our study to be 

important as potential determinants of SSB consumption.

ASB consumption

There have been fewer studies on determinants of ASB consumption than SSB consumption, 

but despite limited literature, our study and previous work consistently found that ASB 

consumption was higher among women and younger adults (21, 34, 38–40, 59), those of 

white ethnicity and higher household income (21, 60), and was more common among adults 

with higher BMI, and those on weight-loss diets (3, 34, 60).

Lower educational attainment (younger age finishing education) was associated with higher 

ASB consumption in this study, similar to SSB consumption. This finding was opposite to 

two previous studies in Belgium and the UK (34, 39), possibly reflecting the difference in 

education attainment between the study populations. Whereas our study population had 

longer duration of education than the national average (61), the prior UK study, the Low 

Income Diet and Nutrition Survey (LIDNS), examined the nation’s most socially deprived 

households (39) and the Belgian study recruited men who were less educated than the 

Belgian average (62). We found no significant association of ASB consumption with 

household size. This was inconsistent with LIDNS’ finding of high ASB consumption in 

households without children (39). These observations indicate heterogeneity in determinants 

of beverage consumption across socio-demographic characteristics and indicate the 

challenges in designing potential interventions which account for this heterogeneity.

ASB consumption was strongly associated with overweight or obesity, skipping breakfast, 

and being on a weight-loss diet, but not associated with physical activity levels, consistent 

with findings previously reported in non-UK settings (34, 60). Consumption of ≥3 

servings/day of ASBs was associated with former smoking and lower diet quality; and one 

third of ASB consumers reported daily SSB consumption. This suggests that individuals 

may habitually consume ASBs for weight management or general health after quitting 

smoking, but without regard for improvement in diet quality and physical activity levels. 

While confirmation of this finding in a general population is needed, this has potential 

implications for dietary or weight loss programmes which aim to improve health outcomes 

through delivery of information and health promotion interventions.

Eating behaviours such as consuming meals or snacks while watching television were 

related to ASB consumption, in line with a previous US-based study which reported that 

persons who purchased the most ASBs also purchased the largest amount of snack foods 

(63). Another American study reported that about 20% of total caloric intake among ASB 
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consumers was from snack foods (60). This supports that, independent of any direct health 

effects, ASB consumers may need to be recognised as those with clustering of potentially 

unhealthy dietary behaviours.

Strengths and limitations

The large size of this study provided adequate precision in our estimates. The study included 

a larger number of potential confounders than previous similar studies (34–36). This allowed 

a more thorough statistical adjustment, and provided detailed insight into the characteristics 

of SSB and ASB consumers, including important behavioural factors in addition to socio-

demographic factors. No previous literature was identified for some of the associations in 

this study, particularly relating to ASB consumption. For these and other characteristics the 

study helps to fill a gap in the existing evidence.

There are a number of limitations to our study. As this study was cross-sectional, causality is 

limited in our findings of associations. Therefore, we cannot rule out that current social 

factors (e.g. income), for example, were driven by habitual, long-term dietary habit with 

high SSB consumption and obesity. Moreover, appreciable changes in the pattern of 

sweetened beverage consumption over time may not have been discerned. Although 

statistical adjustment might partly reduce measurement errors of dietary exposure, there 

might be errors in measurements of beverage consumption due to participants’ interpretation 

of a serving size and habitual consumption, including possible under-estimation. Participants 

may not have thought to report their consumption of some sweetened beverages (e.g. sports 

drinks) as the FFQ might have prompted respondents to mostly consider carbonated soft 

drinks and fruit cordials. Pure fruit juices were not included in the study, and it is possible 

that respondents misclassified some SSBs as fruit juice. We could not rule out bias due to 

missing data, but the use of modelled indicator variables did not suggest discernible 

differences in characteristics. Seasonality of beverage consumption, as well as of lifestyle 

and dietary behaviours, was not interrogated in this study. Although the FFQ was intended to 

reflect average habitual dietary consumption over a year, the accuracy of responses is limited 

by participants’ memory and may be influenced by recall of recent beverage intake, which 

may in turn be affected by recent weather. This may have led to additional variability in 

measurements. The differences in SSB consumption across sites in this study may reflect 

unmeasured societal factors, including area-level characteristics. Wisbech has a higher area-

specific Index of Multiple Deprivation score compared with Ely and Cambridge (64). All 

socio-demographic variables evaluated in this study were at the individual level, and this 

may have led to residual confounding in our findings.

Generalisability may be limited as the participation rate was low (27%). The study 

population did not include people younger than 30 years old where the consumption of 

sweetened beverages is higher, people with diabetes were excluded, and overall the recruited 

study participants might be healthier than the general population, being less likely to be 

current smokers (12.9%) and overweight/obese (60.8%) than the general population in 

Cambridgeshire (16.4% and 63.6%, respectively) (64). Although the study population might 

be healthier than the general population, unhealthy behaviours were nonetheless detected. 

For example, more than two thirds of participants reported eating meals or snacks while 
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watching television at least once a week, and more than 30% skipped breakfast at least twice 

a week. Given the relatively high prevalence of sweetened beverage consumption observed, 

our study is unlikely to over-state needs for future interventions on such eating behaviours 

related to beverage consumption in the general population.

Implications

Our findings may help to inform strategies aiming to reduce consumption of sweetened 

beverages among adults. Population-based interventions, such as nutrition labelling, menu 

labelling and health warnings need to allow for the lower level of education of frequent 

consumers of SSBs and ASBs. Labelling needs to be intelligible to all consumers, as those 

with lower education may have lesser comprehension of nutrition labels (65). Restricting 

television advertising of sweetened beverages may help to reduce consumption in the home, 

particularly given the higher levels of consumption among those who eat in front of the 

television.

Our findings support that while SSB taxation may be regressive, disproportionately affecting 

lower-income groups, the health benefits would be progressive in these groups given their 

higher levels of consumption and given that these groups were more likely to be obese in our 

study. However, taxation may not influence the other unhealthy eating behaviours observed 

among frequent sweetened beverage consumers.

Conclusions

This study provides the first detailed insight into social and behavioural determinants of SSB 

and ASB consumption in a UK population. The findings help to clarify those who stand to 

benefit most from further public health interventions, and support that future efforts to 

reduce sweetened beverage consumption warrant targeting of individuals’ behaviours as well 

as environmental influences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We thank all participants and staff of the Fenland Study including the Fenland Study Coordination, Field 
Epidemiology, and Data Management teams. We thank Dr Laura O’Connor at Medical Research Council 
Epidemiology Unit, University of Cambridge, for inputs at the planning stage of analysis.

Financial support: The Fenland Study was funded by the Medical Research Council and the Wellcome Trust. This 
work was supported by MRC Epidemiology Unit core funding (MC_UU_12015/1 and MC_UU_12015/5). The 
funders had no role in the design, analysis or writing of this article.

References

1. Ng SW, Ni Mhurchu C, Jebb SA, Popkin BM. Patterns and trends of beverage consumption among 
children and adults in Great Britain, 1986-2009. Br J Nutr. 2012; 108(3):536–51. [PubMed: 
22186747] 

2. Nielsen SJ, Popkin BM. Changes in beverage intake between 1977 and 2001. American journal of 
preventive medicine. 2004; 27(3):205–10. [PubMed: 15450632] 

Barrett et al. Page 10

Public Health Nutr. Author manuscript; available in PMC 2018 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



3. Bleich SN, Wang YC, Wang Y, Gortmaker SL. Increasing consumption of sugar-sweetened 
beverages among US adults: 1988-1994 to 1999-2004. Am J Clin Nutr. 2009; 89(1):372–81. 
[PubMed: 19056548] 

4. Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, Hu FB. Sugar-sweetened beverages and 
risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes Care. 2010; 33(11):
2477–83. [PubMed: 20693348] 

5. Hu FB, Malik VS. Sugar-sweetened beverages and risk of obesity and type 2 diabetes: 
epidemiologic evidence. Physiol Behav. 2010; 100(1):47–54. [PubMed: 20138901] 

6. Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight gain: a systematic 
review. The American journal of clinical nutrition. 2006; 84(2):274–88. [PubMed: 16895873] 

7. InterAct Consortium. Consumption of sweet beverages and type 2 diabetes incidence in European 
adults: results from EPIC-InterAct. Diabetologia. 2013; 56(7):1520–30. [PubMed: 23620057] 

8. O'Connor L, Imamura F, Lentjes MA, Khaw KT, Wareham NJ, Forouhi NG. Prospective 
associations and population impact of sweet beverage intake and type 2 diabetes, and effects of 
substitutions with alternative beverages. Diabetologia. 2015; 58(7):1474–83. [PubMed: 25944371] 

9. 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 
(Clinical research ed). 2015; 351:h3576.

10. Bernabe E, Vehkalahti MM, Sheiham A, Aromaa A, Suominen AL. Sugar-sweetened beverages 
and dental caries in adults: A 4-year prospective study. Journal of dentistry. 2014

11. Park S, Lin M, Onufrak S, Li R. Association of Sugar-Sweetened Beverage Intake during Infancy 
with Dental Caries in 6-year-olds. Clin Nutr Res. 2015; 4(1):9–17. [PubMed: 25713788] 

12. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC, Hu FB. Sweetened beverage 
consumption, incident coronary heart disease, and biomarkers of risk in men. Circulation. 2012; 
125(14):1735–41. S1. [PubMed: 22412070] 

13. Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB. Sweetened beverage 
consumption and risk of coronary heart disease in women. Am J Clin Nutr. 2009; 89(4):1037–42. 
[PubMed: 19211821] 

14. Larsson SC, Bergkvist L, Wolk A. Consumption of sugar and sugar-sweetened foods and the risk 
of pancreatic cancer in a prospective study. Am J Clin Nutr. 2006; 84(5):1171–6. [PubMed: 
17093171] 

15. McGartland C, Robson PJ, Murray L, Cran G, Savage MJ, Watkins D, et al. Carbonated soft drink 
consumption and bone mineral density in adolescence: the Northern Ireland Young Hearts project. 
J Bone Miner Res. 2003; 18(9):1563–9. [PubMed: 12968664] 

16. Choi HK, Curhan G. Soft drinks, fructose consumption, and the risk of gout in men: prospective 
cohort study. BMJ (Clinical research ed). 2008; 336(7639):309–12.

17. 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):639–66. [PubMed: 26124185] 

18. NICE. NICE public health guidance 35. Preventing type 2 diabetes: population and community-
level interventions. Manchester: National Institute for Health and Care Excellence; 2011. 

19. Sugar reduction. Responding to the challenge. London: Public Health England; 2014. 

20. Guideline: Sugars intake for adults and children. Geneva: World Health Organization; 2015. 

21. Fakhouri TH, Kit BK, Ogden CL. Consumption of diet drinks in the United States, 20092010. 
NCHS Data Brief. 2012; (109):1–8.

22. Duffey KJ, Popkin BM. Shifts in patterns and consumption of beverages between 1965 and 2002. 
Obesity (Silver Spring). 2007; 15(11):2739–47. [PubMed: 18070765] 

23. Tate DF, Turner-McGrievy G, Lyons E, Stevens J, Erickson K, Polzien K, et al. Replacing caloric 
beverages 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):555–63. [PubMed: 22301929] 

Barrett et al. Page 11

Public Health Nutr. Author manuscript; available in PMC 2018 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



24. Kit BK, Fakhouri TH, Park S, Nielsen SJ, Ogden CL. Trends in sugar-sweetened beverage 
consumption among youth and adults in the United States: 1999-2010. The American journal of 
clinical nutrition. 2013; 98(1):180–8. [PubMed: 23676424] 

25. Dodd AH, Briefel R, Cabili C, Wilson A, Crepinsek MK. Disparities in consumption of sugar-
sweetened and other beverages by race/ethnicity and obesity status among United States 
schoolchildren. J Nutr Educ Behav. 2013; 45(3):240–9. [PubMed: 23414783] 

26. Park S, Blanck HM, Sherry B, Brener N, O'Toole T. Factors associated with sugar-sweetened 
beverage intake among United States high school students. The Journal of nutrition. 2012; 142(2):
306–12. [PubMed: 22223568] 

27. Danyliw AD, Vatanparast H, Nikpartow N, Whiting SJ. Beverage intake patterns of Canadian 
children and adolescents. Public Health Nutr. 2011; 14(11):1961–9. [PubMed: 21729471] 

28. Burgoine T, Forouhi NG, Griffin SJ, Wareham NJ, Monsivais P. Associations between exposure to 
takeaway food outlets, takeaway food consumption, and body weight in Cambridgeshire, UK: 
population based, cross sectional study. BMJ (Clinical research ed). 2014; 348:g1464.

29. Welch AA, Luben R, Khaw KT, Bingham SA. The CAFE computer program for nutritional 
analysis of the EPIC-Norfolk food frequency questionnaire and identification of extreme nutrient 
values. J Hum Nutr Diet. 2005; 18(2):99–116. [PubMed: 15788019] 

30. Bingham SA, Welch AA, McTaggart A, Mulligan AA, Runswick SA, Luben R, et al. Nutritional 
methods in the European Prospective Investigation of Cancer in Norfolk. Public health nutrition. 
2001; 4(3):847–58. [PubMed: 11415493] 

31. Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status: an 
updated meta-analysis and a proposal for a literature-based adherence score. Public Health Nutr. 
2013:1–14.

32. Malhotra SL. Faecal urobilinogen levels and pH of stools in population groups with different 
incidence of cancer of the colon, and their possible role in its aetiology. JRSocMed. 1982; 75:709–
14.

33. Brage S, Westgate K, Franks PW, Stegle O, Wright A, Ekelund U, et al. Estimation of Free-Living 
Energy Expenditure by Heart Rate and Movement Sensing: A Doubly-Labelled Water Study. PloS 
one. 2015; 10(9):e0137206. [PubMed: 26349056] 

34. Mullie P, Aerenhouts D, Clarys P. Demographic, socioeconomic and nutritional determinants of 
daily versus non-daily sugar-sweetened and artificially sweetened beverage consumption. Eur J 
Clin Nutr. 2012; 66(2):150–5. [PubMed: 21829215] 

35. Park S, Pan L, Sherry B, Blanck HM. Consumption of sugar-sweetened beverages among US 
adults in 6 states: Behavioral Risk Factor Surveillance System, 2011. Prev Chronic Dis. 2014; 
11:E65. [PubMed: 24762529] 

36. Rehm CD, Matte TD, Van Wye G, Young C, Frieden TR. Demographic and behavioral factors 
associated with daily sugar-sweetened soda consumption in New York City adults. J Urban Health. 
2008; 85(3):375–85. [PubMed: 18347992] 

37. Nikpartow N, Danyliw AD, Whiting SJ, Lim HJ, Vatanparast H. Beverage consumption patterns of 
Canadian adults aged 19 to 65 years. Public Health Nutr. 2012; 15(12):2175–84. [PubMed: 
22931911] 

38. Storey ML, Forshee RA, Anderson PA. Beverage consumption in the US population. Journal of the 
American Dietetic Association. 2006; 106(12):1992–2000. [PubMed: 17126630] 

39. Low income diet and nutrition survey. Volume 2 Food consumption. Nutrient intake. A survey 
carried out on behalf of the Food Standards Agency. Norwich: Food Standards Agency; 2007. 

40. Paulsen MM, Myhre JB, Andersen LF. Beverage Consumption Patterns among Norwegian Adults. 
Nutrients. 2016; 8(9)

41. Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in children and 
adults: a systematic review and meta-analysis. Am J Clin Nutr. 2013; 98(4):1084–102. [PubMed: 
23966427] 

42. Grontved A, Hu FB. Television viewing and risk of type 2 diabetes, cardiovascular disease, and all-
cause mortality: a meta-analysis. JAMA. 2011; 305(23):2448–55. [PubMed: 21673296] 

Barrett et al. Page 12

Public Health Nutr. Author manuscript; available in PMC 2018 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



43. Vereecken CA, Todd J, Roberts C, Mulvihill C, Maes L. Television viewing behaviour and 
associations with food habits in different countries. Public Health Nutr. 2006; 9(2):244–50. 
[PubMed: 16571179] 

44. McCartney DM, Younger KM, Walsh J, O'Neill M, Sheridan C, Kearney JM. Socio-economic 
differences in food group and nutrient intakes among young women in Ireland. Br J Nutr. 2013; 
110(11):2084–97. [PubMed: 23721781] 

45. Hulshof KF, Brussaard JH, Kruizinga AG, Telman J, Lowik MR. Socio-economic status, dietary 
intake and 10 y trends: the Dutch National Food Consumption Survey. Eur J Clin Nutr. 2003; 
57(1):128–37. [PubMed: 12548307] 

46. Laitinen S, Rasanen L, Viikari J, Akerblom HK. Diet of Finnish children in relation to the family's 
socio-economic status. Scand J Soc Med. 1995; 23(2):88–94. [PubMed: 7676224] 

47. National Diet and Nutrition Survey Results from Years 1, 2, 3 and 4 (combined) of the Rolling 
Programme (2008/2009 - 2011/2012). A survey carried out on behalf of Public Health England 
and the Food Standards Agency. London: Public Health England, Food Standards Agency; 2014. 

48. Berge JM, Larson N, Bauer KW, Neumark-Sztainer D. Are parents of young children practicing 
healthy nutrition and physical activity behaviors? Pediatrics. 2011; 127(5):881–7. [PubMed: 
21482603] 

49. Sharkey JR, Johnson CM, Dean WR. Less-healthy eating behaviors have a greater association with 
a high level of sugar-sweetened beverage consumption among rural adults than among urban 
adults. Food Nutr Res. 2011; 55

50. Duffey KJ, Gordon-Larsen P, Steffen LM, Jacobs DR Jr, Popkin BM. Drinking caloric beverages 
increases the risk of adverse cardiometabolic outcomes in the Coronary Artery Risk Development 
in Young Adults (CARDIA) Study. Am J Clin Nutr. 2010; 92(4):954–9. [PubMed: 20702604] 

51. Park S, Sherry B, Foti K, Blanck HM. Self-reported academic grades and other correlates of sugar-
sweetened soda intake among US adolescents. J Acad Nutr Diet. 2012; 112(1):125–31. [PubMed: 
22709642] 

52. Park S, Onufrak S, Blanck HM, Sherry B. Characteristics associated with consumption of sports 
and energy drinks among US adults: National Health Interview Survey, 2010. J Acad Nutr Diet. 
2013; 113(1):112–9. [PubMed: 23260728] 

53. Kvaavik E, Andersen LF, Klepp KI. The stability of soft drinks intake from adolescence to adult 
age and the association between long-term consumption of soft drinks and lifestyle factors and 
body weight. Public Health Nutr. 2005; 8(2):149–57. [PubMed: 15877908] 

54. Hughes JR. Effects of abstinence from tobacco: etiology, animal models, epidemiology, and 
significance: a subjective review. Nicotine Tob Res. 2007; 9(3):329–39. [PubMed: 17365765] 

55. Ayala GX, Rogers M, Arredondo EM, Campbell NR, Baquero B, Duerksen SC, et al. Away-from-
home food intake and risk for obesity: examining the influence of context. Obesity (Silver Spring). 
2008; 16(5):1002–8. [PubMed: 18309297] 

56. Wilcox S, Sharpe PA, Turner-McGrievy G, Granner M, Baruth M. Frequency of consumption at 
fast-food restaurants is associated with dietary intake in overweight and obese women recruited 
from financially disadvantaged neighborhoods. Nutr Res. 2013; 33(8):636–46. [PubMed: 
23890353] 

57. Verzeletti C, Maes L, Santinello M, Vereecken CA. Soft drink consumption in adolescence: 
associations with food-related lifestyles and family rules in Belgium Flanders and the Veneto 
Region of Italy. Eur J Public Health. 2010; 20(3):312–7. [PubMed: 19805507] 

58. Myhre JB, Loken EB, Wandel M, Andersen LF. Eating location is associated with the nutritional 
quality of the diet in Norwegian adults. Public Health Nutr. 2014; 17(4):915–23. [PubMed: 
23481490] 

59. Duffey KJ, Popkin BM. Adults with healthier dietary patterns have healthier beverage patterns. J 
Nutr. 2006; 136(11):2901–7. [PubMed: 17056820] 

60. Bleich SN, Wolfson JA, Vine S, Wang YC. Diet-beverage consumption and caloric intake among 
US adults, overall and by body weight. American journal of public health. 2014; 104(3):e72–8.

61. Kay RM, Jacobs M, Katan MB, Lewis B. Relationship between changes in plasma lipoprotein 
concentrations and fecal steroid excretion in man during consumption of four experimental diets. 
Atherosclerosis. 1985; 55:15–23. [PubMed: 2988576] 

Barrett et al. Page 13

Public Health Nutr. Author manuscript; available in PMC 2018 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



62. Education at a Glance 2012: Highlights. Paris: OECD; 2012. 

63. Binkley J, Golub A. Comparison of grocery purchase patterns of diet soda buyers to those of 
regular soda buyers. Appetite. 2007; 49(3):561–71. [PubMed: 17490785] 

64. Cambridgeshire Health Profile 2016. Public Health England; 2016. 

65. Cowburn G, Stockley L. Consumer understanding and use of nutrition labelling: a systematic 
review. Public Health Nutr. 2005; 8(1):21–8. [PubMed: 15705241] 

Barrett et al. Page 14

Public Health Nutr. Author manuscript; available in PMC 2018 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. 
Associations of dietary habits with daily consumption of sugar sweetened beverages in the 

Fenland Study. Odds ratios were adjusted for demographic and socioeconomic factors and 

mutually adjusted for different dietary habits presented here.
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Figure 2. 
Associations of dietary habits with daily consumption of artificially sweetened beverages in 

the Fenland Study. Odds ratios were adjusted for demographic and socioeconomic factors 

and mutually adjusted for different dietary habits presented here.
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Table 1

Socio-demographic characteristics of participants stratified by daily consumption of sugar-sweetened 

beverages and artificially-sweetened beverages: The Fenland Study (n=9,991)

Sugar-sweetened beverages* Artificially-sweetened beverages*

Daily Less than daily p Daily Less than daily p

n=2,041 n=7,950 n=893 n=9,098

Age, years 45.8 48.4 <0.001 46.6 48.0 <0.001

Sex, % women 49.8 55.0 <0.001 62.0 53.1 <0.001

Test site, %

  Cambridge 24.4 36.4 20.8 35.2

  Ely 40.4 37.1 40.9 37.5

  Wisbech 35.2 26.5 <0.001 38.3 27.3 <0.001

Ethnicity, %

  White 92.4 90.7 91.8 91.0

  Non-white 0.9 2.8 0.8 2.5

  Unknown 6.7 6.5 <0.001 7.4 6.5 <0.001

Age finishing education, %†

  ≤16 years 45.9 37.9 47.9 38.7

  17-19 years 27.0 23.8 30.4 23.9

  20-23 years 18.3 23.8 14.7 23.4

  ≥24 years 6.4 11.7 <0.001 5.0 11.1 <0.001

Socio-economic class, %

  Lower 32.0 23.9 25.8 25.5

  Middle 18.7 18.6 24.2 18.1

  Higher 43.0 51.0 42.6 50.0

  Unknown 6.4 6.6 <0.001 7.5 6.4 <0.001

Current work status, %†

  Full-time work 64.4 64.3 64.8 64.3

  Part-time work 17.7 16.8 16.5 17.1

  Keeping house 10.0 9.6 11.3 9.5

  Not currently working 7.7 9.0 0.32 6.9 8.9 0.097

Employment type, %†

  Employee 78.6 78.2 82.0 77.9

  Self-employed 20.8 20.8 0.48 17.0 21.2 0.009

Household income†

  <£20,000 15.2 12.9 11.3 13.6

  £20,000-£40,000 37.4 34.6 37.9 34.9

  >£40,000 44.7 49.6 <0.001 48.7 48.5 0.064

Marital status, %

  Single 6.3 7.0 4.9 7.1

  Married 58.1 58.5 55.7 58.7
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Sugar-sweetened beverages* Artificially-sweetened beverages*

Daily Less than daily p Daily Less than daily p

n=2,041 n=7,950 n=893 n=9,098

  Separated/widowed/divorced 5.8 6.9 5.9 6.8

  Unknown‡ 29.8 27.6 0.064 33.5 27.5 <0.001

No. of people in household, %

  1 person 6.5 9.4 6.6 9.0

  2 people 25.3 31.9 29.5 30.6

  3 people 22.1 18.2 19.7 18.9

  4 people or more 39.6 34.0 36.7 35.0

  Unknown 6.7 6.5 <0.001 7.5 6.5 0.077

Car ownership, % †

  No 5.3 7.0 3.7 6.9

  Yes 94.5 92.8 0.009 96.1 92.9 <0.001

Home ownership, %

  No 3.8 4.4 3.4 4.4

  Yes 88.0 88.0 89.6 87.8

  Unknown 8.2 7.6 0.153 7.1 7.8 0.812

*
Values are percentage of each characteristic among daily consumers or non-daily consumers, except age (years). P values were computed by 

logistic regression analysis in which daily consumption (yes or no) was an outcome, and each characteristic was a predictor.

†
Missing information among <5% of adults is not presented.

‡
Marital status was not assessed among 28.0% of the study population because a questionnaire for those participants did not include the question 

about marital status, but was revised to include the question for the rest of the participants.we did not
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Table 2

Lifestyle/behavioural characteristics of participants by daily consumption of sugar-sweetened beverages and 

artificially-sweetened beverages: The Fenland Study (n=9,991)

Sugar-sweetened beverages* Artificially-sweetened beverages*

Daily Less than daily p Daily Less than daily p

n=2,041 n=7,950 n=893 n=9,098

Body mass index group, %

   <25 kg/m2 33.3 40.8 20.5 41.1

   ≥25 and <30 kg/m2 39.8 39.6 39.8 39.6

   ≥30 and <35 kg/m2 19.2 14.2 25.1 14.3

   ≥35 kg/m2 7.7 5.4 <0.001 14.7 5.0 <0.001

Physical activity (PA), hours/day

   Sedentary time 16.1 (2.5) 16.6 (2.4) <0.001 16.4 (2.4) 16.5 (2.4) 0.17

   Light PA 6.0 (1.9) 5.7 (1.8) <0.001 6.0 (1.9) 5.8 (1.8) <0.001

   Moderate or vigorous PA 1.9 (1.5) 1.7 (1.3) <0.001 1.6 (1.3) 1.7 (1.3) 0.004

Alcoholic beverages, servings/day 0.7 (1.0) 0.8 (1.1) <0.001 0.7 (1.1) 0.8 (1.1) 0.017

Mediterranean diet score† 6.4 (2.2) 6.7 (2.2) <0.001 6.4 (2.2) 6.7 (2.2) <0.001

Smoking, %

   Current smoker 13.1 12.8 14.2 12.7

   Ex-smoker 32.0 32.4 34.4 32.1

   Never smoked 54.0 53.5 0.22 50.3 54.0 0.19

Anti-hypertensive drug use, %

   No 68.1 65.7 67.5 66.03

   Yes 7.8 7.5 9.1 7.4

   Unknown 24.1 26.8 0.045 23.4 26.5 0.47

Lipid-lowering drug use, %

   No 97.0 96.8 96.2 96.9

   Yes 3.0 3.1 3.8 3.0

   Unknown <0.1 0.0 0.47 <0.1 0.0 0.40

On weight-reducing diet, %‡

   Yes 6.2 5.4 15.0 4.6

   No 93.8 94.6 0.14 85.0 95.4 <0.001

Eating breakfast, %

   Never/rarely 11.5 9.5 13.4 9.6

   1-2 times/week 10.3 8.3 11.8 8.4

   3-5 times/week 11.9 11.0 13.7 10.9

   >5 times/week 66.2 71.1 <0.001 61.1 71.0 <0.001

Eating home delivery/takeaway meals, %§

   Never/rarely 60.7 70.2 57.5 69.3

   1-2 times/week 33.1 23.6 36.6 24.4

   ≥3 times/week 6.1 6.0 <0.001 5.7 6.0 <0.001
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Sugar-sweetened beverages* Artificially-sweetened beverages*

Daily Less than daily p Daily Less than daily p

n=2,041 n=7,950 n=893 n=9,098

Eating ready-made meals, %§

   Never/rarely 53.3 58.9 50.3 58.5

   1-2 times/week 40.0 35.2 42.0 35.6

   ≥3 times/week 6.4 5.6 <0.001 7.4 5.6 <0.001

Eating home-cooked meals, %§

   ≤2 times/week 7.3 6.2 10.0 6.1

   3-5 times/week 38.9 31.6 40.9 32.3

   >5 times/week 53.8 62.1 <0.001 49.2 61.5 <0.001

Eating outside of the home, %§

   Less than once/week 70.5 68.0 66.7 68.7

   Once/week 22.0 23.5 25.2 23.0

   ≥2 times/week 7.5 8.5 0.14 8.0 8.3 0.49

Eating meals while watching television, %§

   Less than once/week 28.9 34.0 25.0 33.8

   Once/week 12.5 12.4 10.9 12.6

   2-4 times/week 27.2 25.1 28.0 25.3

   ≥5 times/week 31.2 28.2 <0.001 36.1 28.1 <0.001

Eating snack foods while watching television, %§

   Never/rarely 22.2 32.2 17.9 31.3

   Occasionally 62.9 56.6 62.6 57.4

   Usually/always 15.0 11.1 <0.001 19.5 11.2 <0.001

*
Values are mean (standard deviation) for continuous variables and proportions for categorical variables. P values were computed by crude logistic 

regression analysis relating daily consumption of sugar-sweetened beverages or artificially sweetened beverages (yes or no) to each characteristic.

†
Mediterranean diet score was an 18-point scale representing adherence to the Mediterranean diet, used as a marker of diet quality.

‡
Participants were considered to be on a weight-reducing diet if they responded that they were on any of the following diets: “Weight watchers”, 

“Slimming world”, low-fat diet, low-carbohydrate diet (e.g. “Atkins diet”).

§
Missing information among <5% of adults is not presented.
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Table 3

Associations of socio-demographic characteristics with daily consumption of sugar-sweetened and artificially-

sweetened beverages: The Fenland Study (n=9,991).

Variable Categories†
Sugar-sweetened beverages Artificially-sweetened beverages

% daily consumers OR* 95% CI % daily consumers OR* 95% CI

Age, per 10 years 20 0.57 (0.52, 0.61) 9 0.74 (0.66, 0.82)

Sex Women 19 1.0 ref. 10 1.0 ref

Men 22 1.33 (1.17, 1.50) 7 0.66 (0.56, 0.79)

Test site Cambridge 15 1.0 ref. 5 1.0 ref

Ely 22 1.42 (1.23, 1.63) 10 1.42 (1.16, 1.73)

Wisbech 25 1.52 (1.31, 1.77) 12 1.81 (1.46, 2.23)

Ethnicity Whites 21 1.0 ref. 9 1.0 ref.

Non-white 8 0.40 (0.25, 0.65) 3 0.45 (0.21, 0.97)

Age finishing full-time 
education

≤16 years 24 1.0 ref. 11 1.0 ref.

17-19 years 23 0.93 (0.82, 1.06) 11 0.92 (0.78, 1.09)

20-23 years 17 0.72 (0.61, 0.84) 6 0.54 (0.43, 0.68)

24 or older 12 0.52 (0.41, 0.64) 4 0.43 (0.31, 0.61)

Socio-economic class Higher 18 1.0 ref. 8 1.0 ref.

Middle 20 1.02 (0.88, 1.19) 12 1.16 (0.96, 1.41)

Lower 26 1.15 (1.00, 1.32) 9 0.98 (0.80, 1.20)

Current work status Full-time 20 1.0 ref. 9 1.0 ref.

Part-time work 21 1.13 (0.97, 1.32) 9 0.77 (0.62, 0.95)

Keeping house 21 1.02 (0.84, 1.23) 10 0.86 (0.67, 1.10)

Not working 18 1.07 (0.88, 1.31) 7 0.87 (0.65, 1.16)

Employment type Employee 21 1.0 ref. 9 1.0 ref.

Self-employed 20 0.98 (0.86, 1.11) 7 0.85 (0.70, 1.02)

Total combined household 
income

<£20,000 23 1.0 ref. 8 1.0 ref.

£20,000-£40,000 22 0.82 (0.69, 0.96) 10 1.30 (1.01, 1.67)

>£40,000 19 0.76 (0.63, 0.91) 9 1.53 (1.16, 2.00)

Marital status Single 19 1.0 ref. 6 1.0 ref.

Married 20 0.98 (0.76, 1.25) 9 1.05 (0.71, 1.53)

Other 18 0.97 (0.73, 1.30) 8 1.13 (0.74, 1.73)

Number of people living in 
the household

One person 15 1.0 ref. 7 1.0 ref.

2 people 17 1.26 (0.99, 1.61) 9 1.06 (0.75, 1.50)

3 people 24 1.67 (1.30, 2.14) 9 1.08 (0.75, 1.54)

≥4 people 23 1.44 (1.12, 1.85) 9 1.04 (0.73, 1.49)

Car ownership Yes 16 1.0 ref. 5 1.0 ref.

No 21 1.13 (0.89, 1.42) 9 1.45 (0.99, 2.11)

Home ownership Yes 18 1.0 ref. 7 1.0 ref.

No 20 1.43 (1.08, 1.86) 9 1.09 (0.73, 1.64)
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*
Adjusted for age, sex, site (Cambridge, Ely, Wisbech), and all of the socio-demographic variables shown at the first column.

†
A category listed at the top of each variable was used as a reference (ref.) in logistic regression models for daily vs. non-daily consumers of sugar-

sweetened beverages and artificially-sweetened beverages. A category for missing information was included in each model, but not presented. 
Adjustment for missing data had little influence on the results.
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Table 4

Associations of lifestyle characteristics with daily consumption of sugar-sweetened and artificially-sweetened 

beverages: The Fenland Study (n=9,991).

Variable Categories or scale*
Sugar-sweetened beverages† Artificially-sweetened beverages†

% daily consumers OR 95% CI % daily consumers OR 95% CI

Body mass index group, kg/m2 <25 17 1.0 ref 5 1.0 ref.

≥25 and <30 21 1.17 (1.04, 1.33) 9 1.92 (1.58, 2.34)

≥30 and <35 26 1.58 (1.35, 1.85) 15 3.09 (2.47, 3.86)

≥35 27 1.62 (1.30, 2.02) 22 4.51 (3.44, 5.92)

p trend<0.001‡ p trend<0.001‡

Smoking status Never 21 1.0 ref. 8 1.0 ref.

Former smoker 20 0.97 (0.87, 1.09) 10 1.06 (0.90, 1.24)

Current smoker 21 0.79 (0.66, 0.93) 10 0.98 (0.77, 1.24)

Sedentary time per 2 hours 20 0.96 (0.91, 1.02) 9 0.93 (0.86, 1.01)

Moderate/vigorous physical activity per 2 hours 20 1.13 (1.02, 1.26) 9 1.01 (0.86, 1.18)

Alcoholic beverage per serving 20 0.92 (0.87, 0.97) 9 1.02 (0.95, 1.09)

Mediterranean diet score § per 2 points 20 1.01 (0.96, 1.07) 9 0.99 (0.92, 1.06)

Weight-reducing diet No 20 1.0 ref. 8 1.0 ref.

Yes 23 1.07 (0.86, 1.33) 24 2.58 (2.05, 3.24)

*
For categorical variables, levels are shown. For continuous variables, scale for interpretation of OR is shown.

Intensity of physical activity was modelled isotemporarily; with time estimates denoting substitution from light physical activity into either 
sedentary or moderate/vigorous physical activity.

†
Adjusted for age, sex, test site, and socio-demographic and lifestyle/behavioural variables together. See Table 1 and 2 for the variables. The 

associations of eating behaviours are shown in Figure 1.

‡
P values for trends are presented, for which an ordinal variable was included as a continuous term in a logistic regression model.

§
Mediterranean diet score was an 18-point scale representing adherence to the Mediterranean diet, used as a marker of diet quality.
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