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Abstract: Background: The consumption rate of artificially sweetened beverages, 100% fruit juices, and soft drink
products has been proliferating since the 1980s among the Chingse population. Sugar-sweetened beverages (SSBs)
prevalence and high intake of SSBs are associated with several noncommunicable chronic diseases (NCDs). This
trend presents a serious public health threat to the Chinese population. Purpose: The present cross-sectional study
examined the association between added sugar-sweetenedsbeverage,consumption patterns and prospective adverse
health outcomes among Chinese sociodemographic and'ethnic groups. Methods: The study population of 662 male and
female adults partook in the study. The study cohort was randomly,drawn from four Chinese cities in three provinces.
Participants responded to an adapted cross-sectional self“administered paper-and-pencil 24-hour dietary intake recall
protocol questionnaire, including 23 closed<ended questions on the type and frequency of the beverage consumed,
sociodemographic characteristics, and ethnie group affiliation. A t-test was conducted to analyze the interactions
between the parametric variables‘and/Chi-squareianalyses were performed to determine interactions between the
nonparametric variables. Results: he consumption frequency of sugar-sweetened beverages at least once/day was
examined. For all respondents, water consumption was employed as a benchmark for a healthy beverage compared to all
other sugar-sweetened beverage consumption. Findings suggest that water was the most frequently consumed beverage
with the highest rate of intake (53:17%) compared to sugar-sweetened beverages consumption Regarding ethnicity,
Han’s water consumption|\was réportedfat (67.94%) compared to sugar-sweetened beverage consumption combined at
(32.06%). Concerning, Huis, water consumption was (60.56%) contrasted with sugar-sweetened beverage consumption
of (39.44%). Hans were more likely to consume both water and sugar-sweetened beverages compared to Hui
participants. Males’swater consumption rate was at (66.74%) juxtaposed with sugar-sweetened beverage consumption
of (36.26%). Eemales’ water consumption rate was (66.51%) contrasted with a sugar-sweetened beverage consumption
rate of (39.44%). There were no significant differences in the water and sugar-sweetened beverages between men and
women. Married tespondents’ water consumption was (65.44%) compared to sugar-sweetened beverage consumption
rate (34.55%). Regarding marital status, the single respondents’ water consumption was (64.89%) compared to sugar-
sweetened beverage consumption of (33.49%). There were no significant differences in water and sugar-sweetened
beverage consumption between the marital status groups. Conclusions: There is a need to introduce short-term and
long-term strategies to curtail sugar-sweetened beverage consumption through excise taxes, making water more readily
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accessible in public schools, and launching a public health education campaign aimed at the health risks associated with
added sugar-sweetened beverage consumption.

Keywords: sugar-sweetened beverages, sociodemographic factors, demographic characteristics, water intake, health
effects, Han and Hui ethnic nationalities

1. Introduction

Traditionally, the most frequently consumed nonalcoholic beverages by the Chinese include green and black tea,
fresh fruit, and vegetable juices. The most ubiquitously consumed beverage is boiled or lukewarm plain water, which
is especially consumed when someone is feeling unwell. However, with the advent of the vast segment of.middle-class
Chinese with steadily growing income and purchasing power in the last three decades, China embraced more, Western-
styled alcoholic and nonalcoholic beverages, especially artificially sugar-sweetened beverages (SSBs) that are relatively
new to the Chinese traditional food culture; however, SSBs are currently ubiquitously consumed by a substantial
segment of the Chinese population. SSBs commonly include a variety of soft drinks_andyother carbonated and non-
carbonated beverages, including energy and sports drinks that contain considerable quantities of high-energy sweeteners
such as sucrose (50%), glucose (50%), and (45%-55%) high-concentration of fruct@se and@ mixture of corn syrup and
glucose, as well as sugar-sweeteners added to fruit juice concentrates that ustially'comtain (0.25) calories per 8 fluid
ounces. Some sugar-sweetened juice drinks are packed with up to 60 grams of sugar providing‘nearly 232 calories per
serving. Australian researchers suggested that the rate of overweight and obesity in Australia is among the highest in the
world. This high rate is linked to the consumption of SSB and 100% _fruitjuice. Findings sevealed that SSB consumption
is prevalent, mainly among young adults practically males, and among all the pre-packaged SSB drinks investigated,
consumption of fruit juices, of any type, was the most prevalent at (38.8%)4QOther added sweeteners include various
quantities of raw sugar, maltose, molasses, and dextrose [1-4]."Epidemiological research presented evidence of a
positive association between increased consumption of SSBs'with the poteéntial to cause a myriad of adverse health
effects, especially noncommunicable chronic diseases/(NCDs){[5-7].

Several studies suggested a significant cosrelation between inerecased consumption of SSBs and weight gain
contributing to childhood and adult obesity, hypertriglyceridemia - an abnormal concentration of triglyceride in the
blood - coronary heart disease, type 2 diabetes, nonalcoholic fatty liver disease, and increased all-cause mortality rates.
Because of the adverse health effeéts, of frequently, consuming SSBs, a “soda excise tax” has been recommended by
the Institute of Medicine in 2009 [8-12] A confirmed)association between SSB consumption and the risks of obesity
and hypertriglyceridemia was also found im,children aged 7-18 years in South China suggesting that high SSB intake
increases the risk of cardio-metabolic disorders [13]. Recent research on the psychological health effects of the
habitual consumption of SSBs found’that daily intake of SSBs is positively associated with symptoms of common
mental disorders, anxiety, and dépression in Chinese adolescents. In South Korea, researchers found that there is an
association betweemysoft drink intake and obesity, depression, and subjective health status (SHS), which occurs as
a result ofdan interaction betweenphysiological and psychosocial factors in male and female adults. A more recent
Chinesefinvestigation suggested that school-aged children who consumed higher quantities of SSBs exhibited increased
rates of psyehological“andibehavioral problems (PBPs) at both the individual and group levels. Similarly, increased
consumption‘@f SSBs has been linked to depression and mood disorders in a cognate study in London, UK. Research on
SSB consumption maintained that a lower intake of raw sugar and nonnutritive sweeteners (NNS) such as aspartame,
saccharin, sucralose, meotame, acesulfame-K, and stevia may be associated with better psychological and physical
health outcomes [14-19].

Findings from research on the association between nutrition and chronic diseases suggested that children 10-17
years of age with select chronic health conditions were at increased risk for obesity compared to their peers without a
chronic health condition. These findings also showed that childhood obesity and overweight among children aged (6-
17) years reached (15%) in 2012 [9, 20]. Similarly in China, from 2002 to 2012 the rates of obesity and overweight
climbed by (9.2%) and (19%) in 2016 [21, 22]. Research in the U.S. suggested that children and adolescents who
receive Supplemental Nutrition Assistance Program (SNAP) benefits are more likely to consume more SSBs and more
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disposed to become overweight and obese compared to their peers who receive SNAP benefits but do not consume
SSBs. Similarly, Attributable to the substantial growth of SSB production and consumption, obesity prevalence rates
among school-aged children have grown congruently. Chinese children and adolescents aged 6-17 years were reported
to drink more SSBs than any other age group [23, 24]. Increased SSB consumption among adolescents and children has
been similarly reported by a multitude of studies to be positively associated with increasingly rising rates of childhood
and adult obesity and overweight, as well as higher scores of Body Mass Index (BMI), which may increase the risk for
comorbidities. These results should be of practical concern to stakeholders, especially parents, policymakers, and public
health professionals [25-31].

Among the 56 officially designated nationality groups in China, the two ethnic groups in the present study are Han
and Hui. According to the 2020 Chinese Census, mainland China’s total population is 1.41 billion, aecounting for nearly
(18%) of the total global population of which (91.11%) is Han Ethnic Nationality. Combined, all 0 ethnic minority
groups constitute nearly 113.79 million, accounting for (8.89%) of the total Chinese population, includingrabout (1.6%)
of which is Hui Minority Nationality (Figure 1). The Hui Minority Nationality is the second
officially recognized Chinese Muslim minority nationalities. Juxtaposed with the other Chinesg
e.g., Uyghurs, Kazaks, and Dongxiang, the Hui people portray a significant degree of i 1ntegrat10
group, especially in language and history. Whereas Hans and Huis share the Chinese :
native language, by contrast, they possess distinctively diverse ethnic backgrounds, identiti tyles, social

customs, and distinguishing dietary traditions. Traditional ethnic food and beverag

or an ethnic group and can be more enduring and difficult to change or s er, they are strongly
influenced by geography, cultures, religious beliefs, socioeconomic stra umption practices of
the food and beverage of a culture or an ethnic group. One of the most i in dietary practice between

Hans and Huis is that because of their observance of prescribed Isl
from consuming pork, porcine byproducts, and any quantity of al
denotes “permissible food”, especially animal-based meat that h
strict Islamic regulations; otherwise, the Huis enjoy consumi

Huis are obligated to refrain
ing only “Halal Food”, which
and certified as “Halal” according to
preferences as the Hans [32-35].

inorities,
(8o

E: ethnic minorities

Figure 1. The qu:

ive relation (%) between the total Chinese ethnic Han population and all other ethnic minority groups combined, including the
Hui Ethnic Minori i i

2. Materials and methods
2.1 Study population sampling

The cohort of the present study comprised (N = 662) unpaid recruited representative sample of adults aged > 18,
including (n = 356, 54.07%) male and (n = 306, 45.93%) female participants. Among them, (71.54%) of Han Ethnic
Nationality and (28.4%) of Hui Ethnic Nationality. They were randomly sampled from four urban cities in three
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provinces namely: Kaifeng, Henan Province (n = 264, 39.88%); Zhengzhou, Henan Province (n = 241, 36.40%); Xi’an,
Shaanxi, Province (n = 85, 12.84%); and Jinan, Shandong Province (n = 72, 10.88%). All cities are located within
or coterminous with the Yellow River Basin’s fertile Central Plains in Midwestern and Mideastern China (Figure 2).
Participants responded to a modified cross-sectional self-administered paper-and-pencil-based food history and beverage
consumption questionnaire, including water intake. The study questionnaire included a 24-hour recall protocol of food
and beverage consumption, including plain water intake, sociodemographic characteristics, and ethnic group affiliation
status.
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2.2 Dig St urvey development and procedures

onnaire survey (CSQS) was employed to collect data at one pomt in t1me from a

predetermined i mation regarding the study cohort’s food and beverage intake. The study implemented an adapted
version of the National Cancer Institute (NCI) Diet History Questionnaire 111 (DHQ III) for adults aged > 18. The
DHQ III is based on a compilation of the national dietary intake recall data from the National Health and Nutrition
Examination Surveys (NHANES). Several studies suggested that employing a Food Frequency Questionnaire (FFQ)
to obtain the frequency and portion size information concerning food and beverage intake over a designated time,
ranging from the past 24 hours, a month, or a year is an effective instrument for estimating food and beverage intake
of a population of interest [36, 37]. In the present study, the adapted FFQ encompassed 23 closed-ended questions
[38, 39] to obtain relevant data points from the respondents to determine their food and beverage consumption history,
and sociodemographic characteristics, including age, gender identification, level of education, marital status, and
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employment status. SSB and water consumption were calculated based on self-reporting of frequent daily consumption
of plain water, milk, artificially sugar-sweetened juice, soda, black, green, and herbal tea.

2.3 Study population inclusion and exclusion criteria

Participants were randomly drawn from four urban Chinese cities (Figure 2). Participants who qualified for
inclusion in the present study were a cohort of 662 male and female adults aged > 18, including any ethnic group
affiliation with Han and Hui, any levels of education, and any marital status categories. Participants whose ages were
outside the study age range of 18 years and older were excluded from participating in the study. Similarly excluded
participants who were not within the Han and Hui ethnic groups affiliation. Moreover, the personal medical history,
preexisting health conditions, and at the time of the study, the present health status of the participants were excluded
from this study.

2.4 Materials and cohort statistical analysis

Employing a self-reported survey, sociodemographic characteristics, including gender, age, émployment status,
level of education, marital status, city of residence, as well as ethnic group affiliatieh were collected."The Statistical
Analysis Software (SAS) Package, Version 9.3, SAS Institute Inc, Cary, NC, was employed4o analyze the primary data
sources collected from the participants. T-test analyses were performed to compare thestatistical differences between
the means of the study groups according to the nominal (classification) variables vs. ordinal variables where the nominal
variable had exactly two levels (i.e., ethnicity, gender). Chi-square test (fnostly,2 by 2) analyses were utilized if both
variables were nominal. Certain nominal data items with multiple leyels were re=ecodedsinto one of two levels before
performing a 2 by 2 Chi-square test (32). Most of the analyses inydlved calculating p=values and classifying any value
of a test statistic with a p-value of less than an alpha level of (p < 0.05) was considered statistically significant. In the
present study, the tests were two-tailed.

3. Results

3.1 Demographic characteristics

As presented in Table 1, a cohent of662 maleiand female adults aged > 18 were randomly recruited for the present
study, including 356 (54.07%) males and 306 (45.93%) females. Ethnographically, two ethnic groups were drawn from
four urban cities across the Yellow River Basin drawn from three provinces among them, Han (71.54%) and Hui (28.4%).
The statistical proportion of the.Han and Hui ethni€groups closely reflects the actual proportional distribution between
the two ethnic populationsfaccordingyto the'2020 Chinese Census, where Hans accounted for (91.11%) of the total
Chinese population, whereas Huisfaccounted for nearly (1.6%) of the total Chinese population (Figure 1). Regarding the
gender factor, Hammales wered54.07%), compared to Hui males (60.11%). concerning female participants, Han females
were (45.93%), whereas Hui females were (39.89%). Juxtaposed with the total respective Han and Hui populations, the
relative statistical proximity between them can be explained by the fact that Huis are more likely to reside in territories
riparian to'the Yellow Valley. Regarding the marital status factor results, married Hans accounted for (37.01%),
compared to.matricd Hui with (22.96%). As to single Hans, they accounted for (62.53%), contrasted with single Huis
of (6.09%). The relative statistical variances in the Han and Hui marital status factor fall into the general pattern of the
difference between the size of their relative ethnic population of Han (91.11%) vs. Hui (1.6%). The overall level of
education results (Table 1) showed that the Hans were more likely to have a college education (CE) reporting (62.53%)
contrasted with (37.47%) with no college education (NCE), juxtaposed with Huis, whose reported college education (CE)
was (15.93%) compared with no college education (NCE) with (84.07%). These results show a significant difference
in college education between Hans and Huis. A probable explanation for the disparity in the education level between
the two ethnic groups is that a greater segment of Huis live in rural areas, and they have curtailed years of education
opportunities for numerous strata of the Hui population than those of the Han. Further, nearly (45%) of adult rural Hui
women are not literate, and Hui parents spend fewer resources in support of their children’s education than Han parents,
which explains the fewer years spent on education for Huis. Educational achievement among Chinese ethnic minorities
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is lagging due to poverty and parents’ low level of education. Research findings revealed that (71.6%) of the ethnic
minority populations in China live in the western autonomous regions, which are nationally designated poverty regions
[40, 41].

Table 1. Percent (%) frequency count of Key demographic characteristics and ethnic affiliation (Han Ethnic Nationality vs. Hui Ethnic Nationality)

Independent variables Han (%) Hui (%)

Total respondents (N = 662) 71.54 28.46

Male respondents 54.07
Female respondents 45.93
Married respondents 37.01

Single respondents 62.99

The overall level of education CE 62.53
(college vs. no college) NCE 37.47

Habitual beverage intake
(Water vs. SSBs)

characteristics, and ethnic group affiliation factor vestigated the connection between SSB
consumption rates and prospective adverse health outcomes‘b ing the extrapolation research method. The aim

the relationship between the frequency patt ption and the potential causation of prospective adverse
health effects, especially NCDs. E i esentation of entirely unknown data is part of a broad and
useful understanding of the extern: i ation between a known dataset and an unknown dataset such as
the consumption rate of SSBs and es [42-45].

Table 2 illustrates the results of th ency,of SSB consumption (times per week) for all participants. Figure
2 describes the types of S tion frequency (times per week) as reported by all participants. In
the present study, plain ption is considered a non-SSB, which is a key benchmark independent variable

employed for compari ' ption of other SSB independent variables. There is a considerable body of

embranes, digestion, transport of nutrients and waste byproducts, acts as a building, and
nd facilitates the circulatory system function. Empirical evidence from a Chinese study maintained
that dehydration egative effects on physical endurance, muscular fatigue, short-term memory, and attention span.
Conversely, after water replenishment, findings indicated that rehydration diminished fatigue and improved total
mood disturbance (TMD), short-term memory, attention span, and reaction time. Similar research in Zambia reported
a strong association between hydration and improved cognitive function in test scores among adults, with evidence of
comparable results found among school-aged children [46-50].

Table 2 indicates that plain water was the most frequently consumed non-SSB with the highest intake rate of
(53.17%) (p < 0.05) juxtaposed with (16.01%) of the merged SSB consumption (Figure 3). Green tea came as the
second-highest consumed beverage with a rate of (11.32%) (p < 0.05) contrasted with (16.01%) of the merged SSB
consumption. Milk recorded the third-highest rate of consumption with (9.29%) (p < 0.05) compared to (16.01%)

filling materia
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of the merged SSB consumption. As a type of SSB, soda registered (8.76%) (p < 0.05), which is nearly (50%) of the
merged SSB consumption of (16.01%). Juice, another type of SSB accounted for (7.25%) of consumption (p < 0.05)
measured against (16.01%) of the merged SSB consumption. Herbal tea consumption was recorded at (6.19%) (p < 0.05)
contrasted with (16.01%) of the merged SSB consumption. Black tea came in with the lowest frequency of consumption
per week recording (4.07%) (p < 0.05).

Table 2. Summary statistics of beverage consumption reported by all participants

Frequency count of beverage consumption

. - Percent Cumulative
Typical drink Frequency (%) frequency
Plain water 352 53.17 352
Green tea 75 11.32 427
5

Black tea 27 4.07 54
Herbal tea 41 6.19 495
SSB (Soda) 58 8.76 3
SSB (Juice) 48 7.25 90.73
Milk 61 9.27 C 6 100
Key: SSB: sugar-sweetened beverage

Type of Bevera, d uency (%)

60

50

uency percent (%)

® 16.01

08.76 39.29

Plain Water Green Tea Black Tea herbal tea SSB Soda Black Tea SSB Merged Milk

B: sugar-sweetened beverage, SSB merged: all kinds of soda and fruit juice

Figure 3. The frequency pattern of the consumption of the beverage was reported by all study participants

3.3 Association between ethnic group affiliation and SSB consumption patterns

The two ethnic groups that participated in the present study were drawn from the Chinese Han and Hui
Nationalities. Figure 1 describes the relative representation of each ethnic group (Han 91.11% vs. Hui 1.6%) compared
to the total Chinese population of 1.41 billion according to the 2020 Chinese Census [32]. The relative representation of
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each ethnic group in the present study was (Han 71.54%) vs. (Hui 28.46%), which nearly reflects the actual proportional
representation of them in the mainland Chinese overall population (Table 1).

In the present study’s food frequency questionnaire (FFQ), sugar-sweetened beverages (SSBs) were collectively
defined as nonalcoholic soft drinks that are artificially flavored with added sweeteners, including various quantities of
raw sugar, maltose, molasses, and dextrose [1-4]. In the present study, the SSB serving size in the FFQ was estimated
as (1.00 typical serving size of SSB equals 1.00 full glass that measures approximately 250 mL). The 1.00 serving
glass/250 mL of SSB was then calculated based on the daily (mL) consumption and converted into a weekly frequency
consumption.

Figure 4 illustrates the results of the analysis of the association between ethnic group affiliation and SSB
consumption patterns by the Han and Hui participants, including Han (71.54%) and Hui (28.46%). Employing water
as a key healthy benchmark average for comparison with SSB consumption, water frequency consumption among Han
respondents was (67.94%), compared to SSB consumption of (32.06%) (p < 0.05). Hui participants reported water
consumption of (60.56%) contrasted with SSB consumption of (39.44%) (p < 0.05). These res that Han
participants were more likely to consume water more frequently and SSBs less frequently tha :
likely to consume less water and more likely to consume SSBs frequently than Hans (p < 0.05).

100 Ethnic Affiliation Factor
90
80
70
60
50
40
30
20
10

67.94

Frequency pattern (%)

Key: SSB: sugar-sweete

Figure 4. Water vs. merged tion pattern reported by the Han and Hui ethnic group participants

Figure 5 oled data obtained from the analysis of the association between the gender
factor and on pattern that was reported in the two gender groups (Table 1). The pooled
data sho C ption frequency pattern among the male respondents was (66.74%), juxtaposed with
SSB co npti 6 p < 0.05). The female participants’ water consumption was (66.51%) juxtaposed with

an SSB con
consumption be

.44%) These results suggest that there were no significant differences in the water and BBS
gen men and women (p > 0.05).

3.4.2 Marital status factor (married vs. single)

Figure 6 depicts the results of the pooled data obtained from the analysis of the association between the marital
status factor and the frequency of the merged SSB consumption pattern that was reported in the married and single
groups (Table 1). In the married participants, water consumption was (65.44%), contrasted with merged SSB
consumption of (34.55%) (p < 0.05). For single participants, concerning water consumption, it was (64.89%) juxtaposed
with a merged SSB consumption of (33.49%) These results suggest that there were no significant differences in the
water and merged BBS consumption between the marital status groups (p > 0.05).

Food Science and Engineering 70 | Abdelhadi Halawa



100 Gender Factor

90
S 80
< 5 66.74 66.51
£
jo)
H
2 36.26 39.44
g 40 .
g 30
20

10

0

Mal Female

e
[OWater W SSBs Merged

key: SSB: sugar-sweetened beverage, SSBs merged: all kinds of soda and juice

Figure 5. Water vs. merged SSBs frequency consumption pattern was obtained from pooled data from the analysis e two gende

100 Marital Status Factor
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Frequency pattern (%)

4. Discussion

In the present cross-s udy, th was to examine the impact of the frequency of water and sugar-

ive association with the risk factors of adverse health effects among the

person is ill, physician should start the treatment first by regulating the patient’s diet and lifestyle [53]. This medical

principle was b on the ancient Chinese concept of “medicine and food homology” (MFH), which denotes that both
food and Traditional €hinese Medicine (TCM) originated from the same natural sources and that food is medicine and
medicine can be found in food [54]. Over time, with centuries of practice of TCM, medical theories were developed
that healthy eating and drinking habits are strongly associated with maintaining good health and healthful longevity.
Furthermore, what people eat and drink can potentially protect them from developing various diseases, in the meantime,
it can potentially be associated with presenting a significant threat to public health that demands ensuring the enacting
of effective public health and disease prevention policies. Findings from numerous epidemiological studies presented
evidence of a positive association between the increased consumption of SSBs with a myriad of NCDs [1-5]. Without an
effectual policy action to educate the public regarding the negative health outcomes of the overconsumption of SSBs in
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conjunction with increasing the prices of SSBs, global efforts to address the NCD-related epidemic will be challenging
to achieve.

Findings from the present study suggest that compared to water consumption, which is employed in the study as a
benchmark data point for healthy consumption, there was a high-frequency consumption (HFC) of SSB per week across
all ethnic and socioeconomic groups at a rate of nearly (18%-20%) (Figures 4, 5, 6). This HFC of SSB consumption may
raise the risk factor for NCDs, including obesity, type 2 diabetes, dental caries, certain forms of cancer, liver disease,
and cardiovascular disease [55-57]. A multiple-country population-based investigation found that frequent consumption
of artificial SSB was positively associated with all-cause deaths in this large European cohort [58]. Moderately frequent
intake of soft drinks and juice is associated with an increased risk for the development of type 2 diabetes in Chinese men
and women [59]. Similar research showed that regular consumption of artificially sweetened soft drinks and fruit juices
increased the risk of developing pancreatic cancer in Chinese men and women [60]. Inconstant with‘thexfindings of [60],
in a European cohort population research, SSB consumption was not found to be associated with a risk of developing
pancreatic cancer; however, the study further found that artificially sweetened juice and nectar gonsumption,might be
associated with a moderately decreased risk of pancreatic cancer [61].

The results described in Figures 3-6 show that whereas water was the most frequently consumed beverage across
all the ethnic and sociodemographic groups, neatly (< 50%) of the respondents reperted,consuming SSBs at least
once/day up to (> 3) times/day. Consistent with the present study results, research presented’ evidenee of increased
SSB consumption contrasted with water consumption. In the U.S. from 2011 to{2016,420%).ef U.S. children and
young adults reported no water intake on a given day; however, they cefisumed nearly twice the calories from SSBs
as those with water intake. This caloric rate exceeds the recommended (10%) of the total,calories from added sugar
suggested by the World Health Organization (WHO), which is (< 50)"grams of sugar/day for most adults and less
for young adults and children [62]. Therefore, it is significant to employ water as a healthy key benchmark essential
nutrient because increasing water intake is critical for maintaining good health, as'adequate daily water intake may
facilitate reducing SSB consumption and curtail childhood and adult obesity¢and other NCDs. SSB consumption was
found to be more frequent among Chinese school-aged children, especially among males, older children, and children
from urban regions, and high consumption of SSBs was foundito be associated with a higher prevalence of childhood
obesity and overweight. In a Chinese study, nearly (32%) ofithe respondents reported consuming less water than what
is recommended by the Chinese Nutrition Society, (> 1,200 mL/day), and (48.3%) of them consumed water only when
they felt thirsty. Thus, it is recommended to encourage children and young adults to consume an adequate quantity of
water daily to facilitate curtailing sugar intake from consuming SSBs [24, 63-65].

The increased rates of SSB c¢onsumption‘teported in the present study can be explained by four factors. The
first is that in China, approximately 80% of advertisements on TV are focused on food and beverages. As a result,
those who watch TV were heavily exposed to and targeted by these advertisements enticing them to purchase and
consume more SSBs. The seconidifactor isthatyparental behavior has a strong influence on SSB consumption by their
children, especially mothets who are likely to*have a stronger influence on the behavior of their children. Research
findings suggested that childrenfwhosegparents frequently consumed SSBs are likely to have a higher frequency of
SSB consumption. This factof is corroborated by the findings from the present study where the married respondents’
frequency0f SSB consumption Wasg(34.55%) compared to (33.49%) of single respondents (Figure 6). The third factor is
the prie€ of SSB, affordability, and education level. In China, whereas purchasing SSBs can cost more than purchasing
bottled water, parénts with higher socioeconomic status are more inclined to enjoy prosperous income levels and can
afford to purchase SSBs for their children. The fourth factor is driven by the continuous innovation of the SSB products
to meet the needs of the consumer’s changing tastes and preferences, especially among young male consumers [66].

Regarding thetassociation between the frequency of SSB consumption and the ethnic affiliation factor, Figure
4 indicated that the Hui respondents reported a higher SSB consumption of (39.44%), juxtaposed with the Han
respondents who reported SSB frequency consumption of (32.66%). The level of education could have been one of
the possible explanations for the higher SSB consumption rate among Huis. Table 1 shows that (62.53%) of the Han
respondents have a college education contrasted with (15.93%) of the Hui respondents. The disparity of having no
college education between the two ethnic groups is even wider, where Huis reported having no college education with
(84.07%) juxtaposed with Hans at (37.47%). Consistent with these level of education findings, [67, 68] reported that
workforces in jobs requiring less level of education such as service workers were more likely to purchase unhealthy
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foods such as sugary beverages and consume less water. These results are in line with findings from earlier research that
suggested that HFC of SSB is more likely to be higher among ethnic and lower-income groups, as well as positively
associated with the household family size, income, and level of education factors. Similar findings posited that only
the non-Hispanic White respondents reduced SSB consumption and reported a comparable increase in tap water
intake. Conversely, lower-income and ethnic minority groups consumed a relative modicum of plain water. The above
findings were corroborated by Dutch researchers who suggested that the association between SSB consumption rates
fluctuated based on the child’s ethnic background ranging from (8.7%) for respondents from Moroccan or Turkish
ethnic backgrounds up to (44.4%) for respondents with Dutch background [69-72]. Beverage market research suggests
that Chinese consumers and some consumers in other countries, especially children, consume substantial quantities of
artificial and added sugar ingested from SSBs. Epidemiological evidence shows that this causes a myriad of NCDs and
increases the cost of healthcare. Levying excise taxes on SSB purchases is one of the burgeoning solutions to curtail
SSB consumption that is gaining popularity and has been generating a robust public debate. Several studiesiceported that
soda taxes have contributed to lowering SSB purchases, and possibly a reduction in the intake of sugars; calories, and
volume from taxable SSBs [73-75].

Concerning the sociodemographic characteristics, Figures 5 and 6 underscore one of the notable findings that
both water and SSB consumption patterns indicated near homogeneity of the participants’ respensesfacross the
sociodemographic groups, gender, and marital status. This near homogeneity of rgsponses might be“associated with
the age factor of the study population sample, which is > 18 years old. Children and yeung adults (< 18) years old
were not included in the present study, which might have added more vafiancé and less homogeneity to the responses.
Another possible explanation for the homogeneity of the study population sample is that'the participants were drafted
from four Chinese cities contiguous to the Yellow River Valley. This'mightthave contributed to the selection of
comparable sociodemographic groups and a subgroup of interest gifi'the case of the Hui participants with common
sociodemographic characteristics. However, one of the limitations of employing'a homogenous sampling might
juxtapose the reasoning for aiming at the greatest possible variation and repr€sentation in sampling. In support of the
age factor line of reasoning, research by [76, 77] contended that factors strongly associated with higher consumption of
SSBs included being a younger adult. Approximately (74%) of male respondents aged (25-34) reported consuming SSB
at least once a week. Further, rates of SSB consumption werefmore,prevalent and higher among undergraduate college-
aged students. In China, research revealed that mere than (50%) of children and adolescents frequently consumed SSBs.
There is a considerable body of evidence to, hypothesize that the younger the age group is the more predisposed to
engage in unhealthy dietary behaviors, compared to those i older age groups similar to those groups that participated
in the present study. Similar findingsyreported by [78] suggested that a lower intake of SSBs was found among older
participants, those with a higher level of education, higher income, and females.

There is an obligation to address the limitations of the current study. One of these limitations is that the study
by design is cross-sectional researeh; therefore, it could not establish an explicit cause-effect relationship or direction
between the consumption of SSB and specific negative health effects. The study relied on employing the extrapolation
methodology by inferring fromythe existing data to estimate and understand a prospective relationship between the
frequency of consumption of SSBs and any subsequent potential association with particular adverse health outcomes;
therefore, & future follow-up longitudinal research is recommended. Moreover, there is a recognition that reporting bias
might e€cur in behayioral and consumer research, where self-reporting of data is commonly employed. This recognition
leads to another limitation related to the frequency of consumption of water and SSBs, which was self-reported by the
respondents,‘and there is a possibility that they might have some water and SSBs frequency intake and serving size
recall inconsistencies. The third limitation is that whereas the study examined some of the sociodemographic factors, it
did not examine the participants’ lifestyle, health status, household income, other ethnic groups’ affiliation except Han
and Hui, or religious association. It is recommended to further examine these limitations in future longitudinal and more
ethnologically diverse investigational studies.

On the other hand, the strengths of the present study include that the study was conducted in four densely populated
cities from which a wide-ranging and substantial sample size was randomly recruited from a vastly diverse population.
This provides the study with a strong representative sample that closely reflects the characteristics of the broader
population. Another key strength, is the study questionnaire, which was carefully adapted and developed, particularly
for the study population that received high rates of participants’ response and near completeness of the survey because
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the FFQ was administered and collected face-to-face, in real-time settings, and the study examined the association
between ethnic affiliation and SSB consumption in ethnic and minority groups in China, which is under-researched
and has a scarcity of evidence-based data; therefore, this study paves the way for further future research in this area to
include additional different ethnic and minority groups.

5. Conclusions and future research recommendations

There is evidence-based consensus to support the conclusion that there is a strong association between SSB
consumption and a myriad of NCDs [12, 55-60]. Therefore, after careful evaluation of the available data, it is reasonable
to extrapolate that the participants of the present study who reported higher rates of SSB consumption and lower
rates of water intake were more likely to be at risk of adverse health effects. The current study presented the results
based on a cross-sectional analysis, thus future longitudinal research will be contemplated tg
sociodemographic and ethnic affiliation factors are associated with the frequency of SSB and wz tionon one
hand and its connection to prospective adverse health outcomes on the other hand among Chlne

Considering the sizable population and global economic influence of China, thesrap ]
and consumption pattern, as well as a myriad of associated negative health effects, the S oduce short-
term and long-term strategies for intervention that should include: (1) con51der1ng acting and implementing a policy
of price increases by imposing SSB consumption excise taxes; (2) enco inkir i er and non-SSBs to
drive down SBB consumption; (3) modifying the physical access of bev i ; ace$ (e.g., fewer SSBs and
more water); (4) restricting SSB sales and limiting soda vending machin ility in schools and public venues; (5)
launching an innovative multi-approach public health education a ess i ampaign tailored to school-
aged children, parents, and vulnerable minority and ethnic groups

Acknowledgment

I would like to acknowledge the contributio d the research leading to it by the Key Research
Institute of Yellow River Civilization and Su nt at Henan University, Kaifeng, Henan Province,
China, and the National Office of High-End i ¢ Chinese Ministry of Education, Beijing, China. This
work would not have been possib i stlmable support of the Institute’s Director, Dr. Changhong Miao,
Professors Ma Zheng, and Shao-we graduate students Fengmei Pan, Huixian Ji, and Yuanyuan Cai

for providing their invaluable supp
I am also grateful to the Insti
track.

on, compilation, and systematization of the questionnaire data.
viding the administrative support that kept this research project on

proved the final manuscript.

Author’s info

Abdelhadi Halawa is an Associate Professor at Millersville University, Millersville, Pennsylvania, USA. He is also
a non-resident Visiting Scholar and Lead Researcher at The Key Research Institute of Yellow River Civilization and
Sustainable Development, Henan University, Kaifeng, Henan Province, China. His principal research interests lie in the
fields of public health issues, wellness promotion, global food culture, and a special interest in eating behaviors, food
consumption, and nutritional epidemiology.

Food Science and Engineering 74 | Abdelhadi Halawa



Funding

This research was funded by the National Bureau of High-End Foreign Experts of the Chinese Ministry of
Education and The Key Research Institute of Yellow River Civilization and Sustainable Development (KRIYRCSD),
Henan University, Kaifeng, Henan Province, China. Research project number (41471104).

Conflict of interest

The author declares that this research was conducted in the absence of any commercial or financial relationships
that could create a potential conflict of interest. The underwriters of the current research had neither influenced nor
played any role concerning the development, data analysis, interpretation of the results, or drafting of this manuscript.

References

[1] Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink consumption on‘nutrition and health: a systematic
review and meta-analysis. American Journal of Public Health. 2007; 97(4): 667-675. Available from: doi: 10.2105/
ajph.2005.083782.

[2] Wolf A, Bray GA, Popkin BM. A short history of beverages and how ouf body treats,them. Obesity Reviews. 2008;
9(2): 151-164. Available from: doi: 10.1111/j.1467-789X.2007.00389¢x.

[3] Welsh JA, Sharma AJ, Grellinger L, Vos MB. Consumption of added sugars, is decreasing in the United States.
American Journal of Clinical Nutrition. 2011; 94(3): 726-734, Available from; doix10.3945/ajcn.111.018366.

[4] Miller C, Wakefield M, Braunack-Mayer A, Roder D, O’Dea K, Ettridge K, etal. Who drinks sugar-sweetened
beverages and juice? An Australian population study of behavior, awareness, and attitudes. BioMed Central
Obesity. 2019; 6: 1. Available from: doi: 10.1186/s40608-018-0224-2.

[5] Ros E, Hu FB. Consumption of plant seeds and cafdiovascular healthifepidemiological and clinical trial evidence.
Circulation. 2013; 128(5): 553-565. Available from: doi:d0.1061/CIRCULATIONAHA.112.001119.

[6] Bhatti SK, O’Keefe JH, Lavie CJ. Coffee and tea: pérks for health and longevity? Current Opinion in Clinical
Nutrition and Metabolic Care. 2013; 16(6): 688-697 [Available from: doi: 10.1097/MCO.0b013¢328365b9a0.

[7] Chiva-Blanch G, Arranz S, Lamuela<Raventos RM; Estruch R. Effects of wine, alcohol, and polyphenols on
cardiovascular disease risk factors: €vidence from human studies. Alcohol. 2013; 48(3): 270-277. Available from:
doi: 10.1093/alcalc/agt007.

[8] HuF. Obesity Epidemiology. @xford UK: Oxford Wniversity Press; 2008.

[91 Smith TA. Taxing Caloric Sweetened Beverages: Potential Effects on Beverage Consumption, Calorie Intake, and
Obesity. Darby, PA, USA: DIANE Publishing Co.; 2010.

[10] Zhang S, Gu Y, Bian/S, Lu ZgZhang Q, Liu L, et al. Soft drink consumption and risk of nonalcoholic fatty liver
disease: results from ithe Tianjin Chfonic low-grade systemic inflammation and health (TCLSIH) cohort study. 7he
Americafi Journal of Clinical Nutrition. 2021; 113(5): 1265-1274. Available from: doi: 10.1093/ajcn/nqaa380.

[11] Odegaard AO, Koh WP, Arakawa K, Yu MC, Pereira MA. Soft drink and juice consumption and risk of physician-
diagnosed incident type 2 diabetes: the Singapore Chinese Health Study. The American Journal of Epidemiology.
20105 b71(6)#701-7085Available from: doi: 10.1093/aje/kwp452.

[12] Meng Y, L S, Khan J, Dai Z, Li C, Hu X, et al. Sugar- and artificially sweetened beverages consumption linked
to type 2 diabetes, cardiovascular diseases, and all-cause mortality: A systematic review and dose-response meta-
analysis of prespective cohort studies. Nutrients. 2021; 13(8): 2636. Available from: doi: 10.3390/nu13082636.

[13] He B, Long W,Li X, Yang W, Chen Y, Zhu Y. Sugar-sweetened beverages consumption positively associated
with the risks of obesity and hypertriglyceridemia among children aged 7-18 years in South China. Journal of
Atherosclerosis and Thrombosis. 2018; 25(1): 81-89. Available from: doi: 10.5551/jat.38570.

[14] Zhang X, Huang X, Xiao Y, Jing D, Huang Y, Chen L, et al. Daily intake of soft drinks is associated with symptoms
of anxiety and depression in Chinese adolescents. Public Health Nutrition. 2019; 22(14): 2553-2560. Available
from: doi: 10.1017/S1368980019001009.

[15] Kniippel A, Shipley MJ, Llewellyn, CH, Brunner EJ. Sugar intake from sweet food and beverages, common
mental disorder and depression: prospective findings from the Whitehall 11 study. Scientific Reports. 2017; 7: 6287.

Volume 5 Issue 1|2024| 75 Food Science and Engineering



Available from: doi: 10.1038/s41598-017-05649-7.

[16] Kim JM, Lee E. Association between soft-drink intake and obesity, depression, and subjective health status of
male and female adults. International Journal of Environmental Research and Public Health. 2021; 18(19): 10415.
Auvailable from: doi: 10.3390/ijerph181910415.

[17] Sharma A, Amarnath S, Thulasimani M, Ramaswamy S. Artificial sweeteners as a sugar substitute: Are they really
safe? Indian Journal of Pharmacology. 2016; 48(3): 237-240. Available from: doi: 10.4103/0253-7613.182888.

[18] Zhang Y, Wu X, Wang Q, Zong Q, Wang R, Li T, et al. The relationship between sugar-sweetened beverages,
takeaway dietary pattern, and psychological and behavioral problems among children and adolescents in China.
Front Psychiatry. 2021; 12: 573168. Available from: doi: 10.3389/fpsyt.2021.57316.8.

[19] Chen AY, Kim SE, Houtrow AJ, Newacheck PW. Prevalence of obesity among children with chronic conditions.
Obesity (Silver Spring). 2010; 18(1): 210-213. Available from: doi: 10.1038/0by.2009.185.

[20] Zhang N, Du SM, Ma GS. Current lifestyle factors that increase the risk of T2DM in China. European Journal of
Clinical Nutrition. 2017; 71(7): 832-838. Available from: doi: 10.1038/ejcn.2017.41.

[21] Bai R, Wu W, Dong W, Liu J, Yang L, Lyu J. Forecasting the populations of overweight andd@bese Chinese adults.
Diabetes, Metabolic Syndrome, and Obesity. 2020; 13: 4849-4857. Available from: doi: 10.2147/DMSO:S274110.

[22] Hoare E, Varsamis P, Owen N, Dunstan DW, Jennings GL, Kingwell BA. Sugar-and intensessweetened! drinks in
Australia: A systematic review on cardiometabolic risk. Nutrients. 2017; 9(10): 1075.Available from: doi: 10.3390/
nu9101075.

[23] Twarog JP, Peraj E, Vaknin OS, Russo AT, Baidal JAW, Sonneville KR. Consumption of sugar-sweetened
beverages and obesity in SNAP-eligible children and adolescents. Primary CaredDiabetes. 2020; 14: 181-185.
Auvailable from: doi: 10.1016/j.pcd.2019.07.003.

[24] Gan Q, Xu P, Yang T, Cao W, Xu J, Li L, et al. Sugar-sweetened beverage consumption status and its association
with Childhood obesity among Chinese children aged 6-17 years. Nutrients» 2021; 13(7): 2211. Available from:
doi: 10.3390/nu13072211.

[25] Hardy L, Bell J, Bauman A, Mihrshahi S. Association between adolescents’ consumption of and different types of
sugar-sweetened beverages with oral health impacts and weight status. The Australian and New Zealand Journal of
Public Health. 2017, 42: 22-26. Available from: doi: 10.1111/1753-6405.12749.

[26] Garduio-Alanis A, Malyutina S, Pajak A, Stepaniak U,»KubinovasR; Denisova D, et al. Association between
soft drink, fruit juice consumption, and obesity/in Eastern Europe: Cross-sectional and longitudinal analysis of
the HAPIEE study. Journal of Human Nutrition and Dietetics®2019; 33: 66-77. Available from: doi: 10.1111/
jhn.12696.

[27] Marshall TA, Curtis AM, Cavanaugh JEj)Warren JJ Levy' SM. Child and adolescent sugar-sweetened beverage
intakes are longitudinally associated withshigher Body Mass Index z Scores in a birth cohort followed 17
Years. Journal of the Academy of Nutrition and Dietetics. 2019; 119: 425-434. Available from: doi: 10.1016/
jJjand.2018.11.003.

[28] Harrington JM, Perry C, Keane E, Perry 1J. Sugar-sweetened beverage consumption and association with weight
status in Irish children; A cross-sectional study prior to the introduction of a government tax on sugar-sweetened
beverages. Public Health Nutrition. 2020; 23: 2234-2244. Available from: doi: 10.1017/S1368980020000014.

[29] Frantsve-Hawley J, Bader JD, Welsh JA, Wright JT. A systematic review of the association between consumption
of sugar<Containing beverages and excess weight gain among children under age 12. Journal of Public Health
Dentistry. 20173 77(1): S43=S66¢Available from: doi: 10.1111/jphd.12222.

[30] Midler C, Ettridge K, Wakefield M, Pettigrew S, Coveney J, Roder D, et al. Consumption of sugar-sweetened
beverages, juiCe, artificially-sweetened soda, and bottled water: An Australian population study. Nutrients. 2020;
12: 817. Available from: doi: 10.3390/nu12030817.

[31] Malik VS; Willett WC, Hu FB. Sugar-sweetened beverages and BMI in children and adolescents: reanalysis of
a meta-analysisy, American Journal of Clinical Nutrition. 2009; 89(1): 438-440. Available from: doi: 10.3945/
ajcn.2008.26980.

[32] National Bureau of Statics of China: Main Data of the Seventh National 2020 Population Census. Beijing, China;
2020. Available from: https://www.stats.gov.cn/ [Accessed 18th February 2022].

[33] Koctiirk-Runefors T. Changes in food habits and nutritional status of immigrants from Turkey in Sweden.
Bibliotheca Nutritio et Dieta. 1990; 45: 157-164. Available from: doi: 10.1159/000418686.

[34] Finely JS. Islam in China: Chinese Studies, Oxford Bibliographies. Oxford, UK: Oxford University Press; 2020.

[35] Gladney DR. Dislocating China. Muslims, Minorities, and Other Subaltern Subjects. Chicago, USA: The
University of Chicago Press; 2004. Available from: doi: 10.4000/chinaperspectives.556.

Food Science and Engineering 76 | Abdelhadi Halawa


https://doi.org/10.1038/ejcn.2017.41
https://www.stats.gov.cn/

[36] Lavrakas PJ. Self-Administered Questionnaire: Encyclopedia of Survey Research Methods. Thousand Oaks, CA:
Sage Publications; 2008. Available from: doi: 10.4135/9781412963947.

[37] Thompson FE, Kipnis V, Subar AF. Evaluation of 2 brief instruments and a food-frequency questionnaire to
estimate the daily number of servings of fruit and vegetables. Amerian Jounal of Clinical Nutrition. 2000; 71(6):
1503-1510. Available from: doi: 10.1093/ajen/71.6.1503.

[38] Krause NA. Comprehensive strategy for developing closed-ended survey items for use in studies of older adults.
The Journals of Gerontology: Series B. 2002; 57(5): S263-S274. Available from: doi: 10.1093/geronb/57.5.S263.

[39] Davies MB. Doing a Successful Research Project. 2nd ed. London: UK: Palgrave Macmillan (Springer Nature);
2014.

[40] Gustafsson B, Sai D. Mapping and understanding ethnic disparities in length of schooling: The case of the Hui Minority
and the Han Majority in Ningxia Autonomous Region, China. Social Indicators Research. 2015; 124(2): 517-535.
Available from: doi: 10.1007/s11205-014-0806-4.

[41] Yang Y, Wang H, Zhang L, Sylvia S, Luo R, Shi Y, et al. The han-minority achievement gap, language, and returns
to schools in rural China. Economic Development and Cultural Change. 2015; 63(2): 319-359. Available'from: doi:
10.1086/679070.

[42] Armstrong JS. Forecasting by extrapolation: Conclusions from 25 years of research. Interfaces. 1984; 14(6)=52-66.
Auvailable from: doi: 10.1287/inte.14.6.52.

[43] Steel D. Across the Boundaries: Extrapolation in Biology and Social Scienced Oxford, UK: Oxford University
Press; 2007.

[44] Svenson O. Intuitive extrapolation of a growth function. Scandinavian Journal of PSychology. 1977; 18: 339-344.
Available from: doi: 10.1111/§.1467-9450.1977.tb00296.x.

[45] Cook TD. Generalizing causal knowledge in the policy sciences: Externalyvalidity as a task of both multiattribute
representation and multiattribute extrapolation. Journal of Policy Analysis.and.Management. 2014; 33(2): 527-536.
Auvailable from: doi: 10.1002/pam.21750.

[46] Armstrong LE, Johnson EC. Water intake, water balance, and the elusive daily water requirement. Nutrients. 2018;
10(12): 1928. Available from: doi: 10.3390/nul0121928.

[47] Popkin BM, D’Anci KE, Rosenberg IH. Water, hydration, and health. Nutrition Reviwes. 2010; 68(8): 439-458.
Available from: doi: 10.1111/j.1753-4887.2010.00304 .

[48] Jéquier E, Constant F. Water as an essential nutrient: the physiological basis of hydration. European Journal of
Clinical Nutrition. 2010; 64(2): 115-123. Available'frofm: doiy 10:1038/ejcn.2009.111.

[49] Zhang N, Du SM, Zhang JF, Ma GS. Effects of dehydration /and rehydration on cognitive performance and mood
among male college students in Cangzhou, China: A'self-e¢ontrolled trial. International Journal of Environmental
Research and Public Health. 2019; 16(11): 189. Available from: doi: 10.3390/ijerph16111891.

[50] Trinies V, Chard AN, Mateo T, Fréeman MC. Effects of water provision and hydration on cognitive function among
primary-school pupils in Zambia: Ayrandomized trial. PLoS One. 2016; 11(3): e0150071. Available from: doi:
10.1371/journal.pone.0150071.

[51] Popkin BM, Du S, Zhai F, Zhang B:“Cohort profile: The China health and nutrition survey--monitoring and
understanding socio-€conomie and health change in China, 1989-2011. International Journal of Epidemiology.
2010; 39(6): 1435-1440. Available ffom: doi: 10.1093/ije/dyp322.

[52] Yu D, Zhao L, Zhang J,Yang Z, Yang L, Huang J, et al. China nutrition and health surveys (1982-2017). China
CDCeekly. 2021; 3(9):193-195. Available from: doi: 10.46234/ccdcw2021.058.

[53] Flaws B. The Tao of Healthy Eating: Dietary Wisdom According to Traditional Chinese Medicine. 2nd ed. Boulder,
CO,USA: Blue PoppysPress; 1999.

[54] Hou Y,Jiang JG. Origin and concept of medicine food homology and its application in modern functional foods.
Food & Fumetion. 2013; 4(12): 1727-1741. Available from: doi: 10.1039/c3f060295h.

[55] Thow AM, Dewns SM, Mayes C, Trevena H, Waqanivalu T, Cawley J. Fiscal policy to improve diets and prevent
noncommunicable diseases: from recommendations to action. Bulletin of the World Health Organization. 2018;
96(3): 201-210. Available from: doi: 10.2471/BLT.17.195982.

[56] Bleich SN, Vercammen KA. The negative impact of sugar-sweetened beverages on children’s health: An update of
the literature. BioMed Central Obesity. 2018; 5: 6. Available from: doi: 10.1186/s40608-017-0178-9.

[57] Malik VS, Popkin BM, Bray GA, Després JP, Hu FB. Sugar-sweetened beverages, obesity, type 2 diabetes
mellitus, and cardiovascular disease risk. Circulation. 2010; 121(11): 1356-1364. Available from: doi: 10.1161/
CIRCULATIONAHA.109.876185.

[58] Mullee A, Romaguera D, Pearson-Stuttard J, Viallon V, Stepien M, Freisling H, et al. Association between soft

Volume 5 Issue 1/2024| 77 Food Science and Engineering


https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195331448.001.0001/acprof-9780195331448

drink consumption and mortality in 10 European countries. Journal of the American Medical Association Internal
Medcine. 2019; 179(11): 1479-1490. Available from: doi: 10.1001/jamainternmed.2019.2478.

[59] Andrew OO, Woon-Puay K, Kazuko A, Mimi CY, Mark AP. Soft drink and juice consumption and risk of
physician-diagnosed incident Type 2 Diabetes: The Singapore Chinese Health Study. American Journal of
Epidemiology. 2010; 171(16): 701-708. Available from: doi: 10.1093/aje/kwp452.

[60] Mueller NT, Odegaard A, Anderson K, Yuan JM, Gross M, Koh WP, et al. Soft drink and juice consumption and
risk of pancreatic cancer: the Singapore Chinese Health Study. Cancer Epidemiology, Biomarkers & Prevention.
2010; 19(2): 447-455. Available from: doi: 10.1158/1055-9965.EPI-09-0862.

[61] Navarrete-Muioz EM, Wark PA, Romaguera D, Bhoo-Pathy N, Michaud D, Molina-Montes E, et al. Sweet-
beverage consumption and risk of pancreatic cancer in the European Prospective Investigation into Cancer and
Nutrition (EPIC). American Journal of Clinical Nutrition. 2016; 104(3): 760-768. Availableffrom: doi: 10.3945/
ajen.116.130963.

[62] Yan RR, Chan CB, Louie JCY. Current WHO recommendation to reduce free sugar intake from all sources to
below 10% of daily energy intake for supporting overall health is not well supported by availablerevidence.
American Journal of Clinical Nutrition. 2022; 116(1): 15-39. Available from: doi: 10.1093/ajen/nqac084.

[63] Rosinger AY, Bethancourt H, Francis LA. Association of caloric intake from sugar-sweetened beverages with ' water
intake among US children and young adults in the 2011-2016 national health and_nutrition _examination survey.
Journal of the American Medical Association Pediatrics. 2019; 173(6): 602-604." Available from: doi: 10.1001/
jamapediatrics.2019.0693.

[64] Vargas-Garcia EJ, Evans CEL, Prestwich A, Sykes-Muskett BJ, Hooson J, Cadé JE. Interventions to reduce
consumption of sugar-sweetened beverages or increase water intake’ evidence from a systematic review and meta-
analysis. Obesity Reviews. 2017; 18(11): 1350-1363. Available from;doi: 10.1111/0br.12580.

[65] Ma G, Zhang Q, Liu A, Zuo J, Zhang W, Zou S, et al. Fluid intake of adults in four Chinese cities. Nutrition
Reviews. 2012; 70(2): 105-110. Available from: doi: 10.1111/j 4753-4887.2012.00520 x.

[66] Guo H, Phung D, Chu C. Sociodemographic, lifestyle, behavioral, and parental factors associated with sugar-
sweetened beverage consumption in children in China. PLoS One. 20215 16(12): €0261199. Available from: doi:
10.1371/journal.pone.0261199.

[67] Levy DE, Riis J, Sonnenberg LM, Barraclough SJ;"Thorndike"ANwFood choices of minority and low-income
employees: a cafeteria intervention. American Journal of Preventive Medicine. 2012; 43(3): 240-248. Available
from: doi: 10.1016/j.amepre.2012.05.004.

[68] Escoto KH, French SA, Harnack LJ, Toomey TL, Hannan PJMitchell NR. Work hours, weight status, and weight-
related behaviors: a study of metro transitworkers. The Inteinational Journal of Behavioral Nutrition and Physical
Activity. 2010; 7: 91. Availabledromadoi:10.1186/1479-5868-7-91.

[69] Vieux F, Maillot M, Rehm CD, Barrios P, Drewnowski A. Opposing consumption trends for sugar-sweetened
beverages and plain drinking ¢vaternAnalyses of NHANES 2011-2016. Frontiers in Nutrition. 2020; 7: 587123.
Auvailable from: doi: 10.3389/fnut.2020.587123.

[70] Van de Gaar VM, vaneGrieken A, Jansen' W, Raat H. Children’s sugar-sweetened beverages consumption:
associations with family and home-related factors, differences within ethnic groups explored. Biomedical Centeral
Public Health. 2017;{17(1)«195. Ayailable from: doi: 10.1186/s12889-017-4095-0.

[71] Rao G, Kirley K, Weiss<Coleman R, Jeffrey Inman J, Bauer V, Zhou Y, et al. Consumption patterns of sugar-
sweeténed carbonated beverages among children and adolescents. Current Cardiovascular Risk Reports. 2015;
9(I7). Available/from: doi: 10.1007/s12170-015-0445-6.

[72] Taseyska N,dDeLianD; Lorts C, Yedidia M, Ohri-Vachaspati P. Determinants of sugar-sweetened beverage
consumption among low-income children: Are there any differences by race/ethnicity, age, and sex? Journal of the
Academy of Nutrition and Dietetics. 2017; 117(12): 1900-1920. Available from: doi: 10.1016/j.jand.2017.03.013.

[73] Allcott H, Benjamin BL, Dmitry T. Should we tax Sugar-sweetened beverages? An overview of theory and
evidence. Journal of Economic Perspectives. 2019; 33(3): 202-227. Available from: doi: 10.1257/jep.33.3.202.

[74] Stacey N, Edoka I, Hofman K, Swart EC, Popkin B, Ng SW. Changes in beverage purchases following the
announcement and implementation of South Africa’s Health Promotion Levy: an observational study. Lancet
Planet Health. 2021; 5(4): €200-e208. Available from: doi: 10.1016/S2542-5196(20)30304-1.

[75] Allcott B, Lockwood BB, Taubinsky D. Regressive Sin taxes, with an application to the optimal soda tax. The
Quarterly Journal of Economics. 2019; 134(3): 1557-1626. Available from: doi: 10.1093/qgje/qjz017.

[76] Barrett P, Imamura F, Brage S, Griffin S, Warecham N, Forouhi N. Sociodemographic, lifestyle and behavioral
factors associated with consumption of sweetened beverages among adults in Cambridgeshire, UK: The Fenland

Food Science and Engineering 78 | Abdelhadi Halawa



Study. Public Health Nutrition. 2017; 20(15): 2766-2777. Available from: doi: 10.1017/S136898001700177X.

[77] Al-Hanawi MK, Ahmed MU, Alshareef N, Qattan AMN, Pulok MH. Determinants of sugar-sweetened beverage
consumption among the Saudi adults: Findings from a nationally representative survey. Frontiers in Nutrition.
2022; 9: 744116. Available from: doi: 10.3389/fnhut.2022.744116.

[78] Davy BM, You W, Almeida F, Wall S, Harden S, Comber DL, et al. Impact of individual and worksite
environmental factors on water and sugar-sweetened beverage consumption among overweight employees.
Preventing Chronic Disese. 2014; 11: E71. Available from: doi: 10.5888/pcd11.130207.

<
2
,bg)

Volume 5 Issue 1/2024| 79 Food Science and Engineering



	_Hlk97837608
	_Hlk92640418
	_Hlk93151553
	_Hlk92542424
	_Hlk99280149
	_Hlk93572359
	_Hlk43213362
	_Hlk99281681
	_Hlk44323222
	_Hlk154737400
	_Hlk98589965
	_Hlk97804292
	_Hlk99883803
	_Hlk98590420
	_Hlk154735309
	_Hlk154738532
	_Hlk98856662
	IDX5
	_GoBack
	_Hlk102744549
	h9
	_Hlk105324871
	_Hlk93156708
	_Hlk105332262
	_Hlk105333535
	_Hlk98080506

