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Abstract: (1) Background: This study aims to find the sugar content of market beverages and estimate
the sugar intake from beverages among students in Beijing. (2) Methods: Using snapshotting, we
collected the sugar content of beverages through their packages or nutrition labels. Combined with
the statistic of student beverage consumption, we estimated students’ sugar intake. (3) Results: The
median sugar content of total beverages was 9.0 g/100 mL, among which the fruits/vegetable juices
and beverages had the highest sugar content (10.0 g/100 mL). Sugar content in most beverages in
Beijing was generally higher than the recommendations, and fruit/vegetable juices and beverages
exceeded the most. The median of sugar intake from beverages among students was 5.3 g/d, and the
main sources were fruit/vegetable juices and beverages, protein beverages and carbonated beverages.
Sugar intake from beverages differed according to gender, age and living area. Higher sugar intake
was found among boys, older students and rural students. (4) Conclusions: Sugar content in market
beverages in Beijing were high. Gender, age and residence were the influencing factors of sugar
intake. Targeted measures should be taken to decrease the sugar content in beverages, especially the
fruit/vegetable juices and beverages and the sugar intake among students.

Keywords: sugar; beverages; children; consumption

1. Introduction

Free sugar, including monosaccharides and disaccharides added to foods by food
manufacturers or processors, is found mostly in sugar-sweetened beverages (SSBs) [1]. SSBs
are defined as sugar-sweetened sodas, fruit drinks, sweetened tea beverages, sports/energy
drinks and other drinks with added sugar [2]. Youths were reported to consume more
SSBs than adults or elders [3]. Frequent intake of excessive SSBs is strongly associated
with obesity [4], diabetes [5], hypertension [6] and dental caries [7] among children due
to the high sugar and energy content and little nutritional value of SSBs. With the rapid
urbanization, economic improvement and increasing westernized diet in China, there were
66.6% of the children consuming SSBs in 2013 [8], and the proportion of children who
consumed SSBs more than once per week increased greatly from 14.2% in 2002 [9] to 79.2%
in 2012 [10].

Therefore, policies and guidelines were intended to address a surge in non-communicable
diseases (NCDs) with SSBs, recommending to drink less or avoid SSBs. For the United
Kingdom (the UK) and French government [11,12], the guidance on front-of-pack (FOP),
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color-coded labeling was to help consumers to recognize the level of sugar content of the
product in different colors. Sugar tax was increased first in Hungary [13], Finland [14]
and some other European countries [15]. In China, the maximum of 50 g and best under
25 g added sugar per day was suggested in the dietary guidelines [16], which was also
emphasized in the National Nutrition Program (2017-2030).

According to the Chinese General Standard for Beverage (GB/T 10789-2015) [17],
which was released in 2015 and came into effect in 2016, the common beverages on sale
are divided into eight categories: protein beverages, fruit/vegetable juices and beverages,
carbonated beverages, beverages for special uses, flavored beverages, tea beverages, coffee
beverages and botanical beverages (the detailed definition is shown in Appendix A).
However, previous studies in China focused more on the consumption frequency and
consumption quantity of beverages among children. Although a few studies revealed the
sugar and energy content of carbonated [18] and non-carbonated beverages [19] (including
juice drinks, tea-based beverages, sports drinks and energy drinks) in Beijing, the sugar
content of other common beverages, such as protein beverages, were still unclear, and
the sample sizes were not big enough (93 carbonated beverages and 463 non-carbonated
beverages). Besides, only 1 study took the quantity of sugar intake of children from
beverages into account [20]. For this reason, it is our duty to focus on the sugar content
in each beverage, the amount of sugar children took from the beverages each time, and
whether the amount met the recommending standards or not under the current open policy.

Thus, in order to investigate the sugar content of market beverages and how much
sugar students could get daily from beverages, we combined the statistic of a cross-sectional
study with a consumption survey. A cross-sectional study with a sample of 26 supermarkets
in Beijing was performed during October to December 2019, which aimed to investigate
the sugar content of beverages. Besides, aiming to investigate the beverages consumption
among students in Beijing, we also selected a portion of the data from 2019 Students Snacks
and Beverages Consumption Survey in Beijing for a secondary data analysis.

2. Materials and Methods

This study could be divided into 2 parts: a cross-sectional study about the sugar
content of beverages for sale and a secondary data analysis about children’s beverage
consumption.

2.1. Cross-Sectional Study
2.1.1. Selection of Sampling Site

We conducted a cross-sectional study in supermarkets in Beijing from October to
December 2019. The selection of sampling sites mainly comprised three steps: Firstly,
based on the Kantar World Panel Research [21], 16 supermarket chains of 12 retail groups
in the top 10 Grocery Market Shares of China, Northern China and Eastern China were
included in our study, excluding those without branches in Beijing. Secondly, we included
supermarket chains with more than 4 branches in Beijing, expanding our study spots
into 20 supermarket chains. Thirdly, considering that the convenience stores such as
Lawson, 7-Eleven and so on were also common beverage consumption sites, we added
6 convenience stores into our selection of samples. Data of supermarket chains in Beijing,
including name, total number of branches and addresses of each supermarket chain, were
captured from the free web-based, geospatial information provider Amap.

In all, 26 supermarket chains or convenience stores were chosen in this study (RT-
Mart (Taiwan, China), Auchan, Vanguard, Ole, Wal-Mart (Bentonville, AR, USA), Yonghui
Superstores (Fuzhou, China), Carrefour, Hualian, Kuaike, Wu Mart (Beijing, China), Merry
Mart, Huaguan, Dashang Supermarket, Jingkelong Supermarket (Beijing, China), Inzone,
Lotus Market, Cuiwei Department Store (Beijing, China), Xingfurongyao Supermarket, CSF
Good Neighbor, Family Mart, BianLiFeng and Our Hours). For each supermarket chain,
only 1 supermarket was visited in our study due to the high internal similarity in suppliers.
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2.1.2. Definition and Selection of Beverages

Our beverages were divided into 8 categories in accordance with the Chinese General
Standard for Beverage. Beverages without carbohydrate/sugar/energy content on their
nutrition labels and beverages without nutrition labels were excluded from this study.
The definition of imported and domestic products was based on the place of origin which
was printed on the product package. The imported products referred to those beverages
who labeled on the package that the country of origin was a foreign country. Those
beverages without the country of origin and the producing area in China were defined as
domestic products.

2.1.3. Data Collection of the Beverages

Data were collected from product packaging and nutrient information panels of
beverages by snapshotting all the beverages for sale which met the study inclusion criteria,
to obtain the company name, product name, origin, package size, carbohydrate, sugar
and energy content per 100 mL of each kind of beverage. For beverages without sugar
content on the package, we used carbohydrate content as a replacement, and for those
beverages with same formulation but different in size, we only recorded once. Besides, as
the number of supermarkets visited increased, we only recorded products that had not
been photographed in previous supermarkets in the subsequent study sites.

2.1.4. The Criteria for Free Sugar Intakes

In this study, we used 3 kinds of recommendations for free sugar intakes to evaluate
the sugar content in different categories of beverages: (1) The guideline released by the
UK Food Standards Agency (FSA) on FOP color-coded labeling for drinks, which was
also called ‘traffic light system’ (red, high levels; amber, medium levels; green, low levels).
Cutoffs for the sugar content criteria per 100 mL in this guideline were as follows: high
>11.25 g, medium >2.5 g and <11.25 g, low <2.5 g. Cutoff of high sugar content criterion
per portion was >13.5 g. (2) The recommendation by the World Health Organization
(WHO) on the restriction of 25 g daily free sugar intake, which would reduce the risk of
non-communicable diseases. (3) The recommendation by the Dietary Guideline for Chinese
Residents on the restriction of 50 g added sugar, and best not more than 25 g per day, for
otherwise it would increase the risk of dental caries and overweight.

2.2. Secondary Data Analysis
2.2.1. Study Population

The secondary data were derived from the result of 2019 Students Snacks and Bever-
ages Consumption Survey in Beijing. After choosing 7 districts in Beijing (Xicheng District,
Chaoyang District, Haidian District, Tongzhou District, Changping District, Fangshan
District and Miyun District), 4 primary schools and 4 middle schools were selected from
each district for investigation. Eligible full-time students in the first, third, fifth and seventh
grade without severe birth defects and severe diseases and one of their parents were en-
rolled in the survey. Students were recruited directly in school by investigators. The survey
was conducted via questionnaire in all recruited students and adults to investigate the
consumption of snacks and beverages of students and related family environment. Written
informed consent was obtained from the students and their parents, and all information
was kept confidential. This study was approved by the medical ethics committee of the
Beijing Center for Disease Control and Prevention (approval number: No. 14, 2019).

2.2.2. Variable Selection

The 2019 Students Snacks and Beverages Consumption Survey in Beijing could be
divided into 5 domains: (1) students” general information; (2) students” knowledge and
attitude about the snacks and beverages; (3) general information on the main caregiver
of the students; (4) students’ consumption of snacks and beverages in the past week;
(5) family snacks and beverages environment. Considering the younger age of first-graders,
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Consumption quantity (mL/day) =

the survey of their snack and beverage consumption was completed by their parents and
included in their parents” questionnaire.

A total of 3 items (gender, age and residence) in students’ general information domain
and a total of 18 items (consumption frequency and quantity of milk drink, carbonated
beverages, pure fruit/vegetable juice, fruit/vegetable beverages, tea beverages, beverages
for special uses, soya-bean milk, protein beverages and other beverages) in students’
beverage consumption in the past week were included in our study. According to the
Chinese General Standard for Beverage, we merged several variables such as “milk drinks”,
“soya-bean milk” and “protein beverages” into “protein beverages”. “Pure fruit/vegetable
juice” and “fruit/vegetable beverages” were combined into “fruit/vegetable juices and
beverage”. Altogether, 5 categories of beverages (protein beverages, fruit/vegetable juices
and beverage, carbonated beverages, tea beverages and beverages for special uses) were
included in our study. The consumption frequency and single consumption quantity of
5 categories of beverages were used as dependent variables, while the demographic was
used as independent variable.

2.2.3. Variable Conversion

Due to the current study’s method and analysis, part of original variables from the raw
data were converted. Ages of students were calculated by students” birthdates and were
categorized as “6-8 years old”, “8-10 years old”, “10-12 years old” and “12-14 years old”.
In addition, the beverage consumption rate was the ratio of the number of students who
had consumed any beverage in the past week to the number of students participating in the
survey. Consumption frequency was calculated by adding the numbers of consumption
frequency of the 5 types of beverages in the past week. Consumption quantity referred to
the average daily beverage consumption, which was estimated with the formula:

Consumption frequency in the past week x Average beveragesconsumption quantity
7

)

The sugar intake from beverages could be evaluated by the following formula:

Sugar intake of each beverage (g/d) = Average sugar content of each beverage x Consumption quantity  (2)

According to the recommendation of daily sugar intake from the Dietary Guideline
for Chinese Residents, students were separated into low-consumption group (<25 g/d),
middle-consumption group (25-50 g/d) and high-consumption group (>50 g/d).

2.3. Statistical Analysis

Epidata3.1 software (The Epi Data Association, Odense, Denmark) was used for data
entry, and all data received were double-checked. All statistical analyses were conducted
via IBM SPSS V.23.0 software (IBM, Aromonk, NY, USA). Due to the non-normal dis-
tribution, description information was presented as median, interquartile ranges (IQR),
numbers (n) or proportions (%). For categorical and continuous variables, the analysis
of group differences in sugar content, students’ beverage consumption, students’ sugar
intake data and sugar intake level were conducted by Chi-square test and non-parametric
Kruskal-Wallis test. McNemar—Bowker test was performed to compare of the proportion of
the red-light products per 100 mL criterion and per portion criterion according to the FSA
traffic lights system. Spearman’s rank correlation coefficient and related-samples Wilcoxon
signed-rank test were applied to explore the correlation between sugar and carbohydrate
in beverages with both contents shown on their packages. Ordinal logistic regression
model was performed to analyze the factors affecting the sugar consumption level among
students. Two-side p values < 0.05 were considered statistically significant.
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3. Results
3.1. Sugar and Energy Content in Beverages

Overall, 1587 beverages met the inclusion criteria for the statistical analysis. Based
on the GB/T 10789-2015, all the products were classified into eight categories, with 39.8%
fruit/vegetable juices and beverages, 16.6% protein beverages, 12.9% carbonated beverages,
10.4% tea beverages, 7.6% flavored beverages, 6.9% coffee beverages, 3.2% beverages for
special uses and 2.3% botanical beverages. According to the origin places, imported
products accounted for 38.6% of the total beverages and domestic products accounted
for 61.4%.

Table 1 shows the sugar and energy content in different beverages. Generally, the
median of the package size in all products was 350 (IQR: 250-500) mL. The median of sugar
and energy content was 9.0 (IQR: 6.0-11.0) g/100 mL or 29.7 (IQR: 17.5-45.5) g/serving
and 42.1(IQR: 28.5-50.5) kcal /100 mL or 140.0 (IQR: 87.3-215.2) kcal/serving, respectively.
Statistical differences were evaluated in the sugar and energy content both per 100 mL and
per serving among different categories of beverages (p < 0.001). Multiple comparison tests
revealed fruit/vegetable juices and beverages had the highest sugar content per 100 mL
among all products, and sports drinks had the lowest sugar and energy content per 100 mL.
Besides, imported products had significantly higher levels of both sugar and energy content
than domestic beverages (the median of sugar content: 10.0 g/100 mL vs. 8.0 g/100 mL,
p < 0.001; the median of energy content: 45.2 kcal /100 mL vs. 39.2 kcal /100 mL, p < 0.001).

Table 1. Description of median (IQR) sugar and energy content in different beverages.

Package Size Sugar Content (g) Energy Content (kcal)

Categories n (%) (mL) Median (Range) Median (Range)
Median (Range) Per 100 mL Per Serving Per 100 mL Per Serving
Total 1587 (100) 350 (250-500) 9.0 (6.0-11.0)  42.1(285-50.5) 29.7 (17.5-45.5)  140.0 (87.3-215.2)
Fruit/vegetable 406 173.2
juices and 631(398)  450(290-1000)  100(8.0-120)  445(73-500) 0171100 (121.8.449.6)
beverages
Protein beverages 264 (16.6) 250 (200-340) 8.0(6.0-11.0)  50.0 (41.9-62.7)  19.8(125-30.6)  130.9 (89.4-202.3)
Cbl’t’;’:;f‘;f 205(12.9) 340 (330-500) 8.0(5.0-11.0)  34.9(19.6-445) 287 (165-42.0) 116.7 (65.0-170.9)
Teabeverages 165 (104) 500 (385-500) 7.0 (0-9.0) 325(55-43.6)  27.3(0-40.0)  143.5 (24.4-185.5)
tﬂs‘e’f;gegs 121 (7.6) 360 (315-495) 6.0 (3.0-10.0)  232(13.0-45.7)  22.0(8.0-30.3)  92.1(38.6-126.2)
Coffee beverages 110 (6.9) 268 (240-281) 75(3.0-80)  44.7(18.6-563)  19.2(8.0-23.1)  118.1 (47.4-159.3)
Beverages for 129.1
special uses 50 (3.2) 500 (420-600) 50 (4.0-6.0)  25.0(21.0-29.2)  30.0 (20.0-33.0) (1085.146.3)
Botanical
41 (2.3) 310 (300-450) 8.0(4.0-9.0)  31.6(22.0-37.1) 21.7(134-30.1)  96.4 (69.9-129.9)
beverages
p <0.001 <0.001 <0.001 <0.001 <0.001
Ipnrlggi‘i‘: 612 (38.6)  342.5(250-1000)  10.0 (7.0-12.0) 452 (34.9-52.8)  33.0 (20.0-70.0)  147.0 (99.0-299.8)
Domestic
products 975 (61.4) 350 (268-500) 8.0(5.0-10.0)  39.2(25.6-485) 27.5(165-40.0) 1333 (83.8-187.7)
p <0.001 <0.001 <0.001 <0.001 <0.001

3.2. Portions of Sugar Exceeding Rate with Different Criteria

On the basis of different criteria for added sugar intake, the sugar content in different
categories of beverages is summarized in Table 2. According to the FSA, 344 (21.7%)
beverages were marked with a red label in the per 100 mL criterion, while 1309 (82.5%)
products were red in the per serving criterion. Meanwhile, 955 (60.2%) products had an
excessive sugar content exceeding the daily free sugar intake recommendation from WHO.
Among total 1587 products, the McNemar—Bowker test showed statistically significant
results on the difference in the proportion of products marked with a ‘red” label when using
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the per 100 mL standard and per serving standard (x2 = 933.966, p < 0.001). Based on the
different criteria, juice drinks had the highest percentage of products (33.6%, 96.8%, 82.3%)
exceeding the UK'’s per 100 mL, per serving and WHO criterion, while coffee beverages
had the lowest percentage of products (0.9%, 67.3%, 21.8%).

Table 2. Description of sugar in different beverages according to different recommendations (1, %).

Number of Products with ‘Red’ Label Number of Number of Products with
Color-Coded Labeling Products with Free Free Sugar > Chinese
Categories Sugar > WHO Dietary Guideline
>11.25 g/100 mL >13.5 g/Serving Recommendation Recommendation

(>25g) (>50 g)

Total 344 (21.7) 1309 (82.5) 955 (60.2) 372 (23.4)

Fruit/vegetable juices

and beverages 212 (33.6) 611 (96.8) 519 (82.3) 271 (42.9)

Protein beverages 58 (22.0) 187 (70.8) 100(37.9) 31(11.7)

Carbonated beverages 34 (16.6) 162 (79.0) 119 (58.0) 39 (19.0)
Tea beverages 22 (18.2) 83 (68.6) 54 (44.6) 11 (9.1)
Flavored beverages 12 (7.3) 117 (70.9) 91 (55.2) 13 (7.9)

Coffee beverages 1(0.9) 74 (67.3) 24 (21.8) 0 (0)
Beverages for

special uses 3(6.0) 44 (88.0) 34 (68.0) 2 (4.0)
Botanical beverages 2 (4.9) 31 (75.6) 14 (34.1) 5(12.2)
p <0.001 <0.001 <0.001 <0.001

Imported products 263 (21.2) 122 (43.9) 159 (25.2) 195 (31.9)

Domestic products 35(10.2) 176 (13.4) 139 (14.6) 177 (18.2)
p <0.001 <0.001 <0.001 <0.001

Among 1587 beverages, we only found sugar content on the nutrition labels on 298
(18.8%) products. Carbonated beverages had the highest proportion of products with sugar
labeling (34.1%), while protein beverages had the lowest (8.7%). No statistical difference
was found between the imported and domestic products regarding the sugar labeling. For
those beverages with both sugar and carbohydrate content information, correlations of
these 2 contents were calculated by Spearman’s rank correlation coefficients and showed a
strong correlation (r = 0.964, p < 0.001, Appendix B, Table A2). The differences between
carbohydrate and sugar contents were significant (Wilcoxon matched pair test, p < 0.001,
Appendix B, Table A3).

3.3. Beverage Consumption among Students

Of the total number of 3957 students, results from 3908 students were analyzed
excluding 49 students due to serious data loss (>70%). While 50.4% were boys, students
in this survey aged from 6 to 14 (Table 3). Among these, the proportions of children of all
ages were close to 25%, and more than half of the students (58.4%) lived in rural areas. In
total, 83.2% of the students consumed SSBs in the past week (83.4% for boys and 83.0% for
girls). Students aged over 10 presented a higher SSBs consumption rate than those aged
under 8. Besides, students residing in rural areas consumed more SSBs than those urban
students. (p < 0.001). The consumption rate, frequency and single consumption quantity of
each kind of beverage are shown in Appendix C, Tables A4—A6.

The total median of consumption frequency and single consumption quantity were
3.0 (IQR: 1.0-7.0) per week and 63.1 (IQR: 11.9-182.7) m/d. Boys drank more than girls
in every time they consumed (p = 0.039). Significant differences existed in consumption
frequency and single consumption quantity between students with different age and
residence (p < 0.001).
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Table 3. Consumption rate, frequency and single consumption quantity among students.

Consumption Single
. Consumption Frequency Consumption
0,
Categories n (%) Rate (%) P P50 (IQR) P Quantity P
(Times/Week) P50(IQR) (mL/d)
Total 3908 (100) 83.2 3.0 (1.0-7.0) 63.1 (11.9-182.7)
Boys 1971 (50.4) 83.4 3.0 (1.0-7.0) 71.4 (14.3-195.2)
Gender Girls 1937 (49.6) 83.0 0709 3010700 0815 57.1(101-171.4)  00%°
6-8 1010 (25.8) 78.0 2.0 (1.0-4.0) 21.4 (0-69.0)
8-10 974 (24.9) 83.8 3.0 (1.0-8.0) 71.4 (13.7-196.8)
Age 10-12 937 (24.0) 86.9 <0001 53010800 <0901 g93(0862084) <0001
12-14  985(25.2) 845 4.0 (1.0-7.0) 102.4 (25.4-266.7)
_ Urban 1627 (41.6) 79.9 3.0 (1.0-5.0) 42.9 (4.8-131.0)
Residence a1 2281 (58.4) 85.5 <0001 530010800 <0001 gr1(a57-2192) <0001
3.4. Sugar Intake from Beverages among Students
Combining the data in Tables 1 and 3, we estimated the sugar intake from each kind
of beverage (Table 4). Overall, the median of the sugar intake from beverages was 5.3 (IQR:
1.0-15.2) g/d. Boys, students over 8 years old and rural students presented higher sugar
intake than girls, students under 8 years old and urban students (p < 0.05).
Table 4. Sugar intake from beverages in different groups of students (g/d, P50 (IQR)).
. All Frult/V.egetable Protein Carbonated Tea Beverag'es
Categories Beverages Juices Beverages Beverages Beverages for Special
& and Beverages & 8 & Uses
Total 5.3 (1.0-15.2) 0 (0-2.5) 0.8 (0-3.8) 0 (0-1.7) 0 (0-0.9) 0 (0)
Gender Boys 6.0 (1.2-16.3) 0 (0-2.1) 0.7 (0-3.8) 0 (0-2.3) 0 (0-0.4) 0 (0)
Girls 4.8 (0.8-14.3) 0 (0-2.6) 0.8 (0-3.8) 0 (0-0.6) 0 (0-0.9) 0(0)
14 0.039 0.058 0.01 <0.001 0.259 <0.001
6-8 1.8 (0-5.8) 0 (0-1.4) 0.5 (0-2.1) 0(0) 0 (0) 0 (0)
Ace 8-10 6.0 (1.1-16.4) 0(0-3.2) 0.8 (0-4.4) 0(0-1.7) 0 (0-0.6) 0(1.2)
& 10-12 7.4 (2.4-19.1) 0 (0-3.5) 0.9 (0-4.2) 0 (0-2.9) 0 (0-2.1) 0 (0-0.2)
12-14  85(2.1-222) 0 (0-2.8) 0(0.9-4.2) 0 (0-3.6) 0 (0-3.8) 0 (0)
1% <0.001 0.01 0.033 <0.001 <0.001 <0.001
Residence Urban 3.6 (0.4-10.9) 0 (0-2.1) 0.4 (0-2.5) 0(0) 0 (0) 0 (0)
Rural 6.9 (1.3-18.3) 0 (0-2.8) 1.0 (0-4.2) 0 (0-2.5) 0(0-1.7) 0 (0-0.4)
1% <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

3.5. Sugar Consumption Levels among Students

Among all the students in our study, 85.1% of the students’ sugar intake from bev-
erages was lower than 25 g/d, and 5.9% of the students consumed excess added sugar
from the beverages which was higher than the maximum level of the recommendation
(Table 5). More girls were found in the low-consumption group, and more boys were in
middle-consumption group (p < 0.05). There was no statistically significant difference in
the high-consumption groups between boys and girls. Older students and rural students
were associated with higher sugar consumption (p,; < 0.001).

3.6. Factors Affecting Consumption Levels among Students

An ordinal logistic regression model was conducted to explore the influencing factor
of students’ sugar consumption levels (Model Fitting Information: p < 0.001; Test of Parallel
Lines: Chi-Square: 3.676, p = 0.597). The results are shown in Table 6. Our results found
that boys consumed more sugar from beverages significantly more than girls (OR = 1.309,
95% CI: 1.091~1.570, p = 0.004). Compared with students aged 12-14, students who were
under 10 years old consumed less sugar from beverages (6-8 years old: OR = 0.087, 95% CI:
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0.057-0.133, p < 0.001; 8-10 years old: OR = 0.645, 95% CI: 0.513-0.811, p < 0.001). There
was no difference between the students aged 10-12 and students aged 12-14 in the sugar
consumption level. For residence, students living in urban areas consumed less sugar than
the rural students (OR = 0.449, 95% CI: 0.368-0.548, p < 0.001).

Table 5. Differences in sugar consumption level between different kinds of students (1, %).

Low- Middle- High-
Categories Consumption  Consumption Consumption P
Group Group Group
Total 3325 (85.1) 352 (9.0) 231 (5.9)
Boys 1648 (83.6) 199 (10.1) 124 (6.3)
Gender Girls 1677 (86.6) 153 (7.9) 107 (5.5) 0.027
6-8 984 (97.4) 18 (1.8) 8(0.8)
8-10 819 (84.1) 88 (9.0) 67 (6.9)
Age 10-12 753 (80.4) 114 (12.2) 70 (7.5) <0.001
12-14 767 (77.9) 132 (13.4) 86 (8.7)
, Urban 1469 (90.3) 95 (5.8) 63 (3.9)
Residence Rural 1856 (81.4) 257 (11.2) 168 (7.4) <0.001

Table 6. Ordinal logistic regression of association between sugar consumption level and demography
statistic among students.

Variable B SE p OR 95% CI
Threshold
Low-consumption level -3.163 0.427 <0.001 - - -
Middle-consumption level —2.089 0.429 <0.001 - - -
Gender (ref: girls) 0.269 0.0927 0.004 1.309 1.091 1.570
Age (ref: aged 12-14)
Aged 6-8 —2.439 0.2139 <0.001 0.087 0.057 0.133
Aged 8-10 —0.438 0.1171 <0.001 0.645 0.513 0.811
Aged 10-12 —0.192 0.1132 0.09 0.825 0.661 1.030
Residence (ref: rural) —0.800 0.1013 <0.001 0.449 0.368 0.548

3.7. Proportions of Sugar Intake from Each Kind of Beverage in Total Sugar Intake from Beverages

As shown in Figure 1, the top three sources of sugar intake from beverages were
protein beverages (38.15%), fruit/vegetable juices and beverages (24.31%) and carbonated
beverages (15.01%). For gender, the proportions of girls” sugar intake from protein and
fruit/vegetable juices and beverages were significantly larger than those of boys, but the
proportions of carbonated beverages and beverages for special uses were less than boys
(pan < 0.05). For students who were 6-8 years old, the proportions of sugar intake from
protein, carbonated, tea beverages and beverages for special uses were less than students
of other ages (p,1 < 0.001), and the proportions of fruit/vegetable juices and beverage was
only less than the proportions of those students aged 8-10. For those students aged 12-14,
the proportions of sugar intake from these five kinds of beverages were larger than students
who were 8-10 years old. For the rural students, the proportions of sugar intake from
carbonated, tea beverages and beverages for special uses were significantly larger than
urban students’ (p,;; < 0.001). Compared with the rural students, although the proportions
of protein beverages and fruit/vegetable juices and beverages were higher among urban
students, significant differences were not found.
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Figure 1. Proportions of sugar intake from each kind of beverage in total sugar intake from beverages.
Sources of sugar intake from each beverage by gender, age and residence (the proportion of total
sugar intake from beverages, %). * p < 0.5, *** p < 0.001. Compared with by Mann-Whitney U test
and Kruskal-Wallis test in non-parametric test. Detailed differences between groups are shown in
Appendix D, Table A7.

4. Discussion

As far as we know, previous studies had limitations on sampling methods, survey
districts and smaller sample sizes, whereas our study established the first Beverages
Nutrition Labels Database in Beijing, which covered 1587 beverages among 26 supermarket
chains or stores. Besides, combining the nutrition labels database with the data of students’
beverage consumption, our study is the first study to estimate students’ sugar intake from
beverages in Beijing.

In our study, the median of sugar content of total beverages was 9.0 g/100 mL,
which was lower than the results from western countries such as the United States (the
US, 11.3 g/100 mL) [22] and Canada (12.5 4 19.5 g/100 mL) [23]. The observation was
echoed with the finding that the sugar content of imported products was significantly
higher than the locals’ [24]. The median sugar content of per 100 mL fruit/vegetable
juices and beverage, protein beverages and carbonated beverages in our study was 10.0 g,
8.0 g and 8.0 g, respectively. The sugar contents were different to the result in the UK
(carbonated SSBs: 30.1 £ 10.7 g/330 mL) [25] and the results in New Zealand (fruit
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juices: 9.8 & 3.6 g/100 mL; dairy/soy-based drinks: 8.2 + 1.7 g/100 mL; carbonated drinks:
8.7 £ 5.5 g/100 mL) [26]. We also found the sugar content in present study was similar to
the previous studies in China (carbonated beverages: 9.3 g/100 mL [18], non-carbonated
beverages: 9.6 g/100 mL) [19]. Differences in sample sizes, products formula, manufac-
turers, flavors and brands might account for these results. For those beverages without
sugar content on their nutrition label, Wilcoxon matched pair test showed that the carbo-
hydrate was more than sugar and could not represent the sugar content well, including
fruit/vegetable juices and beverage, protein beverages, flavored beverages, tea beverages
and coffee beverages. Sucrose, fructose and glucose in fruits or vegetables [27], lactose,
starch [28] in plant-based milk beverages and polysaccharides from coffee beans [29]
remaining in the coffees might lead to these results.

High sugar content in beverages is usually in relation to high sugar exceeding standard
rate. The WHO recommendation (added sugar intake below 25 g/d) was only met by 39.8%
of beverages in this study, which was higher than the results in carbonated (37.6%) [18] and
non-carbonated (18.4%) [19] beverages in Beijing. Trying to fully incorporate all beverages
(while including lower-sugar and sugar-free beverages) might contribute to the rise of the
qualified sugar content rate. Fruit/vegetable juices and beverages enjoyed the highest
sugar exceeding rate, which was not only according to the UK criteria (per 100 mL: 33.6%;
per package size: 96.8%) but the recommendation from WHO (82.3%) as well. The result
appeared to be consistent with the discovery from the previous study of juice drinks in
Beijing in 2018 (criteria from the UK per 100 mL: 32.2%, per serving portion: 94.1%; WHO
recommendation: 83.0%) [19].

Through the significant difference between the results according to the two kinds of
criteria from FSA, our study confirmed that package size is a major influencing factor of
the sugar content in total beverages, for a much higher exceeding rate was shown when
converting sugar content from per 100 mL to per package size (21.7% vs. 82.5%). In general,
larger package size contributes to a larger consumption by consumers [30] and results in
excessive energy intake [31], even weight gain and obesity [32]. Therefore, in the present
situation of high sugar content, sugar exceeding rate and large package size in beverages,
the problem of high free sugar in beverages which represented a global challenge in public
health should be taken seriously.

On the other hand, the consumption of beverages is closely linked with the added
sugar intake. Integrated with the sugar content from nutrition labels and the beverages
consumption among students in Beijing, we roughly evaluated students’ sugar intake in
Beijing in 2019. The median of sugar intake from beverages among students was 5.3 g/d,
which tended to be much lower than the sugar intake in other countries. The Canadian
research revealed the mean sugar intake from beverage was 47 g/d among 9-18-year-old
children in 2015 [33], and a related Korean study showed the daily total sugar intake from
beverages was 13.76 g [34]. Differences in the preparation process of the beverages, lower
sugar content in domestic products and lower beverages consumption in students might be
the reasons for the discrepancy in results. According to the suggestion on free sugar intake
from WHO, 14.9% of the students in our study were likely to be less adherent to the advice.
16.4% of the boys and 18.6% of the students living in rural areas consumed excessive
sugar. The differences in the proportions of consuming sugar over 25 g/d were significant
between the students under 8 years old and over 8 years old, for the number of students
aged over 8 who exceed the sugar limit was much higher than that of students aged under
8. All of these factors can probably be explained by with the larger beverage size of each
intake and higher frequency of the beverage intake. These findings were also reported
by a previous study [35]. Greater demand of activities and energy among boys and older
students, more discretionary pocket money, greater freedom of snack choice among older
students and the nutrition education gap between urban and rural areas may cause the
differences in beverage consumption. Parent- and school-based intervention can strongly
influence the food choices of students [36,37]. Parents and teachers are advised to provide
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targeted nutrition education to students to reduce beverage consumption, especially for
boys, older students and students in rural areas.

We also found the top three contributors to beverage consumption and sugar intake
were protein beverages, fruit/vegetable juices and beverage and carbonated beverages. A
study in China found the similar result that juice and milk beverages were more popular
than carbonated and tea beverages among Chinese children [10]. Protein beverages in our
study were not the beverages with the most sugar content, but it was the most popular
beverage among students, which indicated the intake of protein beverages was the highest.
This suggested that students or parents highly valued the protein beverages, probably with
the knowledge that milk can help children a lot during their growth [38,39], and the im-
provement of the public’s health awareness. However, protein beverages are different from
milk, and they cannot replace milk. Consumers may be misled by advertisement which
exaggeratedly claims the health benefits of these products. Sugar from fruit/vegetable
juices and beverages occupied about 24.31% of the total sugar intake from beverages in
present study. Besides, the high level of natural sugars in fruit/vegetable juices cannot be
ignored, and the long-term, frequent, excessive intake of juices is associated with weight
gain [40], type 2 diabetes [4] and metabolic syndrome [41].

Overall, the questions of high sugar content in beverages and high consumption of
fruit/vegetable juices and beverages among students could not be ignored. Therefore,
all parties are supposed to take effective measures to strengthen the control of reducing
sugar intake in beverages, such as restricting package size, improving nutrition labels
management and public health awareness and so on. The government should take mea-
sures to restrain the sugar content in beverages, especially the imported beverages and
fruit/vegetable juices and beverages. Restricting the package size of beverages is an
effective method, and it has been confirmed by previous studies [42,43]. A simulated cost-
effectiveness study from Australia showed that the 375 mL package limit of SSBs tended to
reduce energy intake, weight and BMI and lighten economic burden [44]. Policies on the
limitation of beverage package sizes have been published in the US [45].

With the advantages of reliability and accessibility to the nutrition information, nutri-
tion labels can guide consumers to a better choice. Among 1587 beverages in our study,
only 298 (18.8%) products had sugar content on their nutrition label, probably with the
reason that sugar content is not compulsively required on the nutrition label in China [46];
therefore, the improvement of nutrition label standards is essential. In the European coun-
tries, the FOP traffic lights system among prepackaged food was recommended to help
consumers identify healthier food, and it was most widely applied in the UK [47]. In the
US, the added sugar content on nutrition labels is stipulated by the Food and Drug Admin-
istration (FDA) [48], and health warnings on the packages of beverages were demanded in
some states [49,50].

In addition, in the inherent impression of consumers of the benefits of fruits and vegeta-
bles leads to the stereotype that fruit/vegetable juices and beverages are healthy and can be
consumed without worries. However, the health concern from the excessive fruit/vegetable
juices and beverages should not be neglected. The department of education and the media
should help consumers to raise awareness on the sugar content and the adverse effects
of beverages, especially the fruit/vegetable juices and beverages. Meanwhile, teachers or
parents should guide the students correctly to reduce their beverage consumption.

There were some limitations that should be noted in our study. Firstly, although bever-
ages are also available online or in other smaller retail stores, we visited 26 supermarkets in
Beijing including supermarket chains from top 10 retail groups, local supermarket chains
and convenience stores, whose beverages could represent the common selling beverages
well. Secondly, assessing daily beverages intake from the 2019 Students Beverages and
Snacks Consumption Survey in Beijing might be affected by recall bias and could not
accurately reflect students’ daily beverages intake. Thirdly, the beverages without nutrition
labels were not included in our study. Therefore, further studies are required to detect the
sugar content in those products through professional methods. Fourthly, due to the lack
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of students’ dietary data, the contribution rates of the sugar and energy from beverages
to the dietary sugar and energy are unknown in our study, which can be improved in
further studies.

5. Conclusions

The sugar content of beverages was high in China, and fruit/vegetable juices and
beverages had the most sugar. Children’s sugar intake from beverages in China was
lower than developed countries. The sugar from beverages mostly came from protein
beverages, fruit/vegetable juices and beverages and carbonated beverages. Higher sugar
intake was found among boys, students over 10 years old and rural students. Strategies
including reducing sugar content, restricting the package size of beverages, enhancing
the management of nutrition labels and properly guiding the public understanding of
beverages, especially fruit/vegetable juices and beverages, should be taken to decrease
sugar intakes in China.
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Appendix A
Table A1l. Definition of each category of beverage.
Categories Definition
With or without adding other food ingredients and/or food additives, processed or
Protein beverages fermented liquid beverages, based on milk or dairy products, other animal-derived edible proteins,

Fruit/vegetable juices
and beverage

Carbonated beverages

Beverages for special uses

Flavored beverages

plant fruits, seeds, or seeds containing certain proteins.

A liquid beverage made from processed or fermented fruits and/or vegetables (which may include

edible roots, stems, leaves, flowers, fruits, etc.).

Based on raw food materials and/or food additives, processed liquid beverages filled with a certain

amount of carbon dioxide gas under certain conditions, if juiced
carbonated beverages, fruity carbonated beverages, cola carbonated beverages, other carbonated
beverages, etc., do not include beverages produced by fermentation itself carbon dioxide gas.
Add liquid beverages with specific ingredients to suit the needs of all or some people.
Liquid beverages made from processed or fermented beverages, such as tea drinks, fruity drinks,
milky drinks, coffee-flavored beverages, flavored beverages, and other
flavor drinks, using one or more of the main means of flavor adjustment, such as sugar (including
sugar and starch sugar) and/or sweeteners, acidity regulators, edible flavors (materials), etc.

Flavored beverages that are not color-toned and do not add sugar (including sugar and starch sugar)

are flavored water drinks, such as soda drinks, mint water drinks,
rosewater drinks, etc.
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Table A1. Cont.

Categories Definition

With or without added raw materials and/or food additives to tea or tea water extract or its
concentrate, tea powder (including instant tea powder, abrasive tea powder) or other fresh leaves of
tea, processed liquid beverages such as raw tea juice (tea soup)/pure tea beverage, tea concentrate,
tea drink, fruit juice tea drink, milk tea drink, complex (mixed) tea drink, other tea beverage, etc.
With or without added sugars (sugar, starch sugar), milk and/or dairy products, raw
materials such as end-of-fats and/or food additives, processed liquid beverages such as espresso
Coffee beverages beverages, coffee drinks, low-caffeinated coffee drinks, low-caffeinated coffee beverages,
low-caffeinated espresso beverages, etc., using coffee beans and/or coffee products (grinding coffee
powder, coffee extract or its espresso, etc.).
A liquid beverage made from processed or fermented beverages based on plant or plant extracts,
with or without adding other food raw materials and/or food additives, such as cocoa beverages,
Botanical beverages cereal beverages, herbal (herb) beverages, edible fungi beverages, algae beverages, other plant
beverages, excluding fruit and vegetable juices and their
beverages, tea (class) beverages and coffee (class) beverages.

Tea beverages

Appendix B

Table A2. Correlations between carbohydrate and sugar content among beverages.

Categories n r p
Total 298 0.964 <0.001
Fruit/vegetable juices 88 0.886 <0.001
and beverages
Protein beverages 23 0.922 <0.001
Carbonated beverages 70 0.990 <0.001
Tea beverages 20 0.858 <0.001
Flavored beverages 49 0.925 <0.001
Coffee beverages 29 0.957 <0.001
Beverages for special uses 14 0.993 <0.001

Table A3. Differences between carbohydrate and sugar content among beverages.

Categories n z p
Total 298 —8.578 <0.001
Fruit/vegetable juices 88 5434 <0.001
and beverages
Protein beverages 23 —3.400 0.001
Carbonated beverages 70 —1.841 0.066
Tea beverages 20 —2.000 0.046
Flavored beverages 49 —3.376 0.001
Coffee beverages 29 —4.123 <0.001

Beverages for special uses 14 —1.000 0.317
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Table A4. Description of each kind of beverage consumption rate among students (1, %).
Categories Total Gender Age Residence
Boys Girls 6-8 8-10 10-12 12-14 Urban Rural
Fruit/vegetable 1633 992
juices (41.8) 791 (40.1) 842 (43.5) 343 (34.0) 484(49.7) 437(46.6) 375(38.1) 641(39.4) (43.5)
and beverages ' '
Protein 2343 1134 1209 1424
beverages (60.0) (57.5) (62.4) 615(60.9) 616 (63.2) 552 (56.0) 568 (57.7) 919 (56.5) (62.4)
Carbonated 1161 766
beverages (29.7) 668 (33.9) 493 (25.5) 190(18.8) 310(31.8) 332(33.7) 358 (36.3) 395(24.3) (33.6)
Tea beverages (12(;354) 501 (25.4) 533 (27.5) 127(12.6) 270(27.7) 302(30.7) 360 (36.5) 343 (21.1) (3?(? é)
Beverages for 554
special uses 811 (20.8) 466 (23.6) 345 (17.8) 98 (9.7) 286 (29.4) 237(24.1) 221 (224) 257(15.8) (24.3)
Other 482 (12.3) 249 (12.6) 233 (12.0) 46 (4.6) 164 (16.8) 135(13.7) 163 (18.5) 152 (9.3) 330
beverages ’ ’ ’ ’ ’ ’ ’ ’ (14.5)
Table A5. Description of beverage consumption frequency among students (times/week, P50 (IQR)).
Categories Total Gender Age Residence
Boys Girls 6-8 8-10 10-12 12-14 Urban Rural
Fruit/vegetable
juices 0(0-1) 0(0-1) 0(0-2) 0(0-1) 0(0-2) 0(0-2) 0(0-1) 0(0-1) 0(0-2)
and beverages
Protein
beverages 1(0-3) 1(0-3) 1(0-3) 1(0-3) 1(0~3) 1(0-3) 1(0-3) 1(0-3) 1(0-3)
Carbonated
beverages 0 (0-1) 0(0-1) 0 (0-1) 0(0) 0(0~1) 0(0-1) 0(0-1) 0(0) 0(0-1)
Tea beverages 0(0-1) 0(0-1) 0(0-1) 0(0) 0(0~1) 0(0-1) 0(0-1) 0(0) 0(0-1)
Beverages for
special uses 0(0) 0(0) 0(0) 0(0) 0(0~1) 0(0-1) 0(0) 0(0) 0(0-1)
Other beverages 0(0) 0 (0) 0(0) 0(0) 0 (0~1) 0(0) 0 (0) 0 (0) 0 (0)
Table A6. Description of single beverage consumption quantity among students (mL/d, P50 (IQR)).
Categories Total Gender Age Residence
8 ota Boys Girls 6-8 8-10 10-12 12-14 Urban Rural
Fruit/vegetable 0 105 0
juices 0(0-25.00 0(0-21.4) (0-27.1) 0(0-14.3) 0(0-32.1) (0-35.7) 0(0-28.6) 0(0-21.4) (0-28.6)
and beverages
Protein 9.5 7.9 9.5 52 9.5 10.4 10.3 438 114
beverages (0-42.9) (0429) (0-42.9) (0-23.8) (0-50.0) (0-47.6) (0-47.6) (0-28.6) (0-47.6)
Carbonated 0
beverages 0(0-21.4) 0(0-321) 0(0-7.1) 0(0) 0(0-214) 0(0-357) 0(0-47.1) 0(0) (0-33.9)
0 0
Tea beverages  0(0-14.3) 0(0-7.1) (0-14.3) 0(0) 0(0-12.1) 0(0-357) 0(0-64.3) 0(0) (0-28.6)
Beverages for
special uses 0(0) 0(0) 0(0) 0(0) 0(0-21.4) 0 (0-5) 0(0) 0(0) 0(0-7.1)
Other 0(0) 00 00 0(0) 0(0) 0(0) 0(0) 00 00

beverages
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Appendix D

Table A7. Differences of the proportions of sugar intake from each kind of beverage in total sugar intake from beverages.

. . Std. Test . R,
Categories Sample 1-Sample 2 Test Statistic Std. Error Statistic Sig. Adj. Sig.
Fruit/vegetable juices
and beverages
Al-A2 —166.226 43.795 —3.796 <0.001 0.001
Al-A3 —71.790 43.756 —1.641 0.101 0.605
Age A4-Al 82.320 43.500 1.892 0.058 0.351
A3-A2 94.435 42.957 2.198 0.028 0.168
A4-A2 248.546 42.696 5.821 <0.001 <0.001
A4-A3 154.110 42.656 3.613 <0.001 0.002
Protein beverages
Al-A2 —270.029 —46.186 —5.847 <0.001 <0.001
Al-A3 —391.435 —46.145 -8.483 <0.001 <0.001
Age A4-Al 393.707 45.875 8.582 <0.001 <0.001
A3-A2 121.406 45.3-2 2.680 0.007 0.044
A4-A2 123.678 45.027 2.747 0.006 0.036
A4-A3 2.272 44.985 0.051 0.960 1.000
Carbonated beverages
Al-A2 —163.310 40.460 —4.036 <0.001 <0.001
A1-A3 —235.778 40.423 —5.833 <0.001 <0.001
Age A4-Al 285.733 —40.187 7.110 <0.001 <0.001
A3-A2 72.468 —39.685 1.826 0.068 0.407
A4-A2 122.423 —39.445 3.104 0.002 0.011
A4-A3 49.955 —39.407 1.268 0.205 1.000
Tea beverages
Al1-A2 —223.739 38.908 —5.750 <0.001 <0.001
Al-A3 —322.127 38.873 —8.287 <0.001 <0.001
Age A4-Al 437.404 —38.163 2.578 <0.001 <0.001
A3-A2 98.388 —38.163 2.578 0.010 0.060
A4-A2 213.666 —37.932 5.633 <0.001 <0.001
A4-A3 115.277 —37.896 3.042 0.002 0.014
Beverages for
special uses
Al-A2 —354.622 36.099 —9.826 <0.001 <0.001
A1-A3 —259.362 36.057 —7.193 <0.001 <0.001
Age A4-Al 208.904 —35.847 5.828 <0.001 <0.001
A3-A2 95.260 35.399 2.691 0.007 0.043
A4-A2 145.718 35.184 4.142 <0.001 <0.001
A4-A3 50.458 35.151 1.435 0.151 0.907

Compared by non-parametric Kruskal-Wallis test; age: Al (students aged 6-8), A2 (students aged 8-10), A3 (students aged 10-12), A4
(students aged 12-14).

Table A8. Differences of the proportions of sugar intake from each kind of beverage in total sugar intake from beverages.

. Mann-Whitne . Test Standard Standardized Asymptotic

Categories Total N U Y Wilcoxon W Statistic Error Test Statistic ySilgD.
Fruit/vegetable

juices and

beverages

Gender 3183 1,320,237.000 2,567,647.000 1,320,237.000 24,311.747 2216 0.027
Residence 3183 1,188,930.000 3,038,856.000 1,188,930.000  23,779.233 —0.949 0.343
Protein

beverages

Gender 3183 1,382,555.000 2,629,965.000 1,382,555.000 25,636.792 4532 <0.001

Residence 3183 1,172,327.500 3,022,253.500 1,172,327.500  25,075.255 —1.562 0.118
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Table A8. Cont.

. Mann-Whitne . Test Standard Standardized Asymptotic
Categories Total N U Y Wilcoxon W Statistic Error Test Statistic ySilg).
Carbonated
beverages

Gender 3183 1,122,764.500 2,370,174.500 1,122,764.500  22,456.684 —6.394 <0.001
Residence 3183 1,311,545.500 3,161,471.500 1,311,545.500 21,964.802 4.555 <0.001
Tea beverages
Gender 3183 1,304,615.500 2,552,025.500 1,304,615.500 21,595.216 1.772 0.076
Residence 3183 1,317,982.500 3,167,908.500 1,317,982.500 21,122.203 5.042 <0.001
Beverages for
special uses
Gender 3183 1,173,288.000 2,420,698.000 1,173,288.000  20,030.673 —4.646 <0.001
Residence 3183 1,320,118.500 3,170,044.500 1,320,118.500  19,591.930 5.545 <0.001

Compared by non-parametric Mann-Whitney U test.
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