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Abstract
Objective: The association of soft drink consumption with mental problems in
Asian adolescents has not been reported. The present study aimed to investigate
the association of soft drink consumption and symptoms of anxiety and depression
in adolescents in China.
Design: A cross-sectional study to investigate the association of intake of soft drinks
and sugars from soft drinks with symptoms of anxiety and depressionmeasured by
the two-item Generalized Anxiety Disorder (GAD-2) and the Patient Health
Questionnaire (PHQ-2), respectively.
Setting: A comprehensive university in Changsha, China.
Participants: Newly enrolled college students in 2017.
Result: In total, 8226 students completed the investigation and 8085 students with
no systemic disorders were finally analysed. Students consuming soft drinks
≥7 times/week had significantly higher (mean difference; 95 % CI) GAD-2
(0·15; 0·07, 0·23) and PHQ-2 (0·27; 0·19, 0·35) scores compared with those barely
consuming soft drinks, adjusted for demographic and behavioural factors. Those
consuming >25 g sugar/d from soft drinks had significantly higher GAD-2 (0·11;
0·04, 0·18) and PHQ-2 (0·22; 0·15, 0·29) scores compared with non-consumers.
The mediation effect of obesity in the associations was not clinically significant.
Conclusions: Adolescents consuming soft drinks ≥7 times/week, or >25 g sugar/d
from soft drinks, had significantly higher levels of anxiety and depression. Dietary
suggestion is needed to prevent anxiety and depression in adolescents.
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Depression and anxiety in children and adolescents have
been a frequent focus of research in clinical and psycho-
logical studies over the last decade(1,2). Adolescence as
a group of exceptional age, more than any other develop-
mental period, entails experimentation, exploration and
risk taking. The adolescent’s physiology and psychology
are in a period of maturity and transition(3). Adolescents
are often vulnerable to external influences, causing a vari-
ety of psychological problems(4). Specifically, the preva-
lence of anxiety and depression in adolescents is
relatively high(5). Owing to the pressure of the entrance
examinations and the domestic one-child structure in

China, the incidence of depression and anxiety in adoles-
cents is creeping up(6).

Depression and anxiety that occur during the teen years
are considered an important public health problem because
of the heavy disease burden for the family(7). Anxiety and
depression are also linked to medical morbidity and
mortality(8). Although suicide is uncommon in adolescents
compared with non-fatal self-harm(9), the prevention of
suicide in young people is a focus of national strategies for
suicide prevention(10). If the symptomsof anxiety anddepres-
sion in adolescents are underappreciated or neglected, the
adverse effects may continue into the adult stage(11).
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The consumption of soft drinks is widespread
globally(12). In the USA, the annual consumption of carbon-
ated soft drinks per capita has risen from 47·5 litres
(12·5 gallons) in the 1950s to 212 litres (56 gallons) in
2000, and adolescents are the main consumers(13). Soft
drinks primarily include sodawater, syrup, or other carbon-
ated or non-carbonated beverages, and they contain sub-
stantial amounts of added sugars(14). ‘Syrup’ refers to
high-fructose corn syrup, which has been increasingly used
in soft drinks in the Asian market(15). Added sugars include
syrups and other caloric sweeteners such as fructose, glu-
cose, brown sugar, etc., but do not include naturally occur-
ring sugars such as those in fruit or milk(16). Soft drink
consumption in developed countries accounted for 7 %
of total energy intake in the diet during 2010 to 2012(17).

Given the popularity of soft drinks, a growing number of
studies have examined the relationship between their use
and various health outcomes. Research has shown a corre-
lation between soft drink consumption and diseases such
as obesity and type 2 diabetes(18). In recent years, the
effects of soft drinks on mental health have also attracted
research interest. Preliminary evidence suggests a possible
link between sugar intake and depression(19–21). Although
studies from Europe and the USA show a consistent link
between soft drink consumption and mental health prob-
lems among adolescents as well as older adults(22,23), data
from the Asian population are rare. In recent years, one
study reported that higher levels of soft drink consumption
in Chinese adults are associated with increased symptoms
of depression(24).

We conducted a cross-sectional study among a group of
first-year college students to investigate the association
between soft drink consumption and symptoms of depres-
sion or anxiety in Chinese adolescents.

Methods

Study design
A comprehensive university in Changsha, China, with geo-
graphically dispersed enrolment policy, was chosen as the
sampling unit. All newly enrolled students who consented
to participate underwent a health examination (to measure
height and weight) as well as completed an online ques-
tionnaire survey (to measure soft drink intake, symptoms
of anxiety and depression, and other variables) in
September 2017. More details of the study can be found
in elsewhere(25). The study was approved by the Medical
Ethical Committee of Xiangya Hospital, Central South
University (approval number 201709993).

Measurements
A web-based questionnaire survey was conducted to mea-
sure outcomes and risk factors including soft drink intake.
The survey took place on a single day organized by the

Department of Student Affairs of the university. The partici-
pant freshmen filled out the questionnaire in separate com-
puter rooms where privacy was guaranteed. During the
survey, three investigators were assigned to each room
to provide technical support.

The outcome variables of the study were symptoms of
anxiety and depression, as measured by the two-item
Generalized Anxiety Disorder Scale (GAD-2) and the
two-item Patient Health Questionnaire (PHQ-2), respec-
tively. GAD-2 and PHQ-2 are the abridged versions of
GAD-7 and PHQ-9. The Chinese versions of the tools have
been validated previously(26,27).

Frequency of carbonated soda, sweetened tea drink and
fruit-flavoured drink intake per week was inquired using the
questionnaire. Daily sugar intake (grams) from soft drinks
was calculated as: (frequency of carbonated soda per
week/7) × sugar content per-serve + (frequency of sweet-
ened tea drink per week/7) × sugar content per-serve + (fre-
quency of fruit-flavoured drink per week/7) × sugar content
per-serve. The sugar content in each type of soft drink was
described in a previous paper(28). Daily sugar intake from soft
drinkswas further categorized by quartiles (0, 15 and 25 g/d).

The questionnaire was comprised of eighty-four ques-
tions, including demographic information (ethnicity, origi-
nal region, household annual income in yuan), disease
history, behavioural characteristics (cigarette smoking, pas-
sive smoking, alcohol drinking, soft drink intake, water
intake, exercise, etc.). Height and weight were measured
by nurses using standardized methods. BMI was calculated
as [weight (kg)]/[height (m)]2.

Statistical analysis
Characteristics of the participants were presented across
the groups of soft drink intake frequency. Continuous data
were presented as mean and SD, and between-group
differences were tested using ANOVA. Categorical data
were presented as number and percentage, and
between-group differences were tested using the χ2 test.

Two-level linearmodels (student as level 1 and province
as level 2) were used to estimate the effects of frequency of
soft drink intake on anxiety/depression, adjusting for level-
1 confounders (age, gender, ethnicity, annual household
income, daily water intake, alcohol drinking, passive smok-
ing, frequency of sport, time of sedentary activities per day,
BMI) and level-2 confounders (geographic region).
Unadjusted and adjusted means of GAD-2 and PHQ-2
scores by groups of soft drink (sugar) intake frequency,
and 95 % CI, were estimated from the model and plotted.
Mean differences in multiple comparison were tested by
the least significant difference t test. The mediation effects
of BMI in the associations of sugar intake with anxiety and
depression were also tested using structural equation mod-
elling. P< 0·05was considered statistically significant for all
tests. The statistical analysis was performed using the stat-
istical software package SAS version 9.2.
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Results

In total, 8226 students consented to participate, underwent
the health examination and completed the questionnaire.
Students with hypertension (n 39), hyperlipidaemia
(n 6), diabetes (n 1), hyperuricaemia (n 6), polycystic ovary
syndrome (n 22), tuberculosis (n 16), hepatitis B (n 23),
hyperthyreosis (n 10), hypothyroidism (n 5), rheumatoid
arthritis (n 4) and psoriasis (n 9) were excluded from the
analysis, leaving 8085 participants in the final analysis.

Characteristics of the participants stratified by the fre-
quency of soft drink (any kind) intake are shown in
Table 1. Of participants, 785 (10 %) had soft drinks seven
or more times each week. More frequent intake of soft
drinks was associated with higher prevalence of over-
weight and obesity, higher annual household income,
higher frequency of sport, more sedentary activities, more
passive smoking and alcohol drinking, and higher fre-
quency of defecation.

The mean intake frequencies of the three soft drinks
across the intake frequency group of any soft drink is
shown in Fig. 1. Intake of fruit-flavoured drink accounted
for the largest proportion, while the intake frequency of
soda was slightly higher than that of sweetened tea drink
across the overall intake frequency groups.

As shown in Fig. 2, GAD-2 and PHQ-2 scores were pos-
itively associated with the intake frequency of carbonated
soda, sweetened tea drink and fruit-flavoured drink,
respectively (all P for trend < 0·01). Multiple comparisons
showed larger variations in GAD-2 than PHQ-2. For those
consuming soft drinks seven or more times weekly, the CI
of the means were wide and overlapped with the CI of less-
frequent drinkers. Interestingly, the GAD-2 score among
participants consuming soda three to six times weekly
(mean = 0·75; 95 % CI 0·67, 0·84) was significantly higher
than that among participants consuming fruit-flavoured
drink with the same frequency (mean= 0·61; 95 % CI
0·56, 0·65). In contrast, there was no difference when com-
paring PHQ-2 by the type of soft drinks.

The intake frequency of all soft drinks was then com-
bined for further analysis. As shown in Fig. 3(a) and (b),
the frequency of soft drink intake was positively associated
with GAD-2 and PHQ-2 scores in a dose–response manner
(both P for trend < 0·001). After adjustments for demo-
graphic and behavioural factors, the results remained con-
sistent. In multiple comparisons, those consuming soft
drinks seven or more times weekly had significantly higher
marginal mean scores of GAD-2 (mean difference= 0·15;
95 % CI 0·07, 0·23) and PHQ-2 (mean difference= 0·27;
95 % CI 0·19, 0·35) compared with those barely consuming
soft drinks, adjusted for demographic and behavioural fac-
tors. Soft drink intake showed larger effect size for PHQ-2
than GAD-2. Analysis with sugar intake quartiles showed
consistent results (Fig. 3(c) and (d)): those consuming
>25 g of sugar from soft drinks daily had significantly
higher GAD-2 (mean difference= 0·11; 95 % CI 0·04,

0·18) and higher PHQ-2 (mean difference= 0·22; 95 % CI
0·0·15, 0·29) scores compared with non-consumers.

In addition to soft drink intake, higher GAD-2 and PHQ-2
were also found to be significantly associated with less sport
participation, longer sedentary activities, alcohol drinking,
passive smoking, less water intake (except drinks) and
irregular defecation habit, according to the two-level multi-
ple linear models (data not shown).

Because soft drink intake was also associated with
higher BMI, we tested the mediation effects of BMI in
the associations of sugar intake with anxiety and depres-
sion. According to Fig. 4, BMI showed a significant but
small (7·4 %) mediation effect on GAD-2. By contrast,
BMI had no mediation effect on PHQ-2; sugar intake
independently increased the level of depression. The
mediation analysis was further performed by the type
of soft drinks (see online supplementary material,
Supplemental Table S1). BMI mediated 0–4 % of the effect
of a certain soft drink on GAD-2 or PHQ-2. The effect size
was negligible despite statistical significance.

Discussion

Our study revealed a dose–response relationship between
soft drink intake and symptoms of anxiety and depression
in adolescents. Those consuming soft drinks ≥7 times/
week, or consuming >25 g sugar/d from soft drinks, had
significantly higher GAD-2 and PHQ-2 scores, compared
with those barely consuming soft drinks. BMI slightly medi-
ated the association of sugar intake with GAD-2, but the
effect size was clinically negligible. Soft drink intake
brought an independent risk for symptoms of anxiety
and depression after adjustments for demographic charac-
teristics, obesity and behavioural risk factors.

Soft drinks contain large amounts of sugar, which has
been found to be associated with a higher prevalence of
depression and anxiety(29). Several possible mechanisms
linking sugar consumption and anxiety/depression are
assumed, including oxidative stress response(30) and
5-hydroxytryptamine (5-HT or serotonin) mechanism(31).
A high-glycaemic-load diet is associated with higher level
of C-reactive protein, a marker of inflammation associated
with oxidative stress. Increased inflammation and circulat-
ing cytokines have been linked to anxiety and depression
in a wide range of studies. Therefore, a possible biological
explanation for the link between soft drinks and anxiety/
depression is related to the endothelial dysfunction or a
higher level of inflammation.

In mechanistic studies with murine models, researchers
showed that long-term diet rich in sugar is associated with
decreased effectiveness of somatodendritic serotonin-1A
receptors, which provide feedback control over the synthe-
sis and release of serotonin (mood regulator) in the hypo-
thalamus(32). Hypothalamus serotonin plays an essential
role in the occurrence of mental illness. The decrease of
serotonin in man increases the possibility and vulnerability
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Table 1 Participant characteristics by frequency of soft drink intake in the sample of students (n 8085) newly enrolled in a comprehensive
university in Changsha, China, 2017

Frequency of any soft drink intake (times/week)

<1 1–2 3–6 ≥7

n or mean % or SD n or mean % or SD n or mean % or SD n or mean % or SD P

Geographic region*, n and %
North 276 12 379 11 226 14 88 11 <0·001
Northeast 89 4 163 5 108 7 60 8
East 505 22 732 21 317 19 166 21
Central 621 28 923 27 409 25 193 25
South 238 11 329 9 139 9 82 10
Southwest 262 12 473 14 209 13 102 13
Northwest 247 11 446 13 209 13 94 12

Age (years), mean and SD 18·4 0·8 18·4 0·8 18·4 0·7 18·4 0·8 0·914
BMI (kg/m2), mean and SD 20·7 3·2 20·9 3·4 21·2 3·6 21·5 3·8 <0·001
BMI category, n and %
Underweight (<18·5 kg/m2) 575 27 903 26 400 25 180 23 <0·001
Normal (18·5–23·9 kg/m2) 1379 62 2005 58 916 57 448 57
Overweight (24·0 to 27·9 kg/m2) 212 9 389 11 217 13 114 14
Obese (≥28·0 kg/m2) 72 3 148 4 84 5 43 5

Gender, n and %
Male 1063 48 1994 58 1115 69 627 80 <0·001
Female 1175 52 1451 42 502 31 158 20

Ethnicity, n and %
Han 2004 90 3004 87 1403 87 685 87 0·025
Other 234 10 441 13 214 13 100 13

Annual household income (yuan), n and %
<10 000 241 11 319 9 141 9 55 7 <0·001
10 000–29 999 590 26 796 23 314 19 136 17
30 000–49 999 399 18 598 17 266 16 115 15
50–000–99 999 508 23 798 23 384 24 202 26
100 000–199 999 377 17 708 21 383 24 190 24
≥200 000 123 5 226 7 129 8 87 11

Frequency of exercise (h/week), n and %
Hardly 485 22 639 19 315 19 163 21 <0·001
<1 476 21 790 23 319 20 133 17
1–2 645 29 1001 29 448 28 197 25
3–6 471 21 804 23 402 25 198 25
≥7 161 7 211 6 133 8 94 12

Sedentary activities (h/d), n and %
<1 294 13 274 8 73 5 29 4 <0·001
1–2 1147 51 1791 52 766 47 284 36
3–6 758 34 1312 38 733 45 423 54
≥7 39 2 68 2 45 3 49 6

Daily water intake except drinks (litres), n and %
<1 653 29 1077 31 475 29 224 29 <0·001
1–1·5 1057 47 1687 49 770 48 349 44
1·6–2 367 17 523 15 293 18 145 18
>2 161 7 158 5 79 5 67 9

Alcohol drinking (times/week), n and %
Hardly 2199 98 3303 96 1495 92 683 87 <0·001
1 28 1 105 3 95 6 76 10
2–4 6 <1 21 <1 16 1 15 2
≥5 5 <1 16 <1 11 1 11 1

Passive smoking (d/week), n and %
Hardly 1929 86 2840 82 1282 79 599 76 <0·001
<1 219 10 423 12 223 14 114 15
1–2 51 2 113 3 67 4 43 5
≥3 39 2 69 2 45 3 29 4

Defecation, n and %
2 times/d 253 11 478 14 208 13 130 17 0·001
1 time/d 1406 63 2137 62 986 61 467 59
1 time/2 d 245 11 413 12 200 12 86 11
≤1 time/3 d 43 2 43 1 16 1 8 1
Irregular 291 13 374 11 207 13 94 12

*North: Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia; Northeast: Liaoning, Jilin, Heilongjiang; East: Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Taiwan;
Central: Henan, Hubei, Hunan; South: Guangdong, Guangxi, Hainan, Hong Kong, Macao; Southwest: Chongqing, Sichuan, Guizhou, Yunnan, Tibet; Northwest: Shaanxi,
Gansu, Qinghai, Ningxia, Xinjiang.
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of anxiety and depression(33). Tryptophan is the soleprecur-
sor of peripherally and centrally produced serotonin. It was
reported that fructosemalabsorption is associatedwith lower
tryptophan levels that may play a role in the development of
depressive disorders(34). In fructose malabsorbers, fructose
remains unabsorbed in the intestine after consumption of
foods or sweeteners with high ratio of fructose to glucose,
asoccurs inhigh-fructose corn syrup, applesor apple juice,
pears, watermelons and mangoes. Researchers hypoth-
esized that the unpaired excess free fructose that remains
in the intestine of fructose malabsorbers reacts with
L-tryptophan (via the Maillard reaction). This interferes
with L-tryptophan’s absorption, availability and metabo-
lism, which in turn reduces the biosynthesis of serotonin.

Later, a series of studies examined the associations of
excess free fructose with chronic diseases. Differential asso-
ciations between soft drinks and asthma were observed
amongdrinkswith similar sugar content yet different propor-
tions of free fructose in epidemiological studies(35,36).
DeChristopher proposed the hypothesis that fructosemalab-
sorption or intake of foods with high fructose-to-glucose
ratio may contribute to gut formation of immunogens that
promote chronic respiratory conditions(37). Another potential
mechanism involving gut microbiota was summarized by
Marsland et al. in a review(38). Epidemiological studies also
addressed the association of excess free fructose with
asthma(39,40). This is consistent with our finding that partici-
pants consuming soda 3–6 times/week had higher GAD-2
compared with those consuming fruit-flavoured juice with
the same frequency. High-fructose corn syrup has been pre-
dominantly used as the added sugar in soda, while fruit drink
mayhavea lower fructose-to-glucose ratio.Unfortunately,we
didnot inquire specificdetails on fruit drink (e.g. apple juice v.
orange juice), so it was not possible to make this inference.

While there is experimental evidence, human data
regarding the association are sparse. To our knowledge,
the present study is among the first linking soft drink con-
sumption with mental disorders in Asian adolescents. The
results are consistent with those in European adoles-
cents(22). Adolescents are the major group of soft drink con-
sumers; therefore, it is of great significance to investigate
the relationship between soft drink consumption and men-
tal symptoms and to suggest preventive strategies. From the
perspective of public health, less frequent intake of soft
drinks should be considered as a dietary suggestion for
adolescents. Young people carry the hope of the family
and society, and if symptoms of anxiety and depression
arise for a variety of reasons, the effect on the family
and society can be burdensome. Severe anxiety and
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depression may even result in self-injury and suicide
among adolescents(41).

The present study has limitations. First, it was a cross-
sectional study and the causality could not be inferred from
the observed associations. Second, the representativeness
of the sample might be limited owing to the selection bias
in monocentric research. We will expand the sampling units
in the near future. Third, we did not perform food frequency
investigation and total sugar/energy intake from foods was
unknown. Finally, face-to-face diagnosis of anxiety and
depression was not performed because of limited feasibility.
However,GAD-2 andPHQ-2 had good sensitivity and speci-
ficity according to previous research. Beside the limitations,
the studyhada large samplesize, anextremelyhigh response
rate and completeness of questionnaires, because the survey
was organized by the Department of Student Affairs.

In summary, there is a dose–response relationship
between soft drink intake and symptoms of anxiety and
depression in adolescents. Those consuming soft drinks
seven or more times weekly, or consuming more than
25 g of sugar daily from soft drinks, are likely to have higher
levels of anxiety and depression compared with non-
consumers. Obesity is not likely to mediate the associa-
tions. Less frequent intake of soft drinks is suggested to
prevent anxiety and depression in adolescents.
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