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Abstract
Background: Increased soft drink consumption has been proposed as both predictor and
result of mental health problems. Although possible mechanisms for both directions have
been suggested, understanding of the association is limited. Most previous research has been
cross-sectional and could not assess directionality.
Methods: This study investigated the directionality of the association between soft drink
consumption and mental health using longitudinal panel data of N = 5,882 children and
adolescents from the nationally representative German KiGGS baseline study (2003—-20006)
and KiGGS Wave 1 (2009-2012). Soft drink consumption and mental health problems were
assessed by standardized questionnaire (baseline) and telephone interview (Wave 1). Four
cross-lagged panel models were specified and compared regarding their fit indices. Specific
paths were tested for significance.
Results: Positive cross-sectional associations between soft drink consumption and mental
health problems were found at both measurement points (ps < .01), even after controlling for
third variables (including age, gender, and socioeconomic status). Only the lagged effect of
mental health problems on soft drink consumption reached statistical significance ( =.031, p
=.020), but not vice versa. The corresponding model also showed the best model fit overall.
Conclusions: Mental health problems predicted soft drink consumption over an average of
six years, but not vice versa. These findings suggest that consuming soft drinks might be a
dysfunctional strategy for coping with mental health problems for children and adolescents
and highlight the importance of considering mental health problems in the prevention of soft
drink overconsumption and obesity.
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Introduction

The consumption of soft drinks is considered a major risk factor for the development
of widespread noncommunicable diseases such as obesity, Type 2 diabetes, and dental caries
(see Vartanian et al., 2007, for a meta-analysis). Importantly, it is also associated with mental
health problems (e.g., Hu et al., 2019). Previous studies have suggested increased soft drink
consumption as both predictor and result of various mental health problems. As the majority
of research on this association is cross-sectional, its directionality remains unclear. The
current study addresses this gap with an investigation of the association of mental health
problems, which for this study were defined as problems regarding emotion, conduct, peers,
and hyperactivity (Goodman and Goodman, 2009), and soft drink consumption in
longitudinal data on children and adolescents. In the following, empirical findings and
potential mechanisms from previous literature are presented for both directions.
Soft Drink Consumption as a Predictor of Mental Health Problems

Several studies, including two recent meta-analyses, concluded that the consumption
of soft drinks might be linked to an increased risk of depression, but further research,
especially using prospective designs, is needed (Hu et al., 2019; Kang et al., 2018). Two
prospective studies found that increased soft drink consumption (Guo et al., 2014; Sanchez-
Villegas et al., 2018) as well as sugar consumption in general (Kniippel et al., 2017) are
associated with risk of depression among adults. Cross-sectional studies showed similar
findings in children and adolescents: Soft drink consumption was linked to mental distress,
conduct problems, and total mental health difficulties in 5,498 10th-grade students in Norway
(Lien et al., 2006). Bruckauf and Walsh (2018) showed an association of sugar consumption,
especially soft drinks, and violent behavior, that is, bullying and fighting in adolescents.

The understanding of mechanisms underlying the effect of soft drink consumption on

mental health problems is limited (Bruckauf and Walsh, 2018). Proposed mechanisms are



mainly biological. Sweet taste has been shown to alter levels of f-endorphins in animal
studies (Yamamoto et al., 2000). This opioid’s role in the pathophysiology of depression is
supported by animal studies and research in clinical populations (Hegadoren et al., 2009).
Furthermore, sugar is also suspected to impact oxidative stress and foster inflammatory
processes, which are both linked to depression (Westover and Marangell, 2002). Likewise, a
heightened consumption of sugar contributes to the development of insulin resistance
(Palanker Musselman et al., 2011), which is also associated with elevated depressive
symptoms (Timonen et al., 2005). Moreover, some soft drinks such as cola and iced tea
contain caffeine, which has been suspected to be a potential mediator for their effect on
behavior problems, such as aggressive behavior in children (Suglia et al., 2013).

Soft Drink Consumption as a Result of Mental Health Problems

At the same time, several cross-sectional studies have suggested increased soft drink
consumption as a result of mental health problems. Posttraumatic stress disorder symptoms
were related to increased soft drink consumption in young women in the United States (Hirth
et al., 2011) and 8th-grade students in Lithuania (Vilija and Romualdas, 2014). Other studies
found that exposure to violence (Piontak et al., 2017) and being bullied, threatened, or injured
in school (Park et al., 2013) were linked to a higher intake of unhealthy beverages, including
soft drinks.

The effect of mental health problems on the consumption of soft drinks might be best
explained by seeing soft drink consumption as a strategy for coping with unpleasant
symptoms of mental health problems (Vilija and Romualdas, 2014), particularly in children
and adolescents, who do not have access to other substances such as alcohol, nicotine, or
illicit drugs such as cannabis. Sugar has been shown to have analgesic effects (Blass and
Hoffmeyer, 1991) and thus could numb unpleasant feelings. Sugar also activates a metabolic

brain feedback pathway, which may turn off stress responses (Tryon et al., 2015). Moreover,



sugar stimulates the brain’s reward system (Koekkoek et al., 2017), which may also foster its
use for coping with unpleasant symptoms of mental health problems. Ulrich-Lai (2016) even
referred to the consumption of sucrose as a way of self-medication in response to stress. In
children, positive emotional associations with soft drinks (Geers et al., 2017) as well as stress
(Michels et al., 2015), negative affect, and low momentary ability to cope (Mason et al.,
2019) have been shown to predict higher soft drink consumption. Additionally, soft drinks
might be used as a coping strategy not only by children themselves but—especially in
younger children—also by parents to attenuate mental health problems in their offspring. In
hospitals, sucrose is given to infants as an analgesic (Blass and Hoffmeyer, 1991).
Sociodemographic Predictors of Soft Drink Consumption and Mental Health Problems

Previous research has shown that several sociodemographic variables are important in
the context of soft drink consumption and mental health problems in children and
adolescents: Male gender, older age, and lower socioeconomic status (SES) are all positively
related to both soft drink consumption (e.g., Mensink et al., 2018; Fielding-Singh and Wang,
2017) and mental health problems (Klipker et al., 2018; Reiss, 2013) in children and
adolescents. Further, migration background has been linked to soft drink consumption, with
children with a migration background showing higher consumption (e.g., Hasselkvist et al.,
2014). All of the above factors were considered in the current study as control variables.
Research Goals and Hypotheses

Most previous research on the association between mental health problems and soft
drink consumption has been cross-sectional and thus could not assess directionality. The three
available prospective studies all focused on depression in adults (Guo et al., 2014; Kniippel et
al., 2017; Sanchez-Villegas et al., 2018); two tested only one direction of the effect (Guo et
al., 2014; Sanchez-Villegas et al., 2018), and one did not investigate soft drinks but rather

sugar in general (Kniippel et al., 2017). Thus, the main goal of the current study was to



investigate the unclear directionality of the association between mental health problems and
soft drink consumption using longitudinal data from two waves of a large, representative
German panel study. Studying soft drink consumption and mental health is particularly
relevant in adolescents in Germany, because they consume more calories from beverages,
particularly from soft drinks, than adolescents in many other European countries (cf. the
Healthy Lifestyle in Europe by Nutrition in Adolescence study, conducted in Austria,
Belgium, France, Germany, Greece, Italy, Spain, and Sweden; Duffey et al., 2012).

Four main hypotheses were derived from the literature described above:

Hypothesis 1 (HI): Mental health problems and soft drink consumption are positively
associated at both measurement points (Time 1 and Time 2).

Hypothesis 2 (H2): Mental health problems at Time 1 predict soft drink consumption
at Time 2. H2a: The model that includes a path from mental health problems at Time 1 to soft
drink consumption at Time 2 shows a better fit than the Baseline Model (that includes only
the cross-sectional associations at both measurement points and the autoregressive effects).
H2b: The estimated coefficient for the path from mental health problems at Time 1 to soft
drink consumption at Time 2 is positive.

Hypothesis 3 (H3): Soft drink consumption at Time 1 predicts mental health problems
at Time 2. H3a: The model that includes a path from soft drink consumption at Time 1 to
mental health problems at Time 2 shows a better fit than the Baseline Model. H3b: The
estimated coefficient for the path from soft drink consumption at Time 1 to mental health
problems at Time 2 is positive.

Hypothesis 4 (H4): The relationship between mental health problems and soft drink
consumption is reciprocal. H4a: The model that includes both cross-lagged paths shows a
better fit than the Baseline Model and the models that include only one of the lagged paths.

H4b: The estimated coefficients for both cross-lagged paths are positive.



Importantly, H2 to H4 are not contradictive: H4 is a combination of H2 and H3. If the
effect is reciprocal, all hypotheses should be supported by the results. If the effect is
unidirectional, either H2 or H3 should be supported.

Exploratory Research Questions

Besides these hypotheses, three exploratory research questions were investigated. The
focus of this study was on general mental health problems. However, whether specific
subdimensions of mental health problems (i.e., emotional symptoms, conduct problems,
hyperactivity, and peer problems; Goodman and Goodman, 2009) show a stronger association
with soft drink consumption was also explored. Further, social support was exploratively
investigated as a potential moderator for the effect of mental health problems on soft drink
consumption. Social support has been shown not only to buffer negative effects of stress
(Steptoe, 2000; Stein and Smith, 2015) but also to function as coping assistance (Thoits,
1986). Consequently, higher levels of social support might be an alternative or additional
coping strategy to soft drink consumption and are thus assumed to attenuate the relation
between soft drinks and mental health. During childhood and adolescence, many
developmental processes take place that come with personal, social, and intellectual changes
(Elkind, 1994). To investigate how these processes affect the association of soft drink
consumption and mental health problems is beyond the scope of this article. However, in an
additional exploratory analysis, this study investigated potential differences between age
groups as a proxy for different developmental stages. Because there is no clear consensus on
what age groups represent different developmental stages in children, for this study, age
groups were categorized in seven distinct ways (e.g., 3- to 7-year-olds vs. 8- to 12-year-olds;
3- to 5-year-olds vs. 6- to 9-year-olds vs. 10- to 12-year-olds). Results were then compared

between the different age-group categorizations.



Methods

Data

Data were taken from the first two waves of the German Health Interview and
Examination Survey for Children and Adolescents (KiGGS), a nationally representative long-
term study on health of children and adolescents in Germany carried out by the Robert Koch
Institute (Holling et al., 2012). Data of the KiGGS study are available for scientific use upon
request. The KiGGS baseline study ran from May 2003 to May 2006 and included 17,641
children and adolescents between 0 and 17 years and their parents. Parents answered
questionnaires about physical, psychological, and social aspects of their children’s health.
Children and adolescents older than 11 years additionally answered questionnaires
themselves. To ensure representativeness, a stratified multistage probability sample was
drawn via a two-step procedure; response rate was 66.6% (see Kamtsiuris et al., 2007, for
details). The first follow-up (KiGGS Wave 1) was carried out between June 2009 and June
2012 as a telephone-based survey (see Lange et al., 2014, for details). Of the 17,641
participants of the baseline study, 11,992 participated in Wave 1. Of these 11,992 participants,
5,420 were excluded because they were younger than 3 or older than 18 years in Wave 1. In
accordance with the study protocol, mental health was not assessed in these age groups. Of
the remaining 6,572 participants, another 690 were excluded due to missing data on soft
drink consumption, mental health problems, SES, and/or migration background. Missing data
were handled using the most conservative option, listwise deletion. This is in line with
available guidelines and has the advantage of not further increasing the computational
complexity of our analyses (Cheema, 2014). Given that our sample was large even after
exclusion of incomplete cases, there was no need to use imputation to increase the power of

our analyses. The final sample thus consisted of N = 5,882 children and adolescents. For the



exploratory analyses including social support, only 581 participants were analyzed, because
social support was measured only in children and adolescents aged 11 years or older.
Measures

For all measures, self-report data from children and adolescents were used when
available. Parent reports were used when children were younger than 11 years.

Soft drink consumption was measured with two items on frequency and average
portion size when consuming soft drinks in the baseline study. Frequency was assessed with
“How often during the past weeks did your child/did you drink soft drinks (such as cola,
lemonade, iced tea, or malt beer)?”” on a 10-point scale ranging from “never” to “more than 5
times a day.” Portion size was measured with “When your child drinks/you drink soft drinks,
how much does your child/do you usually drink?” Possible answers were “Y4 glass (or less),”
“Vs glass,” “1 glass (200 ml),” “2 glasses,” and “3 glasses (or more).” In KiGGS Wave 1, the
frequency of soft drink consumption was assessed with a similar question but different

99 ¢

categories: “daily,” “not daily but at least once a week,” “less often than once a week,” and
“never” (Mensink et al., 2018). Only when participants answered “daily” or “not daily but at
least once a week” were they asked about the number of soft drinks they or their children
drank per day or per week, depending on their previous answer. For both waves, number of
consumed glasses of soft drinks per day was computed for each child or adolescent.

Mental health problems were assessed using the German version of the Strength and
Difficulties Questionnaire (SDQ; Goodman, 1997), which is one of the most commonly used
measures of mental health problems in children (Reiss, 2013) and highly correlates with other
established measures of mental health in children (Goodman, 1997). The SDQ consists of 25
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items with a 3-point answer scale labeled “not true,” “somewhat true,” and “certainly true.”
The items form five subscales: (1) emotional symptoms (Cronbach’s alpha in our study: o

=.62; ap = .65), (2) conduct problems (a1 = .49; o = .44), (3) hyperactivity (ot = .76; o2



=.69), (4) peer problems (o = .58; ap = .51), and (5) prosocial behavior (which is not part of
the total difficulties score and was thus not included in the analyses). Exemplary items
include “T am often unhappy, depressed, or tearful” (emotional symptoms) and “Other people
pick on me or bully me” (peer problems). The sum of the first four subscales forms a total
difficulties score (o =.79; ap =.75). This established score was used as indicator of
children’s and adolescents’ mental health problems.

Social support was measured with a German translation of the Social Support Scale
(Donald and Ware, 1984) and administered only for children and adolescents aged 11 years or
above (Cronbach’s alpha in our study: a1 = .87). The eight items asked how often support
was provided to the children or adolescents, for example, by listening, showing affection, or
giving valuable information for problem solving. Items were answered on a 5-point
frequency scale from “never” to “always.”

Several control variables were measured. Age in years was computed from the date of
birth assessed at baseline. Gender was assessed in the baseline study by self- or parent report.
In the KiGGS study, migration background was established based on the children’s and
adolescents’ country of birth and, when applicable, that of their parents, as well as their
parents’ nationality (see Frank et al., 2018, for details). When one parent was not born in
Germany or did not have German citizenship, children and adolescents were categorized as
having a one-sided migration background (Frank et al., 2018). The migration background was
defined as two-sided when children or adolescents had migrated to Germany themselves and
had at least one parent who was not born in Germany. Children and adolescents with both
parents born outside of Germany were also included in this category. SES was determined by
parents’ reports on their education, occupational status, and income (Lampert et al., 2014).
Higher values on the SES score indicate a higher socioeconomic status. Only

sociodemographic variables were used as control variables, because they are likely to
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confound the association between soft drink consumption and mental health problems.
Behavioral variables might rather be seen as intervening variables or outcomes of either soft
drink consumption or mental health problems and were thus not included as control variables.
Statistical Analysis

The data were analyzed using a cross-lagged panel approach. Cross-lagged panel
analysis falls under the broader category of structural equation modeling (Kuiper and Ryan,
2018) and allows testing the stability of constructs, their cross-sectional associations, and
longitudinal effects simultaneously (Kearney, 2017). It is widely seen as the most appropriate
method for studying causality in longitudinal data (Kuiper and Ryan, 2018). The analysis is
called “cross” because it estimates the effect of one variable on another and vice versa in one
model (Kearney, 2017). It is called “lagged” because the effects are modeled across different
measurement points.

Four different models were specified (see Figure 1). The Baseline Model included
only the cross-sectional associations of mental health problems and soft drink consumption
and their autoregressive effects. The Unidirectional Model 1 added the lagged effect of
mental health problems on soft drink consumption, whereas the Unidirectional Model 2
included the lagged effect in the other direction. The Reciprocal Model contained both lagged
effects. Mental health problems and soft drink consumption were controlled for age, gender,

migration background, and SES at both measurement points.
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Baseline Model

Unidirectional Model 1

Time 1 Time 2 Time 1 Time 2
Mental health | Mental health Mental health | Mental health
problems problems problems problems
Soft drink Soft drink Soft drink Soft drink
consumption consumption consumption consumption

Unidirectional Model 2 Reciprocal Model
Time 1 Time 2 Time 1 Time 2
Mental health Mental health Mental health Mental health
problems problems problems problems
Soft drink Soft drink Soft drink Soft drink
consumption consumption consumption consumption

Figure 1. Simplified versions of the four models that were specified in the analysis. The full
models additionally contained effects of the control variables age, gender, migration
background, and socioeconomic status on soft drink consumption and mental health problems
at both measurement points. The cross-sectional associations were specified with regard to

the residual variances of soft drink consumption and mental health problems.

As indicators of model fit, the models’ chi-square values were used. Traditionally, a
nonsignificant chi-square value is assumed to indicate a good model fit (Hu and Bentler,
1995). However, the chi-square value has been shown to be sensitive to sample size and thus
nearly always rejects the tested model when large sample sizes are used (Bentler and Bonett,
1980). Hence, the root mean square error of approximation (RMSEA), which should be lower
than 0.05 (Browne and Cudeck, 1993), the standardized root mean square residual (SRMR),
which should also be less than 0.05 (Hu and Bentler, 1995), and the comparative fit index
(CFI), for which values above 0.95 indicate a good model fit (Hu and Bentler, 1995), were
also considered. These indices were used to assess the fit of the models themselves and to

compare the models regarding their model fit to test H2a, H3a, and H4a. For the comparison
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of nested models, chi-square difference tests were used. Additionally, the Akaike information
criterion (AIC) and the Bayesian information criterion (BIC) are reported, for which smaller
values indicate a comparatively better model fit. The parameters within the models were
tested for significance with a predefined significance level of a = .05.

For exploratory purposes, a version of the Reciprocal Model was specified in which
the participants’ scores on the four subscales of the SDQ, namely, emotional symptoms,
conduct problems, hyperactivity, and peer problems, were used separately. The control
variables were also included in this model, predicting soft drink consumption and all
subdimensions of the SDQ at both measurement points. Furthermore, social support was
investigated as a potential moderator for the effect of mental health problems on soft drink
consumption. For that, the standardized interaction term of mental health problems and social
support at Time 1 was added to the Reciprocal Model. A path from this interaction term to
soft drink consumption at Time 2 was specified. Social support itself at Time 1 was also
added to the model as a standardized predictor of soft drink consumption at Time 2. For this
model, mental health problems were also standardized to minimize collinearity with the
interaction term. Multigroup analyses were conducted to investigate potential differences
between age groups regarding the estimated model parameters. The analyses were run for a
total of seven age-categorization variants (see Table S1 in the Supplemental Materials for
details). The computation of the indices and descriptive analyses were done in SPSS version
25.0.0.1. The cross-lagged panel analyses were conducted using R version 3.5.2 and the
lavaan package version 0.6-3 (Rosseel, 2012). Robust maximum likelihood estimation was
used, which adjusts test statistics and standard errors of parameter estimates for biases caused

by nonnormality with a correction introduced by Satorra and Bentler (1994).
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Results
Descriptive Analyses
The average consumption of soft drinks was just below one glass per day. Table 1
shows the descriptive statistics of all variables analyzed. Soft drink consumption and mental
health problems were positively and significantly associated at both measurement points.
With the exception of emotional symptoms at Time 2, soft drink consumption was also
positively and significantly associated with the subdimensions of mental health problems at

both measurement points. Table 2 contains the bivariate correlations of the variables analyzed

in this study.

Table 1.

Descriptive Statistics of Analyzed Variables

Time 1 Time 2

Variable M or % SD Range M or % SD Range
Soft drink 0.89 214 0-15 0.95 1.82 0-20
consumption
Mental health 8.06 484  0-32 9.03 4.56 0-31
problems
Age in years 6.96 2.54 3-12 13.04 2.54 8-17
Gender

Female 49.6% 49.6%

Male 50.4% 50.4%
Socioeconomic 1245 368 321 12.90 3.56 3-21
status
Migration
background

None 85.1% 85.8%

One-sided 6.7% 6.0%

Two-sided 8.2% 8.2%
Social support 76.63 18.89 9-100
Emotional 172 L7100 2.26 1.88 0-10
symptoms
Conduct problems 1.85 1.44 0-10 1.66 1.31 0-10
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Time 1 Time 2

Hyperactivity 3.21 2.24 0-10 3.50 2.01 0-10
Peer problems 1.27 1.51 0-10 1.62 1.41 0-10

Note. Based on the full sample of N = 5,882, except for social support for which the sample

size was n = 581. For categorical variables the shares are shown as percentages.
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Table 2.

Correlations of Analyzed Variables at Both Measurement Points

Variable 1 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 20
Time 1

1. Soft drink consumption  —

2. Mental health problems .117° -

3. Age in years 157057 —

4. Gender -03 -10" .00 -

5. Socioeconomic status  -.20" -22"" -.03" .01 -

6. Migration background ~ .03" .08 .02 -.03" -.17" -

7. Social support 03 -257 .03 167 12" -02 -

8. Emotional symptoms 087 677 107 057 -117 .02 -07 -

9. Conduct problems 067 707 -.077 =107 -1277 047 -227 297 —

10. Hyperactivity 087 777 .01 -137-207 047 -177 277 457 -

11. Peer problems 077 647 .09 -097 -167 147 -267 347 307 267 -

Time 2

12. Soft drink consumption .24 10" .18 -14™ -18" -.01 -10" .04™ .05 .117 .06~ -

13. Mental health problems .04 .30 .05 .05" -.14™ .04™ -07 .197 207 277 177 107 -

14. Age in years 157047 997 00 -.03" .02 -04 .097 -077 .01 .097 .18 .057 -

15. Socioeconomic status ~ -.217" -.22 -.08" .01 .80 -.16" .117 -117 12" -20" -.177 -.18™ -.157 -.08" —

16. Migration background .02 .08" .01 -.03" -16™ 96" -02 .03° .03 .04 .13™ -01 .04 .01 -15" -

*k *k

17. Emotional symptoms .02 .16™ .09 .24™ -07" .02 .03 .23 .06™ .08 .09 .02 .71 .09” -.08" .02 -

18. Conduct problems 02 227 -.09™ -.077 -.097 057 -.08 .07 24" .19 .09 097 .64™ -.09" -.11"" .05 26" -

19. Hyperactivity 03" 24”01 -.04-10" .02 -03 .08 .16™ .30 .07" .09 .75 .01 -.10" .02 28" 40" -

20. Peer problems 04" 21 097 .04 - 117 04" -.16™ 127 107 .14 24 06™ .58 .09 -.12°° .04 317 217 18" -

Note. Pearson product-moment correlations between variables of interest. N = 5,882, except for all correlations including social support, for which the sample

size was n = 581. * p < 0.05. ** p <0.01
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The sample analyzed did not significantly differ from the 690 participants who were
excluded due to missing data on gender, SES, or mental health problems (p > .05). Excluded
participants were, however, slightly older (Cohen’s dii = 0.21, dp = 0.23) and more likely to
have a one-sided or two-sided migration background, %*1(2, N = 6,540) = 300.48, p <.001;
Ye(2, N=6,570) =303.61, p <.001.

Cross-Lagged Panel Analyses

Regarding the cross-lagged panel analyses, first the fit indices of the specified models
were assessed, which can be seen in Table 3. The chi-square values reached statistical
significance, with p <.001 for all models, indicating a misfit. However, as described in the
Methods section, the chi-square test almost always rejects the tested model when large
sample sizes are used. The RMSEA and the SRMR were both well below the cutoff of 0.05

for all models, and the CFI was always above 0.95, all indicating a good model fit.

Table 3.

Fit Indices of the Four Models

Model df 2 RMSEA SRMR CFI AIC BIC
Baseline Model 14 7962 0.030 _ 0.009 0967 1170703 1172306
Unidirectional 13 7421  0.030  0.008 0969 117066.4 1172333
Model 1
Unidirectional

13 7858  0.031  0.009 0967 1170712 1172382
Model 2

Reciprocal Model 12 73.14 0.031 0.008 0.969 117067.2 117240.9

Note. N = 5,882. RMSEA = root mean square error of approximation; SRMR =
standardized root mean square residual; CFI = comparative fit index; AIC = Akaike

information criterion; BIC = Bayesian information criterion.

Model comparison. To test H2a, which postulated a better model fit of the

Unidirectional Model 1 compared to the Baseline Model, a chi-square difference test was
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computed, which yielded a significant result, Ay*(1, N = 5,882) = 5.40, p = .020. Moreover,
the SRMR of Unidirectional Model 1 was lower than that of the Baseline Model, and the CFI
was higher, both indicating a better fit of the Unidirectional Model 1. Overall, H2a was
supported by the results. Analogously, H3a (better model fit of the Unidirectional Model 2
compared to the Baseline Model) was also tested via a chi-square difference test, which did
not reach significance, Ay*(1, N = 5,882) = 0.98, p = .323. Correspondingly, there was no
difference in the SRMR or the CFI between the models, and the RMSEA was even higher for
Unidirectional Model 2. Taken together, the results do not support H3a. To test H4a, the
model fit of the Reciprocal Model was compared to that of the Baseline Model and both
unidirectional models. The Reciprocal Model showed a significantly better fit than the
Baseline Model, Ay*(2, N =5,882) = 6.37, p = .041, and the Unidirectional Model 2, Ay*(1, N
=5,882) = 5.42, p = .020, but not better than the Unidirectional Model 1, Ay*(1, N =5,882) =
1.00, p = .318. The RMSEA for the Reciprocal Model was higher than for the Baseline
Model and the Unidirectional Model 1 and the same as for the Unidirectional Model 2. The
SRMR for the Reciprocal Model was lower than for the Baseline Model and the
Unidirectional Model 2 but not for the Unidirectional Model 1. The CFI showed comparable
evidence. H4a was thus not supported.

Parameter estimates. Figure 2 shows the estimated standardized parameters in the
Reciprocal Model. While the estimates slightly differed between the specified models, the
pattern of results was the same across all models. Since the Reciprocal Model contains all

paths of interest, mainly the estimates of this model are discussed.
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Time 1 Time 2

Control variables Control variables

290**
Mental health problems Mental health problems

EMental health
problems

057

€Soft drink
consumption

EMental health
problems

072

€Soft drink
consumption

.031* —-013 ns.

Soft drink consumption Soft drink consumption

191**

Control variables Control variables

Figure 2. Estimated standardized parameters in the Reciprocal Model. Mental health
problems and soft drink consumption were controlled for age, gender, migration background,

and socioeconomic status at both measurement points. N = 5,882. * p <.05. ** p <.01.

The autoregressive effects of both mental health problems and soft drink consumption
were positive and significant and small to medium in size. Looking at the control variables,
soft drink consumption was predicted by age (Bu = .149, p <.001; B =.139, p <.001) and
SES (Bu =—.200, p <.001; B =—.124, p <.001) at both measurement points. Gender (B =
—.023, p=.061; B =—.131, p <.001) and migration background (B =—.010, p = .440; Bp =
—.034, p =.005) predicted soft drink consumption only at Time 2. Mental health problems
were predicted by age (Bu = .038, p =.002; B =.028, p =.027), gender (Bu =—.098, p
<.001; B =.077, p <.001), and SES (Bu =—.212, p <.001; B =—-.083, p <.001) at both
measurement points. Migration background predicted mental health problems only at Time 1
(Bi1 =.041, p =.002; B = .007, p = .562).

To test H1, which assumed a positive association of mental health problems and soft
drink consumption at both measurement points, the correlations of the residuals at both

measurement points were tested for significance. Supporting H1, the estimates were positive
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and significant at Time 1 (r1 =.057, p =.001) and Time 2 (2 =.072, p <.001). As proposed
in H2b and H4b, the estimated parameter for the effect of mental health problems at Time 1
on soft drink consumption at Time 2 was positive and statistically significant (B =.031, p
=.020). The effect of soft drink consumption at Time 1 on mental health problems at Time 2,
as postulated by H3b and H4b, did not reach statistical significance (f =—-.013, p =.313).
H2b was thus supported by the results, whereas H3b and H4b were not. This analysis was
rerun with (a) only those n = 3,079 children and adolescents whose daily soft drink
consumption was not equal to zero at either of the two measurement points, (b) the addition
of dichotomous control variables that indicated if soft drink consumption and mental health
problems were self- or parent reported, (¢) Body Mass Index as an additional control
variable, and (d) full information maximum likelihood estimation for missing data. While the
estimated parameters slightly differed in size, the pattern of results was identical across all
those model variants (data not shown).

Exploratory analyses. The version of the Reciprocal Model in which the scores on
the four subscales of the SDQ were used separately instead of the total difficulties score also
showed a good model fit, despite the significant chi-square value, ¥*(30, N = 5,882) = 116.13,
p <.001. The other fit indices all indicated a good fit (RMSEA = 0.023, SRMR = 0.007, and
CFI = 0.990). At both measurement points, soft drink consumption was cross-sectionally
positively and significantly associated with emotional symptoms (71 = .045, p =.005; ro
=.031, p =.024), conduct problems (ry1 = .045, p =.004; ro =.079, p <.001), and
hyperactivity (rq = .040, p = .006; r> = .059, p <.001) but not peer problems (71 = .029, p
=.0065; ro = .019, p = .168). Looking at the cross-lagged effects, soft drink consumption at

Time 1 did not predict any of the subdimensions of the SDQ (ps > .10).
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Soft drink consumption at Time 2 was significantly and positively predicted by
hyperactivity at Time 1 (f =.060, p <.001). The other subdimensions at Time 1 did not
significantly predict soft drink consumption at Time 2 (ps > .10).

The version of the Reciprocal Model that included social support at Time 1, the
interaction of mental health problems and social support at Time 1, and their effects on soft
drink consumption at Time 2 also showed a good overall model fit. The chi-square value did
not reach statistical significance, x*(20, N = 581) = 28.80, p = .092. All other fit indices met
established criteria (RMSEA = 0.028, SRMR = 0.013, and CFI = 0.973). The association of
soft drink consumption and the standardized interaction term between mental health problems
and social support at Time 1 was negative but not significant (rq =—.034, p =.467). The same
was true for the estimated parameter for the interaction’s effect on soft drink consumption at
Time 2 (B =-.021, p = .609). Thus, social support did not moderate the effect of mental
health problems on soft drink consumption.

The seven multigroup analyses with different categorizations of age groups showed
that the pattern of results (positive lagged effect of mental health problems on soft drink
consumption, no significant lagged effect of soft drink consumption on mental health, and
positive cross-sectional covariances) is generally comparable across the different age groups.
Importantly, the lagged effect of mental health problems on soft drink consumption always
reached statistical significance in the youngest age group, independent of how age groups
were categorized (.031 < <.067; all ps <.05). The lagged effect of mental health problems
on soft drink consumption never reached significance in the oldest age group, regardless of
age-group categorization variant (all ps > .05). The significant lagged effect of mental health
problems on soft drink consumption thus seems to be driven largely by the youngest age
group (see Table S1 in the Supplemental Materials for a summary of the multigroup

analyses).
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Discussion

This study investigated the directionality of the association between mental health
problems and soft drink consumption in longitudinal data from a representative, nationwide
survey on the health of children and adolescents in Germany. The positive cross-sectional
association of mental health problems and soft drink consumption was replicated at two
measurement points. The longitudinal perspective revealed a unidirectional effect of mental
health problems on the consumption of soft drinks (see Figure 2). Children and adolescents
might use soft drinks as an emotion-focused method of dysfunctional coping with mental
health problems.

In detail, the cross-lagged panel analyses revealed that mental health problems and
soft drink consumption were positively and significantly associated at both measurement
points. Therefore H1 was supported by the results. This finding is in line with previous
literature (e.g., Lien et al., 2006; Shi et al., 2010; Vilija and Romualdas, 2014) and extends it:
The study investigated the association in a sample from Germany, where per capita soft drink
consumption is comparably high (Mensink et al., 2018), and, thus, the investigation of
potential predictors especially important.

In line with H2, mental health problems longitudinally predicted the consumption of
soft drinks. This longitudinal effect has to date never been shown but is in line with previous
speculations, which assumed soft drink consumption to be an emotion-focused method of
coping for children and adolescents (Vilija and Romualdas, 2014). The result is also
compatible with research on the consumption of sweet foods in response to stress (Michels et
al., 2015) and negative affect (Mason et al., 2019). In contrast, neither H3 nor H4 was
supported by the results. Even though there are plausible mechanisms for both directions of
the association (e.g., Timonen et al., 2005; Tryon et al., 2015), this study did not find any

evidence of a longitudinal effect of soft drink consumption on mental health problems or a
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reciprocal effect. This finding is in line with some research (Sanchez-Villegas et al., 2018)
and in contrast to other studies showing that soft drink consumption (Guo et al., 2014) and
general sugar consumption (Kniippel et al., 2017) longitudinally predict depression risk. The
authors, however, investigated only depression as one aspect of mental health, and they
analyzed samples of adults.

In the exploratory analysis, positive cross-sectional associations of soft drink
consumption with emotional symptoms, conduct problems, and hyperactivity were found. In
line with previous research, soft drink consumption seems to be associated with different
types of mental health problems (e.g., Lien et al., 2006; Shi et al., 2010). Soft drink
consumption longitudinally did not predict any of the subdimensions. Hyperactivity at Time
1, however, did show a significant positive lagged effect on soft drink consumption at Time
2. None of the other subdimensions did. This is an interesting finding, since prior research
speculated that hyperactivity might be more strongly related to soft drink consumption than
other subdimensions of mental health problems (Lien et al., 2006). It has to be considered,
though, that the subdimensions of mental health problems were all positively correlated,
which makes the parameter estimates less precise. Furthermore, the internal consistency of
some of the other subscales was low. This limits the interpretability of the results. The
question of whether certain types of mental health problems, for example, hyperactivity, are
more strongly associated with the consumption of soft drinks than others needs to be further
researched.

No significant moderation effect of social support on the effect of mental health
problems on the consumption of soft drinks was found. However, on a descriptive level, more
social support was associated with a smaller effect of mental health problems on soft drink
consumption, in line with the idea of social support providing coping assistance (Thoits,

1986). As previously described, the sample size for this exploratory analysis was
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considerably lower than for the main analyses. Considering this and the small parameter
estimates, the statistical power of the corresponding tests was substantially lower, which
could partly explain the nonsignificant results. Therefore, whether social support could
replace soft drinks as a coping strategy for children and adolescents cannot be conclusively
answered with the current data.

The lagged effect of mental health problems on soft drink consumption consistently
reached significance in the youngest age group and failed to reach significance in the oldest
age group regardless of how age groups were categorized. Soft drink consumption as a
coping strategy might be more relevant in younger children compared to older children and
adolescents. This could partly be due to an increasing number of coping strategies that
become available with age. Adolescents might, for example, turn to other substances than soft
drinks to cope with their problems, such as alcohol (van der Zwaluw et al., 2011) or nicotine.
Limitations

Even though cross-lagged panel analysis is regarded as a very good method to
investigate causal relations in longitudinal data, the observational nature of the data does not
allow a final causal interpretation of the current findings. While it would be highly unethical
to experimentally induce mental health problems, future research could manipulate indicators
of mental health, such as negative affect, and test different coping responses, including soft
drink consumption. Furthermore, there are important third variables that were not included in
the current analyses because they were not assessed: Taste preference and the availability of
soft drinks at home and school are important predictors of children’s and adolescents’ soft
drink consumption (Grimm et al., 2004). If no soft drinks are available, coping with soft
drinks is impossible. Moreover, the time lag between the two waves of the KiGGS study was
on average six years. Thus, only long-term effects between mental health problems and soft

drink consumption were investigated; potential short-term effects in either direction could not
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be detected with the data at hand. However, that longitudinal effects of mental health
problems on soft drink consumption were found given the long time lag between study waves
underlines the stability of the effect. Participants excluded due to missing data differed from
the analyzed sample with regard to age and migration background. Importantly, only about
10 % of participants had to be excluded, and employing full information maximum likelihood
estimation for missing data did not change the pattern of results. Further, the questions
assessing soft drink consumption in KiGGS Wave 1 were rather general and did not
differentiate between sugar-sweetened and calorie-reduced soft drinks or between soft drinks
containing or not containing caffeine. Future research should differentiate between different
kinds of soft drinks to further investigate the mechanisms underlying the association found in
this study. However, the broad assessment in the current study likely introduces less
measurement error and makes the estimate for the association rather conservative.
Additionally, at baseline, over 80% of the analyzed sample reported almost never or never
consuming calorie-reduced soft drinks. Last, it should be acknowledged that the longitudinal
effect found in this study was quite small. Thus, addressing mental health problems to lower
the consumption of soft drinks can only be one of many intervention strategies to prevent
sugar overconsumption and obesity. Importantly, a variety of different factors determine
sugar consumption and obesity; there is no magic bullet but rather many small levers that
need to be moved. Given that 94% of teenagers in Europe consume more sugar than
recommended (Mesana et al., 2018) and that the number of children with obesity is 10 times
higher than 40 years ago (Abarca-Gomez et al., 2017), every lever needs to be taken into
account. Even small changes can improve population health (e.g., Reinehr et al., 2016).
Conclusions
So far, the vast majority of research has only speculated about the potential

directionality of the relationship between mental health and soft drinks. Analyzing
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longitudinal panel data of 5,882 children and adolescents, the current study provides initial
evidence for a unidirectional effect of mental health problems on the consumption of soft
drinks. Children and adolescents potentially use soft drinks as a strategy of coping with
unpleasant symptoms of mental health problems. This is especially problematic considering
the adverse physiological effects of soft drinks, in particular on obesity (e.g., Vartanian et al.,
2007). In turn, obesity is associated with mental health problems (Mustillo et al., 2003),
which might result in a vicious circle. Hence, preventing the use of soft drinks as an emotion-
focused coping strategy, for example, by limiting their availability in schools and better
educating the public and parents about both soft drinks and coping, is important. In addition,
children and adolescents would profit from learning more adaptive ways of coping, for
example, through school programs (Kraag et al., 2006). This study highlights the importance
of teaching children and adolescents adaptive ways of coping with symptoms of poor mental
health that might also benefit the prevention of soft drink overconsumption and, ultimately,

overweight and obesity.
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