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Figure 1. System overview. (1) Cage number one, (2) cage number two, (3) cage number three,
(d) high-efficiency particulate air (HEPA) filter inlet air, (e) HEPA filter exhaust air (not visible in the
picture), (f) particle separator, (g) muffler, (h) airflow adjustment valve, (i) control panel, (j) pump
installed in an insulated box, (k) support table with rails.

All three stainless steel (grade 316 L) cages are identical. The interior dimensions are 864 mm
wide by 610 mm deep and 610 mm high for a total volume of 321 L per cage. The cages have perforated
grates on the left and right sides as well as a 102-mm-high excreta pan with a perforated lid, which
serves as a floor for the animals (Figure 2). The available space for the animals inside the cages is thus
784 mm wide by 610 mm deep by 508 mm in height, which exceeds Canadian and European guidelines
for ferret housing (https://www.ccac.ca, https://www.coe.int/). Sampling ports are located between
the side grates and the extremities of the cages on the top, back and bottom walls of the cages, thus
making the ports inaccessible to the animals. The cages are assembled together with a 7.5-mm rubber
seal between cages (Figure 2). The distance between the grates of cages number one and two is 102 mm.

Figure 2. Side view of a cage. (a) Perforated grates on each side of the cage, (b) excreta pan with a
perforated lid, (c) sampling ports, (d) rubber seal between cages.

The front panel of each cage is composed of a perforated stainless steel door, which is in direct
contact with a transparent polycarbonate door (Figure 3A). The polycarbonate door is sealed shut

545



Int. J. Environ. Res. Public Health 2019, 16, 609

with a 20-mm-thick rubber seal (Figure 3B). The purpose of the stainless steel door is to minimize the
electrostatic setting of particles on the polycarbonate door.

Figure 3. Cage door components. (a) Perforated stainless steel door and transparent polycarbonate
door. (b) Rubber seal of the polycarbonate door.

Airtight feeders and water bottles are connected to the chambers. Butterfly valves in the feeders
are used for adding food without disrupting the airflow inside the chamber (Figure 4a). Bars installed
inside the feeders prevent the animal from reaching the butterfly valve (Figure 4b).

Figure 4. Feeder and water bottle. (a) Outside view of the feeder with butterfly valve and water bottle
installed on a cage, (b) cage inside view with feeder, animal water supply and excreta pan.

A particle separator module was designed to intercept large particles by impaction while letting
smaller particles flow through. The separator is composed of a stainless steel plate with 160 orifices
distributed in four rows of 40 orifices (Figure 5A). Each orifice is 6.4 mm deep and 5 mm in diameter.
An impaction plate is located 5 mm from the outlet of each orifice.

Figure 5. Particles separator. (a) Assembly of stainless steel plate with four rows of 40 orifices. On the
picture, orifices are covered with impaction plates located 5 mm from the orifice’s outlets. (b) Schematic
representation of the particle separator principle and design.
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The velocity of the airborne particles increases as the air from cage number two is forced into
cage number three through the orifices of the particle separation module by a suction pump placed
upstream of cage number three. Larger particles are impacted on the impaction plates and smaller
particles follow the air stream into cage number three (Figure 5b).

The pressure drop across the particle separator is recorded to ensure proper separator function.
Temperature and relative humidity are also recorded. All probes are installed on the top of cages, in
the inner space between cages one and two and cages two and three. The airflow can be set from
200 L/min to 400 L/min, which correspond to 12 to 25 air changes per hour. Air sampling can be
programmed in the three cages, and the system airflow is adjusted automatically to maintain the
efficiency of the particle separator.

2.2. Particle Separator D5y Measurement

Polydispersed aerosols were produced from Arizona road dust (ISO 12013-1, A2 fine, PTI Powder
Technology Inc., Arden Hills, MN, USA) with a powder generator (fluidized bed 3400A, TSI Inc.
Shoreview, MN, USA) placed inside cage number one. The powder generator was operated at 25 psi,
with a bed purge of 2 L/min, a bed flow of 9 L/min and a chain rotation speed of 40. For each
experiment, the aerosol generator was run for 2 h to stabilize the aerosol distribution inside the
chamber. A stabilization period of 30 min was also allowed every time the flow rate of the chamber
was modified. The aerodynamic distribution of the aerosol was measured with an aerodynamic particle
sizer (APS) (model 3321, TSI Inc. Shoreview, MN, USA) equipped with a diluter (model 3302A, TSI
Inc. Shoreview, MN, USA) using a dilution factor of 1/20. The APS and diluter were placed under
cage number three and connected to a sampling port located at the bottom of the cage at 2” from the
particle separator.

The aerosol distribution was measured either with or without the particle separator between
cages number two and three at flow rates of 200 L/min and 400 L/min. Measurements were also taken
at 400 L/min with 75% of the orifices from the particle separator blocked with masking tape, leaving
only 40 orifices open for the passage of air.

For every particle size from the APS, a mean count was calculated from 25 to 40 min of readings.
The mean count obtained with the particle separator was divided by the mean count obtained at the
same flow rate without the separator, thus giving a ratio of particles passing through the separator for
each particle size. These ratios were plotted on graphs as illustrated in Figure 6 to estimate the Dsg
diameter. The experiment was repeated four times and the mean D5y diameter for each condition used
was extrapolated.
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Figure 6. Particle separator D5y measurement as a function of airflow and the number of separator
orifices used. Comparison of particle distribution in cage three with and without a particle separator,
as measured with an aerodynamic particle sizer (APS) located at 2” from the particle separator.
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2.3. Nano Particles Concentration in Cages Two and Three

The polydispersed nanometer particle size was generated using a collision 6-jet nebulizer (BGI,
Waltham, MA, USA), filled with 50 mL of buffer (20 mM Tris-HCl, 100 mM NaCl, 10 mM MgSO4,
pH 7.5) and supplied with 20 psi. Aerosols were passing through a diffusion dryer (model 3062, TSI Inc.
Shoreview, MN, USA) and a neutralizer (model 3012A, TSI Inc. Shoreview, MN, USA) before entering
the chamber in cage number one. Nebulization was started 30 min before starting measurements to
stabilize the particle concentration in the three chambers. Measurements were performed using a
NanoScan SMPS (model 3910, TSI Inc. Shoreview, MN, USA). The NanoScan sampled cage two for
10 min and then sampled cage three for 10 min. The experiments were repeated three times in all
conditions. Particle size distribution as well as total nanoparticles were compared between cages two
and three.

2.4. Experiments with Ferrets

Three groups of three seronegative (800- to 1000-g) male ferrets (Triple F Farms Inc., Gillett, PA,
USA) were housed consecutively in the system for 7 to 12 days. The ventilation system was set at
200 L/min, with 160 holes of the particle separator for all experiments. Ferrets housed in cage one
were infected intra-nasally with 250 uL (125 uL per nostril) containing 4.5 log TCID50/mL of the
A/California/7/2009 (HIN1) influenza A virus. Nasal wash was collected every day by instillation of
5 mL Phosphate-Buffered Saline (PBS) into the intranasal cavity.

System ventilation was stopped before opening the cages’ sealed doors. Animals were
manipulated in the following order: first the ferret from cage three, followed by the ferret from
cage two, and then the ferret from cage one. Viral titer from the nasal wash was determined by plaque
assay on ST6Gall-MDCK cells.

Air samples were collected every day using NIOSH two-stage bioaerosol cyclone samplers and
SKC BioSamplers. Air samplers were connected to sampling ports located in cage two (between the
perforated grates of cages one and two) as well as in cage three (between the particle separator and the
perforated grate). Air sampling with NIOSH two-stage bioaerosol cyclone samplers was performed at
2 L/min for 24 h. At this flow rate, the cut-off separations of the NIOSH two-stage bioaerosol cyclone
sampler were: 4 pum for first stage, 1.7 pm for second stage, and the remaining particles were collected
on the backup filter. Air sampling started when ferrets were placed in cages after the infection of
the ferret from cage one, and was stopped before shutting down the ventilation system for the daily
nasal wash. Samples were eluted from NIOSH two-stage bioaerosol cyclone samplers by vortexing
for 1 min in MEM (minimal essential medium; 5 mL in first stage, 500 uL in second stage, 5 ml in
backup filter). Air sampling with SKC BioSamplers was performed at 11-14 L/min (determined by
critical opening of the instrument) for 20 min and was set before shutting down the ventilation system
for daily animal care. SKC BioSamplers were filled with 20 mL of MEM (minimal essential medium)
without bovine serum albumin (BSA). After air sampling, 150 uL of BSA was added to the remaining
liquid of the SKC BioSampler. Air samples were kept frozen at —80 °C until further quantitation.
The virus concentration in NIOSH two-stage bioaerosol cyclone air samples was measured using
qPCR [16]. The virus concentration in BioSampler air samples was measured using plaque assays on
ST6Gall-MDCK cells and embryonated chicken eggs [17].

Animal procedures were approved by the Institutional Animal Care Committee of Université
Laval according to the guidelines of the Canadian Council on Animal Care (protocol 2015031).

3. Results

3.1. System Validation

The Dsg diameters at a chamber flow rate of 400 L/min were 5.07 &+ 0.18 um and 6.36 4 0.22 um
with 40 and 160 open orifices, respectively, and 7.8 & 0.78 um at 200 L/min with 160 open orifices
(Figure 6). To ensure correct air sampling, measurements were also made at 2” from the air exhaust of
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cage number three for validation purposes. The D5, values measured at 2” from air exhaust were the
same (data not shown).

Data collected from two sampling ports in cage number three (2” after the particle separator
and 2” before the exhaust) were used to document particle deposition at 200 L/min and 400 L /min
without the particle separator. Particle deposition was the same at the two flow rates. The deposition
of particles of particles <3.5 um was less than 30%.

The presence or absence of the particle separator had no significant effect on the nanoparticle size
distribution (10 nm to 1 um) between cage number two and cage number three. Under all conditions
the total concentration of nanoparticles in cage number three was 0% to 12% lower than that in cage
number two (Table 1).

Table 1. Nanoparticles (10 nm—420 nm) total concentration difference between cages two and three.

Airflow—Particles Separator Configuration Decrease in Concentration
200 L/min—no separator 0% £+ 9%

200 L/min—160 orifices 11% 4 5%

400 L/min—no separator 12% £+ 19%

400 L/min—160 orifices 6% £ 5%

400 L/min—40 orifices 11% =+ 5%

3.2. Experiments with Ferrets

In all three experiments, influenza A virus was detected from the index ferret (cage one) nasal
wash from day 1 to days 6 or 7 (Figure 7). Nasal washes from ferrets housed in cage two were positive
from days 3 or 5 in all three experiments. Influenza virus was detected from nasal washes of the ferret
housed in cage three 7 days after the infection of the index ferret in experiment 1, and after 4 days
in experiment 3. No virus was detected in the nasal wash of the ferret housed in cage three from
experiment 2.
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Figure 7. Influenza genome per cubic meter of air, and influenza virus titer in nasal washes of ferrets
hosted in cage system for 7 or 12 days from three experiments. The index ferret (cage one) was infected
on day 0. Air samples were collected using National Institute for Occupational Safety and Health
(NIOSH) two-stage bioaerosol cyclone samplers. Genome concentrations found with the NIOSH first
stage, second stage and backup filter are superimposed.

In all experiments, airborne influenza virus genome concentrations up to 10* genomes/m? were
detected from cages two and three using the NIOSH two-stage bioaerosol cyclone sampler (Figure 7)
from day 2 until the end of the experiment.

The influenza virus genome concentration was higher in cage two compared to cage three, except
for experiment 2 on day 5. Influenza virus genomes were detected in the NIOSH backup filter in
only one sample (experiment 3, cage three, day 3). No cultivable viruses were detected from SKC
BioSamplers air samples using plaque assay and embryonated chicken eggs (data not shown).

4. Discussion

The particle separator was efficient to prevent the circulation of droplets between cages two and
three, as demonstrated with dust experiments. Airflow modulation impacts the particle separator
Dsg. However, airflow must be adjusted in the range of animal comfort. Therefore, the airflow should
be maintained between 163 L/min and 400 L/min, which correspond to 10 and 25 air changes per
hour, respectively.

Except for one sampling day where viral genomes were detected on the backup filter, influenza
virus genomes were detected in the NIOSH first and/or second stages only. This means that most
genomes emitted by sick ferrets were carried on particles larger than 1.7 um. This result is consistent
with the results obtained by Zhou et al. [12].

The ferrets housed in cage two were infected with influenza virus in all three experiments.
This means that influenza-positive ferrets (such as the index ferret in cage one) can emit airborne
particles and/or droplets containing infectious influenza virus in sufficient concentration for disease
transmission without direct contact. Ferrets housed in cage three were infected with influenza virus in
two out of three experiments. This result indicates that ferrets can be infected by influenza virus carried
on airborne particles emitted by influenza positive ferrets, in accordance with the literature [12,14].
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Nasal washes of ferrets housed in cage two were positive 2—4 days after the infection of ferrets
housed in cage one. Nasal washes of ferrets housed in cage three were positive 1-4 days after
washes from ferrets housed in cage two were found to be positive for influenza. The delay between
the influenza detection schedule in ferrets in cages two and three can be explained by a lower
virus concentration in the air and the infection route. Indeed, the airborne influenza virus genome
concentration was lower in cage three compared to cage two in 19 out of 20 sampling days. Large
particles eliminated by the separator likely contained high virus concentrations. The airborne influenza
virus genome concentration in cage three reached 5 x 10? genomes/m? only when influenza virus was
detected in the nasal wash of the ferret housed in cage two. Therefore, it is possible that the airborne
virus concentration in cage three reached the required concentration to transmit the infection only
when the ferret housed in cage two showed flu symptoms. More experiments would be required to
elucidate this phenomenon.

5. Conclusions

This paper describes a chamber system that can be used for airborne disease transmission studies.
The system is airtight and particle size distribution through the system is satisfactory (no significant
difference was found for particles <420 nm). The particle separator Dsy can be modulated between
5.07 and 7.8 um by changing the airflow. To further reduce the Ds, plates with smaller holes could
replace the actual hole plates of the particle separator. This would lead to more accelerated particles
and, therefore, more particles being captured by the impaction plates. Ferrets can be used as models
for the study of many mammalian viruses, including filovirus [18], respiratory syncytial virus [19] and
Morbillivirus [20]. Therefore, the studies that can be conducted in this chamber system are not limited
to influenza viruses. Moreover, this cage system can be adapted to accommodate other animals like
rats or rabbits. Indeed, smaller, regular cages can be placed inside the ventilated airtight cages.

Author Contributions: Original project idea: C.D. and N.T.; system design, D.V,, A.L, M.G., N.T., C.D., C.R., and
M.-E.H.; methodology, A.L., D.V,, M.G., N.T., and M.-E.H.; formal analysis, N.T., M.E.H., and D.V,; investigation,
CR,N.T,].C,LC, M.EH, D.V; writing—original draft preparation, N.T., D.V., and M.EH,; writing—review and
editing, D.V.,, M.EH, AL,CR,]J.C,LC,MG., GB, and C.D,; visualization, N.T.; supervision, M.G., C.D., and
G.B.; project administration, M.G., C.D., and G.B.; funding acquisition, C.D. and G.B.

Funding: This research was funded by Ministére du Développement Economique, de I'Innovation et des
Exportations du Gouvernement du Québec through the “programme de soutien a la recherche volet 2: appui au
financement d’infrastructures de recherche” project M-11638 (CD), the Quebec Respiratory Health Network (CD),
NSERC discovery grant RGPIN-2014-05900 (CD) and Canadian Institutes of Health Research Foundation grant
148361 (GB).

Acknowledgments: We thank Serge Simard for statistical analysis. We also thank Cédric Morin for software
conception and Dan Zegan for his input the design of the chamber system. NIOSH two-stage bioaerosols cyclone
samplers were kindly provided by William G. Lindsley.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Roy, CJ.; Milton, D.K. Airborne transmission of communicable infection—The elusive pathway. N. Engl. J. Med.
2004, 350, 1710-1712. [CrossRef] [PubMed]

2. Yu, LT, Li, Y.; Wong, TW.; Tam, W.; Chan, A.T,; Lee, ]. H.; Leung, D.Y.; Ho, T. Evidence of airborne
transmission of the severe acute respiratory syndrome virus. N. Engl. . Med. 2004, 350, 1731-1739. [CrossRef]
[PubMed]

3. Bonifait, L.; Charlebois, R.; Vimont, A.; Turgeon, N.; Veillette, M.; Longtin, Y.; Jean, J.; Duchaine, C. Detection
and quantification of airborne norovirus during outbreaks in healthcare facilities. Clin. Infect. Dis. 2015, 61,
299-304. [CrossRef] [PubMed]



Int. J. Environ. Res. Public Health 2019, 16, 609

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Courault, D.; Albert, I; Perelle, S.; Fraisse, A.; Renault, P.; Salemkour, A.; Amato, P. Assessment and risk
modeling of airborne enteric viruses emitted from wastewater reused for irrigation. Sci. Total Environ. 2017,
592, 512-526. [CrossRef] [PubMed]

Uhrbrand, K.; Koponen, I.; Schultz, A.; Madsen, A. Evaluation of air samplers and filter materials for
collection and recovery of airborne norovirus. J. Appl. Microbiol. 2018, 124, 990-1000. [CrossRef] [PubMed]
WHO. Infection Prevention and Control of Epidemic- and Pandemic-Prone Acute Respiratory Infections in Health
Care: WHO Guidelines; World Health Organization: Geneva, Switzerland, 2014; Available online: http:
/ /www.who.int/csr/bioriskreduction/infection_control/publication/en/ (accessed on 7 February 2019).
Lindsley, W.G.; Blachere, EM.; Davis, K.A.; Pearce, T.A.; Fisher, M.A_; Khakoo, R.; Davis, S.M.; Rogers, M.E.;
Thewlis, R.E.; Posada, J.A.; et al. Distribution of airborne influenza virus and respiratory syncytial virus in
an urgent care medical clinic. Clin. Infect. Dis. 2010, 50, 693-698. [CrossRef] [PubMed]

Leung, N.H.; Zhou, J.; Chu, D.K,; Yu, H.; Lindsley, W.G.; Beezhold, D.H.; Yen, H.L.; Li, Y.; Seto, WH.;
Peiris, J.S.; et al. Quantification of Influenza Virus RNA in Aerosols in Patient Rooms. PLoS ONE 2016, 11,
e0148669. [CrossRef] [PubMed]

O’Brien, KM.; Nonnenmann, M.W. Airborne Influenza A Is Detected in the Personal Breathing Zone of
Swine Veterinarians. PLoS ONE 2016, 11, €0149083. [CrossRef] [PubMed]

Yang, W.; Elankumaran, S.; Marr, L.C. Concentrations and size distributions of airborne influenza A viruses
measured indoors at a health centre, a day-care centre and on aeroplanes. J. R. Soc. Interface 2011, 8, 1176-1184.
[CrossRef] [PubMed]

Lednicky, J.A.; Loeb, J.C. Detection and Isolation of Airborne Influenza A H3N2 Virus Using a Sioutas
Personal Cascade Impactor Sampler. Influenza Res. Treat. 2013, 2013, 656825. [CrossRef] [PubMed]

Zhou, J.; Wei, J.; Choy, K.T,; Sia, S.F.; Rowlands, D.K;; Yu, D.; Wu, C.Y; Lindsley, W.G.; Cowling, B.J.;
McDevitt, J.; et al. Defining the sizes of airborne particles that mediate influenza transmission in ferrets.
Proc. Natl. Acad. Sci. USA 2018, 115, E2386-E2392. [CrossRef] [PubMed]

Blachere, EM.; Cao, G.; Lindsley, W.G.; Noti, ].D.; Beezhold, D.H. Enhanced detection of infectious airborne
influenza virus. J. Virol. Methods 2011, 176, 120-124. [CrossRef] [PubMed]

Sutton, T.C.; Finch, C.; Shao, H.; Angel, M.; Chen, H.; Capua, L; Cattoli, G.; Monne, I.; Perez, D.R. Airborne
transmission of highly pathogenic H7N1 influenza virus in ferrets. J. Virol. 2014, 88, 6623-6635. [CrossRef]
[PubMed]

Richard, M.; Schrauwen, E]J.; de Graaf, M.; Bestebroer, TM.; Spronken, M.I; van Boheemen, S.;
de Meulder, D.; Lexmond, P;; Linster, M.; Herfst, S.; et al. Limited airborne transmission of H7N9 influenza
A virus between ferrets. Nature 2013, 501, 560-563. [CrossRef] [PubMed]

Ellis, J.; Iturriza, M.; Allen, R.; Bermingham, A.; Brown, K.; Gray, J.; Brown, D. Evaluation of four real-time
PCR assays for detection of influenza A(HIN1)v viruses. Euro Surveill. 2009, 14, 19230. [CrossRef] [PubMed]
Turgeon, N.; McNicoll, E.; Toulouse, M.J.; Liav, A.; Barbeau, J.; Ho, J.; Grund, C.; Duchaine, C. Neuraminidase
activity as a potential enzymatic marker for rapid detection of airborne viruses. Aerosol Sci. Technol. 2011, 45,
183-195. [CrossRef]

Siragam, V.; Wong, G.; Qiu, X.G. Animal models for filovirus infections. Zool. Res. 2018, 39, 15-24. [CrossRef]
[PubMed]

Taylor, G. Animal models of respiratory syncytial virus infection. Vaccine 2017, 35, 469-480. [CrossRef]
[PubMed]

Da Fontoura Budaszewski, R.; von Messling, V. Morbillivirus Experimental Animal Models: Measles Virus
Pathogenesis Insights from Canine Distemper Virus. Viruses 2016, 8, 274. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http:/ /creativecommons.org/licenses /by /4.0/).

552



r 1 International Journal of ~
5 Envi IR h
AR and Pubic Heald, ﬂ“\"\"y
Article
Risk Factors Associated with Dengue Virus Infection

in Guangdong Province: A Community-Based
Case-Control Study

Jundi Liu, Xiaolu Tian, Yu Deng, Zhicheng Du, Tianzhu Liang, Yuantao Hao and

Dingmei Zhang *
School of Public Health, Sun Yat-sen University, Guangzhou 510080, China; liujd5@mail2.sysu.edu.cn (J.L.);
tianxlu@mail2.sysu.edu.cn (X.T.); dengyu9@mail.sysu.edu.cn (Y.D.); duzhch3@mail2.sysu.edu.cn (Z.D.);

tianzhu@bu.edu (T.L.); haoyt@mail.sysu.edu.cn (Y.H.)
* Correspondence: zhdingm@mail.sysu.edu.cn; Tel.: +86-208-733-0595

Received: 26 December 2018; Accepted: 14 February 2019; Published: 20 February 2019

Abstract: Dengue fever (DF) is a mosquito-borne infectious disease that is now an epidemic in China,
Guangdong Province, in particular and presents high incidence rates of DF. Effective preventive
measures are critical for controlling DF in China given the absence of a licensed vaccination program
in the country. This study aimed to explore the individual risk factors for the dengue virus infection
in Guangdong Province and to provide a scientific basis for the future prevention and control of
DE. A case-control study including 237 cases and 237 controls was performed. Cases were defined
for samples who were IgG-antibody positive or IgM-antibody positive, and willing to participate
in the questionnaire survey. Additionally, the controls were selected through frequency matching
by age, gender and community information from individuals who tested negative for IgG and
IgM and volunteered to become part of the samples. Data were collected from epidemiological
questionnaires. Univariate analysis was performed for the preliminary screening of 28 variables that
were potentially related to dengue virus infection, and multivariate analysis was performed through
unconditioned logistic regression analysis to analyze statistically significant variables. Multivariate
analysis revealed two independent risk factors: Participation in outdoor sports (odds ratio (OR) = 1.80,
95% confidence interval (CI) 1.17 to 2.78), and poor indoor daylight quality (OR = 2.27, 95% CI 1.03 to
5.03). Two protective factors were identified through multivariate analysis: 2 occupants per room
(OR = 0.43, 95% CI 0.28 to 0.65) or >3 occupants per room (OR = 0.45, 95% CI 0.23 to 0.89) and
air-conditioner use (OR = 0.46, 95% CI 0.22 to 0.97). The results of this study were conducive for
investigating the risk factors for dengue virus infection in Guangdong Province. Effective and efficient
strategies for improving environmental protection and anti-mosquito measures must be provided.
In addition, additional systematic studies are needed to explore other potential risk factors for DF.

Keywords: dengue fever; Aedes albopictus; living environment; logistic regression analysis

1. Introduction

Dengue fever (DF) is an acute viral disease caused by four distinct serotype dengue viruses,
transmitted between humans by the mosquito Aedes aegypti. Statistics provided by the World Health
Organization (WHO) has shown that only nine countries experienced severe dengue epidemics before
1970. Recent research, however, has revealed that the number of countries with severe dengue
epidemics now exceeds 100 and that the actual number of DF cases has reached approximately
390 million, among which 500,000 patients required hospital admission because of severe infection [1].
In Asian and American countries wherein dengue is endemic, the effect of dengue is approximately
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1300 disability-adjusted life years per million population; this effect is highly similar to the disease
burden of related childhood and tropical diseases, including tuberculosis [2].

In Asia, the coverage of epidemic dengue hemorrhagic fever (DHF) has expanded geographically
westward from southeast Asian countries to India, Sri Lanka, the Maldives, and Pakistan and then
eastward to China [2]. In China, the first reported DF outbreak due to dengue virus type 4 occurred in
Foshan City, Guangdong Province, in 1978; DF then began to spread to southern Chinese provinces
from Foshan City [3]. Since then, Guangdong Province has exhibited the highest incidence of DF in
mainland China, and more than 65% of all DF cases in the country were reported in this province [4].
In 2014, the number of DF cases increased dramatically to 38,753 in Guangdong province and accounted
for 93.83% of DF cases in mainland China [5]. Aedes albopictus, an aggressive mosquito species that is
also one of the main vectors of DF, is widely distributed with high density in Guangdong Province [6,7].
Therefore, controlling the outbreak of DF in Guangdong Province, which can act as a bridge for DF
transmission to other provinces in mainland China, is urgent. Unfortunately, effective drugs and a
licensed vaccination program for the treatment or prevention of DF are unavailable in China.

Understanding the risk factors for dengue virus infection is necessary to control this disease
effectively. However, most of the current case-control studies on risk factors for DF focused on severe
dengue infections, such as dengue shock syndrome and DHF, and variables related to clinical and
laboratory indexes [8-11]. Environmental factors, such as heavy rainfall and global warming, and
factors based on the awareness and knowledge of dengue prevention measures are also responsible for
drastic reductions in dengue transmission [12,13]. Several macroscopic descriptive studies have been
performed to explore the risk factors for dengue virus infection and to provide a basis for formulating
control strategies in Guangdong Province. These studies have obtained considerable information on
the group level and climate factors but limited information on personal protective measures [14,15].

In this case-control study, we evaluated potential risk factors, including personal life activities,
environmental sanitation, housing situation, living conditions, mosquito protection status, and
residential surroundings to identify additional risk factors for DF on the individual level and to
recommend specific approaches for preventing DE.

2. Materials and Methods

2.1. Community Selection and Study Design

Guangzhou City and Zhongshan City is located in the Pearl River Delta Region of Guangdong,
which is the main area where DF is highly epidemic [16,17]. Guangzhou City is the capital of
Guangdong Province, and the first reported case of autochthonous DF occurred in Zhongshan City [18].
Thus, the prevalence of DF in Guangzhou City and Zhongshan City is a good representation of the
prevalence of DF in Guangdong Province.

This case-control study was performed on the basis of the project of Research on the Prevention
and Control of Human Immunodeficiency Virus and Hepatitis B Virus in Guangdong Province.
This project has constructed a database containing 200,000 samples. The demographic information
contained by the database could be seen in our related publication [19]. Approximately 30-35 persons
per month were sampled from every age group (<19 years, 19-40 years, 41-65 years, and >65 years)
over a 2-year period from September 2013 to August 2015.

2.2. Ethical Statement

This work obtained ethics approval from the Institutional Review Board of the School of Public
Health at Sun Yat-sen University (L2017030) in line with the guidelines for the protection of human
subjects. All research participants or their guardians provided signed written informed consent after
being informed of the research subject matter and were assured that their personal information would
be kept private. Each participant had the right to withdraw from this study at any time.
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2.3. Enzyme Immunoassay Test

Enzyme-linked immunosorbent assay (ELISA) was used to detect dengue IgG and IgM antibodies.
The IgG antibody was measured through indirect ELISA (LOT: 01P20A006, Inverness Medical/Panbio,
Windsor, Australia). The IgM antibody was tested via capture ELISA (LOT:01P30A002, Inverness
Medical /Panbio, Windsor, Australia). Undefined results were confirmed through the colloidal gold
method (LOT: DEN141001, Inverness Medical/Cortez, Calabasas, CA, USA). The details of the assays
could be found in a previous publication [19].

2.4. Case Definition and Control Selection

Among the 3136 serum samples, 305 and 103 were identified as IgG-antibody positive and
IgM-antibody positive, respectively, and 34 were positive for both antibodies. Thus, 374 individuals
with antibody-positive samples were defined as dengue-infected, and those willing to participate in
the questionnaire survey were selected as the members of the case group.

In this study, 256 patients with dengue infections opted to fill in the questionnaires, and
19 questionnaires missing most of the important information were eliminated. Eventually, 237 cases
were included in the case group.

The controls were selected through frequency matching from individuals who tested negative
for IgG and IgM. Specifically, candidate controls were stratified in accordance with the age, gender,
and community information of the case group and selected through convenience sampling, wherein
participants volunteered to become part of the samples, from each layer. Additionally, age matching
was carried out according to <15 years, 16-30 years, 31-50 years, 51-65 years and >66 years. Finally,
237 controls were selected.

2.5. Data Collection and Analysis

The phone questionnaire investigation was conducted by trained investigators. Subjects who
interrupted the telephone investigation and whose questionnaire information contained logic errors
were interviewed face-to-face to verify the integrity and validity of their information. Just as shown in
Supplementary Materials File 1, the main contents of the questionnaire included general demographic
characteristics (age, gender, blood type, and average household income). It also included personal
life activities, such as activities in the park, outdoor sports (such as hiking, mountain climbing,
and camping), and outbound tourism experience. Moreover, the questionnaire presented questions
related to environmental sanitation (domestic sewage and garbage management and participation
in community hygiene management interventions); housing situation, such as the age and area of
domiciles and living floor; and living conditions (average numbers of occupants per room, use of
air conditioning, quality of indoor daylight, and presence of animals or aquatic plants on property).
It also had questions on mosquito protection status (use of mosquito nets and pesticide) and residential
surroundings (presence of junk yards, ponds, or construction sites within 200 m).

“Contact with patients with DF” was defined as previous living or working experience with
patients with DF in the past years in his/her life. The definition of “outdoor activities in parks” was
established as outdoor activity for at least two times per week and for more than half an hour each
time. “Participation in outdoor sports” was defined as participation in activities at least twice a year
for more than half an hour each time. The definition of “good indoor daylight quality” was established
on the basis of the minimum requirement for sunshine in general residences of not less than 2 h on
extremely cold days. The definition of “good ventilation” was given to an open-ventilation area of not
less than 5% of the floor area of each domicile. The use of mosquito repellent referred to the use of
mosquito coils and insecticide vaporizers. “Occasionally” was defined as less than once a week, and
“often” was defined as at least once a week.

Epidata 3.1 software (Epidata Association, Odense, Denmark) was used to establish a database of
individual risk factors for dengue infection among residents in Guangdong Province. All data were
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analyzed by SPSS statistics 23.0 software (SPSS Inc., Chicago, IL, USA). The X2 test was used to test for
differences in demographic characteristics between cases and controls. A univariate unconditioned
logistic regression analysis was applied for the preliminary screening of variables identified by using
the questionnaire but not for the variables of general demographic characteristics. An unconditioned
logistic regression analysis method for multivariate analysis was employed to analyze the relative
importance of statistically significant variables in univariate analysis. Additionally, considering the
rule of frequency matching design, the age, gender and community information variables were also
introduced. Then, stepwise regression was used to establish a regression equation. p < 0.05 was set as
the significance level of the x? test and multivariate analysis. However, to avoid missing important
factors, p < 0.1 was set as the significance level in univariate analysis. In addition to odds ratios (ORs),
95% confidence intervals (CIs) were used to express associations.

3. Results

3.1. General Demographic Characteristics of the Samples

A total of 3136 serum samples collected from the residents of Yuexiu District in Guangzhou City
(n = 699), Liwan District in Guangzhou City (n = 1386), Torch Development Area in Zhongshan City
(n =180), and Xiaolan Town in Zhongshan City (1 = 871) were selected via stratified cluster sampling
rooted in the database for serological testing. The study population had a male: female ratio of 1:1.92.
Age statistics showed that the age group of >66 years old accounted for the largest proportion of the
study population (25.86%), followed by 51-65 years old.

Finally, 474 subjects, including 237 cases and 237 controls, were recruited successfully (Figure 1).
No statistical difference in gender (p = 0.950) and age (p = 0.127) existed between persons who were
willing to receive the questionnaire survey and those who were unwilling to receive the questionnaire
survey. The gender ratio was 1:1.66 (male: female) in both the case group and the control group.
The demographic characteristics of the two groups were comparable (Table 1).

Case-control study involving residents of
Guangzhou City and Zhongshan City (n = 3136)

|

ELISA was used to detect dengue IgG and
IgM antibodies in 3136 serum samples

A
[ \

Subjects positive for IgG and Subjects negative for IgG and
IgM antibodies (n = 374) 1gM antibodies (n = 2762)

Subjects willing to receive
questionnaire survey Subjects willing to receive
questionnaire survey and
frequency matched on the
basis of age, gender and

Subjects ﬁll(ed “; 56) community information
questionnaires (n =

19 subjects excluded because Control group in final analysis
their questionnaires were missing (—p (n=237)
most of the important information

Case group in final
analysis (n = 237)

Figure 1. Consort diagram of cases and controls used in the study.
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Table 1. Demographic characteristics of cases and controls.

Demographic Characteristics ? Cases (/%) (n = 237) Controls (n/%) (n =237)  p-Value
Age (years) -
<15 15 (6.3) 15 (6.33) -
16-30 13 (5.49) 13 (5.49)

31-50 33 (13.92) 33 (13.92)
51-65 43 (18.14) 43 (18.14)
>66 133 (56.12) 133 (56.12)
Gender
Male 89 (37.55) 89 (37.55)
Female 148 (62.45) 148 (62.45)
Residential status 0.149
Permanent residents 225 (94.94) 231 (97.47)
Floating population b 12 (5.06) 6(2.53)
Number of residents per household 0.394
1 27 (11.39) 17 (7.17)
2-3 126 (53.16) 125 (52.75)
4-5 75 (31.65) 84 (35.44)
>6 9 (3.80) 11 (4.64)
Monthly per capita family income (¥) © 0.317
<2000 50 (21.10) 36 (15.19)
2000-4999 145 (61.18) 162 (68.35)
5000-7999 35 (14.77) 31 (13.08)
>8000 7(2.95) 8(3.38)
Blood type 0.196
A 18 (7.59) 14 (5.91)
B 15 (6.33) 19 (8.02)
O 29 (12.24) 46 (19.40)
AB 9 (3.80) 6(2.53)
Unknown 166 (70.04) 152 (64.14)

2 Except where otherwise indicated, values are the number (percentage) of patients with the characteristic. ® Floating
population refers to migrants who live locally for 6 months or less. © The minimum wage in Guangzhou City is
2100 yuan per month and the minimum wage in Zhongshan City is 1720 yuan per month.

3.2. Univariate Analysis

A total of 28 potential risk factors were analyzed. These factors were further divided into six
dimensions: Personal life activities, environmental sanitation, housing situation, living conditions,
mosquito protection status, and residential surroundings. As illustrated in Table 2, people who
participated in outdoor activities in parks had a significantly higher probability of DF infections than
those who did not participate in outdoor activities in parks (p = 0.049). People who participated
in outdoor sports were more likely to be infected with DF than those who did not participate in
outdoor sports (p = 0.009). At the same time, there were statistical differences in terms of housing type
(p = 0.040), housing location (p = 0.061), living floor (p = 0.096), the average numbers of persons per
room (p < 0.001), air-conditioner use (p = 0.026) and indoor daylight quality (p = 0.032) between the
case group and the control group.

557



Int. J. Environ. Res. Public Health 2019, 16, 617

Table 2. Univariate analysis of risk factors for dengue virus infection.

Variables Cases (1/%) Controls (1n/%) (n OR (95% CI) p-Value
(n =237) =237)
Contact with patients with dengue fever 0.655
Yes 3(1.27) 2(0.84) 1.51 (0.25-9.10)
No 234 (98.73) 235 (99.16) Reference
Outbound tourism experience 0.867
Yes 19 (8.02) 20 (8.44) Reference
No 218 (91.98) 217 (91.56) 1.06 (0.55-2.04)
Outdoor activities in parks 0.049 *
Yes 200 (84.39) 183 (77.22) 1.60 (1.00-2.54)
No 37 (15.61) 54 (22.78) Reference
Participation in outdoor sports 0.009 *
Yes 74 (31.22) 49 (20.68) 1.74 (1.15-2.64)
No 163 (68.78) 188 (79.32) Reference
Domestic sewage disposal frequency 0.655
Daily 125 (52.74) 118 (49.79) Reference
2 days 25 (10.55) 20 (8.44) 1.18 (0.62-2.24)
>3 days 35 (14.77) 42 (17.72) 0.79 (0.47-1.32)
No domestic sewage 52 (21.94) 57 (24.05) 0.86 (0.55-1.35)
Garbage disposal frequency 0.311
Daily 223 (94.09) 228 (96.20) Reference
2 days 11 (4.64) 5(2.11) 2.25 (0.77-6.58)
>3 days 3(1.69) 4(1.69) 0.77 (0.17-3.47)
Participation in community hygiene 0.104
management interventions
Yes 77 (32.49) 94 (39.66) Reference
No 160 (67.51) 143 (60.34) 1.37 (0.94-1.99)
Location 0.061 *
Rural 15 (6.33) 11 (4.64) 0.34 (0.08-1.51)
City 210 (88.61) 223 (94.09) 0.24 (0.07-0.85)
Urban-rural integration 12 (5.06) 3(1.27) Reference
Housing building structure 0.871
Brick-wood structure 2(0.84) 3(1.27) 0.67 (0.11-4.05)
Brick-wood and concrete structure 31 (13.08) 29 (12.24) 1.07 (0.63-1.85)
Concrete structure 204 (86.08) 205 (86.49) Reference
Housing type 0.040 *
Single-family apartment 60 (25.32) 39 (16.46) Reference
Commercial residential community 173 (73.00) 196 (82.70) 0.57 (0.37-0.90)
Villa 4 (1.68) 2(0.84) 1.30 (0.23-7.44)
Housing age (year) 0.919
<10 23 (9.71) 24 (10.13) Reference
10-20 115 (48.52) 116 (48.95) 1.03 (0.54-1.94)
20-40 88 (37.13) 89 (37.55) 1.03 (0.54-1.96)
>40 11 (4.64) 8(3.37) 1.43 (0.49-4.21)
Number of floors per residential structure 0.096 *
1-3 110 (46.41) 87 (36.71) Reference
4-9 103 (43.46) 124 (52.32) 0.66 (0.45-0.96)
>10 24 (10.13) 26 (10.97) 0.73 (0.39-1.36)
Average numbers of persons per room <0.001 *
1 91 (38.40) 51 (21.52) Reference
2 123 (51.90) 160 (67.51) 0.43 (0.28-0.65)
>3 23 (9.70) 26 (10.97) 0.50 (0.26-0.96)
Housing area (m?2) 0.235
<50 63 (26.58) 52 (21.9) Reference
51-100 150 (63.29) 169 (71.31) 0.73 (0.18-1.12)
101-150 19 (8.02) 11 (4.64) 1.43 (0.62-3.26)
>150 5(2.11) 5(2.11) 0.83 (0.23-3.01)
Air-conditioner use 0.013 *
Never 26 (10.97) 11 (4.64) Reference
Yes 211(89.03) 226 (95.36) 0.40 (0.19-0.82)

558



Int. J. Environ. Res. Public Health 2019, 16, 617

Table 2. Cont.

Variables Cases (1/%) Controls (1n/%) (n OR (95% CI) p-Value
(n =237) =237)
Indoor daylight quality 0.032*
Good 215 (90.72) 227 (95.78) Reference
Poor 22 (9.28) 10 (4.22) 2.32 (1.08-5.02)
Ventilation 0.324
Good 221 (93.25) 226 (95.36) Reference
Bad 16 (6.75) 11 (4.64) 1.49(0.68-3.28)
Keeping of pets 0.800
Yes 38 (16.03) 36 (15.19) Reference
No 199 (83.97) 201 (84.81) 0.94 (0.57-1.54)
Raising of poultry 0.589
Yes 6(2.53) 8(3.38) 0.74 (0.25-2.18)
No 231 (97.47) 229 (96.62) Reference
Breeding of aquatic plants 0.578
Yes 54 (20.68) 49 (20.68) Reference
No 183 (77.22) 188 (79.32) 0.88 (0.57-1.37)
Use of mosquito nets 0.361
Yes 185 (78.06) 193 (81.43) Reference
No 52 (21.94) 44 (18.57) 1.23 (0.79-1.93)
Use of mosquito repellent 0.212
Never 122 (51.48) 116 (48.95) Reference
Occasionally 88 (37.13) 103 (43.46) 0.81 (0.56-1.19)
Often 27 (11.39) 18 (7.59) 1.43 (0.75-2.73)
Use of electric mosquito-killing devices 0.150
Never 152 (64.14) 143 (60.34) Reference
Occasionally 57 (24.05) 74 (31.22) 0.73 (0.48-1.10)
Often 28 (11.81) 20 (8.44) 1.32 (0.71-2.44)
Use of camphor 0.649
Never 177 (74.68) 168 (70.89) Reference
Occasionally 42 (17.72) 48 (20.25) 0.83 (0.52-1.32)
Often 18 (7.60) 21 (8.86) 0.81 (0.42-1.58)
Existence of garbage collection sites 0.681
within 200 m around housing
Yes 32 (13.50) 29 (12.24) 1.12 (0.65-1.92)
No 205 (86.50) 208 (87.76) Reference
Existence of junk yards within 200 m 0.570
around housing
Yes 1(0.42) 2(0.84) 0.50 (0.05-5.53)
No 236 (99.58) 235 (99.16) Reference
Existence of ponds within 200 m around 0.426
housing
Yes 45 (18.99) 52 (21.94) 0.83 (0.53-1.30)
No 192 (81.01) 185 (78.06) Reference
Existence of construction sites within 200 0.639
m around housing
Yes 24 (10.13) 21 (8.86) 1.16 (0.63-2.15)
No 213 (89.87) 216 (91.14) Reference

* Significance difference: p < 0.1.

The existence of garbage collection sites (p = 0.681), junk yards (p = 0.570), ponds (p = 0.426),
and construction sites (p = 0.639) within 200 m of residences did not show statistically significant
differences between the control and case groups.

3.3. Multivariate Analysis

Multivariate logistic regression analysis was performed on the basis of the results of univariate
analysis and the rule of frequency matching design. In the unconditioned logistic regression model,
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participation in outdoor sports (OR = 1.80, 95% CI = 1.17 to 2.78) and poor indoor daylight quality
(OR =2.27,95% CI = 1.03 to 5.03) were significantly associated with an increased risk of dengue virus
infection. On the other hand, 2 occupants per room (OR = 0.43, 95% CI = 0.28 to 0.65), >3 occupants
per room (OR = 0.45, 95% CI = 0.23 to 0.89), and air-conditioner use (OR = 0.46, 95% CI = 0.22 to 0.97)
were significantly associated with protection against dengue virus infection (Table 3).

Table 3. Multivariate analysis of risk factors for dengue virus infection.

Risk factors Odds Ratio 95% CI p-Value
Participation in outdoor sports 0.007 *
Yes 1.80 (1.17-2.78)
No Reference
Average numbers of occupants per <0.001 *
room
1 Reference
2 0.43 (0.28-0.65) <0.001 *
>3 0.45 (0.23-0.89) 0.021 *
Air-conditioner use 0.040 *
Never Reference
Yes 0.46 (0.22-0.97)
Indoor daylight quality 0.043 *
Good Reference
Poor 2.27 (1.03-5.03)

* Significant difference when p < 0.05.

4. Discussion

We found that participation in outdoor sports activities and poor indoor daylight quality
significantly increased the probability of contracting DF by 1.80- and 2.27-fold, respectively, in
Guangdong Province. Our results also suggested that 2 occupants per room, >3 occupants per
room, and air-conditioner use might decrease the probability of dengue virus infection by 0.43-, 0.45-,
and 0.46-fold, respectively.

Our study revealed that people who participated in outdoor sports were at a significantly higher
risk of contracting DF than those who did not participate in outdoor sports. This result may be
attributed to the preference of residents who participate in outdoor sports to hike and camp in
forest margins, tree copses, and natural reserves, which are the original habitats of A. albopictus [20].
Therefore, given that participation in outdoor sports increases the risk of exposure to mosquito
bites, anti-mosquito measures, such as treating outdoor areas and materials with insecticides, must
be adopted.

We also found that human population density was closely associated with dengue transmission.
In general, high population density is a risk factor for dengue transmission [21,22]. We found, however,
that crowded households comprising >2 occupants were at low risk of dengue infection. On the
contrary, Velascosalas et al. found that crowded households with more than 1.5 occupants in one room
were at risk of dengue infection [23]. We conducted our study in communities wherein individuals
lived together in family groups and wherein parents and their young children tended to share one
room. Wang et al. reported that 62.48% of Chinese children aged 0-5 years old shared beds with
their parents [24]. Our result may be attributed to the following: Parents who share rooms with
their children pay additional attention to the use of anti-mosquito measures and the maintenance
of good environmental sanitation to protect their children from mosquito bites. Our previous study
also showed that married participants had a lower rate of infection than widowed and divorced
participants [19]. These results suggest that married groups who reside in one room with >2 occupants
are at a reduced risk of DF infection. Moreover, high numbers of occupants in one room are associated
with the decreased probability of mosquito bites when the number of mosquitoes was fixed.
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Shen et al. [25] and Wu et al. [26] reported that yearly average temperatures of more than 18 °C
would increase the risk of dengue virus infection. Meanwhile, our study indicated that air-conditioner
use was a protective factor against dengue infection by reducing the risk of dengue transmission
through cooling the indoor environment. In addition, doors and windows are commonly shut
during air-conditioner use; this practice could also reduce the chance that mosquitoes could enter the
rooms [27].

We found that the poor indoor daylight quality increased the likelihood of infection with DF by
2.27-fold because adult A. albopictus prefer to inhabit poorly lit areas over well-lit areas [28,29]. As a
result, environments receiving insufficient daylight encourage the density of mosquitoes to increase
because they are suitable for the survival of mosquitoes.

Vanwambeke et al. [30] and Kenneson et al. [31] reported that the use of mosquito nets reduced
the risk of dengue virus infection. However, similar to Tsuzuki et al. [32] and Lorofiopino et al. [33],
we failed to find a relationship between the use of mosquito nets and the likelihood of dengue virus
infection. The lack of a relationship between this variable and dengue virus infection may be attributed
to the following: Mosquito nets are usually used at night. However, A. albopictus is active during the
day, especially in the early morning and late afternoon [34]. Other studies found that mosquito nets
play a protective role in preventing dengue virus infection in rural settings [29]. However, we recruited
our study population from urban areas. The good living environment in urban areas, for example, the
popularity of air-conditioning and mosquito killing facilities, reduced the demand for mosquito nets.
Nevertheless, on the basis of our local experience and some studies’ results [30,35], we recommend
using mosquito nets not only at night but also during the day [31].

Andersson et al. [36] and Roberto et al. [11] reported that the government’s ability and capacity
to control the dengue vector has crucial effects on dengue transmission. Community neighborhood
committees and property management departments in Guangdong Province have organized numerous
health remediation activities under the supervision of the relevant health agent or the Centers for
Disease Control and Prevention [37] given the high incidence of DF in recent years. These activities
have considerably improved the residential living environment and reduced mosquito breeding and
may account for the lack of the statistical significance of the variables of domestic sewage disposal,
garbage management, and residential surroundings in this study. However, we found that 67.51%
of the cases and 60.39% of the controls did not participate in the community hygiene management
intervention activities organized by neighborhood committees or property management organizations.
The public health consciousness of the case and control groups must be strengthened because the
government will be unable to establish a sound prevention system against DF despite having a good
macro-control system in place if it lacks the support of the masses.

5. Limitations

This study has several flaws that should be overcome in future studies. First, cases and controls
were identified in accordance with the results of antibody detection. However, IgG-positive samples
may have been derived from patients who were infected with DF several years ago. Thus, the results
of the completed questionnaires of these patients may be incompatible with their situations during
their initial infection. Second, recall biases stemming from the inaccuracy of memory could also reduce
the validity of the questionnaire. Third, newly infected individuals may have been misdiagnosed
as controls because IgG and IgM antibody titers are present at undetectable levels during the initial
stages of infection with dengue [38]. Thus, misclassification bias may have been introduced. Fourth,
volunteer bias might have been caused by participants who volunteered to become part of the samples.
Additionally, the information provided by the volunteered participants might have been different from
the general population. Fifth, some definitions like the definitions of “good indoor daylight quality”
and “good ventilation” were given in the questionnaire, but respondents might have had a subjective
understanding of these definitions, which could have led to inaccuracy of the relevant information.
Finally, the model’s general applicability was difficult to evaluate at present given that the data used
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in this study were obtained on the basis of serum samples collected from residents in Guangdong
Province over the period of 2013 to 2015 without other extrapolated studies. Given that other studies
have shown that the community wherein residents live remains an independent factor associated
with DF infection [23], the results of this study could be used as the reference for the development of
personalized protective measures against DF infection in tropical and subtropical countries with high
densities of Aedes mosquitoes.

6. Conclusions

Our study focused on residents in communities with mild or asymptomatic dengue virus infection
rather than on patients with severe clinical symptoms to explore the risk factors for dengue virus
infection in Guangdong Province because the former sample is highly representative. We established
the relationship between dengue infection and individual risk factors. This information is beneficial for
avoiding infection by the dengue virus. We also provided evidence and a basis for the development
of measures for DF prevention and control. Additional variables must be introduced into the
logistic regression model, and further research should be conducted to provide a theoretical basis for
formulating prevention and control measures for DF.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/16/4/617/s1,
File 1: The contents of the questionnaire.
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Abstract: The objective of this study is to follow the composite theory approach to analyze the
effect of social capital on self-rated mental health in rural and urban China. Our nationally
representative sample includes 10,968 respondents from 130 county-level communities. Two-level
random-coefficient linear regressions, which model individual and community variations in
subjective mental health, were estimated by taking the hierarchical structure of the dataset into
account. We found that a significant proportion of the total variations in self-rated mental health
were explained at the community level. We also found an association between low contextual civic
trust and poor self-rated mental health after adjusting for individual social capital and individual
socioeconomic-demographic variables. The study also revealed that: (1) in rural areas a positive
relationship between civic and political trust and mental health existed both at the individual and
the community level, respectively; and (2) in urban areas, only political trust at the individual level
contributed to better mental health. In addition, the individual and community level political
participation exhibited a positive impact on mental health measures in both rural and urban
China. The individual level civic participation was positively associated to the outcome variable.
However, the community-level civic participation seemed to negatively impact mental health in urban
area. Our findings emphasize the importance of both individual and community-level healthcare
interventions in China. Finally, this study also found that human capital covariates remained
important predictors of self-rated mental health status even after controlling social capital both at
individual and community levels. This study suggested that the composite thesis could provide a
more convincing narrative than other theories in explaining the effects of both human and social
capital on health.

Keywords: China; human capital; multilevel linear regression; self-rated mental health; social capital

1. Introduction

As proposed by Sartorius [1] (p. 101), mental health is a “’the state of balance that individuals
establish within themselves and between themselves and their social and physical environment”.
As per the report by Global Forum for Health Research and World Health Organization [2], mental and
neurological disorders account for 13% of the global burden of disease. According to Zhang [3] and
National Health and Family Planning Commission [4], 2.7% of the population in China was afflicted
with severe mental illness in 1950s, a figure which rose to 5.4% in the 1970s, 11.1% in the 1980s, 13.47%
in the 1990s, and further to 15% in the 2010s. Currently, over 30 million people have a diagnosis of
severe mental illness (especially depression) in China [4]. Mental illness has been found to be the prime
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cause of the high suicide rate in China, which stands at approximately 10 per 100,000 in 2016 [5]. These
statistics call for an urgent need to deepen our understanding on the determinants of Chinese mental
health [6]. Research indicates that mental health is determined by socioeconomic, environmental,
intersectoral, and civic security factors [7]. Mental health policy and practice remain pivotal to the
discussion on social capital [8], because China’s surge in mental illness problems is probably due to its
rapid urbanization, which is usually associated with a range of social health hazards and risks that can
lead to the development of neuropsychiatric illness [4]. In fact, prior studies all over the world report
that social capital is a crucial determinant of both physical and mental health issues at the individual
and the aggregate level and their interactions [9-19]. Social capital can influence an individual’s health
by opening information channels, promoting collective action, addressing detrimental cultural norms,
and fostering the development of support systems serving as a source of self-esteem and mutual
respect [14,20]. These mechanisms of social capital also work in the context of mental health [7,8].

However, most prior studies were focused on western developed economies and presented mixed
findings [21]. Research in the transition economies alluded to a positive relationship between social
capital and improved health [22]. As argued by Ichida et al. [23], the relationship between high
social capital and good health indicators can vary owing to the cultural differences among countries,
justifying the need for a systematic study in the different cultural contexts. Recently, relevant research
has been conducted in East Asia (for example by Fujisawa et al. [24]; Suzuki et al. [25]; Miller et
al. [26], Yip et al. [21], Sun et al. [27]; and Yamaoka [28]). Although these works have advanced our
understanding of the social capital-general health nexus, little attention has been particularly devoted
to compare how the influence of social capital on mental health behaviors. To our best knowledge, there
is little research addressing how social capital influences mental health differently in Chinese urban
and rural settings. Such study is important, as prior works indicate that there is a huge urban-rural
health disparity in China and call for further studies [29-32].

The major objective of this study is to fill the above-mentioned gap. Specifically, we examined
empirical relationships of four dimensions of social capital, i.e., civic participation, civic trust, political
participation, political trust, on self-rated mental health. We followed the composite hypothesis,
which argued that the mental health of an individual was influenced not only by his or her human
capital (i.e., education, income and social status) but also by his or her social capital, as people are
usually involved in a variety of analytically distinct but nonexclusive social networks [33-35]. We
also followed the multi-level framework proposed in [36]. By community, we referred to counties
(xian in Chinese) or districts (qu in Chinese), the third level of China’s administrative hierarchy.
Our sample individuals were nested within communities and an individual’s mental health status
was a function of a set of individual covariates and human capital (i.e., gender, age, education,
marriage, unemployment, social-economic status, household annual income, household wealth and
household size), individual-level social capital (i.e., civic trust, civic participation, political trust,
political participation), and community-level social capital. The multilevel linear regression technique
was chosen as the most appropriate design tool to explain the variation in mental health status of the
population by both within-community and between-community differences. To our best knowledge,
the sample size of our study is the largest of its kind at the individual and community levels.

2. Materials and Methods

2.1. Sample

We used the 2015 sociological survey dataset provided by China’s National Survey Research
Center (the dataset can be found at http://cnsda.ruc.edu.cn/). Data were collected using a stratified
clustered sampling design and were representative for the non-institutionalized adult (i.e., 18 and
above) population in China. The primary survey unit (PSU) of this survey is at the county level or
district level. Using China’s latest census as the sampling frame, the survey project included 969 of
the most crowded PSUs across China. One hundred and thirty PSUs were randomly chosen and each
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chosen PSU was assigned a quota of households based on the population of that neighborhood as a
proportion of the total population of all 969 PSUs. The researchers then selected households randomly
using the residence records in the sampling frame. One adult person was randomly selected from
each sampled household to serve as a respondent. Survey administrators visited each household after
18:00 h on weekdays or after 14:00 h during weekends and holidays to maximize the participation
rate. The dataset consists of 10,968 face-to-face interviews (6470 respondents from rural and 4498 from
urban areas, respectively). The sample includes 5834 female and 5134 male individuals from 130 PSUs
(hereafter, “communities”) in 28 provinces. Most of the respondents were aged 41-60 (40%). Our
samples were nested in two levels: the individual level and the community (i.e., county or district)
level. The detailed distributions of sample are summarized in Table 1.

Table 1. Descriptions of the sample.

Provinces/Regions  Urban Rural D(g;ﬁ:lﬁgr;;y Male Female Av(gS.ISA)ge
Shanghai 502 0 8 236 266 54.89(17.93)
Yunnan 93 292 4 190 195 48.70(16.30)
Inner Mongolia 25 74 1 53 46 54.12(15.08)
Beijing 519 28 9 252 295 48.70(17.62)
Jilin 178 287 5 222 243 48.41(16.37)
Sichuan 275 291 6 268 298 55.12(16.04)
Tianjin 288 0 7 135 153 52.40(16.98)
Ningxia Hui 47 47 1 36 58 38.64(14.07)
Anhui 119 278 4 182 215 51.62(16.54)
Shandong 315 260 6 262 313 48.38(17.09)
Shanxi 189 91 3 137 143 44.84(16.63)
Guangdong 531 0 10 254 277 46.24(16.99)
Guangxi Zhuang 194 199 4 206 187 52.32(16.05)
Jiangsu 321 178 5 231 268 50.82(17.77)
Jiangxi 284 192 5 213 263 49.49(17.90)
Hebei 99 196 4 120 175 47.07(15.63)
Henan 216 366 6 259 323 50.97(17.36)
Zhejiang 341 121 5 202 260 52.22(18.09)
Hubei 350 250 6 274 326 51.91(15.41)
Hunan 240 235 5 222 253 52.80(17.24)
Gansu 50 145 2 88 107 49.47(15.52)
Fujian 194 100 3 147 147 50.51(16.80)
Guizhou 177 72 3 110 139 48.13(16.90)
Liaoning 345 50 4 189 206 49.49(17.27)
Chongging 79 186 3 132 133 52.95(16.31)
Shaanxi 106 263 4 173 196 49.78(15.05)
Qinghai 75 26 1 51 50 49.67(14.30)
Heilongjiang 318 271 6 290 299 50.54(15.28)
Total 6470 4498 130 5134 5834 50.40(16.89)

2.2. Outcome Variable: Self-rated Mental Health

Self-rated mental health status was based on five statements that are similar to the WHO-Five
Well-Being Index (WHO-5): “I often feel calm and peaceful; I often feel active and vigorous; I often
feel depressive and unhappy; I often feel exhausted and tired; and I often feel that I cannot stand my
life”. For the first two statements, the responses were given a value from (1) “not at all” to (5) “very
true”. As for the last three statements, the responses were given a value from (1) “very true” to (5)
“not at all”. The Cronbach’s alpha was 0.86. The eigenvalue of one principal component of this scale is
3.29, which represents the significant amount of variance in each item that can be explained by the
principal component.

The items were evaluated by a confirmatory factor analysis (CFA) model. A weighted average
mental health score was generated, which was resulting from the multiplication of each statement by
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its corresponding CFA standardized regression weight. The mental health score was standardized to
have a mean of zero and a standard deviation of one. That is, if an individual is in good mental health
status, then his or her mental health score is positive. Otherwise, it is close the zero or negative.

2.3. Independent Variables: Social Capital

Social capital is regarded as “connections among individuals in social networks and norms of
reciprocity and trustworthiness that arise from them” [37] (p. 19). The literature has identified four
dimensions of social capital:

Structural social capital refers to an individual’s social network and various forms of civic
engagement while cognitive social capital means an individual’s subjective perception of level of trust
and reciprocity, which can be regarded as the result of structural social capital [38-42]. Horizontal
social capital (or bonding/bridging social capital) refers to the relations developed between individuals
or groups at the same social-economic hierarchical level, while vertical social capital (or linking social
capital) includes the vertical relations between individuals or groups at different levels of formal power
or authority [39,43-45]. Finally, social capital is not just an individual’s resource [46—48] but also a
contextual capital [39]. Community or neighborhood social capital is usually based on day-to-day
interaction between individuals [49]. According to [50,51] and [52,53], an individual in a particular area
is also exposed to the community-level context, which may have an effect on an individual’s health.
Therefore, we included contextual social capital variables, which can be constructed by grouping
individuals within the same county/district and by aggregating an individual’s answers.

In this study, we have adopted the four-dimension framework of [39] to measure both individual
and community-level social capital in the Chinese context.

The first dimension is civic participation (CP), a type of structural and horizontal social capital,
here assessed by the frequency of an individual’s participation in nine different civic activities over the
past 12 months (i.e., festivals, kinship networking, sports, entertainments, time with fellow workers,
skill development, philanthropy, educational and religious activities). The responses were given a
value from (1) “not at all” to (5) “very frequently”. The Cronbach’s alpha was 0.74. The eigenvalue of
one principal component of this scale is 3.37, indicating a substantially large amount of variance in
each item that can be explained by the principal component. The items were standardized to have a
mean of zero and a standard deviation of one, and were then evaluated by a CFA model. A weighted
average CP score was generated, which was resulting from the multiplication of each statement by its
corresponding CFA standardized regression weight.

The second dimension is civic trust (CT), a type of cognitive and horizontal social capital, here
measured by the degree of a respondent’s trust on people, based on 13 different types of relations
(i.e., close neighbors, distant neighbors, people living in the same town/village with the same family
name, people living in the same town/village with different family name, relatives, acquaintances,
townsmen, members of gymnasium club, members of non-political associations, members of volunteer
organizations, classmates, colleagues, and total strangers). For each statement, the responses were
given a value from (1) “not true at all” to (5) “very true”. The Cronbach’s alpha was 0.81. The
eigenvalue of one principal component of this scale is 4.03. The items were standardized to have a
mean of zero and a standard deviation of one, and then evaluated by a confirmatory factor analysis
(CFA) model.

The third level is political participation (PP), a type of structural and vertical social capital, here
assessed using four binary items—whether the respondent was a member of the Chinese Communist
Party (CCP) or any other political party, or a government official or military officer, or a member of
People’s Congress (PC) or of People’s Political Consultative Conference (PPCC), or had participated in
any political protests or petitions. The sum of these four items was used as the PP score, which was
then standardized to have a mean of zero and a standard deviation of one.

Fourthly, political trust (PT), a type of cognitive and vertical social capital, referred to the extent
to which respondents trusted in China’s political institutions (i.e., CCP, PC, PPCC, court system,
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People’s Procuratorate, military, police, and local as well as central governments). PT was measured
by nine statements in terms of a respondent’s satisfaction of political institution’s service performance
on transparency and accountability, social inequality, healthcare disparity, social services for the
elderly /poor households, education service, judiciary’s efficiency and fairness, crime crackdown,
defense and policing, and environment protection. For each statement, the responses were given
a value from (1) “not satisfied at all” to (5) “very satisfied”. The Cronbach’s alpha was 0.80. The
eigenvalue of one principal component of this scale is 4.71. The items were standardized to have a
mean of zero and a standard deviation of one, and then evaluated by a confirmatory factor analysis
(CFA) model.

Confirmatory factor analysis was performed on the constructs of CP, CT, PT, and mental health
using open source R statistics package (see www.r-project.org) to evaluate the factor structures. The
results indicated a good fit of each construct yielding a root mean square error of approximation
(RMSEA) smaller than 0.05 and goodness-of-fit index (GFI) as well as an adjusted GFI superior to 0.90.
All items were significantly loaded on their latent variables. The internal consistency of the scales (i.e.,
Cronbach’s alpha) was greater than 0.70, indicating high reliability of our measures.

Thereafter, we aggregated these four social capital subcomponents into one general social capital
index (SCI). Finally, five contextual, district-level social capital variables (CP-Dist, CT-Dist, PP-Dist,
PP-Dist, PT-Dist, and SCI-Dist) at the community level were measured on the basis of aggregated
individual answers for each county/district.

2.4. Independent Variables: Human Capital Covariates

Following [54] proposition, we have included a series of socioeconomic-demographic variables to
control the confounding effects.

Gender was represented by a dummy variable for female. Age was categorized into four categories
(1 =18-25; 2 = 26-40; 3 = 41-60, and 4 = 61 and above). Education was measured as the highest grade
completed (0 = no formal education; 1 = primary school; 2 = junior high school; 3 = senior high
school; 4 = college; 5 = postgraduate). Marriage was categorized into three groups (1 = never married;
2 = married; 3 = divorced or widows/widowers). Unemployment was a dummy variable for whether
one had been unemployed for the last three months. Self-reported social-economic status was assessed
by a five-point likelihood scale ranging from 1 (very low) to 5 (very high). The respondents were asked
to compare their social-economic status with peers within the same community.

Household income was measured based on the household annual expenditure (see [21]). Wealth
index was constructed from a factor analysis of 15 terms related to household dwelling characteristics
and ownership of consumer durables (such as, cars, TV sets, telephones, and so on. See [55] for
more details. Finally, household size referred to the total number of family members that were
living together.

2.5. Research Model

Previous study dichotomized output variable and used binominal logistic regression to estimate
the effect of social capital. The benefit of the approach was to facilitate the interpretation of regression
coefficient as the likelihood to report better or worse health condition. However, [39,56,57] argued
that such a dichotomization of a continuous variable was often arbitrary, which could fail to provide
complete information about the actual distribution of the dependent variable or even cause misleading
results. Therefore, in this study, we have kept the outcome variable, i.e., self-rated mental health
as continuous and used a series of two-level linear regressions to examine the effect of individual
and community social capital on an individual’s mental health. Following the approaches of [58,59],
and [21], we have specified the following basic model:

MH;; = Boj + P1(SCij — SCj) + B2SC; + B3Xij + poj + &5 )
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where MH is the mental health status for individual i (level 1) in community j (level 2); SC is the
set of social capital variables measured at both the individual and community levels; and X is a
vector of socioeconomic-demographic variables. This model estimated the fixed § parameters, which
represented the overall relationships between individual social capital variables, covariates and
mental health. There were also two random parameters ig; (community level) and ¢;; (individual
level), which were assumed to follow a normal distribution and represent the differences from the
corresponding means at both individual and community levels. The variance between-community
and the variance between-individual within a given community were used to calculate the variance
partition coefficient (VPC), which represented the deviation in mental health across individual and
community levels [60]. That is to say, the proportion of the total residual variation that is due to
differences between communities. As the community-level social capital variables were aggregated
from those at the individual level, the value of individual social capital was group-centered in order to
alleviate the multicollinearity problem (i.e., SC;j — SC;) [21,61,62].
Our research model is illustrated in Figure 1.

Human Capital

Individual Social

Capital Mental Health

Community
Social Capital

Figure 1. Research model.

We have followed the nested modeling strategy of previous multilevel health studies
(e.g., [16,21,42,56,63]) to account for the hierarchical structure of our dataset. We first estimated
two variance components models (Model 0-Rural and 0-Urban) that include only random intercepts.
Then we estimated Model 1-Rural and 1-Urban to include random intercepts and human capital
variables. Finally, we estimated Models 2a—2e that include random intercepts, human capital variables,
the five individual-level social capital variables (i.e., the aggregated SCI, CP, CT, PP, and PT) and the
five community-level social capital variables (i.e., the aggregated SCI-Dist, CP-Dist, CT-Dist, PP-Dist,
and PT-Dist), respectively.

3. Results

Table 1 summarizes the means (standard deviations) and correlations of all variables. We found
that people in urban areas reported slightly better mental health status than their rural counterparts as
indicated by mean values of 0.05(SD = 0.97) and —0.07(SD = 1.04), respectively. Urban individuals also
outperform rural ones in terms of wealth index, household income, and education. However, urban
individuals reported lower social-economic status, smaller household size and higher unemployment
rate. In terms of social capital, it seems that urban people reported much higher civic participation
(0.37 vs. —0.53) but much lower civic trust (—0.18 vs. 0.25), political participation (—0.21 vs. 0.3),
and political trust (—0.07 vs. 0.10) than rural ones. In addition, it seems that mental health status is
positively associated with all four types of social capitals and married, education, household income,
household wealth and social-economic statute. However, mental health status is negatively associated
with female and age.

Regression results of Model 0, Model 1, and Model 2a—2e are summarized in Table 2. Both the
individual-level variances 0 and the community-level variance 0}2, were all statistically significantly
different to zero. The VPCs for the rural subsample ranged from 9.76% to 14.56%. And the VPCs for
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urban subsample were range from 9.76%. The VPCs indicate that substantial amount of vairance in
mental health can be attributed to differences between communities. We then conducted the likelihood
tests (see Table 3). We compared the loglikelihoods between Model 1 and 0. The differences (A-211)
with 18 degrees of freedom were statistically significant under the Chi-square tests, suggesting that
human capital variables as a whole are important determinants of mental health status in both rural
and urban areas. Likewise, we compared Model 2a—2e to Model 1-Rural/1-Urban, respectively. The
differences (A-21l) with two degrees of freedom were statistically significant under the chi-squared
tests in most models, except the one between Model 2b-Rural and Model 1-Rural. The results suggest
that social capital as a whole and CT, PP, and PT are important determinants of mental health for both
rural and urban individuals; while CP is an important determinant for urban individuals.

On closer inspection of Model 2a—2e, we noticed that the individual-level aggregated SCI
was positively associated with mental health (0.01, p < 0.01) in both subsamples. However, the
community-level aggregated SCI was positively associated with mental health only in the rural
subsample (0.02, p < 0.05). In urban areas, the impacts of CP on mental health were significantly
positive at the individual level (0.01, p < 0.01) but negative at the communitive level (—0.03, p < 0.01).
The impacts of individual-level CT (0.1, p < 0.01) was statistically significant in rural area. The
community-level CT had statistically significant impacts in both rural and urban areas (0.06 and 0.07,
p < 0.01, respectively), which justified the contextual effects in [39].

What is more, the individual-level PP was positively associated (0.03, p < 0.01) with mental health
in both rural and urban areas. Finally, the individual level PTs (0.02, p < 0.01; 0.02, p < 0.01) were
positively associated with mental health in both rural and urban areas.
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Table 3. The likelihood chi-squared tests.

Model Comparison A-211 df p-Value
1-Rural vs. 0-Rural —743.74 18 <0.01
1-Urban vs. 0-Urban —1128.29 18 <0.01
2a-Rural vs. 1-Rural —-36.3 2 <0.01
2a-Urban vs. 1-Urban —26.17 2 <0.01
2b-Rural vs. 1-Rural —1.15 2 >0.10
2b-Urban vs. 1-Urban —14.94 2 <0.01
2c¢-Rural vs. 1-Rural —15.41 2 <0.01
2¢-Urban vs. 1-Urban —18.75 2 <0.01
2d-Rural vs. 1-Rural —13.91 2 <0.01
2d-Urban vs. 1-Urban —27.22 2 <0.01
2e-Rural vs. 1-Rural —17.35 2 <0.01
2e-Urban vs. 1-Urban —8.64 2 <0.05

A-211 = The -2l value of the first model minus the -2l value of the second model.

4. Discussion

This study follows the composite hypothesis to simultaneously test the effects of human and
social capital on an individual’s self-rated mental health at both individual and community levels.
The results of our multilevel linear regressions seem to support the composite hypothesis. We will
discuss the impacts of social capital and human capital covariates on the outcome variable separately.

4.1. Effect of Social Capital

The study revealed that higher civic trust helped to improve the mental health at the individual
(rural areas) and community level (both rural and urban areas). This finding further corroborated
prior findings between positive health outcomes and trust [15,63-68], which suggested that higher
civic trust may enhance social networking among individuals, thereby reducing the mental stress and
then lead to better mental health status.

Our study revealed that higher political trust helped to improve mental health at the individual
and community level in rural areas. This finding was consistent with a prior study [69], which
indicated that higher political trust could, one the one hand, led to an enhanced feeling of security [69]
and created stronger affiliations with the legal system as identified through questions on government
functioning; and on the other hand, higher political trust also promoted a better sense of belongingness
and sense of responsibility [69].

We found that higher political participation also tended to improve mental health at the individual
level in both rural and urban areas. That is probably that political participation may promote a sense
of gratification from the social welfare activities and aroused deeper feelings of social and moral
responsibility among individuals. It may be also instrumental in warding off socially deviant behavior
among individuals, inculcating socially beneficial norms and promoting mental health.

Finally, we revealed that higher civic participation helped to improve the mental health at the
individual level in urban areas. That is probably that higher civic participation could be manifested
through progressive coaching mechanism or knowledge dissemination process to fellow individuals,
thereby leading to enhanced self-esteem among individuals. This could help in promoting social
interactions, reducing stress, improving security networks, and thereby improving mental health.
However, at the community level our study suggested that enhanced civic participation gave rise to
reduced mental health in urban areas, ceteris paribus. An explanation to this could be drawn from the
“network resources” approach [70]. As predicted in [71], subjective social status could be considered
as a partly mediating factor in explaining the negative association between network resources and
psychological stress. We found a positive correlation (0.36, p < 0.01, in Table 4) between subjective
social-economic status and civic participation in our urban sample, suggesting that a higher level
of community civic participation could create extra responsibility or overwhelming burden on an

573



Int. J. Environ. Res. Public Health 2019, 16, 665

individual with relatively high social-economic status. This is especially true in China in where loss
of “face” has been considered as a key deterrent in an individual’s access to social capital [20,72].
Individuals will stretch beyond their economic horizon to meet moral obligations and reciprocity
norms in order to save “face” in their communities. Non-adherence to these norms would result in
a disastrous solitary state leading to a lower mental health. However, as found in a prior study [20],
over participation in social events could involve detrimental social norms like alcohol consumption,
physical stress and inevitably reduced social family interactions, leading to increased mental stress
and worsening mental health.
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4.2. Effect of Human Capital

Overall our findings were in line with those previously reported in developing countries that
human capital factors were important predictors of self-rated mental health. The compositional effects
remained statistically significant even after taking social capital variables into account.

In particular, we found that an increase in age led to a lower self-reported mental health, which
is of paramount importance when people reach their middle-age. That is probably because that
responsibilities and senses of isolation or worthlessness may be bound to increase with age. We
believe that this is especially true for the elderly in rural areas, when their adult children are away as
migrant workers.

Female gender was also found to be related to poorer self-rated mental health in rural areas than
in urban areas. That is probably because, on one hand, rural women may suffer from lower social
status in their villages and on the other hand, it may be accepted that when husbands are away as
migrant workers, the responsibility to take care of younger family members and elderly parents always
falls on the women without anyone to share the load.

Secondary education was also found to improve self-rated mental health in both rural and
urban areas. This is probably because education may enable individuals to better understand the
benefits of a healthy lifestyle and healthcare utilization [56]. We noticed that when both individual
and community-level social capital variables were present, college education exhibited a marginally
significant, negative effect on self-rated mental health in rural areas. We believed that when compared
to their urban counterparts, the college students from rural areas may have lesser chances to find
decent jobs in China because their families possessed fewer social networks. This probably led to low
economic returns to their college tuition fees and made them anxious and frustrated.

Our study also found that wealth mattered for mental health. Being rich or having relatively
high social-economic status was strongly associated with superior self-rated mental health. We argued
that this was probably because richer households or individuals may be able to access more medical
care resources and experience less stress when compared to the poor, who had to work harder to earn
their living.

An increase of household size in rural area was associated with a decrease in self-rated mental
health status. Given family size in rural China is usually larger (mean = 4.47, in Table 4), this association
may have had its origins in increased competition between siblings for parental attention, resources
and extra burden to take care of elderly parents or even grandparents. However, an opposite effect
was found in the urban sample. A possible interpretation of the positive family size-mental health
relationship in urban China may be due to the strict one-child policy. With the family size being small
in urban areas (mean = 3.47, in Table 4), children may enjoy greater parental attention in their early
life and as a result, developed greater resilience to maladaptive responses and stressful events in
adulthood. Likewise, a larger family size may increase the social contact of urban elderly, reducing
their sense of loneliness, a general cause of many mental illnesses.

In addition, our study indicated that, the married individuals portrayed better mental health
when compared to unmarried individuals in rural areas. This finding was not supported in urban
areas. We found that the mental health of the urban individual was found to deteriorate following a
divorce or loss of spouse.

We believe that there is a stark distinction in the levels of aspirations between the individuals
hailing from rural and urban areas. In rural areas, the concept of close families, strong bonding,
and well-knit relations may exist that foster easy solving of mutual discord and problems. However,
in urban areas, individuals live with more autonomy in smaller nuclear families, which could be
beneficial to the extent of lesser burdening an individual with monetary and social responsibilities. At
the same time, smaller nuclear families could be detrimental since the individuals may face increased
mental stress when handling problems since they lack the emotional support of spouse, leading to
poor mental health and estranged family ties. Therefore, with the resulting non-successful matrimony
or death of beloved partner, an individual in urban area may develop a sense of personal loneliness
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and dissatisfaction, lack of emotional stability, and a dearth of social interaction develops, resulting in
reduced mental health.

Finally, the employment status had no significant impact in rural areas. However, the effect of
unemployment tended to be significantly negative in urban areas. We believe that the societal set
up in rural and urban areas is starkly different. In rural areas, there are more closely-knit families
characterized by large joint families. These families live together and most probably the family earnings
are shared for the entire family’s sustenance. This involves collective earning and collective spending
to supplement the entire family’s needs. This could be in contrast to the urban areas, where the concept
of nuclear families with fewer members predominates. Financially independent individuals most
probably prefer to be socially independent as well. Hence for individuals in urban areas, professional
upheavals coupled with lack of emotional support may lead to mental dissatisfaction and reduced
mental health.

5. Limitations and Conclusions

5.1. Limitations

Like most cross-sectional analyses, this study may be subject to common method bias as
information regarding both social capital and mental-health is self-reported. Since both social capital
and mental health can be expressed as an individual’s general well-being, there may be a recall
bias [16,39]. In addition, the cross-sectional design usually leads to reversed causality problem—poor
mental health may reduce one’s social capital. For example, participation in political activities requires
inherent enthusiasm and good mental situation as a pre-requisite. A longitudinal study is desired to
check the robustness of our findings. However, the aggregated measures of social capital and the use
of mean-centered individual social capital can mitigate this problem as individual co-variance can be
diluted [39]. On the other hand, the problem of reverse causality at the community level may not be
an issue. Since the Chinese government restricts people’s freedom to choose which district to live in
under the Household Registration System, the community-level measures of social capital may be
exogenous and random.

5.2. Conclusions

Our results suggest that social capital is reflective of mental health both at the individual and
community level. We have employed four cognitive-structural and horizontal-vertical constructs to
comprehensively measure social capital in Chinese contexts and empirically test for observations across
samples from rural and urban Chinese population segments. The results support the argument that in
general, individual social capital holds a positive association with self-rated mental health in China.
This study also finds that a significant proportion of the total variation in individual’s self-rated mental
health status can be explained by differences at the community level. Those living in areas with low
civic trust social capital have high excess risk of poor self-rated mental health. On the contrary, urban
areas offer disagreement on the structural dimension measured through community-civic participation
index, offering a negative association. An explanation for this has been based on the network resources
approach. The likelihood ratio tests further support our conclusions that the impact of both individual
and contextual social capital is not an artifact. These results offer further dimensions for future research.
A more detailed and vigorous investigation may be called upon to study the impact of social capital
variation, involving development of more suitable instruments to unearth the pattern of variations
more systematically.

Finally, we suggest that policy mechanisms should be set in place to strengthen social networks
and create economic upliftment of individuals. The programs should be aimed at inculcating social
parity among the community members and at reducing the disparity in the access of medical benefits.
Community health and social wellbeing for individuals should to be given attention with special
emphasis to women, middle-aged, and elderly citizens. In rural areas, schemes should be set in place to
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encourage employment and business opportunities for youth through promotion of cottage industries.
These schemes will be able to create employment avenues for the large number of college-educated
students hailing from rural areas and hence avoid their rapid transition to larger cities. It will also
be helpful in curtailing dissatisfaction among their elderly family members who are plagued with
issues of staying alone as their children and even grand-children migrate to urban areas for better
job prospects.
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Abstract: In recent years, biological purification technology has been widely developed in the process
of iron and manganese removal from groundwater. The cultivation and maturation of the biological
filter layer are key for biological iron and manganese removal processes. The time needed for
maturation varies significantly with the water quality, filter and filter media conditions and operation
parameters; sometimes it takes only one or two months, sometime more than half a year. In this paper,
the feasibility of adopting an intermittent operation for the cultivation of biofilter was investigated
with productive filters in a groundwater treatment plant, and the comparative test of the filter column
was conducted. The results showed that the intermittent operation had little effect on the cultivation
of the biofilter because dissolved oxygen would be gradually exhausted during the filter-suspension
process, making the filter layer anaerobic, thus possibly inhibiting the growth and reproduction of
IMOB (Iron and Manganese Oxidizing Bacteria). At the same time, the test shows that when the
mature biological filter needs the suspension operation, the emptying method should be considered
to avoid the destruction of the biological layer.

Keywords: groundwater; iron and manganese removal; biofilter

1. Introduction

Groundwater usually contains iron and manganese in Northeast China, above the allowed
maximum concentration levels 0.3 mg/L and 0.1 mg/L for iron and manganese, respectively, according
to the Chinese Standards for Drinking Water Quality [1]. Excessive iron and manganese can affect
human health and industry production [2,3]. Together with dissolved iron, manganese could form
sediments in drinking water distribution lines and incidents of “black” or “brown” water have occurred
with the fluctuation of the water supply.

Many methods have been developed since the end of 19th century, mainly divided into chemical
oxidation and biological oxidation. Chemical oxidation is usually adopted by traditional water
treatment plants [4-7], including oxidation with atmospheric oxygen assisted by aeration and oxidation
by chemical agents such as potassium permanganate, chlorine, chlorine dioxide and ozone. Fe (II) can
be oxidized by oxygen at natural pH easily, while the condition of manganese oxidation is stringent.
Excessive aeration is often needed to raise the pH to 9-10 to achieve the abiotic oxidation of soluble
Mn (II) to insoluble Mn (III/IV) (oxyhydr)oxides. At natural pH, manganese can only be oxidized
by the stronger oxidants: ozone, chlorine dioxide, chlorine and potassium permanganate. However,
adverse effects could be caused with excessive oxidants. Excessive potassium permanganate will
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make the color of the filtrate pink. Excessive chlorine dioxide can generate chloric organics such as
chlorobenzene, and chlorophenol which are thought to be carcinogens [8-10].

Biological iron and manganese removal has shown much promise as an effective low-cost way to
treat iron- and manganese-contaminated groundwater, becoming more and more common [11-14]
in Europe, Asia, and North America. It was noted that biotic methods could substantially increase
treatment capacity and reduce the cost of operation compared with abiotic methods [15]. However, the
long time start-up period of the biofilters is a main drawback for their popularization and application.
Chemical oxidation of iron and manganese occurs in several minutes or even several seconds by strong
oxidants. Therefore, almost no time is needed for the start-up of a water treatment plant for iron
and manganese removal adopting the abiotic oxidation process. For the plants adopting the biotic
oxidation process, 1-2 months or even more time is needed for the maturation of the biofilter [16,17]
because time is needed for the attachment of inoculated bacteria to the filter media, and time is needed
for the acclimation and enrichment of functional bacteria.

Recently, several biological groundwater treatment plants have been built in Northeast China,
which have been operated successfully and the filtrate quality is better than the Chinese Standard, but
because of the difference in water quality, filter material and operation parameters, the start-up time
varies from one month to eight months [18-22].

The establishment of a biological layer is the first step for the start-up of the biological iron and
manganese removal process. The efficient and stable ability of iron and manganese removal depends
on the establishment of a stable and complex ecosystem with iron- and manganese-oxidizing bacteria
as dominant bacteria [23], but these bacteria are microorganisms with a low metabolic rate and growth
rate. Therefore, the biofilter for iron and manganese removal is very different from the biofilter for
carbon and nitrogen removal.

So far, there are not many references on the start-up of the biological iron and manganese removal
filter except that when ammonia nitrogen is contained in raw water, the removal of manganese requires
complete nitrification of ammonia nitrogen, so the maturation of the filter takes 3-4 months [24,25].

This paper provides a specific example of the start-up of biological groundwater treatment
removal for iron and manganese removal. Because of the external pipe network problems, the water
plant can only be operated intermittently. Therefore, the effect of the cultivation of an intermittent
water supply biological filter layer was analyzed with the aid of a filter column test, in order to provide
more references and accumulate more experience for the start-up of the biological iron and manganese
removal filter layer.

2. Materials and Methods

2.1. Water Treatment Plant and Groundwater

Shenyang is the capital of Liaoning Province in Northeast China. Groundwater is an important
water supply source in Shenyang. The groundwater temperature is 10-12 °C all year round due to
the latitude. In this paper, the groundwater came from 16 deep wells (depth 60-100 m). The water
outputs were between 100 to 150 m3/h; the groundwater characteristics are shown in Table 1. The total
treatment capacity of the WTP (Water Treatment Plant) is 3 x 10* m3/d; the flow chart is shown in
Figure 1, with the aim that the simultaneous removal of iron and manganese occurs in one filter. After
the raw water was extracted from the ground, it first entered the cascade aeration tank for oxygen
filling, which provided sufficient oxygen for the subsequent bio-oxidation of iron and manganese in
the biochemical filter, where iron and manganese ions were oxidized into solid iron and manganese
oxides, which were intercepted and removed by the filter layer. Finally, the purified water entered into
the clear water reservoir and then the distribution pipe network. With the extension of filtration time,
the interception impurities of the filter layer increased, and the filtration resistance increased sharply,
and the filter backwashing process was needed. The filter had a depth of 1000 mm, using sand as the
filter media, with a diameter of 0.5-1.2 mm.
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Table 1. Characteristics of the groundwater.

Parameter Value Parameter Value
Temperature (°C) 12-14 Total dissolved solids (mg/L) 240-260
pH 6.7-6.9 DO (mg/L) 0
Turbidity (NTU) 32.3-39.0 Conductivity (Us/cm) 268-280
Mn%* (mg/L) 0.8-2.0 Fe?* (mg/L) 0.15-0.20
Cla
pump to
groundwater cascade _ | biofilter for Fe | clean water distribution system
aeration tank | and Mn removal T reservior

backwash

Figure 1. Flow chart of Water Treatment Plants.

Raw water from waterworks was basically used as the influent for the filter column test, and
chemical agents can be added to change the content of iron, manganese and other substances according
to the need.

2.2. Start-Up Process

Due to the construction of the external pipeline network, water plants could only be operated
intermittently at the initial stage of biofilter cultivation, and then gradually transit to continuous
operation. The whole operation process is shown in Table 2.

Table 2. Operation process during the biofilter cultivation.

Stage Frequency of Operation Velocity Time

Once three' days, 1.5m/h Two months

. . 6hata time
Intermittent Operation

Once a day,

. 1.5m/h Two months
7 h at a time

Continuous operation Continuous running 1.5m/h Two months

speed-up Continuous running 1.5m/h to 5 m/h step by step One month

2.3. Filter Column Test

The test device is shown in Figure 2. The filter column was made of Plexiglas with a height of 3 m
and an inner diameter of 250 mm. A sampling port was set every 10 cm along the direction of the filter
layer. In order to simulate the actual productive filter, the filling of filter media and the inoculation
amount were consistent with those in filter 1#. The filter column adopted a downward flow, and the
filter speed was controlled by a flowmeter to ensure uniform filtration. The backwashing strength was
controlled by the expansion rate of filter media, using about 15-20%. The influent and backwash water
were both from the aeration tank.
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[ &
S
1-lifting pump
T 2-influent valve
L7 3—effluent valve
2 4-backwashing valve
5-overflow
g 6-flowmeter

T-fileter media
8-undercourse

influent

Figure 2. Flow chart of the filter column.

2.4. Analysis Methods

The influent was taken from the reserved sampling port of the inlet pipe of the cascade aeration
tank and the effluent was taken from the outlet pipe of the biofilter. All samples were analyzed
immediately in the laboratory of the Water Treatment Plant, so no storage measures were adopted. All
iron and manganese analyses were performed by a spectrophotometer in accordance with standard
methods [26]. Dissolved oxygen was measured by a Dissolved Oxygen Meter (0xi340i, WTW, Munich
Germany), pH was determined using an electrode (pH/o0xi340i, WTW, Munich Germany)

2.5. Filter Inoculation

Source of bacteria: From the engineering practice of a biological iron and manganese removal
water treatment plant, it was found that autochthonous IMOB were contained in groundwater
containing iron and manganese all over different regions, and they were adaptable for the local
water environment. In the process of biofilter establishment, the local bacteria was added to the filter
after amplification and cultivation, which showed strong adaptability and promoted the maturity of
the biofilter as soon as possible and greatly shorten the cultivation period [23]. Therefore, in this study,
the ferromanganese oxidizing bacteria in the mud of the aeration tank wall of the local groundwater
treatment plant for iron and manganese removal were collected and cultured, and then inoculated into
the filter.

Methods: A high concentration of bacterial liquid was used to inoculate the filter at one time,
and a large number of bacteria were brought into the filter through some operation methods, then
the filter was cultured at a low filtration rate. Under the condition of no medium and low nutrients,
the bacteria were directly cultured by raw water. The bacteria proliferated slowly in the initial stage
of culture, it was beneficial to further expand and cultivate the biological population suitable for the
characteristics of raw water in the filter layer [23]. In order to study the effect of inoculation amount on
the start-up of biofilter, filter 3# was selected to inoculate twice the amount of bacterial liquid among
these six filters. When the effluent was not up to the standard, the biological filter was considered to
be mature.

3. Results and Discussion
3.1. Full-Scale Filter Test

3.1.1. Initial Intermittent Operation Stage

The results are shown in Figure 3. The filters had a certain manganese removal capacity due to
the inoculation at the initial stage of operation, and the manganese removal rate was about 50%; there
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were some differences between these 6 filters due to the initial difference of the filters and the difference
of operation which could not be completely the same, but the trend was similar. After five months of
operation, the manganese concentration in the effluent of the filter did not show a downward trend
with time, it just fluctuated up and down, indicating that the number of ferromanganese oxidizing
bacteria in the filter has not been proliferated and the activity was in an unstable stage [23].

2.4+ —&— influent
2_2_- —o— 1#
2.0_' —L—2#

3 1.8 o

= .0

Y | —k— 44

£ 164 —0— 54

S 144

S 1.2

g 4

= 1.0

g ]

= 0.84

g ]

§ 0.6—_
0.4
0.2
0.0 - - - : : . .

0 5 10 15 20 25 30 35

number

Figure 3. Mn in the influent and effluent (during the stage of intermittent operation; samples are taken
once every three days of operation).

3.1.2. Continuous Operation Stage

The effluent quality of the filters showed in Figure 4 has been significantly improved in the
continuous operation stage, but was not the same as the intermittent operation stage. The effluent of
filter 3#, 5#, 6# came close to the standard after one month of continuous operation, and tended to
reach the standard steadily in the next one month. Also, the effluent of filter 1#, 2#, 4# came close to the
standard after 50 days of continuous operation, and then it took about 10 days to reach the standard.
But at that time, the filters were not fully mature, so the effluent of filter1#, 2#, 4# fluctuated slightly.

Generally, after inoculation, microorganisms will undergo a period of adaptation under stable
and suitable conditions so as to achieve a logarithmic growth period of rapid growth and rapid
propagation. In this stage, the quality of effluent water will quickly improve with the mass propagation
of microorganisms, and finally achieve the effluent standard [23]. But the appearance of the logarithmic
growth phase depends entirely on the operation condition. The actual operation results showed that
the intermittent operation in the first five months greatly delayed the microorganisms entering the
logarithmic growth period, and thus delayed the maturity of the biological filter. In the subsequent
filter column tests, it was verified that under the same conditions, the filter column did achieve
maturity of the biological layer in about 40 days after continuous operation.

According to the figure, the continuous operation process could be divided into two stages. The
first month was a period of rapid decline of the manganese concentration in the effluent, and the
second month was a period of fluctuation of the effluent in a low manganese concentration. Although
the inoculation amount of filter 3# was twice as much as that of the other five filters, and the removal
efficiency of filter 3# was better than that of filters 1#, 2#, 4# in the first month. However, filter 6# has
almost the same effect as filter 3#, and filter 5# did even slightly better; these differences might stem
from the fact that it is impossible for the filter and the operation to be completely the same. Finally
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in the second month, the six filters all entered the same fluctuation stage with a low concentration of
manganese, i.e., basically no difference.
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Figure 4. Mn in the influent and effluent (during the stage of continuous operation; samples are taken
once every day of operation).

It can be inferred from the experimental results that the maturation of filter layer was not directly
related to the amount of inoculation completely because filter 3# was better than 1#, 2#, 4# in the early
stage, but 5#, 6# was similar to 3#, and even 6# was better than 3#. Therefore, in the future inoculation
process, the appropriate amount is enough, not the more the better.

3.1.3. Speed-Up Stage

In the granular media filtration process, the shear force on the surface of the filter material rises
with the increase in flow rate [27]. Therefore, in the beginning of the cultivation, a low filtration rate
was usually adopted [28], in case of reducing the shear force to promote the adhesion and fixation of
bacteria, which were in the mud or free in the water, onto the surface of the filter media. Therefore,
1.5 m/h was the initial filtration rate for the culture of biofilter in this plant, and the speed-up was
carried out after the effluent of the filter reached the standard for one week. In the beginning, the
increase for the speed-up was only 0.5 m/h. After the effluent reached the standard, the next speed-up
started, and the filtration rate ranged from 1.5 m/h to 2 m/h to 2.5 m/h and then to 3 m/h. In this
process (Figure 5), the effluent quality of individual filters fluctuated slightly for a short time, but soon
the effluent quality recovered. Therefore, the speed-up was accelerated from 3 m/h to 4.5 m/h to
4.7 m/h and then to 5 m/h; in the first two days, the effluent of 6# fluctuated, but on the third day, it
recovered to below the standard again. This indicates that the biological filter has been fully cultivated.
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Figure 5. Mn in the influent and effluent (during the stage of speed-up; samples are taken once every
day of operation).

3.2. Pilot-ScaleFilter Column Test

3.2.1. Start-Up of the Filter Column

The concentration of manganese in the effluent in Figure 6 fluctuated around 0.6 mg/L after the
operation of the filter column, which is similar to the actual production filter, but the concentration of
manganese in the effluent decreased gradually, and was finally below 0.1 mg/L within 40 days; the
removal rate was as high as 95%, and all these phenomena indicate that the biological filter layer was
mature. It can be found that the manganese variation curve of the effluent from the filter column was
similar to that of the effluent from the production filter after continuous operation. Therefore, in the
first four months of intermittent operation of the water plant, the cultivation of the biological filter
almost had no effect. The reason could be that the intermittent operation could not provide a good
environment for the microorganisms in the filter layer, so the microorganisms have been staying in the
adaptive stage and have not entered the logarithmic growth stage [23].

3.2.2. Suspension and Rerun of the Filter Column

As has been noted, the intermittent operation had little effect on the cultivation of the biofilter. In
order to find the difference between intermittent operation and continuous operation, the suspension
and rerun tests of filter column were carried out, under the water quality of low iron and manganese
and high iron and manganese with micro-pollution.

(1) Groundwater quality of low concentrations of iron and manganese

After several days of stopping operation, the biofilter column restarted, and the manganese
removal capacity of the filter column decreased significantly (Figure 7). The manganese removal
capacity of the first 50 cm filter layer decreased from 1.18 mg/L to 0.61 mg/L, only 50%. At the same
time, it was found that the filter column was in an anoxic state with a DO of zero. Without the basic
need of oxygen for the manganese oxidizing bacteria, their functions would decrease [29], so the
manganese removal rate had a sharp decrease.
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(2) Groundwater quality with a high concentration of iron and manganese

Two biofilter columns were used for the suspension and rerun test; during the suspension stage,
one column was kept empty, and the other was full of raw water. Two distinct phenomena appeared
as shown in the figure, when the two columns restarted to operate. For the column kept full of raw
water (Figure 8), the manganese content in the effluent exceeded that of the influent, and it recovered
slightly the next day, costing four days for the completely recovery (the data are not shown). The
results showed that the dissolution of manganese occurred during the suspension process, while it
was found that the dissolved oxygen in the water was zero. This two phenomena could be explained
that due to the suspension of filter column with the situation of full of water, there was no way for the
supplementation of oxygen for the filter layer. Therefore, when the dissolved oxygen in the layer was
gradually depleted by reducing substances, it became anaerobic, which led to the dissolution of high
valence manganese (Mn**), and the concentration of manganese in the effluent was higher than that in
the influent. This phenomenon is extremely harmful to the cultivation of the biofilter layer, because
most of the Manganese Oxidizing microorganisms construct their living space with manganese oxides
batched on the filter material [23]. With the dissolution of manganese oxides, the biofilm of the filter
layer will be greatly destroyed. Its recovery will also take a long time.
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Figure 8. Mn concentration in the filtrate along filter depth (soaked state).

The air in the filter column kept empty (Figure 9) was in a circulation state, which made the filter
column an aerobic environment, and provided oxygen for the microorganisms. Yet due to no supply
of raw water, the microorganisms in the filter column stayed in a long-term starvation state. So when
the filter restarted, the manganese in the raw water was utilized by microorganisms in large quantities,
which led to the phenomenon of low manganese in the effluent water at the initial stage of the rerun
operation of the filter column. After a few days of operation, the concentration of manganese in the
effluent returned to its original state (data not given).
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Figure 9. Mn concentration in the filtrate along filter depth (empty state).

(3) Reflections of the test of Suspension and Rerun

Generally, substrate and oxygen are two basic demands for the cultivation of microorganisms
in the biological manganese removal filters. The shutdown process of filter without emptying will
deplete the residual dissolved oxygen in the filter layer, which will eventually lead to the anaerobic
state, thus affecting the activity and metabolism of microorganisms. Especially when there are some
reducing substances in raw water, anaerobic conditions may cause the re-dissolution of manganese
oxides which are an important structural component of biofilm, finally causing serious damage to
the manganese removal biofilter. Therefore, it is suggested that in the process of cultivation of the
biological filter or operation of mature filter, if it is necessary to shut down the tank, it should be kept
empty, not full of water.

4. Conclusions

1. With the initial intermittent operation and the late continuous operation, the plant took 7
months to complete the start-up of biological iron and manganese removal filters.

2. By comparing the production filter and the filter column test, it can be inferred that although
the intermittent operation reduced the backwashing frequency, no contribution was made to the
cultivation of the biological manganese removal layer.

3. For the stopping operation of the biological filter in the start-up or stable operation stage, it is
suggested to use filter emptying to ensure that the filter can be in an aerobic state, which is beneficial
to the aerobic microorganisms and the biofilter layer.
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Abstract: Morbidity prediction can be useful in improving the effectiveness and efficiency of
medical services, but accurate morbidity prediction is often difficult because of the complex
relationships between diseases and their influencing factors. This study investigates the effects of food
contamination on gastrointestinal-disease morbidities using eight different machine-learning models,
including multiple linear regression, a shallow neural network, and three deep neural networks and
their improved versions trained by an evolutionary algorithm. Experiments on the datasets from ten
cities/counties in central China demonstrate that deep neural networks achieve significantly higher
accuracy than classical linear-regression and shallow neural-network models, and the deep denoising
autoencoder model with evolutionary learning exhibits the best prediction performance. The results
also indicate that the prediction accuracies on acute gastrointestinal diseases are generally higher
than those on other diseases, but the models are difficult to predict the morbidities of gastrointestinal
tumors. This study demonstrates that evolutionary deep-learning models can be utilized to accurately
predict the morbidities of most gastrointestinal diseases from food contamination, and this approach
can be extended for the morbidity prediction of many other diseases.

Keywords: food contamination; public health; gastrointestinal diseases; morbidity; deep neural
networks; evolutionary learning

1. Introduction

In recent decades, industrial emissions, domestic waste, and the overuse of pesticides and
fertilizers have caused serious environmental pollution, which has been confirmed as an important
factor causing alarming deterioration in public health [1-5]. In particular, food contamination arising
from soil and water pollution has been reported to be involved in almost all types of gastrointestinal
diseases [6-8]. However, modeling the effects of food contamination on gastrointestinal morbidity
is still a challenging task because the pathogenic mechanisms of gastrointestinal diseases are very
complex, the number of contaminants is large, and the pathogenic roles of contaminants in the diseases
are often unknown or uncertain.

There are numerous studies on the effects of environmental pollution on public health. A majority
of studies have been devoted to the relationships between air pollution and respiratory diseases.
Using logistic regression and weighted linear regression, Zhang et al. [9] examined the association
between children’s respiratory morbidity prevalence and district-specific ambient levels of main
air pollutants in four Chinese cities, and their results evidenced that morbidity prevalence was
positively associated with the levels of NOy, SO;, and coarse particles. Jayaraman and Nidhi
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[10] used a generalized additive Poisson regression model to evaluate the association between air
pollutants and daily variations in respiratory morbidity in Delhi in 2004-2005. Based on a log-linear
Poisson regression model, Sousa et al. [11] performed time-series analysis to assess the impact of air
pollution on emergency hospitalization for respiratory disease in Rio de Janeiro, Brazil, in 2000-2005.
Zhao et al. [12] used a time-series model with a quasi-Poisson link to examine the association between
PM pollution and respiratory morbidities in Dongguan City, China, in 2013-2015. Qiu et al. [13]
used a similar approach to estimate the short-term effects of ambient air pollutants (PM;o, PM; 5,
NO,, and SO,) on hospital admissions of overall and cause-specific respiratory diseases in 17 cities of
Sichuan Province, China, during 2015-2016. Although such regression models can demonstrate the
associations between pollution and diseases, they are often incapable of providing sufficiently accurate
morbidity prediction for healthcare management.

To overcome the limitation of classical linear and logistic models with multiple variables to handle
the multifactorial effect, Bibi et al. [14] used an artificial neural network (ANN) to predict the effect
of atmospheric changes on emergency department visits for respiratory symptoms. The results
showed that the average prediction error of the ANN was much less than the classical models
on the test set. Wang et al. [15] applied the Granger causality method to identify the main air
pollutants correlated with the mortality of respiratory diseases, and then constructed an ANN model
for respiratory mortality prediction in Beijing during 2005-2008, which also achieved higher accuracy
than classical correlation-analysis methods. Junk et al. [16] used an ANN to predict the mortality
rates of respiratory diseases associated with air pollution under different weather conditions in
Western Europe. Moustris et al. [17] developed an ANN model to predict the weekly number of
childhood asthma admission at the greater Athens area in Greece from ambient air-pollution data
during 2001-2004. Zhu et al. [18] studied the effects of air pollutants on lower respiratory disease
in Lanzhou City, China, during 2001-2005, and constructed an ANN based on a group method of
data handling to forecast the number of patients in a hospital. Sundaram et al. [19] developed an
Elman neural network to predict respiratory mortality and cardiovascular mortality from a set of
air-pollution indicators, and the results showed that the dynamic ANN showed good performance on
time-series prediction. Recently, Liu et al. [20] employed long short-term memory recurrent neural
networks to forecast influenza trends from multiple data sources, including virologic surveillance,
influenza geographic spread, Google trends, climate and air pollution; their results also exhibited high
prediction accuracy.

Although it is known that many diseases are related to food contamination, studies on their
correlations are relatively few, mainly because the number of food contaminations is much larger
than the number of air pollutants, and thus classical regression methods and shallow ANNSs
become inefficient in handling complex correlations in such a high-dimensional feature space.
Recently, deep neural networks (DNNs) are a powerful tool for modeling complex probabilistic
distributions over a large number of influence factors by automatically discovering intermediate
abstractions, layer by layer. Song et al. [21] developed a DNN based on a denoising autoencoder [22]
to predict gastrointestinal-infection morbidity from food-contamination data in four counties in China
during 2015-2016, and the results showed that the deep-learning model had significantly higher
prediction accuracy than shallow ANNs. However, their work only concerned the morbidity of
all acute gastrointestinal infections, i.e., it neither considered other gastrointestinal diseases such
as chronic gastritis and gastrointestinal tumors, nor did it differentiate the morbidities of different
gastrointestinal infections, such as acute gastritis and dysentery.

This study investigates the effects of food contamination on six main gastrointestinal diseases,
acute gastroenteritis, chronic gastroenteritis, gastrointestinal ulcers, gastrointestinal tumors, food
poisoning, and other acute gastrointestinal infections. We employed five methods, multiple linear
regression (MLR), a three-layer feed-forward ANN, a deep belief network (DBN) [23], a deep
autoencoder (DAE), and a deep denoising autoencoder (DDAE) [22], for correlation analysis and
gastrointestinal-morbidity prediction. For each of the last three deep-learning methods, we respectively
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constructed two models, one using the basic gradient-based training algorithm and the other using an
evolutionary training algorithm. Results showed that the deep-learning models achieved significantly
higher accuracies than the MLR and shallow ANN models, and the DDAE with evolutionary training
exhibited the highest prediction accuracy.

2. Materials and Methods

2.1. Materials

We collected data from ten cities/counties in central China, Yichun City (Yuanzhou Municipal
District), Gao’an City, Wanzai County, Tonggu County, Pingxiang City (Anyuan Municipal District),
Shangli County, Ji’an County, Xingan County, Liling City, and Chaling County, from May 2015 to
September 2018 (178 weeks). These cities/counties have similar dietary habits and levels of health
services. The dataset consists of two parts:

e Weekly food-contamination data from food-supervision departments. They include 119 types
of food (given in Table 1) and 227 types of contaminants (given in Table 2). Therefore, the total
number of contaminant indicators was at most 27,013. However, in practice, it is impossible to
inspect so many contaminants, and thus the data tuples contain a large portion of missing values,
and the average number of indicators per tuple is only approximately 4955.

o Weekly gastrointestinal-morbidity data from hospitals and healthcare-management departments.
As aforementioned, these involve six general types of gastrointestinal diseases.

We constructed a data tuple per week for each city /county; the total number of tuples is 1780. If
an indicator was measured more than once in a week, we took the mean value in the tuple.

Table 1. Types of food for morbidity prediction [21].

Class Food

Cereals Rice, wheat, barley, corn, millet, black rice, sticky rice

Soybean, mung soybean, red bean, black bean, broad bean, pea, cow pea, hyacinth bean,

Beans kidney bean, sword bead

Cabbage, pak choi cabbage, baby cabbage, celery cabbage, celery, lettuce, broccoli,

Chinese broccoli, mustard leaf, leaf lettuce, okra, rape, spinach, water spinach,

potherb mustard, amaranth, cauliflower, purslane, yam, carrot, celtuce, summer radish,

loofah, tomato, cucumbers, lappa, radish, potato, sweet potato, pumpkin, bitter gourd,
Vegetables white gourd, chilli pepper, bell pepper, green pepper, sweet pepper, pod pepper,

pea sprout, soybean sprout, mung bean sprout, Chinese toon sprout, shiitake,

button mushroom, oyster mushroom, needle mushroom, agaric, day lily, tremella,

spring onion, Chinese onion, ginger, caraway, garlic, fragrant-flowered garlic,

garlic sprouts

Apple, gala apple, bergamot pear, snow pear, mili pear, pineapple, orange, navel orange,
Fruits vibrio mimicus, pomelo, peach, nectarine, melon, watermelon, Hami melon, apricot,
plum, cherry, bayberry, grape, longan, lychee, winter jujube, red jujube, sugarcane, pitaya

Meals and eggs ~ Pork, beef, mutton, chicken, duck, egg, duck egg, quail egg

Kelp, laver, carp, grass carp, yellow croaker, perch, crucian, prawn, river prawn, crab,

Aquatic . . .
river crab, river snail

595



Int. J. Environ. Res. Public Health 2019, 16, 838

Table 2. All 227 contaminants used for morbidity prediction [21].

Class Subclass Contaminants

Inorganic Heavy metals Pb, Cd, Hg, Cu, Ni, As, Be, Bi, Sb, Tl, Cr, Mo, Ni, Zn, F, V

contaminants Others cyanide, nitrate, nitrite, sulfate, carbonate
Hydrocarbons benzene series, polycyclic aromatic hydrocarbons, total petroleum hydrocarbon
Halogenated hydrochlorofluorocarbons, chlorinated solvents, polychlorinated biphenyls, dioxin
Oxygenated alcohols, phenols, ethers, esters, phthalate

Organic Dyes Azo, quaternary ammoniun compounds, benzidine, naphthylamine

contaminants  plastics polypropylene, polyphenyl ether, polystyrene, phthalic acid esters
Pesticides 66 commonly used pesticides [24]
Herbicides 18 commonly used herbicides [25]

Endocrine disruptors 68 chemicals [26]

Others trichloroethylene, organochlorine pesticide

salmonella, shigella, dysentery bacillus, plague bacillus,
tubercle bacillus, typhoid bacillus, diphtheria bacillus,
Francisella tularensis, Brucella, vibrio parahaemolyticus,
vibrio cholerae, vibrio mimicus, vibrio fluvialis, clostridium

. Bacteria X s . i .
Pathogenic tetani, clostridium botulinum, clostridium perfringens,
organisms staphylococcus aureus, Bacillus anthraci, Escherichia coli,

Yersinia, helicobcter pylori, campylobacter jejuni,

aeromonas hydrophila, roundworm eggs, hookworm eggs
Fungi candida albicans, aspergillus fumigatus, mucor racemosus
Virus rotavirusm, norovirus, sapovirus, astrovirus

2.2. Methods

We used eight machine-learning models for gastrointestinal-morbidity prediction based on food
contamination. The aim of model training was to minimize the root mean squared error (RMSE)
between the actual model outputs and the expected outputs over the training set:

min RMSE =

where N is the number of tuples in the training set, y; is the model actual output of the i-th tuple, and ¥;
is the expected (labeled) output of the i-th tuple. In this study, the output morbidity y; is calculated as
the ratio of the incidences to the resident population in the investigated region (the floating population
is not taken into account because of the difficulty of data collection).

A model is evaluated based on its prediction accuracy over the test set. We used fivefold
cross-validation, i.e., we partitioned the dataset into five equal-size pieces, and ran the validation five
times, each using four pieces as the training set and the remaining piece as the test set. Prediction
accuracy was averaged over the five validations.

2.2.1. Multiple Linear Regression (MLR)

The MLR method calculates an output y from an #-dimensional input x as:

n
y=ao+ ) ax 2
iz

where g; are the regression coefficients (i = 1,2, ...,n). Here, n = 27,013; if a value x; is missing, it is
filled by the mean value of those nonmissing x; of training tuples.
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2.2.2. Shallow Neural Network

We used a three-layer feed-forward ANN trained by the back-propagation algorithm. Each
neuron in the input layer directly accepts an input component x;, while each neuron j in the hidden
layer calculates an inner output z; as:

Z]' = S( gwijx,- - 9]) (3)

where 0; is the threshold of the neuron, w;; is the connection weight between the i-th input neuron to
the neuron j, and s is the sigmoid activation function:

1
s(u) = Trew @
Similarly, the output neuron calculates the final output y as:
m
y =s( Y wz — ) ®)
j=1

Empirically, we set number of neurons m in the hidden layer to /n.

2.2.3. Deep Belief Network (DBN)

A DBN [23] consists of a stack of Restricted Boltzmann Machines (RBMs) [27]. An RBM, consisting
of a visible input layer and a hidden layer, is an energy-based probabilistic model that defines a joint
probability distribution over an input vector x and a hidden vector z as:

1
P(x,z) = T exp(—E(x20)) exp(—E(x,z)) (6)
where E(x,z) = —xTbx — z wz, and b, ¢, and w are the parameter vectors representing
visible-to-visible, hidden-to-hidden, and visible-to-hidden interaction weights, respectively. Note that
a basic RBM learns distributions over binary vectors, but we can use Gaussian-Bernoulli energy
function to transform a real vector into a binary one [28], and then use DBN to learn distributions over
the transformed binary vector [29].
After fine-tuning the structural parameters of the DBN on the training sets, we set the number
of hidden layers to four, and set the numbers of neurons in the hidden layers to 3860, 550, 80,
and 12, respectively. A Gaussian mixture model was added to the topmost RBM of DBN to produce
output morbidity y from topmost hidden vector z. DBN training consists of two stages. The first
stage is pretraining, which tries to maximize the joint distribution of each RBM over the training
set layer-by-layer:

T T

CZ — X

N
argmax J = % Y log P(x;, z;) 7)
i=1

b,c,w

The second stage is to minimize the RMSE of the whole DBN over the training set.

2.2.4. Evolutionary Deep Belief Network (EvoDBN)

A classical DBN is trained by a gradient-based, layerwise training algorithm [30], which is
easily trapped in local optima, especially when the dimension is high. This issue can be tackled by
using evolutionary training algorithms, which evolve populations of solutions to simultaneously
explore multiple regions in the solution space to increase the chances of jumping out of local
optima [31]. Here, we employed a recent efficient evolutionary algorithm called water wave
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optimization (WWO) [32], which has exhibited competitive performance compared to many other
popular evolutionary algorithms in neural-network training [33].

To solve an optimization problem, WWO evolves a population of candidate solutions by
mimicking wave propagation and breaking in shallow water. In WWO, each solution X is analogous
to a wave. The higher the energy (fitness) f(X), the smaller the wavelength Ax, and thus the smaller
the range that the wave propagates. Ax is initially set to 0.5, and then updated at each generation as:

)\X — /\X . lx*(f(X)ffmin‘f’e)/(fmax*fmin*e) (8)

where frmax and fmin are the maximum and minimum fitness among the population, respectively, « is
the wavelength-reduction coefficient suggested set to 1.0026, and € is a very small number to avoid
division by zero. At each generation, X is propagated by adding an offset proportional to Ax to each
dimension X; as follows:

X} = X;+ Ax -rand(—1,1) - L; 9)

where L; is the length of the i-th dimension of the solution space. Whenever a propagation produces a
new best solution X*, it is broken into several solitary waves, each of which moves a small distance
from X* in a random dimension i:

X} =X+ N(0,1) - BL; (10)

where B is the breaking coefficient, and N denotes a normal distribution. The best solitary wave,
if better than X*, replaces X* in the population.

The EvoDBN uses the same architecture as DBN, and also employs a Gaussian mixture model
to produce output morbidity. When training EvoDBN, WWO is first applied to optimize the
{b, ¢, w} parameters of each RBM layer by layer, where f(X) corresponds to the objective function in
Equation (7). After pretraining, WWO is applied to optimize the parameters of the DBN as a whole,
where f(X) is inversely proportional to RMSE.

2.2.5. Deep Autoencoder (DAE)

An autoencoder also consist of a visible input layer (called an encoder) and a hidden layer (called

a decoder). It first transforms (encodes) an input vector x to a hidden representation z through
affine mapping

z=s(wx+b) (11)

and then maps (decodes) z back to a reconstructed vector x’ in the input space:
X' =s(w'z+b’) (12)

The aim of autoencoder training is to minimize the average reconstruction error over the
training set:
argmin £ = lﬁ:Hx,x/H2 (13)
w,b,w/,b’ N i=1
A DAE [23] consists of a stack of autoencoders. Its training consists of two stages. The first stage
is to train each autoencoder layer by layer, and the second stage is to train the whole DAE to minimize
the RMSE over the training set.
For the morbidity-prediction problem, we used a DAE with four hidden layers, and tuned the
numbers of neurons in the hidden layers to 4500, 640, 80, and 12, respectively. It also employed a
Gaussian mixture model to produce output morbidity.
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2.2.6. Evolutionary DAE (EvoDAE)

Similarly, we implemented a DAE trained by the WWO evolutionary algorithm, which is first
applied to minimize the reconstruction error in Equation (13) of each autoencoder layer by layer,
and then applied to minimize the RMSE of the whole DAE. The EvoDAE uses the same structure
(including the top-level Gaussian mixture model) as DAE.

2.2.7. Deep Denoising Autoencoder (DDAE)

A denoising autoencoder is a variant of the basic autoencoder. It first randomly adds some noise to
an initial input vector x to form a corrupted X, and then encodes X to a hidden representation z, which
is then decoded to a reconstructed x". The aim of denoising-autoencoder training is to reconstruct
a clean “repaired” x’ from a corrupted X, which can still be represented by Equation (13). The key
difference is that z is deterministic mapping of X and thus the result of a stochastic mapping of x.

Similarly, a DDAE [22] consists of a stack of denoising autoencoders. Its training consists of two
stages. The first stage is to train each denoising autoencoder layer by layer, and the second stage is
to train the whole DDAE to minimize the RMSE over the training set. For our prediction problem,
the DDAE model uses the same structure (including the top-level Gaussian mixture model) as DAE.

2.2.8. Evolutionary DDAE (EvoDDAE)

Similarly, we implemented a DDAE trained by the WWO evolutionary algorithm, which is first
applied to minimize the reconstruction error of each denoising autoencoder layer by layer, and then
applied to minimize the RMSE of the whole DDAE. The EvoDDAE model uses the same structure
as DDAE.

3. Results

According to historical experience, the weekly morbidities of acute gastroenteritis, food poisoning,
and other acute gastrointestinal infections are predicted based on food-contamination data one week
before. However, the time-lag effects of food contamination on chronic gastroenteritis, gastrointestinal
ulcers, and gastrointestinal tumors are unknown. Therefore, we first tested the RMSE of the models
for predicting the morbidities of the three types of diseases with a time lag of 1-8 weeks, respectively.
Results are given in Figure 1, from which we can observe that:

e  For chronic gastroenteritis, ANN and EvoDAE achieved the best RMSE when the lag was
2-3 weeks; DBN, EvoDBN, and DDAE achieved the best RMSE when lag was 3—4 weeks; DAE
achieved the best RMSE when lag was 5-6 weeks; EvoDDAE achieved the best RMSE when lag
was 3-5 weeks; and MLR showed good performance when lag was 3, 5, or 8 weeks (more irregular
than other models).

e  For gastrointestinal ulcers, ANN, DDAE, and EvoDDAE achieved the best RMSE when lag was
3—4 weeks; DAE and EvoDAE achieved the best RMSE when lag was 2-3 weeks; DBN achieved the
best RMSE when lag was 4-5 weeks; EvoDBN achieved the best RMSE when lag was 3-5 weeks;
and MLR showed good performance when lag was 4 or 6 weeks.

e  For gastrointestinal tumors, the time-lag effect greatly varied among the models.

Consequently, we chose a time lag of three weeks for predicting the morbidities of both chronic
gastroenteritis and gastrointestinal ulcers. For gastrointestinal tumors, because we could not determine
an appropriate time lag for most models, we determined a different time lag for each model that
resulted in the best RMSE for the model (6, 2, 6,2, 1, 6, 5, and 1 week(s) for MLR, ANN, DBN, EvoDBN,
DAE, EvoDAE, DDAE, and EvoDDAE, respectively).

Figure 2a—f presents the prediction accuracies of the models for the six gastrointestinal diseases,
respectively. Results show that the traditional MLR exhibits the worst prediction performance on all
diseases, the shallow ANN exhibits significantly better performance than MLR, and all deep-learning
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models exhibited much better performance than the MLR and shallow ANN. Among the six deep
models, EvoDDAE exhibited the best performance on five diseases except gastrointestinal tumors.
The average prediction accuracy of EVoDDAE was over 80% on acute gastroenteritis and food
poisoning, close to 80% on other gastrointestinal infections, and approximately 72%-73% on chronic
gastroenteritis and gastrointestinal ulcers. For gastrointestinal tumors, except that EvoDBN obtained
an average perdition accuracy of approximately 52%, the accuracies of all other models were less
than 50%, which indicates that the gastrointestinal-tumor morbidity is difficult to predict using these
models. We also observed that, in most cases, the performance of a deep model could be significantly
improved by using evolutionary training to replace traditional gradient-based training.

0

RMSE RMSE RMSE
1.5X107 1.5X10 ¢ 1.5X107*
1.2X107 1.2X10* 1.2X104
9.0X107% 9.0X10 9 9.0X10°%
6.0X10°5 6.0X1075} 6.0X10°%
3.0X10°5 3.0X1075) 3.0x10°°

- ANN

-DAE
- EvoDDAE

(b)

Figure 1. Prediction root mean squared error (RMSE) of the eight models using different time lags.
x-axis denotes the time lag in weeks, and y-axis denotes the RMSE. (a) Chronic gastroenteritis;
(b) gastrointestinal ulcers; (c) gastrointestinal tumors. MLR: multiple linear regression; ANN: artificial
neural network; DBN: deep belief network; EvoDBN: evolutionary DBN; DAE: deep autoencoder;

EvoDAE: evolutionary DAE; DDAE: deep denoising autoencoder; EvoDDAE: evolutionary DDAE.
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Figure 2. Accuracies of the models for gastrointestinal morbidity prediction. (a) Acute gastroenteritis;
(b) chronic gastroenteritis; (c) gastrointestinal ulcers; (d) gastrointestinal tumors; (e) food poisoning;
(f) other gastrointestinal infections.

4. Discussion

This study constructed and compared eight models for predicting the morbidities of six main
gastrointestinal diseases from food contamination. Results demonstrate that some deep-learning
models can achieve relatively high prediction accuracy. However, this does not mean that
gastrointestinal diseases are mainly caused by food contamination, or that gastrointestinal morbidities
in a region are mainly determined by the levels of food contamination. In fact, the relationships between
food contamination and gastrointestinal morbidities can be highly complex and probabilistic, and
morbidities are also affected by many other factors, such as the dietary habits and working pressures
of inhabitants, and the levels of health services of that society. Our study reveals that, given a large
number of historical data of food contamination and gastrointestinal morbidities in a region, we could
use deep neural networks to learn such highly complex and probabilistic relationships. After sufficient
training, we could obtain models that embed other influencing factors into model parameters, and thus
output relatively accurate morbidities from food-contamination inputs. Consequently, the prediction
results would be very useful to improve healthcare services.

In general, the traditional MLR model is incapable of learning complex relationships for morbidity
prediction. According to our results, its average prediction accuracy is below 20% on most diseases.
For food poisoning, MLR achieves the highest prediction accuracy of 41.5%, which is also significantly
less than the seven other models. The low performance of MLR indicates that relationships between
food contamination and gastrointestinal morbidities are highly nonlinear and probabilistic, which is
beyond the capability of the linear model.

The shallow ANN model performs much better in approximating nonlinear relationships.
However, its average prediction accuracy is only between 30% and 40% in most cases, which is
still too low for medical management. This is mainly because the number of food-contamination
indicators is large, and the generalization ability of the classical three-layer structure of ANN decreases
dramatically with increasing dimension.

DNN models can effectively overcome the limitations of the MLR and shallow ANN models,
as they can learn complex probabilistic distributions over a large number of influence factors by
automatically discovering intermediate abstractions layer by layer. Comparing DBN and DAE, two of
the most widely used DNNs, DAE achieved higher accuracies than DBN on five gastrointestinal
diseases, while DBN only achieved higher accuracy on gastrointestinal tumors. This indicates that the
energy-based probabilistic model of DBN is less effective than the reconstruction-error minimization
model of DAE in morbidity prediction. By introducing the denoising learning mechanism into DAE,
DDAE achieved significantly higher accuracies than DBN and DAE on all gastrointestinal diseases.
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This is because the food-contamination data inevitably contain much noise, which can often mislead
the learning process of DAE, while DDAE is much more robust in handling noisy inputs.

It was also observed that the prediction performance of all three DDNs could be significantly
improved by equipping them with evolutionary training algorithms, because gradient-based training
algorithms are easily trapped in local optima. An evolutionary algorithm uses a population of
candidate solutions to simultaneously explore the search space; if some solutions are trapped in local
optima, others can still explore other regions and help the trapped solutions jump out of local optima.
Consequently, evolutionary DNNs can effectively suppress premature convergence and exhibit high
learning abilities. Among the eight models, EvoDDAE that combines DDAE with evolutionary learning
exhibited the best performance for morbidity prediction.

Among the six main types of gastrointestinal diseases, the prediction accuracies on three types
of acute diseases are generally higher than other diseases, because the pathogenic mechanisms of
acute diseases are relatively simpler, and their time-lag effects are easier to determine. That is why
all models achieved the highest prediction accuracies on food poisoning, which is considered as “the
most acute” disease. Among the diseases, each DNN model achieved the lowest prediction accuracy
on gastrointestinal tumors, mainly because the pathogenic mechanisms of tumors are more complex
than other diseases, and thus their correlation with food contamination is much weaker or is much
difficult to learn.

5. Conclusions

This study compared eight machine-learning models for predicting the morbidities of six main
gastrointestinal diseases from food-contamination data. Experiments on the datasets from ten
cities/counties in central China demonstrate that the DNN models achieved significantly higher
accuracies than the classical MLR and shallow ANN models, and the DDAE model with evolutionary
learning exhibited the best prediction performance. Results also indicate that model accuracies are
generally higher on acute gastrointestinal diseases than on other diseases, but it is difficult to predict
the morbidities of gastrointestinal tumors. Moreover, a drawback of DNN models is that it takes
significant effort to tune the structural parameters of the networks.

The studied deep-learning models could be utilized for the morbidity prediction of many other
diseases whose influencing factors are large and complex. However, DNNs typically need to be trained
on a large amount of labeled data, but disease- and health-related data are often very limited. Thus, we
are currently studying unsupervised and transfer-learning technologies [34] for adapting the models
from some well-known diseases to other diseases with insufficient data. Our future work also includes
integrating the deep-learning models with fuzzy systems to handle uncertain information in the
data [35,36], and utilizing the morbidity-prediction results for improving medical services, such as for
medical-resource preparation and drug-procurement planning [37]. We believe that the combination
of emerging deep-learning and intelligent decision-making technologies can significantly improve our
society’s healthcare services.
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Abbreviations

The following abbreviations are used in this manuscript:

ANN Artificial neural network
DNN Deep neural network

MLR

Multiple linear regression

RMSE  Root mean squared error

DBN
RBM
DAE

Deep belief network
Restricted Boltzmann machine
Deep autoencoder

DDAE  Deep denoising autoencoder

WWO  Water wave optimization
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Abstract: Attention to health literacy is essential more now than ever given the recognition,
attention, and resources being dedicated to addressing health disparities throughout the world.
Unfortunately, health literacy research is scarce in many parts of the world, particularly among youth.
Using focus group discussions with junior high school students (N = 98) in a rural town of Central
Mexico, we sought to learn about their experiences utilizing healthcare services at a local health clinic.
The themes that naturally emerged from focus group discussions aligned with Massey’s framework
on critical health literacy among US youth, and included problems navigating the health system,
embarrassment speaking to doctors about sensitive issues, and minimal importance being placed on
preventative care. This suggests that Massey’s framework may be appropriate to use when seeking to
understand and promote health literacy among youth in Mexico. Furthermore, the challenges faced
by adolescent participants in this study suggest that additional research is needed to assess how
youth in other areas of Mexico are faring in efforts to understand and access their new and evolving
universal healthcare system.

Keywords: health literacy; adolescent health; public health; Mexico; health disparities

1. Introduction

Health literacy (HL) is an individual’s ability to gain, understand, process, and apply health
information to make appropriate health decisions [1]. Health literacy has been found imperative
for improved individual health. Many studies have shown a positive relationship between HL
and health knowledge, such as knowledge of the negative effects of smoking and drinking and how to
control chronic diseases such as HIV and hypertension [2]. Low HL, conversely, is associated with
poor health, limited use of preventative care, and higher hospitalization rates [3]. Moreover, a recent
literature review found that low HL is linked to low medication compliance and misunderstanding
medical information, which helps explain findings linking low HL to decreased health among certain
at-risk populations [4]. Unfortunately, the majority of HL measures, interventions, and research has
been focused in the United States among primarily White populations [1,5,6]. Global HL research
is essential more now than ever given the recognition, attention, and resources being dedicated
to addressing health disparities throughout the world on an individual, community, and societal
level [7-9]. A global effort to understanding HL is necessary when seeking to address the needs
of migrant populations—particularly the growing migration networks connecting the U.S., Mexico,
and Central America [8].
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A focus on HL in Mexico is of particular importance at this time due to the country’s recent
implementation of universal healthcare [10]. Through a series of nationwide health reforms
and financial restructuring between 2003 and 2012, universal healthcare in Mexico, known as Seguro
Popular, is now utilized by over 60 million Mexican citizens. Prior to the beginning of reforms in 2003,
the Mexican healthcare system was decentralized, and it fell on specific states to provide healthcare
to the uninsured population. Often this meant high out-of-packet expenses for low-quality care,
while insured Mexican citizens received healthcare from well-funded federal hospitals and clinics.
This created inequalities in health services between the insured and uninsured. The goals of
the healthcare reforms were to offer the equivalent of the federal health services to the uninsured
population, reduce out-of-pocket-expenses, and take some of the financial responsibilities off the states.
There were a large number of changes under the healthcare reform (for a full overview of the policy
and further statistics, see Knaul et al. [11]); the current system (Seguro Popular) now works as a public
fund under the Ministry of Health that the government, the states, and individual citizens (based off
income, with lower-income families exempt) all pay into. The fund covers essential healthcare services
of enrolled citizens who do not have health insurance through employment, creating an option of
health coverage for all Mexican citizens [11]. While citizens have the choice of whether or not to enroll,
many states have elected to automatically enroll all their citizens as government funding for healthcare
distributed to each state is based on enrollment numbers [11]. Since the implementation of Seguro
Popular, use of health services by Mexican citizens of all ages has steadily increased [12], and the
dramatic improvements in healthcare coverage and service delivery have been heralded by health
watchdogs and governments throughout the world [13]. However, several limitations of healthcare
access in Mexico still persist, especially in isolated rural areas where there are a lack of clinics, doctors,
and relatively low patient-provider ratios [13-15]. Furthermore, vulnerable groups in Mexico such
as women, the elderly, and low-income populations are still facing insurance gaps, and preventative
care practices are not available for large portions of the population [16], as any services not deemed
“essential” by the government are not covered under Seguro Popular [11].

Unfortunately, an improved health system does not necessarily lead to improved HL among
consumers. In fact, a changing healthcare system could make navigating services more difficult
for individuals [17], particularly those with low HL. For example, Gazmararian et al. [18] found that
among those with access to universal healthcare in the U.S. (i.e., Medicare for the elderly), 23.5% of
English-speakers and 34.2% of Spanish-speakers still had inadequate HL. Furthermore, citing statistics
from a Kaiser Permanente survey, Levitt [19] discussed the implications of the Affordable Care Act
(ACA) on newly enrolled Americans. Only 57% of the surveyed population understood the term
“provider network” and only 53% could define “a deductible”, demonstrating the challenges facing
new consumers trying to find their way within a complex health bureaucracy. Since individuals with
limited HL inherently struggle to obtain care and make informed health decisions, assessing the HL of
healthcare recipients should be a priority whenever there is a major shift in the structure of a national
healthcare system. Unfortunately, at the time of this literature review, to our knowledge only one study
has assessed HL in Mexico after the full implementation of Seguro Popular. Verastegui, De La Garza,
and Allende-Perez [20] surveyed adults in an outpatient Mexican cancer clinic and found low HL
in 15.4% of their sample, suggesting the vast majority had at least adequate HL. While their study
provides important information for a unique subset of the population (adult patients with cancer),
HL research is nonexistent among the majority of the Mexican population, including groups with
historically low HL, such as youth [21].

An understanding of HL among youth is important because adolescence is a key development
stage where children foster skills for adulthood [22]. Research suggests that low HL in youth—which can
lead to the misinterpretation or misuse of health information—is correlated with adolescent obesity [23],
less positive health habits [17], and an increase in risky behaviors, such as unsafe sex [24]. In developing
nations, it is particularly important for youth to be able to discern between correct and erroneous
health information as they typically have less access to the internet, fewer health professionals in
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their communities, and poorer health outcomes compared to youth in more developed regions of
the world [25]. Although a few studies on adolescent HL have been conducted outside the US,
the majority of HL studies among adolescents have focused on children in the U.S. [26].

One of the few studies that collected data outside of the U.S. was conducted by Hoffman
and Marsiglia [25]. Using a sample of 230 adolescents, they explored the link between HL and substance
use among youth in Guatemala. They found that those who went through a substance abuse prevention
program scored higher on HL assessments than those who did not. Their results suggest that in
more rural, developing parts of the world, utilizing existing health promotion programs and resources
could be a viable, and economically beneficial, way to target and improve HL. Another global study
offered a preliminary look at adolescent HL in Taiwan [27]. In her sample of over 1600 Taiwanese
high school students, Chang found that adolescents with lower HL also had lower health status
and poor health behaviors. Studies such as these are important foundational efforts, and similar
efforts—within the context of critical HL—are needed in countries such as Mexico where information
about the impact of healthcare changes is crucial for identifying systematic strengths and shortcomings
in their new system.

In response to the growing recognition of the value of studying adolescent HL, frameworks
with attention to adolescents specifically have been developed [6,28]. One such framework was
developed by Massey, Prelip, Calimlim, Quiter, and Glik [29], who conducted 12 focus groups
with 137 publicly insured teenage youth in the U.S., and completed 36 key informant interviews with
primary care physicians. The authors” goals were first, to clearly operationalize the growing definition
of adolescent HL, which had lacked a clear and succinct definition in the literature [22], and second,
to develop a framework that can be used to develop specific measures and scales of adolescent HL.
They identified five prominent domains, each of which serves to operationalize an adolescent’s
knowledge, attitudes, and practices in a healthcare setting: (1) their ability to appropriately
navigate the health system (e.g., knowing how to make an appointment); (2) their knowledge
and implementation of their own rights and responsibilities; (3) their knowledge of the need for and the
implementation of preventative care practices; (4) their demonstration of appropriate and accurate
health information seeking practices; and (5) their ability to form positive and effective patient-provider
relationships. Competence in each of these domains can help to define the extent to which an adolescent
is “health-literate”, as utilizing an operationalization of adolescent HL with multiple domains can
better capture the varying definitions of HL [29]. With this expanded framework, policy makers
and stakeholders may be able to better identify where gaps in services exist.

This model in particular serves as a useful lens for analyzing adolescent HL as it focuses on
many aspects of critical HL, specifically on how adolescents actually interact with health systems.
This is becoming more imperative as more and more adolescents gain access with the expansion of
universal healthcare worldwide [29]. Critical HL differs from other aspects of HL (e.g., document,
quantitative, and functional HL) in that it centers on the ability of an individual to apply their health
knowledge in a manner that allows them to exert control over their health [30-32]. Chinn [31] defines
three unique aspects to critical HL: information analysis and appraisal, social/structural aspects of
health, and collective action. While HL addresses an individual’s ability to obtain health knowledge
through reading, listening, or searching out information, critical HL is application and action-focused,
and thus is a more robust framework for assessing the HL of populations or groups as it points to
the ability to actually use information to improve one’s health [33]. Within Massey et al.’s [29] model for
adolescent HL, there is an underlying focus on actions adolescents can take to gain control over their
health; specifically, asking questions of their doctors, taking appropriate steps to access their healthcare,
and making preventative health decisions, which may ultimately improve their health. This focus on
action also incorporates the growing efficacy and control adolescents have over their healthcare [22].
Massey et al.’s model [29] may also serve as a guide for cross-cultural research because it focuses on
actual health behaviors, which allows for more attention to variation across cultures, versus solely
health knowledge of adolescents, which many times is measured through comprehension only [22]
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and, subsequently, with stakeholders in policy considerations aimed narrowly at increasing adolescent
knowledge. Considering the changing landscape of healthcare in Mexico, use of Massey et al.’s
framework, which specifically focuses on interaction with the health system, may be able to provide
valuable insights concerning the assessment, promotion, and actions taken by adolescents with
regard to HL. Therefore, the purpose of this study was to assess the fit of Massey et al.’s framework
of critical HL among Mexican youth by exploring their experiences utilizing healthcare services
at a community health center. In doing so, we recognize the inherent limitations of applying a US
derived model to Mexican youth, namely that the US and Mexico have very different health systems
and distinctive norms and expectations surrounding healthcare utilization. Rather than comparing
findings across cultures, we focus on the extent to which Massey et al.’s model fits, which may provide
a useful framework for understanding Mexican youth experiences in their own right. Expanding our
understanding of adolescent HL and health-seeking behaviors in Mexico is a foundational step towards
understanding the potential impact of a changing healthcare system on their ability to meet their
personal health goals.

2. Materials and Methods

2.1. Study Context

Procedures for this study were approved by the governing Institutional Review Board
(UTSA Approval Number: 14-241N). We worked closely with two school psychologists from a middle
school in a rural town of Central Mexico to recruit youth to participate in a two-pronged study
involving a short survey and a focus group about health. Prior to conducting the study, we trained
the school psychologists remotely using Skype in all data collection procedures. All youth in the school
were eligible for recruitment and were recruited by the psychologists. As migration (both legal
and illegal) to the US is integral to the financial stability of the community, the disclosure of personal
information to a binational research team was concerning to members of the community. Thus, the use
of active and written consent was determined to be unethical and unnecessary by the research team.
Alternatively, the school psychologists spoke with parents and youth to answer questions about the risks
and benefits of study participation and to discuss confidentiality. Specifically, parents and youth were
told that researchers from a university in the U.S. were interested in youth’s health and health-related
experiences. After discussing the study, any parents or youth could opt to not participate further.

2.2. Sample

Of the 116 potential student participants, four chose not to participate in either the demographic
survey or the focus groups. These students dropped out of school during the recruitment process,
which was reported as not uncommon among students in the area. As shown in Table 1, 112 students
completed the demographic survey. Of the 112 students, 98 also participated in a focus group (61 males
and 37 females).

Table 1. Descriptive statistics.

Variables N Mean SD Range
Gender (female = 48%) 112 052 0.5 0-1
Age 110 1320 099 11-16
Ever taken a health calls (0 =no) 109  0.64 048 0-1
Year in school 91 8.15 093 7-10
Grade point average 110 322 067 04
Parent education level @ 104 073 149 0-6

2 0 = less than high school; 1 = high school or equivalent; 2 = some college; 3 = associate’s degree; 4 = bachelor’s
degree; 5 = master’s degree; 6 = doctorate or professional degree.
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2.3. Procedures

Eight focus group (five male and three female) took place during normal school hours. The school
psychologists worked with teachers to remove students by grade and sex from classrooms to attend
the focus groups. One psychologist was male and the other female and each moderated their respective
same-gender focus groups. Each discussion lasted approximately 30-45 min. Focus groups were
large, averaging just over 12 students. Youth were asked a variety of health-related questions,
including where they received health information, their experiences at a local health clinic, and who
they spoke to about their health (see Appendix A for a full list of discussion questions).

2.4. Data Analysis

Data from the focus groups were audio recorded, which were later translated from Spanish
to English and transcribed by a bilingual member of the U.S. research team. Translations were
then checked by a second bilingual member of the research team, an independent bilingual
reviewer (not part of the research team), and a bilingual member of the data collection team in
Mexico. The English language transcripts were entered into NVIVO, a qualitative software program
(QRS International, Melbourne, Australia) [34]. We followed the steps outlined by Braun and Clark [35]
in first familiarizing ourselves with the data, open coding the transcripts inductively to note salient
and reoccurring patterns, and categorizing these patterns into collapsed and meaningful themes via
a preliminary codebook. That is, the codebook was developed in order to operationalize themes
which had arisen from the data in a manner of frequency, specificity of discussion (e.g., examples
and elaboration), and emotionality. This was in alignment with Krueger and Casey’s [36] best practice
recommendations for analysis of focus group data. As is common in qualitative research (see Crabtree
& Miller [37]; Padgett [38]), we were sensitized through our preliminary coding process to the overlap
between initial themes and those outlined by Massey et al.’s [29] framework for studying adolescent
HL (e.g., our theme pertaining to “barriers to positive relationships with doctors” with theirs of
“patient-provider relationships”), and thus moved from an inductive to a deductive codebook in order
to assess fit of our data with this useful framework and to outline findings in a salient context to
healthcare literature. (For an example of this inductive to deductive template approach, see Linton
& Rueda [39].) The fit of our preliminary codebook to Massey et al.’s framework was excellent to
the extent that only the titles and order of themes were changed. An inter-rater reliability kappa was
calculated on the final codebook with a fourth and independent researcher who coded the data in its
entirety. We had excellent reliability between the initial coding and that of the independent researcher
who was unfamiliar with the study or its aims (x = 0.93). Throughout the analysis process, the rigor of
the study was further enhanced by use of observer triangulation and member checking. That is,
three separate researchers corroborated to analyze the data [38] and the final themes of the study
were sent to the school psychologists in Mexico for their feedback. Their feedback resulted in some
minor changes to wording within the results section to capture accurate translations stemming from
local colloquialisms. We report the following themes from our data in alignment with Massey’s [29]
framework of adolescent HL: (1) navigating the health system, (2) patients’ rights and responsibilities,
(3) preventative care, (4) information seeking, and (5) patient-provider relationships.

3. Results

The purpose of our study was to explore the experiences of youth in a rural Central Mexican town
concerning their health experiences including those at a local healthcare clinic. Here, we outline themes
in accordance with Massey and colleagues’ [29] framework for critical health literacy. Direct Spanish
quotations are provided alongside examples. Students chose their own pseudonyms at the start of
each focus group.
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3.1. Navigating the Health System

Although students knew the basics of how their local health clinic worked, they expressed
frustration in not being able to get appointments or appropriate medications due to systematic issues
with the center. The center utilized a token system that determined the order in which patients
were seen by the doctors. Many students felt that the token system was ineffective, particularly
as it disallowed them from seeing a doctor despite the fact that they had visited the clinic.
Roxy (age 15, female) gave a response indicative of the frustration of many other students, stating “

. at eight in the morning they give tokens. If you make it, good! If not, oh well (O que a las ocho de
la mafana dan las fichas, si alcanzaste bien si no, ni modo).” Gordito (age 14, male) explained that
they do not give out many tokens a day, “they give out very few tokens, thirteen or ten (Dan muy
poquitas fichas, trece o diez).” As Natalia (age 12, female) explained, if you do not get one of those ten
tokens you have to “come (again) tomorrow (Venga hasta mafiana).” The frustration with the token
system was exasperated by the limited hours of the health center. The hours of the pharmacy were
also limited, closing at noon, and making it difficult for students to get their medicine without missing
school or their caretakers missing work. Halo (age 13, male) elaborated, “or sometimes they have
closed, but you ring the bell and they do not open (O hay veces que tienen cerrado y tocas el timbre
y no te abren).” Furthermore, even if they were able to see a doctor and make it to the pharmacy,
many students expressed that the center did not have the medication they needed available: “there are
almost no medications (Que no hay casi medicamentos)” (Isabela, age 14, female).

3.2. Patients’ Rights and Responsibilities

Patient responsibility was brought up by the youth in the context of asking clarifying questions
of the doctor if information was not readily understood. Students expressed that many times
they did not understand the medical language doctors used: “they talk about things we do not
understand (O que hablan de cosas que nosotros no entendemos)” (Pancracio, age 15, male); “it’s that
you do not understand how they explain things (Es que no entiendes como te explica por sus
palabras)”(Bart, age 13, male). Estrella (age 14, female) said that patients have to ask the doctors to
“can you please tell us more clearly what we have, or whatever?” (Nos puede decir por favor mas claro
lo que tenemos o jequis coas?).” Axel (age 13, male) stated that when one goes to the doctor the patient
has to “ask them [the doctor] what sickness you have and to please explain it. Why did I get sick?
(T4 le vas decir qué enfermedad es esa y me la puede explicar por favor y porque esa enfermedad
me dio).” The youth clearly understood that, as patients, they have the right to be spoken to at a level
and in a way that they can understand. However, as will be discussed further in the theme of
patient—provider relationships, barriers to communication with health professionals included fear,
mistrust, and embarrassment, which seemed to stem mostly from discussion of sexual health. It may
be that the youth would feel more comfortable asking these questions of their doctor if not related to
their sexual health. Even so, although many students spoke about barriers to communication with their
doctor, some of the same students still spoke to the importance of asking these clarifying questions.

3.3. Preventative Care

In response to being asked when they go to the doctor the participants” answers overwhelmingly
supported a nonpreventative approach to healthcare, with many saying they only go to the doctor
“as soon as you're feeling pain from the sickness (En cuanto te da el dolor de la enfermedad)”
(Axel, age 13, male); “well, only when we have the flu (Pues solo cuando tenemos gripa)”
(Aureli, age 16, male); and “when you feel bad (Cuando te sientes mal)” (Lena, age 14, female;
Shakira, age 16, female). A few students demonstrated a somewhat more preventative mindset,
stating that one should go to the doctor either “when you have some doubt (Cuando tienes alguna
duda)” (Ron, age 13, male) or “when you start to show symptoms (Cuando empiezas a presenter
sintomas)” (Panfilo, age 15, male). Only one student (Teo, age 13, male) stated that one should go
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to the doctor “every month, every two months, or at least every year (Cada mex, cada dos meses o
maximo cada afio).”

3.4. Information Seeking

Although the participants overwhelmingly indicated that they would go to the health center
for health information, when asked who they talk to about their medical concerns only a few of
the youth said they would seek out their doctor. The youth responded that they mainly go to their
mom or extended family, including grandparents, aunts, uncles, and/or cousins. Other responses
included their dad, siblings, teachers, or the internet.

3.5. Patient—Provider Relationship

Many participants described the health center’s medical staff as rude and not attending to patients,
specifically pointing to the perceived lack of professionalism of the staff. Bart (age 13, male) offered his
own experience as an example: “ ... when a (female) doctor is there and you say, ‘oh my, that doctor is
going to be there’, and you go and they see you and say, ‘I'm busy’ and she isn’t busy and is actually
on her phone and like, what? She’s not busy? (Cuando esta una doctora y dices ‘chin, va a estar esa
doctora’, y vas y te atiende y dice ‘estoy ocupada’ y en realidad esta en el celular y ah, ;como? ;No esta
ocupada?)”. Gordito (age 14, male) sarcastically expressed his perspective of the doctor’s attitudes:
“Let’s see if the doctor is not tired and wants to see you (A ver si el doctor no esta cansado y te quiere
atender).” Rosita (female, age 13) mirrored this sentiment, expressing that she believed doctors at the
health center “sometimes they do it with a bad attitude (A veces hasta con mala gana).” Aside from not
attending to the patients, some students suggested the doctors were incompetent because they would
not prescribe the correct medication, or because they would give shots incorrectly or in a way that
hurt patients. Regardless of the accuracy of such statements, it is important to note how the doctors’
professionalism and competence were perceived by youth in the community.

A follow-up question seeking additional information about the challenges youth faced
while speaking with the doctors led to a broad range of response including being scared of the doctor,
not trusting the doctor, and simply not wanting to talk to the doctor. Several youth directly stated
they were afraid of the doctor: “It scares me (me da miedo)” (Mayte, age 12, female); “I am afraid
of the doctors (A mi me dan miedo los doctores)” (Victoria, age 12, female). Others stated that they
do not talk openly with the doctors “because I do not trust them (Porque no les tengo confianza)”
(Komander, age 13). The distrust theme was especially pervasive among female students, who were
uncomfortable with male doctors. The female moderator summarized a conversation among the girls
in one focus group: “Ah, yeah. There is no trust because they are doctors and in the case of the women
[female youth], they are always hoping for a female doctor (Ah, ya. Que no hay confianza porque
son doctores y en el caso de las mueres siempres buscan como una doctora).” Kalel (age 14, male)
brought up how being scared and uncomfortable at the health center affected his communication with
the doctor, stating, “we are really nervous, so we do not understand much (Estamos tan nerviosos que
no entendemos mucho).”

When asked about their level of comfort speaking with adults, including doctors, about
their health, the most common response was that it was difficult because they were embarrassed:
“I am embarrassed with doctors (Me da verguenza con los doctores)” (Natalia, age 12, female);
“ ... we get embarrassed (Que nos da pena)” (Lena, age 14, female); “we even get embarrassed
to answer [their questions] (Hasta nos da verguenza contester)” (Gordito, age 14, male). For both
males and females, the embarrassment many times stemmed from discussions of sexual health.
Axel (age 13, male) explained “for example, sometimes your intimate [private] part hurts and you do
not want to tell the doctor so they don’t check it (Por ejemplo. A veces te duele tu parte intima y no le
quiere decir al doctor para que no te la revise),” while Victoria (age 12, female) suggested that she was
embarrassed because “they ask you ... if you have had sexual relations (Igual te pregunta si has tenido
relaciones sexuales).” Both male and female students expressed that having a doctor of the opposite sex
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contributed to their embarrassment. Aureli (age 16, male) commented “if a female doctor is chosen you
get nervous (luego si te toca un ... una doctora, te dan como nervios),” while Natalia (age 12, female)
recounted her experience with a male doctor, “you feel a lot of embarrassment because, um, they tell
you ‘raise your blouse a little bit so I can check your stomach,” and you say like ... ay ... thinking ‘oh,
no, how embarrassing’ (sientes como mucha pena porque, este, te dice: ‘Alzate la blusa tantito para
checar tu estémago’, y te quedas como ... ay ... pensando ‘ay, no, que verguenza.””

4. Discussion

The stories and experiences of youth seeking health information and care are integral to appraising
their critical HL skills and health-seeking behaviors. This type of research is imperative to discussions
on reducing health disparities, particularly in rural towns where health outcomes are often worse than
urban or suburban areas due to the lower socioeconomic status of residents, poor service availability,
and more hazardous living conditions [40]. Although research has suggested that Mexicans from
low socioeconomic backgrounds have benefited in some ways from the universal healthcare system
(i.e., Seguro Popular [12]), the present study offers a qualitative exploration of youth perspectives in
the context of a rural Mexican town and details the lived experiences of struggle with the local health
clinic provided under the Seguro Popular healthcare model. Theoretically, these results offer support
for using Massey et al.’s [29] framework for analysis of adolescent critical HL in Mexico. On the one
hand, the youth indicated they were able to navigate the system and understood the basic rights of
the patient to be understand and applied these rights by asking clarifying questions of their doctors.
However, they also spoke to a lack of basic preventative care practices, information seeking outside of
the family, barriers to a productive relationship with healthcare professionals, and preferred family
and other nonformal sources when they sought health information. An understanding of the strengths
and limitations of the youth’s critical HL can guide interventions to increase competence in each of
the framework’s five domains.

Participants in this study mentioned several barriers to developing a positive relationship with
doctors including embarrassment, fear, mistrust, and doctor’s use of medical language. These are
barriers to critical health literacy as outlined by Massey et al.’s [29] model and common concerns
for adolescents across cultures. Two recent qualitative studies in the US found that the use of non-age
appropriate medical language was one of the biggest barriers in effective communication between
adolescent cancer patients and their doctor [41,42]. Embarrassment is also a common barrier to
healthcare utilization by adolescents [43], and one of the main reasons youth turn to the internet to
research health problems rather than making an appointment with their doctor [44]. As the youth
in the present study suggest, sexual health specifically seems to lead to feelings of embarrassment
and hesitation to speak to a healthcare professional [45]. Feedback from member checking with
the Mexican psychologists reiterated sexual topics as particularly difficult for adolescents to broach
with healthcare providers and their families, despite the developmental importance of these to youth.
While fear and mistrust do tend to impact the patient-doctor relationship and healthcare utilization
among youth across cultures [45-47], these two themes are particularly prevalent within samples of
Hispanic adolescents [47,48]. For example, in a sample of immigrant Latino adolescents in the U.S.,
qualitative results suggested that mistrust of doctors stemmed from fear of deportation, cultural
misunderstandings, and negative experiences with other authority figures, such as teachers [49].

Although youth in the sample overall understood how to utilize the health clinic in
their community, there was less understanding of how to navigate the barriers inherent in
the system, which is a key element of an adolescent competent in the service navigation domain
of Massey et al.’s [29] model. Even though their understanding of how to navigate the barriers inherent
in the healthcare system may be somewhat limited, their ability to identify system limitations is
a strength that should not be overlooked. This skill is certainly more aligned with critical HL than
functional HL, although it is not directly accounted for in Massey et al.’s model [29]. The ability to
identify limitations coupled with the apparent inability to navigate barriers suggests that adolescence
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may be the ideal time to promote critical HL skills. While it may be tempting to think that functional
HL skills should be developed at a young age followed by the development of critical HL skills in
early adulthood, it may be that critical HL skills would be most beneficial if taught simultaneously
alongside functional HL at a young age.

The systematic barriers of the healthcare clinic—specifically the poor customer service,
unprofessionalism of clinical staff, and the token system—mirror many of the same issues that
were targeted by the Mexican Ministry of Health prior to implementation of Seguro Popular [50].
In a 2001 report based on samples of Mexican healthcare consumers, the Mexican Ministry of Health
touted low emergency room wait times, high satisfaction with care, high levels of staff kindness,
and positive experiences scheduling appointments. However, only 25% of the hospitals and clinics
surveyed were public entities, suggesting that the findings were, in essence, a report on the private
healthcare sector. The public health system, which has dramatically grown since the 2001 report due to
the implementation of Seguro Popular, is an altogether different entity, and the experiences of youth in
this study seem to suggest that healthcare utilization issues may be of concern in rural Mexico.

Preventative care practices that involved seeing a doctor were very rare among youth in our
sample. In fact, only one person mentioned going to the doctor when they were not sick. Low use of
preventive care practices in Mexico is not unique to youth in this study. An Organisation for Economic
Cooperation and Development [13] report cites the lack of preventative care as a major issue facing
the current Mexican healthcare system, especially in rural parts of Mexico. One study, analyzing data
from a public Mexican health survey, found that over 30% of patients requiring inpatient medical
services did not have access to their needed health service [15]. As rural sates in Mexico have some of
the lowest patient—provider, patient-nurse, and patient—paraprofessional ratios in the country [14],
there is limited access to primary care providers in these rural towns, which makes preventative
care visits difficult [13]. Decreasing barriers to access and increasing knowledge of the importance of
preventative care practices is key to increasing adolescent HL [29].

Aside from issues around access, expectancy theory can also shed light on how the barriers
to positive patient—provider relationships as the systemic issues present at the clinic may relate to
a lack of preventative care practices by adolescents. Vroom’s [51] expectancy theory postulates that
the motivations driving behaviors are linked to expected values and outcomes. Academic healthcare
literature commonly uses expectancy theory to interpret patient expectations, perceived service quality,
and satisfaction in both adult and adolescent populations [52-56]. Comments throughout our focus
groups suggested that the local healthcare clinic has a bad reputation, and youth have had various
negative interactions with the doctors and nurses. Expectancy theory suggests that this may lead to
a diminished motivation to utilize the local healthcare clinic, with youth perhaps more likely to turn to
less reliable sources for information with their healthcare questions and concerns (i.e., family members
and the internet).

There are clear systemic changes that could improve the experiences of patients at the health
clinic and increase service navigation and utilization. Changes to the token system (e.g., implementing
an appointment-based system) could decrease long wait times. Changes to the operating hours of
the clinic would better meet the schedules of adolescent patients in school (i.e., extending pharmacy
hours beyond 12:00 pm). Frenk, Gomez-Dantes, and Knaul [57] identified long wait times at both
outpatient clinics and hospitals, and lack of care hours during evenings and weekends as some
of the major challenges facing the Mexican healthcare system after the implementation of Seguro
Popular. The qualitative results of this study support the need for these areas, within the service
navigation domain of Massey et al.’s [29] model, to continue to be explored by healthcare professionals
and lawmakers in Mexico, particularly among rural healthcare providers.

On a community level, there are a variety of changes that could reduce the negative expectations
of adolescents towards the local healthcare clinic, increase critical HL, and improve the utilization
of health services. According to the short demographic survey completed by study participants,
64% of the students had attended a health class. To target the population who had not yet attended
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a health class, policy changes could require health education classes for all students in primary
school, similar to what many states have already done in the U.S. [58]. Within the health class
curriculum, a specific section or focus on patients’ rights could also increase competence in the rights
and responsibility domain of adolescent HL [29]. Furthermore, to decrease negative views of doctors,
local physicians from the health center could be featured as guest speakers during the required
health classes. This would give them an opportunity to provide an overview of the medical services
offered through the local clinic and answer student questions. Various studies suggest that increased
familiarity with doctors can enhance the patient—provider relationship and provide more positive
healthcare experiences for youth [59-61]. Within the context of Massey et al.’s [29] model, interventions
to increase positive patient-providers relationships are key in increasing adolescent HL.

Finally, a large number of the youth stated that they turn to a parent or family member for health
information. Although this certainly speaks to the importance of immediate and extended family
in the Mexican culture [62], it is imperative to consider the quality of the advice they are receiving,
especially as appropriate information seeking and the ability to critically examine health information
is an essential skill of adolescent HL [29]. Due to the increased availability of the internet, it is
critical that youth and parents know about legitimate online resources and websites that can provide
accurate information [63]. Furthermore, much like other school subjects such as math [64], if health
information from presentations at school are not reinforced at home, it is unlikely to be retained by
youth. Incorporating parents into the health education of adolescents is considered a promising
model [65], so parents should be offered resources from school or provided the opportunity to
attend health classes similar to what their children are receiving. This would reinforce student
learning, help parents become more health literate, and increase both students’ and parents’ ability
to critically analyze the health information they are receiving [29]. Further, incorporating family
and the community was deemed important in feedback from our Mexican research psychologists who
communicated that school is not valued by many students who often did not attend class or who
dropped out altogether.

Returning to the Massey’s [29] model for adolescent HL, our results suggest that this could act
as a cross-cultural framework to explore the critical HL /health behaviors of adolescents, as the
original thematic analysis fit within Massey’s framework. There were, however, clear cultural
differences of themes within each dominion between our focus groups in Mexico and the American
context of Massey et al.’s model [29]. For example, while the youth in this study spoke about
issues with the token system, adolescents in Massey’s interviews spoke to the difficulty in getting
an appointment time, which show the differences between the Mexican and American healthcare
system. Perhaps the biggest cultural difference was the inclusion of parents, and especially extended
family, in healthcare. While the American youth in Massey’s interviews viewed parents as gatekeepers
to their healthcare and did not bring up the role of extended family [29], the Mexican youth spoke
specifically to the role of the extended family in their healthcare. Therefore, the model could serve
by including a domain on the role of social networks (including peers, family, extended family,
and extended kin), especially in international research on adolescent HL, to gain a fuller understanding
of the role family has in adolescent healthcare. Overall, though the domains fit well with the themes
that emerged, they also provided a framework to organize the aspects of critical HL of adolescents in
rural Mexico, which can guide future policies and interventions.

5. Conclusions

A qualitative methodological approach has inherent limitations, including the limited
transferability of findings and inability to provide statistical support for policy and practice
recommendations. Furthermore, this particular study had a relatively small sample size and rather
large focus groups. Although smaller groups may have afforded more opportunity for individual
discussion and cohesion, Toner [66] discusses the importance of conducting groups of various sizes
with understudied populations. In doing so, this project provides key insights about the critical HL
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skills of an understudied sample of youth in Central Mexico, and expands on and supports a current
framework for studying adolescent HL [29]. Moreover, this study offers a unique understanding into
the negative perceptions of a local healthcare clinic among youth—perceptions that are influential
in shaping their future utilization of proper medical services and trust in health professionals.
Whether these negative perceptions and experiences are common among youth throughout Mexico
and are part of a broader systemwide challenge relating to the implementation of Seguro Popular is
a question that deserves further attention. Future research should use mixed-methods approaches
to gather information on the lived experiences of Mexican youth as they interact with their local
health clinics, as well as provide quantitative data with larger and representative samples to support
qualitative findings. Such studies should incorporate culturally appropriate assessments of functional
and critical HL so meaningful interventions aimed at reducing health disparities can be created. In brief,
the positive changes taking place within the Mexican healthcare system should be accompanied by
efforts to ensure at-risk populations—such as youth—are able to access, understand, and use the new
resources at their disposal.

Author Contributions: Conceptualization, S.H.; Formal analysis, H.R. and L.B.; Methodology, HR,;
Project Administration, S.H. and H.R.; Supervision, S.H.; Writing—Original Draft, L.B.; Writing—Review & Editing,
SH., HR, and L.B.

Funding: This research received no external funding

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A

e Where do you go for health information?

O [For those who said “parents”] If you had a question about your health that your parents
could not answer, where would you go for health information?

e  Has it ever been difficult to obtain health information? If so, what types of challenges or barriers
have you faced when seeking health information?

e Ingoing to the doctor and speaking with them about your health, what challenges have you faced?

e Inyour opinion, when is it important to see a doctor or health professional?

e How easy or difficult is it to understand the health information you are given when you go to
the doctor?

e  How much do family members (e.g., mom, dad, siblings, aunt/uncle) assist you in setting up
appointments, visiting with the doctor, and understanding the health instructions you are given?

e Have you ever been taught how to take care of your own health needs? If so, who taught you
and what did you speak about?

e If you were to have a health problem that required medical attention would you know how to
independently obtain the medical services you need without assistance from family or friends?

e What are your overall impressions of health services and healthcare in your community?
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Abstract: Videogaming is an increasingly prevalent activity among adolescents worldwide.
The present study aimed at adapting the Gaming Motivation Scale (GAMS) to the Italian context,
assessing its psychometric properties and verifying its sensitivity to predict depression and anxiety
levels. From a sample of 1899 participants, a group of 388 adolescents who participated in the
survey was divided into two subgroups of Heavy (HG, N = 188) and Light Gamers (LG, N = 200).
A sub-sample of N = 172 adolescents also filled-in CESD and STAI to assess, respectively, depression
and trait anxiety. Internal consistency and factorial structure of the Italian version of GAMS (GAMS-it)
have been evaluated. Moreover, a latent regression structural equation model by predicting the
CES-D and STAI scores with the GAMS-it factors has been carried out. GAMS-it has adequate validity
and reliability levels, showing a very similar factorial structure to the original version. Therefore, this
scale can be used to evaluate gaming motivation, which is useful for gaming motivation screening.
Finally, it has been found that lower gaming motivation can be related to high level of depression and
anxiety. The present findings provide a coherent picture, supporting the reliability and validity of the
GAMS-it, that appears potentially useful in predicting anxiety and depression levels in a population
of adolescents.

Keywords: motivation; videogaming; adolescents; adolescents; psychopathology

1. Introduction

In the last decade, a growing amount of literature has been proposed on the new phenomenon
of excessive use of video games (VG), and one of the focal points of scientific debate is to clarify if
videogaming can have the potential to modify users’ thoughts, feelings and behaviour. Looking at the
results of previous investigations, conflicting opinions about the effects of exposure to VG did emerge:
Some studies show the positive effects on some specific skills, as for example visual performance [1],
visual acuity [2], probabilistic learning [3], stimulus-response mapping [4], encoding speed [5], and
cognitive functioning [6]. On the other side, also some negative effects have been documented; as
increasing aggression [7]; emergence of attention problems [8] or hyperactivity and mood troubles as
depression and anxiety [9]; reduction of empathy [10]; impairment of social behaviour [11]; reduction
of sleep time, quality and efficiency [12]; and possible addiction [13].

With respect to the issue of “addiction” to VG, researchers and clinicians have found considerable
difficulties to assess, identify and define this phenomenon probably because VG does not involve a
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chemical substance and because problems induced by heavy use of these technological devices tend to
be seen as “benign” since videogaming is less likely to pose social threats through illegal activities,
as compared to drug addiction conditions [14]. However, research indicated that those who report
excessive videogaming tend to show some addiction-like symptoms, including impairment in normal,
social and occupational or educational functioning, tolerance, withdrawal and relapse [15], which may
be considered “pathological” enough to require clinical attention and intervention. Only recently, the
American Psychological Association included Internet Gaming Disorder (IGD) in the appendices of
the DSM-5 [16], without specifically mentioning addiction to videogaming. Moreover, more recently,
World Health Organization included the Gaming Disorder in the ICD-11 [17]. All these observations
highlight the great relevance of these issues under both a scientific and health point of view.

Noteworthy, most studies payed attention only to the adult population, while this phenomenon
is ever more relevant in adolescence. Converging evidences from different sources, in fact, indicate
that adolescents’ use of VG is sharply increasing in recent times and that gambling is becoming a
common activity among young people, particularly among boys [18], which is usually associated also
to behavioral problems as for example, substance abuse [19]. It needs, in fact, to take into consideration
that adolescence is a period of great risk for developing addictive behaviors: Following Johnston and
colleagues [20], we know that before the age of 18 years, 60% of individuals start to use drugs and
80% to drink alcohol. A similar trend has also reported for cigarettes smoking (e.g., Reference [14]).
Therefore, we cannot exclude the possibility that a long and continuous exposure to VG can become a
real and structured addiction.

In the last decade, also in Italy, an increasing amount of young people has been found excessively
involved in videogaming, an activity that might increase the possibility to develop addiction and/or
gambling. To date, in Italy there are only a few instruments able to measure adolescent motivation
to gaming, and a rapid and easy screening scale would be very useful. Such a kind of instrument
could help in assessing motivation and involvement in videogaming in order to identify individuals
“at risk”, and this could, in turn, help to prevent addiction and gambling [14].

In line with Self-Determination Theory (STD; [21]) it has recently developed the Gaming
Motivation Scale (GAMS; [22]), designed to assess different aspects of gaming motivation: intrinsic
motivation, integrated regulation, identified regulation, introjected regulation, external regulation, and
amotivation. Motivation is one of principal components related to addiction e.g., Reference [23] and
STD offers a multidimensional conceptualization of motivation that allows the assessment of level and
type of motivation that can be applied to several domains including videogaming. Generally speaking,
gaming motivation is a complex issue that includes different components: To the ones listed before
and identified in the GAMS adaptation study [22] such as intrinsic and extrinsic motives for acting,
we could include some others. For example, a sub-theory of SDT, called cognitive evaluation theory
(CET [21]), is specifically focused on contextual factors that play a key role in intrinsic motivation. Such
a theory hypothesizes that events and conditions able to boost an individual’s sense of autonomy and
competence can sustain intrinsic motivation, whereas other factors that reduce these aspects tend to
weaken this specific type of motivation; see Reference [24]. However, also other factors are associated
with intrinsic motivation, such as presence (intended as the sense to be within the game world),
intuitive control abilities (crucial to assess need satisfaction in game play), enhancement of individual
well-being, and relatedness (when one feels connected with others). On the other hand, an increase of
extrinsic motivation with its pivotal aspects of rewards, pressures and evaluations usually diminishes
the weight of an intrinsic motive [25]. This complex interplay between different motivations and the
several factors affecting them, can reasonably explain different aspects of gaming such as the need
for satisfaction in games and short-term well-being; the appeal of violent game content; as well as
motivational sources of post-play aggression; the antecedents and consequences of disturbed patterns
of game engagement; or the causes and effects of games” aspects as immersion, flow and presence, for
a comprehensive review see Reference [25].
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A companion issue to gaming is the psychological profile of gamers. As mentioned before, a
relationship does exist between gaming abuse and some psychopathological traits such as anxiety
and depression [9]. Some recent studies highlighted a reciprocal relationship between pathological
gaming and indices of mental health troubles [26], indicating a kind of comorbidity of these traits
with maladaptive gaming attitudes. Also, IGD was found to be strongly correlated with such
psychopathological traits [27] while other authors hypothesized gaming as a possible maladaptive
coping strategy to deal with negative affective disturbances [28].

The aim of the present study is to (a) adapt the Gaming Motivation Scale (GAMS; [22]) to the Italian
adolescents’ context, (b) examine its psychometric properties in a sample of young Italian students,
and (c) verify if GAMS-it factors might predict level of depression and trait anxiety. With respect to the
last aim, we hypothesize that high gaming motivation positively correlates with gaming behavior and
with psychopathological factors of anxiety and depression.

2. Materials and Methods

2.1. Participants

Different schools of Center-South Italy (LL.S. “A. Bafile”, L’Aquila; L.S.L.S. “E. Mattei” Cerveteri
[RM]; Liceo Classico “J. da Todi” Todi [PG]; Licei “T. Campanella”, Belvedere M.mo [CS]) have been
invited to participate in the study, and a total of 1899 adolescents agreed to participate in the survey
(970 males and 929 females; Mage = 15.13; SDage = 1.34 years; range 14-19 years). Together with
the number of hours played, the whole sample was also asked to indicate the preferred type of VG.
Participants chose different genres of VG (adventure, action, quiz, strategy, arcade, fighting game, role
playing game, simulation, sports, educational, and first-person shooter). The different types of video
games were divided into two main groups defined as “action video games” (AVG; games mainly based
on action, incorporating adventure, action, strategy, fighting game, role playing game, simulation,
sports, and first person shooter genres) and “no-action video games” (N-AVG; namely quiz, arcade,
and educational kind of video games). Based on these data, it emerged that 40.65% of the total sample
preferred AVG, compared with 4.58% that chose N-AVG.

Based on the amount of hours of videogaming, we selected 388 participants by the original sample
who composed two subgroups of interest: 188 Heavy Gamers (HG), who reported to play for more
than 4 h per week (145 males and 37 females; M-age = 15.12; SD-age = 1.42 years) and 200 Light Gamers
(LG), who affirmed to play less than 1 hour per week (43 males and 163 females; M-age = 15.08 years;
SD-age= 1.11 years). The analysis conducted on two subgroups highlights that for 70.59%, HG choose
AVG, while LG prefer play more with N-AVG (61.34%). This sample of participants was considered
for the confirmatory analysis of GAMS.

Finally, among the 388 participants, a sub-sample of 172 participants (defined as Heavy Gamers
N =95, and Light Gamers N = 77) accepted to fill-in the CESD (Center for Epidemiologic Studies
Depression Scale) and the STAI (State-Trait Anxiety Inventory) questionnaires.

2.2. Instruments

In the present study, we administered to participants some different scales: (1) the Gaming
Motivation Scale (GAMS) developed by Lafreniére and coworkers [22], (2) the Assessment of Internet
and Computer Game Addiction Scale (AICA-S; [29]), (3) the Center for Epidemiologic Studies
Depression Scale (CES-D; [30]), and 4) the State-Trait Anxiety Inventory (STAI; [31]).

The GAMS was generated on the basis of Deci & Ryan’s conceptual definitions of motivations [21].
The purpose of this scale was to investigate the reasons at the base of playing VG; participants were
asked to respond to 18 items rated on a 7-point Likert scale (from 1 “do not agree at all”, to 7 “very
strongly agree”) and bearing in mind a same basic question, i.e., “Why do you play to video games?”.
The scale allows to assess different type of motivations: intrinsic motivation (desire to perform an
activity for itself), integrated regulation (first aspect of extrinsic motivation, that refers to engaging in
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an activity out of choice), identified regulation (second aspect of extrinsic motivation, when people
engage in a behavior based on its perceived meaning or its relation to personal goals), introjected
regulation (third aspect of extrinsic motivation, that refers to the regulation of behavior through internal
pressures such as anxiety and guilt, implying partial internalization), external regulation (fourth aspect
of extrinsic motivation, that refers to behavior regulated through external means such as rewards),
and amotivation (similar to learned helplessness, that refers to the relative absence of motivation
either intrinsic or extrinsic) [22]. GAMS was translated into Italian by two experienced researchers;
the translation was then evaluated by two independent experts in experimental psychology. Finally,
one translator (an English native speaker) back-translated the questionnaire from Italian to English.
After this procedure, the Italian version of the scale (GAMS-it) was obtained. For the general structure
of the scale, we maintained the original one and thus the order of the items is the same as in the
validation study (see Reference [22]).

The Assessment of Internet and Computer Game Addiction Scale (AICA-S; [29]) is a self-report
scale for the assessment of potentially pathological computer and game behavior. Fifteen items are
relevant for clinical classification of computer game use behaviour (e.g., craving, tolerance, loss of
control, unsuccessful attempts to cut back, and withdrawal). Previous studies on its psychometric
properties yielded satisfying results concerning item characteristics, reliability and validity [32]. For the
present study, AICA-S was used for determining the amount of hours of gaming and to identify the
participants defined as “Heavy Gamers” (HG) and “Light Gamers” (LG). In particular, we took into
consideration the answer to the fourth question of this scale (“How you long are you playing computer
games?”, with five response categories (1 = “less than one hour per week”, 2 =“1-2h”,3 = “2-4h”,
4 ="4-6h"” and 5 = “more than 6 h to week”): participant who responded “1” were included in LG
group, instead the participant that responded “4” and “5” were included in HG group. With respect to
the meaning of question 1, “computer games” were intended as all the types of games both those on
online platforms and on home console. The Italian version of AICA-S has been developed by following
the same procedure followed with GAMS [33].

The 20-item Center for Epidemiologic Studies Depression (CES-D; [30]) is frequently used to
estimate the prevalence of depressive symptomatology in the general population. Respondents rated
the frequency with which they have experienced particular depressive symptoms during the past
week. Answers to each item range from 0 (less than 1 day) to 3 (5-7 days) and are summed to compute
a total score. It measures a single depression factor, ranging from 0 to 60; scores of 16 or above are
considered potentially pathological.

The State-Trait Anxiety Inventory (STAI; [31]) is a commonly used measure of trait and/or state
anxiety all over the world. It can be used in both clinical settings and research. The most popular
version (Form Y) has 20 items for assessing trait anxiety and 20 for state anxiety: In the present
study, we used the trait version. All items are rated on a 4-point scale (e.g., from “Almost Never” to
“Almost Always”). Higher scores indicate greater anxiety level.

2.3. Procedure

Participants were recruited in their school: Only those who were authorized by parents and
teachers participated in the study; no incentive was given for participation. Participants completed the
“paper and pencil” questionnaire in their class during lessons’ breaks under the supervision of at least
one researcher, who was also available if participants asked for clarifications.

The study is divided into two sections: The first one, preparatory to the latter, aimed at verifying
the factorial structure of the GAMS-it and compared it with the original version; the second section was
aimed at investigating its discriminant validity by correlating the six factors with psychopathological
factors like those assessed by CES-D (depressive factors) and STAI (trait anxiety) and verifying if
GAMS-it factors can predict the level of depression and trait anxiety.

The whole study protocol was conducted in accordance with the Declaration of Helsinki and
approved by the Internal Review Board of the University of L’Aquila (#16/2016).
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3. Results

3.1. Analysis Strategy

From a preliminary check for the normality of distribution, it resulted that all the 18 GAMS-it
items reported a significant deviation from normality (Shapiro-Wilk test ranged from w = 0.45,
p < 0.01, to w = 0.86, p <0.01), so Robust Maximum Likelihood estimation method with robust
standard error and robust fit statistics was considered for conducting the CFA (i.e., References [34,35]).
The goodness of fit of the model was consequently evaluated by means of the Satorra-Bentler (SB)
scaled chi-square statistic [34], as well as other well-known fit indices such as: Root Mean Square
of Approximation (RMSEA; [36]), Comparative Fit Index (CFI; [37]) and Non-Normed Fit Index
(NNFTI; [38]). Following guidelines by Hu and coworkers (1992) [39], the model is considered to hold
approximatively in the population if the RMSEA value is below 0.08 (the closer to 0.00 the better),
and if both CFI and NNFI are above 0.95, it is indicative of a reasonable goodness of fit. The same fit
indexes will be used to evaluate the fit for the latent factor regression model.

Given that high- and low-frequency gamers (namely, HG and LG) may differ in terms of
motivation and regulatory strategies, it is consequently crucial to test whether the same factor structure
(in terms of latent means and covariance structure) is invariant across the two sub-groups. Multi-sample
CFA was then performed in order to investigate how well the factor model emerging from the previous
analysis could be generalized across high- vs. low-frequency gamers.

A procedure for testing factorial invariance was followed (e.g., Reference [40]). The procedure
consisted of a series of hierarchical statistical invariance tests (configural, metric, scalar, unique variance,
latent variance and latent means), starting with the omnibus test of the equality of covariance matrices
across groups. The scaled difference chi-square statistics, ASBx?, [35] were used for comparing the
fit between two nested models, i.e., configural and metric invariant and to determine if the more
restricted model has or not a non-worsen fit than the less restricted model. The null hypothesis of the
statistical test was accepted when the estimated probability of the test was greater than 0.01.

3.2. Results of CFA of GAMS-it

On the selected sample of participants who comprised of low (LG, N = 200) and high (HG N = 188)
frequency gamers, a Confirmatory Factor Analysis has been performed. In general, the Six-factor
structure reported satisfactory fit statistics (SB-x%(120) = 256.35, p < 0.01) with an RMSEA of 0.070
(90% C.I: 0.058-0.082), a NNFI of 0.969, and CFI = 0.961. As shown in Table 1, all GAMS-it items
reported a significant factor loading on the expected factor; moreover, as described in Table 2, all factors
correlated significantly, and the expected direction and reliability was satisfactory (ranging from 0.76
to 0.93). It is worth noting, the correlation between Integrated regulation and Identified Regulation is
extremely high (6 = 0.945) and it is of the same entity of that reported by Lafreniére and colleagues [22].
We tested the hypothesis that the correlation between the two factors is equal to 1, meaning that the
two factors are the same thing. The difference in model fit was significant (ASB-x2(1) = 12.23, p <0.01)
indicating that the model with the covariance fixed to 1 has a significantly worse fit. In conclusion,
even if the correlation is high, the two constructs can be seen as different.
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Table 1. Standardized factor loadings with Robust SE for the six factors of GAMS-it (N = 388).

GAMS Factors and Related Items Factf) y SE
Loading
Intrinsic motivation
GAMS.1: Because it is stimulating to play 0.914*  0.013

GAMS.2: For the pleasure of trying/experiencing new game options (e.g., classes, characters, teams,

i 0.857**  0.022
races, equipment)

GAMS.3: For the feeling of efficacy I experience when I play 0.881*  0.015
Integrated regulation

GAMS.4: Because it is an extension of me 0.896 **  0.020
GAMS.5: Because it is an integral part of my life 0.909 **  0.017
GAMS.6: Because it is aligned with my personal values 0.895*  0.017
Identified Regulation

GAMS.7: Because it is a good way to develop important aspects of myself 0.812*  0.026
GAMS.8: Because it is a good way to develop social and intellectual abilities that are useful to me 0.726 **  0.036
GAMS.9: Because it has personal significance to me 0.844**  0.022
Introjected Regulation

GAMS.10: Because I feel that I must play regularly 0.894*  0.020
GAMS.11: Because I must play to feel good about myself 0.837**  0.028
GAMS.12: Because otherwise I would feel bad about myself 0.705**  0.035

External Regulation

GAMS.13: To acquire powerful and rare items (e.g., armors, weapons) and virtual currency (e.g.,

gold pieces, gems) or to unlock hidden/restricted elements of the game (e.g., new characters, 0.850 *  0.025
equipment, maps)

GAMS.14: For the prestige of being a good player 0.907*  0.016
GAMS.15: To gain in-game awards and trophies or character/avatar’s levels and experiences points ~ 0.933 **  0.014
Amotivation

GAMS.16: It is not clear anymore; I sometimes ask myself if it is good for me 0.924**  0.032
GAMS.17: T used to have good reasons, but now I am asking myself if I should continue 0.761**  0.037
GAMS.18: Honestly, I don’t know; I have the impression that I'm wasting my time 0.523**  0.047

**p<0.01; N = 388.

Table 2. Descriptive Statistics, Cronbach” alphas and Correlations among the six GAMS-it factors
(listwise missing deletion, N = 388).

M SD o Int-Mot  Int-Reg  Id-Reg Introj-R Ext-Reg  Amot

Int-Mot ~ 3.18 2.03 091 1 0.823*  0.867* 0.780**  0.853**  0.268 **
Int-Reg  2.23 1.72 0.93 1 0.945*  0.843**  0.634**  0.196 **
Id-Reg 2.22 1.56 0.84 1 0.816**  0.710**  0.205**
Introj-R  1.90 1.45 0.85 1 0.706 **  0.248 **
Ext-Reg  2.86 2.14 0.92 1 0.254 **
Amot 2.51 1.70 0.76 1

Note: Int-Mot = Intrinsic motivation; Int-Reg = Integrated regulation; Id-Reg = Identified Regulation;
Introj-R = Introjected Regulation; Ext-Reg = External Regulation; Amot = Amotivation [** p < 0.01].

3.3. Results of Multi-Sample CFA

Although the configural model had a significant SB-x?, the values of RMSEA were acceptable
while those of NNFI and CFI not (SB-x?(240) = 743.33, p < 0.001, RMSEA = 0.05, NNFI = 0.86,
CFI = 0.87). Under the assumption of strict metric invariance, the fit (SBx?) did not worsen significantly
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(SB-x?(252) = 779.91, p < 0.001, RMSEA = 0.05, NNFI = 0.88, CFI = 0.88; ASBx? (12) = 10.40, p = 0.58) so
the same six factor model with the same loadings in the two groups is tenable. However when we add
to the metric invariance also the invariance of intercepts, the model fits much worse (SB-x?(264) = 896.72,
p <0.001, RMSEA = 0.05, NNFI = 0.84, CFI = 0.84; ASBx? (12) = 33.0, p = 0.0009). Given these results,
we decided to do not proceed with the remaining hierarchical tests of measurement invariance, as the
fit would surely worsen. In conclusion, the metric invariance for the two sub-groups was reached.

3.4. Differences between Heavy Gamers and Light Gamers

Finally, we compared the Heavy (HG) and Light Gamers (LG) groups with respect to the six
GAMS-it factors and to the CESD and STAI scores (Table 3). HG scored significantly higher than LG
on Intrinsic Motivation, Integrated Regulation, Identified Regulation, Introjected Regulation, and on
External Regulation, but not on Amotivation. Concerning psycho-pathological measures, we found
that HG reported significantly lower scores than LG on STAI but not on CESD (Table 3). Nonetheless,
it should be stressed that such a difference could be a direct consequence of unbalanced gender
composition between HG and LG.

Table 3. Descriptive statistics (M, SD) comparing Heavy Gamers (HG) and Light Gamers (LG) on each
of the six GAMS-it factors and for CESD and STAI scores.

HG LG

F(1,38) P
N M SD N M SD
Int-Mot 188 438 15 200 1.6 1.0 6039  <0.001
Int-Reg 188 34 18 200 1.1 05 2882 <0.001
Id-Reg 188 33 1.6 200 13 0.6 2777 <0.001
IntrojR 188 2.8 1.6 200 11 04 2020  <0.001
Ext-Reg 188 44 1.9 200 1.4 09 4213 <0.001
Amot 188 26 1.6 200 24 17 12 0.283
CES-D 95 159 105 77 174 102 092 0.349
STAI 95 398 104 77 436 112 532 0.023

Note: Int-Mot = Intrinsic motivation; Int-Reg = Integrated regulation; Id-Reg = Identified Regulation;
Introj-R = Introjected Regulation; Ext-Reg = External Regulation; Amot = Amotivation; CES-D = Center for
Epidemiologic Studies Depression; STAI = State-Trait Anxiety Inventory. ® Data for this combination of variables
was available only on 172 participants. So d.f. for this ANOVA was (1, 170).

3.5. Predicting Depression and Trait Anxiety with GAMS-it Factors

As stated before, the main objective of the study was to investigate discriminant validity aspects
of GAMS by correlating the six factors of GAMS with psychopathological factors like those assessed
by CES-D (depression level) and by STAI (trait anxiety). We performed a latent regression structural
equation model by predicting the CES-D and STAI scores with the six latent GAMS-it factors and
covarying for the effect of sex (Male vs. Female) and type of gamer (LG vs. HG). We preferred this
statistical approach because it is a common model for two outcome variables, also giving the possibility
of obtaining latent correlations. As for CFA and for MG-CFA, we used Robust estimation methods.

Results of the fitted Structural Equation Model (as depicted in Figure 1) showed the following fit
indices: SB-x?(180) = 484.94, p < 0.01, with a Robust RMSEA of 0.112 (90% C.I: 0.100-0.124), a NNFI of
0.857, and CFI = 0.888. Table 4 shows the estimated latent regression parameters of the six GAMS-it
factors on both CES-D and STAI scores. Regarding CES-D scores, we found that only one of the six
GAMS-it factors, Amotivation, significantly and positively predicts (b = 0.209, se = 0.077, p = 0.007)
depression level. Females (b = 0.400, s.e. = 0.092, p = 0.000) as well as HG (b = 0.343, s.e. = 0.091,
p <0.001) reported a positive and significant effect. While concerning STAI scores, we found that not
only Amotivation has a positive and significant effect (b = 0.381, se = 0.073, p < 0.001), but also Intrinsic
motivation has a negative and significant effect (b = —0.640, se = 0.231, p = 0.006) on the trait anxiety
measure. Also, in this case, females reported significantly higher levels of anxiety with respect to males
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(b =0.208, s.e. = 0.091, p = 0.022); however, HG did not report anxiety scores significantly higher than
that of LG (b = 0.119, s.e. = 0.091, p = 0.189).

Finally, it should be stated that the two clinical measures, CES-D and STAI, reported a significant
and positive latent correlation (r = 0.717, se = 0.047, p < 0.001).
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Figure 1. Path Model of the effects (completely standardized regression coefficients) of GAMS latent
factors on Depression (CES-D scores) and Anxiety (STAI scores).

Table 4. Effects (Completely standardized regression coefficients) of GAMS latent factors on the CES-D
and STAI scores (N = 172).

CES-D Score STAI Score
b se 14 b se p
Int-Mot —0.415 0.247 0.093 —0.640 0.231 0.006
Int-Reg 0.185 0.322 0.566 0.619 0.376 0.100
Id-Reg 0.296 0.344 0.389 —0.191 0.435 0.660
Introj-R 0.007 0.140 0.961 —0.014 0.107 0.893
Ext-Reg —0.291 0.206 0.157 —0.022 0.213 0.919
Amot 0.209 0.077 0.007 0.381 0.073 0.000
Sex (F) 0.400 0.092 0.000 0.208 0.091 0.022

Gamer (HG) 0.343 0.091 0.000 0.119 0.091 0.189

Note: Int-Mot = Intrinsic motivation; Int-Reg = Integrated regulation; Id-Reg = Identified Regulation;
Introj-R = Introjected Regulation; Ext-Reg = External Regulation; Amot = Amotivation.

4. Discussion

In the present study, we firstly adapted the Gaming Motivation Scale (GAMS; [22]) to the Italian
adolescents’ context, examining its psychometric properties in a sample of young Italian students and
then assessed the ability of this instrument to predict the presence of possible psychopathological
aspects in the young population.

To these aims, after having verified the factorial structure of the GAMS-it and compared it with
the original version, we run a Confirmatory Factor Analysis on a subsample of 388 participants with
low (LG) and high (HG) frequency of gaming. Results support the six-factor structure of GAMS-it
reporting satisfactory statistics fit. As shown in Table 1, all GAMS-it items reported a significant factor
loading on the expected factor and all factors correlated significantly and in the expected direction
(Table 2); in addition, the reliability also resulted in being satisfactory. In addition, high correlation
between Integrated Regulation and Identified Regulation (6 = 0.945) did emerge, as also reported in
the original publication [22]. Moreover, the multi-sample CFA highlighted the equality between the
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various distributions of the correlation between the indicators and their dimensions, so the same six
factor model with the same loadings in the two groups is tenable. The results confirmed the hypothesis
of an invariant structure for the two groups. As a whole, such results showed adequate levels of
validity and reliability of GAMS-it, as in the original validation study [22].

The comparison between two subgroups with respect to the six factors of GAMS-it and the result
obtained from CESD and STAI showed a significantly higher score on Intrinsic motivation, Integrated
regulation, Identified Regulation, Introjected Regulation, and External Regulation factor in HG, but
not Amotivation. Moreover, HG showed a significantly lower score in the STAI, but not in the CESD
(Table 3), indicating that a great amount of exposure to video games does not cause an increase of
anxiety levels as usually believed.

Another interesting result is the one emerging from Latent Regression Structural Equation
Model correlating CESD and STAI scores with latent six factor of GAMS-it, showing satisfactory
fit (SB-x?(144) = 248.22, p < 0.01; Table 3). Regarding CES-D scores, only the GAMS-it’ Amotivation
factor predicts significantly and positively the depression level (b = 0.247, se = 0.081, p < 0.001).
This indicates that Amotivation levels can predict the depression level in a directly proportional way.
Regarding STAI score, it emerged that not only Amotivation has a positive and significant effect
(b =0.390, se = 0.074, p < 0.001), but also that Intrinsic motivation has a negative and significant effect
(b = —0.688, se = 0.238, p = 0.004). This indicates that Amotivation levels predict different levels of
anxiety in a directly proportionate way; conversely, Intrinsic motivation levels predict indirectly the
proportional anxiety levels. Finally, the two clinical measures, CES-D and STAI, reported a significant
and positive latent correlation (r = 0.717, se = 0.047, p < 0.001). The present results only partially confirm
the hypothesis of the study about a general correlation between motivation and anxiety/depression.

All these results allow to make some interesting conclusions. From SEM results, three conclusions
can be drawn. As a first, we can confirm that the original GAMS factor structure can be generalized
to a different culture (i.e., the Italian one). This means that factors underlying motivations to play
video-games are the same in the two cultures. Therefore, this scale can be used to evaluate gaming
motivation, providing additional statistic support to GAMS and introducing in the Italian context
a new scale to be used as a potential screening instrument of gaming motivation. Nonetheless,
further research is mandatory in order to establish and clarify psychometric property of the GAMS-it.
Secondarily, multi-sample SEM confirmed that the GAMS factor structure is invariant in Heavy and
Light gamers; this does mean that motivations to play video-games in both populations did not
differ in terms of types of basic drive and that the differences between HG and LG are limited to a
quantitative difference, along the same factor structure: Heavy gamers show higher average values
with respect to Light gamers on all GAMS dimensions, but one (i.e., Amotivation). Finally, consequent
to this, the Amotivation factor is the only one that significantly predicts psychopathological traits
like depression and anxiety. So the present study, in conclusion, shows (and adds to the literature)
that motivation of both Heavy and Light gamers is the same, that it differs somewhat on average
between the two groups, and that these differences may be used to discriminate between them; of
greater importance, our study shows that Amotivation is not critical for differentiating HG from LG,
but is crucial as a precursor of depression and anxiety, in the sense that high levels of Amotivation
predict high levels of depression and anxiety scores, namely, lower gaming motivation can be related
to high level of depression and anxiety. These data are in line with current literature on depression
and anxiety symptoms in adolescence, where anhedonia, apathy and loss of interest for all kind of
activity can predict psychopathological outcomes [41]. An opposite effect has instead been reported for
Intrinsic Motivation factor (limitedly to STAI scale), showing that high levels of Intrinsic Motivation
can predict a reduced level of anxiety.

The present data contribute to explain the not ever consistent literature on the effects of
exposure to videogames on psychopathological components as depression and anxiety. For example,
the relationship between videogaming and psychopathological symptoms is still unclear; is
psychopathology to induce the approach to VG (and thus possible excessive use and addiction)
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or does the exposure to VG tend to unmask a latent condition of depression and anxiety? In our
opinion, the results obtained in the present study can help to clarify the problem. Indeed, if a lack of
gaming motivation predicts high levels of depression and anxiety, we could suppose that persons with
depression and anxiety will not be interested in videogaming, as they are unmotivated. Therefore,
a state of anxiety and depression cannot be considered a factor able to encourage the use of video
games. This assertion is also confirmed by negative relationship between high Intrinsic Motivation to
video games use and anxiety. Healthy participants seek wellness in video games, because technology
increases well-being-inducing vigor and resistance in players [42].

Furthermore, research based on Self Determination Theory (SDT) revealed that self-determined
forms of motivation induce adaptive consequences as pleasure, persistence and wellness [43].
This statement could also be extended to pathological gambling: Thus, people generally anxious
and/or depressed would be not encouraged to play videogames or gambling because of their reduced
levels of motivation. In this line, anxiogenic and depressive symptoms of patients with Internet
Gaming Disorder (IGD) may emerge after exposure to video games. However, the multifactorial
aspects of videogaming do not allow us to consider these definitive conclusions, and more research is
needed to clarify the effective relationship among the different factors involved.

As a limitation of the study, the sample size should be highlighted. Further validation work
should test the GAMS-it on larger samples in order to obtain a greater statistical validity. For example,
a possible future direction could be a full cross-sectional sample, including also a group of “medium
level” players. Moreover, another limitation arises from the limited availability of participants to
complete psychopathological questionnaires. Also, the two subgroups (HG and LG) considered were
unbalanced with respect to gender composition; this did not allow us to investigate the issue of gender
weight, although it should be borne in mind that the differences between LG and HG with respect to
psychopathological traits could arise by sample unbalancing. Finally, all data were collected using
self-reports, which could lead to common problems of counterfeiting. Further studies are needed
not only to replicate our results but also for testing the GAMS-it with multiple reports (i.e., relatives,
friends) or with behavioral and objective measures.

Future prospects may be the application of GAMS-it on participants with IGD diagnosis, or to
investigate the relationship between GAMS-it subscales, gender, and the preference for different kind
of video games. Also, the correlation with other factors as aggression, impulsivity or addiction could
be studied. Another issue to be studied is the correlation between videogames motivation and specific
VG characteristics, namely graphic characteristics, immersivity, game option and history, and their
potential link with mental and behavioral health [44]. Finally, it would be interesting to evaluate
gaming motivation in different age ranges, in order to have an overview of gaming motivation at every
time of life.

5. Conclusions

In conclusion, the present findings provide a coherent picture supporting the reliability and
validity of the GAMS-it. Specifically, the results supported the internal consistency of the six subscales;
the six-factor structure of the GAMS.it; interesting correlation with CES-D; and STAI scores.

The findings from the present study suggest that the GAMS-it is a valid assessment of gaming
motivation in the Italian background and it significantly enables the prediction of anxiety and
depression levels.
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Abstract: Background: Child maltreatment has been firmly established as a fundamental risk factor
for adult health. However, its quantification poses many questions methodologically, psychologically,
and culturally alike. We carried out the first nationally representative survey research in Hungary
and in Central-Eastern Europe to assess the prevalence of adverse childhood experiences (ACEs)
among adults. Methods: Data were collected by an opinion research company using a screening
tool of the Adverse Childhood Experiences study. Results: 25% (n = 293) of adults reported any
childhood adversity; 5% (n = 59) of them had four or more ACEs. The most prevalent forms of child
maltreatment were emotional (5%, n = 59) and physical abuse (5%, n = 59), sexual abuse (1%, n = 12)
being the least prevalent. The most frequent dysfunctional household condition was parental divorce
or separation (13%, n = 153), followed by household substance abuse (11%, n = 129). Conclusions:
Nationally representative surveys on ACEs found a range of overall prevalence of various forms of
child maltreatment between 14.1 and 35.2% into which our results fall. Nevertheless, our survey most
likely underestimates the prevalence of child maltreatment in Hungary, reflecting the impact of a
host of factors influencing awareness. Survey research methods are appropriate to obtain nationally
representative data on child maltreatment that not only contribute to designing interventions but can
also be used to monitor the effectiveness of interventions to improve child and adult health in the
long run.

Keywords: adverse childhood experiences (ACEs); Hungarian representative adult sample; opinion
poll; ACE Score Calculator

1. Introduction

Exposure to various forms of adversity early in life has been shown to lead to an increased
risk of a broad range of developmental difficulties, principally cognitive, emotional, and behavioral
impairments during childhood that are mediated by compromised neurodevelopment affecting various
parts of the brain [1-7]. The consequences of childhood maltreatment can last well into adulthood
or even throughout life, impacting adult physical health, mental pathology, and quality of life [8-11].
Numerous studies have shown that adverse childhood experiences (ACEs, including forms of child
maltreatment and household dysfunctions) are major risk factors for acute and chronic somatic and
mental diseases such as anxiety or post-traumatic disorders mediated by risk behaviors such as
smoking, alcohol and drug abuse, suicide attempts, aggressive behaviors, risky sexual behaviors, and
low mental resilience [12-20]. Previous studies provided strong evidence that ACEs tend to co-occur
in which intergenerational transmission of adversity might be a contributing factor [21-24].

Int. ]. Environ. Res. Public Health 2019, 16, 1048; doi:10.3390/ijéf3h16061048 www.mdpi.com/journal/ijerph
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Prevention of these early adversities is much more effective than treatment of their consequences
with their enormous burden in health and social care, as well as in the education system [25,26].
National policies and evidence-based prevention programs (at local and societal levels) based on early
recognition of ACEs may contribute to preventing a wide range of health-harming behaviors, somatic
and mental disorders, and early death [15,27,28]. All such policies, programs, and interventions should
be based on an in-depth knowledge of the population pattern of ACEs. However, collecting relevant
information has been hindered either by lack of awareness about the issue and/or by a lack of relatively
simple and cost-effective methods of collecting information in various population groups.

Tested Methodologies for Studying Childhood Adversity

The causal relationship between childhood adversity and its adult health consequences, including
mental and somatic health impairments, have been established by prospective longitudinal cohort
studies such as the Lehigh Longitudinal Study of the US established in 1976 [29], the Christchurch
Health and Development Study established in 1977 [30], and the Adverse Childhood Experiences
(ACE) Study in 1995 [15]. The majority of research collected information on childhood adversity either
from the primary caretaker of the child in cases of prospective studies or from adult self-reports in
terms of their childhood in retrospective or cross-sectional studies. Retrospective assessment of ACEs
based on self-report was shown to be reliable and valid for research purposes [31-33]. Retrospective
recall of ACEs can be considered valid if these experiences are operationalized unequivocally, making
interpretation and judgment of the questions unnecessary [31,32]. Data can be collected in various
ways such as by questionnaire during personal interview [30,34,35]; mailing the questionnaire to
respondents by post or by email [15]; or by telephone interviews [36,37].

In order to make an evidence-based statement about the pattern of childhood adversity in any
given population, survey research should be designed producing reliable population estimates from
samples that represent the entire population of interest. A practical handbook on measuring and
monitoring national prevalence of child maltreatment published by the World Health Organization
promotes system-wide monitoring of child maltreatment in European countries and globally with the
emphasis on estimating population-wide prevalence rates based on representative survey samples [38].
However, many studies reporting child maltreatment rely on clinical and other nonrepresentative
samples drawn from various public services such as education, health care, social services, or family
and child protective services that make the generalization of findings difficult (Figure 1) [39].
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Figure 1. Sources of data for child maltreatment.

So far, only one research study has been published in the literature that assessed childhood
adversity in a nationally representative sample in which fieldwork was carried out by a
government-financed agency. Namely, the second wave (2004—2005) of the National Epidemiological
Survey on Alcohol and Related Conditions (NESARC) in the US collected, among others, data on
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adverse childhood events by face-to-face interviews conducted by trained lay interviewers of the US
Census Bureau in a nationally representative adult sample of 34,653 persons from the United States.
Based on these data, the prevalence of emotional abuse (4.8%) and of emotional neglect (6.2%) were
estimated [35].

The ACE study was initiated by a health insurance organization among a subset of its clients, and
its ongoing surveillance is limited to the participants of the original study [40].

The Behavioral Risk Factor Surveillance System (BRFSS) of the Centers for Disease Control and
Prevention (CDC) in the US has been collecting data about adverse childhood experiences since 2009
by the request of individual states of which 32 requested such data collection [41].

Survey research, that is, data collection from a carefully selected nationally representative sample,
requires human and financial resources that are beyond the reach of academic institutes, or even
governmental agencies in most countries—save for the US. On the other hand, polling companies
have vast survey research experience gathering information on a wide range of topics. This experience
was taken advantage of in two European studies that used survey research methods to study the
epidemiology of ACEs in nationally representative samples. One of the studies was carried out on a
representative sample of 2504 German participants between 14 and 92 years by face-to-face interviews
on childhood abuse and neglect, as well as current anxiety and depression. Data collection was carried
out by an independent institute for opinion and social research [42]. The other study was done in
a sample of 3885 adults representative of England in which information on childhood experiences
and adult mental well-being was collected during personal visits by a professional survey company
directed by researchers [43].

Encouraged by these antecedents, our aim was to obtain data on the prevalence of adverse
childhood experiences in the adult Hungarian population in line with the recommendations of the
World Health Organization using opinion research methodology.

2. Materials and Methods

2.1. Sampling and Data Collection

A market research company (Median Opinion and Market Research Institute) was contracted
based on its outstanding performance predicting election results in Hungary. A multistage stratified
cluster sampling was carried out using the most recent census list (2011) of the Central Statistical
Office of Hungary. Based on detailed maps of the country, 120 sampling units were selected by a
computer program of Median Opinion and Market Research Institute. Sampling units represented the
entire territory of the country according to EUROSTAT NUTS Il levels and according to the distribution
of the resident population in terms of metropolitan, urban, and rural areas. One starting address was
randomly drawn in each selected sampling unit from which nine other households were accessed by
random walking (10 households per sampling unit). One respondent 18 years or older was interviewed
in each household by using the Kish selection grid [44]. Each selected person was contacted in person
at least three times if the first attempt was not successful. In case of refusal, the interviewer had to
select another respondent in another household based on a preset algorithm.

General questions were asked face to face, whereas the questions relating to childhood adversity
were filled by the respondents themselves. The interviewer handed over the paper-based questionnaire
to the respondent in person. The respondents were allowed to submit their responses in a
sealed envelope upon request; 10 % of the completed interviews were validated by face-to-face
or telephone re-interview.

Altogether, 1200 persons aged 18 years or older were interviewed out of 1608 who were attempted
to be interviewed (74.6% response rate). All interviewees received a written statement about data
collection being voluntary and conforming to the requirements of the national data protection act;
none of them received incentive in any form. Data collection was carried out by trained interviewers
in person in March 2016.

635



Int. |. Environ. Res. Public Health 2019, 16, 1048

Median Opinion and Market Research Institute is one of leading research companies in Hungary,
conducting high-quality market, opinion, and social research. The institute follows the professional
and ethical guidelines specified in the ESOMAR Code of Conduct [45]. During the present research,
informed consent was provided and the appropriate ethical standards (according to the World Medical
Association Declaration of Helsinki) were followed. The protocol of research was approved by the
Medical Research Council of the University of Debrecen (4499-2015).

2.2. Measures

2.2.1. Sociodemographic Variables

Age, gender, marital status (unmarried, married, registered partnership, divorced, widow),
type of the settlement of permanent residence (capital, city, village), education (less than primary,
primary, vocational, high school diploma, college/university), type of work (manual vs nonmanual),
employment (nine categories), and current household income (four quartiles) were registered.
Sociodemographic categories were identical to those used by the Central Statistical Office of Hungary.

2.2.2. Adverse Childhood Experiences

Adverse childhood experiences were assessed by the ACE Score Calculator, a validated screening
instrument used to estimate the prevalence of ACEs [46]. This tool of 10 items, developed by the
researchers of the ACE study based on the original ACE Questionnaire, is appropriate for screening
purposes and allows individuals to calculate their own scores based on the original scoring criteria of
the ACE Study [15]. A short form of eight items of the original ACE Questionnaire was also used in
the Health Behavior in School-Aged Children (HBSC) Study and proved to be reliable [38].

The ACE Score Calculator helps assess exposure to 10 types of ACEs including 5 types of abuse
(emotional, physical, and sexual), neglect (physical and emotional), and 5 types of dysfunctional
family environment (mentally ill or substance-abusing member of household, physical violence in the
household, parental separation/divorce, incarcerated family member(s) prior to age 18). The ACE
Score is calculated by summing up all 10 ACE variables and serves as a measure of overall ACE
exposure ranging from 0 (meaning no exposure to the 10 categories of ACEs) to 10 (meaning exposure
to all 10 categories). Responses were categorized by type of ACE and were dichotomized into no
history or any history of adversity prior to age 18. Responses were analyzed also by number of adverse
experiences (none, 1, 2-3, 4 or more) prior to age 18.

Dube et al. (2014) found good to excellent reliability in the reports of ACEs during adulthood.
The test-—retest reliability in the responses to questions about ACEs and the resulting ACE score was
found to be good and moderate to substantial. These findings confirm that retrospective responses to
the forms of childhood maltreatment and household dysfunction are generally stable over time [31].
Wingenfeld et al. (2010) investigated the psychometric characteristics of the ACE Score Calculator and
revealed that it is a reliable, valid, and economic screen for the retrospective assessment of ACEs [47].

The English version of the ACE Score Calculator was translated to Hungarian by the authors,
and cross-cultural adaptation was carried out through an iterative forward-backward translation
compared by an independent third person. The preambles, item contents, and response options for
items can be found in the Appendix A (Table AT).

2.3. Data Analysis

In order to obtain estimates of adverse childhood experiences in the adult noninstitutionalized
population of Hungary, statistical weights were applied to ensure that estimates reflect the general
adult Hungarian population gender, age group, education, settlement type, and region. The sample
defined as survey sample was analyzed using Stata/IC 13.1. Single-stage design was used stratifying
the sample based on the sampling units, that is, regions of the country. The Taylor method was
used to estimate sampling errors; primary sampling units were sampled without replacement [48].
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Analysis of variance was computed to examine the prevalence of child maltreatment and household
dysfunctions by total ACE core and by type of ACE stratified by gender. The sociodemographic
characteristics of respondents reporting no history (ACE score = 0) or any history of adversity (ACE
score >0) were described defining the ACE score as a discrete interval variable. The number of
categories of demographic variables such as education and employment type was combined to reduce
the number of categories and to simplify interpretation. Considering the weighted estimates, all
prevalence data were rounded.

Logistic regression was carried out by backward stepwise regression to identify the independent
variables of childhood adversity. The ACE score was defined as the binary outcome variable as
described above (no childhood adversity vs any history of adversity). One binary ACE score was
also created considering only the five types of childhood maltreatment, and another by including
only the five types of family dysfunction. Age (in years), sex (female, male), place of residence
(capital, city, village), education (higher education vs less), type of work (nonmanual vs manual), and
marital status (single, divorced, married, cohabiting, widowed) were tested as categorical explanatory
variables. In terms of marital status, two models were tested. The first model compared those in an
ongoing relationship (married or cohabiting) to all other marital categories (single, divorced, widowed)
including all respondents. The second model compared those in an ongoing relationship (married or
cohabiting) to those who ended their relationship (divorced) including only those with a (supposedly)
living present or past partner. Post-test analysis was carried out by the adjusted Wald test.

3. Results

3.1. Sample

Altogether, 1200 persons aged 18 years or older were interviewed, representing 0.012% of the
Hungarian adult noninstitutionalized population according to the census in 2011. Respondents
ranged in age from 18 years to 112 years and the mean age for the sample was 53.2 (SD = 16.5) years;
37.65% of the respondents were men. The sample was weighted to represent the Hungarian adult
population by gender, age group, education, settlement type, and region. Of all the persons who
had been approached, 74.6% were willing to fill out the questionnaire. Twenty-six individuals filled
out the screening instrument incompletely: 17 did not complete the full questionnaire, 9 respondents
answered all but one question. They were dropped from the analysis, leaving a total sample size of
1174 corresponding to a completion rate of 97.8%.

3.2. The prevalence of Adverse Childhood Experiences in Hungary

The distribution of sociodemographic characteristics overall and by reporting an ACE (no ACE
vs at least one ACE) is provided in Table 1. The highest prevalence of any adversity, 28% (n = 82)
was found in the youngest age group (18-29 years) that was declining and was half of that among
the 50-59-year-olds, but somewhat increased in the oldest age group (60+, 23%, n = 67). Experience
of childhood adversity was more than twice as high in cities compared to the capital or to villages.
Interestingly, the ACE score was by far the lowest among the least-educated group and highest among
those with high school qualification. Income was mildly significantly related to the experience of
adversity: those in the lowest income quartile had the highest proportion of any adversity. One-quarter
more of those who suffered any ACE had been unmarried or divorced compared to persons who did
not report any ACE.

Of the adult Hungarian population, 25% (n = 293) reported having experienced some kind of
childhood adversity before the age of 18 years; 5% (n = 59) of the respondents had four or more
ACEs. There were no significant gender differences regarding the co-occurrence of ACEs (Pearson’s
chi-squared test, p = 0.29) (Table 2). Considering only those between the ages of 18 and 80 years,
the prevalence of any abuse did not change (25%).
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Table 1. Distribution of sociodemographic characteristics by reporting/not reporting an ACE.

Sociodemographic Did not Report Reported an ACE Total (N = 1196) a
Variable an ACE (N =292) N (%) N (%) p-Value
(N =904) N (%)
Age group
18-29 127 (14) 82 (28) 209 (17)
30-39 163 (18) 55 (19) 218 (18)
4049 154 (17) 50 (17) 204 (17) 0.0003 *
50-59 181 (20) 38 (13) 219 (18)
60+ 280 (31) 67 (23) 347 (30)
Type of the settlement of permanent residence
Capital 154 (17) 58 (20) 212 (18)
City 470 (52) 162 (55) 632 (53) 0.04*
Village 280 (31) 72 (25) 352 (29)
Education
Less than 8 grades 18 (2) 9(3) 27 (2)
Primary school 181 (20) 44 (15) 225 (19) 0.265
Vocational training 262 (29) 96 (33) 358 (30) ’
High school 271 (30) 105 (36) 376 (31)
College graduate 172 (19) 38 (13) 210 (18)
Type of work
Manual 515 (57) 181 (62) 696 (58) 0.647
Nonmanual 389 (43) 111 (38) 500 (42) :
Income quartiles
Low 199 (22) 85 (29) 284 (24)
Lower middle 244 (27) 70 (24) 314 (26) .
Upper middle 181 (20) 67 (23) 248 (21) 0.035
Upper 280 (31) 70 (24) 350 (29)
Number of children
0 660 (73) 184 (63) 844 (71)
1 118 (13) 55 (19) 173 (14)
2 81 (9) 38 (13) 119 (10) 0.161
3 36 (4) 12 (4) 48 (4)
>4 9(1) 3(1) 12 (1)
2 Indicates the application of the Pearson’s chi-squared test, * p < 0.05.
Table 2. Distribution of ACE Score overall and by gender.
Women (N = 732) Men (N = 442) Total (N = 1174)
ACE Score N (%) N (%) N (%) p-Value 2
0 542 (74) 336 (76) 881 (75)
1 88 (12) 53 (12) 141 (12)
2 44 (6) 18 (4) 59 (5) p=029
3 22 (3) 13 (3) 34 (3)
>4 36 (5) 22 (5) 59 (5)

@ Indicates the application of the Pearson’s chi-squared test, p = 0.29.

The most prevalent form of self-reported child maltreatment was emotional abuse (5%, n = 59),
and physical abuse (5%, n = 59) in this nationally representative sample. The least prevalent pattern
was sexual abuse (1%, n = 12). The most frequent dysfunctional household condition was parental
divorce or separation (13%, n = 153), followed by household substance abuse (11%, n = 129). The least
prevalent household dysfunction was having an incarcerated household member (4%, n = 47).

Among women, emotional abuse and physical abuse were more prevalent (7% (n = 51) for
emotional abuse and 6% (n = 44) for physical abuse) than among men (4% (n = 18) for physical abuse
and 3% (n = 13) for emotional abuse). Male participants witnessed household physical violence more
often (violence against their mother or stepmother) according to their self-report. Gender differences
in emotional abuse have been shown to be significant (Pearson’s chi-squared test, p = 0.03) (Table 3).
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Table 3. Reported prevalence of ACEs in the sample and by gender.

Adverse Childhood Women (N=732) Men (N=442)  Total (N =1174) Value 2
Experiences (ACEs) N (%) N (%) N (%) p-value
Maltreatment
Emotional abuse 51 (7) 13 (3) 59 (5) 0.03 *
Physical abuse 44 (6) 18 (4) 59 (5) 0.09
Sexual abuse 15(2) 0(0) 12 (1)
Emotional neglect 29 (4) 18 (4) 47 (4) 0.54
Physical neglect 22 (3) 9(2) 35 (3) 0.68
Family dysfunction
Parental separation/ divorce 102 (14) 53 (12) 153 (13) 0.45
Household physical violence 29 (4) 27 (6) 59 (5) 0.12
Household substance abuse 95 (13) 44 (10) 129 (11) 0.16
Household mental illness 44 (6) 18 (4) 59 (5) 0.27
Incarcerated household member 29 (4) 18 (4) 47 (4) 0.69

2 Indicates the application of the Pearson’s chi-squared test, * p < 0.05.

Respondents having experienced four or more ACEs were younger (57% (n = 29) were 18-39
years old), more of them lived outside the capital (75% (n = 38) lived in cities or villages), belonged to
the lowest income category (42%, n = 21), were married (49%, n = 24), and had no children (43%, n = 21)
(Table 4).

Table 4. Distribution of sociodemographic characteristics by ACE Score.

Sociodemographic ACE Score =0 ACE Score =1 ACE Score =2-3 ACE Score > 4
Variable (N =904) N (%) (N =153) N (%) (N =89) N (%) (N =50) N (%)
Age group
18-29 127 (14) 20 (23) 14 (27)
30-39 163 (18) 20 (23) 15 (30)
40-49 154 (17) 15 (16) 6 (13)
50-59 181 (20) 13 (15) 6 (13)
60+ 280 (31) 21 (24) 9(17)
Type of the settlement of permanent residence
Capital 154 (17) 11 (12) 12 (25)
City 470 (52) 60 (67) 19 (38)
Village 280 (31) 18 (21) 19 (37)
Education
Less than 8 grades 18 (2) 3(4) 2 (5)
Primary school 181 (20) 15 (16) 6(12)
Vocational training 262 (29) 31 (35) 18 (36)
High school 271 (30) 30 (34) 14 (28)
College graduate 172 (19) 10 (11) 10 (19)
Type of work
Manual 515 (57) 65 (73) 30 (59)
Nonmanual 389 (43) 24 (27) 20 (41)
Income quartiles
Low 199 (22) 25 (28) 21 (42)
Lower middle 244 (27) 22 (25) 2 (23)
Upper middle 181 (20) 24 (27) 5(11)
Upper 280 (31) 18 (20) 12 (24)
Marital status
Married 389 (43) 31 (35) 24 (49)
Registered partnership 63 (7) 10 (11) 8(17)
Divorced 145 (16) 18 (21) 5(11)
Widow 118 (13) 10 (9) 7 (4)
Unmarried 190 (21) 23 (20) 17 (9)
Number of children
0 660 (73) 54 (61) 21 (43)
1 118 (13) 26 (29) 10 (19)
2 81(9) 7 (8) 11 (22)
3 36 (4) 2(2) 5(11)
>4 9(1) 0(0) 3(5)
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3.3. Modeling the Determinants of Adverse Childhood Experiences in Hungary

Independent determinants of adverse childhood experiences were analyzed by logistic regression
defining childhood abuse as a binary variable (experienced vs not experienced). Any childhood
maltreatment (5 types of abuse or neglect of any sort), family dysfunction (5 types), and both combined,
thatis, any adverse experience (10 types), as described in Methods, as outcome variables were modeled.
Marital status was defined in three different ways. In Model 1, all respondents were divided into
two categories: those in an actual relationship (married or cohabiting) and those not currently in a
relationship (single, divorced, widowed) (Table 5). One quartile increase of income decreased the
odds of reporting any childhood maltreatment by 24% in Model 1, but income did not remain a
significant determinant of reporting childhood adversity in either of the models.

In Model 2, only persons with a living present or past partner were included. Those in actual
relationships (married or cohabiting) were compared to those who were divorced (Table 6). The latter
produced a better model in which living in a relationship decreased the odds of reporting maltreatment
by 35%. In the same model, one year increase in age decreased the odds of reporting any childhood
maltreatment by 2.3%, and living in a city compared to a village increased the odds of reporting
any maltreatment by 76%. Age, type of permanent residence, and marital status were found to be
independent determinants of family dysfunction or any adverse childhood experience in the best
adjusted logistic regression model (Model 2).

In Model 3, persons with relationship experience were included. Those in actual relationships
(married or cohabiting) were compared to those who were divorced or widowed (Table 6). Model 2
and 3 both were statistically significant, showing that currently living in a relationship decreased the
odds of reporting any childhood adversity by at least 40% compared to those who had relationship
experience but did not currently live in one.

Other variables such as education, gender, number of children, type of work (manual, nonmanual)
were not found to be significant determinants of reporting any childhood maltreatment, any family
dysfunction, or a combination of both (data not shown).

Table 5. Independent determinants of experiencing any of the five types of maltreatment or five
types of dysfunctions in the family (Model 1).

Any Childhood
Sociodemographic Variables Maltreatment

Maltreatment & Family
Dysfunction Together

OR p-Value Model OR p-Value Model OR p-Value Model
Model 1: All respondents

Family Dysfunction

Age (year) 1.000  0.925 0.979  0.000 0983 0.002

City (ref: village) 1376  0.226 F=219 1765  0.007 F=753 1546 0.026 F=5.99
L1v1ng in relahonshllp -mar'rled or 0827 0409 p=0.068 0726 0.079 p<0.001 0698 0038 p<0.001
cohabiting (ref: not in relationship)

Income (quartiles) 0.759  0.015 0.874  0.092 0.894  0.141

Table 6. Independent determinants of experiencing any of the five types of maltreatment or five
types of dysfunctions in the family (Model 2 and Model 3).

Any Childhood
Maltreatment

Sociodemographic Variables OR p-Value Model OR p-Value Model OR p-Value Model

Maltreatment & Family

Family Dysfunction Dysfunction

Model 2: Only respondents in current relationship or divorced

Age (year) 0981  0.104 _ 0968 0.000 _ 0973 0.001 _
City (ref: village) 1464 0259 FIIB o030 o0 FIE® yze o0 P72

D i married p=0132 p<0.001 p<0.001
1ving in relationsiip-married g 655 139 0607  0.025 0571 0.009
or cohabiting (ref: divorced)
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Table 6. Cont.

Any Childhood
Maltreatment

Sociodemographic Variables OR p-Value Model OR p-Value Model OR p-Value Model

Maltreatment & Family

Family Dysfunction Dysfunction

Model 3: Only respondents in current relationship or divorced/widowed

Age (year) 0984  0.103 _ 097 0000 . _ 0.974  0.000 _
City (ref: village) 1469 0195 T qgs o FTI008 ygpe g FEBI3

o i velato o married p=0.158 p<0.001 p<0.001
1ving in relationsiip-married g 7)o 17 058  0.006 0565  0.003
or cohabiting (ref: divorced)

4. Discussion

Our research produced the first national and the third European representative survey on adverse
childhood experiences in Hungary according to which 25% (n = 293) of the Hungarian general
population reported experiencing any childhood adversity before the age of 18 years with no gender
difference; 5% (n = 59) of the respondents had four or more ACEs. The most prevalent form of child
maltreatment was emotional (5%) and physical abuse (5%, n = 59); sexual abuse (1%, n = 12) was
least prevalent. Parental divorce or separation (13%, n = 153), followed by household substance abuse
(11%, n = 129) were the most frequent dysfunctional household conditions. The higher prevalence of
ACEs among the youngest age group of adults may indicate an increasing awareness due to a more
open public attitude and changing public opinion.

Our study is the first survey on adverse childhood experiences in a nationally representative adult
sample of the Hungarian population; the first survey in any Central-Eastern European country; and the
third such survey in developed countries that used a marketing research company for data collection.
The European Commission has already established the feasibility of using marketing research/opinion
polling agencies in health research: two reports were published on various aspects of the mental
health of the population of EU member states in 2006 and 2010 by contracting companies to carry out
representative surveys with multistage probability sampling and face-to-face interviews [49,50].

In order to interpret our results, data from the other two representative national surveys cited
in the Introduction were considered. As it is shown in Table 7, the occurrence of the most frequent
ACEs substantially varies in these countries, with Hungary having the lowest and Germany the
highest prevalence.

Table 7. Prevalence of some ACEs in representative national samples.

Germany England Hungary

Year of survey 2010 2013 2016
. ACE screening tool  ACE screening tool
Tool CTQ (28 items) (11 items) (10 items)
Age group 14-92 18-69 18-112
Sample size 2504 3885 1174
Sample as proportion Sf the population 0.003 0.006 0.012
in the year of survey (%)
Response rate 56% - 74.6%
Any adversity 68.2 46.4% 25%
Physical abuse (%) 12.0 14.3 5
Emotional abuse (%) 15.0 17.3 5
Sexual abuse (%) 12.6 6.2 1
Schilling et al. [51] Hughes et al. [43] present study

Hauser et al. [42]

The NESARC and BRFSS surveys have unique features (study design and implementation by
public agencies funded by the federal government of the US) based on phone interviews, repeated
measures that may not be easily copied by other countries.
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The strengths of our study include the use of an international standardized screening tool
(ACE Score Calculator) in a nationally representative adult sample. Sampling and data collection were
carried out by an experienced opinion poll company that used refined and tested sampling methods
and had trained interviewers with experience in face-to-face data collection. This not only increased
the reliability of data but was also cost-effective.

However, the study has limitations as well. The cross-sectional design and the retrospective
nature of data collection limits the scope of interpretation; low awareness of the topic in the country
probably increases recall bias, especially among older persons. However, since the prevalence of
childhood maltreatment did not change significantly when those above the age of 80 years were
removed from the analysis, and since the items of the ACE questionnaire are quite specific, not requiring
interpretation, recall bias likely did not influence our results. The interference of dissociative defense
mechanisms with recall cannot be excluded, but this bias cannot be avoided by any questionnaires.
The conspicuously low frequency of childhood adversity among those with the lowest education
merits further investigation.

In order to further probe the comparability of our data, the literature was searched for
meta-analyses on the prevalence of child maltreatment and dysfunctional households reported by
adults (Table 8). According to Stoltenborgh et al., global estimates of the prevalence in self-report
studies were 22.6% for physical abuse, 36.3% for emotional abuse, 12.7% for sexual abuse (7.6% among
boys and 18.0% among girls), 16.3% for physical neglect, and 18.4% for emotional neglect. These
authors opined that the prevalence of child maltreatment seems to be largely similar across the globe.
However, this statement is based mostly on research in western countries, mainly in North America
and Europe [52].

Some meta-analyses were identified which focused on the prevalence of child maltreatment and
dysfunctional households reported by children (Table 9).

The WHO Regional Office for Europe used 105 prevalence estimates from 50 community surveys
to estimate the prevalence of sexual abuse as 9.6% (13.4% in girls and 5.7% in boys), physical abuse
22.9%, and emotional abuse 29.1% with no gender difference in the two latter types of abuse. The few
studies that focused on neglect found high prevalence: 16.3% for physical and 18.4% for emotional
neglect. As Table 8 shows, there are no differences between global and European prevalence estimates
considering the majority of forms of maltreatment—the only exception being female sexual abuse with
slightly lower prevalence in Europe [53]. The European report opined that prevalence estimates of child
maltreatment would be higher in Eastern Europe. However, Gilbert et al. (2009) reported prevalences
with a much greater variability in high-income countries: 3.7-16.3% of children experienced parental
violence per year, 10.3% suffered from emotional abuse, and 1.4-15.7% suffered from neglect [27].
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Our population survey measured a considerably lower prevalence of childhood adversity
compared to population surveys in Germany or England. This, on one hand, probably reflects
underestimation, supported by other data such as the homicide rate under 15 years of age in
Hungary that was as high as 0.89 per 100,000 children or the fact that Hungary ranked 23rd out of
27 developed countries based on deaths due to abuse and/or neglect per 100,000 children under the
age of 15 [53,59,60]; or that satisfaction with life among young teenagers was the second lowest in
Hungary out of 21 developed countries in 2013 [61].

On the other hand, the widely different methods and measurements in various samples
(community, clinical, and chance samples) selected by a wide variety of methods severely restricts the
comparability of surveys carried out in different countries.

Third, the strong influence of culture, traditions, and religion on the treatment of children
including what counts and what does not as maltreatment [62], as well as the possibility of
false-negative statements due to psychological motives, must also be taken into account when
comparing data on child maltreatment in various countries [32]. The ACE study was seminal in
drawing attention to childhood adversity in the US and other developed countries [63], but this topic
only recently has commanded attention in Hungary, reflected by the fact that no community-based
data collection on childhood adversity had been carried out in the country.

Taking all these points together, the statement of Stoltenborgh and his coauthors (2015) that the
prevalence of child maltreatment seems to be largely similar across the globe must be called into
question [52]. Moreover, the opposite seems to be likely, which points to the importance of population-
or community-based prevalence estimates measured by consistent methodology in each country.

5. Conclusions

Our survey provides a population-based set of reference data upon which a strategy to address
childhood adversity should be built and to which future data can be compared. Considering the fact
that 1) the design and implementation of national surveys is beyond the resources of Hungarian
academic institutes, 2) to our knowledge, no similar survey is being designed or planned by
national institutions of public health or child protection, and 3) clinical samples have been known to
overestimate the population prevalence of ACEs [39], marketing research methods provide a viable
and cost-effective alternative to collect data on this important topic.

Even underestimated population-based data on childhood adversity are better than estimates
based on clinical or chance samples or no data at all. Our survey provides the first data on ACEs
in Central and Eastern Europe with the aim of advocating for the monitoring of ACEs in the future
for which the use of marketing research methods seems to be appropriate. The European report on
preventing child maltreatment states that community surveys using international standardized tools
should be conducted regularly in order to identify the changes in prevalence rates and the potential
risks and to have the opportunity to evaluate the implemented prevention programs [53]. However,
until international standardized methods of measuring childhood adversity are developed, countries
should aim at quantifying this important public health problem in a scientifically acceptable way for
which less or more complex methods are available [64—66], and keep monitoring its tendency in time.
If there is an issue in which national surveillance is more important than international comparability, it
is childhood adversity, especially considering its long-term impact on the population’s well-being.
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Appendix A

Table Al. The ACE Score Calculator—preambles, item contents and response options.

Item. Preamble and Content ACE Category

During your first 18 years of life:

Did a parent or other adult in the household often or very often ...
12 Swear at you, insult you, put you down, or humiliate you? or Emotional abuse
Act in a way that made you afraid that you might be physically hurt?

Did a parent or other adult in the household often or very often ...
24 Push, grab, slap, or throw something at you? or Physical abuse
Ever hit you so hard that you had marks or were injured?

Did an adult person at least 5 years older than you ever ...
34 Touch or fondle you or have you touch their body in a sexual way? or ~ Sexual abuse
Attempt or actually have oral, anal, or vaginal intercourse with you?

Did you often or very often feel that ...

No one in your family loved you or thought you were important or
special? or Your family didn’t look out for each other, feel close to each
other, or support each other?

44 Emotional neglect

Did you often or very often feel that ...

You didn’t have enough to eat, had to wear dirty clothes, and had no
one to protect you? or Your parents were too drunk or high to take care
of you or take you to the doctor if you needed it?

5a Physical neglect

6? Were your parents ever separated or divorced? Parental separation/divorce

Was your mother or stepmother:
Often or very often pushed, grabbed, slapped, or had something
thrown at her? or
72 Sometimes, often, or very often kicked, bitten, hit with a fist, or hit with ~ Household physical violence
something hard? or
Ever repeatedly hit for at least a few minutes or threatened with a gun
or knife?

Did you live with anyone who was a problem drinker or alcoholic or

a
8 who used street drugs?

Household substance abuse

Was a household member depressed or mentally ill, or did a household

member attempt suicide? Household mental illness

9a

102 Did a household member go to prison? Incarcerated household member

@ Dichotomous scales-yes/no.
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Abstract: The purpose of this study was to investigate whether individuals receiving influenza
vaccines have a lower risk of pneumonia. A nationwide population-based case-control study was
conducted using data from the National Health Insurance Research Database in Taiwan. We enrolled
7565 patients each in pneumonia and non-pneumonia groups after diagnosis of patients with chronic
pulmonary disease, and these patients were individually age and sex matched in a 1:1 ratio. Using
conditional logistic regression analysis, adjusted odds ratios (aORs) were estimated in patients who
received influenza vaccination and those who had not previously had pneumonia. Moreover, we
also analyzed the interval between vaccination and the onset of pneumonia and the number of
vaccinations received by patients. This was compared with patients who never received influenza
vaccination. Patients who had received influenza vaccination and had been vaccinated for two
consecutive years (aOR = 0.85, confidence interval (CI) = 0.79-0.93 and aOR = 0.75, CI = 0.67-0.85,
respectively) showed lower rates of pneumonia occurrence by 15-25%. In conclusion, influenza
vaccination significantly reduces the occurrence of pneumonia, especially in individuals who receive
vaccination in consecutive years.

Keywords: influenza vaccination; pneumonia; population-based case-control study

1. Introduction

Pneumonia is a common clinical presentation after a respiratory infection. Since 2016, pneumonia
has been the third most common cause of death in Taiwan. The majority of pneumonia cases can
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be classified as either community-acquired, hospital-acquired, or acquired after traveling to foreign
countries. Bacterial pneumonia is usually a complication of influenza virus infection [1]. The American
Thoracic Society and Infectious Diseases Society of America have classified pneumonia into three
types, namely community-acquired pneumonia (CAP), hospital-acquired (or nosocomial) pneumonia,
and ventilator-associated pneumonia, according to the epidemiology, pathogenesis, and risk factors for
infection in patients with pneumonia [2,3]. The etiology of pneumonia includes bacteria, viruses, fungi,
and protozoa. Generally, pathogens that potentially cause pneumonia subsist of “typical” bacteria and
“atypical” organisms, including Mycoplasma pneumoniae, and respiratory viruses, such as influenza
viruses. However, 11-20% of pneumonia cases are polymicrobial, and the etiology usually consists of
a combination of typical and atypical pathogens [4]. Streptococcus pneumoniae has been reported as
the major pathogen in secondary infection after individuals were infected by influenza viruses, and
it increases the mortality risk of patients [5-8]. Previous studies such as Tessmer et al. [9] show that
prior influenza vaccination is associated with a less severe clinical course and improved long-term
survival in patients with CAP, especially during the influenza epidemic season. However, Shinjoh et
al. [10] reported that children who were immunized for two consecutive seasons experienced decreased
vaccine effectiveness and were more likely to acquire influenza and that this might be associated with
immunity against influenza infection in the previous season. Therefore, the aims of this study are also
to clarify this.

Among the pathogens, influenza is one of the primary causes of pneumonia and influential
respiratory diseases [11,12]. In general, human influenza viruses include A/H1IN1, A/H3N2, and B
viruses. Because of the antigenic drift of viruses, epidemics of influenza are reported every year in
Taiwan. To effectively prevent the disease, large influenza vaccination programs have been held by the
health authority of the Taiwanese government, and the trivalent influenza vaccine containing influenza
A/HIN1, A/H3N2, and B viruses is employed annually. To increase the influenza vaccination coverage,
free-of-charge vaccination programs have been held since 1988 for several groups, including young
children under 6 months old, students from primary school to senior high school, and adults with
high influenza risk (i.e., people aged over 50 years and patients of any age with a chronic illness
like diabetes, chronic hepatitis, cardiovascular disease, chronic pulmonary disease, chronic renal
disease, etc.) [13]. In fact, a characteristic of influenza infection in the elderly is a high frequency
of pneumonia complications. Therefore, inoculation with the influenza vaccine is critical for both
preventing influenza infection and lowering the risk of post-influenza pneumonia development in
the elderly [14]. Influenza vaccination has been reported to be associated not only with prevention of
influenza epidemics but also reduced risk of several diseases, such as acute kidney injury, diabetes,
cardiovascular disease, and respiratory failure in chronic obstructive pulmonary disease, especially
in elderly people [15-20]. However, the relationship between pneumonia and influenza vaccination
remains unclear. This study investigated whether individuals receiving influenza vaccines have
decreased risk of developing pneumonia.

2. Materials and Methods

2.1. Data Source

We used the National Health Insurance Research Database (NHIRD) of Taiwan from 1 January
2009 to 31 December 2013. The NHIRD contains all medical data, including information on
disease diagnosis, drug prescriptions, medical operations, and medical expenses of insurance claims
data. The National Health Insurance covered more than 99% of Taiwan’s population by 2010.
The Longitudinal Health Insurance Database 2010 included data from 1 million people randomly
sampled from the NHIRD and who were registered by the end of 2010. Diagnostic codes were
recorded according to the International Classification of Diseases, Ninth Edition, Clinical Modification
(ICD-9-CM). This study was approved by the ethical review board of Chung Shan Medical University
Hospital (CSMU No. CS 18096).
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2.2. Study Groups

This study used a case-control study design. All subjects had been diagnosed with chronic
pulmonary diseases (ICD-9-CM 490-496) from 2010 to 2012. To confirm the accuracy of diagnosis,
we enrolled patients with a minimum of two outpatient visits or one admission. The case group was
defined as newly diagnosed pneumonia (ICD-9-CM 481, 482, 483, 485, and 486) from emergency or
hospitalization after chronic pulmonary disease diagnosis. The first date of pneumonia was the index
date. Patients with no pneumonia diagnosis from 2009 to 2013 were selected as the control group. We
performed a 1:1 age and sex match to obtain index dates corresponding to the control group.

2.3. Exposure Measurement

Influenza vaccination was defined using an ICD-9-CM (V04.7 or V04.8) diagnosis or a drug code
within two years before the index date. Comorbidities considered were hypertension (ICD-9-CM
401-405), diabetes mellitus (ICD-9-CM 250), cerebrovascular disease (ICD-9-CM 430-438), renal disease
(ICD-9-CM 582-582.9, 583-583.7, 585, 586, and 588-588.9), liver disease (ICD-9-CM 456.0-456.21, 571.2,
571.4-571.49, 571.5, 571.6, and 572.2-572.8), ischemic heart disease (ICD-9-CM 410-414), dementia
(ICD-9-CM 290.0-290.4, 294.1, 331.0-331.2, and 331.82), alcohol-related disorder (ICD-9-CM 291, 303,
305.0,571.0,571.1, 571.3, 790.3, and V11.3), and malignancy (ICD-9-CM 140-208). All patients were
diagnosed with the disease before the index date.

2.4. Statistical Analysis

A comparison of pneumonia and non-pneumonia groups was performed using a Chi-squared
test or independent t-test, as was appropriate. The association between influenza vaccination and
pneumonia was analyzed using conditional logistical regression analysis. The statistical software used
was SPSS V.18.0 (SPSS, Chicago, IL, USA), and the significance was defined as p < 0.05. On the use of
post hoc power analysis of the logistic regression, the alpha error was 0.05 and the beta error was 0.2.
The achieved power of the study was 0.83.

3. Results

In total, 90,491 patients diagnosed with chronic pulmonary disease were initially recruited from
2010 to 2012. Next, 8010 of the 90,491 patients were selected according to a new diagnosis of pneumonia
after chronic pulmonary disease diagnosis. Another 56,233 patients who were never diagnosed with
pneumonia were also selected. After this, we performed a 1:1 age and sex match, and 7565 patients
were enrolled in each of the two groups: pneumonia and non-pneumonia (Figure 1). The distributions
of age and sex in the groups were not significant (Table 1).

Table 1. Demographic characteristics of pneumonia and non-pneumonia.

Variable Pneumonia (N = 7565) Non-Pneumonia (N = 7565) p-Value
n % n %
Vaccination 0.026 *
No 5006 66.2 4876 64.5
Yes 2559 33.8 2689 35.5
Age 1
<40 1739 23.0 1739 23.0
40-65 1383 18.3 1383 18.3
>65 4443 58.7 4443 58.7
Mean + SD 59.1 £29.1 59.1 £29.1 1
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Table 1. Cont.

Pneumonia (N = 7565)

Non-Pneumonia (N = 7565)

Variable p-Value
n 0/0 n OAJ
Gender 1
Female 2991 39.5 2991 39.5
Male 4574 60.5 4574 60.5
Hypertension 3694 48.8 3173 41.9 <0.001 **
Diabetes 1673 221 1116 14.8 <0.001 **
Cerebrovascular disease 1425 18.8 693 9.2 <0.001 **
Renal disease 591 7.8 301 4.0 <0.001 **
Liver disease 385 5.1 298 3.9 0.001 **
Ischemic heart disease 1435 19.0 1111 14.7 <0.001 **
Dementia 665 8.8 262 35 <0.001 **
Alcohol-related disorder 58 0.8 15 0.2 <0.001 **
Malignancy 1009 133 406 54 <0.001 **
*p <005, p <001
Longitudinal Health Insurance
Database 2010 (LHID 2010)
N=1,000,000
Diagnosis of chronic
pulmonary disease (2 OPD
visits/ once admission) from
2010 to 2012
N =90,491
Newly diagnosis of pneumonia Never diagnosis of
after Diagnosis of chronic pneumonia from 2009 to
pulmonary disease 2013
N=8010 N =56,233

Next, we analyzed the risk of pneumonia and the selected comorbidities. Patients who had
received an influenza vaccination showed a 15% decreased risk of pneumonia (adjusted odds ratio
(@aOR) = 0.85, confidence interval (CI) = 0.79-0.93). Furthermore, patients had an increased risk of
pneumonia with following comorbidities: hypertension, diabetes, cerebrovascular disease, renal

Matched 1:1 by age and gender
N =7565

Matched 1:1 by age and gender
N=7565

Figure 1. Flow chart for patient selection.

disease, and liver disease (Table 2).
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Table 2. Conditional logistic regression between influenza vaccination and comorbidities and the risk
of pneumonia.

Variable Crude OR 95% CI Adjusted OR 95% CI
Vaccination
No 1 1
Yes 0.91 **0.84-0.98 0.85 **0.79-0.93
Hypertension 1.48 **1.37-1.60 1.26 **1.16-1.37
Diabetes 1.73 **1.58-1.89 1.46 **1.33-1.62
Cerebrovascular disease 2.48 **2.24-2.76 2.15 **1.92-241
Renal disease 2.06 **1.78-2.38 1.64 **1.41-1.92
Liver disease 1.31 **1.12-1.54 1.11 0.94-1.32
Ischemic heart disease 1.40 **1.28-1.53 1.35 **1.22-1.49
Dementia 2.95 **2.52-3.45 2.72 **2.3-3.23
Alcohol-related disorder 4.07 **2.27-7.31 3.68 **1.99-6.82
Malignancy 2.88 **2.54-3.27 3.10 **2.71-3.55

+ Adjusted for hypertension, diabetes, cerebrovascular disease, renal disease, liver disease, ischemic heart disease,
dementia, alcohol-related disorder, and malignancy. OR: odds ratio; CI: confidence interval; ** p < 0.01.

We also analyzed the interval between the onset of pneumonia and receiving the influenza
vaccination, as well as the number of vaccinations. We compared these results with patients who had
never received an influenza vaccination. Patients that received the vaccine one year prior to the study
showed a 13% reduction in the risk of developing pneumonia (aOR = 0.87, CI = 0.78-0.98). Patients
vaccinated for two consecutive years prior to the study showed a 25% decreased risk of developing
pneumonia (aOR = 0.75, CI = 0.67-0.85). Furthermore, patients vaccinated for three consecutive years
compared with those who had never received influenza vaccination showed a 44% decreased risk of
developing pneumonia (aOR = 0.56, CI = 0.45-0.69) (Table 3).

Table 3. Conditional logistic regression of the frequency of receiving an influenza vaccination.

Variable N No. of Pneumonia Crude OR 95% C.I. Adjusted OR * 95% C.I.
Vaccination
Tyr 2yr
No No 9882 5006 1 1
No Yes 1282 665 1.03 0.91-1.17 0.98 0.86-1.12
Yes No 1817 908 0.96 0.86-1.07 0.87 * 0.78-0.98
Yes Yes 2149 986 0.79 ** 0.71-0.88 0.75** 0.67-0.85
Vaccination
Never 9243 4685 1 1
Three consecutive years 1096 475 0.64 ** 0.53-0.77 0.56 ** 0.45-0.69

+ Adjusted for hypertension, diabetes, cerebrovascular disease, renal disease, liver disease, ischemic heart disease,
dementia, alcohol-related disorder, and malignancy. 1 yr: receive influenza vaccine in the first year before the
pneumonia diagnosis. 2 yr: receive influenza vaccine in 1 to 2 years before the pneumonia diagnosis. * p < 0.05,
=

p<0.01.

Finally, we performed a subgroup analysis by age and sex for the vaccination and non-vaccination
groups. After we subdivided the patients by age into three subgroups (<40, 40-65, and >65), we
observed that only those patients aged > 65 had an obvious reduced risk of developing pneumonia
(@aOR = 0.78, CI = 0.71-0.86). Male patients also showed a lower risk of pneumonia than the female
patients. However, vaccination did not reduce the risk of pneumonia in patients aged 40-65 years
(Table 4).
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Table 4. Subgroup analysis of the conditional logistic regression between vaccination and non-
vaccination groups.

Vaccination Non-Vaccination

Variable OR 95% CI
No. of Pneumonia No. of Pneumonia
N N
Event Event
Age?
<40 513 271 2965 1468 1.17 0.94-1.46
40-65 219 143 2547 1240 1.69 ** 1.23-2.33
>65 4516 2145 4370 2298 0.78 ** 0.71-0.86
Gender P
Female 1869 943 4113 2048 0.99 0.87-1.13
Male 3379 1616 5769 2958 0.78 ** 0.7-0.87

@ Adjusted for hypertension, diabetes, cerebrovascular disease, renal disease, liver disease, ischemic heart disease,
and malignancy. ® Adjusted for hypertension, diabetes, cerebrovascular disease, renal disease, liver disease, ischemic
heart disease, dementia, alcohol-related disorder, and malignancy. ** p < 0.01.

4. Discussion

Patients diagnosed with chronic pulmonary disease were enrolled to analyze the association
between influenza vaccination and the prevention of pneumonia. Our study indicated that patients
who received vaccination one year prior to the study had a significantly decreased risk of developing
pneumonia. Additionally, patients who received vaccination consecutively for two and three years
showed a continuous reduction of their risk of pneumonia. Although the patients who received
influenza vaccinations only in the second year did not show any decrease in their risk of developing
pneumonia, the data was not statistically significant. Repeated influenza vaccination was demonstrated
to be effective for preventing severe and fatal influenza infection in elderly individuals [17]. Our study
showed that influenza vaccination can lower the risk of pneumonia in individuals aged > 65.
A previous study used health administrative databases to investigate the association between influenza
vaccination and the all-cause death of elderly people >65 years. They also concluded that influenza
vaccination was associated with reductions in the total hospitalizations for pneumonia and influenza
and all-cause mortality during the influenza season [21]. Moreover, some studies, such as Li et al.,
confirmed that previous pneumococcal and influenza vaccination in elderly patients reduced the length
of hospital stay and reduced the risk of bacteremia [22], which was similar to our study. However,
Demirdogen Cetinoglu et al. showed that influenza vaccination did not affect the clinical outcome of
hospitalized adult CAP patients. This result may be related to the low influenza vaccination rate in the
elderly [23]. Therefore, further research is needed to analyze this in the future.

Several studies have shown that influenza vaccination not only prevents influenza infection but
also reduces the risk of several diseases in certain groups of patients. According to a retrospective
cohort study, the administration of the influenza vaccination in elderly patients with diabetes reduced
risks of hospitalization, lung failure, and 12-month mortality [15]. Influenza vaccination in elderly
individuals reduced the risk of acute kidney injury in a nested-control study. Although the actual
mechanism is unclear, influenza vaccination is proposed to be associated with the reduction of the
inflammation cascade [19]. A study showed that influenza vaccination reduced dementia risk in
patients with chronic kidney disease [24]. Another study also showed that influenza vaccines might
prevent cardiovascular disease [16]. A high-dose influenza vaccine (60 pug of hemagglutinin from each
of the three viral strains against 15 ug of hemagglutinin from each of the four viral strains) might be
more effective in reducing poor clinical outcomes in patients who have a heart failure or myocardial
infarction history [20]. In another study, it was found that influenza infection increased the risk of atrial
fibrillation, and people who received influenza vaccination showed a lower atrial fibrillation risk [18].
Influenza vaccination could decrease respiratory failure risk in patients with chronic obstructive
pulmonary disease [13]. Our study found that influenza vaccination could significantly decrease the
risk of pneumonia.
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One of the most serious complications of influenza infection is bacterial pneumonia, which
increases morbidity and mortality [25]. Evidence shows that older patients, or those with severe
illness with pneumonia, had higher 30-day mortality rates [5]. In general, influenza viruses cause only
the desquamation of the epithelial cells in the respiratory tract, but this disrupts the outermost
part of the mucosal defense and promotes secondary bacterial pneumonia. The most common
pathogens associated with secondary infection are S. pneumoniae, Staphylococcus aureus, and Haemophilus
influenzae [26]. In Taiwan, to prevent S. pneumoniae infection in elderly individuals, the government
has provided free vaccination of the 23-valent pneumococcal polysaccharide vaccine for people aged
> 75 since 2008 [27]. We also considered that one of the factors for lowering pneumonia risk in our
enrolled patients might be S. pneumoniae vaccination. However, only 257 (1.7%) patients in our study
population had received S. pneumoniae vaccine. Therefore, the observation that influenza vaccination
could reduce the risk of pneumonia in elderly individuals may not be overestimated.

The prevalent strains of influenza viruses in Taiwan are A/HIN1, A/H3N2, and B viruses. For the
prevention of an influenza outbreak, the health authority of the Taiwanese government recommends
trivalent influenza vaccine use. However, because of genetic divergence, influenza B viruses are
divided into two lineages: Victoria and Yamagata lineages. Simultaneous cocirculation of these
lineages has been observed, and a mismatch of the vaccine lineage and circulating strains has been
reported [28-30]. This might decrease the effectiveness of influenza vaccines. However, there was no
mismatch of the vaccine strains and the circulating strains in our study during the observation period
(2010-2013).

Our study has several limitations. First, in Taiwan, influenza vaccines are purchased from
different pharmaceutical companies. The manufacturing process of influenza vaccines varies between
pharmaceutical companies. For instance, the inactivated influenza vaccine (i.e., Optaflu©) produced
by Novartis contains whole virus, whereas the vaccine produced by Sanofi Pasteur (i.e., Fluzone©)
contains split virus. We did not examine whether the protective effect of both these influenza vaccines
is the same. In addition, the protective effect may be different for different age groups. Second, we were
unable to obtain potentially relevant personal behavioral information, such as alcohol consumption,
smoking habits, and body mass index. These confounding factors may have affected the outcome.
Third, Taiwan’s National Health Insurance system involves the Taiwanese population. Our data
accurately reflects the situation in Taiwan; however, our results may not be applicable to other regions.
Fourth, the National Health Insurance Research Database (NHIRD) consists of claim data. The database
used does not contain information about clinical parameters, such as pneumonia infection severity.
Therefore, we could not further distinguish the severities of respiratory diseases. Fifth, the laboratory
data and microbial culture data that may affect the occurrence of pneumonia infection are not included
in the database. Moreover, information about from sputum cultures or viral swabs and the causative
agents of pneumonia was not available. Thus, the cause of pneumonia identified could not be divided
into viral or bacterial.

5. Conclusions

In conclusion, patients who receive influenza vaccination have a significantly lower risk of
developing pneumonia, especially for the elderly (aged > 65). The preventative effects against
pneumonia depend on consecutive years of vaccination.
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Abstract: The aim of this study was to examine various psychosocial, behavioral, and
socio-environmental factors in a multiethnic sample of healthy-weight, overweight, and obese
youths in the United States (US) and Mexico and determine differences by sex. We conducted a
cross-sectional analysis of 633 youths aged 11-18 years who completed a self-reported questionnaire.
Height and weight were measured to determine body mass index (BMI). Overweight and obese
youth in both countries were significantly more likely to report a higher body image dissatisfaction
(Odds Ratio (OR) = 1.67 and OR= 2.95, respectively), depressive symptoms (OR = 1.08 and OR = 1.12,
respectively), perceive themselves as overweight (OR = 2.57) or obese (OR = 5.30), and a lower
weight-specific quality of life (OR = 0.97 and OR = 0.95, respectively) than healthy-weight youth.
Obese youth have lower healthy lifestyle priorities (OR = 0.75) and are less likely to be physically
active (OR = 0.79) and eat breakfast (OR = 0.47) than healthy-weight youth. Additionally, overweight
and obese youth are more likely to engage in weight control behaviors (OR = 5.19 and OR = 8.88,
respectively) and restrained eating than healthy-weight youth. All the aforementioned results had
a p-value of <0.05, which was considered statistically significant. The association between these
factors and overweight or obesity remained significant after controlling for age, sex, race/ethnicity,
and country. In conclusion, obesity was associated with a range of psychosocial, behavioral, and
socio-environmental risk factors in both countries. Our findings support the need for multifactorial
approaches when developing interventions to address the growing problem of obesity among youth
in the US and Mexico.
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1. Introduction

The high prevalence of obesity among youth is one of the most concerning public health issues in
both developed and developing countries [1]. Most overweight or obese children live in developing
countries, where the rate of increase is over 30% higher than in more developed countries [1]. In the
past 40 years, the number of obese children and adolescents (aged five to 19 years) has increased from
11 million in 1975 to 124 million in 2016 [2]. If current trends continue, by 2022, there will be more obese
children and adolescents worldwide than moderately or severely underweight children [2]. Childhood
and adolescent overweight and obesity are associated with increased risk of subsequent diabetes,
stroke, coronary heart disease, hypertension, functional disability, as well as premature adult mortality
and morbidity [3,4]. In the United States (US), an estimated 34.5% of adolescents aged 12-19 years
were overweight or obese from 2011-2012, and of these, 16.9% were obese [5]. This number rose to
20.6% in 2015-2016 [6]. Disparities in obesity and overweight exist across racial and ethnic groups in
the US, with African American and Mexican-American adolescents ranking highest in prevalence [7,8].
During 20112012, the prevalence of overweight and obesity was 39.8% and 38.1% among African
American and Latino adolescents, respectively, followed by non-Latino white (31.2%) and Asian
(24.6%) adolescents [5]. From 2013-2016, the prevalence of obesity among youth of Mexican origin
aged 12-19 years was 26.6%, as compared to 17.2% among non-Latino whites [9]. Studies have also
shown that US-born Mexicans are significantly more likely to be overweight or obese than Mexican
immigrants [10,11]. In Mexico, the prevalence of obesity and overweight among adolescents aged
12-19 years was 36.3% in 2016 [12].

Addressing obesity is complex, due to its multi-causal nature that includes various psychosocial,
behavioral, and socio-environmental factors. Previous studies have found an association between
a range of psychosocial factors and increased obesity risk, such as body size dissatisfaction and
self-perception of overweight, because they may promote unhealthy weight control behaviors [13-15].
Other psychosocial factors that have been examined include exposure to adverse life events and the
influence of the family and peer environment, which may be associated with a greater risk of childhood
overweight/obesity [16]. Studies have also found that depressive symptoms are a risk factor for obesity
because binge eating may be used as a coping mechanism [14,17]. Obese youth report having a lower
quality of life (QOL) [18-20], which improves when they lose weight [21].

Unhealthy weight control and dietary restraint behaviors have been found to predict the onset
of obesity [14,15,17,22]. Studies also show that prioritizing healthy eating may protect youth
from becoming overweight or obese [23,24], whereas prioritizing physical activity appears to be
less protective [23]. Various studies have demonstrated a negative association between breakfast
consumption and an increase in body mass index (BMI) [14,22,25-27], which could be due to its
association with favorable nutrient intake, improved food choices, and higher physical activity
levels [26,28]. The protective effect of physical activity has also been observed in both cross-sectional
and longitudinal studies [14,22]. However, the relationship between fast food consumption and obesity
has not been established conclusively in the literature. Some studies have shown an inverse association
between fast food consumption and obesity [14,27], while others report that fast food consumption is a
predictor of weight gain [28,29].

Several socio-environmental factors have also been associated with risk of obesity in adolescents.
Parents who have unhealthy lifestyles are more likely to have children who become overweight or
obese [30-32]. Conversely, positive parental influence regarding healthy diet and frequent physical
activity have been associated with reductions in BMI among overweight and obese adolescents [33].
Studies also report that increased availability of healthy food at home encourages healthy eating
in adolescents and is protective against overweight and obesity [34,35], while parental obesity is
associated with an increased risk of adolescent and ensuing adult obesity [17]. However, Haines et al.
found that the availability of healthy food at home and perceived parental obesity did not predict onset
of obesity [14]. Parental concern regarding their child’s weight has been positively associated with their
child being overweight or obese [14,36]. Parental concern may lead to parental pressure to lose weight
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and encouragement of restrictive feeding practices, which could lead to weight gain [14,36]. However,
parents who reported being concerned about their child’s weight were more likely to improve the
family’s diet, limit child screen time, and attempt to increase their child’s physical activity levels [36].

Although there is no individual factor that causes obesity, most research to date has lacked an
integrated approach to examine the factors that may be contributing to the high rates of overweight and
obesity among youth [17]. An exception would be a study by Haines et al., which looked at the effects
of personal, behavioral, and socio-environmental factors on risk of overweight in an ethnically diverse
population in Minnesota [14]. To the best of our knowledge, the present study is the first to compare
the effects of multiple domains on overweight or obesity risk among a bi-national, ethnically diverse
sample of youth. The objective of this study was to identify risk and protective factors for overweight
or obesity within the following three domains: Psychosocial, behavioral, and socio-environmental, in a
sample of African American, Caucasian, and Latino youths in the US, and Mexican youths in Mexico,
and determine differences by sex.

2. Research Methods and Procedures

2.1. Study Population and Data Collection Procedures

US participants were recruited from community centers, schools, clinics, and youth programs in
Seattle, Washington and Los Angeles, California (n = 452). A convenience sample of youth was also
recruited from the main Mexican Institute of Social Security (IMSS, as per its Spanish abbreviation)
hospital in Cuernavaca, Morelos (n = 181). Study flyers were posted in various areas of the IMSS clinic,
and potential participants were also informed of the study by staff during their visit to the primary care
clinics. All individuals who expressed an interest in the study were contacted by a study recruiter who
conducted a telephone interview with the primary caregivers of the potential participants to determine
eligibility. Participants had to be African American, Caucasian, or Latino, and between the age of
11-18 years. Youths who met study inclusion criteria of age, 5th grade reading ability, and no serious
physical or mental illness diagnosis were informed that participation in the study would involve
completing a 40-min questionnaire and having their weight, height, and waist circumference measured.
All study participants were enrolled between 2006 and 2008, and informed consent was obtained from
each participant and a parent or guardian prior to their inclusion in the study. Further details regarding
study design, methodology, and baseline participant characteristics are specified elsewhere [19,37,38].
The Institutional Review Boards of the University of Washington, the University of California, Los
Angeles, and the Mexican Institute of Social Security approved all study materials including the study
questionnaire, protocol, and consent forms (Seattle Children’s Hospital IRB approval number: 11916;
IMSS IRB approval number: R-2007-1701-13; UCLA IRB approval number: G06-09-094-01).

Study participants completed a self-administered questionnaire that included the 21-item youth
quality of life weight-specific measure (YQOL-W), a generic youth quality of life Instrument (YQOL-R),
as well as measures of perceived general health, physical function, body shape satisfaction, and
symptoms of depression. The Spanish versions of these measures have been used extensively and
validated in other research studies [21,38—44]. All study materials were designed to be readable and
understandable at a 5th grade level.

2.2. Study Measures

The following study variables are all reported as indices except for physical activity, which was
measured with a single item. Each index score was derived by summing the individual item scores and
dividing by the number of items, with the exception of specific scales that have been established and
validated (e.g., the YQOL-W, CDI-S, and DEBQ) [19,21,39,45]. The Cronbach’s alpha value indicates
the internal consistency of each index that was created.
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2.2.1. Psychosocial Factors

Body image dissatisfaction. The body image satisfaction scale consists of the following three
questions that ask youth to rate their satisfaction with their weight, body shape, and muscle size [46]:
How satisfied are you with your weight?; How satisfied are you with your body shape?; How satisfied
are you with your muscle size? A body image dissatisfaction index was created using these questions,
which ranges from 1 to 5, with higher values indicating greater dissatisfaction (Cronbach’s « = 0.84).

Depression symptoms. The children’s depression inventory: short version (CDI-S) was used to
assess depressive symptoms [39]. The CDI-S consists of 10 items with a total score that ranges from 0
to 20. Higher scores indicate a greater presence of depressive symptoms [39].

Self-perception regarding weight. This index comprises three items with a total score ranging
from 1 to 5 (Cronbach’s « = 0.77). A higher score indicates a greater likelihood to regard oneself as
overweight or obese. One of the three items is the pictorial body image assessment (PBIA), which
asks youth: Which figure in A (female figures) or B (male figures) above is closest to your usual
weight? [38] The PBIA silhouettes were modified from Stunkard et al. [47] to include larger body
shapes. The silhouettes range from underweight (BMI < 19) to highly severe obesity (BMI > 50) [48].
The two other items ask youth to describe their weight (How do you describe your weight?) [49] and if
they ever feel fat (Do you ever feel fat?) [50].

Youth weight-specific quality of life. Weight-specific QOL was evaluated using the YQOL-W,
a 21-item instrument with three domain scores: Self, social, and environmental (Cronbach’s « for
selfitems = 0.90; Cronbach’s « for social items = 0.90; Cronbach’s « for environmental items = 0.90).
The validity and reliability of this instrument has been tested in a multicultural sample of overweight
and obese youth in the US and Mexico [19,21]. The YQOL-W has good reliability and validity for
assessing weight-specific QOL in children and adolescents, including one-week test-retest intra-class
correlation coefficients that were 0.73 for social, 0.71 for self, and 0.73 for environment [19]. The total
score for this survey ranges from 0-100, and 100 indicates the best QOL.

2.2.2. Behavioral Factors

Healthy lifestyle priorities. Youth were asked to indicate how much they care about (1) eating
healthy food and (2) staying fit and exercising [34]. The following two items: How much do you care
about eating healthy food? and How much do you care about staying fit and exercising? were used to
construct an index that ranges from 1 to 4, with 4 being the highest level of interest in maintaining a
healthy lifestyle (Cronbach’s « = 0.59).

Physically active. Physical activity was assessed with a single item that asks youth to rate their
physical activity level compared to others their age. Compared with most boys/girls your age, would
you say that you are: (3) More active, (2) less active, (1) about the same, (0) not sure? The response for
this item is on a 0-3 point scale, with a higher score indicating that youth consider themselves to be
more physically active than their peers [51].

Fast food consumption. An index was constructed using three items: During the past 7 days, how
many times did you eat French fries, sweets, chips, or other foods sometimes called “junk food”? How
many times in the past 7 days did you eat breakfast, lunch, or dinner from a “fast food” restaurant?
and We have “junk food” in my home. A 1 to 5 scale was used, with higher scores suggesting a higher
consumption of fast foods (Cronbach’s & = 0.73) [34].

Eats breakfast. A breakfast index was created using two items to classify respondents as having
eaten breakfast or not based on a yes—no response (1 = no, 2 = yes): Did you eat breakfast today? and I
ate breakfast at home. (Cronbach’s o = 0.58) [34,52].

Weight control behaviors. Participants were asked if they engaged in any of the following weight
control behaviors in the past 30 days to lose or keep from gaining weight: (1) Exercise, (2) eating
less food, fewer calories, or low-fat foods, (3) fasting, (4) taking diet pills, powders, or liquids [49,52].
A weight control index was created using the following four items based on yes—-no responses (1 = no,
2 = yes): During the past 30 days, did you exercise to lose weight or keep from gaining weight?; During
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the past 30 days, did you eat less food, fewer calories, or foods low in fat to lose weight or keep from
gaining weight?; During the past 30 days, did you go without eating for 24 h or more (also called
fasting) to lose weight or to keep from gaining weight?; and During the past 30 days, did you take any
diet pills, powders, or liquids without a doctor’s advice to lose weight or to keep from gaining weight?
(Cronbach’s o = 0.37).

Restrained eating behaviors. Ten items from the Dutch eating behavior questionnaire (DEBQ)
were used to assess restrained eating behaviors [45]. The index score ranges from 1 to 5, with 5
indicating a higher frequency of restrained eating practices.

2.2.3. Socio-Environmental Factors

’

Perceived parental concern regarding adolescent weight. Youths’ perception of their parents
concern regarding their weight and if they are getting sufficient physical activity was assessed with
a two-item index on a 5-point scale, where 5 is the highest level of perceived parental concern.
The following two items were used: How concerned are your parents about you becoming overweight?
and How concerned are your parents about you not getting enough physical activity? (Cronbach’s
a = 0.75) [34].

Perceived parent body size. Two indices that represent how youth perceive their parents’ body
size were constructed using images of the PBIA, one for males and the other for females. Participants
were asked to select the figure that is closest to the usual adult weight of their mother and father:
Which number under the figures in the figure Box A is closest to the usual adult weight of your mother?
and Which number under the figures in the figure Box B is closest to the usual adult weight of your
father? The PBIA silhouettes were modified from Stunkard et al. [47] to include larger body shapes.
The silhouettes range from underweight (BMI <19) to highly severe obesity (BMI >50) [48]. The 13-point
response scale for each item depicts a spectrum of silhouettes with 1 representing underweight, and
13 representing extremely obese (Cronbach’s & = 0.47) [38].

Mother/father healthy values. Perception of parent healthy values was evaluated using two items
that ask how concerned your parents are about (1) staying fit and exercising and (2) losing weight or
preventing weight gain: How much does your mother/father feel about staying fit and exercising (for
herself/himself)? and How much does your mother feel about losing weight or keeping from gaining
weight (for herself/himself)? Separate indices were constructed for mother and father health values,
with each consisting of these two items (Cronbach’s « = 0.73, 0.83, respectively). The response scale for
these indices ranges from 1 to 4, with 4 as the highest level of concern [34].

Home availability of healthy foods. An index of fruit and vegetable availability in the home was
created using two items that range from 1 to 4, with 4 indicating the highest frequency of healthy food
availability in the home: Fruits and vegetables are available in my home ... (1) Never, (2) Sometimes,
(3) Usually, (4) Always, and Vegetables are served at dinner in my home ... (1) Never, (2) Sometimes,
(3) Usually, (4) Always. (Cronbach’s « =0.69) [34].

2.2.4. Body Mass Index (BMI)

Height, weight, and waist circumference were measured by trained study staff. Participants were
weighed to the nearest 0.1 kg while wearing minimal clothing using a calibrated electronic TANITA
scale (model BC533; Tokyo, Japan). Height was determined to the nearest 0.1 cm using a conventional
stadiometer, with the youth standing barefoot, with their shoulders in a normal position. BMI was
determined to categorize participants as healthy-weight, overweight, or obese, based on the World
Health Organization (WHO) age- and sex-specific classifications for youth aged 5 to 19 years [53].

2.3. Statistical Analysis

A descriptive analysis of various sociodemographic variables was conducted for the total study
population by country of residence and BMI status. Psychosocial, behavioral, and socio-environmental
factors were also examined by country of residence and BMI status. Differences between proportions
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were assessed using chi-square tests of homogeneity, and t-tests were used to calculate differences
between means. Test for trend p-values were calculated to determine whether there was a linear
association between the study variables and BMI status. Odds ratios and 95% confidence intervals
for the association between psychosocial, behavioral, and socio-environmental factors and being
overweight or obese were calculated using multinomial logistic regression. These results were adjusted
for sex, age, race/ethnicity, and country of residence. Standardized odds ratios were determined to
facilitate comparisons of the study variables since their score range varied considerably. Standardized
odds ratios improve comparison and interpretability of the logistic regression results. Multinomial
logistic regression models for males and females were also used to examine any differences by sex,
after adjusting for age, race/ethnicity, and country. All p-values presented are 2-tailed and a p-value of
<0.05 was considered statistically significant. All statistical analyses were performed using STATA
software, version 12.0 (StataCorp LP, College Station, TX, USA).

3. Results

The sociodemographic characteristics of the study sample are compared by BMI status in Table 1.
Of the 633 participants, 54% are 11-14 years of age, 46% are between 15 and 18 years old, 52% are
female, 22% are African American, 25% are Caucasian, 24% are US Latinos, and 29% are youth who
live in Mexico. Thirty percent of youth have a healthy BMI, 30% are overweight, and 40% are obese.
Thirty-seven percent of participants are from Seattle, WA, 35% are from Los Angeles, CA, and 29% are
from Cuernavaca, Mexico. Chi-square tests were used to assess differences by weight status for each of
the study variables, separately by country. There are no significant differences by country of residence
in terms of sociodemographic characteristics for each of the three BMI categories, except for education
level among the US participants. (Table 1)

Table 1. Sample characteristics by body mass index (BMI) categories and country (n = 633).

Mexico (n =181) United States (1 = 452)
Socwdefnographlc Healthy = Overweight Obese p-Value! Healthy Overweight Obese p-Value !
Variables n=43 n=68 n=170 n=143  n=124  n=185
1 (%) 1 (%) 1 (%) n (%) n (%) n (%)
Age (years)
11-14 20 (465)  43(632)  40(57.1) 022 73(51.1)  67(54.0) 98 (53.0) 0883
15-18 23(53.5)  25(36.8) 30 (42.9) - 70 (49.0) 57 (46.0) 87 (47.0) -
Gender
Female 19(442)  35(51.5)  34(48.6) 0756 77(539) 66 (532) 96 (51.9) 0936
Male 24(558)  33(485)  36(514) - 66 (46.1) 58 (46.8) 89 (48.1) -
Race/ethnicity
African American - - - 46 (32.2) 35(28.2) 59 (31.9)
Caucasian - - - 0.451 53 (37.1) 42 (33.9) 65 (35.1) 0.798
Latino 43(100.0)  68(100.0) 70 (100.0) 44 (30.1) 47 (37.9) 61(33.0)
Education Level
Elementary School (<6th grade) 5 (11.6) 15(22.1)  14(20.0) 24(168)  16(129)  19(103)
Middle School (7th-9th grade) ~ 18(419) ~ 32(471)  36(514) . 28(196)  43(47)  SI@3SY) oo
High School (>10th grade) 20 (46.5)  20(29.4) 20 (28.6) - 41(287)  35(282)  57(30.8) .
Missing - 1(1.5) - 50(35.0) 30(242)  28(15.1)
Mother’s Education
Less than High School 26(605)  36(52.9) 44 (62.9) 28(19.6) 17(137)  31(167)
High School/GED 14(32.6)  22(324)  17(24.3) 22(154)  20(161)  37(20.0)
Some college 1(2.3) 2(29) 2(29) 0818 38 (26.6) 42 (33.9) 52 (28.1) 0.886
University or higher 2(47) 7(10.3) 7 (10.0) - 46(322)  39(315)  54(29.2) -
Don’t know - 1(1.5) - 1(2.8) 2(L6) 3(1.6)
Missing - - - 5(3.5) 4(32) 8(4.3)
Father’s Education
Less than High School 23(535)  34(50.0) 38 (54.3) 26(182)  24(194) 34 (184)
High School/GED 13(30.2)  13(302)  11(15.7) 28(19.6)  15(12.1) 50 (27.0)
Some college 2(47) 2(47) 8 (11.4) 114 26(182)  36(29.0)  30(16.2) 0.069
University or higher 3(7.0) 16 (23.5) 9 (12.9) : 40(28.0)  26(21.0)  43(232) :
Don’t know - - - 14 (9.8) 16 (12.9) 17 (9.2)
Missing 2(47) 2(2.9) 4(5.7) 9(6.3) 7(5.7) 11 (6.0)

Sample sizes may not add up to marginal totals due to missing values. ! Differences between proportions were
performed using chi-square tests of homogeneity by weight status for each of the study variables, separately by
country. Statistically significant results are in bold.
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Tables 2 and 3 compare the mean scores for various psychosocial, behavioral, and
socio-environmental variables, by country of residence and BMI status. Within the domain of
psychosocial factors, overweight or obese youth in Mexico and the US are more likely to report being
dissatisfied with their body image, to perceive themselves as overweight or obese, and to have lower
weight-specific QOL scores than healthy-weight youth. However, overweight or obese youths in
Mexico are not more likely to report more depressive symptoms than healthy-weight youths, unlike
obese youths in the US, who are more likely to report depressive symptoms than healthy-weight youths
(3.2 vs. 2.3, respectively). The presence of depressive symptoms is greater among healthy-weight,
overweight, and obese youth in Mexico (3.1, 3.7, 3.9, respectively) than those in the US (2.1, 2.8, 3.2,
respectively); and the weight-related QOL reported by overweight or obese youths in Mexico is lower
than those in the US (65.1 and 52.9 vs. 78.1 and 67.0, respectively).

In terms of behavioral factors, obese youth in the US have lower healthy lifestyle priorities
(3.0 vs. 3.1, respectively), are less physically active (1.6 vs. 1.8, respectively), and are less likely
to eat breakfast (1.5, 1.6, respectively) than healthy-weight youth in the US. Overweight and obese
participants in both countries are also significantly more likely to engage in weight control behaviors,
such as exercise and restrained eating, as compared to healthy-weight youth. The only statistically
significant socio-environmental factors reported by obese youths in both countries include being
more likely to think that their parents are concerned about their weight and that their parents have
a larger body size than healthy-weight youth. However, overweight youths in the US are not more
likely to report that their parents are concerned about their weight, as compared to healthy weight
youths (Tables 2 and 3). All the aforementioned results had a p-value of <0.05, which was considered
statistically significant.

Table 2. Comparison of various psychosocial, behavioral, and socio-environmental factors by BMI
category among youths in Mexico (n = 181).

Healthy Overweight Obese

Range * Mean * SD Mean + SD Mean + SD Poverweight Popese ' Piend |
Psychosocial Factors
Dissatisfied with Body Image 1tob 27+13 3111 3.8+09 0.034 <0.001 <0.001
Depression symptoms (CDI-S) 0to 20 31+33 3.7+32 39+31 0.364 0.223 0.100
Self-perception regarding weight 1to5 22+08 2807 35106 <0.001 <0.001 <0.001
Perceived Body Shape (PBIA) 1to13 3.0+15 44%13 6316 <0.001 <0.001 <0.001
Body Weight Description 1tob 31+09 3.9+06 43+06 <0.001 <0.001 <0.001
Feeling Fat Tto5 24+12 3111 3.7+£1.0 0.006 <0.001 <0.001
x’ég‘gj’\f\;)ght'mmd quality oflife 45100 7582281 6512260 5294264 0.045 <0001 <0.001
Behavioral Factors
Healthy lifestyle priorities lto4 28+0.6 29+07 28+0.7 0.797 0.723 0.569
Physically active Oto3 15+1.0 1.6+1.0 1.3+1.0 0.785 0.255 0.176
Fast food consumption 1to5 11+04 11+05 1.0+04 0.765 0.073 0.023
Eats breakfast 1to2 1.7+04 1.6+04 1.6 +04 0.416 0.205 0.239
Weight control behaviors 1to2 12+02 14£02 1402 0.002 <0.001 0.001
Exercises 1to2 15+05 1.8+04 1.8+04 0.005 0.003 0.006
Eat less, few calories, low-fat foods 1to2 1.3+05 1.5+05 1.6 £ 0.5 0.045 0.032 0.046
Fasting 1to2 1.1+03 1.1+03 12+04 0.415 0.174 0.168
Diet pills, powders, or liquids 1to2 1.0+00 1.0+£0.1 11+02 0.429 0.112 0.058
FSEES"ﬁf eating behaviors 1to5 2108 2608 2707 0.001 <0001  <0.001
Socio-environmental factors
Perceived parental concern lto5 27£12 32£11 3.6+10 0.0316 <0.001  <0.001
regarding weight
Perceived parent body size (PBIA) 1to13 43+12 49%15 56+14 0.0292 <0.001 <0.001
Mother healthy values lto4 28+0.7 26+08 26+07 0.1260 0.1383 0.178
Father healthy values 1to4 2106 23+08 23+08 0.1656 0.1333 0.191
Home availability of healthy foods lto4 31+07 3.0+07 29+0.7 0.5642 0.1474 0.103

* A higher score indicates a greater frequency or agreement; " Reference category for comparisons between BMI

groups; ' Differences between means were performed using t-tests; ! Cuzick’s trend test; statistically significant
results are in bold.
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Table 3. Comparison of various psychosocial, behavioral, and socio-environmental factors by BMI
category among youths in the Unites States (1 = 452).

Health; Overweight Obese
Range * Mean * ZD Mean + ED Mean + SD Poverweight Popese Pirend '
Psychosocial Factors
Dissatisfied with Body Image 1tob 23+09 28%1.0 3.2%09 <0.001 <0.001 <0.001
Depression symptoms (CDI-S) 0to20 21+26 28+35 3.2+36 0.059 0.001 0.003
Self-perception regarding weight 1to5 19+05 2.6+0.7 31£07 <0.001 <0.001 <0.001
Perceived Body Shape (PBIA) 1to13 24+13 3914 52+16 <0.001 <0.001 <0.001
Body Weight Description 1to5 28+07 3.5+0.7 41+08 <0.001 <0.001 <0.001
Feeling Fat Tto5 20+1.1 28+13 33+12 <0.001 <0.001 <0.001
zﬁ’ég‘LVY&;)gh”elatEd quality oflife 100 9042141 7814 23.0 67.0 £27.5 <0.001 <0001 <0.001
Behavioral Factors
Healthy lifestyle priorities Tto4 3.1+0.7 3.0+ 0.6 3.0+07 0.099 0.042 0.028
Physically active Oto3 18+1.1 16+1.0 1.6 1.0 0.105 0.038 0.058
Fast food consumption 1to5 18+09 18+1.0 1.6+0.7 0.639 0.011 0.041
Eats breakfast 1to2 1.6+04 1.6+04 1.5+£04 0.395 0.010 0.008
Weight control behaviors 1to2 13+02 1302 1402 0.021 0.001 <0.001
Exercises 1to2 16+05 17+04 1.7+04 0.053 0.018 0.020
Eat less, few calories, low-fat foods Tto2 14+05 1.5+05 1.6 £ 0.5 0.003 <0.001 0.001
Fasting 1to2 1.1+03 1.1+03 1.1+03 0.577 0.281 0.224
Diet pills, powders, or liquids 1to2 1.0+02 1.0+02 11+02 0.726 0.691 0.648
E;;S“I;d cating behaviors 1to5 2108 2509 27408 0.001 <0.001  <0.001
Socio-environmental factors
Percelved parental concern lto5 26+13 27+12 32£12 0.766 <0001  <0.001
regarding weight
Perceived parent body size (PBIA) 1to13 39+15 49%16 51%15 <0.001 <0.001 <0.001
Mother healthy values lto4 31+09 31+08 31+08 0.854 0.694 0.992
Father healthy values lto4 28+09 26+1.0 29+1.0 0.154 0.255 0.173
Home availability of healthy foods 1to4 3207 32+07 32+08 0.888 0.533 0.391

* A higher score indicates a greater frequency or agreement; " Reference category for comparisons between BMI

groups; ! Differences between means were performed using t-tests; ! Cuzick’s trend test; statistically significant
results are in bold.

The standardized and adjusted odds ratios for various psychosocial, behavioral, and
socio-environmental factors, by BMI status, among youths in Mexico and the US (controlling for
age, sex, race/ethnicity, and country of residence) are reported in Table 4. Overweight and obese
youth have significantly greater odds of reporting body image dissatisfaction (OR = 1.67, OR = 2.95),
having depressive symptoms (OR = 1.08, OR = 1.12), perceiving themselves as overweight or obese,
and having a lower weight-specific QOL (OR = 0.97, OR = 0.95), than healthy-weight youth. Obese
youth in both countries also have significantly lower odds of having healthy lifestyle priorities (OR
= 0.75), being physically active (OR = 0.79), consuming fast food (OR = 0.68), and eating breakfast
(OR = 0.47), than healthy-weight youth. Overweight and obese youth are significantly more likely to
engage in weight control behaviors (OR = 5.19, OR = 8.88), such as exercise (OR = 1.99, OR = 2.12),
as well as eating less, fewer calories, and lower-fat food (OR = 2.15, OR = 2.32) than healthy-weight
youth. In addition, overweight and obese youth have significantly greater odds of restrained eating
behaviors (OR = 1.86, OR = 2.35) than healthy-weight youth. Both groups are also significantly more
likely to perceive their parent as overweight or obese (OR = 1.49, OR = 1.71), and obese youth have
significantly greater odds of reporting that their parents are very concerned about their weight (OR
= 1.56), compared to healthy-weight youth. The standardized odds ratio results indicate that the
following psychosocial, behavioral, and socio-environmental factors are most significantly associated
with overweight and obesity: Perceived body shape (OR = 6.31, OR = 25.89), restrained eating
behaviors (OR = 1.7, OR = 2.08), and perceived parent body shape (OR = 1.88, OR = 2.34), respectively.
The standardized odds ratios of measures with scales that have a wider range, such as the CDI-S
(0-20) and the YQOL-W (0-100), show a stronger association with overweight and obesity, than the
non-standardized odds ratios. (Table 4) All the aforementioned results had a p-value of <0.05, which
was considered statistically significant.
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Table 4. Standardized and adjusted odds ratios for psychosocial, behavioral, and socio-environmental
factors by BMI status, among youth in Mexico and the US (1 = 633).

. ] 1
S_OR Overweight S.OR" Obese
OR (95% CI) OR (95% CI) ®
Psychosocial Factors
Dissatisfied with Body Image 1.74 1.67 (1.3,2.1) * 3.22 2.95(2.3,3.7) *
Depression symptoms (CDI-S) 1.29 1.08 (1.0, 1.2) ** 1.44 1.12(1.1,1.2) *
Self-perception regarding weight 4.75 6.63 (4.3,10.3) * 15.13 27.03 (16.3, 44.8) *
Perceived body shape 6.31 2.57(2.1,3.2) * 25.89 5.30 4.1, 6.8) *
Body weight description 3.47 4.02 (2.8,5.7) * 10.77 14.30 (9.4, 21.7) *
Feeling fat 2.41 1.99 (1.6, 2.5) * 429 3.12(2.5,3.9*
Youth weight-related quality of life . "
(YQOL-W) 0.46 0.97 (0.96, 0.98) 0.28 0.95 (0.94, 0.96)
Behavioral Factors
Healthy lifestyle priorities 0.87 0.82(0.6,1.1) 0.82 0.75 (0.6, 1.0) **
Physically active 0.88 0.88(0.7,1.1) 0.79 0.79 (0.6, 1.0) **
Fast food consumption 0.97 0.97 (0.7, 1.3) 0.73 0.68 (0.5, 0.9) **
Eats breakfast 0.87 0.70 (0.4, 1.2) 0.73 0.47 (0.3, 0.8) **
Weight control behaviors 1.46 5.19 (2.0,13.2) * 1.64 8.88 (3.7, 21.5) *
Exercises 1.37 1.99 (1.3,3.1) ** 1.41 212(14,3.2)*
fofc?: less, few calories, low-fat 147 2.15(14,3.3) * 152 2.32 (1.6, 3.4) *
Fasting 1.00 0.99 (0.5, 2.0) 1.18 1.68 (0.9, 3.1)
Diet pills, powders, or liquids 0.97 0.86 (0.3, 2.6) 1.11 1.64(0.7,4.1)
Restrained eating behaviors " "
(DEBQ-R) 1.70 1.86 (1.4, 2.4) 2.08 2.35 (1.8, 3.0)
Socio-environmental factors
Perceived parental concern 115 112 (09, 1.3) 1.76 1.56 (1.3, 1.8) *
regarding weight
Perceived parent body shape 1.88 1.49 (1.3,1.7) * 2.34 1.71 (1.5, 2.0) *
Mother healthy values 0.94 0.92 (0.7, 1.2) 0.97 0.96 (0.7, 1.2)
Father healthy values 0.93 0.92(0.7,1.2) 1.21 1.22 (1.0, 1.6)
Home availability of healthy foods 0.94 0.96 (0.7, 1.3) 0.97 0.98 (0.7, 1.3)

1 Standardized odds ratios; ! Healthy is reference category for comparison between BMI groups; © Adjusted for
age, gender, race/ethnicity, and country; * p-value < 0.001; ** p-value < 0.05; significant results are in bold.

Table 5 presents the logistic regression results for the psychosocial, behavioral, and
socio-environmental factors, stratified by sex. Some important differences are observed by sex.
For example, overweight or obese boys are more likely to report dissatisfaction with their body image
(OR =1.81 and OR = 3.21, respectively) than girls (OR = 1.59 and OR = 2.78, respectively). However,
the presence of depressive symptoms is significantly greater among overweight and obese females
(OR =1.14 and OR = 1.16, respectively) but not among males. Girls are also more likely to perceive
themselves as overweight or obese and “feel fat” (OR = 8.91 and OR = 34.28, respectively) than boys
(OR =7.14 and OR = 32.28, respectively). Obese females are significantly less likely to be physically
active (OR = 0.72) and eat breakfast than healthy-weight females (OR = 0.40), but this association was
not found to be significant among males. Overweight or obese males are more likely to engage in
weight control behaviors (OR = 13.77 and OR = 12.69, respectively) than obese females (OR = 8.02),
especially exercise (OR = 2.67 and OR = 2.59, respectively) and eating less/few calories/low-fat foods
(OR = 3.40 and OR = 2.93, respectively). However, obese girls are significantly more likely to consume
diet pills, powders or liquids (OR = 9.59) than boys (Table 5). All the aforementioned results had a
p-value of <0.05, which was considered statistically significant.
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Table 5. Association between psychosocial, behavioral, and socio-environmental factors and overweight
or obesity, by sex (1 = 633).

Female Male
Overweight ' Obese ' Overweight ' Obese '
OR (95% CI) ® OR (95% CI) OR (95% CI) ® OR (95% CI) ®
Psychosocial Factors

Body image dissatisfaction 1.59 (1.2, 2.2) ** 2.78 (2.0,3.8) * 1.81(1.3,2.5) * 3.21(2.3,4.5) *
Depression symptoms (CDI-S) 1.14 (1.0, 1.3) ** 1.16 (1.1,1.3) * 1.00 (0.9,1.1) 1.07 (0.97,1.2)
Self-perception regarding weight 8.91 (4.5,17.5) * 34.28 (16.1, 73.1) * 7.14 (3.7,13.9) * 32.28 (15.1, 69.0) *

Perceived body shape 3.43 (2.4,4.9) * 7.07 (4.7,10.6) * 216 (1.7, 2.8) * 445(3.2,6.1) %

Body weight description 445(2.7,73) * 12.94 (7.3, 23.0) * 3.87(2.3,6.4) * 17.37 (9.2, 32.7) *

Feeling fat 2.02 (1.5,2.7) * 3.15(23,4.3) * 225 (1.6,3.1) * 3.53 (2.5,4.9) *
Youth weight-specific quality of life . . o .
(YQOL-W) 0.96 (0.95,0.98) 0.95 (0.93, 0.96) 0.98 (0.96, 0.99) 0.96 (0.94, 0.97)

Behavioral Factors

Healthy lifestyle priorities 0.59 (0.4, 0.9) ** 0.75 (0.5, 1.1) 1.16 (0.8, 1.8) 0.76 (0.5, 1.1)
Physically active 0.76 (0.6, 1.0) 0.72 (0.5, 0.9) ** 1.01 (0.7, 1.4) 0.87(0.7,1.1)
Fast food consumption 1.12(0.8,1.7) 0.76 (0.5, 1.1) 0.85 (0.6, 1.3) 0.63 (0.4, 0.9) **
Eats breakfast 051(0.2,1.1) 0.40 (0.2, 0.8) ** 0.90 (0.4, 2.0) 0.50 (0.2, 1.0)
Weight control behaviors 3.00(0.9,10.5) 8.02 (2.4, 26.8) * 13.77 (3.2, 59.2) * 12.69 (3.3,49.2) *

Exercise 1.64 (0.9, 3.0) 1.88 (1.1, 3.4) ** 2.67 (1.4, 5.2) ** 2.59 (1.4, 4.7) **

Eat less, few calories, low-fat foods 1.53(0.9,2.7) 2.00 (1.2, 3.4) ** 3.40 (1.8, 6.5) * 2.93 (1.6, 5.4) *

Fasting 0.93 (0.4, 2.4) 1.77 (0.8, 4.0) 1.24 (0.4, 3.9) 1.67 (0.6, 4.6)

Diet pills, powders, or liquids 4.16 (0.4, 38.6) 9.59 (1.2, 76.7) ** 0.41(0.1,2.2) 0.54 (0.1, 2.0)
Restrained eating behaviors - . . .
(DEBQ-R) 1.69 (1.2, 2.4) 2.76 (1.9, 4.0) 2.22(1.5,3.3) 2.11 (1.5, 3.0)

Socio-environmental Factors

fvee‘i;e}i:'e‘i parental concern regarding 1.03(0.8,1.3) 1.50 (1.2, 1.9) * 1.21(09,1.5) 1.61(1.3,2.0) *
Perceived parent body size 1.47 (1.2, 1.8) * 1.67 (1.4, 2.0) * 1.56 (1.3, 1.9) * 1.83 (1.5,2.3) *
Mother healthy values 0.83(0.6,1.2) 0.81(0.6,1.2) 1.00 (0.7, 1.4) 1.12 (0.8, 1.6)
Father healthy values 0.78 (0.5, 1.1) 1.33 (0.9, 1.9) 1.05(0.7,1.6) 1.06 (0.7, 1.5)
Home availability of healthy foods 0.95 (0.6, 1.4) 0.96 (0.7, 1.4) 0.94 (0.6, 1.4) 0.99 (0.7, 1.5)

' Healthy is reference category for comparison between BMI groups; * Adjusted for age, race/ethnicity, and country;
* p-value < 0.001; ** p-value < 0.05; statistically significant results are in bold.

4. Discussion

The primary objective of this study was to examine the relevance of various psychosocial,
behavioral, and socio-environmental factors among overweight and obese youth in the US and Mexico,
and to determine differences by sex. We aimed to address gaps in the current research by studying
factors in distinct domains among an ethnically diverse, bi-national sample of youth. Our results
support the findings of other studies in the US that have examined similar factors within these three
domains [13-36]. However, as far as we know, our study is the first to explore the effects of multiple
psychosocial factors, behavioral, and socio-environmental factors on overweight or obesity risk in a
diverse sample of youth. By simultaneously examining all of these factors in one sample, we were able
to contrast the relevance of different risk factors in a single large group, rather than across various
studies, which may be difficult to compare. Additionally, to the best of our knowledge, this is one of the
first studies to shed light on the association between psychosocial, behavioral, and socio-environmental
factors and the presence of overweight or obesity among youth in Mexico and Latinos living in the US.

In our study, psychosocial factors, such as a higher rate of body image dissatisfaction, depressive
symptoms, self-perception of overweight, and a lower weight-related QOL, were most strongly
associated with overweight or obesity. These results are consistent with other studies, which
found a higher prevalence of these factors among overweight or obese youth, as compared to
healthy-weight youth [13-15,17,19,20]. We found that depressive symptoms are significantly associated
with overweight or obesity among girls but not boys. Inconsistent gender differences have previously
been reported for the relationship between depressive symptoms and obesity [14,17]. These mixed
results could be attributable to variations in study design or assessment of depression [54], or due to
the characteristics of the study sample. A meta-analysis of 17 studies concluded that depression is
positively associated with BMI but only among females [54]. Interestingly, overweight or obese youths
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in Mexico did not report more depressive symptoms than healthy-weight youths, unlike obese youths
in the US, who did report more depressive symptoms than healthy-weight youths. Our findings also
indicate a higher prevalence of depressive symptoms among youths in Mexico than in the US.

In terms of self-perception regarding weight, overweight or obese girls were more likely to
perceive themselves as overweight or obese than boys. Similar differences have been observed with
adolescent girls being more likely to perceive themselves as overweight or obese than boys [13].
A recent study investigated brain activation using functional magnetic resonance imaging during a
body perception task in healthy males and females. They found that images of their own bodies were
more salient for the female participants and concluded that females may be more vulnerable than
males to conditions involving own body perception [55]. Youths in Mexico reported higher scores for
all the “self-perception regarding weight categories”, than youths in the US. Obese adolescents have
been shown to report a lower QOL [20], which was also found in this study, with overweight or obese
youth reporting significantly lower weight-related QOL than healthy-weight youth. Additionally, the
weight-related QOL reported by overweight or obese youths in Mexico was lower than in the US.
Notably, self-reported QOL is lower in Mexico than in the US., regardless of weight status.

The multivariate analyses indicate that obese youth were less likely to have healthy lifestyle
priorities, be physically active, or eat breakfast. However, when stratified by sex, only obese females
were significantly less likely to engage in physical activity. Obese and overweight youth were twice as
likely to report that they exercise for weight control, compared to healthy weight youths. There are
contradictory findings regarding the effect of physical activity by gender, with one study showing a
protective effect only among boys [14] and another only among girls [22]. By contrast, eating breakfast
has shown a consistent protective effect for boys and girls in various studies, across different ethnic
groups [14,26,27]. Our results also indicate that obese youth are less likely to consume breakfast, but
when stratified by sex, this association only remained significant among obese females.

We found that obese males are less likely to report that they eat fast food, as compared to
healthy-weight males. Additionally, overweight or obese youths in Mexico are less likely to eat fast
food than their counterparts in the US. Previous studies have reported a negative association between
eating fast food and obesity among males [27] and females [14,27]. However, other researchers have
found that fast food consumption is associated with increased risk of obesity [28,29]. When relying
on self-reported behaviors, there may be a higher likelihood of over reporting of socially desirable
behaviors, which could explain the inverse association between fast food consumption and obesity
observed in this study. Several weight control behaviors were also significantly associated with
overweight and obesity in this study. There was a stronger association between weight control
behaviors and BMI among males compared to females. Unhealthy weight control behaviors have been
shown to predict weight gain in boys and girls [14,15,17,22]. Restrained eating was also found to be a
risk factor for obesity in our study, which has previously been reported in other studies [17].

Socio-environmental factors were found to have the least significant associations with overweight
or obesity. In this study, obese youth were more likely to believe that their parents are concerned about
their weight, which has been previously reported in the literature [14,36]. Parental obesity has also
been examined in various studies because children of obese parents may be at greater risk for obesity
due to shared genetic and environmental factors [17,56]. In this study, youth who perceived their
parents as heavier were more likely to be overweight or obese. Although parental health values and the
availability of healthy foods at home have been reported to be significant in other studies [30,31,34,35],
no significant associations were found in this study.

This study has some limitations, including that it is cross-sectional, and thus, no conclusions
about the direction of causality can be made and there is a possibility of reporting bias. Participants
were recruited by means of convenience sampling and might not be representative of their respective
weight groups. Additionally, this is an exploratory study with a limited sample size for the participants
in Mexico. Future studies should be conducted with a larger sample size that will allow for a
higher significance threshold to be set for individual comparisons to compensate for the number of

671



Int. J. Environ. Res. Public Health 2019, 16, 1534

inferences being made. Other limitations include the specific measures that were collected using a
self-reported questionnaire, a lack of validated measures, and the fact that some of the behavioral and
socio-environmental indices, e.g., “healthy lifestyle priorities,” “physically active,” “mother/father
healthy values,” or “home availability of healthy foods”, were created based on a limited number of
variables and should be interpreted as preliminary findings. The information provided by the study
participants was of a quantitative nature, so we were unable to determine the reason for some of the

”ou

differences observed by sex or country of origin. Future studies should collect more qualitative data to
investigate these differences. A strength of this study is that it explored the issue of overweight and
obesity among an ethnically diverse group of youth in the US and Mexico, including African Americans
and Latinos, who are disproportionately affected by obesity. Additionally, this study examined a
breadth of risk factors that have not been analyzed in a comprehensive and comparative manner.
Although some of the indices we created to measure eating behaviors do not have a high reliability
score, the associations we observed support the expected relationships, especially when obesity is the
main outcome variable. The use of indices in this study to combine various factors also allowed for a
robust analysis of complex concepts.

5. Conclusions

The results of this bi-national study highlight some of the differences and similarities in
various psychosocial, behavioral, and socio-environmental factors among a multiethnic sample
of healthy-weight, overweight, and obese youths. We hope our findings help to demonstrate the
importance of considering a wide range of risk and protective factors for obesity among adolescents,
when planning future studies and interventions. Additionally, our results support the need for
multifactorial approaches when developing interventions to address the growing problem of obesity
among youth in the US and Mexico. Intervention programs should use an integrated approach that
addresses several of these factors to help to reduce the alarmingly high rates of obesity among youth in
the US and Mexico. More research is needed on how these factors may interact with each other to cause
obesity, since many are interrelated. Our study paves the way for future studies to focus on adopting a
transdisciplinary approach to identify and address important risk factors for obesity among youth.
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Abstract: This study aimed to evaluate the impact of a physical-sport education pilot programme
on adolescents” subjective well-being (health-related quality of life, positive affect and negative
affect), trait emotional intelligence and social anxiety. The programme was based on the pedagogical
sport education model within a quality physical education framework, and approached from the
perspective of social and emotional learning. Participants were 113 compulsory secondary education
students aged 12-15 years that were assigned to a control group (1 = 44) and an experimental group
(n = 69). A quasi-experimental design with repeated pre-test and post-test measures was used.
Bonferroni correction was applied for multiple comparisons. The preliminary results obtained in
this investigation revealed that the physical-sport education pilot programme promoted significant
improvements in a specific indicator of subjective well-being and trait emotional intelligence in the
experimental group. These encouraging findings support the pedagogical efficiency of the programme
with regard to the programme aim. The findings also highlight the feasibility and appropriateness of
the programme in terms of an innovative teaching proposal.

Keywords: physical education; social and emotional learning; sport education model; subjective
well-being; trait emotional intelligence; social anxiety

1. Introduction

In the education field, physical education is a subject that can contribute to improving the
well-being and health of children and adolescents. The concept of quality physical education, which is
understood as an interrelated system of inclusive and active teaching and learning, must be considered
a key framework for integral approaches (i.e., education and health) [1]. It can also be seen as a
physically active teaching and learning experience that can positively impact students” psychomotor
abilities, cognitive comprehension and social and affective aptitudes [2]. Moreover, in our view, quality
physical education could be grouped in the social and emotional learning category.

Quality physical education aims to achieve an integral education commitment [3,4] that allows
students to be physically literate [5,6]. Physical literacy is the pillar of quality physical education,
and can be defined as the motivation and cognitive, physical and affective competence necessary to
encourage and preserve an active attitude in life, enabling a positive development of the aptitude to
achieve, understand and use decisions about one’s health efficiently [7]. Students who are physically
literate intrinsically value their own psychomotor capabilities, as well as the contribution of these
abilities to well-being and health [6].

The connection between health and physical activity is widely accepted [8,9]. However, the effects
of physical activity on health in the educational context should be deepened through experimental

Int. ]. Environ. Res. Public Health 2019, 16, 1821; doi:10.3390/ije6Th16101821 www.mdpi.com/journal/ijerph



Int. J. Environ. Res. Public Health 2019, 16, 1821

studies. Designing teaching and learning processes in this area will support physical, psychological,
emotional and social development [10].

The synergy between the practice of physical-sport activity together with physical and
psychological health is a gradually growing interest area for education researchers [11-14]. Moreover,
different investigations in the education framework of the evolution of quality physical education have
emphasised the need for methodological change [4,15]. Several pedagogical models share the same
features [16].

This study is based on quality physical education, manifested through a specific sport education
model [17]. Sport education is a pedagogical model that uses essential features of sports (seasons,
competitions, membership, data register, culminating event and festivity), and aims to achieve the
inclusive goal of all students living real and meaningful sport experiences in physical education.
In addition, this model aspires to develop competence, enthusiasm and a physical-sport culture in
students [18].

The pedagogical potential of the sport education model, if correctly implemented [19], results
in benefits at a physical level [20-22]. Similarly, it has been shown to have a positive impact on
psychological variables in adolescents. These positive benefits include: basic psychological needs [23];
improvement in competence [24] and the feeling of belonging to a group [25]; decrease in attitudes
towards violence and improvements in social responsibility and participants’ relationships [25,26];
more self-determined behaviour [27]; improvements in friendship and sport goals [24]; decrease
in aggressive behaviour and improvements in friendship relationships [25,28]; positive changes in
the perception of the social climate [29]; improvement in social relationships [30]; improvement in
trait emotional intelligence and motivational mediators [31]; and improvement in sport culture and
enthusiasm. However, no benefits in terms of life satisfaction have been found [32]. By making use of
sport, these studies provide evidence of a meaningful and positive impact on the psychological and
physical development of the school-age population [11,33].

Health is generally determined by several physical-biological, psychological and social
indicators [34]. Therefore, good health is a fundamental dimension in personal and social progress,
and an important sphere in quality of life [35]. Approached from the perspective of positive health,
a state of wellness encourages individuals to reach complete social and psychological development [36].

The World Health Organization (WHO) aims to promote physical and psychological health [34]
that supports a good quality of life [37]. The construct of subjective well-being is among the factors
that affect health. Consequently, research on the influence of subjective well-being in different social
and educational contexts has received increasing attention in recent decades [38]. Subjective well-being
comprises two main factors: a cognitive aspect (satisfaction with one’s own life) and an affective aspect
(positive and negative affect) [39,40]. The cognitive side of well-being reflects the assessment of how
individuals process information in their lives [41]. The affective side of well-being implies a hedonistic
individual balance; that is, how often individuals experience positive and negative emotions [39,40].

Recent research has focused on studying the effects of positive psychological variables on personal
and social development [42]. These studies have been categorised as positive psychology [43].
Emotional intelligence is a positive variable that currently has broad support because of its close
connections to subjective well-being and physical and mental health [38,44,45].

Variables such as social anxiety have a negative effect on subjective well-being [46]. In this sense,
social anxiety can be defined as a person’s constant fear of one or more social or performance situations,
in which they are exposed to unknown persons or the possible scrutiny of other people [47]. Social
anxiety has a negative impact on subjective well-being in adolescents because of the anguish individuals
may feel [48], which in turn may negatively affect the quality of their interpersonal relationships [49,50].

We consider that education should promote social and emotional learning, which the WHO
defines as a heterogeneous set of life skills, as this is a potential factor that supports and encourages
mental health [51]. Scholars in favour of this teaching proposal argue that emotional education may
also promote public health [52,53], because it’s ultimate goal is improvement of the general quality of
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health and well-being in citizens. In the school context, many researchers claim that a key purpose of
education is to improve peoples’ lives so that they can reach an optimal degree of personal happiness
and well-being in adulthood [54]. This suggests that a healthy pedagogical and psychological school
environment may facilitate students’ positive adjustment; therefore, such an environment is essential
for the development of well-being in children and adolescents [55].

The theoretical and practical justification for this study was rooted in the work of various authors
who developed educational interventions based on the sport education model and recommended that
further research should evaluate the impact of this model on the promotion of optimal personal and
social development [25,26,56,57]. In this sense, Metzler’s [16] contributions are very relevant, stating
that a sports model teaching program is mainly focused on different domains [16]: affective, cognitive
and motor. In line with this statement, our study focuses on the affective domain. We agree with
several previous authors [39,40] that subjective well-being is a key variable that influences balanced
personal and social development. In addition, the existing relationship between subjective well-being
and trait emotional intelligence suggests that it is necessary to further explore this topic. Social anxiety
generates inappropriate social relationships in adolescents [46,48]. Given the positive effects of the
sport education model on social relationships [30], it is possible that such interventions may reduce
social anxiety.

This study aimed to evaluate the impact of a pilot programme based on the sport education
model on the three variables: subjective well-being, trait emotional intelligence and social anxiety.
The hypotheses focused on the assumptions that the programme will result in improvements in our
participants’ subjective well-being (Hypothesis 1), trait emotional intelligence (Hypothesis 2) and
social anxiety (Hypothesis 3).

2. Methods

2.1. Participants

This study used non-probability incidental or accessibility sampling. The sample comprised
113 students in compulsory secondary education aged 12-15 years (mean age (M) = 13.82 years,
standard deviation (SD) = 0.79 years). The research was conducted in a state school with students from
five class groups. The control group comprised 44 students (two class groups) and the experimental
group included 69 students (three class groups). The experimental and control group assignment was
based on a cluster-randomised controlled trial. The gender distribution was 64 (57%) boys and 49
(43%) girls (Table 1).

The main inclusion criterion was parental consent. The exclusion criteria were: (a) attending
less than 80% of the sessions of the intervention programme (less than 13 sessions); (b) students with
special educational needs associated with intellectual disability; and (c) students that were removed
from school for disciplinary reasons.

Table 1. Sex and age of the sample.

n %
S Male 64 57
ex Female 49 43
12 42 37

13 45 40

A

8¢ 14 23 20
15 3 3
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2.2. Procedure

We requested the collaboration of the educational centre (Spain) in this study. The management
board of the participating school was contacted to obtain their approval and authorisation for the
study. Permission was also obtained from the families of the participating students, and from the
teaching staff and school council. This study respected the relevant ethical values and guaranteed
participants” confidentiality and anonymity. In addition, this study was developed in accordance with
the Declaration of Helsinki regarding human experimentation. The study procedures were conducted
in accordance with the Universidad de Castilla-La Mancha code of ethics.

This study used a quasi-experimental design with repeated pre-test and post-test measures and a
control group. The study was conducted over three stages. First, before the intervention began, the
assessment instruments (pre-test evaluation) were handed out for completion in the first 20 minutes of
two sessions, to avoid burdening the students. Next, the programme based on the sport education
model was implemented. The programme sessions took place during the second term of the school
year. Finally, the assessment instruments were completed a second time (post-test evaluation). The
independent variable was the intervention programme, and the dependent variables were subjective
well-being, trait emotional intelligence and social anxiety.

2.3. Measures

Four evaluation instruments were used to assess the variables in this study, under the psychometric
parameters of reliability and validity.

The Kidscreen-10 Index [58] was used to assess subjective health-related quality of life and
well-being. This 10-item scale was designed for children and adolescents aged 8-18 years. Each item
has five response options, ranging from ‘Never’ to ‘Always’ or ‘Not at all’ to ‘Extremely’. The 10 items
cover: affective symptoms of depressed mood; cognitive symptoms of disturbed concentration;
psychovegetative aspects of vitality, energy and feeling well; and psychosocial aspects correlated with
mental health, such as the ability to experience fun with friends or getting along well with others at
school. The adapted version of the questionnaire used in this study has adequate internal consistency
reliability (Cronbach’s alpha = 0.82) and test-retest stability (r = 0.73; ICC = 0.72) [59].

The Positive and Negative Affect Schedule [60] was used to assess participants’ positive and
negative affect. The Spanish version of this scale for children and adolescents was validated by
Sandin [61]. This scale comprises 20 items on two dimensions: positive affect and negative affect. Each
subscale contains 10 items. The questionnaire is completed by participants based on the way they
normally feel and behave. The scale has three response options: ‘Never” = 1, ‘Sometimes’ = 2, and
‘Many times’ = 3.

We used the Trait Emotional Intelligence Questionnaire Adolescents Short Form (TEIQue-ASF) [62]
(adapted into Spanish in its abridged version for teenagers by Ferrando and Serra [63]) to evaluate
trait emotional intelligence based on the theoretical model of Petrides and Furnham [64]. The 30 items
that make up the TEIQue-ASF are scored on a 7-point Likert scale (1 = ‘Completely disagree’ to
7 = ‘Completely agree’). The general emotional intelligence score of the total scale is obtained by
summing the 30 items.

Finally, participants completed the Social Anxiety Scale for Adolescents (SAS-A) [65]. The SAS-A
comprises 22 items; 18 items are self-descriptive and four are distracting elements that are not taken
into account for the score. The SAS-A contains three subscales: (a) fear of negative evaluation (eight
items), (b) anxiety and social avoidance before strangers or new social situations (six items) and (c)
anxiety and social avoidance in social situations in general (four items). Responses are on a 5-point
Likert-type scale from 1 ("Never’) to 5 (‘Always’). In addition, a global index of social anxiety (SAS-T) is
obtained by summing the scores for the items (excluding neutral items). High scores reflect high levels
of social anxiety [65]. The scale was adapted to the Spanish population by Olivares, Ruiz, Hidalgo,
Garcia-Lépez, Rosa and Piqueras [66]. Only the SAS-T score was used in this study.
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2.4. Intervention Programme

The physical-sport programme was completed following the sport education model structure [17]:
(1) season: lengthy didactic units; (2) membership: development of a team spirit and cooperation;
(3) regular competition: showing technical-tactical abilities; (4) data register: giving evidence of and
analysing the process that has been followed; and (5) festivity: a festive atmosphere. This highlighted
other important education aspects such as: cooperative learning; autonomy and personal initiative;
positive interdependence; and self-management of responsibility roles in conflict resolution (i.e., referee
and coach). This helped to make the sport experience more real and positive, including how students
transferred responsibilities by means of organisation roles (i.e., referee and scorer), team roles (i.e., coach
and physical trainer) and how sport content was modified when adapted to the students [17].

Hastie and Casey’s guidelines were followed for the design and validation of the programme [19]
(p. 423): (a) thoroughly detailed curricular elements; (b) precise certification of the applied model;
and (c) an in-depth explanation of the context of the programme. The intervention programme was
implemented in the experimental group following sequencing of content and activities in three stages
(initial, intermediate and final) over 16 sessions (Table 2).

Table 2. Sequencing of stages and activity sessions in the intervention programme.

Stage Session Sport Education Model

Introduction and presentation of the Sport Education Model with digital and
audio-visual support (ICT). Presentation and distribution of learning resources.

Initial 1-2 Division and organisation of classroom groups in teams (assignment of team
(Theoretical names with a didactic and cross curricular theme). Distribution and selection
Sessions) of responsibility roles.
Explanation for the self-design of learning resources on digital format (ICT).
3 Selection and assignment of anthems, badges, mascots and t-shirts representing
a team.

Practical implementation of the roles of each member of the teams. Learning of

Intermediate 4-7 technical-tactical elements and abilities: kicking-off, catching, moving,
(Practical throwing, defence and attack. Learning game rules.
Sessions) 8.9 Warming-up, training and friendly matches. Meetings for comprehension and

reflection with intervention of the responsibility roles.

10-14 Regular stage competition (Round Robin).

(Pfal?tial 15-16 Inter-class groups final competitions (final matches with class groups), final
Sessions) event, giving awards and diplomas.

This pilot programme was developed to reflect the teaching hours of the physical education
subject, which covers 16 55 minute sessions (2-3 sessions per week for 6 weeks). The total duration
was considered sulfficient to analyse the possible effects of the programme on the dependent variables,
as indicated by previous research [67].

The educational intervention applied to the experimental group consisted of a didactic unit that
used an alternative sport, called ringo [68,69]. Ringo is an alternative, modified and reduced sport of
divided court and net. It is played with a hoop (ringo) and a volleyball net. The objective is to score
when the ringo falls on the opposite court (Figure 1). In this pilot programme, the application of an
alternative sport that was novel and unknown to students meant that everyone started with the same
theoretical and practical sports knowledge, and there were few initial differences in their levels of
technical-tactical sports skill. Alternative sports are characterised by being motivating, cooperative,
socialising and adapted to participants’ characteristics. The selection and organisation of teams (five
teams per classroom) was developed by drawing lots. In addition, different responsibility roles were
assigned to participating students: player; referee; coach—captain; physical trainer; person responsible
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for statistics and reports; and member of the discipline and organisation committee. An essential rule
in the development of the pilot programme was that all students would actively participate in the
programme with the assignment of two roles (player role and another responsibility role). The pilot
programme also used various learning and curricular resources (self-designed portfolio, worksheets
and reports) that had been used by other authors [70].

]
¢ o
A 4 A C A
S | | 1
- T A A
o - s i o
— 8 A
® i) A 4
‘ Team 1 (player) () Team3 (player) . Team 5 (referee) S ST # Eingo
) Team 2 (player) L\l Team 4 (player) == = Yolleyball net —— — Court

Figure 1. Practical session of the intervention programme.

For the control group, a didactic unit of traditional collective sport with a conventional teaching
style was developed [71]. This traditional teaching model aimed to improve students” technical motor
skills only. In the teaching—learning process, the teacher assumed a managerial role and the students
adopted passive individual roles limited to following the directive instructions of the teacher. This
intervention consisted of 12 55 minute sessions (two sessions per week for 6 weeks). The first nine
sessions were aimed at learning the technical fundamentals of basketball (pot, dribbling, passing,
throwing and receiving) through a task assignment teaching style [71]. These traditional sports sessions
were based on a 10 minute warm-up, 40 minute main session that included explanations and basketball
practice and a 5-minute warm down in which stretching was performed. During these sessions,
all tasks were directed by the teacher without students’ participation. The last three sessions were
dedicated to team competition.

Two compulsory secondary education teachers, both with advanced degrees in Sports Science
participated in this research. The first teacher (with a Master’s of Science in Psychology) participated in
the design and implementation of the pilot programme. The second teacher developed an intervention
based on the traditional model. Both teachers received a 10 hour training course on the specific
theoretical and practical aspects of each teaching model. In addition, supervision and tutoring was
provided by a researcher expert in the sports education model and a researcher expert in the traditional
education model. This tutoring consisted of: (a) session-by-session analysis during the intervention
programmes; (b) telephone conversations and emails to resolve doubts, concerns and problems; and (c)
weekly visits to the teaching centre. In these visits, the experts visited the centre randomly, without prior
notice, with the objectives of: verifying that there were no gaps between what was planned and what
was implemented, and checking that the teaching models were applied with all of their characteristics.

2.5. Data Analysis

After fulfilment of the requirements of normality and homoscedasticity was verified, we examined
the distribution of the data for a univariate normality analysis. The results showed asymmetry and
kurtosis values lower than 1.2. Next, we calculated the reliability coefficients (Cronbach’s alpha,
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composite reliability, average variance extracted and McDonald’s omega coefficient) to obtain reliability
evidence. Then, to determine the impact of the programme, descriptive analyses (mean and SD)
and analyses of variance (ANOVA) were performed with the scores collected in the pre-test stage.
Subsequently, descriptive analyses and analyses of covariance (ANCOVA) were used with post-test
scores to determine the impact of the programme on each of the variables. Bonferroni correction was
applied for multiple comparisons. For all analyses, a p-value <0.05 was considered to indicate statistical
significance. After application of Bonferroni correction, a p-value <0.012 was considered significant.

The effect size (yz) of the differences was calculated using partial eta-squared [72]. The effect
size was analysed based on four ranges: 0-0.009, negligible; 0.010-0.089, low-effect size; 0.090-0.249,
medium-effect size; and >0.250, big-effect size [72]. The data were analysed with SPSS version 24.0
(IBM Corp., Armonk, NY, USA).

3. Results

3.1. Reliability

In this study, we used well-established measures with appropriate psychometric properties
(Table 3).

Table 3. Reliability evidence of the instruments used (1 = 113).

Measures o CR AVE Q
KIDSCREEN 0.91 0.89 0.674 0.92
PANASN-PA 0.70 0.77 0.502 0.72
PANASN-NA 0.74 0.76 0.519 0.77
TEIQue-ASF 0.71 0.70 0.503 0.79

SAS-T 0.85 0.80 0.687 0.87

Notes: a = Cronbach’s alpha; CR = composite reliability, AVE = average variance extracted; Q = McDonald’s
omega index.

3.2. Effects of the Programme

The pre-test MANOVA results did not reveal statistically significant differences between the
groups prior to the intervention, Wilks” Lambda, A = 0.571, F (5, 108) = 0.739, p = 0.333, with a small
effect size (72 = 0.062, r = 0.11).

The ANOVA using the pre-test scores (Table 4) revealed no statistically significant differences in
any of the dependent variables before the programme began, except for a significantly higher score for
trait emotional intelligence in the experimental group compared with the control group. The size of
the effect was low for trait emotional intelligence (4 = 0.009). Applying Bonferroni correction showed
no significant differences in any of the variables.

Results from the pre-test—post-test MANCOVA revealed significant differences between the two
conditions, Wilks’ Lambda, A = 0.899, F (5, 108) = 5.295, p = 0.003, with an average effect size (72 = 0.267,
r=0.32).

Next, we performed ANCOVA for the dependent variables using the post-test scores. To assess the
magnitude of these differences, the effect size for each variable was calculated by partial eta-squared
(Table 4).

3.2.1. Effects on Subjective Well-Being

There was no significant improvement in post-test health-related quality of life in the experimental
group (Table 4). The experimental group did not show a significant increase in positive affect scores
after testing. We confirmed a significant decrease in post-test negative affect scores in the experimental
group (Table 4), with a medium effect size (u? = 0.123; partial eta-squared).

683



Int. J. Environ. Res. Public Health 2019, 16, 1821

3.2.2. Effects on Trait Emotional Intelligence

The analysis revealed significant improvements in trait emotional intelligence in the experimental
group after the programme, with a medium effect size (u? = 0.241) (Table 4).

3.2.3. Effects on Social Anxiety

There were no significant differences between the experimental and the control groups in SAS-T
scores (Table 4).

Table 4. Mean, standard deviation, analysis of variance, analysis of covariance and effect size for
differences in means (partial eta-squared) as a function of the experimental and control groups at
pre-test and post-test.

PRE-TEST POST-TEST

Measures "~ EypERIMENTAL CONTROL EXPERIMENTAL CONTROL

Mean (SD) Mean (SD) F P u? Mean (SD) Mean (SD) F p u?

KIDSCREEN

HRQL 35.18 (5.84) 35.09 (6.01) 1414 0697 0.001 36.94 (6.14) 35.04(599) 1975 0018 0.072
PANASN

PA 21.43 (3.90) 2002 (421) 3293 007  0.008 21.95 (2.78) 2033 (2.88) 5438 0017 0.144
NA 11.23 (3.54) 1158 (358) 0251  0.62  0.004 9.96 (2.95) 11.62(3.86)  7.044 0010 0.123
TEIQUE-ASF

TEI 4.82 (0.60) 458(0.64) 4368 004 0.009 5.02 (0.63) 452(0.53) 16394 0.000 0.241
SAS

SAS-T 261 (0.67) 264(0.68) 0040 084 —0001  2.38(0.63) 258(0.62) 3419 0062 0014

Note: HRQL = health-related quality of life; PA = positive affect; NA = negative affect; TEI = trait emotional
intelligence; SAS-T = Total Social Anxiety Scale; SD = standard deviation.

4. Discussion

This study evaluated the impact of a pilot programme based on the sports education model on
compulsory secondary education students” subjective well-being, trait emotional intelligence and
social anxiety.

The preliminary results obtained in this study revealed significant improvement of a specific
indicator of subjective well-being (NA) in the experimental group after the pilot programme. The
experimental group did not show a significant improvement in health-related quality of life when
compared with the control group. Our results are consistent with the findings reported in other
studies [32], which did not confirm significant benefits for life satisfaction among adolescents following
a sport education-based experience. Our findings also indicated that the programme showed a
significant decrease in negative affect, improving an indicator of the affective component of subjective
well-being (i.e., a decrease in negative emotions) [39,40]. These results partially verify Hypothesis 1,
and highlight the importance of further research in this context.

This is consistent with the findings reported in other studies [32], as previous studies established a
connection between physical activity and subjective well-being [73]. These findings are also consistent
with research that argues that active, inclusive and effective teaching and learning processes applied
within a quality physical education framework fosters a motivating school climate in affective and
psychological terms [1,74]. Pedagogical and methodological aspects highlighted by this intervention
pilot programme (e.g., cooperative learning, a feeling of membership to a team, positive interdependence
and self-management or autonomy/use of responsibility roles) could have influenced these results.
Furthermore, a motivating school context, enabled by the implementation of the sport education
model [31], may also strengthen affective bonding in adolescents [12].

Significant improvement in trait emotional intelligence was observed in the experimental group
after the programme, which confirmed Hypothesis 2. These results are also consistent with those
reported by other authors [31]. The relationship between trait emotional intelligence and subjective
well-being [38,45], as well as that between trait emotional intelligence and physical and psychological
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health [44], may trigger these improvements in adolescents. This indicates that good trait emotional
intelligence promotes positive emotional states and a reduction of negative moods, thereby positively
impacting well-being and health [45].

We found no significant improvement in students’ social anxiety, meaning that we could not
confirm Hypothesis 3. Although this is similar to the results obtained by different authors for social
relationships variables [23,24], our results contradicted the findings of other studies [25,26,28,30].
Further research on the effects of the sport education model is therefore necessary, especially given
the theoretical specificity of social anxiety and its incidence in social relationships among adolescents.
In addition, social anxiety can present opposing consequences. It can have positive effects on social
relationships for some individuals, whereas it can have negative effects on others, characterised by
anguish and social avoidance [65].

However, in our opinion this study has been very exhaustive in the evaluation methodology of
the intervention program (including the Bonferroni corrections). In this sense, we have not found any
study on the effectiveness of the sport education model that uses these statistical corrections. This fact
could be influencing the comparison of our results with those obtained in other similar researches on
the sport education model as a teaching model.

Despite these promising results, this study had some limitations. First, the sampling procedure
was chosen for reasons of convenience and not by random procedures. However, allocating students to
either the experimental or control group was performed randomly based on the class group to which
they belonged. Second, it would be necessary to increase the sample size to minimise potential biases
in the results and increase the generalisability. Third, the instruments used were self-reported, and
the results might have been influenced by bias related to social desirability in adolescents. It would
be necessary to use high-performance tests or hetero-evaluation to minimise such bias. Similarly,
differences in the trait emotional intelligence pre-test scores between the experimental and control
groups might have had an impact on our results. Finally, it is necessary to highlight the difficulties
encountered when following all of the recommendations for the implementation of the sport education
model [19]. Similarly, it would be necessary to include session analysis procedure in order to evaluate
if the main principles of the model were followed by the teachers [75].

Several aspects can be suggested regarding future lines of investigation, such as increasing the
number of participants and diversifying their sociocultural background. It may also be worthwhile
analysing the impact of the programme on other variables, such as academic performance and social
and school adjustment. Similarly, to study the effects on depression with the use of biological correlates
(HPA markers, cortisol immunitarian parameters, etc.). In addition, it would be interesting to conduct
a follow-up evaluation to assess the sustainability of the effects of the programme.

This study presents innovative contributions at both theoretical and practical levels. The theoretical
contribution is related to fact that the lack of physical activity can have a harmful effect on individual’s
health and is currently an important public health concern [76]. In this respect, United Nations
Educational, Scientific and Cultural Organization (UNESCO) [1] emphasised the importance of
fostering and promoting active behaviours [6] in all contexts, especially at schools. Consequently, it
should be noted that there is a positive connection between health and physical activity: sedentarism
is a major risk factor for mortality, which gives rise to concern about the prevalence of sedentarism and
socio-educative patterns of inactivity, especially in school contexts. At a practical level, our findings
may help teaching staff in their tasks at school, as they provide a tool that may be used in teaching
practice. In addition, the findings open up interesting fields of research in terms of the application of
sport education, especially in terms of its impact on psychological variables.

5. Conclusions

In conclusion, our findings suggest that the pilot programme stimulated some improvement in
adolescents’ subjective well-being and trait emotional intelligence, but did not impact social anxiety.
Therefore, on the basis of quality physical education and the social and emotional learning approach,

685



Int. J. Environ. Res. Public Health 2019, 16, 1821

the implementation of such programmes is recommended given the possible psychological benefits
for adolescents in the educational context. A commitment to sports and other physical-sport activity
options within a quality physical education framework, efficiently applied by means of relevant
pedagogical models (such as sport education), may play an important role in students’ integral
development [77,78].
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