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Abstract

Background: The co-occurrence of multiple interacting medical and psychological disorders is 
extremely common. A signifi cant association between allergic disease (ADz - e.g., asthma, allergic rhinitis, 
allergic dermatitis) and depression has been reported. 

Objective: Path analysis models using cross-sectional data were constructed to evaluate the inter-
relationships among underlying co-occurring factors known to impact depression in young adults. 

Method: 885 college students (21.80 ± 3.22 years old) completed an online survey assessing current 
ADz, sleep quality, pain/discomfort, Body Mass Index, stress, substance use, Internet addiction, physical 
activity, social support and depression. 

Results: Our fi ndings suggest that ADz is only one of multiple factors modulating depression. Six 
factors had signifi cant direct effects (all p < .05) on depression: female gender, sleep quality, pain/
discomfort, stress, Internet addiction, and social support. ADz, Body Mass Index, and substance use had 
only indirect effects (all p < .05). Social support was associated with better sleep, less depression and less 
stress. Physical activity had no measurable effect on depression. 

Conclusions: This study is the fi rst attempt to evaluate the complex interrelations between ADz, 
depression and co-occurring factors. The complex interactions between variables in the model highlight 
the need to study these factors conjointly. Future longitudinal studies are needed to determine the 
temporal order and to validate causal pathways.
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Abbreviations 

ADz - Allergic Disease (i.e., asthma, allergic rhinitis, 
allergic dermatitis); AR - Allergic Rhinitis; AUDIT - Alcohol 
Use Disorders Identifi cation Test Total Score; BMI - Body 
Mass Index; FTND - Fagerström Test for Nicotine Dependence; 
IPAQ - International Physical Activity Questionnaire; PA - 
Physical Activity; MET - Metabolic Equivalent of Task; PSQI 
- Pittsburgh Sleep Quality Index; SSSQ-6- the 6-item Social 
Support Questionnaire, Satisfaction score; CESD - Center 
for Epidemiologic Studies Depression Scale; YIAT - Young’s 
Internet Addiction Test.

Introduction

Depression is one of the most common mental health 
conditions [1]. It is characterized by a loss of positive affect 
with persistent symptoms including lack of self-care, poor 
concentration, anxiety, lack of energy, and loss of interest [2]. 
In 2011, 20.1% of U.S. adults reported depressive symptoms [3], 
with women more likely than men to suffer it (1.5 - 3 times) 

[1,4-6]. In 2016, adults aged 18-25 had the highest prevalence 
of major depressive episodes (10.9%) [1]. The economic burden 
of depression exceeds $210 billion per year, with less than half 
(45-47%) attributable to direct costs [7]. But, this cost can be 
seriously underestimated if the long-term personal burden 
of depression, such as reduced educational attainment, lower 
earning potential, increased chance of teenage childbearing, 
higher unemployment, and increased work disability are not 
taken into account [8]. Such long term personal burden has 
a more damaging impact on the young [9,10], (18-34 years) 
who experience the highest incidence (24%) [11] and highest 
cumulative prevalence of depression [12]. Further, the high 
incidence of depression combined with its current high relapse 
rate place emerging adults at particularly high-risk, with 
poorer psychosocial functioning, more severe chronic episodes, 
comorbid anxiety, and suicidality than any other age group 
[11]. Furthermore, although most patients with depression will 
not commit suicide, one third will make an attempt sometime 
during adolescence or young adulthood, and, 2.5% - 7% will 
commit suicide by young adulthood [13]. Depression increases 
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the risk for suicide by more than 15-fold [14]; further, increased 
depression severity increases risk for suicidality [15]. Suicide is 
a leading cause of death in the US; suicide rates increased by 
more than 30% from 1999 through 2016 [16]. Of great concern 
is the increase in suicide rate among young people (< 34 years 
of age) [17,18]. In 2013, suicide was the second leading cause 
of death for people ages 15-24 years, the second for ages 25-
34 years, the fourth for ages 35-54 years, the eighth for those 
aged 55-64 years, and the seventeenth for those ≥ 65 years 
[18]. It is speculated that the upsurge in depression rates over 
the past 10 -15 years [19-21], is the result of major societal and 
economic changes creating signifi cant stressors for emerging 
adults [22], such as lack of structure, poor time and disease 
management, instability of personal relationships, struggle 
for economic independence, and uncertainty about the future 
and one’s competence to handle it [23-25]. According to the 
Cooperative Institutional Research Program Freshman Survey, 
college students’ self-rated emotional health has been declining 
[26]. In 2017, 40.2% reported feeling so depressed “that it was 
diffi cult to function,” two-thirds (62%) reported experiencing 
“overwhelming anxiety,” nearly half (44.8%) reported more 
than average stress, and 11.6% reported tremendous stress 
[27]. Electronic media and the Internet in particular, have 
exacerbated stressors for young people. Internet usage in 
young adults and college graduates is pervasive [28]. Some 
researchers blame Internet use for the rise in depression [29-
32] and suicide[33,34], arguing that spending too much time 
using electronic devices prevents young people from engaging 
in face-to-face social activities that might help protect against 
depression [35-37]. The increase in Internet use has been 
linked to clinical symptoms of dependence that interfere with 
a person’s daily life, similar to gambling and drug dependence, 
leading to the recognition of Internet addiction as a psychiatric 
disorder associated with depression [38]. The link between 
Internet addiction and depression may be mediated by sleep 
disturbance or insomnia [30,39]. These fi ndings are pertinent 
here because college students experience insuffi cient and poor-
quality sleep, as well as growing levels dissatisfaction with 
their sleep [40-42]. Poor-quality sleep among young adults 
may be reaching epidemic proportions, with 73% of college 
students reporting sleep problems that include insuffi cient 
sleep, diffi culty falling asleep, sleep disturbances, and excessive 
daytime sleepiness [43,44]. Insomnia and sleep disturbances 
are considered to be core symptoms of depression;2 however, 
recent studies suggest a different causal pathway [45-47]. 
Specifi cally, the evidence shows a detrimental effect of poor 
sleep on emotional functioning (i.e., daytime mood, emotional 
reactivity and regulation) [48], suggesting that sleep diffi culties 
precede and trigger the symptoms of depression [45-47,49,50]. 
Depression is also associated with psychiatric and medical 
comorbidity, chronic pain, insomnia [49,51,52], impaired 
functioning, and suicidality [53,54]. For example, patients with 
persistent pain experiencing sleep problems at baseline had 
more than three times the risk of developing depression [51]. 
Untreated conditions such as allergy, pain, and insomnia have 
a tremendous impact on a person’s quality of life. Yet, there 
is evidence that emerging adults, particularly young men, 
access health services less often than any other age group: 
59% of young adults report having a usual source of care, and 

those without a regular source of care had signifi cantly lower 
utilization of outpatient services (except emergency room – 
ER visits), than those who have a regular source of care [55]. 
Young adults also have lower rates of health care utilization 
(83% vs.72%), lower rates of offi ce visits (67% vs. 55%), and 
a higher rate of ER visits than adolescents (12% vs. 15%) [55]. 
Further, poor-health practices and risky behaviors such as 
substance use increase during emerging adulthood [15,56], and 
have been clearly identifi ed as major risk factors for depression 
[57-59] and suicidality [60]. 

Most theoretical accounts of depression propose a diathesis-
stress model in which stressors may activate a diathesis or 
vulnerability, triggering a depressive event [61-65]. According 
to this view, there is a synergistic relation between the diathesis 
and stress which results in depressive symptomatology being 
greater than would be expected by their independent effects; 
that is, the effects are multiplicative. According to these models, 
vulnerabilities -- temperament, physiological, cognitive 
or genetic characteristics -- may negatively potentiate the 
effect of environmental stressors [64,65]. However, progress 
in understanding and treating depression as accounted by 
these models has been slow and challenged by methodological 
concerns [66]. Rather than vulnerabilities (e.g., temperament, 
attributional style, and specifi c genes), some argue, individual 
characteristics may function as plasticity factors, impacting how 
susceptible individuals might be to environmental infl uences 
[66]. Recently, a network perspective was proposed as a 
theoretical alternative to understand depression [67-69]. A 
network perspective assumes that depression is the result of 
direct interrelations among sets of symptoms. For example, 
symptoms (such as wheezing, runny nose, post-nasal drip) 
trigger other symptoms (like trouble with sleep, fatigue, 
and poor concentration) which, over time, lead to depressive 
symptoms and suicidal behaviors that further exacerbate 
stress, pain/ discomfort, and sleep. At the heart of the theory 
is the notion that symptoms of co-morbid conditions are 
causally connected through multiple mechanisms [69]. The 
presence of multiple interacting medical and psychological 
disorders is extremely common, and the link between mood 
disorders, particularly depression, and allergic disease (ADz - 
e.g., asthma, allergic rhinitis, and atopic dermatitis) is widely 
accepted [70-76]; however, the mechanisms underlying such 
associations are still not understood. 

ADz is a major cause of disability, health resource utilization, 
and poor quality of life for those who are affected [77]. Asthma 
is the most common chronic disease among children and 
young adults [77]. In 2011, 15.6% of Americans 15-34 years 
reported lifetime asthma [78]. The condition may worsen due 
to allergic rhinitis (AR), a common comorbid, underdiagnosed, 
and often undertreated condition [79,80]. Approximately 
80% of all patients with asthma have co-morbid AR [81]. 
Compared to those with asthma alone, patients with asthma 
and comorbid AR tend to have more asthma exacerbations, 
more visits to their primary care provider, more ER visits, 
and more hospitalizations [81]. It has also been shown that 
AR signifi cantly impacts all dimensions of sleep [81-84]; 
indeed, patients are considered to have moderate/severe AR if 
they experience sleep disturbance and/or impairment of daily 
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activities [81-85]. An association between ADz and insomnia 
has also been reported. For example, Meltzer [86], found that 
adolescents with severe asthma get insuffi cient sleep, have poor 
sleep hygiene, and experience clinically signifi cant insomnia. 
The data revealed a dose response pattern where adolescents 
with severe asthma were more likely to report insomnia than 
all other comparison groups: adolescents with no asthma, 
lifetime-asthma, mild, or moderate asthma [86]. In addition, 
compared to patients without asthma and/or AR, patients with 
asthma [87-90] and patients with AR are more likely to report 
symptoms of depression [70,72,74,81-85,91-95]. 

In recent years, numerous cross-sectional studies have 
shown a link between obesity and asthma [96-99]. Obesity is 
one of the most ubiquitous conditions worldwide [100]. In 2017, 
33.6% of college students in the US were overweight or obese 
[27]. Further, obesity has been associated with reduced quality 
of life and multiple other comorbidities including insomnia /
sleep disturbances [97,101,102,103], pain / discomfort [97,104] 
and depression [97,101,105,106], but not atopy [97,99]. 
Depression rates among obese individuals are 1.5-2 times higher 
than normo-weight individuals [105,107,108]; this increased 
rate is more evident among females [105]. There is evidence 
suggesting that depression may be an underlying mechanism 
linking increased Body Mass Index (BMI ≥ 25) and poor asthma 
control [98,109,110]. Given its high prevalence and impact on 
quality of life, identifying factors that may prevent or reduce 
the impact of depression is paramount; evidence suggests that 
social support [36,37,111,112] and physical activity (PA) [113-
115], are two promising protective factors in the prevention of 
future depression. 

The evidence suggests that depression is a multifactorial 
disorder. However, we found no published studies looking at 
the inter-relationships among factors known to concurrently 
impact depression such as ADz, sleep quality, pain/discomfort, 
BMI, stress, substance use, Internet addiction, physical activity, 
social support, and depression among emerging adults. The 
purpose of this exploratory study was to investigate these 
relationships utilizing multivariate modeling that allows for the 
simultaneous statistical examination of multiple relationships 
[116]. To address the objective of this study, we constructed 
seven quantitative models and tested them using multivariate 
techniques (i.e., structural equation modeling - SEM), which 
afforded us the opportunity to examine both direct and indirect 
effects of variables infl uencing depression. We hypothesized 
that 1) ADz is signifi cantly associated with depression only indirectly 
through its negative impact on sleep quality; 2) the impact of ADz on 
depression is also mediated by stress and pain / discomfort); 3) BMI is 
only indirectly associated with depression through its negative impact 
on sleep quality, increased pain / discomfort, and stress; 4) higher 
stress is directly and indirectly associated with higher depression 
through its direct negative impact on sleep quality and increased pain 
/ discomfort; 5) substance use is directly and indirectly associated with 
depression through its negative impact on sleep quality, increased 
pain / discomfort, and stress; 6) Internet addiction is directly and 
indirectly associated with depression through its negative impact on 
sleep quality and stress; 7) higher levels of physical activity and social 
support are directly and indirectly associated with better sleep quality 
and less stress, pain / discomfort, and depression.

Methods

Participants

A sample of 985 college students was recruited from a 
large university in the southwestern U.S. who completed the 
study to satisfy a class requirement. Participants were told 
the purpose of the survey was to study the lifestyle of college 
students. Thirty-nine non-traditional students ≥ 34 years of 
age were excluded, 46 records were excluded due to missing 
data to evaluate sleep, and 14 records were excluded for other 
missing data, yielding a total sample of 885 complete records. 
The sample’s average age was 21.80 (SD=3.22) years, mostly 
females (79.4%). The study was approved by the University 
Committee on Human Subjects. No personal identifi ers 
were collected and, after reading a description of the study, 
participants gave passive consent by proceeding to complete 
an online survey.

Measures

Depression was measured by the Center for Epidemiologic 
Studies Depression Scale (CESD) [117]. To prevent overlap and 
the potential infl ation of correlations, item 11 (My sleep was 
restless) was removed; thus scores in the CESD19 ranged from 
0 to 52. The CESD has good test-retest reliability and has been 
validated in various populations, including adolescents [118], 
(Cronbach’s  for the CESD19 was .917). A CESD score ≥ 16 
identifi es individuals with clinically relevant symptoms [117]. 

Allergic disease was ascertained by several questions: fi rst, 
students were asked “have you ever received a physician’s 
diagnosis of asthma (No or Yes); students who answered 
yes were asked if they “have been taking any prescribed 
medications or treatment for asthma” (No or Yes). Those who 
answered both questions positively were classifi ed as having 
current asthma (0-No or 1-Yes). Then, they were asked if they 
had been diagnosed with food allergies or allergies to airborne 
allergens such as dust mites, pet dander, mold, or pollen. 
Current allergy identifi cation was based on doctor-diagnosis 
of other allergies (i.e., dust mites, pet dander, mold, pollen, 
etc.) and a positive answer to either “Have you been prescribed 
medications to treat your allergy (ies)?” or “In the past month, 
did you take any over-the-counter allergy medication (such 
as Allegra, Benadryl, Claritin, Clarinex, Sudafed, and Zyrtec)?” 
(0-No or 1-Yes). A binary variable ADz (0-No or 1-Yes) was 
created by combining having current asthma and/or having 
current allergy. 

Sleep was measured with the Pittsburgh Sleep Quality Index 
(PSQI). The PSQI is a standardized, questionnaire composed of 
19 questions grouped into seven components (1: Subjective sleep 
quality, 2. Sleep latency, 3. Sleep duration, 4. Sleep effi ciency, 
5. Sleep disturbance, 6. Use of sleep medication, and 7. Daytime 
dysfunction) with high levels of consistency, reliability, and 
validity (Cronbach’s  for this study of .683) [119]. The PSQI 
was scored following the authors’ proposed algorithm [119] and 
the global score (0 – 21) was treated as a continuous variable 
(higher scores indicating worsening problems). A cut-off score 
> 5 has been recommended for clinical use as indicative of poor 
quality sleep [119]. 
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Pain / discomfort was assessed by a question from the 
Canadian Community Health Survey, “Are you usually free of 
pain or discomfort?” [120] (0-No or 1-Yes). Those who answered 
“No” were classifi ed as experiencing pain / discomfort. 

Obesity was measured as BMI calculated using self-reported 
height (in) and weight (lb) with the formula: [weight /height2 
]x 703. 

Stress was measured by the Inventory of College Students 
Recent Life Experiences [121]. The inventory is a self-report 
questionnaire consisting of 49 daily hassles rated on a four-
point Likert scale to estimate level of stress caused by daily 
life experiences over the past month. This inventory has shown 
high levels of consistency, validity, and reliability (Cronbach’s 
 for this study of .94). Total score is calculated by adding all 
items (range 49 – 196); lower scores indicate low level of stress; 
no clinical cutoff score has been established. Most studies with 
college students report a mean score of around 95, with higher 
scores for women than men [121-124].

Alcohol use. Binge or heavy episodic drinking was assessed 
using a single item from the Youth Risk Behavior Surveillance 
System [125]. Problem drinking was identifi ed with the Alcohol 
Use Disorders Identifi cation Test total score (AUDIT; range 
0–40) [126], a 10-item self-administered measure designed 
to identify problematic drinking behavior in the last 30-
days (Cronbach’s  for this study of .84). A cutoff score of ≥6 
successfully identifi ed 91% of the high-risk college drinkers 
[127]; compared to the traditional cutoff score of ≥8 that 
identifi ed only 82%.

Smoking and nicotine dependence were assessed with the 
Fagerström Test for Nicotine Dependence (FTND). The FTND is 
highly reliable, with scores ranging from 0 to 10; the higher the 
score, the more intense the physical dependence on nicotine 
(Cronbach’s  for this study of .70) [128-129]. 

Internet addiction was measured using Young’s Internet 
Addiction Test (YIAT) [14]. The YIAT consists of 12 questions to 
assess the effects of daily Internet use using a 5-point Likert 
scale (Cronbach’s  for this study of .90) [14]. A total score, 
ranging from 12 to 60 is calculated by adding all items. A score 
> 30 is suggested as indicative of problematic use, and one > 37 
as indicative of pathological use [14].

The International Physical Activity Questionnaire - short form 
(IPAQ) was used to assess physical activity (PA); it is a 9-item 
instrument consisting of six items reporting the number of 
days (frequency) and the number of minutes per day (duration) 
participants engage in PA during the last seven days. Due to a 
glitch, data on walking and sitting were lost. Thus, the PA score 
was calculated for vigorous and moderate activity as Metabolic 
Equivalent of Task (MET) minutes per week applying guidelines 
of the IPAQ research committee to the available data [130]. 
According to the scoring method, vigorous PA is equal to weekly 
PA expenditure multiplied by 8 METs, and moderate PA equals 
weekly expenditure multiplied by 4. A total MET weekly score 
was calculated by adding the METs for moderate and vigorous 
PA. This score has been used to classify individuals according 

to volume of activity as low (< 600 MET/min), moderate (600–
1,499 MET/min), and high (≥ 1,500 MET/min) [131,132]. 

Satisfaction with social support was measured with the 6-item 
Social Support Questionnaire [133]. Participants were asked to 
indicate the number of supporters, and to rate their level of 
satisfaction with the support provided using a 6-point Likert 
scale. The Satisfaction Score (SSSQ-6) was calculated by adding 
all ratings (range 6 - 36). Scores ≤ 33 are considered indicative 
of low satisfaction with available social support [35,134,135].

Procedure

All statistical analyses were performed using SPSS 24 and 
AMOS 24.0 (IBM Corp. Released 2016. IBM SPSS Statistics 
for Windows, Version 24.0. Armonk, NY: IBM Corp). Both 
univariate and multivariate normality was assessed for all 
observed variables (skewness and kurtosis), followed by proper 
transformations into Z-score. A series of binary variables were 
created by dichotomizing into groups students with and without 
(0 = No and 1 = Yes) ADz, and pain / discomfort. We examined 
the relationships between the predictors (i.e., ADz, BMI, alcohol 
and tobacco use, PA, and SSSQ-6) and the outcomes (i.e., sleep 
quality, pain / discomfort, stress, and depression) using 2 test 
for categorical measures and t-test for independent samples 
for continuous measures. Path-analytic techniques were used 
to test whether the effect of the predictors on depression was 
direct or indirect.

Mediation models

Based on evidence from the literature, seven mediation 
path models were constructed using AMOS 24.0 [136,137] 
(Figure 1). Model 1: The primary outcome was depression as 
CESD19 score, a continuous variable; having current ADz was 
the main predictor variable. Then, variables associated with 
depression were sequentially added in each model: Model 
2 - Pain / discomfort (mediator), Model 3 – BMI (predictor), 
Model 4 - Stress (mediator), Model 5 – alcohol and tobacco 
use (predictors), Model 6 – Internet addiction (predictor), and 
Model 7 – PA and SSSQ-6 (predictors). The participant’s gender 
was entered as a control variable, as it has been reported to 
have a moderating effect on depression [4-6], stress and sleep 
[138-139] and the relationship between sleep and BMI [138-
141]. Mediation analysis assumes both causal and temporal 

Figure 1: 
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relations and it has been used to attain a deep understanding of 
disease pathology and the mechanisms through which variables 
infl uence the condition [142]. When performed using strong 
evidence, prior theory, and with appropriate context, mediation 
analysis may provide the basis for future intervention research 
[142]. Bootstrapping was used to assess the direct, indirect, and 
total effects of the predictors on outcomes [143]. The models 
goodness of fi t was ascertained using 2 (p > .05, suggesting 
the absence of meaningful unexplained variance); however, 2 
is sensitive to sample size, thus we also used the ratio of 2 to 
df (2 / df – where a ratio smaller than 3 is considered indicative 
of an acceptable data model fi t). Furthermore, the Comparative 
Fit Index (CFI) and Standardized Root Mean Square Residuals 
(SRMR) were also used as evidence of model fi t. Values greater 
than .95 for CFI, and lower than .08 for SRMR are considered 
evidence of a well-fi tted model [144].

Results

Descriptive statistics for the variables in this study are 
shown in table 1. The sample was comparable to the student 
population in the psychology program, being mostly females 
(79.4% vs. 75.3% respectively), and Caucasian (58.1% vs. 55.9% 
respectively). One-hundred eleven (12.5%) students reported 
having current asthma, and 121 (13.7%) current allergy. Forty 
percent of those with “current asthma” also reported “current 
allergy” ( = .336; p < .001). About one fi fth of the students 
(20.7%) had either current asthma or allergy, and 5.5% had 
both. One fi fth (20.7%) of the students also reported pain / 
discomfort. Of the students who reported pain / discomfort 
(n=183), 27.3% had current ADz. Compared to students without 
ADz, signifi cantly more students with ADz reported pain / 

discomfort (18.9% vs. 27.3%, p = .013) and had higher PSQI 
scores (7.22 vs. 8.00, p = .002) which is indicative of poorer sleep 
quality. About one third of the students (35.3%) were either 
overweight or obese (BMI ≥ 25); and 13.6% were obese (BMI 
≥ 30). The overall mean CESD score (20-item scale) was 16.13 
(SD = 10.84), with 43.7% of the students showing some level 
of depression (CESD ≥ 16), and 18.9% scoring ≥ 26, suggesting 
severe depression. The average IDH stress score was 95.75 
(22.98), similar to levels reported in other college populations, 
with higher scores for women than men (97.31 vs. 89.72) [121-
124]. The top quartile of the IDH scores ranged from 109 – 184. 
As shown in table 1, students with depressive symptomatology 
(i.e., CESD ≥ 16) reported signifi cantly worst sleep quality (i.e., 
PSQI), more pain and stress, heavy drinking (i.e., AUDIT), 
tobacco addiction (i.e., FTND) and Internet addiction (all p < .05). 
They were also more likely to be female, have reported lower 
levels of PA (i.e., MET min / week) and being less satisfi ed with 
their social support (all p < .05). Similarly, compared to their 
peers without the conditions, students with current ADz, and 
those who experienced pain and discomfort had signifi cantly 
poorer sleep quality, higher level of depression (CESD19), and 
stress (all p < .05). In addition, students who experienced pain 
and discomfort were signifi cantly older, with higher BMI, and 
reported signifi cantly less satisfaction with their social support 
(p < .05). 

The PSQI mean score was 7.38 (SD = 3.34), 68.8% 
experienced poor sleep quality (score > 5). Most students 
reported restricted sleep; only 26.0% reported eight or more 
hours of sleep. Perhaps resulting from poor sleep, 24.0% of the 
students reported daytime dysfunction (score ≥ 2, range-0-3). 

Table 1: Sample characteristics and comparison between students with depression (CESD ≥16) and those without (CESD < 16) for study variables (i.e., Age, Female Gender, 
ADz, PSQI, Pain / Discomfort, STRESS, AUDIT, current smokers, FTND, MET min / week, and Satisfaction with Social Support. Values for t - test are shown as means and 
standard deviations (SD), and values for χ2 as frequencies and percentages (%).

CESD ADz Pain

≥ 16 < 16 Yes No Yes No

Variables N=885 n=387 n=498 p n=183 =702 p n=183 n =702 p

Age 21.80 (3.21) 21.63 (3.52) 21.94 (3.52) .138 21.86 (3.29) 21.79 (3.20) .801 22.51 (3.58) 21.62 (3.093) .002

Females 703 (79.4%) 159 (84.5%) 376 (75.5%) .001 159 (86.9%) 544 (77.4%) .005 143 (78.1%) 560 (79.8%) .627

ADz 183 (20.7%) 91 (23.5%) 92 (18.5%) .079

CESD19 16.39 (1.76) 14.63 (1.25) .040 2.08 (11.11) 13.67 (9.76) <.001

BMI 24.46 (5.23) 24.56 (5.60) 24.34 (5.13) .614 24.94 (5.60) 24.34 (5.13) .187 25.82 (6.46) 24.10 (4.80) .001

PSQI 7.38 (3.35) 8.81 (3.33) 6.27 (2.89) <.001 8.00 (3.74) 7.22 (3.21) .010 8.98 (3.67) 6.96 (3.11) <.001

Pain 183 (2.7%) 119 (30.7%) 64 (12.9%) <.001 50 (27.3%) 133 (18.9%) .013 - - -

STRESS 95.75 (22.97) 109.85 (21.40) 84.79 (17.55) <.001 100.37 (23.92) 94.54 (22.59) .002 102.76 (24.17) 93.92 (22.31) <.001

AUDIT 4.07 (4.50) 4.05 (4.59) 3.75 (4.22) .017 4.16 (4.14) 4.05 (4.59) .768 3.84 (4.21) 4.13 (4.57) .439

Current smokers 48 (5.4%) 27 (7.0%) 21 (4.2%) .075 10 (5.5%) 38 (5.4%) .889 15 (8.2%) 33 (4.7%) .068

FTND .242 (1.04) .32 (1.21) .18 (.88) .049 .25 (1.07) .24 (1.03) .891 .36 (1.23) .21 (.98) .129

YIAT 24.65 (8.23) 26.84 (9.01) 22.95 (7.13) <.001 25.55 (8.55) 24.42 (8.14) .098 25.82 (6.46) 24.08 (7.94) .295

MET min / week 973.06 (963.39) 870.08 (919.14)
1053.09 
(989.96)

.005 1069.07 (987.68) 948.03 (956.09) .130 863.82 (94.88)
1001.54 
(967.86)

.085

SSSQ-6 33.40 (4.11) 32.26 (4.72) 34.28 (3.32) <.001 33.14 (4.27) 33.47 (4.07) .335 32.79 (4.62) 33.56 (3.96) .040

ADz – current allergy or asthma; AUDIT - Alcohol Use Disorders Identifi cation Test; BMI – Body Mass Index; CESD – Center for Epidemiological Studies Depression; FTND 
- Fagerström Test for Nicotine Dependence; YIAT – Internet Addiction Test; Pain – Pain / Discomfort; PSQI – Pittsburg Sleep Quality Index; MET - Metabolic Equivalent of 
Task; SSSQ-6 – Satisfaction with Social Support. 
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One-fi fth (20.0%) reported taking sleep medication once 
a month (PSQI – Component 6), and 9.4% taking sleep 
medication once a week. Most participants reported sleep 
disturbances (97.3%); 19.8% reported loud snoring, and 8.0% 
reported experiencing long pauses between breaths at least 
once a month, both symptoms suggestive of sleep apnea. 
Further, students with ADz and those who experience pain and 
discomfort reported signifi cantly more sleep disturbances (p 
< .001) than their counterparts who reported no ADz or pain / 
discomfort. 

Reported ≥ 1 alcoholic drinks in the past month, 40.2% 
reported ≥ 1 episodes. Forty-eight students (5.4%) reported 
current smoking, only two reported smoking ≥ 10 cigarettes 
daily, most were classifi ed as light smokers (n=46, 95.8%), 
and only 3.4% had nicotine dependence (FTND ≥ 5). Almost all 
student (91.2%) had an account in a social networking site. The 
mean YIAT was 24.65 (SD = 8.23); with 20.1% of the students 
scoring > 30 (indicative of problematic use), and 6.1% scoring 
> 37, suggestive of pathological use [145].

Almost half (45.3%) of the students reported IPAQ < 600 
MET min/week; 29.2% between 600-1500 MET min/week 
258; and 25.5% reported >1500 MET min/week. There were no 
signifi cant differences in PA between students with ADz and 
those without the diagnoses, and between those in pain and 
those with no pain / discomfort (Table 1). There were, however, 
signifi cant differences in PA between males and females. As 
reported by others [146-148], females in our sample were 
signifi cantly less active than males (906.23 vs. 1231.21 MET 
min/week, p < .001). Females also reported signifi cantly more 
ADz (p = .005), more depression (p < .001), lower sleep quality 
(p = .05), and more stress (p < .001). On the other hand, women 
had lower rates of alcohol use (p = .002) than males. Overall, 
students in our sample reported low levels of SSSQ-6 (mean 
= 33.40, median = 35, range 0 - 36) [35,134,135]. SSSQ-6 was 
lower for males than females (32.65 vs. 33.59, p < .05). There 

were no signifi cant differences in pain / discomfort or smoking 
rates between males and females. Inspection of the correlation 
matrix shows bivariate correlations within acceptable 
range, that is r < .700 (Table 2) [144]. It is worth noting that 
depression (CESD19) had signifi cant positive correlations with 
female gender (r = .114, p<.01), Stress (r = .654, p <.001), PSQI (r = 
.443, p<.001), Pain / discomfort (r = .251, p <.001), ADz (r =.069, 
p< .05), FTND (r = .070, p < .05), and Internet Addiction (r = .283, 
p < .001), and negative correlations with MET (r = -.097, p <.01) 
and SSSQ-6 (r = -.282, p <.001). 

Mediation Analysis. Several alternative models were 
compared in terms of fi t and effi cacy in accounting for inter-
relationships among ADz, sleep quality, pain/discomfort, BMI, 
stress, substance use, Internet addiction, SSSQ-6, PA, and 
depression in emerging adults. Gender was entered as a control 
variable in all models. As shown in table 3, all models (Figure 
1) showed acceptable fi t (all 2 p > .05, the ratio of 2 to df all 
< 3, CFI all > .95 and SRMR all < .08) [144]; the differences in 
fi t indices were likely due to a greater parsimony (i.e., fewer 
parameters) of Models 1 – 6 relative to Model 7 (See Table 3). 
Model 7 fi ts the data well and includes the most important 
contributors to depression reported in the literature. Model 7 
accounts for 25.6% of the variance in sleep quality, 6.0% of the 
variance in pain, 18.6% of the variance in stress, and 49.3% of 
the variance in depression (Table 3). This model sheds light on 
the interactions among multiple factors, and may be helpful 
in the planning of future research looking for opportunities to 
treat and prevent depression in young adults with ADz and co-
morbid conditions.

Regression coeffi cients and a summary of direct, indirect, 
and total effects identifi ed in Model 7 are reported in table 4. 
The three most important factors predicting depression were 
stress (total effect of  = .594, direct effect of  = .512, and 
indirect effects  = .082, all p < .001), SSSQ-6 (total effect of  
= -.239, direct  = -.102, and indirect effects  = -.137, all p < 

Table 2: Correlation matrix for study variables.

CESD19 PSQI Pain ADz BMI STRESS AUDIT FTND YIAT MET SSSQ-6

Female .114** .066 -.016 .094** -.104** .134† -.121† -.022 -.025 -.136† .092**

CESD19 .443† .251† .069* .027 .654† .065 .070* .283† -.097** -.282†

PSQI .245† .095** .016 .444† .109** .069* .117† -.025 -.242†

Pain .084* .133† .156† -.026 .058 -.035 -.058 -.076*

ADz .047 .103** .010 .005 .056 .051 -.032

BMI .070* -.049 -.013 .012 -.033 .000

STRESS .110** .038 .327† -.079* -.235†

AUDIT .159† .042 .064 -.065

FTND -.072* -.087† -.032

YIAT -.083* -.201†

MET .088**

† p < .001 level
** p< .01 level
* p< .05 level
ADz – current allergy or asthma; AUDIT - Alcohol Use Disorders Identifi cation Test; BMI – Body Mass Index; CESD – Center for Epidemiological Studies Depression; FTND 
- Fagerström Test for Nicotine Dependence; YIAT – Internet Addiction Test; Pain – Pain / Discomfort; PSQI – Pittsburg Sleep Quality Index; MET - Metabolic Equivalent of 
Task; SSSQ-6 – Satisfaction with Social Support.
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.001), and Internet addiction (total effect of  = .237, p < .001, 
direct effect of  = .087, p = .002, and indirect effects  = .150, p 
< .001). Being female had a signifi cant direct and indirect effect 
on depression (total effect of  = .147, p < .001, direct effect of 
 = .045, p < .05, and indirect effects  = .102, p < .001), a direct 
effect on stress ( = .172, p < .001) and, through stress, female 
gender had indirect effects on sleep quality ( = .071, p < .001), 
and pain / discomfort ( = .028, p < .001). Then the seven study 
hypotheses were tested with Model 7: 

Hypothesis 1: (ADz is signifi cantly associated with depression 
only indirectly through its negative impact on sleep quality). This 
hypothesis was not supported, we found no direct effect of ADz 
on sleep ( = .037, p > .05).

Hypothesis 2: (the impact of ADz on depression is also mediated 
by stress and pain / discomfort). This hypothesis was supported; 
ADz had a direct impact on pain / discomfort ( = .068, p < 
.05) and stress ( = .060, p < .05) that resulted in a signifi cant 
indirect effect on depression ( = .052, p < .05).

Hypothesis 3: (BMI is only indirectly associated with depression 
through its negative impact on sleep quality, increased pain / 
discomfort, and stress). This hypothesis was supported: the 
impact of BMI on sleep ( = .056, p < .001), and depression ( = 
.065, p < .05) was only indirect. Also as predicted, BMI showed 
signifi cant effects on pain / discomfort (total effect of  = .131, 
p < .001, direct effect of  = .117, p < .001, and indirect effects  
= .014, p < .05) and a small, but signifi cant effect on stress ( 
= .036, p < .05). 

Hypothesis 4: (higher stress is directly and indirectly associated 
with higher depression through its direct negative impact on sleep 
quality and increased pain / discomfort). This hypothesis was also 
supported, stress had a direct negative impact on sleep quality 
( = .387, p < .001) and pain / discomfort ( = .161, p < .001). In 
addition, stress was directly ( = .512, p < .001) and indirectly 
associated with depression ( = .082, p < .001). 

Hypothesis 5: (substance use is directly and indirectly associated 
with depression through its negative impact on sleep quality, 

increased pain / discomfort, and stress). This hypothesis was 
only partially supported. We found that high-risk drinking 
was indirectly associated to sleep ( = .036, p < .05), pain / 
discomfort ( = .017, p < .001) and depression ( = .064, p < 
.001) by having a negative impact on stress (direct effect  = 
.105, p < .001). However, contrary to our hypothesis, there was 
no direct impact of high-risk drinking on depression, sleep, or 
pain / discomfort (all paths tested, p > .05). Further, tobacco 
use was not signifi cantly associated to depression or any of the 
mediating variables (all paths tested, p > .05) but the small 
direct and indirect effects of tobacco use added up to a small 
signifi cant total effect ( = .072, p < .05) on depression.

Hypothesis 6: (Internet addiction is directly and indirectly 
associated with depression through its negative impact on sleep 
quality and stress). This hypothesis was only partially supported. 
Internet addiction had no direct impact on sleep quality, but 
had signifi cant indirect and total effects on sleep quality (total 
effect of  = .070, p < .05, direct effect of  = -.031, p >.05, 
and indirect effects  = .101, p < .001). As expected, Internet 
addiction had a signifi cant impact on stress ( = .287, p < .001) 
and depression (total effect of  = .237, p < .001, direct effect 
of  = .087, p = .002, and indirect effects  = .150, p < .001). In 
addition, Internet addiction had an unexpected positive direct 
impact on pain ( = -.102, p = .005), that was neutralized (total 
effect of  = -.056, p = .107) by the indirect effects mediated by 
stress ( = .046, p < .001).

Hypothesis 7: (higher levels of PA and SSSQ-6 are directly and 
indirectly associated with better sleep quality and less stress, pain / 
discomfort, and depression). This hypothesis was also partially 
supported. Contrary to our predictions, PA --as measured 
in this study-- had no measurable effect on sleep, pain / 
discomfort, or depression (all paths tested, p > .05). On the 
other hand, as predicted, SSSQ-6 was directly and indirectly 
associated with better sleep quality (total effect of  = -.225, p 
< .001, direct effect  = -.140, p < .001, and indirect effect  = 
-.085, p < .001) and less depression (total effect of  = -.239, 
direct effect  = -.102, and indirect effect  = -.150, all p < 
.001). Further, SSSQ-6 also had a direct effect on stress (direct 
effect  = -.181, p < .001) and only an indirect effect on pain / 
discomfort (total effect of  = -.083 p < .05, direct effect  = 
-.054, p = .145 and indirect effect  = -.029, p < .001). 

Table 3: Fit indices for Models Tested in Structural Equation Model Analyses.

Predictors Variance Explained Model fi t

BMI Substance use YIAT Protective Stress Pain PSQI CESD χ2 χ2 / df CFI SRMS AIC

1 - - - - - - .009 .201 2.916 2.916 .991 .0196 28.916

2 - - - - - .007 .066 .223 4.285 2.143 .992 .0167 4.285

3 + - - - - .024 .066 .223 3.647 1.824 .995 .0137 53.647

4 + - - - .032 .043 .232 .473 .825 .413 1.000 .0550 66.825

5 + + - - .050 .048 .237 .474 1.402 .496 1.000 .0052 105.402

6 + + + - .154 .056 .237 .483 1.870 2.385 1.000 .0055 127.870

7 + + + + .186 .060 .256 .493 3.030 1.5158 .999 .0053 179.030

Model 1 include having ADz as independent variable, PSQI, as mediating variable, and CESD as dependent variable. Variables added in each model: 2) pain and discomfort, 
3) BMI, 4) stress, 5) substance use (i.e., alcohol and tobacco use), 6) Internet addiction test (YIAT) and 7) protective factors (i.e., physical activity as MET and SSSQ-6). 
Gender was entered as a control variable in all models. A plus (+) sign indicates the variables were included in the model; a minus (-) sign indicates variables were not 
included in the model. CFI - Comparative Fit Index; SRMR - Mean Square Residuals; AIC - Akaike Information Criterion.
ADz – current allergy or asthma; AUDIT - Alcohol Use Disorders Identifi cation Test; BMI – Body Mass Index; CESD – Center for Epidemiological Studies Depression; FTND 
- Fagerström Test for Nicotine Dependence; YIAT – Internet Addiction Test; Pain – Pain / Discomfort; PSQI – Pittsburg Sleep Quality Index; MET - Metabolic Equivalent of 
Task; SSSQ-6 – Satisfaction with Social Support. 
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Discussion

The co-occurrence of multiple interacting medical and 
psychological disorders is extremely common, and the link 

between mood disorders, particularly depression, and allergic 
disease is widely accepted. Our goal was to explore the 
interrelations among the co-morbid conditions that previous 
research has linked to depression which include ADz, BMI, sleep 

Table 4: Regression coeffi  cients for Model 7 including standardized direct, indirect, and total effects for the predictor variables (i.e., ADz, BMI, alcohol and tobacco use, 
Internet addiction, PA as MET min/ week and Social Support), the mediating variables (i.e., sleep quality; pain/ discomfort, and stress) and the outcome variable (i.e., 
depression). Signifi cant effects are in bold.

Standardized Regression Coeffi cients: Direct, Indirect and Total Effects

Outcome Predictor β Direct SE CR p β Indirect p β Total p

PSQI Female - - - - .071 <.001 .071 <.001

PSQI ← ADz .037 .265 1.263 .263 .037 .018 .074 .032

PSQI ← BMI -.032 .100 -1.092 .276 .056 <.001 .024 .460

PSQI ← Pain .175 .259 5.85 <.001 - - .175 <.001

PSQI ← Stress .387 .119 12.089 <.001 .028 <.001 .415 <.001

PSQI ← AUDIT .055 .021 1.859 .061 .036 .004 .092 .004

PSQI ← FTND .03 .101 1.007 .333 .024 .138 .054 .098

PSQI ← IATS -.031 .014 -.993 .346 .101 <.001 .070 .049

PSQI ← MET .022 .098 .735 .472 -.015 .298 .006 .848

PSQI ← SSSQ-6 -.140 .119 -4.635 <.001 -.085 <.001 -.225 <.001

Pain ← Female - - - - .028 <.001 .028 <.001

Pain ← ADz .068 .035 2.068 .036 .010 .048 .078 .022

Pain ← BMI .117 .015 3.574 <.001 .014 .010 .131 <.001

Pain ← Stress .161 .015 4.534 <.001 - - .161 <.001

Pain ← AUDIT -.043 .003 -1.28 .198 .017 <.001 -.026 .439

Pain ← FTND .048 .015 1.428 .188 .006 .294 .054 .148

Pain ← YIAT -.102 .002 -2.917 .005 .046 <.001 -.056 .107

Pain ← MET -.042 .014 -1.257 .213 -.003 .548 -.045 .192

Pain ← SSSQ-6 -.054 .015 -1.589 .145 -.029 <.001 -.083 .022

Stress ← Female .172 .070 5.47 <.001 - - .172 <.001

Stress ← ADz .060 .078 1.968 .048 - - .060 .048

Stress ← BMI .086 .033 2.813 .010 - - .086 .010

Stress ← AUDIT .105 .007 3.379 <.001 - - .105 <.001

Stress ← FTND .039 .035 1.251 .294 - - .039 .294

Stress ← YIAT .287 .004 9.193 <.001 - - .287 <.001

Stress ← MET -.019 .031 -.622 .548 - - -.019 .548

Stress ← SSSQ-6 -.181 .039 -5.789 <.001 - - -.181 <.001

CESD ← Female .045 .573 1.798 .036 .102 <.001 .147 <.001

CESD ← ADz -.019 .647 -.772 .449 .052 .014 .033 .305

CESD ← PSQI .146 .091 5.264 <.001 - - .146 <.001

CESD ← BMI -.025 .273 -1.033 .338 .065 .005 .040 .229

CESD ← Pain .132 .652 5.252 <.001 .026 <.001 .158 <.001

CESD ← Stress .512 .338 17.713 <.001 .082 <.001 .594 <.001

CESD ← AUDIT -.014 .066 -.558 .612 .064 <.001 .050 .140

CESD ← FTND .037 .255 1.522 .133 .035 .119 .072 .025

CESD ← YIAT .087 .036 3.35 .002 .150 <.001 .237 <.001

CESD ← MET -.019 .269 -.774 .471 -.015 .457 -.034 .317

CESD ← SSSQ-6 -.102 .328 -4.003 <.001 -.137 <.001 -.239 <.001

ADz – current allergy or asthma; AUDIT - Alcohol Use Disorders Identifi cation Test; CESD – Center for Epidemiological Studies Depression; FTND - Fagerström Test for 
Nicotine Dependence; YIAT – internet Addiction Test, Pain – Pain / Discomfort; PSQI – Pittsburg Sleep Quality Index; MET - Metabolic Equivalent of Task min / week; SSSQ-
6 – Satisfaction with Social Support
β – Estimate; SE - standard error, CR – Critical Ratio, p – signifi cance level. Dashes represent empty cells or no information because the paths were not tested in the model.
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quality, pain/ discomfort, stress, substance use, and Internet 
addiction, as well as potential protective factors (i.e., PA and 
SSSQ-6). To asses this network of co-occurring factors and their 
connections, we constructed seven quantitative models and 
tested them using multivariate techniques (i.e., SEM), which 
afforded us the opportunity to examine both direct and indirect 
effects of variables infl uencing depression. To our knowledge, 
our exploratory study is the fi rst attempt at identifying 
potential factors involved in the relation between allergic 
disease and depression through multivariate data modeling. 
We used parsimonious, evidence-based, SEM to evaluate the 
causal pathways linking allergic disease and depression, while 
accounting for multiple potential contributing factors among 
emerging adults. Our fi ndings suggest that allergic disease 
is only one of multiple factors modulating depression. There 
were six factors impacting depression directly and indirectly: 
female gender, sleep quality, pain/discomfort, stress, Internet 
addiction, and SSSQ-6. ADz, BMI, and substance use also 
contributed to depression but only indirectly. Consistent with 
previous research, we found that stress was the most important 
contributing factor to depression. Stress impacted depression 
through multiple pathways: It had a direct effect on depression, 
but also indirect effects by having an adverse impact on sleep 
quality and pain / discomfort. Moreover, the effect of ADz on 
depression was also mediated by pain / discomfort and stress. 
Contrary to previous research, however, no direct association 
between ADz or BMI and sleep or depression was found. As with 
ADz, the effect of BMI on depression was indirect, associated 
to pain / discomfort and mediated by stress. In addition, the 
most important effect of high-risk drinking on depression was 
indirect, resulting from the effect of high-risk drinking on 
stress and its impact on sleep quality, pain / discomfort, and 
depression. As expected, Internet addiction had a signifi cant 
direct effect on stress and depression. However, contrary to 
previous reports, the relation between Internet addiction and 
depression was not mediated by poor quality sleep [30,39]. 
Instead, Internet addiction had only an indirect effect on sleep 
quality mediated by stress that further exacerbated depression. 
Also unexpectedly, PA --as measured in this study-- had 
no effect on sleep, pain / discomfort, or depression. Finally, 
consistent with earlier literature, SSSQ-6 was associated with 
better sleep quality, lower stress, and less depression. 

Because the interaction between participating factors is 
complex, studying the individual relationships between these 
variables is insuffi cient. For example, the bivariate analysis 
suggests that a signifi cant correlation exists between ADz and 
depression. Also, the SEM models 1 and 2 (Fig 1), show a direct 
link between ADz, pain / discomfort, and sleep quality. Further, 
as in Audino’s fi ndings [91], before considering the impact 
of sleep and pain / discomfort, ADz appeared to be the sole 
independent contributor to depression. However, results from 
the multivariate analysis (Model 7) show a complex picture in 
which poor sleep quality, pain/discomfort, high stress, Internet 
addiction, and lack of social support interact to increase the risk 
for depression, while ADz, BMI, and substance use had only 
an indirect effect. Our fi ndings, therefore, highlight the need 
to provide integrated effective care if we want to improve the 
quality of life of patients with multiple morbidities including 
allergic conditions (e.g., asthma, allergic rhinitis, allergic 

dermatitis) and associated comorbidities (i.e., overweight, 
poor sleep quality, pain/ discomfort, stress, substance use, and 
depression).

Multimorbidity among emerging adults

The prevalence of multimorbidity has increased recently in 
the general population. Both, the proportion of people affected 
and the number of co-occurring morbidities tend to increase 
with age. It has been estimated that 11.3% of adults ages 25 to 
44 have at least two co-morbid physical conditions, and that 
5.7% suffer co-morbid physical and mental health disorders 
[149]. There is evidence that co-occurring psychiatric and 
substance use disorders, for example, are associated with more 
functional impairment than either type of disorder alone [150]. 
Moreover, multimorbidity has a stronger negative impact in 
younger people [151]. During the transition into adulthood 
emerging adults must assume responsibilities known to impact 
their own well-being such as meal preparation, self-regulation 
of substance use, management of work and sleep routines, and 
in the case of students with multimorbidity, appropriate health 
care management. Managing multimorbidity is particularly 
challenging for young adults in view of the complexity and 
possible interactions between conditions, as well as the 
students’ constraints of time and resources. This is of great 
concern given that over one third of our students were 
overweight or obese and one fi fth of them reported suffering 
either asthma and/or allergy. In addition, 42.8% of the students 
were classifi ed as having symptoms of depression (CESD ≥ 16). 
The high rate of self-reported symptoms of depression in our 
students is similar to that reported by children and adolescents 
(42.8% vs. 20 - 50%) in epidemiologic studies [152] and similar 
to estimates using the CESD in college populations (36.8%, 
95% CI, 35.2–38.4) [153]. Further, more than two-thirds of the 
students reported experiencing poor sleep quality (PSQI > 5), 
and only 25.2% reported the recommended eight or more daily 
hours of sleep. These fi ndings are consistent with evidence 
from the literature showing changes in sleep architecture 
during adolescence and early adulthood resulting from both 
social and biological factors [140]. The evidence suggests that 
during this period of susceptibility, inadequate sleep can trigger 
a cascade of negative health events, including depression. 
College counseling centers report a signifi cant increase in the 
number of students seeking mental health services, as well 
as worsening of the severity of their conditions [26,154,155]. 
There is evidence that the self-rated emotional health of 
college students has been declining [26]. For instance, about 
half of the college students report feeling so depressed “that 
it was diffi cult to function,” and experiencing “overwhelming 
anxiety,” and high levels of stress [27]. Finally, students with 
ADz experienced more pain / discomfort, worst sleep quality, 
and more depression.

In addition, alcohol consumption has continued to increase 
in the US among all age groups [156], but young adults have 
consistently had the highest prevalence of alcohol use (80.1%), 
high-risk drinking, and dependence than any other group 
[156,157]. It is estimated that roughly one fi fth of alcohol users 
ages 18-29 meet DSM – IV criteria for alcohol use disorder 
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[156,157]. For college students, drinking is a rite of passage, 
part of the college experience [158]. Findings in our study show 
drinking patterns comparable to those obtained in national 
surveys, with most students reporting past-month drinking 
(70.2% vs. 63.2%), forty percent (40.2% vs. 37.9%) past-month 
binge drinking [159], and roughly one fi fth indicating possible 
alcohol dependence [156,157]. Positive alcohol expectancies are 
associated to increased drinking [160], particularly in a college 
setting [158,161]. For example, college drinkers reported both 
positive and negative consequences from drinking, but most 
(96.6%) reported at least one positive consequence such as 
“having a good time” and “feeling less stressed”, while 82% of 
drinkers reported at least one negative consequence [161]. The 
authors noted that positive consequences were associated with 
lower levels of drinking, a pattern not necessarily perceived 
by the students [161]. This mixed experience among drinkers 
may explain why drinking in this population does not appear 
to be directly related with depression. Cigarette smoking has 
changed signifi cantly in the last decades [162]. Consumption of 
cigarettes has decreased signifi cantly overall, and light smoking 
and smoking e-cigarettes have become the predominant forms 
of tobacco use among young adults [163]. The prevalence of 
smoking among our study participants was quite low (5.4%) 
and most smokers were classifi ed as light smokers (i.e., < 
10 cigarettes a day). Although occasional smoking and light 
smoking were previously considered transient behaviors, 
they are now a common social practice for college students 
[164]. There is some evidence suggesting that social-light-
smoking (i.e., smoking primarily in social contexts) may be 
growing among college students [164]. Interestingly, even 
though tobacco use was not -directly or indirectly- associated 
to depression or any of the mediating variables in this study, 
it had a signifi cant total effect on depression, which suggests 
that tobacco use has an effect on depression but it is diffi cult to 
detect in these data. 

The role of the Internet in the lives of young adults is clear. 
According to the Pew Center, among 18- to 29-year-olds, 39% 
are connected online almost constantly and 49% go online 
multiple times per day [165]. Almost all of the students in our 
sample had an account in Facebook or other social networking 
site. This ubiquitous use has consequences for the day-to-day 
lives of young adults. About one fi fth of the students had an 
YIAT score suggestive of problematic or pathological Internet 
use [145]. Scientifi c evidence regarding the impact of internet 
use on the mental health of teens and young adults has been 
mixed [166]. It has been argued that the impact of online 
communication varies depending on the quality of the offl ine 
social network: that is, online communication with close 
friends and family enhances psychological well-being, while 
internet communication with weak social ties might not [167]. 
Research looking into the quality of friendships and social 
support as predictors of internet problematic use supports 
this explanation [168-170]. We found a signifi cant negative 
correlation between Internet addiction and perceived social 
support that suggests that this might also be the case among 
our students; in addition, together these two factors impacted 
depression. Lack of social support was a key factor predicting 

depression in our population, which is consistent with research 
evidence showing that social support improves well-being 
[36,37,111,112]. Consistent with Wang et al., [111] we found that 
social support regulated the effect of stress on depression. 

Finally, about one fourth of our students (25.5%) reported 
engaging in recommended levels of physical activity (> 1500 
MET min/week). However, we found no effect of PA on any 
of our outcome variables (i.e., sleep, pain / discomfort, 
stress, depression). There is some evidence suggesting that 
it is leisure-time physical activity [171], or even light PA (as 
pleasant activation) [172], rather than the energy expenditure 
of physical exercise that impact well-being. This bring us back 
to the importance of social support in modulating depression. 
Pickett et al [171]. Found that higher levels of leisure-time PA, 
but not non-leisure time PA were signifi cantly associated with 
lower depression. Unfortunately, our data do not allow us to 
differentiate between leisure and non-leisure PA. Thus, this 
question remained unanswered.

Conclusions

This is the fi rst attempt at identifying potential factors 
involved in the relation between ADz and depression using 
multivariate data modeling to evaluate the causal pathways 
linking the two conditions, while accounting for multiple 
potential contributing factors (i.e., sleep quality, pain/
discomfort, BMI, stress, substance use, Internet addiction, 
physical activity, and SSSQ-6) among emerging adults. Our 
results are consistent with previous research, suggesting that 
allergic disease is only one of multiple factors modulating 
depression. Although the mechanisms underlying these 
relationships remain elusive, there is evidence showing that 
infl ammatory processes can be the underlying physiological 
mechanism linking many of these conditions including Adz 
[172,174], obesity, stress, pain / discomfort, poor sleep quality, 
and depression [175]. Research exploring the underlying 
factors linking infl ammatory processes to behavioral 
outcomes suggests that infl ammatory processes and social 
behavior regulate one another. Proinfl ammatory cytokines 
aid in coordinating the body’s response to illness, injury, or 
infection. Sickness behavior is part of this coordinated response 
of the organism to conserve energy and support recovery. 
Sickness behavior includes a constellation of symptoms such 
as fatigue, increased pain, anhedonia, loss of appetite, and 
social withdrawal or loss of interest in social activities. Multiple 
pathways have been suggested to explain how peripheral 
immune activation induces sickness behavior. These include 
increases in endotoxin and proinfl ammatory cytokine IL-6 
production that can lead to increases in neural sensitivity, 
particularly to social stressors [176]. Thus, socially isolated 
individuals tend to have increased levels of infl ammation 
that further exacerbates infl ammatory responses to other 
social stressors [177]. Sickness behavior in patients with 
chronic infl ammatory disorders (e.g., allergic disease, pain, 
and obesity) may lead to hypersensitivity to social stressors 
(e.g., isolation and discrimination) increasing their risk for 
depression [176]. These factors may tart an interdependent 
uncontrolled cycle where chronic infl ammatory conditions 
→ social hypersensitivity → heightened stress responses → 
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increased social withdrawal → increased infl ammation → 
increased depression   exacerbation of chronic conditions, and 
so on. Following this rationale, research could be conducted 
to determine if anti-infl ammatory medications can impact 
symptoms of depression, for example. In a recent clinical 
trial, investigators showed a signifi cant benefi t of low dose 
buprenorphine on suicidal ideation; however, the benefi t 
on depression was smaller and not statistically signifi cant. 
Nevertheless, this is a promising fi nding for the treatment of 
depression that warrants further research [178]. 

Limitations

Although mediation analysis assumes both causal and 
temporal relations, the proposed mediation pathways 
require further testing with prospective studies on a clinical 
population with ADz. Only prospective studies can establish 
the true nature of the association between the network of 
comorbidities included in this study, and answer with certainty 
whether the interactions among these factors increase the risk 
for depression among patients with ADz. Additionally, it is 
possible that age-related paths and trajectories may modify 
these relationships.

Our study was based on self-reported data and is, 
hence, susceptible to bias. The characteristics of the study 
participants, college students, limit the generalizability of our 
fi ndings. Finally, we did not collect detailed information on 
current symptoms of ADz, so, we cannot rule out the possibility 
that our fi ndings might be due to other extraneous variables 
or chance. 

Acknowledgment

We want to thank Cynthia Hartman for her help in the 
preparation of early versions of the manuscript.

Agnes Bucko is currently pursuing a doctoral degree at the 
Arnold School of Public Health, University of South Carolina, 
Columbia, SC. This work was conducted while she was a master 
student at Arizona State University.

References

1. Ahrnsbrak R, Bose J, Hedden S, Lipari R, Park-Lee E (2017) Key substance use 
and mental health indicators in the United States: Results from the 2016 Na-
tional Survey on Drug Use and Health. Center for Behavioral Health Statistics 
and Quality, Substance Abuse and Mental Health Services Administration: 
Rockville, MD, USA. 

2. American Psychiatric Association (2013). Diagnostic and statistical 
manual of mental disorders (DSM-5®): American Psychiatric Pub. Link: 
https://goo.gl/xoUdWx 

3. Shim RS, Baltrus P, Ye J, Rust G (2011) Prevalence, Treatment, and Control of 
Depressive Symptoms in the United States: Results from the National Health 
and Nutrition Examination Survey (NHANES), 2005-2008. J Am Board Fam 
Med. 24: 33-8. Link: https://goo.gl/Fohtvz 

4. Hankin BL, Abramson LY, Moffi  tt TE, Silva PA, McGee R, et al. (1998) 
Development of depression from preadolescence to young adulthood: 
emerging gender differences in a 10-year longitudinal study. J Abnorm 
Psychol. 107: 128-140. Link: https://goo.gl/DG8Zuf 

5. Kessler RC (2003) Epidemiology of women and depression. J Affect Disord. 
74: 5-13. Link: https://goo.gl/Nzz66T 

6. Lemogne C, Niedhammer I, Khlat M (2012) Gender differences in 
the association between depressive mood and mortality: A 12-year 
follow-up population-based study. J Affect Disord. 136: 267-75. Link: 
https://goo.gl/MZw627 

7. Greenberg PE, Fournier A-A, Sisitsky T, Pike CT, Kessler RC (2015) 
The economic burden of adults with major depressive disorder in the 
United States (2005 and 2010). J Clin Psychiatry. 76: 155-62. Link: 
https://goo.gl/wcCtkK 

8. Kessler RC (2012) The costs of depression. Psychiatric Clinics. 35: 1-14. Link: 
https://goo.gl/Xv6AQe 

9. Patel V, Flisher AJ, Hetrick S, McGorry P (2007) Mental health of young 
people: a global public-health challenge. Lancet. 369: 1302-13. Link: 
https://goo.gl/DNsxgj 

10. Murray CJ, Lopez AD (1997) Alternative projections of mortality and disability 
by cause 1990–2020: Global Burden of Disease Study. The Lancet. 349: 
1498-1504. Link: https://goo.gl/aSvJFz 

11. Rohde P, Lewinsohn PM, Klein DN, Seeley JR, Gau JM (2013) Key 
characteristics of major depressive disorder occurring in childhood, 
adolescence, emerging adulthood, and adulthood. Clinical Psychological 
Science. 1: 41-53. Link: https://goo.gl/QMfkUS 

12. Kessler RC, Walters EE (1998) Epidemiology of DSM-III-R major depression 
and minor depression among adolescents and young adults in the national 
comorbidity survey. Depress Anxiety. 7: 3-14. Link: https://goo.gl/Vtr9mV 

13. Cash SJ, Bridge JA (2009) Epidemiology of Youth Suicide and Suicidal 
Behavior. Curr Opin Pediatr. 21: 613-9. Link: https://goo.gl/teKaju 

14. Crump C, Sundquist K, Sundquist J, Winkleby MA (2014) Sociodemographic, 
psychiatric and somatic risk factors for suicide: a Swedish national cohort 
study. Psychol Med. 44: 279-89. Link: https://goo.gl/LH4qno 

15. Simons-Morton B, Haynie D, O’Brien F, Lipsky L, Bible J, et al. (2017) Variability 
in Measures of Health and Health Behavior Among Emerging Adults One Year 
After High School According to College Status. J of ACH. 65: 58-66. Link: 
https://goo.gl/XPmebL 

16. Stone DM ST, Fowler KA, Kegler SR, Yuan K, Holland KM, et al. (2018) Ivey-
Stephenson AZ, Crosby AE. Vital Signs: Trends in State Suicide Rates — 
United States, 1999–2016 and Circumstances Contributing to Suicide — 27 
States, 2015. MMWR. 67: 617-24. Link: https://goo.gl/Vha9jT 

17. Bertolote JM, Fleischmann A (2015) A global perspective in the epidemiology 
of suicide. Suicidologi. 7. Link: https://goo.gl/GKLpxy 

18. Center for Disease Control and Prevention (2017) Suicide Prevention. October 
3, 2017 2017. Link: https://goo.gl/cKTsN2 

19. Mojtabai R, Olfson M, Han B (2016) National trends in the prevalence and 
treatment of depression in adolescents and young adults. Pediatrics. 
e20161878. Link: https://goo.gl/SXtTny 

20. Weinberger AH, Gbedemah M, Martinez AM, Nash D, Galea S, et al (2018) 
Goodwin RD. Trends in depression prevalence in the USA from 2005 to 2015: 
widening disparities in vulnerable groups. Psychol Med. 48: 1308-15. Link: 
https://goo.gl/sWLzYf 

21. Twenge JM, Joiner TE, Rogers ML, Martin GN (2018) Increases in 
depressive symptoms, suicide-related outcomes, and suicide rates among 
US adolescents after 2010 and links to increased new media screen time. 
Clinical Psychological Science. 6: 3-17. Link: https://goo.gl/BPKsCA 

22. Hasin DS, Goodwin RD, Stinson FS, Grant BF (2005) Epidemiology of major 
depressive disorder: results from the National Epidemiologic Survey on 
Alcoholism and Related Conditions. Arch Gen Psychiatry. 62: 1097-106. Link: 
https://goo.gl/zTQP4n 



051

Citation: Vargas PA, Bucko A, Robles E (2018) The link between allergic disease and depression in young adults: A structural equation modelling analysis. Arch 
Depress Anxiety 4(2): 040-055. DOI: http://doi.org/10.17352/2455-5460.000033

23. Ruthig J, Haynes T, Stupnisky R, Perry R (2009) Perceived Academic 
Control: mediating the effects of optimism and social support on college 
students’ psychological health. Soc Psychol Educ. 12: 233-49. Link: 
https://goo.gl/WH73si 

24. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA (2008) Emerging 
adulthood and college-aged youth: An overlooked age for weight-related 
behavior change. Obesity. 16: 2205-11. Link: https://goo.gl/k7KjRa 

25. Arnett JJ (2000) Emerging adulthood: A theory of development from 
the late teens through the twenties. Am Psychol. 55: 469-80. Link: 
https://goo.gl/4dUTCi 

26. Eagan K (2016) The American freshman: Fifty-year trends, 1966-2015: Higher 
Education Research Institute, Graduate School of Education & Information 
Studies, University of California, Los Angeles. Link: https://goo.gl/vmZWue 

27. American College Health Association (2017) American college health 
association-national college health assessment II: Undergraduate students 
reference group executive summary spring 2017. Hanover, MD: American 
College Health Association. Link: https://goo.gl/Da78pb 

28. Pew Research Center (2017) Internet/Broadband Fact Sheet. Link: 
https://goo.gl/9Fqe4W 

29. Lin Ly, Sidani JE, Shensa A (2016) Association between social media use 
and depression among US young adults. Depress Anxiety. 33: 323-31. Link: 
https://goo.gl/CikcZo 

30. Cheung LM, Wong WS (2011) The effects of insomnia and internet addiction 
on depression in Hong Kong Chinese adolescents: an exploratory cross-
sectional analysis. J Sleep Res. 20: 311-7. Link: https://goo.gl/dy3QcY 

31. Jelenchick LA, Eickhoff JC, Moreno MA (2013) “Facebook depression?” 
Social networking site use and depression in older adolescents. J Adolesc 
Health. 52: 128-30. Link: https://goo.gl/mWRhbF 

32. Moreno MA, Jelenchick LA, Egan KG (2011) Feeling bad on Facebook: 
Depression disclosures by college students on a social networking site. 
Depress Anxiety. 28: 447-55. Link: https://goo.gl/NZ6VZd 

33. Marchant A, Hawton K, Stewart A (2017) A systematic review of the 
relationship between internet use, self-harm and suicidal behaviour in young 
people: The good, the bad and the unknown. PLoS One. 12: e0181722. Link: 
https://goo.gl/Gq9Fq4 

34. Park S, Hong K-EM, Park EJ, Ha KS, Yoo HJ (2013) The association between 
problematic internet use and depression, suicidal ideation and bipolar 
disorder symptoms in Korean adolescents. Aust N Z J Psychiatry. 47: 153-9. 
Link: https://goo.gl/QFJxAb 

35. Bal S, Crombez G, Van Oost P, Debourdeaudhuij I (2003) The role of social 
support in well-being and coping with self-reported stressful events in 
adolescents. Child Abuse Negl. 27: 1377-95. Link: https://goo.gl/m4fWfj 

36. Cairns KE, Yap MBH, Pilkington PD, Jorm AF (2014) Risk and protective 
factors for depression that adolescents can modify: A systematic review 
and meta-analysis of longitudinal studies. J Affect Disord. 169: 61-75. Link: 
https://goo.gl/Rcx3wL 

37. Costello DM, Swendsen J, Rose JS, Dierker LC (2008) Risk and protective 
factors associated with trajectories of depressed mood from adolescence to 
early adulthood. J Consult Clin Psychol. 76: 173. Link: https://goo.gl/ciwkWV 

38. Morrison CM, Gore H (2010) The relationship between excessive Internet 
use and depression: a questionnaire-based study of 1,319 young people and 
adults. Psychopathology. 43: 121-6. Link: https://goo.gl/QANP8a 

39. Sami H, Danielle L, Lihi D, Elena S (2018) The effect of sleep disturbances 
and internet addiction on suicidal ideation among adolescents in the 
presence of depressive symptoms. Psychiatry Res. 267: 327-32. Link: 
https://goo.gl/f3t5H5 

40. Lund HG, Reider BD, Whiting AB, Prichard JR (2010) Sleep patterns and 
predictors of disturbed sleep in a large population of college students. J 
Adolesc Health. 46: 124-32. Link: https://goo.gl/kSV2Pf 

41. Nyer M, Farabaugh A, Fehling K (2013) Relationship between sleep 
disturbance and depression, anxiety, and functioning in college students. 
Depress Anxiety. 30: 873-80. Link: https://goo.gl/2iSNkh 

42. Sing C, Wong WS (2010) Prevalence of insomnia and its psychosocial 
correlates among college students in Hong Kong. J Am Coll Health. 59: 174-
82. Link: https://goo.gl/fmVeS2 

43. Buboltz Jr WC, Brown F, Soper B (2001) Sleep habits and patterns of 
college students: a preliminary study. J Am Coll Health. 50: 131-5. Link: 
https://goo.gl/RPKHhs 

44. Buboltz Jr W, Jenkins SM, Soper B, Woller K, Johnson P (2009) Sleep habits 
and patterns of college students: an expanded study. Journal of College 
Counseling. 12: 113-24. Link: https://goo.gl/BP4JJQ 

45. Baglioni C, Battagliese G, Feige B (2011) Insomnia as a predictor of 
depression: a meta-analytic evaluation of longitudinal epidemiological 
studies. J Affect Disord. 135: 10-9. Link: https://goo.gl/VQUC1f 

46. Fernandez-Mendoza J, Shea S, Vgontzas AN, Calhoun SL, Liao D, (2015) 
Bixler EO. Insomnia and incident depression: role of objective sleep duration 
and natural history. J Sleep Res. 24: 390-8. Link: https://goo.gl/nezpxn 

47. Lee E, Cho HJ, Olmstead R, Levin MJ, Oxman MN, (2013) Irwin MR. Persistent 
sleep disturbance: a risk factor for recurrent depression in community-
dwelling older adults. Sleep. 36: 1685-91. Link: https://goo.gl/JJTJUb 

48. Gruber R, Cassoff J (2014) The interplay between sleep and emotion 
regulation: conceptual framework empirical evidence and future directions. 
Current psychiatry reports. 16: 500. Link: https://goo.gl/zHr9Gm 

49. Boakye PA, Olechowski C, Rashiq S (2016) A critical review of neurobiological 
factors involved in the interactions between chronic pain, depression, and 
sleep disruption. Clin J Pain. 32: 327-36. Link: https://goo.gl/Y37v1q 

50. Roberts RE, Duong HT (2014) The prospective association between sleep 
deprivation and depression among adolescents. Sleep. 37: 239-44. Link: 
https://goo.gl/743oGE 

51. Campbell P, Tang N, McBeth J (2013) The role of sleep problems in the 
development of depression in those with persistent pain: a prospective 
cohort study. Sleep. 36: 1693-8. Link: https://goo.gl/yQD1Cx 

52. Munce SE, Stewart DE (2007) Gender differences in depression and chronic 
pain conditions in a national epidemiologic survey. Psychosomatics. 48: 394-
9. Link: https://goo.gl/MMqF7L 

53. Zisook S, Lesser I, Stewart JW (2007) Effect of age at onset on the course 
of major depressive disorder. Am J Psychiatry. 164: 1539-46. Link: 
https://goo.gl/jcik14 

54. Pratt LA, Brody DJ (2014) Depression in the US household population, 2009–
2012. National Center for Health Statistics, Division of Health Interview 
Statistics NCHS Data Brief No. 172. 

55. Lau JS, Adams SH, Boscardin WJ, Irwin CE (2014) Young Adults’ Health 
Care Utilization and Expenditures Prior to the Affordable Care Act. J Adolesc 
Health. 54: 663-71. Link: https://goo.gl/igCcPZ 

56. Fortuna RJ, Robbins BW, Halterman JS (2009) Ambulatory Care Among 
Young Adults in the United States. Ann Intern Med. 151: 379-85. Link: 
https://goo.gl/MRVQNs 

57. Schleicher H, Harris K, Catley D, Nazir N (2009) The Role of Depression 
and Negative Affect Regulation Expectancies in Tobacco Smoking Among 
College Students. J Am Coll Health. 57: 507-12. Link: https://goo.gl/UYdriE 



052

Citation: Vargas PA, Bucko A, Robles E (2018) The link between allergic disease and depression in young adults: A structural equation modelling analysis. Arch 
Depress Anxiety 4(2): 040-055. DOI: http://doi.org/10.17352/2455-5460.000033

58. Cranford JA, Eisenberg D, Serras AM (2009) Substance use behaviors, mental 
health problems, and use of mental health services in a probability sample 
of college students. Addict Behav. 34: 134-45. Link: https://goo.gl/rZWuJL 

59. Gonzalez VM, Bradizza CM, Collins RL (2009) Drinking to cope as a statistical 
mediator in the relationship between suicidal ideation and alcohol outcomes 
among underage college drinkers. Psychol Addict Behav. 23: 443-51. Link: 
https://goo.gl/Cc86kM 

60. Østergaard MLD, Nordentoft M, Hjorthøj C (2017) Associations between 
substance use disorders and suicide or suicide attempts in people with 
mental illness: a Danish nation-wide, prospective, register-based study of 
patients diagnosed with schizophrenia, bipolar disorder, unipolar depression 
or personality disorder. Addiction. 112: 1250-9. Link: https://goo.gl/57Lz5S 

61. Banks SM, Kerns RD (1996) Explaining high rates of depression in chronic 
pain: A diathesis-stress framework. Psychol Bull. 119: 95-110. Link: 
https://goo.gl/Kp5uPv 

62. Kercher A, Rapee RM (2009) A test of a cognitive diathesis—stress generation 
pathway in early adolescent depression. J Abnorm Child Psychol. 37: 845-55. 
Link: https://goo.gl/dxuXda 

63. Colodro-Conde L, Couvy-Duchesne B, Zhu G (2017) A direct test of 
the diathesis–stress model for depression. Mol Psychiatry. Link: 
https://goo.gl/G4Dc2F 

64. Bebbington P (1987) Misery and the of Disease Theories of Depression. Int J 
Soc Psychiatry. 33: 13-20. Link: https://goo.gl/PsgRu3 

65. Robins CJ, Block P (1989) Cognitive theories of depression viewed from 
a diathesis-stress perspective: Evaluations of the models of Beck and of 
Abramson, Seligman, and Teasdale. Cognit Ther Res. 13: 297-313. Link: 
https://goo.gl/hY5tDN 

66. Belsky J, Pluess M (2009) Beyond diathesis stress: differential 
susceptibility to environmental infl uences. Psychol Bull. 135: 885-908. Link: 
https://goo.gl/tW5rbj 

67. Cramer AO, van Borkulo CD, Giltay EJ (2016) Major depression as a complex 
dynamic system. PLoS One. 11: e0167490. Link: https://goo.gl/i2B8wM 

68. Cramer AOJ, Borsboom D, Aggen SH, Kendler KS (2012) The pathoplasticity 
of dysphoric episodes: differential impact of stressful life events on the 
pattern of depressive symptom inter-correlations. Psychol Med. 42: 957-65. 
Link: https://goo.gl/RWQW6e 

69. Cramer AOJ, Waldorp LJ, van der Maas HLJ, Borsboom D (2010) Comorbidity: 
A network perspective. Behav Brain Sci. 33: 137-50. 

70. Blaiss MS (2008) Pediatric allergic rhinitis: physical and mental complications. 
Allergy Asthma Proc. 1-6. Link: https://goo.gl/KZvWzn 

71. Lovett Doust JW, Leigh D (1953) Studies on the Physiology of Awareness: 
The Interrelationships of Emotions, Life Situations, and Anoxemia in 
Patients with Bronchial Asthma. Psychosom Med. 15: 292-311. Link: 
https://goo.gl/RrMH2W 

72. Jernelöv S, Höglund CO, Axelsson J (2009) Effects of examination stress on 
psychological responses, sleep and allergic symptoms in atopic and non-
atopic students. Int J Behav Med. 16: 305-310. Link: https://goo.gl/tRR7m8 

73. Knapp PH, Nemetz JS (1960) Acute Bronchial Asthma: I. Concomitant 
Depression and Excitement, and Varied Antecedent Patterns in 406 Attacks. 
Psychosom Med. 22: 42-56. Link: https://goo.gl/uFVGZL 

74. Postolache TT, Lapidus M, Sander ER (2007) Changes in allergy symptoms 
and depression scores are positively correlated in patients with recurrent 
mood disorders exposed to seasonal peaks in aeroallergens. The Scientifi c 
World Journal. 7: 1968-77. Link: https://goo.gl/k66BPa 

75. Carroll KN (2014) Can the Blues Make It Harder to Breathe? Am J Respir Crit 
Care Med. 189: 1013-4.

76. Trojan TD, Khan DA, DeFina LF, Akpotaire O, Goodwin RD, et al. (2014) Asthma 
and depression: the Cooper Center longitudinal study. Annals of Allergy, 
Asthma & Immunology. 112: 432-6. Link: https://goo.gl/Vpprxi 

77. To T, Stanojevic S, Moores G (2012) Global asthma prevalence in adults: 
fi ndings from the cross-sectional world health survey. BMC Public Health. 
12: 204-211. Link: https://goo.gl/Mm7mxQ 

78. Center for Disease Control and Prevention (2018) Lifetime asthma prevalence 
percents by age, United States. 2016 National Health Interview Survey (NHIS) 
Data. 2016; Table 2-1. Atlanta, GA; last updated. Link: https://goo.gl/NcKqTN 

79. Blaiss MS, Dykewicz MS, Skoner DP (2014) Diagnosis and treatment of nasal 
and ocular allergies: the Allergies, Immunotherapy, and RhinoconjunctivitiS 
(AIRS) surveys. Ann Allergy Asthma Immunol. 112: 322-8. e1. Link: 
https://goo.gl/4Vypb2 

80. Meltzer EO, Blaiss MS, Naclerio RM (2012) Burden of allergic rhinitis: allergies 
in America, Latin America, and Asia-Pacifi c adult surveys. Allergy Asthma 
Proc. S113-S41. Link: https://goo.gl/LPnb2J 

81. Meltzer EO (2016) Allergic Rhinitis. Immunol Allergy Clin North Am. 36: 235-
48. 

82. Bengtsson C, Lindberg E, Jonsson L (2016) Chronic Rhinosinusitis Impairs 
Sleep Quality: Results of the GA2LEN Study. Sleep. 40: zsw021-zsw. Link: 
https://goo.gl/oTrQH2 

83. Bousquet J, Khaltaev N, Cruz AA (2008) Allergic rhinitis and its impact on 
asthma (ARIA). Allergy. 63: 8-160. Link: https://goo.gl/Qmk3VM 

84. Brożek JL, Bousquet J, Baena-Cagnani CE (2010) Allergic Rhinitis and its 
Impact on Asthma (ARIA) guidelines: 2010 revision. J Allergy Clin Immunol. 
126: 466-76. Link: https://goo.gl/P1EJTB 

85. Cheng C-M, Hsu J-W, Huang K-L (2015) Risk of developing major depressive 
disorder and anxiety disorders among adolescents and adults with atopic 
dermatitis: a nationwide longitudinal study. J Affect Disord. 178: 60-5. Link: 
https://goo.gl/QX5qZ8 

86. Meltzer LJ, Ullrich M, Szefl er SJ (2014) Sleep duration, sleep hygiene, and 
insomnia in adolescents with asthma. The Journal of Allergy and Clinical 
Immunology: In Practice. 2: 562-9. Link: https://goo.gl/HnP5ij 

87. Booster GD, Oland AA, Bender BG (2016) Psychosocial factors in severe 
pediatric asthma. Immunology and Allergy Clinics. 36: 449-60. Link: 
https://goo.gl/4VNJeP 

88. Chen M-H, Su T-P, Chen Y-S (2014) Higher risk of mood disorders among 
adolescents with ADHD and asthma: A nationwide prospective study. J 
Affect Disord. 156: 232-5. Link: https://goo.gl/fmJfXk 

89. Steinberg L, Aldea I, Messias E (2015) Asthma, depression, and suicidality: 
results from the 2007, 2009, and 2011 Youth Risk Behavior Surveys. J Nerv 
Ment Dis. 203: 664-9. Link: https://goo.gl/8MN53T 

90. Wong KO, Hunter Rowe B, Douwes J, Senthilselvan A (2013) Asthma and 
wheezing are associated with depression and anxiety in adults: an analysis 
from 54 countries. Pulm Med. 2013: 10. Link: https://goo.gl/8NkLoh 

91. Audino P, La Grutta S, Cibella F (2014) Rhinitis as a risk factor for depressive 
mood in pre-adolescents: a new approach to this relationship. Pediatr Allergy 
Immunol. 25: 360-5. Link: https://goo.gl/u5aStW 

92. Chang PP, Ford DE, Mead LA, Cooper-Patrick L, Klag MJ (1997) Insomnia 
in young men and subsequent depression: The Johns Hopkins Precursors 
Study. Am J Epidemiol. 146: 105-14. Link: https://goo.gl/AWU3rr 

93. Jernelöv S, Lekander M, Almqvist C, Axelsson J, Larsson H (2013) 
Development of atopic disease and disturbed sleep in childhood and 
adolescence–a longitudinal population-based study. Clin Exp Allergy. 43: 
552-9. Link: https://goo.gl/EEQ3wu 



053

Citation: Vargas PA, Bucko A, Robles E (2018) The link between allergic disease and depression in young adults: A structural equation modelling analysis. Arch 
Depress Anxiety 4(2): 040-055. DOI: http://doi.org/10.17352/2455-5460.000033

94. Léger D, Annesi-Maesano I, Carat F (2006) Allergic rhinitis and its 
consequences on quality of sleep: an unexplored area. Arch Intern Med. 166: 
1744-8. Link: https://goo.gl/QiB3ZL 

95. Marshall PS, O’Hara C, Steinberg P (2002) Effects of seasonal allergic 
rhinitis on fatigue levels and mood. Psychosom Med. 64: 684-91. Link: 
https://goo.gl/K8bvAq 

96. Dixon AE, Holguin F, Sood A (2010) An offi  cial American Thoracic Society 
Workshop report: obesity and asthma. Proc Am Thorac Soc. 7: 325-35. Link: 
https://goo.gl/kpxRr4 

97. Patterson RE, Frank LL, Kristal AR, White E (2004) A comprehensive 
examination of health conditions associated with obesity in older adults. Am 
J Prev Med. 27: 385-90. Link: https://goo.gl/qEcKwU 

98. Schatz M, Zeiger RS, Yang S-J (2015) Prospective Study on the Relationship 
of Obesity to Asthma Impairment and Risk. J Allergy Clin Immunol: In 
Practice. 3: 560-5.e1. Link: https://goo.gl/DG6Q1f 

99. Weinmayr G, Forastiere F, Büchele G (2014) Overweight/Obesity and 
Respiratory and Allergic Disease in Children: International Study of Asthma 
and Allergies in Childhood (ISAAC) Phase Two. PLoS One. 9: e113996. Link: 
https://goo.gl/jtTbi8 

100. Apovian CM, Riffenburg KM (2017) Perspectives on the global obesity 
epidemic. Curr Opin Endocrinol Diabetes Obes. 24: 307-9. 

101. Calhoun SL, Vgontzas AN, Fernandez-Mendoza J (2011) Prevalence and 
Risk Factors of Excessive Daytime Sleepiness in a Community Sample 
of Young Children: The Role of Obesity, Asthma, Anxiety/Depression, and 
Sleep. 34: 503-7. Link: https://goo.gl/U7KPd7 

102. Redline S, Tishler PV, Schluchter M, Aylor J, Clark K, et al. (1999) Risk 
factors for sleep-disordered breathing in children. Associations with 
obesity, race, and respiratory problems. Am J Respir Crit Care Med. 159: 
t-32. Link: https://goo.gl/g79aMa 

103. Nedeltcheva AV, Scheer FA (2014) Metabolic effects of sleep disruption, 
links to obesity and diabetes. Curr Opin Endocrinol Diabetes Obes. 21: 293. 
Link: https://goo.gl/ZxvBj3 

104. Ek A, Middelveld R, Bertilsson H (2013) Chronic rhinosinusitis in asthma 
is a negative predictor of quality of life: results from the Swedish GA2LEN 
survey. Allergy. 68: 1314-21. Link: https://goo.gl/EoB5yC 

105. de Wit L, Luppino F, van Straten A, Penninx B, Zitman F, et al. (2010) 
Depression and obesity: A meta-analysis of community-based studies. 
Psychiatry Res. 178: 230-5. Link: https://goo.gl/JwPPuH 

106. Luppino FS, de Wit LM, Bouvy PF (2010) Overweight, obesity, and 
depression: a systematic review and meta-analysis of longitudinal studies. 
Arch Gen Psychiatry. 67: 220-9. Link: https://goo.gl/11dwwQ 

107. Brumpton B, Langhammer A, Romundstad P, Chen Y, Mai X-M (2013) The 
associations of anxiety and depression symptoms with weight change 
and incident obesity: The HUNT Study. Int J Obes. 37: 1268-74. Link: 
https://goo.gl/oMUzgh 

108. Strine TW, Mokdad AH, Dube SR (2008) The association of depression and 
anxiety with obesity and unhealthy behaviors among community-dwelling 
US adults. Gen Hosp Psychiatry. 30: 127-37. Link: https://goo.gl/ZRWrSc 

109. Boudreau M, Bacon SL, Ouellet K, Jacob A, Lavoie KL (2014) Mediator 
Effect of Depressive Symptoms on the Association Between BMI and 
Asthma Control in Adults. Chest. 146: 348-54. Link: https://goo.gl/tg6aXP 

110. Kapadia SG, Wei C, Bartlett SJ, Lang J, Wise RA, et al. (2014) Dixon 
AE. Obesity and symptoms of depression contribute independently 
to the poor asthma control of obesity. Respir Med. 108: 1100-7. Link: 
https://goo.gl/M9zy2t 

111. Wang X, Cai L, Qian J, Peng J (2014) Social support moderates 

stress effects on depression. Int J Ment Health Syst. 8: 41. Link: 
https://goo.gl/xqu35U 

112. Siedlecki KL, Salthouse TA, Oishi S, Jeswani S (2014) The Relationship 
Between Social Support and Subjective Well-Being Across Age. Social 
indicators research. 117: 561-76. Link: https://goo.gl/axiyYt 

113. Mammen G, Faulkner G (2013) Physical activity and the prevention of 
depression: a systematic review of prospective studies. Am J Prev Med. 
45: 649-57. Link: https://goo.gl/zbkWxc 

114. Taliaferro LA, Rienzo BA, Pigg RM, Jr., Miller MD, Dodd VJ (2009) 
Associations between physical activity and reduced rates of hopelessness, 
depression, and suicidal behavior among college students. J Am Coll 
Health. 57: 427-36. Link: https://goo.gl/BCZ6ab 

115. Ströhle A (2009) Physical activity, exercise, depression and anxiety 
disorders. J Neural Transm. 116: 777. Link: https://goo.gl/G75Njp 

116. Bender BG (2006) Risk Taking, Depression, Adherence, and Symptom 
Control in Adolescents and Young Adults with Asthma. Am J Respir Crit 
Care Med. 173: 953-7. Link: https://goo.gl/CkZ6gR 

117. Radloff LS (1977) The CES-D Scale: A self-report depression scale for 
research in the general population. Appl Psychol Meas. 1: 385-401. Link: 
https://goo.gl/Y1Ky5J 

118. Radloff LS (1991) The use of the Center for Epidemiologic Studies 
Depression Scale in adolescents and young adults. J Youth Adolesc. 20: 
149-66. Link: https://goo.gl/TQ6mQ8 

119. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ (1989) The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice 
and research. Psychiatry Res. 28: 193-213. Link: https://goo.gl/5ao8sQ 

120. Gilmour H (2015) Chronic pain, activity restriction and fl ourishing mental 
health. Health Rep. 26: 15. Link: https://goo.gl/WTgr3A 

121. Kohn PM, Lafreniere K, Gurevich M (1990) The Inventory of College 
Students’ Recent Life Experiences: A decontaminated hassles scale for a 
special population. J Behav Med. 13: 619-30. Link: https://goo.gl/BB3XFK 

122. Sarafi no EP, Ewing M (1999) The hassles assessment scale for students in 
college: Measuring the frequency and unpleasantness of and dwelling on 
stressful events. J Am Coll Health. 48: 75-83. Link: https://goo.gl/18zwoJ 

123. Vickers KS, Vogeltanz ND (2000) Dispositional optimism as a predictor 
of depressive symptoms over time. Pers Individ Dif. 28: 259-72. Link: 
https://goo.gl/nUsRwz 

124. Jogaratnam G, Buchanan P (2004) Balancing the demands of school and 
work: Stress and employed hospitality students. IJCHM. 16: 237-45. Link: 
https://goo.gl/EWVUve 

125. Brener ND, Kann L, Shanklin S (2013) Methodology of the youth risk 
behavior surveillance system—2013. MMWR Recomm Rep. 62: 1-20. Link: 
https://goo.gl/jn1YUf 

126. Babor T, Higgins-Biddle J, Saunders J, Monteiro M (2001) AUDIT: the 
alcohol use disorders identifi cation test: guidelines for use in primary care. 
Link: https://goo.gl/6aQLSY 

127. Kokotailo PK, Egan J, Gangnon R, Brown D, Mundt M, et al. (2004) Validity 
of the alcohol use disorders identifi cation test in college students. Alcohol 
Clin Exp Res. 28: 914-20. Link: https://goo.gl/AESqsU 

128. Fagerstrom K-O, Schneider NG (1989) Measuring nicotine dependence: a 
review of the Fagerstrom Tolerance Questionnaire. J Behav Med 12: 159-
82. Link: https://goo.gl/Qot2vt 

129. Pomerleau CS, Carton SM, Lutzke ML, Flessland KA, Pomerleau OF 
(1994) Reliability of the Fagerstrom tolerance questionnaire and the 
Fagerstrom test for nicotine dependence. Addict Behav. 19: 33-9. Link: 
https://goo.gl/scYKPr 



054

Citation: Vargas PA, Bucko A, Robles E (2018) The link between allergic disease and depression in young adults: A structural equation modelling analysis. Arch 
Depress Anxiety 4(2): 040-055. DOI: http://doi.org/10.17352/2455-5460.000033

130. IPAQ Research Committee (2005) Guidelines for data processing and 
analysis of the International Physical Activity Questionnaire (IPAQ)-short 
and long forms. Link: https://goo.gl/FYSF9X 

131. World Health Organization (2013) 2010 Global Recommendations on 
Physical Activity for Health. Geneva: WHO. Link: https://goo.gl/sEjD4r 

132. Dugas LR, Bovet P, Forrester TE (2014) Comparisons of intensity-duration 
patterns of physical activity in the US, Jamaica and 3 African countries. 
BMC Public Health. 14: 882. Link: https://goo.gl/ciGZ5z 

133. Sarason IG, Sarason BR, Shearin EN, Pierce GR (1987) A brief measure of 
social support: Practical and theoretical implications. J Soc Pers Relatsh. 
4: 497-510. Link: https://goo.gl/tHG6a4 

134. Maunder R, Nolan R, Hunter J, Lancee W, Steinhart A, et al. (2011) Greenberg 
G. Relationship between social support and autonomic function during a 
stress protocol in ulcerative colitis patients in remission. Infl amm Bowel 
Dis. 18: 737-42. Link: https://goo.gl/YnWsGQ 

135. Dalmida SG, Koenig HG, Holstad MM, Wirani MM (2013) The psychological 
well-being of people living with HIV/AIDS and the role of religious 
coping and social support. Int J Psychiatry Med. 46: 57-83. Link: 
https://goo.gl/Ednn3u 

136. Arbuckle J (2016) IBM SPSS Amos 24.0. User’s Guide [Computer Software 
and Manual]: New York: NY; IBM.

137. Baron RM, Kenny DA (1986) The moderator–mediator variable distinction 
in social psychological research: Conceptual, strategic, and statistical 
considerations. J Pers Soc Psychol. 51: 1173. Link: https://goo.gl/HPq6St 

138. Vgontzas A, Fernandez-Mendoza J, Miksiewicz T (2014) Unveiling 
the longitudinal association between short sleep duration and the 
incidence of obesity: the Penn State Cohort. Int J Obes. 38: 825-32. Link: 
https://goo.gl/FLE8WB 

139. Yang TC, Matthews S, Chen V (2014) Stochastic Variability in Stress, Sleep 
Duration, and Sleep Quality Across the Distribution of Body Mass Index: 
Insights from Quantile Regression. Int J Behav Med. 21: 282-91. Link: 
https://goo.gl/jrMKbf 

140. Vargas PA (2016) The Link Between Inadequate Sleep and Obesity in 
Young Adults. Curr Obes Rep. 5: 38-50. Link: https://goo.gl/pDBhZo 

141. Meyer KA, Wall MM, Larson NI, Laska MN, Neumark-Sztainer D (2012) 
Sleep Duration and BMI in a Sample of Young Adults. Obesity (19307381). 
20: 1279-87. Link: https://goo.gl/nR6Agt 

142. Gunzler D, Chen T, Wu P, Zhang H (2013) Introduction to mediation 
analysis with structural equation modeling. Shanghai Arch Psychiatry. 25: 
390-4. Link: https://goo.gl/b8UyT7 

143. Byrne BM (2010) Structural equation modeling with AMOS: Basic concepts, 
applications, and programming. New York: NY 10017: Routledge. Link: 
https://goo.gl/xbNJyn 

144. Kenny DA (2017) Measuring Model Fit. November 24, 2015. Link: 
https://goo.gl/YeeYGJ 

145. Pawlikowski M, Altstötter-Gleich C, Brand M (2013) Validation and 
psychometric properties of a short version of Young’s Internet Addiction 
Test. Comput Human Behav. 29: 1212-23. Link: https://goo.gl/XeGZ9G 

146. Feng Q, Du Y, Ye Y-l, He Q-q (2014) Associations of physical activity, screen 
time with depression, anxiety and sleep quality among Chinese college 
freshmen. PLoS One. 9: e100914. Link: https://goo.gl/BTchsx 

147. McMahon EM, Corcoran P, O’Regan G (2017) Physical activity in European 
adolescents and associations with anxiety, depression and well-being. Eur 
Child Adolesc Psychiatry. 26: 111-22. Link: https://goo.gl/rfSMqZ 

148. Telford RM, Telford RD, Olive LS, Cochrane T, Davey R (2016) Why are girls 

less physically active than boys? Findings from the LOOK longitudinal 
study. PLoS One. 11: e0150041. Link: https://goo.gl/g5DPwp 

149. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, et al. (2012) Guthrie B. 
Epidemiology of multimorbidity and implications for health care, research, 
and medical education: a cross-sectional study. Lancet. 380: 37-43. Link: 
https://goo.gl/Zb6XuX 

150. Vida R, Brownlie EB, Beitchman JH (2009) Emerging adult outcomes of 
adolescent psychiatric and substance use disorders. Addict Behav. 34: 
800-5. Link: https://goo.gl/eLo82y 

151. Mujica-Mota RE, Roberts M, Abel G (2015) Common patterns of 
morbidity and multi-morbidity and their impact on health-related quality 
of life: evidence from a national survey. Qual Life Res. 24: 909-18. Link: 
https://goo.gl/LkLqHN 

152. Kessler RC, Avenevoli S, Ries Merikangas K (2001) Mood disorders in 
children and adolescents: an epidemiologic perspective. Biol Psychiatry. 
49: 1002-14. Link: https://goo.gl/Zb2XVZ 

153. Ibrahim AK, Kelly SJ, Adams CE, Glazebrook C (2013) A systematic review 
of studies of depression prevalence in university students. J Psychiatr 
Res. 47: 391-400. Link: https://goo.gl/H7u32W 

154. Beiter R, Nash R, McCrady M (2015) The prevalence and correlates of 
depression, anxiety, and stress in a sample of college students. J Affect 
Disord. 173: 90-6. Link: https://goo.gl/21oaqs 

155. Krumrei EJ, Newton FB, Kim E (2010) A multi-institution look at college 
students seeking counseling: Nature and severity of concerns. J College 
Stud Psychother. 24: 261-83. Link: https://goo.gl/sPQjTx 

156. Grant BF, Chou SP, Saha TD (2017) Prevalence of 12-month alcohol use, 
high-risk drinking, and DSM-IV alcohol use disorder in the United States, 
2001-2002 to 2012-2013: results from the National Epidemiologic Survey 
on Alcohol and Related Conditions. JAMA psychiatry. 74: 911-23. Link: 
https://goo.gl/Bvnqs7 

157. Blanco C, Okuda M, Wright C (2008) Mental health of college students and 
their non-college-attending peers: results from the national epidemiologic 
study on alcohol and related conditions. Arch Gen Psychiatry. 65: 1429-37. 
Link: https://goo.gl/U3i52y 

158. Crawford LA, Novak KB (2006) Alcohol abuse as a rite of passage: The effect 
of beliefs about alcohol and the college experience on undergraduates’ 
drinking behaviors. J Drug Educ. 36: 193-212. Link: https://goo.gl/92ga75 

159. SAMHSA (2015) 2015 National Survey on Drug Use and Health (NSDUH). 
Table 6.84B—Tobacco Product and Alcohol Use in Past Month among 
Persons Aged 18 to 22, by College Enrollment Status: Percentages, 2014 
and 2015. Link: https://goo.gl/KKBuhi 

160. Hasking P, Lyvers M, Carlopio C (2011) The relationship between coping 
strategies, alcohol expectancies, drinking motives and drinking behaviour. 
Addict Behav. 36: 479-87. Link: https://goo.gl/kTawh4 

161. Barnett NP, Clerkin EM, Wood M (2014) Description and predictors of 
positive and negative alcohol-related consequences in the fi rst year of 
college. J Stud Alcohol Drugs. 75: 103-14. Link: https://goo.gl/VdDW1F 

162. Jamal A, Homa DM, O’Connor E (2015) Current cigarette smoking 
among adults—United States, 2005–2014. MMWR. 64: 1233-40. Link: 
https://goo.gl/fYc5WB 

163. Sutfi n EL, Reboussin BA, Debinski B, Wagoner KG, Spangler J (2015) 
Wolfson M. The Impact of Trying Electronic Cigarettes on Cigarette 
Smoking by College Students: A Prospective Analysis. Am J Public Health. 
105: e83-e9. Link: https://goo.gl/TN8dET 

164. Schane RE, Glantz SA, Ling PM (2009) Social Smoking: Implications for 
Public Health, Clinical Practice, and Intervention Research. Am J Prev 
Med. 37: 124-31. Link: https://goo.gl/neEuwQ 



055

Citation: Vargas PA, Bucko A, Robles E (2018) The link between allergic disease and depression in young adults: A structural equation modelling analysis. Arch 
Depress Anxiety 4(2): 040-055. DOI: http://doi.org/10.17352/2455-5460.000033

Copyright: © 2018 Vargas PA, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

165. J PAJ (2018) About a quarter of U.S. adults say they are ‘almost constantly’ 
online. Fact Tank: News in Numbers, March 14, 2018, 2018. Link: 
https://goo.gl/kG9d8X 

166. Anderson EL, Steen E, Stavropoulos V (2017) Internet use and Problematic 
Internet Use: a systematic review of longitudinal research trends in 
adolescence and emergent adulthood. Int J Adolesc Youth. 22: 430-54. 
Link: https://goo.gl/3DNTE2 

167. Kraut R, Burke M (2015) Internet use and psychological well-being: Effects 
of activity and audience. Communications of the ACM. 58: 94-100. Link: 
https://goo.gl/LpeXKw 

168. Willoughby T (2008) A short-term longitudinal study of Internet and 
computer game use by adolescent boys and girls: Prevalence, frequency 
of use, and psychosocial predictors. Dev Psychol. 44: 195. Link: 
https://goo.gl/4JPWnH 

169. Chen Y-L, Chen S-H, Gau SS-F (2015) ADHD and autistic traits, family 
function, parenting style, and social adjustment for Internet addiction 
among children and adolescents in Taiwan: A longitudinal study. Res Dev 
Disabil. 39: 20-31. Link: https://goo.gl/gc3keC 

170. Thorsteinsson EB, Davey L (2014) Adolescents’ compulsive 
Internet use and depression: A longitudinal study. OJD. 3: 13. Link: 
https://goo.gl/P4Q8Ts 

171. Pickett K, Yardley L, Kendrick T (2012) Physical activity and depression: 
A multiple mediation analysis. Ment Health Phys Act. 5: 125-34. Link: 
https://goo.gl/yuA5BF 

172. White K, Kendrick T, Yardley L (2009) Change in self-esteem, self-
effi  cacy and the mood dimensions of depression as potential mediators 
of the physical activity and depression relationship: Exploring the 
temporal relation of change. Ment Health and Phys Act. 2: 44-52. Link: 
https://goo.gl/5XZci8 

173. Galli SJ, Tsai M, Piliponsky AM (2008) The development of allergic 
infl ammation. Nature. 454: 445-54. Link: https://goo.gl/hfGQEj 

174. Saglani S, Lloyd CM (2015) Novel concepts in airway infl ammation 
and remodelling in asthma. Eur Respir J. 46: 1796-804. Link: 
https://goo.gl/3zFKDr 

175. Krysta K, Krzystanek M, Bratek A, Krupka-Matuszczyk I (2017) Sleep and 
infl ammatory markers in different psychiatric disorders. J Neural Transm. 
124: 179-86. Link: https://goo.gl/NksLnB 

176. Moieni M, Eisenberger NI (2018) Effects of infl ammation on social 
processes and implications for health. Ann N Y Acad Sci. Link: 
https://goo.gl/icVpwK 

177. Eisenberger NI, Moieni M, Inagaki TK, Muscatell KA, Irwin MR (2017) 
In sickness and in health: the co-regulation of infl ammation and 
social behavior. Neuropsychopharmacology. 42: 242-253. Link: 
https://goo.gl/si1obs 

178. Yovell Y, Bar G, Mashiah M (2015) Ultra-low-dose buprenorphine as a time-
limited treatment for severe suicidal ideation: a randomized controlled 
trial. Am J Psychiatry. 173: 491-8. Link: https://goo.gl/25gi9m


	The link between allergic diseaseand depression in young adults: Astructural equation modelling analysis
	Abstract
	Abbreviations
	Introduction
	Methods
	Figure 1
	Results
	Table 1
	Table 2
	Table 3
	Table 4
	Discussion
	Conclusions
	Acknowledgment
	References

