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Abstract

Background: Respiratory allergic symptoms impact on social life and school activities,
influencing the patient’s mood states. We evaluated the relationships between allergic
respiratory diseases and depressive/anxious mood in a large sample of Italian middle
school students, using the partial directed acyclic graph (P-DAG).

Methods: We studied 1283 subjects aged 10-13. A health respiratory questionnaire
including questions relevant to socioeconomic status (HCI) and a test for depression
and anxiety were administered. All subjects performed spirometry and skin prick
tests.

Results: A causal role of rhinitis on depression was found: the likelihood of being
depressed increased from 11.2 to 17.7%, when rhinitis was present. Moreover, a direct
effect of low HCI on depressive mood was shown (p < 0.0001) as well as the
correlation between anxiety and depression (p < 0.0001). Gender was not a direct
causal factor for depressive mood, but their relation was mediated through anxious
mood. Anxiety appeared to have a stronger association with depression than gender.
Allergic sensitization was significantly related to both asthma and rhinitis (p < 0.0001,
respectively). Asthma and rhinitis were also directly associated (p < 0.0001).
Conversely, asthma was not directly associated with depressive mood, but their
relation was mediated through rhinitis. Body mass index (BMI) and impaired lung
function (IPF) were not associated with the other variables.

Conclusions: The use of this novel approach to analyzing the dynamic relationships
allowed us to find a causal role of rhinitis on depressive state. Moreover, anxious
condition and low socioeconomic status contributed to induce depressive mood.

Respiratory allergic symptoms have a considerable impact on
social life, school activities, influencing the patient’s mood
states (1). There has been growing interest in the relationships
between psychologic factors and allergic respiratory diseases,
mostly in children with chronic diseases, such as atopic
disorders (2), seeking a better explanation of the psychologic
burden posed by respiratory allergic diseases on anxiety and
depression symptoms (3).

Rhinitis and asthma are global health problems, increasingly
in childhood (4). In Italy, a 35% prevalence of rhinitis
symptoms in the last 12 months and a prevalence of 4.5% of
current asthma among 13-14 yr of age subjects were reported
in a cross-sectional survey of 2002 (5). Atopic status is one of
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the main determinants of rhinitis (6), whereas many factors,
other than atopic status, play a role in bronchial asthma.

Previous data regarding the impact of childhood allergic
asthma have reported a strong negative effect on wellness when
associated with rhinitis, producing detrimental effects on
physical, psychologic, and social dimensions of life (7).

However, evaluations of anxiety and depressive states aimed
at emphasizing the coexistence of psychologic conditions, and
atopic diseases are not often included in epidemiological
surveys (2).

Currently, the association between allergic rhinitis and
psychologic characteristics in pediatric age remains poorly
explored.
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This study evaluates (i) the relationships between respiratory
symptoms (such as asthma, rhinitis) and depressive/anxious
mood, (ii) any effects of confounding and/or mediating factors
in these relationships by the partial directed acyclic graph
(P-DAG).

Methods

This cross-sectional study was conducted on a sample of
middle school students, aged 10-13, in Palermo, Italy. In this
multistage cluster sample, first-stage units were schools, and
second-stage units were students. After subdividing the city in
three geographic zones (coastal, downtown, and hilly), 16
Palermo schools were selected as representative of the city,
whereas participants were autoselected. Initial sample size was
2150 students, of which 1336 decided to participate (62%
response rate); fifty-three were deleted because of null values,
leaving 1283 to be analyzed. To obtain data on age, gender,
presence of asthma and/or rhinitis, and home characteristics,
each subject completed a standardized questionnaire based on
the SIDRIA survey (5, 8). Household crowding index (HCI),
considered a proxy for socioeconomic status (9), was defined as
the number of coresidents per household, divided by the
number of rooms, excluding the kitchen and bathrooms: it was
dichotomized as <1 or >1.

All subjects performed spirometry and skin prick tests and
completed psychologic assessment testing for depression and
anxiety characteristics using the Depression and Anxiety in
Youth Scale (TAD) (10).

The study was approved by the Institutional Ethics Commit-
tee. All parents gave written informed consent. The individual
privacy of clinical data was guaranteed under Italian law.

Respiratory health questionnaire

A personal history of asthma was defined as a positive answer
to the question ‘Have you ever had asthma’, plus at least one
wheezing episode in the previous 12 months (current asthma).
Rhinitis was defined as a positive answer to the question: ‘Have
you ever had a problem with sneezing, or runny, or blocked
nose apart from common cold or flu in the past 12 months’
(11). The analysis considered: subjects with asthma, subjects
with rhinitis, subjects with both asthma and rhinitis, and
control subjects with neither asthma nor rhinitis.

Skin prick test

All subjects were submitted to skin prick tests to common
aeroallergens, according to EAACI recommendations (12).
Allergic sensitization was defined as a positive skin prick to at
least one allergen.

Spirometry

Height and weight were measured in all the children in
standing position without shoes, and BMI was computed as
weight/height® (kg/m?). Pulmonary function tests were per-
formed using a portable spirometer (MicroLoop, Micro
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Medical, Chatham Maritime, Kent, UK). Forced expiratory
volume in one-second (FEV)), forced vital capacity (FVC), and
maximum midexpiratory flow (FEF;s ;50,) were measured
according to ATS/ERS guidelines (13), and the best FVC and
FEV, were retained. Spirometric predicted values were those
from Pistelli et al (14). IPF was defined as FEV,;/FVC
percentage below the 5Sth percentile of normal distribution
(below 87% of predicted for boys and below 90% for girls).
Overweight—obese children were defined as having a
BMI >25 kg/m? (15).

Psychologic assessment

Depressive and anxious mood were assessed by the TAD (10),
a measure of depression and anxiety in children and adoles-
cents. This questionnaire provides three sources of data
regarding thoughts, emotions, and behaviors. We used only
the children scale self-assessment. It contains 11 items for
depression and 11 for anxiety; subjects select a 4-point Likert
scale rating, from 1 (not at all) to 4 (almost all the time).
Standard scores, with mean of 100 and standard deviation of
15, were assigned to the scale. A score higher than 115 was
considered indicate the presence of clinical depressive and
anxious mood.

Data analysis

To depict qualitative relationships among variables, a partial
directed acyclic graph (P-DAG) (16) was created. A P-DAG
evaluates the probabilistic relationships among all the variables
in the network, where relationships are represented by direct
arrows and variables are represented by nodes. This is a
particularly useful tool to show how the probability of one
variable is going to change due to the observation of other
variables, regardless of sample size. Given observational data,
the P-DAG is a powerful tool to inspect associational
(segments) and causal (arrows) relationships among variables
(17). The probabilistic relationships are defined through two
components: a set of nodes and a set of conditional probability
tables. The set of all variables that makes the node independent
from the rest of the network represents the Markov blanket of
such node. This means that the Markov blanket of a node is
the only knowledge needed to predict the role of variable in the
network.

The network was built using the ‘grow—shrink’ algorithm
(18) through parametric chi-square tests. Conditional proba-
bility tables were used to describe quantitative association, and
relative difference was used to evaluate the strength of effects
(see Appendix S1).

One-way analysis of variance (ANovA) was performed by chi-
square tests. A probability level of p < 0.05 was selected as
statistically significant. All computations were performed by
bnlearn package of R suite (19).

Results

Anthropometric and clinical characteristics of the original
sample (No. 2150) and the studied sample (No. 1283) are
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shown in Table 1. No significant differences among the
analyzed variables were found.

The prevalence of general and clinical characteristics in the
studied sample separately for gender is shown in Table 2. The
prevalence of allergic sensitizations was higher in males than in
females, whereas the prevalence of anxious mood was higher in
females than in males. No significant differences were found for
all the remaining variable, separately for gender.

The prevalence of anxiety was 20% among rhinitis and
15.8% among asthmatics, whereas the prevalence of depressive
symptoms was 17.6% among rhinitis and 10.5% among
asthmatics.

The P-DAG (Fig. 1) summarizes the possible relationships
among variables, considering what is known about this field.
Gender was a direct causal factor of allergic sensitization (x>,
p < 0.0001), which in turn mediated its relationships with both
asthma and rhinitis (x>, p < 0.0001). Asthma and rhinitis were
also directly associated (¥, p < 0.0001), as were anxious and
depressive mood (x% p < 0.0001). Asthma was not directly
associated with depressive mood, but their relation was
mediated through rhinitis. Similarly, gender was not a direct
causal factor for depressive mood, but their link was mediated
through anxious mood, which was directly influenced by
gender. Furthermore, allergic sensitization was not a direct
causal factor for anxious mood, but their relationship was
confounded by gender (x>, p <0.001). Among the other
variables analyzed, a direct link between HCI and depressive
mood was also shown (32, p < 0.0001); conversely, BMI and
IPF were not associated with the other variables.

We studied the distribution of each combination of rhinitis
and asthma for subjects with and without allergic sensitization.
When allergic sensitization was present, the likelihood to being
both asthmatic and rhinitic increased more than threefold
(1.9%—7.1%). The effect of allergic sensitization on rhinitis
was weaker; in fact, when allergic sensitization was present, the
likelihood of being rhinitic increased about one-fourth

Table 1 General characteristics of the sample studied and the
original sample

Studied sample  Original sample

N = 1283 N = 2150
Gender (M/F) 645/638 1057/1093
Age (years, Mean + s.d.) 12.2 (+£1.0) 12.6 (+£1.0)
BMI, kg/m? (Mean =+ s.d.) 21.3 (£4.3) 21.2 (£4.3)
Asthma (No., %) 19 (1.5) 23 (1.1)
Asthma and rhinitis (No., %) 4 (4.1) 7 (3.1)
Rhinitis (No., %) 428 (33.4) 764 (35.5)
Not asthma, not rhinitis (No.,%) 782 (61) 1296 (60.3)
Allergic sensitization (No., %) 549 (42.8) 839 (39.2)
Impaired lung function (No., %) 3 (4.1) 0 (4.3)
HCI > 1 (No., %) 406 (31.6) 697 (32.7)

HCI, household crowding index; BMI, body mass index.

Unless otherwise indicated, data are presented as mean + standard
deviation (s.d.).

Differences were evaluated by anova or chi-square test, as
appropriate.

No significant differences were found between the two groups.
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Table 2 Prevalence of general and clinical variables in the sample
studied, separately for gender

Prevalence Males Females
(%) (%) (%) p-value
Asthma 1.5 60 40 NS
Rhinitis 33.4 49 51 NS
Asthma and rhinitis 4.1 58 42 NS
Not asthma, not rhinitis 61 51 49 NS
Allergic sensitization 42.8 57 43 <0.001
Impaired lung function 4.1 42 58 NS
BMI < 25 kg/m? 81.8 49 51 NS
HCI > 1 31.6 47 53 NS
Depressive mood 13.6 b4 46 NS
Anxious mood 16.0 39 61 <0.001
Both depressive 7.7 46 54 NS
mood and anxious
mood

BMI, body mass index; HCI, household crowding index.

Data are presented as prevalence in the overall sample and
separately for gender. Differences were evaluated by chi-square test;
NS indicates not significant differences.

(29.7% —37.9%); conversely, the likelihood of being asthmatic
increased about fivefold (0.5%—2.7%). As expected, the
likelihood of being neither asthmatic nor rhinitic decreased if
allergic sensitization was absent.

The Markov blanket of anxiety was composed by gender
and depression. The effect of depressive mood on anxiety,
measured by the relative difference, was higher among girls: for
females, the difference was 52.3%, whereas for males it was
42.9%. A stronger effect of gender on anxiety was found
among depressed subjects. The relative prevalence of anxiety
was higher (by about one-third) in girls with depressive mood
than in boys with depressive mood.

Table 3 shows the marginal effect of gender and depressive
mood on anxious mood. The relative difference between
subjects with both depression and anxiety and those with only
anxiety was 47%, while for females vs. males, it was 7.5%.
Thus, anxiety appears to have a stronger association with
depression than with gender.

The Markov blanket of depressive mood was composed of
anxious mood, rhinitis, and HCI. The likelihood of being
depressed doubled for all conditions moving from HCI < 1 to
HCI > 1, except when both anxiety and rhinitis — stronger
determinants of depression than HCI — were present (Table 4).

A causal role of rhinitis on depression was found: the
likelihood of being depressed increased from 11.2 to 17.7% if
rhinitis was present.

Discussion

In the present study, performed on a random sample of 1283
subjects, aged 10-13, we found that rhinitis has causal role on
depressive mood. Moreover, anxious mood and low socioeco-
nomic status can contribute to induce depressive mood.
Asthma is linked to depressive mood through rhinitis. A
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ALLERGIC
SENSITIZATION
42.8%

p<0.0001
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ANXIOUS
MOOD
16.0%

DEPRESSIVE

HCI

p<0.0001

MOOD
13.6%

RHINITIS
33.4%

Figure 1 P-DAG summarizes the possible relationships among variables. Causal effect, between variables, is represented by arrows. The
association is represented by segments. The significance of the link is indicated as p-value. The prevalence for each variables is shown.

Table 3 Marginal effect of gender (Panel A) and depression (Panel B)
on anxiety

Anxiety
No Yes p-value
Panel (A) Gender
F 80.3 19.7 <0.001
M 87.8 12.2 <0.001
Panel (B) Depression
No 90.4 9.6 <0.001
Yes 43.4 56.6 <0.001

Data are presented as prevalence of anxious mood for gender and
depression, separately. The marginal effect of gender and depression
on anxiety was significant (x?).

strong effect of female gender on anxiety was found, and this
effect was stronger in girls with depressive mood. No effect of
impaired lung function or being overweight—obese was found
on either anxious or depressive mood in our sample.

In our sample, we found a higher prevalence of depressive
(13.6%) and anxious (16%) conditions than that found in the
literature. In fact, different studies have indicated that
approximately 2.5-5% of children and adolescents subjects
meet criteria for an anxiety disorder at any given time (20), and
approximately 2.8% of children under 12 are affected by
depression, with an increased prevalence during adolescence
(5.6%) (21). This difference may be due to the specific tool used
to evaluate mood conditions in this age. In fact, there is general
agreement that differences in methods, instruments, and
populations can explain different findings among studies (22).

Table 4 Markov blanket of depression

Depression

HCI Anxiety Rhinitis No Yes p-value
<1 No No 95.1 4.9 <0.001
<1 No Yes 94.2 5.8 <0.001
<1 Yes No 70.1 29.9 <0.001
<1 Yes Yes 40.7 59.3 <0.001
>1 No No 89.7 10.3 <0.001
>1 No Yes 87.1 12.9 <0.001
>1 Yes No 41.9 58.1 <0.001
>1 Yes Yes 47.2 52.8 <0.001

HCI, household crowding index.

Data are presented as prevalence (%) of depressive mood for each
combination of HCI, Anxiety and rhinitis, showing the combined
effect of these variables on depression. The marginal effect of all
variables was significant (x?).

Recently, there has been a growing interest in the better
definition of the psychologic burden of chronic diseases in
terms of anxiety and depression symptoms (3), mostly in
children affected by atopic disorders (1). Previous studies have
shown that rhinitic symptoms have a significant impact on
social life and school activities, influencing the patient’s disease
perception and psychologic characteristics (23) and mood state
(24). In agreement, we found a strong association between
rhinitis and depressive state.

In our study, allergic sensitization was confirmed as the
common cause of asthma and rhinitis, being a predisposing
factor for both. This finding is in agreement with the current
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literature (25), suggesting a strong relationship between allergy
and respiratory diseases.

In addition, we found a link between asthma and rhinitis, in
agreement with previous studies (1, 8, 25). This link has been
reported to produce negative physical and psychologic effects.
In particular, in asthmatic allergic children, rhinitis has a
strong negative effect on wellness (7).

Controversies exist relevant to a direct association between
asthma and psychologic comorbidities (26). In our study, the
used approach suggests that the effect of asthma on depressive
mood is not direct. Similarly, gender is not directly associated
with depression; instead, their link is mediated through anxiety,
which is directly linked to gender. The effect of female gender
on depressive mood is mediated by the predisposition of girls
to anxiety, in accordance with previous studies (27). Moreover,
a strong association between depression and allergy has been
previously reported in females (22).

In our analysis, gender is a confounding variable in the
relationship between allergic sensitization and mood state.
Female gender is an indirect risk factor, for both depressive
state (as the relation is mediated through anxiety) and
rhinitis (as the relation is mediated through allergic sensiti-
zation).

Previous studies have shown that housing environment
influences occupants’ health; in particular, crowding is an
important factor producing health problems, although the
underlying mechanisms are not clearly established (28). We
found an effect of HCI on depression, suggesting that
socioeconomic conditions have an effect on pre-adolescent
psychologic states, although other factors also act on this link.
In particular, in our sample, pre-adolescents were more likely
to have depressive symptoms when high HCI was associated
with others depression risk factors. The effect of high HCI can
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be reduced by protective factors, both psychologic (i.e.,
absence of anxiety) and/or physical (i.e., absence of rhinitis).
Thus, the assessment of atopic patients’ socioeconomic status is
an important step in the global approach to patients. No effect
of BMI was found on mood state, in accordance with a
previous study (29).

Our study presents some limitations. First, psychologic data
were self-reported, so they may be biased by the difficulty that
pre-adolescents have in expressing emotional states (30).
Moreover, we did not explore any other psychologic or
environmental variables that could influence the relation
between rhinitis and mood. Longitudinal data on different
personality and biologic factors could help to delve deeper into
the issue.

However, it is notable that this innovative approach to
analyzing the dynamic relationships between respiratory aller-
gic conditions and mood allows us to gain further insight into
the approach to allergic rhinitis in young people, stressing the
role of variables regardless of their frequency.

We suggest that exploring, the psychologic dimension of
rhinitic pre-adolescents subjects is a critical element of high-
quality clinical care performed in partnership with different
specialists to increase patients’ global health: the complete
management of rhinitis may increase psychologic wellness and
reduce disease burden. Moreover, evaluating the effect of
rhinitis severity on mood state in young people may improve
knowledge in this field.
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Appendix
Bayesian Networks
Bayesian networks (1) are graphical representations of probabilistic models used to visualize
complex phenomena (2, 3). Given observational data, bayesian networks are a powerful tool to
inspect associational (segments) and causal (arrows) relationships among variables and causal
assumptions (4). Bayesian networks are particularly useful tools to show how the probability of one
variable is going to change due to the observation of other variables. They are defined through the
specification of two components:
l. A set of nodes connected by oriented or partially oriented arcs: Partial Direct Acyclic Graph
(P-DAG). Each node represents a random variable; each arc connecting two nodes represents a
probabilistic relationship between those variables; the direction of the arc indicates which is the
dependent variable and which is the independent one. For example X->Y means that X is the
independent variable and Y is the dependent one and that there is a significant probabilistic
relationship between them. X is called “parent” and Y is called “child”.
2. A set of conditional probability tables (CPT). Each node has a contingency table attached
depicting the strength of the relationship between itself and its parents. Starting from the conditional
probability of each variable, given its direct factors (parents), it is possible to evaluate any desired
probability of the network.
In order to understand the following issues we need to know a few factors, such as:
a. d-separation [1]: a graphical criterion allowing probabilistic relationships among variables to
be discovered by simple inspection of the network. For example, is X independent from Y? Or is X
independent from Y given the value of some other variable Z? In particular:

* A mediation relation is represented by a serial connection X—Z—Y in which the

relationship between X and Y is completely mediated by variable Z;

* A confounding relation is represented by a diverging connection X«—Z—Y in which both X

and Y share a common cause, Z, that is called a confounder.
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Both mediation and confounding codify to the same statistical properties, namely that X and
Y are marginally dependent but become independent conditional to Z;

* Selection bias is represented by a colliding connection in which X—Z«Y codifies the
probabilistic relationship that X and Y are marginally independent but become dependent
conditional to Z.

Markov blanket: The Markov blanket of a node is the set of all the variables that d-separate

the node from the rest of the network. Therefore, conditionally to its Markov blanket, a variable is

independent of all other variables in the network. This means that the Markov blanket of a node is

the only knowledge needed to predict its values. Graphically, it is picked up by the set of parents,

children and parents of the children of that node.

Building the network (Figure 1). The construction of the network requires the following

assumptions:

. arcs going to gender were inhibited, meaning that, while gender may influence a
variable, no other observed variable may influence gender determination (but on the
contrary, they can be influenced by it);

. arcs going from asthma or rhinitis into allergic sensitization were inhibited because
the latter is a risk factor for asthma and/or rhinitis, and not vice-versa;

. arcs going from anxiety or depression into allergic sensitization, asthma or rhinitis
were inhibited, formalizing the assumption that physical condition may cause mood
variation, and not vice-versa.

Note that inhibition in one direction does not mean that the other direction is inhibited, e.g.,

if allergic sensitization ->gender is inhibited, gender -> allergic sensitization is not.
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