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Sleep-Disordered Breathing Is a Risk
Factor for Community-Acquired Alveolar
Pneumonia in Early Childhood

Original Research

SLEEP DISORDERS

Aviv D. Goldbart, MD; Asher Tal, MD; Noga Givon-Lavi, PhD; Jacob Bar-Ziv, MD;
Ron Dagan, MD; and David Greenberg, MD

Background: Data are scarce with regard to risk factors for acute community-acquired alveolar
pneumonia (CAAP) in children, but it is known that children with sleep-disordered breathing
(SDB) experience more respiratory infections. We aimed to assess whether SDB is a risk factor
for CAAP in early childhood.

Methods: We conducted a prospective, nested, case-control study assessing children <5 years old
who had been given a diagnosis of CAAP based on World Health Organization radiographic cri-
teria. Demographic and clinical data were collected. SDB symptoms were documented using a
structured questionnaire. CAAP study and retrospective sleep laboratory databases were com-
pared. SDB presence and severity were determined by questionnaire and polysomnography
(PSG).

Results: A total of 14,913 children underwent chest radiography during the study period;
1,546 children with radiographically proven CAAP (58% boys) and 441 control subjects (54% boys)
were prospectively enrolled. Frequent snoring was reported in 18.6% vs 2.9% subjects with CAAP
and control subjects, respectively (P <.001). The respective figures for subjects with CAAP and
control subjects for restless sleep, nocturnal breathing problems, abnormal behavior, and chronic
rhinorrhea were 21.6% vs 5.3%, 5% vs 1.4%, 6.4% vs 0.2%, and 12.9% vs 1.8%, (P <.001 for each).
Fifty children (3.3%) with CAAP vs three control subjects (0.7%) underwent adenoidectomy
(P<.001). PSG diagnosis of obstructive sleep apnea had been established previously in 79 patients
(5%) with CAAP vs six (1.3%) of the control subjects (OR, 3.7 [95% CI, 1.6-10.0]; P <.001), with
higher severity in patients with CAAP than in control subjects.

Conclusions: SDB is common in children with CAAP and is possibly a predisposing risk factor for
CAAP in children <5 years old. We recommend considering SDB in young children who are
given a diagnosis of CAAP. CHEST 2012; 141(5):1210-1215

Abbreviations: CAAP = community-acquired alveolar pneumonia; GA = gestational age; OSA = obstructive sleep
apnea; PSG = polysomnography; SDB = sleep-disordered breathing; WHO-SICR = World Health Organization Stan-
dardization of Interpretation of Chest Radiographs

It is estimated that > 150 million episodes of pneu-
monia in children occur yearly worldwide, caus-
ing 11 to 20 million hospitalizations, accounting for
approximately 7% to 13% of all new cases worldwide
and > 2 million deaths.! Little is known about the
risk factors for acute community-acquired pneumo-
nia in children, although anatomic and physiologic
abnormalities of the respiratory, GI, and neuromus-
cular systems are associated with recurrent lower
respiratory tract infections.2

Sleep-disordered breathing (SDB) comprises a spec-
trum of disorders associated with increased upper-
airway resistance during sleep, including obstructive
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sleep apnea (OSA). It affects up to 12% of prepu-
bertal children.? This condition, characterized by
repeated airway closures, often includes night and
day symptoms and may result in a variety of cogni-
tive, behavioral, cardiovascular, and metabolic con-
sequences.* Pediatric patients with SDB are heavy
consumers of health-care services, mainly pulmonary
and otolaryngology consultations, respiratory med-
ications, ED visits, and hospital admissions. This may
occur even before OSA is diagnosed.> SDB can be
screened for by a questionnaire, whereas the diag-
nosis of OSA is performed by a sleep study (poly-
somnography [PSG]).6
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We have reported previously that children who
suffer from SDB experience higher rates of lower
respiratory tract infections than do those without
SDB, especially during the first 4 years of life.” How-
ever, the prevalence of SDB in community-acquired
alveolar pneumonia (CAAP) in children <5 years old
and whether SDB is an independent risk factor for
CAAP have never been assessed, to the best of our
knowledge.

The aim of the present study was to prospectively
determine if SDB is more frequent in children with
CAAP than in healthy control subjects. The specific
end point of alveolar pneumonia was selected in this
study because it is radiologically distinct and the eas-
iest to reach a consensus on when used for the radio-
logic diagnosis of pneumonia.®®

MATERIALS AND METHODS

Study Design and Setting

This prospective, population-based, case-control study was
conducted from March 2006 through September 2008. The
Soroka University Medical Center is the only hospital in southern
Israel. The region had 520,000 inhabitants in 2006-2008. During
the study period, children <5 years old in the region accounted
for 67,300 to 74,000 annually.'* Medical insurance for children
in Israel is universal and is provided free of charge. There are
no financial or other barriers to health-care service use in the
region. The 7-valent pneumococcal conjugate vaccine was not
widely used in Israel during the study period, and <5% of the
region’s children received the vaccine during the period.

Patients

The study was approved by the Soroka University Medical Cen-
ter institutional review board (FWA00000721). Children <5 years
of age, who were seen at the pediatric ED or were hospitalized,
were enrolled after their parents signed an informed consent, if
they met the criteria set for alveolar pneumonia by the World
Health Organization Standardization of Interpretation of Chest
Radiographs (WHO-SICR) Working Group.® Chest radiographs
were obtained at the ED or within <48 h of hospitalization.
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Only one episode per child could be included. The control sub-
jects were children <5 years old, seen in maternal-child health
clinics for routine vaccination or admitted to the pediatric surgery
department for an elective surgery. The presence of SDB was
ruled out based on response to a questionnaire (see “SDB Eval-
uation” for details). Subjects were enrolled daily (Sunday to
Thursday from 8:00 AM to 4:00 PM, except for holidays). Patients
with underlying neuromuscular disorders were excluded. The inclu-
sion criteria for cases and control subjects were similar, and included
the following: geographic area, age range, and study period.

Prospective Data Collection

The data gathered during the study period included demo-
graphic characteristics (ie, prematurity, daycare center attendance,
previous pneumonia, and asthma), clinical variables (ie, respiratory rate,
oxygen saturation, heart rate,) and laboratory data (ie, complete
blood count, erythrocyte sedimentation rate/C-reactive protein,
serum electrolytes). Clinical data were obtained from the medical
charts.

SDB Evaluation

Parents were interviewed by research coordinators at the ED
or pediatric ward or by telephone interview. The telephone inter-
view was conducted immediately after the ED visit. If the imme-
diate contact attempt failed, further attempts were made four to
five times a week, for up to 1 month.

We used a questionnaire (in both Hebrew and Arabic depend-
ing on the spoken language), representing the significant ques-
tions in the questionnaire the group was using, that addressed
classic symptoms referring to the 12 months preceding the sub-
ject’s ED visit and was validated in young children.6 Symptom
frequency ranged from 1 to 5 (5 being the most severe) based on
the number of positive symptoms. The following symptoms were
included: snoring, nighttime breathing problems (witnessed apnea
and breathing difficulty), restless sleep, chronic rhinorrhea, and
daytime abnormal behavior (tiredness or irritability). In addition,
in order to evaluate the presence of SDB before CAAP, we added
two more variables: (1) previous PSG; and (2) previous adenoidec-
tomy with or without tonsillectomy.

OSA Evaluation by PSG

The Soroka University Medical Sleep Center is the only
pediatric sleep center in the southern region of Israel; it con-
ducts ~1,000 sleep studies annually. In order to define OSA sever-
ity, we used the severity definitions that are used most commonly
in pediatric sleep medicine, taking the apnea-hypopnea index
of 1 as the cutoff for the definition of OSA, apnea-hypopnea index
of 1 to 5 as mild OSA, > 5 as moderate OSA, and > 10 as a severe
disorder.!! We retrospectively matched the identity numbers of
the study patients and control subjects to the Sleep-Wake Disor-
ders Center database for the previous 6 years. None of the chil-
dren underwent their PSG during an acute disease. The results of
matched identity numbers of the children undergoing overnight
PSG conducted at the center were then compiled into the study
database.

Evaluation of Chest Radiographs

Chest radiographs were analyzed according to the WHO-SICR
Working Group®: Alveolar pneumonia was defined as dense opac-
ity that may be a fluffy consolidation of a portion, the whole lobe,
or the entire lung, often containing air bronchogram and some-
times associated with pleural effusion. All radiographs were pro-
cessed and visualized in Hipax 3.27.1 radiographic image processing
software (Ateinhart Medizinsysteme) and were stored for future
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analyses. Two pediatric infectious disease specialists (D. G. and
R. D.), who participated in the WHO-SICR group, read sepa-
rately the chest radiographs of all children. When a diagnosis of
alveolar pneumonia was determined by one or both of the pediatric
infectious disease specialists, a case was labeled “tentative pneu-
monia case.” For each radiograph defined as “tentative pneumonia
case,” a control radiograph defined as “no pneumonia” was selected
from among all successive chest radiographs for an age-matched
child. The chest radiographs were sent periodically to the study
radiologist (J. B.-Z.), who was also a member of the WHO-SICR
group, after being mixed at random. The study radiologist read the
radiographs, unaware of the other investigators’ reading results and
of the clinical diagnosis. The final diagnosis of alveolar pneumonia
was determined solely for the cases confirmed both by the radiol-
ogist and at least one pediatric infectious disease specialist.

Statistical Analysis

Data were recorded using Access Microsoft software. Statis-
tical analysis was conducted using SPSS software (version 15.0;
SPSS Inc). Contingency table analysis between unmatched sam-
ples was performed using the x2 tests or Fisher exact test. The
Student ¢ test was used to compare continuous variables. A multi-
variate logistic regression model was used for symptoms of SDB,
controlling for age and ethnic origin. Statistical significance was
defined as P <.05. Stratified analysis for age was conducted.

RESULTS

A total of 14,913 children underwent chest radiogra-
phy during the study period. Radiographically proven
community-acquired pneumonia was diagnosed in
2,558 (17.2%) episodes. Of these, alveolar pneumonia
was diagnosed in 2,465 subjects (95.7%) and nonalveo-
lar pneumonia in 93 (4.3%). The final study group
included 2,465 children (58% males), and 441 control
subjects (54% boys) were prospectively enrolled.
Of those 2,465 eligible cases, 1,546 (62.7%) were

eventually enrolled, because the rest were not available
during working hours and could not be reached
by telephone. Children with CAAP were older (age
22.2 = 15.6 months vs 16.4 = 11.1 months) and were
more frequently Jewish children than were control
subjects (Table 1). Among children with CAAP,
there was a significantly higher prevalence of prema-
turity, daycare center attendance, previous episodes
of pneumonia, and previous diagnosis of asthma than
in control subjects. No differences between the
CAAP and control groups were found with regard
to overall previous acute otitis media episodes, previous
episodes of acute otitis media with tympanocentesis,
number of siblings, or antibiotic treatment in the
3 months preceding enrollment. Breastfeeding was
significantly more common in control subjects than
in children with CAAP (Table 1).

The following symptoms were significantly more
common in children with CAAP than in control sub-
jects: frequent (> 3 nights per week) snoring; restless
sleep; nocturnal breathing problems; abnormal behav-
ior; and chronic rhinorrhea (Table 1). More children
in the CAAP group underwent previous PSG and
previous adenoidectomy than in the healthy control
group.

The proportion of children with one or more symp-
toms (1 to 5) was significantly higher in the CAAP
group than in the healthy control subjects after adjust-
ment for age, prematurity, and ethnicity (Fig 1). To
assess whether the various respiratory symptoms were
more frequent in the CAAP group than in the control
group, multivariate logistic regression models, adjusted
for age, prematurity, and ethnicity, showed the following
variables to be significantly more common in children

Table 1—Demographics, Risk Factors, SDB Characteristics, and Medical History of Children With CAAP
vs Healthy Control Subjects

Characteristic Control Children (n =441) Children With CAAP (n = 1,546) P Value

Demographics and risk factors
Age, mean = SD, mo 11.1+164 22.2+15.6 <.001
Male 254 (57.9) 893 (57.8) 982
Jewish 34 (7.7) 696 (45) <.001
Bedouin 407 (92.3) 849 (55) <.001
Prematurity (<36 gestational wk) 27 (6.1) 197 (12.9) <.001
Attending daycare center 43(9.8) 682 (44.5) <.001
Previous pneumonia 34 (7.7) 333 (21.7) <.001
Breastfeeding 419 (95) 1,304 (85.5) .001
Previous diagnosis of asthma 22 (5.0) 230 (15.0) .003

SDB characteristics and medical history
Snoring > 3 nights per wk 13(2.9) 288 (18.6) <.001
Nighttime breathing problems 6(1.4) 78 (5.2) .001
Restless sleep 23 (5.3) 328 (16.8) <.001
Daytime abnormal behavior 1(0.2) 97 (6.3) <.001
Rhinorrhea 8(1.8) 194 (12.5) <.001
Previous adenoidectomy 3(0.7) 50 (3.3) .003
Previous polysomnography 1(0.2) 55 (3.6) <.001

Data are presented as No. (%) unless indicated otherwise. CAAP = community-acquired alveolar pneumonia; SDB = sleep-disordered breathing.

1212

Original Research

Downloaded from chestjournal.chestpubs.org at Universidad de Valencia on June 18, 2012
© 2012 American College of Chest Physicians


http://chestjournal.chestpubs.org/

181 m CAAP

16+ CAAP vs. Controls
141 P<0.001

12
10

O Controls

% of children

©oON b O O

1 2 3 4 5
Sleep disordered breathing symptoms frequency

FIGURE 1. Sleep-disordered breathing (SDB) symptoms {requency
in children with CAAP vs control subjects <5 years of age.
CAAP = community-acquired alveolar pneumonia.

with CAAP than in healthy control subjects: chronic
rhinorrhea, restless sleep, and daytime abnormal
behavior (Table 2). Snoring (> 3 nights a week) also
showed a trend for significance but did not reach
statistical significance.

Previous PSG performed before enrolment indi-
cated the presence of SDB in 79 (5%) of the chil-
dren with CAAP vs six (1.3%) of the control subjects
(OR, 3.7, 95% CI, 1.6-10.0; P <.001) (Fig 2). SDB
severity according to PSG was significantly higher
in CAAP patients: 80% of the children with CAAP
who underwent PSG had moderate or severe OSA,
vs only 66% of the control subjects (P <.001) (Fig 3).

Di1sCcUSsSION

This study reveals that SDB serves as a risk factor
for CAAP in young children. We now report that SDB
is significantly more common and is clinically present
at least 12 months prior to the infectious event. Fur-
thermore, a direct correlation exists between the
severity of SDB and the chances of receiving a diag-
nosis of pneumonia.

Childhood community-acquired infections are a fre-
quent cause of physician visits, antibiotic and over-
the-counter drug consumption, work loss, and reduction
of quality of life.’? There are some hints that anatomic

Table 2—ORs and 95% CIs for SDB Symptoms in
Children With CAAP vs Healthy Control Subjects
(Multivariate Logistics Regression Analysis, Adjusted
for Age and Ethnicity)

Variable OR 95% CI P Value
Rhinorrhea 3.24 1.54-6.83 .002
Snoring > 3 nights per wk 2.11 0.94-4.78 .070
Nighttime breathing problems 1.76 0.79-4.29 .208
Restless sleep 1.68 1.04-2.73 .035
Daytime abnormal behavior 11.06 1.51-81.26 018
Previous adenoidectomy 2.21 0.65-7.51 202

See Table 1 for expansion of abbreviations.

www.chestpubs.org

and functional abnormalities can lead to CAAP, such
as in the case of neurologically impaired children who
suffer more episodes of aspiration pneumonia.'

Although no data exist in children, it appears that
pneumonia is also prevalent in adults who have a diag-
nosis of SDB. A retrospective analysis was conducted
on data from 371,000 discharges of hospitalized adult
patients from the 2004 National Hospital Discharge
Survey. One of the most common diagnoses in hospi-
talized patients with sleep apnea was pneumonia.'*

Several risk factors for CAAP were observed in this
study: prematurity (<36 wk), daycare center atten-
dance, previous pneumonia, and asthma. Indeed, some
of these risk factors were also reported previously.
Prematurity is a very important risk factor for respira-
tory morbidity during infancy and early childhood.?
In fact, very preterm infants (<32 weeks’ gesta-
tional age [GA]), as well as preterm infants born at
32 to 36 weeks” GA, are particularly vulnerable to
developing severe lower respiratory tract infections
that require frequent hospitalizations.!> Even infants
born at 33 to 36 weeks” GA had substantially higher
rates of admission when compared with full-term
infants.’® The investigators at Rainbow Babies and
Children’s Hospital (Cleveland, Ohio) found that 21%
of children born prematurely were habitual snorers
and had three- to five-times-higher rates of SDB than
did full-term infants.!” In addition, prematurity has
been linked to severe CAAP in children <5 years
of age.’s We, therefore, took into account prematu-
rity, in addition to age and ethnicity, in the multivar-
iate logistic regression model (Figs 1-3).

Daycare center attendance is a well-known risk fac-
tor for several infectious conditions, such as otitis
media.!? Asthma is frequently found in the differ-
ential diagnosis of recurrent chest infections in chil-
dren. The most common explanation is that mucus
plugging causes microatelectasis, which eventually
gets infected and leads to subsegmental and later to
lobar consolidation.20

To the best of our knowledge, the association
between SDB and CAAP in children has not been
described previously. In our study, we found that
SDB symptoms and previous SDB PSG diagnoses
were more prevalent in children with CAAP than in
control subjects. Moreover, we found an association
between SDB severity in a previous PSG and the
frequency of CAAP in these children.

We have reported a study” in which we looked at
the medical files of young children who had been
given a diagnosis of OSA at the age of 4 years. We
found that, indeed, the respiratory morbidity and
symptoms of SDB had already started during their
first year of life. Interestingly, a major finding was
increased incidence of lower respiratory tract infec-
tions and pneumonia from the first year of life.
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CAAP Controls

FIGURE 2. Previous polysomnographic diagnosis of SDB in chil-
dren with CAAP vs control subjects <5 years of age. See Figure 1
legend for expansion of abbreviations.

There are several mechanisms that may explain, in
part, the association between the pathology in the
upper airway and the infections of the lower respira-
tory tract. It was suggested previously that children
with adenoid hypertrophy may suffer from recurrent
microaspirations to the lungs. The researchers evalu-
ated ventilation during sleep before and after ade-
notonsillectomy. In all the cases, esophageal pressure
during sleep was elevated four- to sixfold above the
normal value. This was caused by nasal obstruction
due to adenoid hypertrophy and obstruction of the
oropharynx by hypertrophied tonsil and collapse of
the tongue due to muscular relaxation during sleep.
When contrast media were instilled into the naso-
pharynx, contrast media aspiration to the lung was
found significantly more frequently in subjects with
upper airway obstruction, suggesting that active aspi-
ration by marked inspiratory negative pressure during
sleep may play a major role in causing lower respira-
tory infections.?!

In another prospective study, patients with symp-
toms of OSA aspirated significantly more radiotracer
(infused through the nasopharynx), suggesting an
apparent risk of increased pharyngeal aspiration in
patients with OSA.22 Moreover, there is ample evi-
dence supporting the existence of inflammation in
upper airway surgical specimens obtained from chil-
dren with SDB.2 Inflammatory pathways are acti-
vated in the lymphatic tissue, that alternatively can
induce chemotaxis of preinflammatory cytokines.2*
Furthermore, it was suggested that inflammation can
be linked to denervation of the upper airway, leading
to its collapsibility and dysfunction.? Indeed, the data
gathered so far in the field of pulmonary medicine as
well as in otolaryngology and anesthesiology support
the concept of a nocturnal airway dysfunction in chil-
dren with SDB. This, in turn, may result in a decrease
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in the “filtering” ability of the upper airway and an
increased likelihood of upper airway microaspirations
unopposed by local defense immunologic barriers,
ending in alveolar pneumonia.

Because SDB refers to a spectrum of breathing dis-
orders during sleep, a questionnaire can identify the
presence of an abnormal breathing pattern to a cer-
tain degree of certainty. However, in our setting it
was not possible to assess the presence of SDB in
2,000 children during an acute event of pneumonia,
other than by questioning them with a well-defined
set of questions. We believe that this is perhaps a lim-
itation but also the strength of this study. We decided
to take one of the well-accepted questionnaires® that
showed a significant correlation between specific ques-
tions and PSG findings. Another limitation is that
PSG data were not collected systematically and were
analyzed retrospectively. This was done because this
is the only pediatric sleep laboratory in our catch-
ment area. We need to emphasize that this was not a
matched-case control study, and differences were
noted between the two groups. Therefore, we used
multiregression analysis for age and ethnicity when
we evaluated the possible risk factors.

The fact that the same proportions of children
with SDB were found by the questionnaire and by
PSG reinforces the potential correlations between
screening instruments and objective findings. How-
ever, another limitation was that only 62.7% of all
radiographically proven alveolar pneumonia cases
were recruited to the study. The main obstacle was
communication (phones/cell phones) with parents of
children discharged from the ED. However, it is pos-
sible that these results underestimate the presence of
SDB in patients with CAAP because we gathered
data from all control subjects.

CONCLUSIONS

CAAP in children was found significantly more
frequently in children with SDB than in control

40}
35
§ 30
S 25
“g 2. p <0.001
o
E 15 p<0.001
= p<0.001
10
5
0 ‘
1<AHI<5 5<AHI<10 AHI>10
AHI- Apnea Hypopnea Index
mCAAP [ Controls

FIGURE 3. Polysomnographic severity of SDB in children with
CAAP vs control subjects <5 years of age. See Figure 1 legend for
expansion of abbreviations.
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subjects. In addition, a linear association was found
between the severity of SDB and the risk of CAAP.
Thus, SDB is an independent risk factor predisposing
for pneumonia in early childhood. We recommend
that SDB presence be ruled out by detailed history
and physical examination in young children who
receive a diagnosis of CAAP, which may suggest the
need to refer the patient to a specialist.
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