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Introduction The association between tonsillectomy with adenoidectomy (T&A) with
appendicitis is controversial, and the association of T&A with pneumonia has not been
investigated.

Objective To investigate the associations of T&A with pneumonia and appendicitis
using data from the Korean National Health Insurance Service National Sample Cohort.
Methods We selected patients between the ages of 3 and 10 years who had
undergone T&A in 2005 and were monitored since the performance of the T&A until
2013. The control group was established to have similar propensities for demographic
characteristics compared to the T&A group. For eight years after the T&A, the number
of patients with a diagnosis of pneumonia, patients who were admitted due to
pneumonia, and those who underwent appendectomy were analyzed. The risk factors
for pneumonia and appendectomy were analyzed.

Results The number of pneumonia diagnoses was significantly higher in the T&A group
than in the control group (p=0.023), but there were no significant differences in the
number of admissions due to pneumonia between the 2 groups (p = 0.155). Younger age
and T&A were significant risk factors for the development of pneumonia. There were no
significant differences in the number of appendectomies between the T&A and the control
groups (p = 0.425), neither were there significant risk factors for appendectomy.
Conclusion Tonsillectomy with adenoidectomy was associated with an increase in
pneumonia diagnoses, but it was not associated with the number of appendectomies.
The associations of T&A with pneumonia and appendicitis were analyzed in this
population-based study.
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Introduction

Tonsillectomy with adenoidectomy (T&A) is a common sur-
gery for children, and it is indicated for frequent tonsillitis
and obstructive sleep apnea.' The tonsil and appendix are
components of mucosa-associated lymphoid tissue (MALT).
The removal of the tonsils was associated with alterations in
the MALT.?™ The function of the appendix may be increased
instead of that of the tonsils after tonsillectomy. The change
in the MALT may influence not only gastrointestinal diseases
but also pulmonary diseases such as pneumonia, because the
tonsils have an immunologic role against airborne antigens
entering the nose and mouth.

To date, several studies have been performed to reveal the
association between tonsillectomy with or without adenoi-
dectomy and appendicitis.>® However, whether T&A is
related to appendicitis or appendectomy is controversial.
Meanwhile, the association of T&A with pneumonia has not
been investigated until now.

In the present study, we analyzed the associations of T&A
with subsequent pneumonia and appendicitis using data
from the Korean National Health Insurance Service National
Sample Cohort.

Materials and Methods

Patients

The present study included data from the National Health
Insurance Service National Sample Cohort in Korea,
which represents a subsample of 2% of the entire National
Health Insurance Service database from 2002 to 2013. From
the national sample cohort data, we selected patients
between the ages of 3 and 10 years who had urdergone
T&A in 2005 and who were monitored since the perfor-
mance of T&A until 2013. We excluded patients who
underwent T&A in any year other than 2005, and those
who had pneumonia (in the analysis of the association with
pneumonia) or were submitted to appendectomy (in the
analysis of the association with appendicitis) between 2002
and 2005. The T&A group was established for the analysis of
the association with pneumonia and appendicitis
respectively.

All people in Korea are obligated to join the National
Health Insurance Service. Accordingly, the approximately 1
million total subjects in the national sample cohort each
year represent about 2% of the total Korean population (of
50 million people). Therefore, the results in the present
study are a fair representation of the entire Korean popula-
tion. The control group was established for the analysis of
the association with pneumonia and appendicitis respec-
tively; it was 5 times larger than the T&A group, and
comprised people who did not undergo T&A between
2002 to 2013 and those who did not have pneumonia (in
the analysis of the association with pneumonia) or were not
submitted to appendectomy (in the analysis of the associa-
tion with appendicitis) between 2002 and 2005. These
individuals were selected to match the T&A group with
regard to sex, age, level of income, residence, and type of
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National Health Insurance. Thus, the two matched groups
had similar propensities for these demographic character-
istics. Individual characteristics that could influence the
incidence of pneumonia (such as, past medical and surgical
history, family history, allergies, presence of comorbidities,
prematurity, malnutrition, air pollution, breastfeeding, and
vaccination for pneumococcus) were not considered, but
may be negligible in the design of the present study due to
the propensity-matched control group and large sample
size.

The present study was performed in accordance with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. The Institutional Review
Board approved the study (NHIMC 2019-04-034), and
exempted it from taking the written informed consent of
the patients.

Data Analysis

From 2005 to 2013, the numbers of patients with a diagnosis
of pneumonia, patients who were admitted due to pneumo-
nia, and those who underwent appendectomy were ana-
lyzed. The analysis used the main diagnostic codes from the
International Classification of Diseases that were recorded
during the visits to the clinic and admissions of each patient.
The patients were divided into 4 groups according to age at
the time of the performance of T&A as follows: 3 to 4 years
old; 5 to 6 years old; 7 to 8 years old; and 9 to 10 years old.
Additionally, the risk factors for pneumonia and appendec-
tomy were analyzed.

Definition of the Disease

The main diagnostic codes associated with pneumonia in the
International Classification of Diseases were ]J10.0 (influenza
with pneumonia, seasonal influenza virus identified); J11.0
(influenza with pneumonia, virus not identified); J12 (viral
pneumonia, not elsewhere classified); J13 (pneumonia due
to Streptococcus pneumoniae); J14 (pneumonia due to Hae-
mophilus influenzae); J15 (bacterial pneumonia, not else-
where classified); J16 (pneumonia due to other infectious
organisms, not elsewhere classified); J17 (pneumonia in
diseases classified elsewhere); and ]J18 (pneumonia, organ-
ism unspecified). Community-acquired and hospital-ac-
quired pneumonia could not be classified in the present
study because there were no separate codes in the classifi-
cation of diseases. The claim codes for appendectomy in the
Korean National Health Insurance Service were Q2861,
Q2862, and Q2863.

Statistical Analysis

Differences in the diagnosis of pneumonia and admission
due to pneumonia and differences in the performance of
appendectomy were compared between the T&A group and
control group using Chi-squared test. The risk factors for
pneumonia and appendectomy were analyzed using a Cox
proportional hazards model with univariate and multivari-
ate analyses to evaluate the hazard ratio (HR). The statistical
analysis was performed using the SAS 9.3 (SAS Institute,
Cary, NC, US) software.
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Results

Differences in the Diagnosis of Pneumonia between
the T&A and Control Groups

The total number of patients was 175 in the T&A group, and
875 in the control group. The number of diagnoses of
pneumonia was significantly higher in the T&A group than
in the control group (p = 0.023), but there were no significant
differences in the number of admissions due to pneumonia
between the 2 groups (p =0.155) (~Table 1).

Risk Factors for Pneumonia in the Cox Proportional
Hazards Model with Univariate and Multivariate
Analysis

The HRs of several factors such as sociodemographic com-
ponents and T&A for pneumonia were analyzed. Younger age
(HR=0.79, 95% confidential interval [95%CI]=0.728 to
0.864 in the univariate analysis; and HR=0.80, 95%
CI=0.727 to 0.873 in the multivariate analysis) and T&A
(HR=1.52,95%CI = 1.062 to 2.167 in the univariate analysis;
and HR=1.53, 95%CI=1.072 to 2.189 in the multivariate
analysis) were significant risk factors for the development of
pneumonia in the Cox proportional hazards model on the
univariate and multivariate analyses (=Table 2).
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Differences in the Incidence of Appendectomy
between the T&A and Control Groups

The total number of patients was 265 in the T&A group and
1,325 in the control group. There were no significant differ-
ences in the number of appendectomies between the groups
(p=0.425) (=Table 3).

Risk Factors for Appendectomy in the Cox
Proportional Hazards Model with Univariate and
Multivariate Analysis

The HRs of several factors such as sociodemographic com-
ponents and T&A for appendectomy were analyzed. There
were no significant risk factors for the performance of
appendectomy in the Cox proportional hazards model on
the univariate and multivariate analyses (=Table 4).

Discussion

The tonsils and adenoids are secondary lymphoid tissues that
present an immune response against airborne antigens.
These consist of B-cell lymphocytes (50% to 65%), T-cell
lymphocytes (40%), and mature plasma cells (3%)." The
tonsils and adenoids play a role not only as components of
the MALT, but also in a mucosal type of adaptive immunity.7’8

Table 1 Differences in the number of diagnoses of pneumonia and admissions due to pneumonia between the tonsillectomy with

adenoidectomy and control groups

Control TRA Total (%) p-value
group (%) group (%)
Total 875 (83.3) 175 (16.7) 1,050 (100.0)
Sex Male 540 (61.7) 108 (61.7) 648 (61.7) 1
Female 335 (38.3) 7 (38.3) 402 (38.3)
Age at the 3-4 years old 60 (6.9) 2 (6.9) 72 (6.9) 1
Tﬁforma”ce of 5-6 years old 290 (33.1) 8 (33.1) 348 (33.1)
7-8 years old 305 (34.9) (34 9) 366 (34.9)
9-10 years old 220 (25.1) 4 (25.1) 264 (25.1)
Level of income 1st quintile 60 (6.9) ( 9) 2 (6.9) 1
2nd quintile 110 (12.6) 2 (12.6) 132 (12.6)
3rd quintile 200 (22.9) 40 (22.9) 240 (22.9)
ath quintile 280 (32.0) 6 (32.0) 336 (32.0)
5th quintile 225 (25.7) 45 (25.7) 270 (25.7)
Type of Employee 510 (58.3) 102 (58.3) 612 (58.3) 1
:\r']zfj‘r’a”:c'eHea'th Regional 365 (41.7) 73 (41.7) 438 (41.7)
Residence Seoul (capital) 145 (16.6) 29 (16.6) 174 (16.6) 1
Metropolitan 245 (28.0) 9 (28.0) 294 (28.0)
City (small- and 445 (50.9) 89 (50.9) 534 (50.9)
medium-sized)
County 40 (4.6) 8 (4.6) 48 (4.6)
Diagnosis of pneumonia 134 (15.3) 39 (22.3) 173 (16.5) 0.023*
Admission due to pneumonia 19 (2.2) 7 (4.0) 26 (2.5) 0.155

Abbreviation: T&A, tonsillectomy with adenoidectomy.

Note: *“p-value < 0.05.
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Table 2 Hazard ratios for pneumonia in the Cox proportional hazards model with univariate and multivariate analysis

Univariate analysis Multivariate analysis
HR 95%Cl HR 95%Cl
Sex Male 1 1
Female 1.11 0.816-1.498 1.12 0.819-1.540
Age Year 0.79* 0.728-0.864 0.80" 0.727-0.873
Level of income 1st quintile 1 1
2nd quintile 1.17 0.605-2.255 0.99 0.500-1.951
3rd quintile 0.94 0.501-1.746 0.91 0.474-1.745
4th quintile 0.79 0.427-1.451 0.81 0.432-1.531
5th quintile 0.84 0.453-1.572 0.96 0.509-1.819
Type of National Health Insurance Employee 1 1
Regional 0.82 0.602-1.114 0.90 0.652-1.245
Residence Seoul (capital) 1 1
Metropolitan 1.05 0.667-1.638 1.14 0.718-1.793
City (small- and medium- sized) 0.91 0.599-1.379 0.94 0.613-1.432
County 0.84 0.368-1.908 1.03 0.427-2.480
TRA Not performed 1 1
Performed 1.52% 1.062-2.167 1.53* 1.072-2.189

Abbreviations: 95%Cl, 95% confidential interval; HR, hazard ratio; T&A, tonsillectomy with adenoidectomy.
Note: *p-value < 0.05.

Table 3 Differences in the incidence of appendectomy between the tonsillectomy with adenoidectomy and control groups

Control T&A Total (%) p-value
group (%) group (%)
Total 1,325 (83.3) 265 (16.7) 1,590 (100.0)
Sex Male 855 (64.5) 171 (64.5) 1,026 (64.5) 1
Female 470 (35.5) 94 (35.5) 564 (35.5)
Age at the 3-4 years old 135 (10.2) 27 (10.2) 162 (10.2) 1
?g;ormance of 5-6 years old 530 (40.0) 106 (40.0) 636 (40.0)
7-8 years old 400 (30.2) 80 (30.2) 480 (30.2)
9-10 years old 260 (19.6) 52 (19.6) 312 (19.6)
Level of income 1st quintile 75 (5.7) 15 (5.7) 90 (5.7) 1
2nd quintile 155 (11.7) 31(11.7) 186 (11.7)
3rd quintile 315 (23.8) 63 (23.8) 378 (23.8)
4th quintile 435 (32.8) 87 (32.8) 522 (32.8)
5th quintile 345 (26.0) 69 (26.0) 414 (26.0)
Type of National Employee 795 (60.0) 159 (60.0) 954 (60.0) 1
Health Insurance Regional 530 (40.0) 106 (40.0) 636 (40.0)
Residence Seoul (capital) 245 (18.5) 49 (18.5) 294 (18.5) 1
Metropolitan 345 (26.0) 69 (26.0) 414 (26.0)
City (small- and medium-sized) 680 (51.3) 136 (51.3) 816 (51.3)
County 55 (4.2) 11 (4.2) 66 (4.2)
Appendectomy Performed 25(1.9) 7 (2.6) 32 (2.0) 0.425

Abbreviation: T&A, tonsillectomy with adenoidectomy.
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Table 4 Hazard ratios for appendectomy in the Cox proportional hazards model with univariate and multivariate analysis

Univariate analysis Multivariate analysis
HR 95%Cl HR 95%Cl
Sex Male 1 1
Female 0.51 0.219-1.170 0.50 0.209-1.178
Age Year 1.14 0.945-1.373 1.17 0.953-1.427
Level of income 1st quintile 1 1
2nd quintile 0.96 0.240-3.836 1.13 0.271-4.687
3rd quintile 0.70 0.191-2.601 0.75 0.193-2.880
4th quintile 0.23 0.050-1.004 0.23 0.051-1.050
5th quintile 0.72 0.197-2.606 0.64 0.170-2.388
Type of National Health Insurance Employee 1 1
Regional 1.17 0.582-2.354 0.94 0.447-1.989
Residence Seoul (capital) 1 1
Metropolitan 2.14 0.579-7.906 2.37 0.637-8.801
City (small- and medium-sized) 2.17 0.639-7.360 2.29 0.671-7.800
County 3.02 0.505-18.099 2.64 0.409-17.078
TRA Not performed 1 1
Performed 1.43 0.618-3.302 1.43 0.619-3.311

Abbreviations: 95%Cl, 95% confidential interval; HR, hazard ratio; T&A, tonsillectomy with adenoidectomy.

The tonsils are most immunologically active between the
ages of 3 and 10 years."? There are incompatible studies
about the effects of T&A on immunity.! Ogra? reported a
three- to four-fold decrease in the level of immunoglobulin A
(IgA) antibody in children previously immunized with live
polio vaccine after T&A.>"*7-# Other studies reported no
salivary IgA reduction or even elevated salivary immuno-
globulin levels after tonsillectomy.”'%™" It is still uncertain if
the immunologic change after T&A has an effect on inflam-
matory diseases such as pneumonia and appendicitis.

Most studies have reported the association of pneumonia
with T&A from the perspective of postoperative respiratory
complications.n’13 Respiratory complications such as pneu-
monia after T&A were reported to be associated with age
below 3 years, prematurity, and obstructive sleep apnea.’>4

Meanwhile, a lack of exclusive breastfeeding, exposure to
cigarette smoke and air pollution, malnutrition, and con-
ditions of poverty were reported to be risk factors for the
development of child pneumonia,'® and the severity of the
pneumonia was reported to be associated with hypoxemia,
altered mental status, ages lower than 3 to 6 months, dys-
pnea, multilobar infiltrates, and moderate/large pleural
effusions after a systematic review.'® It was reported that
the incidence of pneumonia decreased with age.'” In one
study that evaluated the long-term risk of respiratory dis-
eases including pneumonia following T&A in childhood,
tonsillectomy with or without adenoidectomy was not as-
sociated with a significant relative risk of pneumonia.'®

In the present study, T&A was associated with an increase
in pneumonia. However, increasing age was also linked with
a lower rate of pneumonia in the present study, and this

finding could be attributed to the effect of age on a decreased
rate of post-T&A complications and the decreased incidence
of pneumonia. Respiratory allergies such as allergic rhinitis
and possibly consequent mouth breathing could affect a
higher rate of pneumonia in the T&A group even after T&A.
If the patient presents risk factors for pneumonia, T&A
should be decided carefully.

Because there has been no evidence as to whether the
change in immunity after T&A could increase the possibility
of pneumonia, which factor contributed to the pneumonia
more than the others is unclear. In further researches, the
association of T&A with lower respiratory infections such as
pneumonia should receive the attention of clinicians.

To date, there have been several reports about the associ-
ation of acute appendicitis or appendectomy with tonsillec-
tomy or T&A, and the outcomes have been controversial.
Andreu-Ballester et al.>* reported an association between
tonsillectomy and subsequent acute appendicitis. Kim et al.”
reported that the risk of appendectomy was higher in the
tonsillectomy group only among women. On the contrary, a
different report on the lack of association between tonsillec-
tomy and subsequent appendectomy has also been pub-
lished.? The association of tonsillectomy and other
inflammatory bowel diseases such as Crohn disease and
ulcerative colitis has also been noted. One meta-analysis'®
found that tonsillectomy was associated with an increased
risk of developing Crohn disease, but not ulcerative colitis.

Andreu Ballester et al.* reported that tonsillectomy would
induce deficiency in the MALT, and that lymphoid tissue in
the appendix would subsequently make up for the deficien-
cy; thus, the appendix would be more likely to be inflamed or
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infected in individuals who have previously undergone
tonsillectomy.* However, Stringer and Horwood® noted
that there was a big difference between an enrolled patient’s
age (average: 45.62 years) and surgery age (tonsillectomy:
9.92 years, adenoidectomy: 8.64 years, appendectomy: 22.01
years) in cross-sectional study by Andreu Ballester et al.*
and that there could also be a recall bias. They presented
longitudinal prospective data that indicated that the rate of
appendectomy was slightly higher in patients who had a
history of tonsillectomy, but this finding was not significant.®

The rate of appendectomy was slightly higher in the T&A
group than in the control group in the present study, but not
to a significant degree. There have been few studies to date
that have considered the association between tonsillectomy
with or without adenoidectomy and appendicitis. Regarding
changes in the MALT and secretory IgA after T&A, further
studies are necessary to evaluate the effects of T&A on
gastrointestinal inflammatory disease.

In the analysis of the associations between T&A and
pneumonia and appendicitis, whether T&A could induce
decreased immunity and increase infection and inflamma-
tion accordingly is important to consider. However, because
to date there has been a lack of clinical and experimental
reports on the associations between T&A and pneumonia and
appendicitis, we could not come to a clear interpretation
regarding this population-based, large dataset. More studies
are necessary to reveal the effects of T&A on immunity.

The present study has several limitations. Firstly, it is a
retrospective study, and due to the limits of our methodology,
the analyses were performed with diagnostic codes, so the real
incidence of the diseases could be different. Secondly, patients
who were submitted to adenoidectomy only or tonsillectomy
only were not included in the study because they represented
only a small number of patients. In further studies with more
specific surgery classifications, including tonsillectomy only,
adenoidectomy only, and T&A, more meaningful results will be
obtained, and they should be helpful in deciding whether T&A
is associated with pneumonia and appendicitis. Nevertheless,
the present study has relevance because the associations
between T&A and pneumonia and appendicitis were observed
in a large-scale, population-based, big-data study.

Conclusion

An increase in cases of pneumonia was associated with T&A,
but it did not appear to promote an increase in the number of
appendectomies. The relationships between immunologic
changes after T&A and pneumonia and appendicitis should
be further evaluated.
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