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Objectives. Type 2 diabetes mellitus (T2DM) is a risk factor for deep neck infection (DNI) and leads to complications and
poor outcomes. Our study aimed to investigate the risk, prognosis, and complications of peritonsillar abscess (PTA)
in patients with T2DM.

Methods. We extracted data of patients newly diagnosed as having T2DM between January 2000 and December 2011 from
Taiwan’s National Health Insurance Research Database. These patients were matched with patients without T2DM,
and PTA incidence was compared between both cohorts.

Results. In total, 67,852 patients with and 135,704 patients without T2DM were enrolled. PTA incidence was significantly
higher in patients with T2DM (incidence rate ratio, 1.91; P<0.001); moreover, PTA incidence was higher at 1 to 5 years
after T2DM diagnosis than at <1 and >5 years after T2DM diagnosis. Cox regression analysis showed that patients
with T2DM had an approximately 2-fold higher PTA risk (adjusted hazard ratio [aHR]: 1.89, P<0.001). Patients with
a higher adapted Diabetes Complications Severity Index (aDCSI) had higher PTA risk than those with a lower aDC-
SI (aHRs: 2.17 for aDCSI =1, P=0.006 and 1.81 for aDCSI=0, P=0.002). T2DM patients with a high aDCSI (=1)
had a nonsignificantly longer hospitalization duration and a higher rate of DNI complications than did those with a
low aDCSI (=0).

Conclusion. In patients with T2DM, PTA incidence was relatively high, and it increased with T2DM severity. Moreover, T2DM
patients should be particularly careful about PTA within 1 to 5 years after the diagnosis, and physicians should keep
in mind that the prognosis of PTA was correlated with T2DM severity.
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INTRODUCTION

Peritonsillar abscess (PTA), also termed quinsy, is the accumula-
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combination with antibiotic treatment; generally, the outcomes
are favorable [2]. However, without immediate and adequate
treatment, PTA can cause life-threatening complications, includ-
ing an extension of the abscess into deep neck spaces or the
mediastinum, airway obstruction, and sepsis [3].

In clinical practice, PTA is thought to develop independently
from deep neck infection (DNI) due to the differences in patho-
genesis, therapeutic methods, and clinical outcomes. Unlike
PTA, the main etiologies of DNI are odontogenic infection or
pharyngitis, and transcervical incision and drainage are fre-
quently required treatments [4]. The mortality rate related to
DNI has been reported to range from 1% to 6% [5]. By con-
trast, PTA can be generally resolved by adequate treatment;
deaths from PTA are rare. Therefore, in most case series analyz-
ing DNI, researchers have excluded PTA and considered PTA as
an intraoral abscess rather than a true DNI [6,7].

In DNI patients, comorbid type 2 diabetes mellitus (T2DM)
has typically been associated with a higher number of multi-
space infections, higher complication and tracheostomy rates,
longer hospitalization durations, and higher Klebsiella pneu-
moniae infection prevalence than in patients without T2DM [8].
In addition, nationwide population-based cohort studies [9]
have reported a higher DNI risk in patients with T2DM than in
those without. However, few studies have discussed the associa-
tion between PTA and T2DM, and no population-based study
has focused on this issue. Therefore, our aim was to comprehen-
sively investigate whether and how T2DM affects PTA incidence,
therapy, and prognosis by using data from the National Health
Insurance (NHI) Research Database (NHIRD) of Taiwan.

MATERIALS AND METHODS

Data source

In 1995, Taiwan’s government introduced its compulsory NHI
program; by the end of 2018, the NHI had covered almost all
Taiwan residents [10,11]. In the database, all insurant claims data
(e.g., disease diagnoses in clinics, hospitalizations, medication
use and dosage, examination, surgery data, and medical expens-
es) are saved in an electronic format [12]. In NHIRD, patient di-
agnoses are coded based on the ninth revision (clinical modifica-
tion) of International Classification of Diseases (ICD-9-CM)
[13]. Related medical data and insurer information are delinked
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= Patients with diabetes had an approximately two-fold higher
risk of developing a peritonsillar abscess (PTA).

= Patients with more severe diabetes had a higher risk of PTA.

= The risk of developing PTA was highest within 1-5 years after
the diabetes diagnosis.

to provide a database for research use. Therefore, the rights and
welfare of the insurants were preserved in this study [10,11].
The Institutional Review Board of Chang Gung Medical Foun-
dation approved this study (IRB No. 201900693B1).

Data used in this research were extracted from a representa-
tive subset of NHIRD called the Longitudinal Health Insurance
Database 2000 (LHID2000) [14], containing medical data of
1 million insurants selected from the 2000 registry of all NHI
enrollees randomly through a systematic sampling method.
LHID2000 contains all claims data of these enrollees from over
1997 to 2013. According to a National Health Research Insti-
tutes report, the differences in the age, sex, or health care costs
of the enrollees in LHID2000 and those of all concurrent NHI
enrollees are nonsignificant [14].

Study and comparison cohorts

The study cohort included patients who received T2DM diagno-
sis during January 2000 to December 2011, whose pertinent data
were retrieved from LHID2000. Because patients with T2DM
diagnosed before 2000, their diagnostic time may be earlier than
1997, therefore, we cannot clearly define the disease onset for
those diabetic patients. In addition, only patients before 2011
were included in order to retain at least a 2-year follow-up peri-
od. T2DM diagnosis was confirmed if the records contained =1
inpatient claim and =3 outpatient claims related to the ICD-
9-CM code 250.xx. However, patients diagnosed as having type
1 diabetes mellitus (ICD-9-CM codes: 250.01, 250.11, 250.13,
250.21,250.23, 250.31, 250.33, 250.41, 250.43, 250.51, 250.53,
250.61, 250.63, 250.71, 250.73, 250.81, 250.83, 250.91, and
250.93) and those with PTA diagnosis before T2DM diagnosis
or missing data were excluded (Fig. 1).

For creation of the comparison cohort, patients without T2DM
diagnosis were recruited from LHID2000 and patients with miss-
ing data were excluded. Next, every patient with T2DM diagno-
sis was matched for sex, urbanization level, age, and income lev-
el with two randomly selected patients without T2DM. The ur-
banization level is the categorization (urban, suburban, and rural
areas) of 359 townships in Taiwan according to the following in-
dicators: population density, percentage of residents with college
or higher education, percentage of residents over 65 years of age,
percentage of agricultural workers and number of physicians per
100,000 people [9].

Main outcome: PTA incidence

This study mainly tracked and compared PTA incidence in the
two groups. We defined PTA occurrence on the basis of the main
diagnoses of patients with PTA when they were hospitalized; the
relevant ICD-9-CM code is 475.The follow-up duration was from
the study’s index date to PTA occurrence, death, or December
31,2013.
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Fig. 1. Flow of cohort enroliment. LHID2000, Longitudinal Health In-
surance Database 2000; DM, diabetes mellitus; T1DM, type 1 DM;
T2DM, type 2 DM; PTA, peritonsillar abscess.

Comorbidities

We used ICD-9-CM codes to compare comorbidities between
the study and comparison cohorts. Confirmation of a diagnosis
required at =3 outpatient visits or =1 hospitalizations for a
particular comorbidity. The included comorbidities (ICD-9-CM
codes) were recurrent acute tonsillitis (463), chronic tonsillitis
(474.00, 474.01, and 474.02), hypertension (HTN; 401-405),
chronic obstructive pulmonary disease (COPD; 491, 492, 494,
and 496), liver cirrhosis (LC; 571.2 and 571.5-571.6), chronic
kidney disease (CKD; 403, 404, 585, and 586), systemic lupus
erythematosus (SLE; 710.0), psoriasis (696.1), Sjogren syndrome
(SS; 710.2), smoking related disorders (305.1,491.2, 492.8, 496,
523.6, and V15.82) and alcohol dependence and abuse (303,
303.xx, 305.0, 305.0x) [13].

T2DM severity

For evaluating the severity of morbidity related to T2DM, we
employed adapted Diabetes Complications Severity Index (aDC-
SI) [15]. The aDCSI, validated for predicting T2DM-related hos-
pitalization risk [16], can be computed on the basis of ICD-9-CM
codes without the use of laboratory data. This index consisted of
severity scores from seven complication categories: nephropathy,
neuropathy, retinopathy, as well as cardiovascular, metabolic,
peripheral vascular, and cerebrovascular diseases. For each cate-
gory except neuropathy, the score can be 0 (no abnormality), 1
(some abnormality), or 2 (severe abnormality). For neuropathy,
the score can be 0 (no abnormality) or 1 (abnormality present).
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Total aDCSI can range from 0 to 13. Here, for further analysis,
patients with T2DM were divided into subgroups using aDCSI=
0 and aDCSI =1 (Supplementary Table 1).

Prognosis evaluation

Hospitalization durations and DNI complication data were col-
lected for prognosis evaluation. The occurrence of a DNI was
defined based on the ICD-9-CM codes for Ludwig angina (528.3),
parapharyngeal abscess (478.22), retropharyngeal abscess (478.24),
or neck cellulitis and abscess (682.1) within the first 3 months
after PTA diagnosis.

Statistical analysis

For comparing the comorbidities and demographic features of
our cohorts, we used the unpaired Student #test (for continuous
variables) and the Pearson chi-square test (categorical variables).
Of these, variables with P<0.1 were included in the subsequent
multivariate analysis. Next, we applied Kaplan-Meier analysis to
determine the cumulative PTA incidence in both cohorts. Differ-
ences were ascertained using a log-rank test (two-tailed). Multi-
variable Cox proportional hazards regression models was em-
ployed next determine the hazard ratio (HR) and its 95% confi-
dence interval (CI) for PTA incidence between our cohorts. We
also examined HR stability through sensitivity testing and sub-
group analyses as well as elucidated the interaction effect between
comorbidities and T2DM on PTA. For all analyses, we utilized
SAS ver. 9.4 (SAS Institute, Cary, NC, USA), with significance
level set at P<0.05.

RESULTS

After the matching process was completed, the study and com-
parison cohort included 67,852 and 135,704 patients, respective-
ly. The demographic characteristics of the study and comparison
cohorts are summarized inTable 1. In general, patients with T2DM
were more likely to have HTN, CKD, COPD, LC, smoking-relat-
ed disorders, alcohol dependence and abuse, and systemic auto-
immune diseases, including psoriasis, SS, and SLE than those
without. The mean follow-up duration and PTA incidence rates
were, respectively, 7.31+3.7 years and 12.4 per 100,000 person-
years among patients with T2DM and 7.6 3.6 years and 6.5 per
100,000 person-years among those without T2DM (Table 2). A
significantly higher PTA incidence was observed in patients with
T2DM than in those without (incidence rate ratio [IRR], 1.91;
95% CI, 1.35-2.70; P<0.001). The average time from T2DM di-
agnosis to PTA occurrence was 4.213.1 years. Accordingly, we
divided the follow-up periods into <1, 1 to 5, and >5 years af-
ter T2DM diagnosis. A separate analysis of the relative PTA inci-
dence between our two cohorts for the relevant periods revealed
that PTA had the highest IRR during 1 to 5 years after T2DM
diagnosis (for <1, 1 to 5, and >5 years after T2DM diagnosis;
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IRR [95% CIJ: 1.72 [0.77-3.83], P=0.187; 2.47 [1.47-4.16],

P=0.001; and 1.45 [0.81-2.60], P=0.209, respectively).

The subsequent Kaplan-Meier analysis showed that cumula-

Table 1. Demographic and clinical characteristics of the T2DM and

non-DM cohorts

Characteristic T2DM Non-DM P-value
Total 67,852 135,704
Sex 1.000?
Male 36,380 (53.6) 72,760 (53.6)
Female 31,472 (46.4) 62,944 (46.4)
Age (yr) 1.000?
<60 37,531 (65.3) 75,062 (55.3)
=60 30,321 (44.7) 60,642 (44.7)
Urbanization level 1.000?
1 (City) 19,858 (29.3) 39,716 (29.3)
2 30,792 (45.4) 61,584 (45.4)
3 11,329 (16.7) 22,658 (16.7)
4 (Village) 5873(8.7) 11,746 (8.7)
Income® 1.000?
0 11,801 (17.4) 23,602 (17.4)
1-15,840 10,582 (15.6) 21,164 (15.6)
15,841-25,000 31,785 (46.8) 63,570 (46.8)
>25,001 13,684 (20.2) 27,368 (20.2)
Comorbidity
Acute tonsillitis 8,173 (12.1) 12915(9.5) <0.001?
Chronic tonsillitis 58 (0.1) 107 (0.1) 0.620
HTN 34,647 (51.1) 33,479 (24.7) <0.001?
CKD 2,537 (3.7) 2,678 (2.0) <0.001?
COPD 9,086 (13.4) 12212(9.0) <0.001?
LC 1,747 (2.6) 1959 (1.4)  <0.001?
Autoimmune® 2,073 (3.1) 2913(2.2) <0.001?
Smoking-related disorder 5,590 (8.24) 7,011(5.17) <0.001?
Alcohol dependence and 616 (0.91) 508 (0.37) <0.0012
abuse
Outcome
PTA 61(0.09) 67 (0.05) <0.001?

Values are presented as number (%).

T2DM, type 2 diabetes mellitus; HTN, hypertension; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; LC, liver cirrho-
sis; PTA, peritonsillar abscess.

JPearson’s chi-square test. “New Taiwan dollar, per month. ©Autoimmune
diseases include systemic lupus erythematosus, rheumatoid arthritis, and
Sjdgren syndrome.

Table 2. Incidence of PTA in the T2DM and non-DM cohorts

tive PTA incidence was significantly higher in patients with T2DM
than in those without (P<0.001) (Fig. 2). Next, to approximate
the adjusted HRs (aHRs) in both cohorts, multivariable Cox pro-
portional hazards regression was employed (Table 3). In the main
model, we adjusted for age, sex, and income and urbanization
levels. The full model comprised the main model and all the se-
lected comorbidities (recurrent acute tonsillitis, chronic tonsilli-
tis, HTN, CKD, COPD, LC, autoimmune diseases, smoking-re-
lated disorders, and alcohol dependence and abuse). PTA risk
was approximately two-fold higher in patients with T2DM than
in those without (for the main and full models, aHRs [95% CIs]:
1.89 [1.34-2.68], P<0.001 and 1.71 [1.19-2.46], P=0.004, re-
spectively). Of particular note, recurrent acute tonsillitis did not
significantly affect the T2DM-associated risk for PTA develop-
ment.

To determine the constant and independent effects of T2DM
among all subgroups, we conducted sensitivity and subgroup
analyses. In our sensitivity analysis, through alternately adding
one comorbidity to the main model, the PTA risk was noted to
be substantial and constant in patients with T2DM. In most of
the subgroup analyses, T2DM significantly increased the risk of

0.20
T — T2DM
o | Non-T2DM
e 0.15 Log-rank P<0.001
b
£ 010 |
s | L~ .
ks 005 b e
S 005 - .
S
=3
o | T . . .
0 4 8 12
No. at risk Follow-up time (yr)
T2DM 67,852 51,519 28,784 9,839
Non-T2DM 135,704 107,723 61,603 21,565

Fig. 2. Cumulative peritonsillar abscess (PTA) incidence in patients
without and with type 2 diabetes mellitus (T2DM). Kaplan-Meier
analysis for cumulative PTA incidence in the study and comparison
cohorts during the study period (2000-2013). A log-rank test re-
vealed that compared with those without T2DM, patients with T2DM
had a significantly higher cumulative PTA incidence (P<0.001).

) T2DM Non-DM
Variable IRR (95% Cl)  P-value
n PTA PY Rate? PTA PY Rate?
Overall 67,852 61 493,627 124 135,704 67 1,034,104 6.5 1.91(1.35-2.70) <0.001
Follow-up (yr)
<1 67,852 11 66,678 16.5 135,704 13 135,252 9.6 1.72(0.77-3.83)  0.187
1-5 65,955 31 229,895 13.5 134,772 26 476,845 55 2.47 (1.47-4.16) 0.001
>5 45,233 19 197,054 9.6 95,179 28 422,007 6.6 1.45(0.81-2.60)  0.209

PTA, peritonsillar abscess; T2DM, type 2 diabetes mellitus; PY, person-years; IRR, incidence rate ratio; Cl, confidence interval.

“Rate: per 100,000 person-years; IRR was compared using Poisson regression.



Table 3. Multivariable Cox proportional hazards regression of the as-
sociation between T2DM and the risk of PTA

Adjusted HR

(95% Cl) P-value

Variable

Multivariable regression analysis
Non-DM Reference
T2DM (main model®) 1.89(1.34-2.68)  <0.001
T2DM (full model®) 1.71(1.19-2.46) 0.004
Sensitivity analysis®

Main model+acute tonsillitis 1.85(1.31-2.63) 0.001
Main model+chronic tonsillitis 1.89 (1.34-2.68) <0.001
Main model+HTN 1.81(1.26-2.60) 0.001
Main model+CKD 191(1.35-2.70)  <0.001
Main model+COPD 187 (1.32-2.64)  <0.001
Main model+LC 1.88(1.33-2.67)  <0.001
Main model+autoimmune disease 1.88 (1.33-2.66) <0.001
Main model+smoking related disorders ~ 1.89 (1.33-2.67) <0.001
Main model+alcohol dependence and  1.86 (1.32-2.64) <0.001

abuse

Subgroup analysis®

Sex

Female 1.74(0.97-3.10) 0.063

Male 1.99(1.29-3.07)  <0.001
Age

<60 yr 2.02 (1.35-3.00) 0.001

=60 yr 1.53(0.75-3.13) 0.240
Acute tonsillitis

No 1.87(1.28-2.74) 0.001

Yes 1.73(0.73-4.07) 0.211
Chronic tonsillitis

No 1.89(1.34-268)  <0.001

Yes - -
HTN

No 1.71(1.11-2.65) 0.016

Yes 2.09 (1.06-4.13) 0.034
CKD

No 1.89(1.33-2.67)  <0.001

Yes - -
COPD

No 1.91(1.32-2.75) 0.001

Yes 1.57 (0.53-4.70) 0.417
LC

No 1.88(1.32-2.67)  <0.001

Yes 1.78 (0.16-19.81) 0.641
Autoimmune disease

No 1.96(1.38-2.79)  <0.001

Yes 0.36 (0.04-3.58) 0.383

T2DM, type 2 diabetes mellitus; PTA, peritonsillar abscess; HR, hazard ra-
tio; Cl, confidence interval; HTN, hypertension; CKD, chronic kidney dis-
ease; COPD, chronic obstructive pulmonary disease; LC, liver cirrhosis.
aMain model was adjusted by sex, age, urbanization, and income level.
OFull model was based on the main model with all comorbidities (acute
tonsillitis, chronic tonsillitis, HTN, CKD, LC, COPD, autoimmune diseases,
smoking-related disorders, alcohol dependence and abuse). “The mod-
els were adjusted for covariates in the main model as well as each addi-
tional listed comorbidity. “The reference group for the subgroup analysis
was the matched non-DM cohort.
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Fig. 3. Peritonsillar abscess (PTA) risk in patients with type 2 diabe-
tes mellitus (T2DM) based on the various Cox regression models.
FM, full-model (adding adjustment of all the selected comorbidities,
including hypertension, chronic kidney disease, chronic obstructive
pulmonary disease, liver cirrhosis, and autoimmune diseases in the
main model); MM, main model (Cox regression model with adjust-
ment of age, sex, and income and urbanization levels); aDCSI, adapt-
ed Diabetes Complications Severity Index.

PTA; however, in some subgroups, this tendency did not reach
statistical significance. Patients with autoimmune diseases showed
an insignificant protective effect of PTA. However, the limited
case number (less than 3% of all cases) might have caused a
wide confidence interval.

Fig. 3 presents the PTA risk in groups with different levels of
T2DM severity. Patients with T2DM were categorized into two
subgroups according to their aDCSI (a representative of T2DM
severity): those with a lower aDCSI (=0) and those with a high-
er aDCSI (=1). We evaluated PTA risk in these subgroups using
Cox regression models with simultaneous adjustments for age,
sex, and urbanization and income levels. The results demonstrat-
ed that patients with a higher aDCSI had a higher PTA risk than
did those with a lower aDCSI (for the main model with aDCSI
=1 and aDCSI=0; aHRs [95% CI]: 2.17 [1.25-3.74], P=0.006
and 1.81 [1.24-2.64], P=0.002, respectively).

Table 4 presents PTA prognoses in our patients with and with-
out T2DM who developed PTA (T2DM-PTA and non-T2DM-
PTA groups, respectively). The mean hospitalization duration did
not differ significantly between the T2DM-PTA and non-T2DM-
PTA cohorts, respectively (9.4+27.2 and 5.5+4.5 days, respec-
tively; P=0.271). In particular, T2DM-PTA patients with an
aDCSI=0 had a mean hospitalization duration (5.7+3.6 days)
identical to that of non-T2DM-PTA patients (P=0.874); by con-
trast, T2DM-PTA patients with an aDCSI =1 had a nonsignifi-
cantly longer hospitalization duration (10.7131.6 days) than
that of non-T2DM-PTA patients (P=0.275). DNI incidence did
not differ significantly between the T2DM-PTA and non-T2DM-
PTA groups (16.4% and 11.9%, respectively; P=0.469). How-
ever, T2DM patients with an aDCSI =1 had a higher probability
of having PTA and DNI than did their non-T2DM counterparts
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Table 4. Prognoses of the T2DM and non-DM cohorts

T2DM-PTA

) Non-DM-PTA
Variable Total  aDCSI =1 aDCSI=0 (,_g7)
(n=61) (n=16) (n=45)
Severity
Hospitalization (day) 9.4+27.2 1074316 57436  55+45
P-value® 0.271 0.275 0.874 Reference
DNI 10(16.4)  9(20.0) 1(6.3) 8(11.9)
P-value® 0.469 0.244 Reference
Recurrence 2(3.3) 2 0 2(3.0)
P-value® 1.000 1.000 Reference

Values are presented as meantstandard deviation or number (%).
T2DM, type 2 diabetes mellitus; PTA, peritonsillar abscess; aDCSI, adapt-
ed Diabetes Complications Severity Index; DNI, deep neck infection.
AStudent ttest. PFisher exact test.

(DNI in patients with an aDCSI =1 vs. non-T2DM-PTA patients:
20.0% vs. 11.9%, P=0.244).

Finally, PTA-associated mortality was not observed in either
of the two groups; moreover, the proportion of PTA recurrence
did not differ between these two groups (as determined at fol-
low-up; PTA recurrence in T2DM vs. non-T2DM cohorts: 3.3%
vs. 3.0%, P=1.000).

DISCUSSION

Here, we found that patients with T2DM had a higher PTA inci-
dence than did patients without T2DM; this is the first evidence
of this association in the literature. T2DM is a critical health prob-
lem worldwide due to its tremendous medical costs and its asso-
ciation with multiorgan complications. In Taiwan, according to the
2017 Statistics on Health Promotion, the prevalence of T2DM
or hyperglycemia in the adult population was approximately
10.1%, and T2DM was the fifth leading cause of death in 2017
[17]. Patients who have T2DM are considered immunocompro-
mised due to immune dysfunction and their persistent hypergly-
cemic status. In patients with T2DM, cellular innate immunity,
including complement factors, cytokine response, and mono-
cyte/macrophage function (chemotaxis and phagocytosis), is im-
paired [18]. Recent studies have revealed T-cell homeostatic dys-
regulation, dysfunction of natural killer cells and B cells, and ab-
normal polarization of macrophages in patients who have T2DM;
these are related to insulin resistance development and an in-
creased susceptibility to infections [19]. Moreover, T2DM can
increase the risks of infections of the lower respiratory tract, uri-
nary tract, skin and mucous membranes, and deep neck space
[9]. In the present study, PTA risk was 1.73-fold higher in the
T2DM cohort even after adjustment for demographic character-
istics and comorbidities. Furthermore, we found that patients
with more severe T2DM (aDCSI =1) had a higher PTA risk than
those with less severe T2DM (aDCSI=0); a similar association

with T2DM has also been reported in relation to other infectious
diseases [20].

This study revealed that people with T2DM were approximate-
ly twice as likely to develop a PTA infection than people without
DM. We further subdivided the follow-up duration and found
that of the three studied periods, the relative PTA IRR between
1 and 5 years after the diagnosis of T2DM was the highest. In a
related study, hemoglobin Alc (HbAlc) levels significantly im-
rpoved within the first year after a diabetes diagnosis, which in-
dicates that patients with T2DM had better glycemic control in
the early stage of the disease [21]. Patient compliance and medi-
cation adherence play an important role in glycemic control [22,
23]. We propose that patients had better medication adherence
at the early stages after their diagnosis and that their adherence
decreased with time. Sustained hyperglycemia or glycemic in-
stability is correlated with several T2DM-related complications
[24]. We found that poor glycemic control or glycemic variability
after 1 year increased the PTA risk; physicians should pay par
ticular attention to the conditions of patients with glycemic fluc-
tuations because they have a higher susceptibility to infection.

A precise elucidation of PTA incidence is difficult, and it has
not been reported in Taiwan thus far. In a national survey of ran-
domly selected physicians in the United States, Herzon and Har-
ris [24] reported that the cumulative PTA incidence was 30.1 per
100,000 person-years. Other reported annual incidence rates of
inpatients with PTA were, respectively, 12, 10, and 9 per 100,000
person-years in London (United Kingdom) [25], Northern Ire-
land [26], and a community in Israel [27]. Only one study was
conducted using a national database; Qureshi et al. reported an
annual incidence of approximately 5 per 100,000 person-years
in adult inpatients in the United States [28]. The differences in
reported incidence rates might result from different insurance
systems and health care practices. In our study, the incidence of
PTA requiring inpatient management was 8.4 per 100,000 per
son-years, which was within the range reported in the literature.
The reliability of the NHIRD and the applicability of its data to
real-world settings are therefore reiterated.

According to the relevant literature, under normal circum-
stances, the time required for patients with PTA to receive treat-
ment for this condition during hospitalization ranges from 2 to
7 days [2]. Furthermore, patients with comorbidities or advanced
age require longer hospital stays. In our study, patients with T2DM
and PTA had a longer hospitalization duration (9.4+27.2 days)
than those reported in previous data, but the length of hospital
stay of patients without T2DM was within the general reported
duration (5.5%4.5 days). Although the difference in hospitaliza-
tion durations was nonsignificant between PTA patients with
and without T2DM (P=0.271), PTA patients with T2DM required
more time in hospital for treatment. In addition, we further re-
vealed that this longer hospitalization duration was mainly ob-
served for patients with T2DM with more complications or co-
morbidities (aDCSI =1). Patients with T2DM without complica-



tions or comorbidities (aDCSI=0) received treatment in the hos-
pital for approximately the same duration as patients without
T2DM (aDCSI =1 vs. aDCSI=0 vs. non-T2DM: 10.7£31.6 vs.
5.7£3.6 vs. 5.5+4.5 days).

In a previous study, the recurrence rate of PTA was approxi-
mately 5%, which is close to our result (recurrence rate: 3.3%
and 3.0% in patients with and without T2DM, respectively). A
history of tonsillitis was reported to be a risk factor for PTA re-
currence [29]. Additionally, abscess spread to the extraperitonsil-
lar space (based on computed tomography findings) was consid-
ered to increase the risk of PTA recurrence [30]. However, no
evidence is available to demonstrate that T2DM is associated with
PTA recurrence [29,30]. Although our recurrence rate was low,
it still aligns with the rates reported in the literature. Evidence in
the literature on the correlations of comorbidities such as hyper
tension, T2DM, and CKD with PTA is limited. The correlation
between T2DM and PTA recurrence should be supported by
more large-scale population-based research.

Our study has several advantages. First, we included a large
number of patients with T2DM in our samples and compared
them with a nationally representative control group. As such, our
results provide real-world evidence. In addition, this study had a
long follow-up period of >7 years; thus, we could analyze the
time from T2DM diagnosis to the occurrence of PTA, and we
could subdivide follow-up durations to analyze PTA incidence
during different periods. However, the study had some limitations.
First, from this large aforementioned database, we could not ob-
tain records related to clinical symptoms and physical examina-
tions. Second, the database provided no further detailed infor-
mation, such as records of the treatment process, imaging find-
ings, and laboratory data like HbAlc or fasting glucose levels;
thus, we could assess neither the severity and degree of invasion
of PTA nor the diabetes control status of patients. Third, the re-
sults of a bacterial culture were not provided in the database.
Consequently, we were unable to determine the type of bacteria
that caused the infections and analyze results on antibiotic sen-
sitivity. Fourth, this study only included patients with PTA who
were hospitalized for treatment, which might have led to an un-
derestimation of the overall number of PTA patients. However,
because of the convenience of the health care system in Taiwan,
most patients with PTA will be hospitalized for treatment, and
recruiting only hospitalized patients could ensure the accuracy
of the diagnosis, making the research conscientious and careful.
Further investigations related to this missing information would
be worthwhile.

In our study, patients with T2DM had a higher PTA risk than
did those without T2DM, and more severe T2DM was associated
with a higher PTA risk. In addition, patients had the highest PTA
risk between 1 and 5 years after T2DM diagnosis. Nevertheless,
T2DM itself did not significantly affect the PTA prognosis.
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