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Background: Several studies have shown that people with diabetes are vulnerable to infection. This study compared the risk of
infection-related hospitalizations, intensive care unit (ICU) admission, and deaths between the person with diabetes and the gen-
eral population in South Korea.

Methods: We conducted a cohort study of 66,426 diabetes and 132,852 age-sex-region-matched non-diabetes controls from the
general population using a sample of data from the National Health Insurance Service-National Sample Cohort. The cohort was
followed up for 9 years. Infections were classified into 17 separate categories. We used Poisson regression, with adjustment for
household income and other comorbidities, to estimate incidence rate ratios (IRRs) in order to compare of infection-related hos-
pitalizations, ICU admissions, and deaths.

Results: Compared to non-diabetes controls, diabetes group had a greater risk of almost all the types of infections considered,
with the adjusted IRRs (aIRRs) for infection-related hospitalizations being the highest for hepatic abscess (aIRR, 10.17; 95% con-
fidence interval [CI], 7.04 to 14.67), central nervous system (CNS) infections (aIRR, 8.72; 95% CI, 6.64 to 11.45), and skin and
soft tissue infections other than cellulitis (SSTIs) (aIRR, 3.52; 95% CI, 3.20 to 3.88). Diabetes group also had a greater risk of ICU
admission and death due to SSTIs (aIRR, 11.75; 95% CI, 7.32 to 18.86), CNS infections (aIRR, 5.25; 95% CI, 3.53 to 7.79), and
bone and joint infections (aIRR, 4.78; 95% CI, 3.09 to 7.39).

Conclusion: In South Korea, people with diabetes has a considerably higher incidence of infection-related hospitalizations and

deaths than the general population.
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INTRODUCTION

Diabetes mellitus is an important public health issue, affecting
an estimated 424.9 million people worldwide, of whom one-
third are older than 65 years [1]. In South Korea, the prevalence
of diabetes has increased in parallel with an increased inci-
dence of obesity [2]. In 2016, the prevalence of diabetes among
adults aged 30 years and older was 14.4% [3,4]. Diabetes is
known to lead to chronic diseases, including chronic kidney
disease (CKD) and retinopathy, and diabetes have an increased
risk of infection [5,6]. Among diabetes, poor glycemic control

increases the risk of infection, diabetes neuropathy, and im-
paired innate and adaptive immune responses [7,8]. Popula-
tion-based cohort studies conducted in Europe and the United
States have found that the incidence of infectious diseases and
hospitalization was higher in diabetes than in the general pop-
ulation [6,9-11].

However, in South Korea, information about the risk of in-
fection among person with diabetes is limited. Considering the
increasing prevalence of diabetes in South Korea, hospitaliza-
tions and deaths due to infection are likely to increase. In this
study, we compared the incidence of infection-related hospi-
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talizations, intensive care unit (ICU) admissions, and deaths
between the person with diabetes and the general population
in South Korea.

METHODS

Data source and study design

The National Health Insurance Service-National Sample Co-
hort (NHIS-NSC) was established in 2006, as a nationally rep-
resentative randomly selected sample of 2.2% of the entire
South Korean population. This cohort was followed up for 9
years, until the end of 2015. A detailed description of the study
design and methods has been published previously [12]. We
conducted a retrospective matched cohort study among people
with diabetes who were aged under 85 years in 2006. Person in
the cohort were classified as having diabetes if they met any of
the following criteria: a diagnosis of diabetes according to the
10th edition of the International Classification of Diseases
(ICD-10) codes: E10—-E14 more than twice or having been pre-
scribed oral glucose-lowering medications (Anatomical Thera-
peutic Chemical [ATC] code: A10B) for more than 30 days; re-
ceiving a prescription for insulin (ATC code: A10A) as an out-
patient. For each person with diabetes, we selected two con-
trols without diabetes between January 1, 2002, and December
31, 2006, from the general population and matched them indi-
vidually to each case by age, sex, and area of residence (Fig. 1).
All participants were followed up from January 1, 2007, until
the date of the death or December 31, 2015, whichever oc-
curred earliest. During follow-up, the controls who were diag-
nosed with diabetes or treated for diabetes were censored on
the date of diagnosis or treatment. However, we could not dis-
tinguish type 1 diabetes mellitus from type 2 diabetes mellitus.

Classification of infections

Infections during 2007 to 2015 were classified into 17 different
groups using ICD-10 codes for hospital admissions and cause
of death (Supplementary Table 1). With the exception of bone
and joint infection, within each group, any code repeated
within a 90-day period was considered to be a single event, and
codes repeated more than 90 days apart were considered to be
distinct events. Bone and joint infections were considered to
be a single event if the codes were repeated within a year, and
distinct events if the codes were repeated more than a year
apart. The total number of infection events was counted for
each participant. For each of the types of infection, two types

http://e-dmj.org  Diabetes Metab ] 2019;43:804-814

dmj

1,021,208 The National Health Insurance
Service-National Sample Cohort (NHIS-NSC)
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diabetes in 2006 out diabetes in 2006

. .
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. .

66,426 People with 132,852 People with-
diabetes out diabetes
(Cases) (Controls)

Fig. 1. Flow chart showing the process for selection of mem-
bers of the study cohort.

of outcome were defined: (1) any infection that resulted in a
hospital admission and (2) any infection that resulted in death
and/or an ICU admission.

Covariates

In order to minimize the effects of confounding, statistical
analyses were adjusted for household income and the presence
of hypertension, dyslipidemia, cardiovascular disease (CVD)
(including ischemic heart disease, heart failure, cerebral infarc-
tion, and peripheral arterial disease), and CKD, between Janu-
ary 1, 2002, and December 31, 2006. Supplementary Table 2
provides a list of the confounding variables, with the corre-
sponding ICD-10 or ATC codes.

Statistical analysis

The baseline characteristics of person with the diabetes were
compared to those of the non-diabetes controls using chi-
square tests for categorical variables and #-tests for continuous
variables. The incidence rates were calculated based on the to-
tal number of incident infections during the study period, di-
vided by the total number of person-years at risk. To deter-
mine the independent risk of diabetes associated with each
type of infection, incidence rate ratios (IRRs) and their 95%
confidence intervals (CIs) were calculated using Poisson re-
gression models, with adjustment for the household income,
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hypertension, dyslipidemia, CVD, and CKD. We also per-
formed subgroup analyses stratified by age, sex, the presence of
CVD, the presence of CKD, and the use of insulin. All analyses
were done using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA). Statistical significance was considered at P<0.05.

Ethical considerations

The study protocol was reviewed and approved by the Ajou
University Institutional Review Board (IRB) (IRB No. AJIRB-
MED-EXP-18-547). The IRB waived the requirement for writ-
ten informed consent because all personal identifiers were re-
moved from the dataset prior to analysis.

RESULTS

Demographic characteristics

A total of 66,426 person with diabetes and 132,852 non-diabe-
tes controls were followed for a mean of 7.8 years. Table 1 sum-
marizes baseline characteristics of the study population. Par-
ticipants with diabetes had a mean +standard deviation age of
58.2+13.3 years, 50.4% were women, and 36.6% had been di-
agnosed with diabetes more than 4 years before the inception
of the cohort. Of the person with diabetes, 19.0% were using
insulin. Person with diabetes were more likely than non-diabe-
tes controls to have an income in the top 30% (30.1% vs.
26.2%). The prevalence of comorbidities, including hyperten-
sion, dyslipidemia, CVD, and CKD, was also significantly
higher in person with diabetes than in non-diabetes controls.

Incident rate of infections among diabetes and non-
diabetes controls

During the 9-year follow-up period, there were total events of
85,808 hospitalizations due to infections in the person with di-
abetes, an incidence rate of 1.29 admissions per a person. Of
the diabetes group, respiratory infection (35.84 event per 1,000
person-years) and pneumonia (25.16 event per 1,000 person-
years) were the most common causes of hospitalization, and
urinary tract infection (UTI) (24.12 event per 1,000 person-
years) was the second most common cause. The person with
diabetes had a higher IRR (2.01; 95% CI, 1.99 to 2.03) related
hospitalizations for all infection types combined. Table 2 shows
the incidence rates of infection-related hospitalizations, and
the IRRs for the diabetes group and non-diabetes controls ac-
cording to the infection type. All types of infection, with the
exception of infective otitis externa, and all hospitalizations re-
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lated to the different types of infection were more common in
diabetes group than in non-diabetes controls. The person with
diabetes had a highest increased risk of central nervous system

Table 1. Baseline characteristics among diabetics and non-dia-
betic controls

Characteristic (n:lzé\iz 6) (nliogzl,);;[z) Pvalue
Age,yr 5824133  582+133 0740
Female sex 33,484 (50.4) 66,968 (50.4)  1.000
Household income® <0.001

Upper 30% 15,524 (30.1) 28,730 (26.2)

Mid 40% 22,746 (44.2) 48,942 (44.6)

Lower 30% 13,216 (25.7) 32,037 (29.2)

Time since diagnosis, yr
0-3 42,085 (63.4)
>4 24,341 (36.6)
Drugs

Use of glucose-lowering drugs
Metformin 26,490 (39.9)

Sulfonylureas 40,535 (61.0)
Thiazolidinediones 7,215 (10.9)
Insulin 12,648 (19.0)
Other GLDs 16,949 (25.5)

Anthihypertensive drugs 45,243 (68.1) 54,200 (40.8) <0.001
ACEi/ARB 19,358 (29.1) 15,746 (11.8) <0.001
Dihydropyridines 31,307 (47.1) 36,412 (27.4) <0.001
Diuretics 25,796 (38.8) 32,708 (24.6) <0.001
B-Blockers 23,178 (34.9) 28,886 (21.7) <0.001

Statin 21,103 (31.8) 13,234 (10.0) <0.001

Aspirin 26,715 (40.2) 27,396 (20.6) <0.001

Comorbidity

Hypertension 47,933 (72.2) 56,564 (42.6) <0.001

Dyslipidemia 41,487 (62.5) 30,291 (22.8) <0.001

Cardiovascular disease 5,469 (8.2) 4,276 (3.2) <0.001
Myocardial infarction 1,479 (2.2) 990 (0.7) <0.001
Heart failure 1,135(1.7) 667 (0.5) <0.001
Stroke 3,338(5.0)  3202(2.4) <0.001
PAD 628 (0.9) 213(0.2) <0.001

Chronic kidney disease 828 (1.2) 213(0.2) <0.001

Values are presented as mean * standard deviation or number (%).
DM, diabetes mellitus; GLD, glucose-lowering drug; ACEi, angioten-
sin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
PAD, peripheral artery disease.

n=161,195.
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(CNS) infections (IRR, 6.38; 95% CI, 5.17 to 7.87), gastrointes-
tinal (GI) infections (IRR, 2.71; 95% CI, 2.61 to 2.80), and skin
and soft tissue infections (SSTIs) other than cellulitis (IRR,
2.52;95% CI, 2.36 to 2.70). Even after adjusting for differences
in income levels and comorbidities, diabetes group continued
to have a higher incidence of infection-related hospitalizations.
IRR after adjustment was still high for CNS infections (adjust-
ed IRR [aIRR], 8.72; 95% CI, 6.64 to 11.45), SST1s except cellu-
litis (aIRR, 3.52; 95% CI, 3.20 to 3.88), and hepatic abscess
(aIRR, 10.17;95% CI, 7.04 to 14.67). The incidence of hospital-
izations due to sepsis was more than twice as high in diabetes
group than in the general population (IRR, 2.21; 95% CI, 2.07
to 2.36) (Table 2).

In the stratified analyses, the IRRs for GI infection, pneumo-
nia, UTT, and sepsis were higher in diabetes on insulin and dia-
betes with CVD. The IRRs for pneumonia, UTIL, and sepsis
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were higher among diabetes with CKD. UTT and sepsis were
more incident in women younger than 65 years, but GI infec-
tion was higher in person with diabetes older than 65 years
and male with diabetes (Fig. 2).

With respect to the attributable mortality and ICU admis-
sion-related infections between the two groups, IRRs were
higher in diabetes group in 11 of the 17 categories of infectious
disease types (Table 3). The IRRs of CNS infection (IRR, 7.21;
95% CI, 4.97 to 10.45), bone and joint infections (IRR, 6.26;
95% CI, 4.29 to 9.13), and SSTIs except cellulitis (IRR, 7.04;
95% CI, 5.24 to 9.44) were especially higher in diabetes group.
Sepsis IRR was also significantly higher in diabetes group
(IRR, 3.22; 95% CI, 2.95 to 3.52). This result was the same after
adjusting for household income and comorbidities. The high-
est alRRs of mortality and ICU hospitalization-related infec-
tions were observed for SSTIs except for cellulitis (aIRR, 11.75;

Table 2. Incidence rates of infection-related hospitalizations among diabetics and non-diabetic controls

People with diabetes Control Diabetes vs. Control
Type of infection No. of events Event rate No. of events Event rate IRR Adjusted IRR
(per 1,000 yr) (per 1,000 yr) (95% CI) (95% CI)

Gastrointestinal 8,005 14.66 5,448 5.42 2.71(2.61-2.80) 2.04 (1.95-2.13)
Mycoses

Candidiasis 2,709 4.96 2,960 2.94 1.68 (1.60-1.77)  1.36 (1.28-1.46)

Other fungal 1,392 2.55 1,220 1.21 2.10(1.94-2.27) 1.17 (1.06-1.29)
Infective otitis externa 289 0.53 803 0.80 0.66 (0.58-0.76)  0.76 (0.64-0.90)
Otitis media & mastoiditis 772 141 637 0.63 2.23(2.01-2.48) 2.29(1.98-2.63)
Respiratory 19,578 35.84 19,478 19.37 1.85(1.81-1.89) 1.76 (1.72-1.81)
Pneumonia 13,743 25.16 12,195 12.13 2.07 (2.02-2.13) 1.57 (1.52-1.62)
Hepatic abscess 310 0.57 325 0.32 1.76 (1.50-2.05) 10.17 (7.04-14.67)
Cholecystitis 2,695 493 3,314 3.30 1.50 (1.42-1.57)  1.33(1.25-1.41)
Skin

Cellulitis 2,536 4.64 2,878 2.86 1.62(1.54-1.71)  1.52(1.42-1.63)

Other 2,123 3.89 1,548 1.54 2.52(2.36-2.70)  3.52(3.20-3.88)
Bone and joint infections 1,114 2.04 1,414 1.41 1.45(1.34-1.57) 1.74 (1.57-1.94)
Myositis, synovitis and tenosynovitis 372 0.68 354 0.35 1.93(1.67-2.24) 2.84(2.24-3.61)
Urinary tract infection 13,172 24.12 10,837 10.78 2.24(2.18-2.30) 1.83(1.77-1.89)

Upper 3,013 5.52 2,315 2.30 2.40(2.27-2.53) 1.78 (1.66-1.91)

Lower 10,159 18.60 8,522 8.47 2.19(2.13-2.26) 1.85(1.78-1.92)
CNS infection 388 0.71 112 0.11 6.38(5.17-7.87)  8.72(6.64-11.45)
Sepsis 3,438 6.29 3,062 3.04 2.07 (1.97-2.17)  2.21(2.07-2.36)

Adjusted for household income, hypertension, dyslipidemia, cardiovascular disease, and chronic kidney disease.
IRR, incidence rate ratio; CI, confidence interval; CNS, central nervous system.
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Fig. 2. Adjusted incidence rate ratios (IRRs) of infection-related hospitalizations in diabetes and matched non-diabetes controls,
stratified by age, sex, comorbidities, and the use of insulin. The IRRs were estimated using Poisson models. CI, confidence interval.

Table 3. Incidence rates of intensive care unit admissions and deaths among diabetics and non-diabetic controls

People with diabetes Control Diabetes vs. Control
Type of infection No.ofevents  Eventrate o . i Eventrate IRR Adjusted IRR
(per 1,000 yr) (per 1,000 yr) (95% CI) (95% CI)
Gastrointestinal 876 1.60 777 0.77 2.08 (1.88-2.29) 2.06 (1.81-2.35)
Mycoses
Candidiasis 254 0.47 583 0.58 0.80 (0.69-0.93) 0.63 (0.53-0.74)
Other fungal 342 0.63 490 0.49 1.28 (1.12-1.47) 0.43 (0.37-0.50)
Infective otitis externa 23 0.04 0 0.00
Otitis media & mastoiditis 48 0.09 42 0.04 2.10(1.39-3.18) 1.65 (0.96-2.84)
Respiratory 1,483 2.72 863 0.86 3.16 (2.91-3.44) 2.94 (2.64-3.29)
Pneumonia 3,603 6.60 3,991 3.97 1.66 (1.59-1.74) 0.98 (0.93-1.04)
Hepatic abscess 50 0.09 0 0.00
Cholecystitis 386 0.71 509 0.51 1.40 (1.22-1.59) 1.09 (0.93-1.27)
Skin
Cellulitis 136 0.25 495 0.49 0.51 (0.42-0.61) 0.46 (0.36-0.59)
Other 214 0.39 56 0.06 7.04 (5.24-9.44)  11.75(7.32-18.86)
Bone and joint infections 119 0.22 35 0.03 6.26 (4.29-9.13) 4.78 (3.09-7.39)
Myositis, synovitis and tenosynovitis 37 0.07 29 0.03 2.35(1.44-3.82) 1.43(0.81-2.54)
Urinary tract infection 1,850 3.39 2,126 2.11 1.60 (1.50-1.70) 1.01 (0.94-1.09)
Upper 292 0.53 100 0.10 5.38 (4.28-6.75) 2.74 (2.11-3.56)
Lower 1,558 2.85 2,026 2.01 1.42 (1.32-1.51) 0.91 (0.84-0.99)
CNS infection 137 0.25 35 0.03 7.21(4.97-10.45)  5.25(3.53-7.79)
Sepsis 1,359 249 777 0.77 3.22(2.95-3.52) 3.49 (3.05-3.92)

Adjusted for household income, hypertension, dyslipidemia, cardiovascular disease, and chronic kidney disease.
IRR, incidence rate ratio; CI, confidence interval; CNS, central nervous system.
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95% CI, 7.32 to 18.86), CNS infections (aIRR, 5.25; 95% CI,
3.53 to 7.79), and bone and joint infections (aIRR, 4.78; 95%
CI, 3.09 to 7.39) (Table 3). Among person with diabetes, the
most incidence of ICU hospitalization and death was due to
pneumonia and UTI. However, the risk ratio of ICU hospital-
ization and death due to pneumonia and lower UTT in diabetes
group was not higher in comparison with the general popula-
tion control.

DISCUSSION

This is the first large cohort study in South Korea to compare
the incidence of infection-related hospitalizations and infec-
tion-related mortality between diabetes group and age-sex-re-
gion-matched non-diabetes controls and to provide detailed
estimates of hospital resource and mortality for infections
among person with diabetes in the South Korea.

Previous studies have provided strong evidence of an associ-
ation between diabetes mellitus and infection. Laboratory
studies have shown that diabetes increased susceptibility to in-
fection is related to neutrophil dysfunction (including im-
paired chemotaxis, phagocytic abilities, and lower microbici-
dal activities) [13-16] or to disturbances in the adaptive im-
mune response [17,18]. Alternatively, the colonization rate of
pathogenic strains of microbes may be increased in the pres-
ence of hyperglycemia [19,20]. Moreover, recent population-
based studies provide evidence of an increased risk of infection
in person with diabetes [6,21,22]. In a large retrospective co-
hort study conducted in England (1#=102,493 patients with di-
abetes mellitus vs. #=203,518 matched control subjects), IRRs
for any infection-related hospitalizations were 3.71 (95% CI,
3.27 to 4.21) in those with type 1 diabetes mellitus and 1.88
(95% CI, 1.83 to 1.92) in those with type 2 diabetes mellitus.
The researchers estimated that 6% of infection-related hospi-
talizations and 12% of infection-related deaths were attribut-
able to diabetes. In a matched cohort study using Canadian
Primary Care Sentinel Surveillance Network, patients with di-
abetes (n=1,779 diabetes patients vs. n=11,066 matched con-
trol subjects) had an increased risk of any infection (adjusted
odds ratio, 1.21; 95% CI, 1.07 to 1.37). In a large Danish na-
tional cohort study with type 2 diabetes mellitus (n=155,158)
and age-sex-residence-matched controls without diabetes
(n=774,017), the adjusted rate ratio of community-based anti-
biotic prescriptions was 1.24 (95% CI, 1.23 to 1.25) and adjust-
ed rate ratio of hospital-treated infections was 1.49 (95% CI,
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1.47 to 1.52) for a median follow-up of 2.8 years [10]. In a ret-
rospective analysis of the socioeconomic impact of inpatient
infection management in the USA, the person with diabetes
were more than twice as likely to be hospitalized for infection
management than those without diabetes [9].

In this study, diabetes had a risk of infection-related hospi-
talizations for all infection types combined and for 16 of the 17
specific types of infection. This increased risk persisted even
after adjusting for potential confounders such as the presence
of CVD and CKD. Therefore, further studies are needed to in-
vestigate the increasing incidence and severity of infectious
diseases caused by diabetes in South Korea and the resulting
socioeconomic impact. The mechanism and risk factors that
cause the infectious disease associated with diabetes require
further investigation. We believe our results could stimulate
such research.

Many studies and reports have reported increased incidence
of UTIs, SSTIs, bone and joint infections, and sepsis related to
diabetes [6,9,23]. This study also found that the person with
diabetes had an increased incidence of UTIs, SSTIs, sepsis,
CNS infections, and bone and joint infections and a signifi-
cantly higher severity of infections. The high incidence rate of
hepatic abscess observed in this study reflects the high inci-
dence in Northeast Asia. Previous studies in China and South
Korea have identified diabetes as a risk factor for hepatic ab-
scess [24-26]. Hyperglycemia may promote the activation of
nuclear factor kB signaling that has a regulatory effect on the
pathogenesis of liver abscesses caused by Klebsiella pneumoni-
ae [27]. The increased susceptibility of diabetes to Klebsiella in-
fections may also affect the incidence of liver abscess. The high
incidence of CNS infections may be associated with rhino-or-
bital-cerebral mucormycosis, malignant otitis media, and skin
infections in diabetes. Diabetes may increase the risk of CNS
infections, given that it is a risk factor for Listeria and Klebsiella
infections [28]. However, there has been limited research in
this area; therefore, further research is need. Diabetes also had
a relatively high incidence of SSTTs and bone and joint infec-
tions. These types of infection may occur as results of periph-
eral neuropathy, autonomic neuropathy, and vascular insufhi-
ciency due to diabetic complications. The presence of diabetes
foot is also a risk factor for these types of infection. In a recent
retrospective study of SSTIs, diabetes was an important risk
factor associated with readmission to hospital and death [29].
Therefore, it is necessary to study how to minimize the risks
associated with each type of infection based on this study. The
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aIRR of infective otitis externa was 0.76 (95% CI, 0.64 to 0.90)
in Table 2 and this means that hospitalization due to infective
otitis externa is less, not decrease in incidence rates. Infective
otitis externa is a disease mainly based on outpatient treat-
ment, so the result may be as shown, and diabetes is not a risk
factor in infective otitis externa occurrence. In Table 3, ICU
admission or death due to infective otitis externa is zero, re-
flecting the low severity of the disease. In addition, we analyzed
otitis media and mastoiditis separately, and it is estimated that
incidence rate is low due to separation of malignant otitis me-
dia with high severity and associated with diabetes. Therefore,
infective otitis externa may need to be analyzed again through
data including outpatient prescriptions.

On stratified analyses for pneumonia, UTIs, and GI infec-
tions, which showed significantly higher risk ratios in person
with diabetes, we observed significantly high risk ratios in dia-
betes person with CVD or insulin users. Person with diabetes
using insulin may have worse glycemic control than those re-
ceiving oral medications or, may have type 1 diabetes mellitus.
A previous study showed that poor glycemic control was asso-
ciated with increased incidence of infectious disease [30].
Therefore, it can be interpreted as an increase in risk associated
with hyperglycemia, but well-designed studies are needed for
further investigation. Pneumonia is one of the most common
infectious diseases in diabetes patients as well as the most com-
mon cause of ICU admission and death. However, compared
to the general population, person with diabetes showed an in-
creased incidence of infectious diseases; however, the increase
in mortality and severity of infectious diseases was not signifi-
cant. Other studies involving patients with diabetes have re-
ported increases in incidence but not in mortality of infectious
diseases [31]. The relationships between CVD and infectious
diseases and between diabetes and pneumonia must be studied
in depth.

The study has several limitations. Firstly, the NHIS-NSC da-
tabase was a sample cohort and contained only a limited num-
ber identified variables. Therefore, it was difficult to determine
precise risk factors due to a lack of information on factors such
as body mass index and smoking history. The malignancy of
the comorbidity was also lost. In particular, the relationship
between diabetes mellitus and hyperglycemia could not be
studied. Secondly, the dataset did not distinguish between type
1 and type 2 diabetes mellitus. Taking other studies into con-
sideration, the incidence and risk factors for different types of
infection may differ in type 1 and type 2 diabetes mellitus, and
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determining risk factors may require a different approach.
However, as type 1 diabetes mellitus affects about 0.02% of the
Korean population [32], our data can be attributed to people
with type 2 diabetes mellitus. Thirdly, the incidence of infec-
tious diseases is likely to have been underestimated due to the
exclusion of certain infections such as tuberculosis and other
national surveillance infectious diseases. In particular, South
Korea has an intermediate incidence of tuberculosis. Subse-
quent studies on tuberculosis will be necessary to determine
the association between diabetes and tuberculosis. Despite
these limitations, the important strengths of our study are that
it is population-based study with a large sample size and a long
follow-up time and that it investigated a wide range of infec-
tious diseases.

In conclusion, we found that the overall risk of infection-re-
lated hospitalizations is higher in the person with diabetes than
in the general population, and that diabetes also have a higher
risk of more serious infectious diseases and a higher infectious
disease-related mortality rate than the general population. Im-
proved diabetes control could help to reduce the incidence of
infectious diseases among person with diabetes. There is also a
need to address policy and program issues related to the pre-
vention of infections in diabetes, such as developing recom-
mendations for vaccination of person with diabetes. Further-
more, it is important to find ways to reduce the incidence of
infectious diseases by studying the mechanisms of interaction
between diabetes and infectious diseases and the risk factors
for infectious diseases in diabetes.
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Supplementary Table 1. ICD-10 diagnostic codes for hospital admissions and causes of infectious disease-related deaths

Infectious diseases Codes

Gastrointestinal A02, A04, A05, A06, A07, A0S, A09

Mycoses: candidiasis B37.0,B37.1,B37.2, B37.5, B37.6, B37.7, B37.8, B37.9

Mycoses: other fungal B35, B36

Infective otitis externa H60.0, H60.1, H60.2, H60.3, H60.8, H60.9

Otitis media & mastoiditis H65.0, H65.2, H65.3, H65.4, H65.9, H66, H67, H70.0, H70.2, H70.8, H70.9

Respiratory J00, J01, J02.0, J02.9, J03.0, J03.9, J04, J05, J06, ]20.2, J20.3, J20.7, J20.9, ]21.9, ]22, J36, ] 39.0, ] 39.1, J40
Pneumonia J15.0,715.1,J15.2,J15.3, J15.4, J15.5, ]15.6, J15.8, J15.9, ]16.8, J17, ] 18, J69.0, ]85, J86.9

Hepatic abscess K75.0,K77.0

Cholecystitis K80.0, K80.1, K80.3, K80.4, K81

Skin: cellulitis A48.0, H05.0, H60.1, K12.2, L.03

Skin: other A46,]34.0,L01, L02, L08, L30.3, L66.3

Bone and joint infections MO00, M01, M46.2, M46.3, M46.4, M46.5, M49.1, M49.2, M49.3, M86, M90.1, M90.2

Myositis, synovitis and tenosynovitis M60.0, M63.0, M63.1, M63.2, M65.0, M65.1, M68.0, M71.0, M71.1, M72.6

Urinary tract infection: upper N10-N12,N13.6,N15.1, N15.9, N16, N20.9

Urinary tract infection: lower N30, N34, N37.0, N39.0

Central nervous system infection G00-G03, G04.2, G04.8, G04.9, G05-G08

Sepsis A02.1, A20.7, A26.7, A32.7, A39.2, A39.3, A39.4, A40, A41, A49.9, B37.7, B49, K83.8, R57.2, R65.1

ICD-10, 10th edition of the International Classification of Diseases.
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Supplementary Table 2. Confounding variables with corresponding ICD-10 codes and ATC codes

Drugs (2002-2006)

Glucose-lowering drugs

Metformin ATC code A10BA
DPP-4is ATC code A10BH, A10BD07, A10BD08, A10BD09, A10BD10, A10BD11, A10BD13, A10BD18, A10BD
Sulfonylureas ATC code A10BB, A10BD02, A10BD04, A10BD06
Thiazolidinediones ATC code A10BG, A10BD03, A10BD04, A10BD05, A10BD06, A10BD09, A10BD
Insulin ATC code A10A
Antihypertensive drugs ATC code C02, C03, C07, C08, C09
ACE inhibitors ATC code C09A, C09B
ARB ATC code C09C, C09D (exclude C09DX04)
Dihydropyridines ATC code C08C
Diuretics ATC code C03A, C03B, C03C
B-Blockers ATC code C07
Statin ATC code C10AA
Aspirin ATC code BO1ACO06
Comorbidity (2002-2006)
Hypertension ICD-10110 and/or use of anthihypertensive drugs
Dyslipidemia ICD-10 E78 and/or use of lipid-lowering drugs
Cardiovascular disease
Myocardial infarction 121,122
Heart failure 150
Atrial fibrillation 148.0,148.1,148.2,148.9
Stroke 160, 161, 162, 163, 164
Peripheral artery disease M6597, M6605, M6613, M6632, M6620, 00161-00171, O1643-4, 01645-6, (with ICD-10 codes 170-
79),170.2-3,170.9,173.1,173.8-9
Chronic kidney disease N18

ICD-10, 10th edition of the International Classification of Diseases; ATC, Anatomical Therapeutic Chemical; DPP-4i, dipeptidyl peptidase-4
inhibitor; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker.
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