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Objective: Diabetic patients have an elevated risk of infection, but the optimal level of glycemic control with the lowest infection
risk remains unclear, especially among the elderly. We aimed to investigate the relation between fasting plasma glucose (FPG) level
and risk of infection-related morbidity and mortality.

Method: The participants were from a community-based health screening program in northern Taiwan during 2005-2008
(n =118 645) and were followed up until 2014. Incidence of hospitalization for infection and infection-related death was ascertained
from the National Health Insurance Database and National Death Registry. Cox proportional hazards regression modelling was used
to estimate the hazard ratio (HR) between FPG and risk of infection.

Results: During a median follow-up of 8.1 years, the incidence rate of hospitalization for any infection was 36.33 and 14.26 per
1000 person-years among diabetics and nondiabetics, respectively, in the total study population, but increased to 70.02 and 45.21 per
1000 person-years, respectively, in the elderly. In the Cox regression analysis, the adjusted HR comparing diabetics to nondiabetics
was 1.59 (95% confidence interval [CI], 1.52-1.67) for any hospitalization for infection and 1.71 (95% CI, 1.36-2.16) for infection-
related mortality. The hazard for infection morbidity and mortality was higher at both extremes (<90 and >200 mg/dl) of FPG. The

excess risk associated with FPG < 90 mg/dl was attenuated after controlling for multiple comorbidities.

Conclusions:

Poor glycemic control (FPG > 200 mg/dl) was associated with a higher risk of infection-related morbidity and

mortality, especially in the elderly population where the baseline infection risk was high.
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INTRODUCTION

Hyperglycemia has been extensively studied in cell model and
animal studies for its effect on immune system against infec-
tions [1-4]. Several observational studies reported that diabetic
patients with higher glycemic level were associated with an el-
evated risk of infections [5, 6]. However, these studies focused
on diabetic patients alone (without nondiabetics as the compar-
ison) and did not account for lifestyle risk factors, such as body
mass index (BMI), cigarette smoking, and alcohol consump-
tion. Therefore, the exact relation between blood glucose level
and infection risk is yet to be determined, and it is unknown
whether optimal glucose control could reduce the infection risk
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to the level comparable to that among nondiabetics. Although
numerous studies examined the association between high
blood glucose level and risk of infection at specific site, few
studies fully examined the risks across different sites of infec-
tion [7-10]. Lastly, there were limited data on glucose control
and infection risk in the elderly population, who have a higher
infection risk and a less stringent Alc goal suggested by cur-
rent practice guidelines. The answers to these questions have
important clinical implications to set optimal glycemic control
goal for infection prevention, as current recommendations re-
garding glycemic goal were based on micro-vascular complica-
tion prevention.

In the present study, we analyzed population-based com-
munity screening data to (1) investigate the risk of first hospital-
ization for any infection and individual site of infections across
a wide range of fasting plasma glucose (FPG) level; (2) evaluate
the relation between fasting glucose level and infection-related
mortality; and (3) assess the relation between glycemic level
and infection risk among older people. We hypothesized that
a lower blood glucose level was associated with a lower risk of
infection-related hospitalization and mortality.
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METHODS

Data Source and Study Population
Potential participants of this prospective study came from a
total of 125 865 individuals who voluntarily participated in a
free community-based health screening service for the resi-
dents aged 40 years or older in New Taipei City for 2005-2008.
In brief, the participants filled out the questionnaire about dem-
ographics, educational level, and lifestyle information. Each
participant received a standard physical examination and blood
and urine analyses. Overnight fasting blood and first morning
voided urine were collected and analyzed. With participants’
consent, the screening program database was linked to the
National Health Insurance Database and the National Death
Registry using each participant’s unique national identification
number. In Taiwan, national health insurance is compulsory for
all residents, and the coverage rate for 2005-2008 was over 99%.
After data linkage, information related to individual identifica-
tion were removed and remained anonymous during the en-
tire study process. The protocol was approved by the National
Taiwan University Hospital Research Ethics Committee.
Participants were excluded if they did not have baseline
measurement of FPG level or BMI; complete information about
cigarette smoking, alcohol consumption, and education level;
and any claims in the National Health Insurance Database.
The final study population included 118 645 participants (see
Supplementary Figure 1 for study flow diagram).

Measurement of Diabetes and Other Covariates

The main exposure of this study was diabetes, which was de-
fined by the following criteria: (1) FPG over 126 mg/dL or
(2) prescription of any hypoglycemic agent (verified from the
health insurance claims database) for more than 28 days in the
previous year before the baseline survey. Participants who had
treated or untreated diabetes were further classified by their
FPG levels. Body mass index was categorized into the following
categories: <18.5, 18.5 to <25, 225 to <30, and =30 kg/m2. Age
was categorized as 20 to 40 years, 41 to 50 years, 51 to 60 years,
61 to 70 years, and 71 to 100 years.

Information about other potential confounding factors were
obtained from the questionnaire at cohort entry (BMI, age,
sex, level of education, smoking and alcohol use) and from the
National Health Insurance Database (comorbid diseases and
prior hospitalization and drug use history during the 12-month
period before study entry; the International Classification of
Diseases, 9th revision, Clinical Modification [ICD-9-CM]
codes provided in Supplementary Table 1).

Outcome and Follow-Up Plan

The primary outcome of interest is incident hospitalization for
all infections ascertained from the National Health Insurance
Database after study beginning. Hospitalization for infection
further was classified according to specific site of infection,

including septicemia, lower respiratory tract, intra-abdominal,
reproductive and urinary tract, skin and soft tissue, osteomye-
litis, necrotizing fasciitis, central nervous system, and invasive
mold, as defined by ICD-9-CM codes listed in Supplementary
Table 1. The patients may have more than 1 specific site of
infection in their first hospitalization for infection. The sec-
ondary outcomes were overall mortality and infection-related
mortality. The vital status and date of death for the study par-
ticipants was obtained by linkage through the National Death
Registry with the unique identification number. The cohort
participants were followed up from the date of health screening
until first hospitalization for infection, death (based on vital
registry), or the end of 2014, whichever came first. Infection-
related death was defined by the death certificates codes (un-
derlying cause of death) according to ICD-9 and ICD-10, using
data from the vital registry. In the analysis for infection-related
deaths, all participants were followed from the date of health
screening until death.

Statistical Analysis

We computed the incidence rate of hospitalization for infec-
tion and infection-related mortality rate by diabetes status and
by site of infection. We used Cox regression modeling to es-
timate the adjusted hazard ratios (aHRs) and corresponding
95% confidence intervals (95% ClIs) for diabetes (compared
to nondiabetes) and infection outcome (hospitalization and
death), adjusting for potential confounders of age category,
sex, current smoking, current drinking, low educational level,
BMI category, systemic steroids use within 1 year before study
entry, and hospitalization history within 6 months before hospi-
talization for infection. We further conducted a dose-response
analysis stratifying by the level of FPG. The analysis of hospital-
ization for infection was conducted for all infections and by site
of infection. In the analysis for specific site of infection, partici-
pants who were hospitalized due to 1 site of infection were not
allowed to contribute follow-up person-time for another site of
infection. In separate analyses, we classified both diabetes and
nondiabetes groups according to their FPG levels and calcu-
lated the associated risks using nondiabetics and diabetics with
FPG between 90-99 mg/dL as the reference group.

Because older people were more susceptible to infections,
we further conducted a subgroup analysis on the association
between FPG level and infection hospitalization among those
aged above 65 years.

Several sensitivity analyses were conducted for a compre-
hensive evaluation of the relation between FPG and the risks of
infection hospitalization. To avoid overadjustment of potential
intermediate variables on a causal pathway between glycemic
control and infection risk, we did not control for comorbidities
in our main analysis. To further explore the role of comorbidities
in the relation between FPG and infection morbidity and mor-
tality, we additionally adjusted the Charlson comorbidity score
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to see if the association would change substantially. Because
older adults (>65 years old) and those with liver and renal dis-
ease, autoimmune disease, and cancer were more likely to have
low FPG levels and also were more susceptible to severe infec-
tions, we excluded these participants to avoid confounding by
these conditions. Because the definition of diabetes and gly-
cemic control was based on 1 single measurement of FPG at
baseline, we conducted the following analyses to reduce the po-
tential biases from misclassification of blood glucose level. First,
we excluded those with untreated diabetes (FPG > 126 mg/dL
but no prescription record for hypoglycemic agents) in order
to remove the potential false-positive diabetes cases. Second,
among the subgroup (~9%) of population who had repeated
measurements of FPG over multiple years, we used a time-
dependent Cox analysis to account for time-varying exposure
of FPG. Because prior study suggested an association between
infection risk and recent rather than remote glycemic level [6],
we shortened the maximal follow-up period to 2 years after the
baseline to avoid a long time lag between measurement of FPG
and infection outcome. Lastly, because those who had early oc-
cult infections may have abnormal blood glucose levels, we con-
ducted analyses excluding participants who were hospitalized
for infections within 2 weeks after health screening program to
reduce potential protopathic bias.

RESULTS

Of the total 118 645 study participants, 64% were women. The
mean age was 51.9 years (standard deviation, 11.9) (Table 1). At
the baseline, 9511 people (8.02%) had diabetes, and 59.8% of
them were taking any antidiabetic medications. The prevalence
of diabetes was 9.55% in men and 7.16% in women, respectively.
Most of the diabetic participants included in our analysis had a
duration of <4 years (mean diabetes duration, 2.1 years). In our
study, only 3067 participants (2.6% of the total participants) had
newly diagnosed diabetes. Among the diabetes patients, 29.07%
had FPG < 130 mg/dL, 60.35% had FPG between 130-200 mg/
dL, and 10.58% had FPG > 200 mg/dL. The differences in un-
derlying disease between diabetic and nondiabetic participants
can be seen in Table 1. As compared with nondiabetics, those
diabetic patients with higher FPG were more likely to be over-
weight or obese and were more likely to use tobacco smoking
and alcohol (Table 1), while a higher proportion of diabetic pa-
tients with FPG < 90 mg/dL were male and elderly, had lower
educational level, and more comorbidities.

During a median follow up of 8.13 years, 14 372 cases of hos-
pitalization for infection occurred. The most frequent site of
infection was reproductive and urinary tract (5802), followed
by lower respiratory tract (4052), septicemia (3255), intra-
abdominal (1874), and skin and soft tissue (1856) (Table 2). The
incidence rate of any infection was 36.33 (34.92-37.81) per 1000
person-years among diabetics and 14.26 (14.01-14.52) among

nondiabetics. There were 5243 total deaths and 422 infection-
related deaths during the follow-up period, with a rate of 15.39
(95% CI, 14.53-16.31) and 4.66 (95% CI, 4.52-4.80) per 1000
for overall mortality and 1.32 (1.08-1.61) and 0.37 (0.33-0.41)
per 1000 for infection-related mortality among diabetics and
nondiabetics, respectively (Table 2).

In the Cox regression analysis, the crude and adjusted
HR of any hospitalization for infection comparing diabetics
to nondiabetics was 2.56 (95% CI, 2.45-2.67) and 1.59 (95%
CI, 1.52-1.67), respectively (Table 2). The association be-
tween diabetes and hospitalization for infection was similar
across different sites of infection, except that the association
between diabetes and osteomyelitis was weak and not sta-
tistically significant (aHR, 0.98; 95% CI, 0.68-1.43) and that
between diabetes and invasive mold was not statistically sig-
nificant (aHR, 1.45; 95% CI, 0.59-3.52). The aHR comparing
diabetics to nondiabetics was 1.69 (95% CI, 1.58-1.81) for
overall mortality and 1.71 (95% CI, 1.36-2.16) for infection-
related mortality, respectively. Similar results were found in
the analyses additionally controlled for Charlson comorbidity
score, although the risk estimates associated with diabetes
were slightly attenuated (Table 2).

Using FPG measured at baseline as a proxy for glycemic con-
trol, the HR for infection morbidity and mortality was higher
at both extremes of FPG (<90 mg/dL and >200 mg/dL) with
or without taking comorbidities into consideration (Table 2).
Further detailed dose-response analysis of hospitalization for
infection by 10 mg/dL interval of FPG revealed a U-shape curve
(Figure 1). The risks of hospitalization for infection among the
diabetics across all FPG levels were uniformly higher than
nondiabetics. A similar pattern was found between FPG level
and infection-related mortality, but most of the associations
were not statistically significant due to the few numbers of
deaths from infection (Figure 1).

In a separate analysis using nondiabetics with FPG between
90-99 mg/dL as the reference group, a similar U-shaped curve
was observed among the diabetics (Supplementary Figure 2).
Even at the same level of FPG, the infection risk among diabetics
was consistently higher than that among the nondiabetics. In the
nondiabetics, the risk of hospitalization for infection increased
slightly at the 2 extremes (FPG < 80 mg/dL and >110 mg/dL).
Importantly, the risk of infection was elevated in those with im-
paired fasting glucose (FPG between 100-126 mg/dL) when
compared with nondiabetics with FPG between 90-99 mg/dL.

In older adults, the morbidity and mortality from infections
were substantially increased when compared to the general pop-
ulation (Table 3). The incidence rate of any infection was 70.02
(95% CI, 66.32-73.92) and 45.21 (95% CI, 43.87-46.60) per
1000 person-years among diabetics and nondiabetics, respec-
tively. The corresponding rate was 35.09 (95% CI, 32.73-37.62)
and 23.64 (95% CI, 22.73-24.59) per 1000 for overall mortality,
and 3.42 (95% CI, 2.73-4.27) and 2.49 (95% CI, 2.21-2.82)
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Figure 1. Dose-Response Relation Between Fasting Plasma Glucose (mg/dl) at
Baseline and (a) Incidence of Any Infection or (b) Infection-Associated Mortality
From the Multivariable Cox Regression Analysis The nondiabetics were used as the
reference group; aHR indicates adjusted hazard ratio; FPG, fasting plasma glucose.
Adjusted hazard ratios were adjusted for age (categorical), sex, tobacco smoking,
alcohol use, education, body mass index (categorical), systemic steroids use 1 year
before study entry, and hospitalization in the previous 6 months.

per 1000 for infection-related mortality among diabetics and
nondiabetics, respectively. In the Cox regression analysis, the
aHR of any hospitalization for infection, overall mortality, and
infection-related mortality was 1.55 (95% CI, 1.45-1.65), 1.61
(95% CI, 1.48-1.74), and 1.59 (95% CI,1.23-2.06), respectively
(Table 3). The risk estimates associated with diabetes were
slightly attenuated after adjustment of comorbidity. The dose-
response analysis of hospitalization for infection by 10 mg/dL
interval of FPG also revealed a U-shape curve in this population
(Figure 2).

We conducted additional analyses to compare the risk of
hospitalization due to infection among all and elderly diabetic
participants using diabetics with FPG 90-130 mg/dl as the ref-
erence group. As shown in Supplementary Table 2, diabetic
patients with FPG > 200 mg/d]l still were associated with a sig-
nificantly higher risk, while those with FPG < 90 mg/dl also

were associated a similar magnitude of excess risk, although not
attaining statistically significant. Similar findings were observed
among elderly diabetic participants despite risks estimates that
were not statistically significant due to smaller numbers of par-
ticipants included in the analysis (Supplementary Table 3).
After additionally controlling for Charlson comorbidity score, a
slight increase in risk estimates for those diabetic patients with
FPG > 200 mg/dl and a decrease in risk estimates for those with
FPG < 90 mg/dl was observed (Supplementary Table 2). For
elderly diabetic patients, those with FPG > 200 mg/dl had a sig-
nificantly higher risk of hospitalization for any infection after
controlling for Charlson score (Supplementary Table 3). In con-
trast, the infection risk associated with FPG < 90 mg/dl almost
was abolished after controlling for Charlson score.

In a sensitivity analysis, the U-shape relation between FPG
and infection risk among diabetics remained unchanged when
we excluded those with untreated diabetes (Supplementary
Figure 3). We also reexamined the dose-response relation
between FPG and infection risk after excluding the elderly
(>65 years old) and those with liver and renal disease, auto-
immune disease, and cancer. The higher risk of infection at
both extremes was still observed (e Figure 4). In a subset of
our study population who had repeated measurement of FPG
at least 1 year after the first measurement (~9% of the original
study population), the Pearson correlation coefficient between
the first and second FPG measurement was 0.73 (P < .001).
The time-dependent Cox regression analysis in this subset re-
vealed a similar dose-response relation between the FPG level
and infection risk, but most of the associations were not sta-
tistically significant because of the much smaller sample size
(Supplementary Figure 5). No substantial changes in results
were found when we excluded participants who were hospital-
ized for infections within 2 weeks after health screening pro-
gram and shortened the maximal follow-up period to 2 years
after the baseline (Supplementary Figures 6 and 7).

DISCUSSION

In this large population-based community screening cohort, we
found that diabetes was associated with not only an increased
risk of hospitalization for infection, but also a higher risk of
overall mortality and infection-related mortality. A U-shaped
relation between FPG level and infection-related hospitaliza-
tion and mortality was observed, and FPG level of <90 mg/dL
was associated with an increased risk of first hospitalization
for infection and a trend of higher infection-related mortality.
However, this increased risk was not observed when multiple
comorbidities were further adjusted, suggesting that comor-
bidity may play a role in the excess risk associated with low
FPG level. In the elderly, the hazard ratio between poor gly-
cemic control and infection was similar to that observed in the
general population. Given the high incidence rate of infection
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Figure 2. Dose-Response Relation Between Fasting Plasma Glucose (mg/dl) at
Baseline and Incidence of Any Infection From the Multivariable Cox Regression
Analysis While Restricting to Participants Aged Above 65 Years The nondiabetics
were used as the reference group; aHR indicates adjusted hazard ratio; FPG, fasting
plasma glucose. Adjusted hazard ratios were adjusted for age (categorical), sex,
tobacco smoking, alcohol use, education, body mass index (categorical), systemic
steroids use 1 year before study entry, and hospitalization in the previous 6 months.

morbidity and mortality in the elderly, the absolute burden of
infection attributable to poor glycemic control in this popula-
tion would be substantial.

Prior studies in the United Kingdom and northern Denmark
have reported that the risks of urinary tract infection, genital
tract infection, hospitalization for pneumonia, and streptococci
bacteremia were higher for diabetic patients compared with
those without diabetes [7-10]. In a Danish nationwide cohort
study [11], type 2 diabetic patients had a higher rate of hospital-
treated infection during a median follow-up of 2.8 years, with
a HR of 1.49 (95% CI, 1.47-1.52); the risks were increased par-
ticularly for urinary tract infection (HR, 1.41), skin infection
(HR, 1.50), and septicemia (HR, 1.60). In a recent UK cohort,
in comparison with patients without diabetes mellitus (DM),
those with DM and optimal control (HbAlc 6-7%), and poor
control (=11%) had increased hospitalization risks for infec-
tion [12]. We observed that diabetic patients had a nearly 60%
increase in the risk of hospitalization for any infection, an ap-
proximately 80% excess risk of septicemia and urogenital tract
infection, and a 64% higher risk of skin and soft tissue infec-
tion. The risk of hospitalization for infection became substan-
tially higher in particular among those diabetic patients with
FPG > 200 mg/dL. Furthermore, we found that diabetics had
a 71% elevated risk of infection-related mortality, while those
with FPG level > 200 mg/dL had a 3-fold increased risk of death
due to infection as compared with those without diabetes.

In addition to the substantial evidence that high blood glu-
cose level was associated with an elevated hazard, our study in-
dicated that low blood glucose level also was associated with
an increased risk of incident infection. Evidence on the dose-
response relation between glycemic control and risk of infection

has been limited and inconclusive [13]. In the Diabetes Control
and Complications Trial, intensive glucose control was associ-
ated with a nearly 50% reduction in vaginal infection among
patients with type 1 diabetes. However, there was no associ-
ation between glycemic control and the occurrence of foot,
urinary, respiratory, and gastrointestinal infections [14]. In
a Dutch study of diabetic patients from general practices, the
mean Alc level was similar in those with infection and those
without infection [15]. Another German study examined the
relation between Alc and first occurrence of urinary tract infec-
tion. Compared with diabetic patients with Alc 7.0-7.5%, those
with a high Alclevel (>9.5%) and those with a low Alc level of
6.0-6.5% were both associated with a significantly higher risk
of infection [5]. In a Denmark cohort of type 2 diabetics, Mor
and colleagues also reported a J-shaped relation between blood
glucose level and infection risk [6].

Some researchers speculated that a higher infection risk
for those diabetic patients with low blood glucose level may
be due to malnutrition, multiple comorbidities, impaired
kidney and liver function, and poor functional status or frailty.
Nonetheless, a similar U-shape dose-response relation in our
cohort remained even after excluding the elderly and those with
liver, renal, and autoimmune diseases (Supplementary Figure
4). Sufficient data have concluded that diabetic patients with
low baseline Alc level was associated with an increased overall
mortality [16, 17]. Several observational studies and 1 post-hoc
analysis of a randomized trial also showed that hypoglycemia
was associated with a higher risk of mortality and morbidity
among diabetic patients hospitalized for infectious or noninfec-
tious causes, in a critically ill or noncritically ill setting [18-21].
To our knowledge, little is known about the effect of low blood
glucose level on immune function in response to infections.
Additional research is needed to explore the influence of hypo-
glycemia on infection among diabetics and the optimal level of
glycemic control in terms of infection outcomes.

The strengths of this study included enrolling a large number
of participants from a community health screening program
and prospectively following them for several years. A compre-
hensive list of potential confounding factors, including BMI,
educational level, smoking, and alcohol consumption, were
considered in the analyses. Outcome occurrence was obtained
by linkage to the National Health Insurance Database for any
clinically important infection event with very low missing rate.

Several important limitations also should be considered in
the present study. First, participants of this study were categor-
ized based on a single measurement of FPG level instead of a
series of hemoglobin Alc. Although the correlation between
FPG level and Alc is generally good, exposure misclassifica-
tion may still occur [22]. We believe the misclassification bias
of glycemic level would be nondifferential with regard to in-
fection status, and this bias would have underestimated the
true association between glycemic control and infection risk.
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Nonetheless, we excluded participants with untreated diabetes
and considered time-varying glucose information among those
who had repeated measurements of FPG level in the sensitivity
analyses, and we found very similar results. Second, we could
not exclude the possibility that physicians were more likely to
admit diabetic patients or those with poorly controlled diabetes
into the hospital for infectious disease management. However,
this could not explain the observed increased risk of infection
among those with low blood glucose. Third, although we have
adjusted for major important risk factors, confounding from
unmeasured variables, such as diabetes duration or socioeco-
nomic status, may still possibly influence the results. Fourth,
including only the first hospitalization as outcome, but not all
hospitalization, would lose some statistical power. However,
given the large sample size of the present study (14 372 cases
of first hospitalizations), we still had sufficient power to ana-
lyze the dose-response relation between glucose level and in-
fection hospitalization. We did not include all hospitalizations
in our analysis, because there were assumptions while using ei-
ther Poisson regression or negative binomial regression model
for count data to handle overdispersion or underdispersion [23,
24]. Fifth, in this study, we described the relation between FPG
and risk of hospitalization due to infection without applying
any statistical test. Finally, whether our study findings can be
generalized to whole population needs to be confirmed in the
upcoming population-based studies or even randomized con-
trolled trials.

Our study revealed that diabetes was associated with not only
a higher risk of hospitalization for infection, but also a signifi-
cantly increased risk of infection-related mortality both in the
general population and in the elderly. A U-shaped relation be-
tween FPG level and infection-related outcome was observed.
After controlling for comorbidity, the increased risk among
those with low FPG was not observed, suggesting that multiple
comorbidities may play a role in the excess risk associated with
low FPG level. Fasting plasma glucose > 200 mg/dl was con-
sistently associated with a significantly higher risk of infection
morbidity and mortality. We suggest that more efforts should be
given to find the optimal level of glucose control to reduce the
burden of infectious disease in diabetics, in particular for the
elderly patients.
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Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
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Acknowledgments

We thank Chieh-Yin Wu for the editorial assistance with the figures.

Author contributions. All authors contributed to manuscript revisions
for intellectual content. All authors approved the final version to be pub-
lished and agree to be accountable for all aspects of the manuscript. C.-H.C,,
J.-L.W,, and H.-H.L. contributed to the study concept and design. C.-H.C.,

L.-C.W,, and H.-H.L. contributed to data analysis. C.-H.C., ].-L.W,, L.-M.C,,
and H.-H.L. contributed to data interpretation. C.-H.C., J.-L.W,, and
H.-H.L. contributed to initial manuscript drafting.

Disclaimer. The funder of this study had no role in study design, data
collection, data analysis, data interpretation, or writing of the report.

Financial support. The study was funded by Taiwan Ministry of Science
and Technology (MOST105-2628-B-002-025-MY3).

Potential conflicts of interest. All authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1. Amano H, Yamamoto H, Senba M, et al. Impairment of endotoxin-induced mac-
rophage inflammatory protein 2 gene expression in alveolar macrophages in
streptozotocin-induced diabetes in mice. Infect Immun 2000; 68:2925-9.

2. Llorente L, De La Fuente H, Richaud-Patin Y, et al. Innate immune response
mechanisms in non-insulin dependent diabetes mellitus patients assessed by flow
cytoenzymology. Immunol Lett 2000; 74:239-44.

3. Zykova SN, Jenssen TG, Berdal M, Olsen R, Myklebust R, Seljelid R. Altered cyto-
kine and nitric oxide secretion in vitro by macrophages from diabetic type II-like
db/db mice. Diabetes 2000; 49:1451-8.

4. Ilyas R, Wallis R, Soilleux EJ, et al. High glucose disrupts oligosaccharide recog-
nition function via competitive inhibition: a potential mechanism for immune
dysregulation in diabetes mellitus. Immunobiology 2011; 216:126-31.

5. Wilke T, Boettger B, Berg B, et al. Epidemiology of urinary tract infections in
type 2 diabetes mellitus patients: An analysis based on a large sample of 456,586
German T2DM patients. ] Diabetes Complications 2015; 29:1015-23.

6. Mor A, Dekkers OM, Nielsen ]S, Beck-Nielsen H, Serensen HT, Thomsen RW.
Impact of glycemic control on risk of infections in patients with type 2 diabetes: a
population-based cohort study. Am J Epidemiol 2017; 186:227-36.

7. Kornum JB, Thomsen RW, Riis A, Lervang HH, Schenheyder HC, Sorensen HT.
Diabetes, glycemic control, and risk of hospitalization with pneumonia: a
population-based case-control study. Diabetes Care 2008; 31:1541-5.

8. Thomsen RW, Riis AH, Kjeldsen S, Schenheyder HC. Impact of diabetes and poor
glycaemic control on risk of bacteraemia with haemolytic streptococci groups A,
B, and G. ] Infect 2011; 63:8-16.

9. Hirji I, Andersson SW, Guo Z, Hammar N, Gomez-Caminero A. Incidence of
genital infection among patients with type 2 diabetes in the UK General Practice
Research Database. ] Diabetes Complications 2012; 26:501-5.

10. Hirji I, Guo Z, Andersson SW, Hammar N, Gomez-Caminero A. Incidence
of urinary tract infection among patients with type 2 diabetes in the UK
General Practice Research Database (GPRD). ] Diabetes Complications 2012;
26:513-6.

11. Mor A, Berencsi K, Nielsen JS, et al. Rates of community-based antibiotic pre-
scriptions and hospital-treated infections in individuals with and without type
2 diabetes: a Danish nationwide cohort study, 2004-2012. Clin Infect Dis 2016;
63:501-11.

12. Critchley JA, Carey IM, Harris T, DeWilde S, Hosking FJ, Cook DG. Glycemic
control and risk of infections among people with type 1 or type 2 diabetes in a
large primary care cohort study. Diabetes Care 2018; 41:2127-35.

13. Pearson-Stuttard J, Blundell S, Harris T, Cook DG, Critchley J. Diabetes and in-
fection: assessing the association with glycaemic control in population-based
studies. Lancet Diabetes Endocrinol 2016; 4:148-58.

14. Adverse events and their association with treatment regimens in the diabetes con-
trol and complications trial. Diabetes Care 1995; 18:1415-27.

15. Bartelink ML, Hoek L, Freriks JP, Rutten GE. Infections in patients with type 2
diabetes in general practice. Diabetes Res Clin Pract 1998; 40:15-9.

16. Li W, Katzmarzyk PT, Horswell R, Wang Y, Johnson J, Hu G. HbAlc and all-
cause mortality risk among patients with type 2 diabetes. Int J Cardiol 2016;
202:490-6.

17. Cavero-Redondo 1, Peleteiro B, Alvarez-Bueno C, Rodriguez-Artalejo F
Martinez-Vizcaino V. Glycated haemoglobin Alc as a risk factor of cardiovas-
cular outcomes and all-cause mortality in diabetic and non-diabetic populations:
a systematic review and meta-analysis. BMJ Open 2017; 7:e015949.

18. Kagansky N, Levy S, Rimon E, et al. Hypoglycemia as a predictor of mortality in
hospitalized elderly patients. Arch Intern Med 2003; 163:1825-9.

19. Turchin A, Matheny ME, Shubina M, Scanlon JV, Greenwood B, Pendergrass ML.
Hypoglycemia and clinical outcomes in patients with diabetes hospitalized in the
general ward. Diabetes Care 2009; 32:1153-7.

20. Krinsley JS, Schultz MJ, Spronk PE, et al. Mild hypoglycemia is independ-
ently associated with increased mortality in the critically ill. Crit Care 2011;
15:R173.

Glycemic Control and Infection Risk « OFID « 11



21. FinferS,LiuB, Chittock DR, etal; the NICE-SUGAR Study Investigators. Hypoglycemia 23. Berk R, MacDonald JM. Overdispersion and Poisson regression. ] Quant

and risk of death in critically ill patients. N Engl ] Med 2012; 367:1108-18. Criminol 2008; 24:269-84.

22. Ketema EB, Kibret KT. Correlation of fasting and postprandial plasma glucose 24. Payne EH, Hardin JW, Egede LE, Ramakrishnan V, Selassie A, Gebregziabher M.
with HbAlc in assessing glycemic control; systematic review and meta-analysis. Approaches for dealing with various sources of overdispersion in modeling count
Arch Public Health 2015; 73:43. data: Scale adjustment versus modeling. Stat Methods Med Res 2017; 26:1802-23.

12 « OFID « Changetal



