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Background: Glucose management is of great significance. Infection and hyperglycemia

are a vicious circle. This study was conducted to describe distribution and antimicrobial

resistance of bacteria isolated from patients with normoglycemia, hyperglycemia, or diabetes

on admission.

Methods: A retrospective study was conducted in a teaching hospital from January 2015 to

March 2017. Bacteria were identified by the Vitek 2 automated system and antimicrobial

susceptibility determined.

Results: A total of 1,163 patients were included: 582 with normoglycemia, 292 with

hyperglycemia and 289 with diabetes. Enterobacter, Staphylococcus aureus, Klebsiella

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterococcus faecium

were the main species isolated from these patients, with 1,616 unduplicated isolates from

sputum samples. Patients with hyperglycemia were more prone to carry more than one

species, and the rate of multidrug-resistant K. pneumoniae and methicillin-resistant S. aureus

was higher in this group. K. pneumoniae from hyperglycemia patients demonstrated

increased resistance to carbapenems, especially imipenem (p=0.002) and meropenem

(p=0.003), than those isolated from patients with normoglycemia or diabetes. No significance

was detected for K. pneumoniae, A. baumannii, or P. aeruginosa between nondiabetes and

diabetes patients. In addition, hyperglycemia patients had a higher rate of ICU admission

(p=0.035) and a lower survival rate (p<0.001).

Conclusion: Patients with hyperglycemia were more prone to carry bacteria, especially multi-

drug-resistant K. pneumoniae and methicillin-resistant S. aureus. Assessing glucose on admis-

sion is of great significance in predicting bacterial carriage and antimicrobial resistance.
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Introduction
The prevalence of diabetes is increasing and becoming the leading cause of morbidity

and mortality among noncommunicable diseases worldwide.1,2 In China, the preva-

lence of diabetes is 11.6% and for prediabetes 50.1% among adults.3 It has been

accepted that diabetes is an attributable risk factor of ischemic heart disease and stroke,

which killed 12.9 million people worldwide in 2010.4 Not only considered a major risk

factor of noncommunicable diseases, diabetes was also a risk factor of infections and

worsening outcomes of infectious diseases,5,6 as indicated in community-acquired

pneumonia.5 Length of hospital stay and mortality increase among diabetics, particu-

larly among those with poor glycemic control, compared with nondiabetics.6 Glucose

management is of great importance in clinical practice.7 Hyperglycemia on admission

hinders outcomes of hospitalized patients and increases the risk of mortality.6,7
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Enterococcus faecium, Staphylococcus aureus,

Klebsiella pneumoniae, Acinetobacter baumannii,

Pseudomonas aeruginosa, and Enterobacter spp. are the

leading pathogens in hospital infections.8 Bacterial resistance

to antibiotics has become an urgent global threat, especially

the emergence of multidrug resistance, extensive drug resis-

tance, and even pandrug resistance.9 The emergence of anti-

microbial resistance (AMR) put the public into panic,

because currently available antibiotics may not be effective

in treating infections caused by these microorganisms.10

Morbidity, mortality, and length of hospital stay attributable

to AMR reported are increasing.11,12 Compared to infection

caused by antibiotic-susceptible organisms, higher medical

expense and length of stay are also attributable to antibiotic

resistance.12,13 Microorganisms resistant to antibiotics are

now a considerable challenge for the global health-care

system.14

However, opinions from previous studies on whether

diabetes increases the risk of AMR among hospitalized

patients are divergent.14,15 Tian et al14 found a higher rate

of AMR among diabetes patients who had been diagnosed

with liver abscess, while another study demonstrated that

the rate of carbapenem-resistant K. pneumoniae was lower

among diabetes than nondiabetes patients.15 However, lit-

tle is known about resistance rates of bacteria isolated

from patients with normoglycemia or hyperglycemia on

admission. Herein, we conducted a retrospective study

with the aim of describing the distribution of bacteria

from patients with normoglycemia, hyperglycemia, or dia-

betes and assessing the antimicrobial susceptibility of bac-

teria isolated from sputum, thus adding direct evidence to

this field.

Methods
Study Design
A retrospective study was conducted among adult Han

Chinese patients hospitalized in Ruijin Hospital, a tertiary

hospital in Shanghai, China. All patients had positive results

on sputum bacteria identification from January 2015 to

March 2017. Information on pathogens isolated from spu-

tum and pathogens from other samples, such as blood and

pus, was collected. Duplicated isolates from nonsterile body

fluid from the same patient were excluded. Clinical infor-

mation, including demographic data and clinical microbiol-

ogy results, was collected by searching medical records.

Written informed consent was obtained from the patients

or first-degree relatives. The study was approved by the

Ruijin Hospital Ethics Committee, Shanghai Jiao Tong

University School of Medicine.

Data Collection
All information for patients included was searched

through charts. Lung diseases referred to chronic pul-

monary lung disease, pulmonary bronchitis, and bronch-

iectasis. Cardiovascular diseases were a history of brain

infraction, myocardial infarction, or other ischemic heart

and brain diseases. Diabetes diagnosis were fasting

plasma glucose ≥7 mmol/L, 2-hour plasma glucose

≥11.1 mmol/L during an oral glucose-tolerance test

(OGTT), random plasma glucose ≥11.1 mmol/L with

classic symptoms of hyperglycemia, or HbA1c

≥6.5%.16 Patients included were divided into two groups

according to history of diabetes, and those without dia-

betes were then subdivided into two groups: normal

(fasting plasma glucose<6.1 mmol/L or 2-hour plasma

glucose <7.8 mmol/L on OGTT without diagnosed dia-

betes) or increased glucose (fasting plasma glucose ≥6.1
mmol/L or 2-hour plasma glucose ≥7.8mmol/L on

OGTT without diabetes history) on admission. Plasma

glucose was tested with an automated system (Advia

1650; Bayer) using the glucose oxidase method.

Isolate Identification and

Antimicrobial-Susceptibility Testing
All isolates were identified by matrix-assisted laser desorption

ionization time-of-flight mass spectrometry (BioMérieux,

Marcy-l’Étoile, France). Antimicrobial-susceptibility testing

was determined with Kirby–Bauer disk diffusion and

E-tests according to Clinical and Laboratory Standards

Institute criteria. Extended-spectrum β-lactamase (ESBL) pro-

duction was identified by clavulanic acid synergy. Escherichia

coli ATCC 25922, P. aeruginosa ATCC 27853, S. aureus

ATCC 29213, Staphylococcus pneumoniae ATCC 49619,

Enterococcus faecalis ATCC 29212, and Haemophilus influ-

enzae ATCC 49247 were used for quality control.

Statistical Analysis
All statistical analysis was conducted with SAS 9.4

(SAS Institute, USA). Data are described as

medians (IQR) for continuous variables and number

(percentage) for categorical variables. ANOVA was con-

ducted for continuous variables when calculations were

normally distributed and equal in variance analysis, and

if not, then changed to nonparametric statistics. Fisher’s
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exact test or χ2 was used for categorical variables.

Comparison was made between diabetes and nondia-

betes patients or patients with normoglycemia or hyper-

glycemia on admission. Two-tailed p<0.05 was

considered statistically significant.

Results
Demographic Features
A total of 1,163 patients were included: 582 with normo-

glycemia, 292 with hyperglycemia, and 289 with diabetes.

There were 178 females in the normoglycemia group

(30.6%), 83 in the hyperglycemia group (28.4%) and 100

in the diabetes group (34.6%), and no significance was

detected by sex in the three groups. As demonstrated in

Table 1, patients with diabetes were older than those

normal or with hyperglycemia (68, IQR 60–78; 66, IQR

54.5–77; and 65, IQR 55–76, respectively). Average BMI

was 22 (IQR 19.4–24.2) kg/m2 in the normoglycemia

group, 23.2 (IQR 20.2–25.7) kg/m2 in the hyperglycemia

group, and 24 (IQR 21.2–26.8) kg/m2 in diabetics, 33.9%

of normoglycemia patients had hypertension, while this

was 40.1% among the hyperglycemia patients and 58.5%

among the diabetics. For cardiovascular diseases, it was

18.9% for patients with normoglycemia, 19.5% for those

with hyperglycemia, and 36.0% for diabetes. No

significance was detected for smoking, glucocorticoid

usage, prior hospitalization, or antibiotic exposure among

the three groups.

In terms of treatment and prognosis, incubation of

a central venous catheter was more commonly detected

in patients with hyperglycemia than those with normogly-

cemia or diabetes (22.3% vs 11.9% vs 8.0%), and patients

with hyperglycemia had a higher rate of mechanical ven-

tilation than those with normoglycemia or diabetics. For

further investigation, ICU admission and survival rate

were also analyzed. We found that ICU admission was

much more prevalent in diabetics than patients with hyper-

glycemia or normoglycemia (17.7% vs 15.4% vs 10.7%),

and the lowest survival rate was seen among patients with

hyperglycemia on admission (71.6%).

Bacterial Distribution
A total of 2,167 pathogens were isolated from the patients:

1,616 nonduplicate bacteria identified from sputum samples

and 551 bacteria from nonsputum samples (Table 2). For

sputum and nonsputum samples, Gram-negative bacilli were

the commonest pathogens isolated, comprising

Enterobacteriaceae, A. baumannii, and P. aeruginosa, while

S. aureus had the greatest proportion among Gram-positive

cocci. The highest detection rate for Enterobacteriaceae

Table 1 Demographics of Patients among the three groups

Normal Hyperglycemia on

Admission

p-valuea Diabetes p-valueb p-valuec

n 582 292 289

Female (%) 178 (30.6) 83 (28.4) 0.511 100 (34.6) 0.131 0.231

Age (years) 66 (54.5–77.0) 65 (55.0–76.0) ns 68(60.0–78.0) <0.05 <0.05

BMI (kg/m2) 22.0 (19.4–24.2) 23.1 (20.2–25.7) <0.05 24.0(21.2–26.8) <0.05 <0.05

Smokers, n (%) 192 (33.0) 93 (31.9) 0.611 92 (31.8) 0.621 0.771

Comorbidity, n (%)

Lung diseases 113 (19.4) 50 (17.1) 0.412 66 (22.8) 0.121 0.239

Cardiovascular diseases 110 (18.9) 57 (19.5) 0.010 104 (36.0) <0.001 <0.001

Hypertension 197 (33.9) 117 (40.1) 0.071 169 (58.5) <0.001 <0.001

Malignant tumors 190 (32.7) 86 (29.5) 0.338 69 (23.9) 0.013 0.008

Immunocompromised, n (%) 49 (8.4) 15 (5.1) 0.207 18 (6.2) 0.374 0.273

Hospitalization within 3m, n (%) 137 (23.5) 66 (22.6) 0.915 69 (23.9) 0.903 0.959

Hospitalization within 1m, n (%) 175 (30.6) 99 (33.9) 0.514 92 (31.8) 0.825 0.734

Glucocorticoid use, n (%) 42 (7.3) 15 (5.1) 0.501 30 (10.4) 0.336 0.164

Mechanical ventilation, n (%) 29 (5.1) 36 (12.3) <0.001 16 (5.5) 0.271 0.728

Central venous catheter, n (%) 68 (11.9) 65 (22.3) <0.001 23 (8.0) 0.002 0.091

ICU admission, n (%) 61 (10.7) 45 (15.4) 0.035 51 (17.7) 0.017 0.003

Survival rate, n (%) 478 (83.6) 209 (71.6) <0.001 220 (76.1) 0.378 0.036

Notes: a–cNormal vs hyperglycemia on admission, with diabetes vs without diabetes, and normal vs diabetes, respectively.
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(39.3%) was in diabetics, while the highest proportion for

A. baumannii (21.6%) and S. aureus (25.5%) was found in

patients with hyperglycemia, though no significance was

detected for the last two species between patients with or

without diabetes. In addition, K. pneumoniae was the domi-

nant pathogen among Enterobacteriaceae for all three

groups. In terms of the number of bacteria isolated from

each patient, we found that 74.6% of patients with increased

glucose tended to carry more than one isolate, followed by

diabetes patients (68.3%).

For antimicrobial-susceptibility testing, the rate of

multidrug-resistant K. pneumoniae (MDR-KP) was high-

est among those with hyperglycemia on admission and

higher than the normal glucose group (62.1% vs 35.1%,

p<0.001). Percentages for MDR A. baumannii (MDR-

AB) and MDR P. aeruginosa (MDR-PA) were quite

high among all patients, regardless of glucose level on

admission or diabetes status, though no statistical sig-

nificance was demonstrated for MDR-AB or MDR-PA

among the three groups. Similarly to the trend for

MDR-KP, methicillin-resistant S. aureus (MRSA) had

the highest proportion among patients with hyperglyce-

mia (73.8%), followed by diabetics (71.2%).

Antimicrobial Susceptibility of Bacteria

from Sputum
K. pneumoniae, S. aureus, A. baumannii, and P. aeruginosa

were the commonest bacteria isolated in the present study,

and antimicrobial-susceptibility results for these species iso-

lated from sputum are described in detail. As shown in

Table 2, K. pneumoniae was the commonest pathogen

detected among Enterobacteriaceae. We conducted further

research on the susceptibility ofK. pneumoniae from sputum

samples to obtain deeper insight, as depicted in Table 3 and

20% of K. pneumoniae was found to produce ESBL.

Compared to K. pneumoniae from patients with normal

glucose, resistance to cephems, monobactams, quinolones,

aminoglycosides, and carbapenems of K. pneumoniae from

patients with hyperglycemia on admission was increased.

35.6% of K. pneumoniae from patients with increased glu-

cose was resistant to imipenem and 35.9% not susceptible to

meropenem, both significantly higher than those with normal

Table 2 Isolate Distribution Among the Three Groups

Without Diabetes p-valuea Diabetes (%) p-valueb p-valuec

Normal (%) Hyperglycemia on Admission (%)

All 0.005 0.057 0.378

Enterobacteriaceae 265 (33.3) 125 (29.3) 154 (39.3)

A. baumannii 133 (16.7) 92 (21.6) 59 (15.1)

S. aureus 169 (21.2) 109 (25.5) 70 (17.9)

P. aeruginosa 88 (11.0) 32 (7.5) 37 (9.4)

S. maltophilia 58 (7.3) 40 (9.4) 30 (7.7)

Other 84 (10.5) 29 (6.8) 42 (10.7)

Enterobacteriaceae 0.506 0.955 0.863

K. pneumoniae 185 (69.8) 92 (73.6) 110 (71.4)

Non–K. pneumoniae 80 (30.2) 33 (26.4) 44 (28.6)

Isolates, na <0.001 0.046 <0.001

Monomicrobial 244 (44.5) 73 (25.4) 104 (31.7)

Polymicrobial 304 (55.5) 214 (74.6) 224 (68.3)

MDR of GNB

K. pneumoniae 61 (35.1) 54 (62.1) <0.001 44 (42.3) 0.760 0.228

A. baumannii 71 (55.9) 61 (68.5) 0.061 29 (53.7) 0.321 0.785

P. aeruginosa 52 (61.9) 17 (54.8) 0.493 24 (68.6) 0.360 0.490

S. aureus 0.010 0.315 0.073

MSSA 66 (41.5) 28 (26.2) 19 (28.8)

MRSA 93 (58.5) 79 (73.8) 47 (71.2)

Notes: a–cNormal vs hyperglycemia on admission, with diabetes vs without diabetes, and normal vs diabetes, respectively.
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glucose (p=0.002 and p=0.003, respectively). The overall

rate of K. pneumoniae resistance to ertapenem was higher

than for meropenem and imipenem, though no statistical

significance was reached among the three groups. For tige-

cycline, the last available treatment for carbapenem-resistant

K. pneumoniae, no significance was detected between

patients with or without diabetes and patients with normal

or increased glucose. The resistance rate of K. pneumoniae

from patients with increased glucose was 5.8%, not

significantly higher than any other patients. In terms of the

resistance rate of all agents tested, no statistical significance

was demonstrated among patients with different

glucose metabolism status.

A. baumannii was the second commonest pathogen in

the current study, and the resistance rate was generally

high for these isolates (Table 4). For antimicrobial agents

tested except levofloxacin, tigecycline, and aminoglyco-

sides, the highest resistance level was seen among patients

Table 3 Antibiotic-Resistance Rate of K. pneumoniae Isolated from Sputum

n Without Diabetes p-valuea Diabetes (%) p-valueb p-valuec

Normal (%) Hyperglycemia on

Admission (%)

ESBL 346 27 (16.3) 13 (15.9) 0.996 21 (21.5) 0.505 0.574

Penicillin

Ampicillin 341 151 (93.2) 77 (96.3) 0.602 94 (950) 0.428 0.680

β-lactam/β-lactamase

inhibitor Combinations

Ampicillin–sulbactam 359 46 (26.9) 47 (54.7) <0.001 30 (29.4) 0.406 0.859

Piperacillin–tazobactam 356 25 (14.7) 29 (34.5) 0.001 15 (14.7) 0.358 0.986

Cefoperazone–sulbactam 335 22 (13.8) 30 (39.0) <0.001 13 (13.3) 0.176 0.986

Cephems

Ceftriaxone 325 54 (35.3) 45 (57.7) <0.001 39 (41.5) 0.637 0.329

Ceftazidime 363 41 (23.7) 39 (45.4) <0.001 29 (27.8) 0.836 0.682

Cefepime 363 27 (15.7) 34 (39.1) <0.001 23 (22.1) 0.437 0.281

Monobactams

Aztreonam 322 46 (30.3) 39 (50.7) 0.003 31 (33.3) 0.074 0.159

Quinolones

Ciprofloxacin 363 42 (24.4) 38 (43.7) 0.007 30 (28.9) 0.671 0.561

Levofloxacin 322 36 (24.0) 32 (41.0) 0.028 21 (22.3) 0.196 0.578

Aminoglycosides

Gentamycin 363 37 (21.4) 40 (46.0) <0.001 21 (20.4) 0.074 0.844

Amikacin 363 22 (12.7) 29 (33.3) <0.001 15 (14.6) 0.428 0.680

Folate-pathway inhibitors

Trimethoprim–sulfamethoxazole 364 31 (17.9) 35 (40.2) <0.001 21 (20.2) 0.173 0.382

Carbapenems

Ertapenem 323 33 (21.9) 28 (35.9) 0.069 23 (24.5) 0.599 0.662

Imipenem 364 30 (17.3) 31 (35.6) 0.002 16 (15.4) 0.193 0.914

Meropenem 333 26 (16.6) 28 (35.9) 0.003 15 (15.3) 0.245 0.915

Glycylcycline

Tigecycline 296 2 (1.4) 4 (5.8) 0.140 2 (2.3) 0.830 0.628

Other

Fosfomycin 283 34 (26.4) 24 (35.3) 0.221 23 (26.7) 0.880 0.861

Notes: a–cNormal vs hyperglycemia on admission, with diabetes vs without diabetes, and normal vs diabetes, respectively.
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with hyperglycemia on admission, followed by patients

with normal glucose and without diabetes, while

A. baumannii isolates from diabetes patients showed the

lowest resistance rate (Table 4). A. baumannii isolated

from patients with diabetes showed statistically lower

resistance to ampicillin–sulbactam than those from non-

diabetics (p=0.010).

For P. aeruginosa, resistance varied, as patients had

different glucose status (Table 5). Nonsusceptibility

rates of fosfomycin and carbapenems were higher than

other agents. The highest resistance to imipenem was

seen among P. aeruginosa isolated from patients with

diabetes (34.3%), while for meropenem this was seen

among P. aeruginosa isolations from patients with normal

glucose (32.1%). No significance was demonstrated for

any of the agents tested among the three groups.

S. aureus was the predominant species among Gram-

positive cocci, among which MRSA occupied two-thirds

and methicillin-susceptible S. aureus (MSSA) about

a third (219 vs 112, Table 6). For all tested antimicro-

bial agents, the resistance rate of MRSA was much

higher than MSSA. MSSA from diabetes patients tended

to show higher resistance to levofloxacin than from

patients without diabetes (p=0.006). No significance

was reached for MRSA among those with different

glucose status in terms of drug resistance. None of

these isolates was detected to be resistant to vancomy-

cin, linezolid, or teicoplanin.

Discussion
AMR is a threatening crisis all over the world, and poses

a great challenge to humans worldwide. Increased AMR

demands profound knowledge about epidemiology and

potential risk factors in this field so that we can take better

control. It has been accepted that prior exposure to anti-

microbial agents, residence in health-care facilities, and

ICU admission are the risk factors of increased occurrence

of AMR.

Table 4 Antibiotic-Resistance Rate of A. baumannii Isolated from Sputum

n Without Diabetes p-valuea Diabetes (%) p-valueb p-valuec

Normal (%) Hyperglycemia on

Admission (%)

β-lactam–β-lactamase inhibitor

combinations

Ampicillin–sulbactam 264 56 (45.2) 44 (50.6) 0.180 13 (24.5) 0.010 0.020

Piperacillin–tazobactam 182 38 (42.2) 27 (49.1) 0.655 15 (40.5) 0.227 0.331

Cefoperazone–sulbactam 242 32 (28.1) 21 (27.6) 0.166 8 (15.5) 0.178 0.181

Cephems

Ceftriaxone 227 57 (53.8) 47 (60.3) 0.642 18 (41.9) 0.217 0.399

Ceftazidime 268 66 (52.4) 54 (60.8) 0.446 25 (47.2) 0.478 0.702

Cefepime 265 64 (50.8) 53 (60.9) 0.344 26 (50.0) 0.815 0.995

Quinolones

Ciprofloxacin 269 72 (56.7) 55 (62.5) 0.403 29 (53.7) 0.167 0.136

Levofloxacin 229 36 (33.3) 25 (32.1) 0.863 13 (30. 2) 0.818 0.885

Aminoglycosides

Amikacin 247 22 (19.1) 24 (30.0) 0.200 11 (21.2) 0.820 0.799

Gentamycin 270 57 (44.9) 48 (53.9) 0.239 25 (46.3) 0.820 0.640

Folate-pathway inhibitors

Trimethoprim–sulfamethoxazole 268 59 (46.8) 48 (54.6) 0.221 26 (48.2) 0.644 0.520

Carbapenems

Imipenem 268 63 (50.0) 55 (62.5) 0.194 24 (44.4) 0.123 0.281

Meropenem 243 56 (49.6) 49 (62.8) 0.158 23 (44.2) 0.338 0.648

Glycylcycline

Tigecycline 199 12 (12.8) 7 (11.1) 0.949 6 (14.3) 0.366 0.428

Notes: a–cNormal vs hyperglycemia on admission, with diabetes vs without diabetes, and normal vs diabetes, respectively.
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With significantly increasing prevalence in the past

few decades, diabetes affected about 463 million people

worldwide in 2019.17 Diabetes is always considered

a risk factor during infection. Glucose control is of

great importance in clinical practice. Hyperglycemia is

associated with worsening outcomes and is a risk factor

of in-hospital mortality.7 This is the first study that we

know of to focus mainly on the relationship between

AMR and glucose level on admission. We found that

AMR depended on glucose level on admission. Patients

with hyperglycemia were more likely to carry more than

one bacterium, much higher than those with normal

glucose, and the same trend was also detected in patients

with diabetes compared to non-diabetes. What is more,

MDR-KP was much more prevalent in patients with

hyperglycemia on admission, and the highest rate of

MRSA was also detected in patients with hyperglycemia.

In terms of common species of bacteria, Enterobacteriaceae,

A. baumannii, P. aeruginosa, and S. aureus — common

pathogens causing infections in clinical practice — were also

the commonest pathogens detected in the current study. In

addition, the distribution of these bacteria was significantly

different between those isolated from patients with or without

hyperglycemia on admission. Enterobacteriaceae made up the

highest proportion among all isolates, and K. pneumoniae was

the major pathogen among Enterobacteriaceae for all patients,

regardless of glucose-metabolism status. There was no signifi-

cance detected for the distribution of bacteria isolated from

patients with or without diabetes nor for the number of patients

carrying more than one isolate between the two groups. All this

indicated that hyperglycemia on admission played a much more

important role in bacteria distribution and AMR, and this is the

first study to provide evidence for the link between AMR and

glucose metabolism.

K. pneumoniae was the most commonly detected

species among Enterobacteriaceae. At the same time, resis-

tance to most antimicrobials, including imipenem and mer-

openem, was highest in the hyperglycemia group.

Carbapenems serve as last-line antibiotics to treat bacteria

that are not susceptible to broad-spectrum antibiotics.18 In

mainland China, K. pneumoniae resistance to meropenem

and imipenem has increased from 2.6% to 13.4% and 2.4%

Table 5 Antibiotic-Resistance Rate of P. aeruginosa Isolated from Sputum

n Without Diabetes p-valuea Diabetes (%) p-valueb p-valuec

Normal (%) Hyperglycemia on

Admission (%)

β-lactam–β-lactamase inhibitor

combinations

Piperacillin–tazobactam 141 8 (10.1) 2 (6. 7) 0.460 3 (9.4) 0.61 0.791

Cefoperazone–sulbactam 137 8 (10.7) 6 (20.7) 0.405 3 (9.1) 0.796 0.964

Cephems

Ceftazidime 148 10 (12.2) 7 (22.6) 0.346 4 (11.4) 0.866 0.978

Cefepime 143 12 (14.8) 5 (17.9) 0.649 4 (11.8) 0.528 0.470

Monobactam

Aztreonam 130 14 (19.4) 6 (21.4) 0.881 3 (10.0) 0.435 0.502

Quinolones

Ciprofloxacin 150 18 (21.4) 8 (25.8) 0.770 6 (17.1) 0.271 0.266

Levofloxacin 119 7 (10.6) 6 (25.0) 0.217 5 (17.2) 0.694 0.532

Aminoglycosides

Amikacin 144 6 (7.3) 3 (9. 7) 0.526 3 (9.7) 0.952 0.889

Gentamycin 147 8 (9.6) 1 (3.3) 0.448 3 (8.8) 0.280 0.334

Carbapenems

Imipenem 149 24 (28. 9) 10 (32.3) 0.764 12 (34.3) 0.341 0.451

Meropenem 141 25 (32.1) 8 (25.8) 0.255 8 (25.0) 0.810 0.532

Other

Fosfomycin 108 22 (37.9) 6 (25.0) 0.454 8 (30.8) 0.723 0.720

Notes: a_cNormal vs hyperglycemia on admission, with diabetes vs without diabetes, and normal vs diabetes, respectively.
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to 10.5%, respectively.19 In this study, we found that the rate

ofK. pneumoniae resistance to carbapenems detected among

hyperglycemia was higher than the general rate reported in

mainland China from 2005 to 2014,19 highlighting the impor-

tance of assessing glucose levels on admission and checking

the carriage of K. pneumoniae. It was comforting to find that

resistance to tigecycline in K. pneumoniae isolates was low,

and no significance was reached for the three groups in our

study, so tigecycline can be an alternative to deal with infec-

tion caused by carbapenem-resistant K. pneumoniae.20 Less

exposure to tigecycline may be the potential explanation, but

this should be further explored within well-designed

research.

For A. baumannii and P. aeruginosa, the two other

common kinds of pathogen isolated from sputum in the

current study, MDR for all groups was high and no statis-

tical significance was detected for most drugs. The highest

rate of carbapenem-resistant A. baumanni was detected

among A. baumanni isolated from hyperglycemia patients,

and it was much higher than that of P. aeruginosa and

K. pneumoniae, which was also a huge threat to

inpatients.21 The high-level resistance in A. baumannii

was consistent with the reported national average level,19

indicating that broad-spectrum resistance in A. baumannii is

emerging, as in a previous study.22 Sputum P. aeruginosa in

our study demonstrated a higher resistance rate than the

reported epidemiology,19 and the highest rate was always

seen among hyperglycemia patients. Structural lung dis-

eases, such as chronic obstructive pulmonary diseases or

bronchiectasis, are risks for P. aeruginosa colonization,23

and nearly 20% of patients were comorbid with chronic

lung diseases in the present study.

In our study, MRSA had a higher percentage

among patients with hyperglycemia or diabetes than

normoglycemic individuals. Methicillin resistance in the cur-

rent study was also higher than that reported throughout our

country.19 It has been found that nasal carriage of S. aureus

is higher among diabetics.24 An increased risk of community-

acquired S. aureus bacteremia has been reported among dia-

betes patients, especially among thosewith long duration, poor

glycemic control, and diabetes complications.24What is more,

hyperglycemia increases the risks of respiratory infections

caused by S. aureus,6,25 and hyperglycemia-induced bacterial

growth can be inhibited via modification of glucose flux into

the airway epithelium being modified by metformin.26

The phenomenon of resistance rates for K. pneumoniae

and S. aureus being higher than the average level through-

out our country may be accounted for by the fact that

among first-class hospitals, patients’ conditions are always

severe in ours. The total number of antimicrobial-

susceptibile isolates for each drug varied in this retrospec-

tive clinical study, but our findings provide an

important indication that patients are at high risk of carry-

ing antibiotic-resistant bacteria, particularly those with

hyperglycemia on admission, thus calling for special atten-

tion and initial microorganism screening among them. In

addition, patients with hyperglycemia had a higher rate of

mechanical ventilation and central venous catheter incuba-

tion along with increased AMR. Patients with hyperglyce-

mia or diabetes showed a higher rate of ICU admission

and in-hospital mortality. The causality linking high anti-

biotic resistance and worse outcomes among hyperglyce-

mia or diabetes patients should be further explored in

prospective studies.

There are several limitations in the current study. Firstly, it

was a retrospective study and focused on microorganism resis-

tance in a nosocomial context, which did not distinguish colo-

nization from infection. Bacteria were identified by the Vitek 2

automated system, as mentioned in the Methods section. It

would have been valuable if bacterial isolates were identified

by 16sRNA and minimum inhibitory concentration determined

by agar dilution or broth microdilution. In addition, ESBL was

not deeply discussed. Finally, this was a single-center study

conducted only in our hospital. Well-designed multicenter stu-

dies are needed to delineate the prevalence of AMR among

hyperglycemic or diabetic inpatients and the potential link

between AMR of bacterial and in-hospital mortality.

In conclusion, the current study provides comprehensive

information about bacterial distribution and resistance

rates among sputum isolates, including K. pneumoniae and

S. aureus, for hyperglycemia or previously diagnosed diabetes

patients. The findings are of utmost importance in clinical

calls for focused efforts to distinguish patients with hypergly-

cemia on admission or previous diagnosis of diabetes from

those with normoglycemia, for they are prone to carrying

resistant bacteria.
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