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Abstract

Purpose Increasing evidence has suggested that metformin may play positive roles in a wide range of infectious diseases.
This study aimed to investigate the clinical impact of metformin exposure during Staphylococcus aureus bacteremia (SAB)
in patients with diabetes.

Methods A 3-year observational cohort study of 452 patients (aged > 16 years) with SAB was performed at a tertiary care
hospital. Metformin exposure was defined as receiving metformin during SAB, regardless of metformin use before the onset
of bacteremia.

Results Of 452 patients, 51 (11.3%) were classified in Group A (diabetes with metformin exposure), 115 (25.4%) in Group
B (diabetes without metformin exposure), and 286 (63.3%) in Group C (no diabetes). The 30-day mortality rate in Group
A was significantly lower than that in Group B (3.9% [2/51] versus 14.8% [17/115]; p=0.04) and lower than that in Group
C (3.9% [2/51] versus 17.1% [49/286]; p=0.02). The mortality rates did not differ between Group B and Group C (14.8%
[17/115] versus 17.1% [49/286]; p=0.57). The rates of persistent and recurrent bacteremia were comparable among the
three groups. Multivariate analysis indicated that metformin exposure was significantly associated with reduced mortality
(adjusted odds ratio, 0.20; 95% confidence interval, 0.04-0.88; p=0.03).

Conclusions Metformin exposure during SAB appears to be an independent predictor of survival in patients with diabetes.

Keywords Staphylococcus aureus - Bacteremia - Diabetes mellitus - Metformin

Introduction

Staphylococcus aureus remains a leading cause of blood-
stream infections in both community and healthcare set-
tings, and S. aureus bacteremia (SAB) is associated with
significant morbidity and mortality [1]. Patients with dia-
betes mellitus (DM) may have increased susceptibility to S.
aureus colonization and infection compared with the general
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population, and DM has been identified as an independent
risk factor for developing SAB [2, 3]. Several cohort stud-
ies have shown the prevalence of diabetes in patients with
SAB to be substantial, with varying rates (20-40%) among
populations [4].

Metformin, a widely used first-line oral antidiabetic drug
for type 2 DM, has recently received increasing attention
as a potential anti-infective agent [5]. Although the mecha-
nisms underlying the beneficial effects of metformin beyond
its glucose-lowering action are not fully understood, a num-
ber of laboratory and clinical studies have suggested that
metformin may have protective and therapeutic roles in a
wide range of infectious diseases [5]. A recent meta-analysis
of five retrospective cohort studies indicated that metformin
use might be associated with lower mortality in patients with
sepsis [6].

There are few in vitro and animal studies that have
investigated the effects of metformin on the pathogenesis
of S. aureus infection, showing that metformin inhibits
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glucose-mediated bacterial growth in airway epithelium
[7]. However, to our knowledge, no human studies evaluat-
ing the association between metformin and SAB have been
published. Therefore, we conducted a cohort study to evalu-
ate the clinical impact of metformin exposure during SAB
in patients with DM.

Materials and methods
Study design and patient selection

This observational cohort study was performed at the Asan
Medical Center, a 2700-bed tertiary care teaching hospital
in Seoul, Republic of Korea. From January 2016 through
December 2018, patients aged > 16 years with SAB were
enrolled and followed up according to the study protocol
over 12 weeks. Only the first episode of SAB in each patient
was included in the analysis. Patients with polymicrobial
bacteremia were excluded. The study was approved by the
Asan Medical Center Institutional Review Board.

Data collection and definitions

The study data were derived from a prospective registry-
based SAB cohort. All medical records were reviewed using
standardized study protocols. Demographic characteristics,
underlying diseases or conditions, laboratory results, site of
infection, patient management, and clinical outcomes were
evaluated. Patient-reported information about antidiabetic
medication history during the previous month in electronic
medical records was collected retrospectively. Additionally,
we used primary care prescription records provided by refer-
ring physicians.

Metformin exposure was defined as receiving metformin
or metformin-containing drugs during SAB, regardless of
metformin use before the onset of bacteremia. Diabetic
patients who received metformin during SAB were classi-
fied as diabetes with metformin exposure group. Diabetic
patients who received metformin only before the onset of
SAB or those who did not receive metformin were classi-
fied as diabetes without metformin exposure group. Site of
acquisition was classified as community-onset (community-
associated or healthcare-associated) and nosocomial, as pre-
viously described [8]. Site of infection was determined based
on clinical, radiological, and microbiological investigations.
Empirical antibiotic therapy was considered inappropriate
if an antibiotic given within 24 h of the index blood culture
was not active against the isolated organism. Persistent bac-
teremia was defined as bacteremia for > 7 days while receiv-
ing appropriate antibiotic therapy. Recurrent bacteremia
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was defined as a subsequent episode of bacteremia within
30 days after discontinuation of antibiotic therapy. The pri-
mary outcome was 30-day all-cause mortality.

Microbiological data

All S. aureus isolates were identified using standard meth-
ods. Antimicrobial susceptibilities were determined using
the MicroScan system (Dade Behring, West Sacramento,
CA, USA) and the standard criteria of the Clinical and
Laboratory Standards Institute. Methicillin resistance was
confirmed by polymerase chain reaction detection of the
mecA gene. The minimum inhibitory concentration (MIC)
of vancomycin was determined using the Etest (AB Biodisk,
Solna, Sweden) according to the manufacturer’s instruc-
tions. Staphylococcal cassette chromosome mec (SCCmec)
type, multilocus sequence type (MLST), and agr genotype
were identified using previously described methods [9-11].
Clonal complexes (CCs) were assigned to groups of isolates
sharing six of seven alleles by use of e BURST (http://eburst.
mlst.net).

Statistical analysis

Categorical variables were analysed using the chi-square
or Fisher’s exact test, and continuous variables were ana-
lysed using Student’s ¢-test, the Mann—Whitney U test,
or Kruskal-Wallis test, as appropriate. Risk factors asso-
ciated with mortality were assessed using multivariate
logistic regression analysis. All variables with statistical
significance in the univariate analysis were included in
the multivariate analysis. The final model was constructed
using the backward elimination method. Survival analy-
sis was conducted using the Kaplan—-Meier method, and
30-day cumulative survival was compared using the
log-rank test. All statistical analyses were performed
using SPSS for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA), with p <0.05 considered statistically
significant.

Results
Study population and patient characteristics

A total of 452 patients with SAB were identified during
the study period. Of these, 51 (11.3%) were classified in
Group A (diabetes with metformin exposure), 115 (25.4%)
in Group B (diabetes without metformin exposure), and 286
(63.3%) in Group C (no diabetes) (Fig. 1).

The baseline characteristics of these patients are shown
in Table 1. The median age was 64 years (interquartile
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Fig. 1 Flow diagram of the
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range [IQR], 54-72 years), and 262 (58.0%) were male.
The site of acquisition of bacteremia was classified as
community-associated (n =87 [19.2%]), healthcare-
associated (n=179 [39.6%]), and nosocomial (n=186
[41.2%]). Hypertension (n =192 [42.5%]) was the most
common underlying comorbidity, followed by cancer
(n=182 [40.3%]), diabetes (n=166 [36.7%]), immu-
nosuppressive therapy (n=123 [27.2%]), liver cirrhosis
(n=73[16.2%]), chronic kidney disease (n =59 [13.1%]),
hematologic malignancy (n =32 [7.1%]), heart failure
(n=30 [6.6%]), alcoholism (n=28 [6.2%]), solid organ
transplantation (n =27 [6.0%]), and neutropenia (n =20
[4.4%]). The primary sites of infection were as follows:
catheter-associated (24.3%), osteoarticular (11.7%),
skin and soft tissue (10.0%), endovascular (9.5%), and
unknown (17.5%). Age, gender distribution, Charlson
Comorbidity Index, APACHE II score, as well as rates
of methicillin resistance, hypertension, liver cirrhosis,
chronic kidney disease, heart failure, septic shock, and
skin and soft tissue infection, were significantly different
among the three groups. Compared with Group A, the
rates of alcoholism were higher in Group B (0% [0/51]
versus 7.8% [9/115]; p=0.06) and Group C (0% [0/51]
versus 6.6% [19/286]; p =0.09), although these differ-
ences did not reach statistical significance. Body mass
index (BMI) and serum lactate concentration at the onset
of bacteremia were comparable among the three groups.
The median serum glucose level at the onset of bacte-
remia was significantly higher in diabetic patients than
in non-diabetic patients (185 mg/dL versus 122 mg/dL,
p <0.001), with no statistically significant difference
between diabetic patients with metformin exposure and
those without metformin exposure (199 mg/dL versus
169 mg/dL, p=0.48). The mean glycosylated hemoglobin
(HbAc) level was significantly higher in Group A than in
Group B (8.1% versus 7.0%, p=0.03). The rates of insulin

use during SAB were similar between Group A and Group
B (58.8% versus 70.4%, p=0.14).

Clinical outcomes

Figure 2 shows the 30-day mortality, persistent bacteremia,
and recurrent bacteremia rates of 452 patients with SAB.
A total of 68 patients died, resulting in a crude mortality
rate of 15.0%. The mortality rate in Group A was signifi-
cantly lower than that in Group B (3.9% [2/51] versus 14.8%
[17/115]; p=0.04) as well as that in Group C (3.9% [2/51]
versus 17.1% [49/286]; p=0.02). The mortality rates did not
differ between Group B and Group C (14.8% [17/115] versus
17.1% [49/286]; p=0.57). The rates of persistent and recur-
rent bacteremia were comparable among the three groups.

The Kaplan—Meier survival analysis showed significant
differences in 30-day cumulative survival between Group A
and Group B (p=0.046) and between Group A and Group
C (p=0.02) (Fig. 3).

Risk factors associated with 30-day mortality

The risk factors associated with 30-day mortality in 452 patients
with SAB are shown in Table 2. In the univariate analysis, age,
cancer, liver cirrhosis, Charlson Comorbidity Index, APACHE
II score, septic shock, serum lactate concentration, and met-
formin exposure were identified as significant variables associ-
ated with mortality. The methicillin resistance rates were not
different between patients who survived and those who died
(46.9% [180/384] versus 47.1% [32/68]; p=0.98). DM was not
associated with an increased risk of death. Multivariate analy-
sis indicated that Charlson Comorbidity Index (adjusted odds
ratio [aOR], 1.23; 95% confidence interval [CI], 1.08-1.40;
p=0.001), APACHE II score (aOR, 1.06; 95% CI, 1.02-1.10;
p=0.004), and metformin exposure (aOR, 0.20; 95% CI,
0.04-0.88; p=0.03) were significantly associated with mortality.
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Table 1 Baseline characteristics of 452 patients with S. aureus bacteremia stratified by diabetes status and metformin exposure

Characteristic

Group A (n=51)
Diabetes with metformin Diabetes without met-

Group B (n=115) Group C (n=286) p-value

No diabetes

exposure formin exposure
Age, median (IQR) 67 (61-74) 66 (59-73) 62 (48-70) <0.001
Male 31 (60.8) 79 (68.7) 152 (53.1) 0.02
Methicillin resistance 26 (51.0) 67 (58.3) 119 (41.6) 0.009
Site of acquisition
Community-associated 14 (27.5) 15 (13.0) 58 (20.3) 0.07
Healthcare-associated 24 (47.1) 50 (43.5) 105 (36.7) 0.23
Nosocomial-onset 13 (25.5) 50 (43.5) 123 (43.0) 0.05
Comorbidity
Hypertension 32 (62.7) 72 (62.6) 88 (30.8) <0.001
Cancer 17 (33.3) 38 (33.0) 127 (44.4) 0.06
Immunosuppressive therapy 10 (19.6) 34 (29.6) 79 (27.6) 0.40
Liver cirrhosis 2(3.9) 20 (17.4) 51 (17.8) 0.04
Chronic kidney disease 1(2.0) 33 (28.7) 25 (8.7) <0.001
Hematologic malignancy 4(7.8) 5(4.3) 23 (8.0) 0.42
Heart failure 4(7.8) 16 (13.9) 10 (3.5) 0.001
Solid organ transplantation 3(5.9) 11 (9.6) 13 (4.5) 0.16
Neutropenia (ANC < 500/pL) 0(0) 54.3) 15(5.2) 0.24
Alcoholism 0(0) 9(7.8) 19 (6.6) 0.14
Charlson comorbidity index, median (IQR) 2(2-4) 3(3-5) 2(1-4) <0.001
APACHE II, median (IQR) 12 (9-16) 18 (14-22) 15 (10-19) <0.001
Septic shock 0(0) 14 (12.2) 37 (12.9) 0.03
BMI (kg/m?), median (IQR)? 22 (20-24) 23 (19-25) 22 (19-25) 0.89
Lactate (mmol/L), median (IQR)* 1.8 (1.1-2.8) 1.4 (1.2-2.5) 1.5 (1.1-2.5) 0.82
Glucose (mg/dL), median (IQR)* 199 (138-279) 169 (126-276) 122 (101-151) <0.001
HbAlc (%), mean + SD® 8.1+£2.2 70+1.4 NA 0.03
Insulin use 30 (58.8) 81 (70.4) NA 0.14
Primary site of infection
Catheter-associated 10 (19.6) 26 (22.6) 74 (25.9) 0.56
Osteoarticular 4(7.8) 9(7.8) 40 (14.0) 0.15
Skin and soft tissue 10 (19.6) 20 (17.4) 15(5.2) <0.001
Endovascular 1(2.0) 13 (11.3) 29 (10.1) 0.14
Unknown 10 (19.6) 14 (12.2) 55(19.2) 0.22
Metastatic infection 7 (13.7) 21 (18.3) 60 (21.0) 0.45
Prosthetic device 9 (17.6) 29 (25.2) 45 (15.7) 0.09
Removal of eradicable foci 23 (99.5) 50 (80.6) 121 (87.7) 0.39
Inappropriate empirical antibiotic therapy 14 (27.5) 27 (23.5) 48 (16.8) 0.11
Duration of bacteremia, median (IQR) 1(1-3) 1(1-3) 1(1-3) 0.69

Data are presented as No. (%) of patients unless otherwise indicated

Abbreviations: ANC absolute neutrophil count; APACHE acute physiology and chronic health evaluation; BMI body mass index; HbAIc hemo-
globin Alc; IQR interquartile range; NA not applicable; SD standard deviation

*BMI, serum lactate, and serum glucose data at the onset of bacteremia were available for 92.9% (420/452), 51.3% (232/452), and 78.8%

(356/452) of all patients, respectively

®Serum HbA ¢ data at the onset of bacteremia were available for 28.3% (47/166) of diabetic patients

Microbiological findings

The microbiological characteristics of the 452 S. aureus
isolates are summarized in Table 3. Six CCs accounted
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for 93.2% of isolates (CC8 [42.0%], CC5 [30.1%], CC1
[10.6%], CC15 [4.6%], CC30 [3.5%], and CC97 [2.4%]).
ST72 (34.1%) and STS5 (23.2%) were the major clonal
types. Of the 208 isolates (46.0%) that were available
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Fig.3 Kaplan—-Meier survival curves, at 30 days, for the 452 patients
with Staphylococcus aureus bacteremia stratified by diabetes mellitus
status and metformin exposure

for SCCmec data, the rates of SCCmec type III were sig-
nificantly different among the three groups. The rates
of agr subgroup and agr dysfunction were comparable
among the three groups. The overall vancomycin MIC
distribution was as follows: MIC < 1.0 mg/L, 185 iso-
lates (40.9%); MIC of 1.5 mg/L, 216 isolates (47.8%),
and MIC >2.0 mg/L, 51 isolates (11.3%). The antimi-
crobial susceptibility testing to non-p-lactam antibiotics
showed no differences among the three groups except for
ciprofloxacin.

Discussion

There are several reports of the possible benefits of met-
formin use for patients with sepsis and bacteremia [6].
However, to our knowledge, this was the first study evalu-
ating the impact of metformin exposure during SAB on
clinical outcomes in patients with DM. In our single-center
observational cohort study, the overall 30-day mortality of
SAB was 15.0%. More than one-third of patients had dia-
betes, and DM itself was not associated with an increased
risk of death. Among diabetic patients, 30.7% (51/166)
received metformin therapy during SAB. Most impor-
tantly, we found that metformin exposure during SAB was
an independent factor for predicting survival in patients
with diabetes. The mortality benefit was observed despite
higher serum HbAlc levels at the onset of bacteremia in
the metformin-exposed group.

Metformin, a biguanide oral hypoglycemic agent, is
thought to exert its metabolic action primarily through
the inhibition of hepatic gluconeogenesis [12]. Although
the precise mechanisms remain ill-defined, respiratory
complex I and glycerophosphate dehydrogenase are pro-
posed as key molecular targets of metformin in mitochon-
dria [13, 14]. More recently, the intestinal tract has been
implicated as an important metformin’s extrahepatic tar-
get. Metformin-induced alterations of gut microbiota com-
position and function may contribute to improved glucose
metabolism [15]. Furthermore, accumulating evidence
suggests that metformin possesses anti-infective and/or
anti-inflammatory properties beyond its glucose-lower-
ing action. The observed pleiotropic effects of metformin
on various infectious and non-infectious conditions have
prompted active investigations into its therapeutic applica-
tions for diabetic and non-diabetic populations [5, 16, 17].

There are still areas of uncertainty about how met-
formin acts against microorganisms, and the relative con-
tributions of glycemic control, immunomodulatory effect,
and direct antimicrobial activity are not yet clear [5]. Met-
formin reduces the hyperglycemia-induced proliferation of
bacteria, such as S. aureus or Pseudomonas aeruginosa,
in airway epithelium [7, 18]. Additionally, metformin can
inhibit the expression of pro-inflammatory mediators and
ameliorate endotoxin-induced tissue damage associated
with sepsis [5]. However, clinical studies have shown
inconsistent results regarding the association between
preadmission metformin use and mortality among septic
patients with DM [6]. Retrospective study designs, small
sample sizes, and confounding variables were considered
as limitations of those studies.

Compared with sepsis studies, our study focused on
the association between metformin and SAB, and only
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Table 2 Univariate and multivariate analyses of risk factors associated with 30-day mortality in 452 patients with S. aureus bacteremia

Risk factor Survival (n=384) Death (n=068) Univariate analysis Multivariate analysis®
OR (95% CI) p-value  aOR (95% CI) p-value
Age, median (IQR) 63 (53-71) 67 (57-75) 1.02 (1.00-1.04) 0.046 1.02 (1.00-1.05) 0.04
Male 227 (59.1) 35(51.5) 0.73 (0.44-1.23) 0.24
Methicillin resistance 180 (46.9) 32 (47.1) 1.01 (0.60-1.69) 0.98
Site of acquisition
Community-associated 79 (20.6) 8 (11.8) 0.52 (0.24-1.12) 0.09
Healthcare-associated 145 (37.8) 34 (50.0) 1.65 (0.98-2.77) 0.06
Nosocomial-onset 160 (41.7) 26 (38.2) 0.87 (0.51-1.47) 0.60
Comorbidity
Hypertension 163 (42.4) 29 (42.6) 1.01 (0.60-1.70) 0.98
Cancer 141 (36.7) 41 (60.3) 2.62 (1.54-4.44) <0.001 1.82(0.97-3.42) 0.06
Diabetes mellitus 147 (38.3) 19 (27.9) 0.63 (0.35-1.10) 0.10
Immunosuppressive therapy 98 (25.5) 25 (36.8) 1.70 (0.99-2.92) 0.06
Liver cirrhosis 56 (14.6) 17 (25.0) 1.95 (1.05-3.62) 0.03
Chronic kidney disease 53 (13.8) 6 (8.8) 0.60 (0.25-1.47) 0.26
Hematologic malignancy 31 (8.1) 1(1.5) 0.17 (0.02-1.27) 0.07
Heart failure 27 (7.0) 34.4) 0.61 (0.18-2.07) 0.60
Solid organ transplantation 25 (6.5) 2(2.9) 0.44 (0.10-1.88) 0.40
Neutropenia (ANC < 500/pL) 17 (4.4) 3(4.4) 1.00 (0.28-3.50) >0.99
Alcoholism 21(5.5) 7(10.3) 1.98 (0.81-4.87) 0.17
Charlson comorbidity index, median (IQR) 2 (1-4) 4 (2-6) 1.30 (1.17-1.44) <0.001 1.23(1.08-1.40) 0.001
APACHE II, median (IQR) 15 (10-19) 16 (13-23) 1.07 (1.03-1.11) <0.001 1.06 (1.02-1.10) 0.004
Septic shock 38(9.9) 13 (19.1) 2.15 (1.08-4.30) 0.03
BMI (kg/m2), median (IQR)? 23.0 (20.0-25.7)  22.7(19.8-25.9) 0.97 (0.91-1.03) 0.52
Lactate (mmol/L), median (IQR)* 1.4 (1.1-2.2) 2.5(1.4-3.8) 1.46 (1.22-1.76) <0.001
Glucose (mg/dL), median (IQR)* 139 (109-190) 119 (97-172) 1.00 (0.98-1.03) 0.63
HbAlc (%), median (IQR)" 7.3 (6.3-8.2) 7.3 (6.1-8.1) 0.91 (0.49-1.70) 0.94
Metformin exposure 49 (12.8) 229 0.21 (0.05-0.87) 0.02 0.20 (0.04-0.88) 0.03
Insulin use 98 (25.5) 13 (19.1) 0.69 (0.36-1.32) 0.26
Primary site of infection
Catheter-associated 96 (25.0) 14 (20.6) 0.78 (0.41-1.46) 0.44
Osteoarticular 43 (11.2) 10 (14.7) 1.37 (0.65-2.87) 0.41
Skin and soft tissue 42 (10.9) 344 0.38 (0.11-1.25) 0.10
Endovascular 38 (9.9) 5(7.4) 0.72 (0.27-1.91) 0.51
Unknown 68 (17.7) 11(16.2) 0.90 (0.45-1.80) 0.76
Metastatic infection 72 (18.8) 16 (23.5) 1.33 (0.72-2.47) 0.36
Prosthetic device 74 (19.3) 9(13.2) 0.64 (0.30-1.35) 0.24
Removal of eradicable foci 171 (85.5) 23 (88.5) 1.30 (0.37-4.61) >0.99
Inappropriate empirical antibiotic therapy 75 (19.5) 14 (20.6) 1.07 (0.56-2.03) 0.84
Duration of bacteremia, median (IQR) 1(1-3) 1(1-5) 1.01 (0.97-1.05) 0.78

Data are presented as No. (%) of patients unless otherwise indicated

Abbreviations: ANC absolute neutrophil count; aOR, adjusted odds ratio; APACHE acute physiology and chronic health evaluation; CI confi-
dence interval; /QR interquartile range; OR odds ratio

“BMI, serum lactate, and serum glucose data at the onset of bacteremia were available for 92.9% (420/452), 51.3% (232/452), and 78.8%

(356/452) of all patients, respectively

"Serum HbA 1c data at the onset of bacteremia were available for 28.3% (47/166) of diabetic patients

€Age, cancer, liver cirrhosis, Charlson comorbidity index, APACHE II score, septic shock, and metformin exposure were included in the multi-
ple logistic regression model. Serum lactate concentration was excluded from the analysis due to missing data

@ Springer



European Journal of Clinical Microbiology & Infectious Diseases (2023) 42:1439-1447 1445

Table 3 Microbiological

o Characteristic Group A (n=51) Group B (n=115) Group C (n=286) p-value
characteristics of 452 §. aureus . . . . .
isolates stratified by diabetes Dlabgtes with met- Dlab?tes without met-  No diabetes
status and metformin exposure formin exposure formin exposure
Clonal complex
CC8 23 (45.1) 51 (44.3) 116 (40.6) 0.70
CCs 15(29.4) 34 (29.6) 87 (30.4) 0.98
CCl1 6(11.8) 8 (7.0) 34 (11.9) 0.34
CC15 1(2.0) 3(2.6) 17 (5.9) 0.22
CC30 1(2.0) 3(2.6) 12 (4.2) 0.60
CC97 1(2.0) 5@4.3) 5(1.7) 0.30
MLST
ST72 18 (35.3) 42 (36.5) 94 (32.9) 0.77
STS 13 (25.5) 30 (26.1) 62 (21.7) 0.59
ST188 3(5.9) 4(3.5) 24 (8.4) 0.20
STS8 4(7.8) 4(3.5) 16 (5.6) 0.48
ST15 1(2.0) 3(2.6) 16 (5.6) 0.28
SCCmec*
I 0726 (0) 0/66 (0) 2/116 (1.7) 0.45
I 9/26 (34.6) 33/66 (50.0) 54/116 (46.6) 0.41
I 2/26 (7.7) 0/66 (0) 0/116 (0) 0.001
v 15/26 (57.7) 33/66 (50.0) 60/116 (51.7) 0.80
agr subgroup
I 33 (64.7) 70 (60.9) 180 (62.9) 0.88
1T 11 (21.6) 31(27.0) 73 (25.5) 0.76
I 3(5.9) 4(3.5) 18 (6.3) 0.53
v 0(0) 1(0.9) 0(0) 0.23
agr dysfunction 19 (37.3) 51 (45.1) 110 (38.5) 0.43
Vancomycin MIC by Etest
<1.0 mg/L 22 (43.1) 37 (32.2) 126 (44.1) 0.09
1.5 mg/L 27 (52.9) 61 (53.0) 128 (44.8) 0.24
>2.0 mg/L 2 (3.9) 17 (14.8) 32(11.2) 0.12
Resistance to
Clindamycin 14 (27.5) 41 (35.7) 82 (28.7) 0.35
Ciprofloxacin 16 31.4) 48 (41.7) 29 (24.1) 0.002
Erythromycin 17 (33.3) 44 (38.3) 92 (32.2) 0.51
Fusidic acid 17 (33.3) 42 (36.5) 100 (35.0) 0.92
Gentamicin 9 (17.6) 31 (27.0) 67 (23.4) 0.42
Rifampicin 1(2.0) 6(5.2) 13 (4.5) 0.63
TMP/SMX 1(2.0) 2(1.7) 3(1.0) 0.79

Data are presented as No. (%) of patients unless otherwise indicated

Abbreviations: CC clonal complex; MIC minimum inhibitory concentration; MLST multilocus sequence
type; SCCmec, staphylococcal cassette chromosome mec; ST sequence type; TMP/SMX trimethoprim/sul-

famethoxazole

26 isolates in the group A, 66 isolates in the group B, and 116 isolates in the group C were available for

the analysis

11.3% (51/452) of patients had septic shock. We defined
metformin exposure as receiving metformin during SAB,
regardless of previous metformin use, thereby assessing
the benefits of metformin therapy during bacteremia. Thus,
it is not clear whether metformin use before the onset of
SAB can affect outcomes. Nevertheless, we believe that

our findings, combined with those of previous studies,
add further evidence supporting the positive roles of met-
formin in bacterial bloodstream infections.

Metformin is contraindicated for patients with moder-
ately to severely impaired kidney function because of con-
cerns about lactic acidosis [19]. It is thus possible that the
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metformin non-exposed groups in our study may represent
patients with risk factors for poor outcomes, such as more
advanced diabetes with multiple comorbidities. However,
when subgroup analysis excluding the patients (n=96) with
estimated glomerular filtration rates <30 mL/min/1.73 m?
was performed, metformin exposure (aOR, 0.19; 95% CI,
0.04-0.87; p=0.03) remained significantly associated with
reduced mortality (data not shown). This indicates that the
association between metformin and SAB was not likely con-
founded by differences in renal function among the groups.

Interestingly, there was no significant link between DM
and the risk of death from SAB in our cohort. It is gener-
ally believed that infections are increasing in frequency and
severity in diabetic patients, and these patients may have an
excess risk of death owing to infection-related causes when
compared with those without diabetes [20, 21]. Population-
based studies have revealed DM to be associated with about
a two- to three-fold increased risk of developing SAB, and
the odds vary according to the type, duration, and sever-
ity of DM [2, 3]. By contrast, whether DM can contribute
to poor SAB outcomes has been debated [3, 4]. A Danish
group reported an increased risk of mortality after SAB in
association with DM without complications but not in asso-
ciation with DM with complications [3]. In a pooled analysis
of prospective cohort studies, DM was not associated with
poorer SAB outcomes [4]. Although the reasons for the dis-
crepant findings are not clear, our data emphasize a possible
influence of metformin on SAB-associated mortality, which
should be accounted for in future research.

This study had several limitations. First, it was con-
ducted at a single tertiary care hospital in South Korea,
meaning that our findings may not be generalizable to
different institutions or population groups. Second, some
retrospective data about previous antidiabetic medication
history were included. However, as we defined metformin
exposure as receiving metformin during SAB, misclassi-
fication of metformin-exposed patients as metformin non-
exposed was unlikely. Third, we were unable to collect
prescription data about classes of oral antidiabetic drugs
other than metformin; neither were we able to collect data
about co-medications with immunomodulatory effects,
such as statins. Therefore, an assessment of the influ-
ence of those potentially significant covariates on clinical
outcomes could not be performed. Fourth, our data were
limited by the lack of detailed information about various
DM-related characteristics (type, duration, complication,
etc.), and the reasons for no metformin use or the dis-
continuation of metformin during SAB (lack of efficacy,
side effects, concomitant illnesses, etc.) in the diabetes
without metformin exposure group could not be specified.
Fifth, some missing values regarding patients’ BMI, serum
lactate, serum glucose, and serum HbAlc data might be

@ Springer

sources of bias. Sixth, apart from the presence of comor-
bidities, pre-hospital self-care could affect in-hospital
outcomes. Health behaviors such as tobacco and alcohol
use might be markers of self-care status. Unfortunately,
smoking data were unavailable in our study. The higher
rates of alcoholism in the metformin non-exposed groups
might partly reflect poor self-care in these groups. In con-
trast, serum HbA 1c levels were higher in the diabetes with
metformin exposure group, suggesting relatively decreased
treatment adherence in this group, although serum glucose
levels were not different between diabetic patients with
or without metformin exposure. Assuming that defining
self-care status is complex, there might remain the pos-
sibility of unmeasured confounders. Seventh, if metformin
use and other unrelated risk factors (which are also related
to mortality) each have influence on developing SAB, then
a spurious association between metformin use and mortal-
ity could be created (i.e., collider bias). Taken together,
with other unidentified confounding factors not listed
above, our findings must be interpreted with caution, and
additional high-quality research is required to validate the
association between metformin and SAB.

In conclusion, metformin exposure during SAB appears
to be an independent factor for predicting survival among
patients with diabetes. Given the novel immunomodula-
tory roles of metformin as well as its well-established effi-
cacy, good safety profile, and relatively low cost, further
exploration is warranted to repurpose metformin as a host-
directed therapy.
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