@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Smit J, Thomsen RW, Schenheyder HC,
Nielsen H, Fraslev T, Sggaard M (2016) Outcome of
Community-Acquired Staphylococcus aureus
Bacteraemia in Patients with Diabetes: A Historical
Population-Based Cohort Study. PLoS ONE 11(4):
€0153766. doi:10.1371/journal.pone.0153766

Editor: Yoshiaki Taniyama, Osaka University
Graduate School of Medicine, JAPAN

Received: October 30, 2015
Accepted: April 4, 2016
Published: April 15,2016

Copyright: © 2016 Smit et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: The authors confirm
that, for ethically approved reasons, some access
restrictions apply to the data underlying the findings.
Data from the registers used in the study are
available for researchers who fulfill the criteria for
access to confidential data. Detailed information on
the application procedure for data access for
researchers outside Denmark can be found at the
Danish Data Protection Agency homepage (http:/
www.datatilsynet.dk/erhvervitredjelande/overfoersel-
til-tredjelande/). Data from the Danish National
Patient Registry and the Civil Registration System

RESEARCH ARTICLE

Outcome of Community-Acquired
Staphylococcus aureus Bacteraemia in
Patients with Diabetes: A Historical
Population-Based Cohort Study

Jesper Smit">3#, Reimar Wernich Thomsen?, Henrik Carl Schenheyder'+*,
Henrik Nielsen?*, Trine Fraslev®, Mette Segaard®

1 Department of Clinical Microbiology, Aalborg University Hospital, Aalborg, Denmark, 2 Department of
Infectious Diseases, Aalborg University Hospital, Aalborg, Denmark, 3 Department of Clinical Epidemiology,
Aarhus University Hospital, Aarhus, Denmark, 4 Department of Clinical Medicine, Aalborg University,
Aalborg, Denmark

* jesm@rn.dk

Abstract

Background

Patients with diabetes (DM) experience increased risk of Staphylococcus aureus bacterae-
mia (SAB), but the prognostic impact of diabetes in patients with SAB remain unclear.
Therefore, we investigated 30-day all-cause mortality in patients with and without DM.

Methods

Population-based medical databases were used to conduct a cohort study of all adult
patients with community-acquired SAB in Northern Denmark, 2000-2011. Using Cox pro-
portional hazards regression, we computed hazard ratios as estimates of 30-day mortality
rate ratios (MRRs) among patients with and without DM. We further investigated whether
the prognostic impact of DM differed among patients with and without recent preadmission
healthcare contacts (within 30 days of the current hospitalization) and by age, sex, marital
status, level of comorbidity, and DM-related characteristics (e.g., duration of DM and pres-
ence of DM complications).

Results

Among 2638 SAB patients, 713 (27.0%) had DM. Thirty-day cumulative mortality was
25.8% in patients with DM and 24.3% in patients without DM, for an adjusted MRR (aMRR)
of 1.01 (95% confidence interval (Cl), 0.84—1.20). In analyses with and without recent
healthcare contacts, the corresponding aMRRs were 0.84 (95% Cl, 0.62—1.14) and 1.13
(95% ClI, 0.91-1.41), respectively. Compared to patients without DM, the aMRR was 0.94
(95% Cl, 0.74-1.20) for male patients with DM and 1.13 (95% Cl, 0.87—1.47) for female
patients with DM. The prognostic influence of DM on mortality did not differ notably with
age, level of comorbidity, or characteristics of patients with DM.
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Conclusion

Patients with DM and community-acquired SAB did not experience higher 30-day mortality
than patients without DM.

Introduction

Staphylococcus aureus is a leading cause of bacteraemia, with a 30-day mortality of 20-40% in
developed countries [1-5]. Diabetes mellitus (DM) is associated with considerable morbidity
and mortality, and the prevalence of this chronic disease is rapidly increasing on a global scale
[6-7]. Patients with DM may experience higher mortality from S. aureus bacteraemia (SAB)
than patients without DM because of generally decreased immunity [8], potential diabetes
complications including renal disease, and a high prevalence of shared negative prognostic fac-
tors of SAB including advanced age and comorbidity [3].

Data regarding the prognostic impact of DM in patients with SAB remain sparse and con-
flicting, however, and to our knowledge, no study has examined this impact of DM as a pri-
mary objective. Previous investigations have been limited by small numbers of patients with
DM, use of non-validated algorithms to identify DM patients, and failure to incorporate con-
current chronic conditions [9-14]. We find no studies that have assessed whether the prognos-
tic influence of DM on SAB differs across gender, age categories, or comorbidity levels, and
DM has been treated as one entity disregarding duration of disease, quality of glycaemic con-
trol, and complications. Moreover, only one of these studies [11] has differentiated SAB with
recent preadmission healthcare exposure (healthcare-associated (HCA)-SAB) from patients
without it, although the two patient groups have been suggested to differ considerably with
regard to prognosis [15-17].

Detailed data including complete follow-up are needed to clarify whether DM is associated
with increased mortality in patients with SAB. This knowledge may extend our understanding
of the clinical course of patients with SAB, help define high-risk groups to assist in risk stratifi-
cation and patient triage, and contribute to overall optimized care for patients with DM. There-
fore, we conducted a large historical population-based cohort study to elucidate 30-day all-
cause mortality in patients with community-acquired SAB (CA-SAB), comparing patients with
and without DM. We ascertained the prognostic impact of DM on mortality among patients
with and without recent preadmission healthcare contact, and stratified by age, sex, marital sta-
tus, and comorbidity level. Finally, we explored 30-day mortality in SAB patients according to
characteristics of patients with DM (e.g., duration of DM, quality of glycaemic control, renal
function, and presence of DM complications).

Patients and Methods
Setting

This historical cohort study was conducted using routinely recorded data from population-
based medical registries and databases in Northern Denmark between January 1, 2000, and
December 31, 2011 (catchment population ~ 1.8 million). Tax-supported, unrestricted health-
care is provided for the entire Danish population through a national insurance program. All
Danish citizens are assigned a unique identification number (the civil registration number)
upon birth or immigration, which allows unambiguous cross-linkage of records between the
data sources [18-19].
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Patients with S.aureus bacteraemia

We identified all patients hospitalized with CA-SAB in the databases of the regions’ four
departments of clinical microbiology from 1995 onwards. Identification and susceptibility test-
ing of S. aureus isolates are described in S1 Appendix. Eligible cases were defined by the pres-
ence of >1 monomicrobial positive blood culture with S. aureus in patients aged >15 years.
Because recurrence of SAB may influence prognosis [20], we limited inclusion to patients with
an incident episode of bacteraemia with S. aureus, defined as no prior SAB diagnosis within at
least 5 years of the current hospitalization.

We defined CA-SAB as SAB in patients in whom one or more positive blood cultures was
obtained <2 days of admission. Patients whose first blood culture was obtained >2 days after
admission were excluded because we considered these infections to have been hospital-
acquired. Patients with CA-SAB and healthcare contact within 30 days of the current admis-
sion were further sub-classified as HCA-SAB if one or more of the following criteria were ful-
filled: one or more hospital admissions, one or more contacts with hospital outpatient surgical
clinics, or one or more contacts with hospital outpatient clinics of oncology, haematology, or
nephrology [21].

Data on recent healthcare contacts were obtained from the Danish National Patient Registry
(DNPR) [22-23], which holds data on all citizens admitted to Danish hospitals since 1977 and
on outpatient clinic visits since 1995. For each contact, data include dates of hospital admission
and discharge, up to 20 discharge diagnoses, and information on surgical procedures.

Patients with diabetes

Patients with DM were diagnosed prior to admission and identified using a validated three-
step algorithm [24]. First, patients with a discharge or outpatient diagnosis of DM registered at
any time prior to admission were identified in the DNPR. Second, patients with a glycosylated
haemoglobin Alc (HbA1lc) level diagnostic of DM (>48 mmol/mol or >6.5%) measured at
any time predating the admission were identified via the clinical laboratory information system
(LABKA) research database [25]. The LABKA database contains information on specimens
submitted for analysis by hospitals and practitioners in Northern Denmark for the entire study
period, including the exact time of blood sample collection. Third, the Aarhus University Pre-
scription Database [26] (AUPD) contains data on all filled prescriptions in the study area
according to the anatomical therapeutic chemical (ATC) classification system. Using this regis-
ter, we identified patients with at least one recorded prescription for any glucose-lowering
medication at any time prior to the current hospitalization (for diagnostic, laboratory, and
ATC codes, see S2 Appendix). Patients with DM were classified as either type 1 diabetes (per-
sons diagnosed before age 30 years, using insulin monotherapy, and with no history of oral glu-
cose-lowering medications) or type 2 diabetes (the remaining patients with DM).

Characteristics of patients with diabetes

Duration of DM was computed as the time elapsed between the first record of diabetes in any
of the three registers and the date that the first positive blood culture was sampled. Data on dia-
betes micro- and macrovascular complications were obtained from the DNPR [22-23] (for
diagnostic codes, see S2 Appendix). The level of glycaemic control was ascertained using the
most recent HbAlc measurement within one year of the current hospitalization (available for
70% of the patients), and we obtained data on blood glucose level on the date of admission
(available for 55% of the patients). To assess baseline renal function prior to admission, we
retrieved the most recent creatinine measurement requested by an outpatient hospital clinic or
general practitioner in the period from one year to seven days before the current admission
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(available for 78% of the patients). Estimated glomerular filtration rates (eGFR) were calculated
using the four-variable version of the Modification of Diet in Renal Disease equation [27]
(equation provided in S2 Appendix).

Demographics, comorbidity, and medication

We obtained data on age, sex, and marital status from the Danish Civil Registration System,
which is electronically updated daily and holds records of demographic data and all changes in
vital status and migration for the entire Danish population since 1968 [18-19].

We used all diagnoses recorded in the DNPR up to 10 years prior to the current admission
date to identify previous comorbidity included in the Charlson Comorbidity Index (CCI). The
CCl is a validated comorbidity scoring system [28-29] covering the number and severity of 19
major disease categories. Because DM constituted the exposure variable of interest, we removed
this condition from the CCI and designated the index as a modified CCI (m-CCI). Three levels
of comorbidity were defined: “low” (0), corresponding to patients with no pre-existing regis-
tered comorbidity; “intermediate” (1-2); and “high” (>2). Furthermore, we obtained data on
several factors not registered in the m-CClI, including alcohol- and drug-related diagnoses,
hypertension, and dialysis (within 30 days of the current admission) (for diagnostic codes, see
S2 Appendix). Because certain medications might influence SAB prognosis via immunomodu-
latory effects [30], we also retrieved information on the following filled prescriptions via the
AUPD[24]: any previous use of antihypertensive treatment, statins, anticoagulants, and use of
immunosuppressant drugs and antibiotic treatment within 30 days of the admission (for ATC
codes, see S2 Appendix). We assessed all-cause 30-day mortality for patients with and without
DM using the Danish Civil Registration System [18-19].

Statistical analyses

Follow-up was initiated on the date the first positive blood culture was drawn, and vital status
was followed until death, migration, or for 30 days, whichever came first. Patient characteristics
were tabulated according to diabetes status. Using the Kaplan-Meier method, we computed
mortality function curves (1 —survival function) and cumulative mortality at 30 days for
patients with and without DM. We compared 30-day mortality rates for patients with and
without DM using a Cox proportional hazards model to estimate hazard ratios as a measure of
mortality rate ratios (MMRs) with corresponding 95% confidence intervals (Cls). Because the
influence of DM on mortality may differ among patients with and without preadmission
healthcare contacts [15-17], we repeated all analyses with restriction of the study cohort alter-
nately to patients with CA-SAB and HCA-SAB, respectively. To ascertain the potential differ-
ential impact of DM in subgroups of patients, we stratified the analyses by gender, age category
(15-39, 40-59, 60-79, 80+ years), marital status (married, divorced or widowed, never mar-
ried), and m-CClI level (“low”, “intermediate”, and “high”). We adjusted for age, gender, m-
CClI score, hypertension, alcohol-related conditions, marital status, and preadmission use of
statins and antibiotics. In a subgroup analysis limited to patients with DM, we ascertained
30-day mortality according to duration of DM, level of glycaemic control, presence of DM
complications, level of glucose on admission, and baseline preadmission renal function.

All Cox regression analyses were preceded by a graphical verification of the proportional
hazards assumption. The statistical analyses were performed using Stata 11.2 for Windows
(Stata Corp, College Station, TX). According to Danish law, individual informed consent is not
required for observational registry-based studies. The project was approved by the Danish
Data Protection Agency (ref. no. 2012-41-0942). Data were not anonymized prior to analysis.
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Results
Descriptive data

From 2000 to 2011, we identified 2638 patients with incident CA-SAB (Table 1), of whom 713
(27.0%) had DM.

There were slightly more men among patients with DM compared to patients without DM
(63.4% vs. 60.5%). Median age was 71 and 68 years for patients with and without DM, respec-
tively. Of the 2638 patients with SAB, 69% had one or more conditions registered in the m-CCI
and patients with DM were more likely than those without DM to have a high m-CCI score.
The proportion of patients classified as HCA-SAB did not differ notably between patients with
and without DM (44% and 42%, respectively). Compared to patients without healthcare associ-
ation (CA-SAB), patients with HCA-SAB had considerably more comorbidity registered in the
m-CCI whereas patients with CA-SAB were older (median age 66 years vs. 72 years) and more
frequently male (60% versus 63%).

Thirty-day mortality
Thirty-day cumulative mortality was 25.8% in patients with DM and 24.3% in patients without
DM (Table 2 and Fig 1).

Opverall, patients with DM experienced no increased risk of dying within 30 days of blood
culture compared to patients without DM (adjusted MRR (aMRR) = 1.01 (95% CI, 0.84-1.20).
In corresponding analyses restricted to patients with CA-SAB and HCA-SAB, the aMRRs were
1.13 (95% CI, 0.91-1.41) and 0.84 (95% CI, 0.62-1.14), respectively. Table 3 displays the prog-
nostic impact of DM across gender, age groups, marital status, and level of comorbidity.

Compared to patients without DM, the aMRRs were 0.94 (95% CI, 0.74-1.20) for male
patients with DM and 1.13 (95% CI, 0.87-1.47) for female patients with DM. Age did not affect
30-day mortality; compared to patients without DM in the same age group, the aMRR values
were as follows: 4.69 (95% CI, 0.47-46.41) for patients aged 15-39 years; 1.18 (95% CI, 0.66-
2.10) for patients aged 40-59 years; 0.89 (95% CI, 0.68-1.16) for patients aged 60-79 years; and
1.12 (95% CI, 0.86-1.48) for patients >80 years. Analyses restricted to patients with CA-SAB
(see S1 Table) and to patients with HCA-SAB (data not shown) revealed comparable results.

Thirty-day mortality according to characteristics of patients with diabetes

Table 4 shows cumulative and relative 30-day mortality for patients with DM (n = 713) accord-
ing to characteristics of patients with diabetes.

Duration of DM did not seem to influence 30-day mortality. Compared with 0-3 years of
DM duration, the aMRRs were 0.72 (0.47-1.12) for 3-5 years of DM duration, 0.77 (95% CI,
0.49-1.21) for 6-10 years, and 0.87 (95% CI, 0.59-1.27) for >10 years. The presence of micro-
or macrovascular complications did not affect 30-day mortality: Compared with DM patients
without complications, the aMRRs were 0.99 (95% CI, 0.56-1.72) for patients with microvascu-
lar complications and 1.04 (0.59-1.84) for those with macrovascular complications, respec-
tively. Likewise, no consistent pattern or major differences in mortality were observed
according to the level of glycaemic control, glucose level on admission, and renal function
prior to admission. Restricting the analyses to CA-SAB or HCA-SAB did not substantially
change these results (data not shown).

Discussion

In this cohort study of 2638 patients, we observed substantial mortality associated with inci-
dent CA-SAB, but patients with DM did not experience higher 30-day mortality than patients
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Table 1. Characteristics of 2638 patients hospitalized with incident community-acquired S. aureus

bacteraemia in Northern Denmark, 2000-2011.

Numbers (%)

Age (years), median (IQR)
15-39 years
40-59 years
60-79 years
>80 years

Sex
Men
Women

S. aureus bacteraemia
Community acquired
Healthcare associated
MRSA

Marital status
Married
Divorced or widowed
Never married

Patients with diabetes

713 (27.0)

71.1 (60.6-79.9)

27 (3.8)

143 (20.1)
367 (51.5)
176 (24.7)

452 (63.4)
261 (36.6)

398 (55.8)
315 (44.2)
3(0.4)

343 (48.1)
264 (37.0)
106 (14.9)

Selected comorbidities in the modified Charlson Comorbidity Index

Former myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Moderate to severe renal disease
Any solid cancer

Modified Charlson Comorbidity Index score
Low (0)
Intermediate (1-2)
High (>2)

Comorbidities, other types
Hypertension
Dialysis within 30 days of admission
Conditions related to alcohol abuse
Conditions related to drug abuse

Preadmission medication use
Immunosuppressive therapy
Systemic antibiotic therapy
ACE inhibitors
Beta blockers
Acetylsalicylic acid
Statins

Renal function prior to admission
eGFR >90 mL/min per 1.73 m?
eGFR 60-90 mL/min per 1.73 m?
eGFR <60 mL/min per 1.73 m?
eGFR missing

98 (13.7)
164 (23.0)
163 (22.9)
116 (16.3)
118 (16.6)
184 (25.8)
101 (14.2)
156 (21.9)
286 (40.1)
271 (38.0)

296
111
67
10

41.5)
15.6)
9.4)
1.4)

— . =

6 (0.8)
162 (22.7)
493 (69.1)
376 (52.7)
427 (60.0)
321 (45.0)

90 (12.6)
155 (21.7)
311 (43.6)
157 (22.0)

1925 (73.0)

68.1 (53.9-79.1)

206 (10.7)
462 (24.0)
815 (42.3)
442 (23.0)

1164 (60.5)
761 (39.5)

1125 (58.4)
800 (41.6)
10 (0.5)

927 (48.2)
622 (32.3)
376 (19.5)

654 (34.0)
726 (37.7)
545 (28.3)

355 (18.4)
153 (8.0)
168 (8.7)
63 (3.3)

22 (1.1)
374 (19.4)
593 (30.8)
659 (34.2)
694 (36.1)
304 (15.8)

279 (14.5)
450 (23.4)
491 (25.5)
705 (36.6)

Patients without diabetes

(Continued)
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Table 1. (Continued)

Patients with diabetes Patients without diabetes

CRP on day of blood culture (mg/L), median (IQR) 171 (76-274) 177 (76-287)

<10 mg/L 11 (1.5) 36 (1.9)

10-100 mg/L 177 (24.8) 452 (23.5)
>100 mg/L 406 (56.9) 1088 (56.5)
CRP missing 119 (16.7) 349 (18.1)

Patients with type 1 diabetes = 5.9%.
IQR: interquartile range. MRSA: methicillin resistant S. aureus. ACE inhibitor: angiotensin-converting
enzyme inhibitor. eGFR: estimated glomerular filtration rate. CRP: C-reactive protein.

doi:10.1371/journal.pone.0153766.t001

without DM. Patients with and without recent healthcare exposure did not differ substantially
in terms of prognosis, and we observed no considerable differences in 30-day mortality related
to gender, age group, marital status, or comorbidity level in patients with and without DM.
Other factors with no effect on mortality were duration of DM, presence of micro- and macro-
vascular complications, renal function, and other characteristics of patients with diabetes.

A few studies on SAB outcome have included DM among several covariates in the prognos-
tic models [9-14]. Our study supports results from a large pooled analysis of five observational
cohort studies including 3395 adult patients with SAB [14]. In that analysis, the investigators
identified an adjusted 30-day hazard ratio of 1.12 (95% CI, 0.95-1.33) and a corresponding
90-day estimate of 1.03 (95% CI, 0.88-1.19) comparing patients with and without DM. Our
findings are also in accordance with a Swiss cohort study [13] reporting no association between
DM and in-hospital mortality in 308 SAB patients from a single tertiary-care centre.

In contrast to our findings, however, three studies [9-10,31] have reported that DM is asso-
ciated with increased mortality in patients with SAB. A US cohort study [9] including 293
patients with SAB reported an adjusted odds ratio of 2.4 (95% CI, 1.2-4.7) for 30-day mortality
among patients with DM compared to those without DM. A cohort study including 424

Table 2. Crude and adjusted 30-day mortality in patients with incident S. aureus bacteraemia (SAB).

All SAB
No diabetes
Diabetes
Type 1 diabetes
Type 2 diabetes
CA-SAB
No diabetes
Diabetes
HCA-SAB
No diabetes
Diabetes

Cl: confidence interval. CA-SAB: community-acquired SAB. HCA-SAB: healthcare-associated SAB.

n

1925
713
40
673

1125
398

800
315

"MRR: unadjusted mortality rate ratio.
2aMRR: MRR adjusted for age, gender, marital status, conditions included in the modified Charlson Comorbidity Index, hypertension, alcohol-related
conditions, any previous statin use prior to admission, and antibiotic therapy 30 days prior to admission.

doi:10.1371/journal.pone.0153766.t002

30-day mortality (95% CI) MRR' (95% Cl) aMRR? (95% Cl)

24.3 (22.5-26.3)
25.8 (22.8-29.2)
5.0 (1.3-18.6)
27.0 (23.9-30.6)

24.9 (22.5-27.5)
30.4 (26.1-35.2)

23.5 (20.7-26.6)
20.0 (15.9-24.9)

1.00 (ref.)
1.07 (0.90-1.27)
0.19 (0.47-0.75)
1.13 (0.95-1.34)

1.00 (ref.)
1.26 (1.02-1.56)

1.00 (ref.)
0.84 (0.63-1.11)

1.00 (ref.)
1.01 (0.84-1.20)
0.59 (0.14-2.39)
1.01 (0.85—1.21)

1.00 (ref.)
1.13 (0.91-1.41)

1.00 (ref.)
0.84 (0.62-1.14)
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Fig 1. Cumulative 30-day mortality among incident S. aureus bacteraemia (SAB) patients with and
without diabetes. (A) Cumulative 30-day mortality including the entire cohort of SAB patients (community-
acquired SAB (CA-SAB) and healthcare-associated SAB (HCA-SAB)). (B) Cumulative 30-day mortality in the
subset of patients with CA-SAB. (C) Cumulative mortality in the subset of patients with HCA-SAB.

doi:10.1371/journal.pone.0153766.g001

patients with SAB from New Zealand [10] reported an age- and sex-adjusted relative risk of 1.5
(95% CI, 1.0-2.4) for patients with DM compared to patients without. However, both studies
were limited by relatively small patient numbers (n<500), selected study populations, and a
lack of detailed data on DM. In a clinical trial designed to evaluate treatment of infective
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Table 3. Adjusted mortality within 30 days comparing incident community-acquired S. aureus bacteraemia in patients with and without diabetes,
stratified by sex, age, marital status, and modified Charlson Comorbidity Index score.

Patients without diabetes

30-day mortality (95% ClI)

Patients with diabetes

30-day mortality (95% CI)

aMRR' (95% Cl)

Overall 24.3 (22.5-26.3) 25.8 (22.8-29.2) 1.00 (0.84—1.20)
Sex
Male 22.0 (19.7-24.5) 21.9 (18.4-26.0) 0.94 (0.74-1.20)
Female 27.9 (24.8-31.2) 32.6 (27.3-38.6) 1.13 (0.87-1.47)
Age
15-39 2.9 (1.3-6.4) 3.7 (0.5-23.5) 4.69 (0.47-46.41)
40-59 13.9 (11.0-17.4) 12.6 (8.1-19.2) 1.18 (0.66—2.10)
60-79 26.0 (23.1-29.2) 23.7 (19.7-28.4) 0.89 (0.68-1.16)
80+ 42.1 (37.6-46.8) 44.3 (37.3-52.0) 1.12 (0.86-1.48)
Marital status
Married 20.9 (18.5-23.7) 21.9 (17.9-26.6) 1.02 (0.77-1.35)

Divorced or widowed

Never married

Modified Charlson Comorbidity Index score

Low (0)

Intermediate (1-2)

High (>2)

34.7 (31.1-38.6)
15.4 (12.2-19.5)

19.3 (16.4-22.5)
24.7 (21.7-28.0)
29.9 (26.3-33.9)

31.8 (26.6-37.8)
23.6 (16.6-32.9)

19.2 (13.9-26.3)
26.2 (21.5-31.7)
29.2 (24.1-35.0)

0.93 (0.71-1.20)
1.42 (0.84-2.40)

0.93 (0.61-1.40)
1.04 (0.79-1.38)
1.02 (0.76-1.36)

Reference group: patients without diabetes. CI: confidence interval.
'aMRR: Mortality rate ratio adjusted for age, gender, marital status, conditions included in the modified Charlson Comorbidity Index, hypertension, alcohol-
related conditions, any previous statin use prior to admission, and antibiotic therapy 30 days prior to admission.

doi:10.1371/journal.pone.0153766.1003

endocarditis due to S. aureus, Kanafani et al. [31] observed an overall mortality at 6 weeks of
22.1% in patients with DM compared to 11.4% in patients without DM. These estimates, how-
ever, were based on a subgroup analysis including a limited number of DM patients with con-
current infective endocarditis (n = 86), which may in part explain the observed difference in
outcome. In addition, Kanafani et al. did not distinguish between CA-SAB and hospital-
acquired SAB; indeed, investigators did not discern between patients with CA-SAB and HCA-
SAB in any of these three previous studies [9-10,31].

Several explanations are possible for the observed lack of increased mortality in patients
with DM. In these patients, the inflammatory response to an acute infectious challenge is
impeded [8,31], which might influence SAB prognosis in a positive direction. Nevertheless, in
our study, we observed almost similar levels of C-reactive protein (CRP) on admission among
patients with and without DM. Furthermore, persons with DM may interact with the health-
care system more frequently than do those in the general population, and physicians may be
more likely to admit a patient with DM on suspicion of infection compared to patients without
DM. Consequently, time to blood culture sampling and initiation of antibiotic therapy could
have been shorter in patients with DM. Such surveillance bias would lead to underestimation
of DM-related mortality; however, the proportions of patients classified as HCA-SAB did not
differ notably among the two groups, the CRP levels on admission were comparable, and
patients with DM were not more likely to have received preadmission antibiotic treatment
than patients without DM. These factors could counter but do not preclude bias associated
with the clinical management of patients with DM in our setting. The majority of patients in
our cohort were characterized by advanced age and several concurrent comorbid conditions.
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Table 4. Thirty-day mortality in 713 patients with diabetes and incident community-acquired S. aureus bacteraemia according to characteristics of
patients with diabetes.

n 30-day mortality (95% Cl) MRR' (95% CI) aMRR? (95% Cl)
Duration of diabetes
0-2 years 176 29.0 (22.9-36.3) 1.00 (ref.) 1.00 (ref.)
3-5 years 144 24.3 (18.1-32.2) 0.79 (0.51-1.20) 0.72 (0.47-1.12)
6-10 years 123 26.0 (19.2-34.7) 0.84 (0.54-1.31) 0.77 (0.49-1.21)
>10 years 270 24.4 (19.8-30.0) 0.81 (0.56-1.16) 0.87 (0.59-1.27)
Hbalc
<7% 243 26.3 (21.2-32.3) 1.00 (ref.) 1.00 (ref.)
>7-<8% 94 34.0 (25.4-44.6) 1.35 (0.88-2.06) 1.71 (1.10-2.65)
>8-—<9% 72 18.1 (10.9-29.1) 0.66 (0.37-1.20) 0.93 (0.51-1.69)
>9% 93 20.4 (13.6-30.1) 0.74 (0.44-1.23) 1.01 (0.60-1.71)
Unknown 211 26.5 (21.1-33.1) 1.01 (0.70-1.44) 1.14 (0.78-1.65)
Diabetes complications
Absent 257 27.6 (22.6-33.5) 1.00 (ref.) 1.00 (ref.)
Microvascular 96 17.7 (11.4-26.9) 0.62 (0.36-1.05) 0.99 (0.56-1.72)
Macrovascular 215 30.2 (24.6-36.9) 1.11 (0.80-1.57) 1.04 (0.59-1.84)
Micro/macrovascular 145 21.4 (15.6-29.0) 0.74 (0.48-1.12) 0.98 (0.56-1.71)
Glucose on admission
5-10 mmol/L 133 28.6 (21.7-37.1) 1.00 (ref.) 1.00 (ref.)
10-15 mmol/L 122 31.1 (23.7-40.2) 1.16 (0.74-1.81) 1.39 (0.88-2.19)
15-20 mmol/L 67 20.9 (13.0-32.7) 0.70 (0.38-1.29) 0.89 (0.48-1.66)
>20 mmol/L 58 29.3 (19.4-42.8) 1.08 (0.61-1.92) 1.37 (0.77-2.43)
Unknown 321 22.4 (18.3-27.4) 0.77 (0.52—1.14) 0.86 (0.56—1.27)
Renal function prior to admission (eGFR)
>90 mL/min per 1.73 m? 90 22.2 (15.0-32.3) 1.00 (ref.) 1.00 (ref.)
60-90 mL/min per 1.73 m? 155 27.1 (20.8-34.8) 1.24 (0.73-2.11) 1.03 (0.58-1.81)
<60 mL/min per 1.73 m? 311 25.1 (20.6-30.3) 1.11 (0.68-1.82) 0.95 (0.56-1.61)
eGFR missing 157 28.0 (21.7-35.8) 1.28 (0.76-2.17) 1.13 (0.64—1.98)

Cl: confidence interval. HbA1c: Haemoglobin A1c, using the most recent measurement within one year of the current hospitalization. eGFR: estimated
glomerular filtration rate (mL/min per 1.73m?).

"MRR: unadjusted mortality rate ratio.

2aMRR: MRR adjusted for age, gender, marital status, conditions included in the modified Charlson Comorbidity Index (excluding the morbidity in
question), hypertension, any previous statin use prior to admission, and antibiotic therapy 30 days prior to admission.

doi:10.1371/journal.pone.0153766.t004

These characteristics may reflect that the high mortality associated with SAB is more depen-
dent on the combined burden of age and comorbidities and less so on individual comorbid
conditions such as DM and characteristics (e.g., glycaemic control) and complications associ-

ated with DM.

Our study’s strengths include its considerable size, the use of routinely recorded clinical
data, and the population-based design with information at the individual level and virtually
complete follow-up for death. In contrast to previous studies, in the current work, patients
with DM were identified via a previously validated algorithm [24], and detailed data on charac-
teristics of DM patients were available. Our study also has a number of limitations. Misclassifi-
cation of patients with DM would bias our results towards the null, and although our
ascertainment of DM was based on three separate comprehensive registries, we cannot entirely
preclude that some patients with DM may have been missed (e.g., patients treated with diet

PLOS ONE | DOI:10.1371/journal.pone.0153766  April 15,2016

10/13



@’PLOS ‘ ONE

Diabetes and S. aureus Bacteraemia Mortality

and lifestyle changes alone). Furthermore, we cannot rule out that some cases of SAB were
missed if the patient had received preadmission antibiotic treatment, if the patient had been
hospitalized outside of the catchment area, or had died before blood culture sampling [32]. If
either of these outcomes pertained to patients with DM in particular, mortality in this group
might have been underestimated. Moreover, the DNPR does not include information on
comorbidity (including diabetes and diabetes complications) diagnosed in the primary care
sector. Due to the historical design or our study, we lacked data on infective foci, including cen-
tral venous catheters and other vascular access devices, which have been associated with SAB
outcome in previous studies [3]. A difference in distribution of foci among patients with and
without DM could have biased our estimates. Socioeconomic factors influence prognosis in
patients with SAB [3,33], but we did not have access to data on educational level and personal
income. Nevertheless, based on the equal and cost-free access to healthcare in Denmark, we do
not expect these potential confounders to be unevenly distributed among patients with and
without DM.

In conclusion, CA-SAB patients with DM did not experience higher 30-day all-cause mor-
tality compared to patients without DM, and we observed no substantial differences in mortal-
ity across subsets of patients. However, the considerable 30-day mortality identified in our
study emphasizes the need for continued research on prognostic factors of SAB to facilitate
improved management and patient outcomes.
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