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Abstract The complications from S. aureus bacteremia
(SAB) and infective endocarditis (SAIE) are higher in
patients with diabetes. We summarize the characteristics
and outcome of diabetic patients enrolled in a multicenter
trial of daptomycin vs. standard therapy for SAB and SAIE.
Adult patients with SAB were randomized to daptomycin
6 mg/kg/day or standard therapy (vancomycin 1 g every

12 h or antistaphylococcal penicillin 2 g every 4 h, both
with gentamicin 1 mg/kg every 8 h for 4 days). Clinical
success was defined as survival, resolution of S. aureus
infection, and clinical outcome of cure or improved 6 weeks
after end of therapy. Diabetic patients (86/235) were older,
more overweight, and were more likely to present with
systemic inflammatory response syndrome (SIRS) and to
have complicated SAB. Clinical success rates were similar
(67.4% in diabetics and 70.5% in non-diabetics). The
mortality rate was significantly higher among diabetic
patients (22.1% vs. 11.4%, p=0.038). In the diabetes
subgroup, the clinical success and mortality rates were
comparable between the daptomycin and the standard
therapy arms. The presence of diabetes is associated with
significantly higher mortality in patients with SAB and
SAIE. Daptomycin is an alternative therapeutic option in
diabetic patients with these serious staphylococcal infections.

Introduction

Although staphylococci are common causes of bacteremia
in diabetic patients [1, 2], few studies have specifically
evaluated the frequency of staphylococcal bacteremia in
diabetic vs. non-diabetic patients. Serious infections such as
bacteremia and endocarditis in patients suffering from
diabetes mellitus (DM) represent a special concern for
clinicians due to the increased risk for complications
compared to patients without DM [2–6]. In a recent study,
diabetic patients were 4.8 times more likely than non-
diabetics to develop central-line related bloodstream infec-
tions following surgery [7]. Diabetes has also been
recognized as an independent risk factor for recurrence of
Staphylococcus aureus bacteremia (SAB) [8]. With diabetic
patients constituting up to 30% of all patients with infective
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endocarditis (IE) [9–11], treating physicians are called upon
to promptly institute optimal therapy in an attempt to
prevent complications in this high-risk group of patients.
However, the response of diabetic patients with bacteremia
and IE to different antibiotic regimens has not been well
studied.

Daptomycin is a lipopeptide agent with rapid bactericidal
activity against S. aureus [12]. It is approved for the
treatment of complicated skin and skin structure infections
at a dose of 4 mg/kg/day [13]. In an international,
prospective, randomized trial of daptomycin vs. standard
therapy for SAB and S. aureus infective endocarditis (SAIE),
daptomycin was efficacious and less nephrotoxic than
standard therapy [14]. It subsequently gained approval for
the treatment of SAB and right-sided endocarditis [15] at a
dose of 6 mg/kg/day. In this analysis, we describe the
clinical characteristics, responses to antibiotics, and out-
comes of diabetic patients enrolled in the daptomycin
SAB/SAIE trial.

Methods

Study design and patients

This was an open-label randomized active-control study
that was conducted between August 28, 2002 and February
16, 2005 in 40 sites in the United States and eight sites in
Western Europe. Patients were considered for enrolment
into the study if they were at least 18 years of age and had
at least one blood culture that was positive for S. aureus
within two calendar days of initiating study medication.
Exclusion criteria included creatinine clearance of less than
30 ml/min, known osteomyelitis, polymicrobial bacteremia,
and pneumonia. Complete exclusion criteria are detailed in
the initial publication [14].

Randomization, treatments, and outcomes

Eligible patients were randomized to receive either dapto-
mycin at 6 mg/kg/day or standard therapy with either
vancomycin at 1 g every 12 hours (for MRSA isolates) or
an antistaphylococcal penicillin at 2 g every four hours (for
methicillin-susceptible S. aureus [MSSA] isolates). All
patients randomized to daptomycin with a high likelihood
of left-sided infective endocarditis at randomization and all
patients randomized to standard therapy were also to
receive gentamicin at 1 mg/kg every eight hours for the
first four days.

The primary efficacy measure was the success rate six
weeks after the end of therapy in randomized patients who
received at least one dose of study drug and who did not
have a high likelihood of having LIE at entry (the modified

intent-to-treat (MITT) population). A blinded external
adjudication committee reviewed individual patient data to
establish diagnoses and outcomes. In the original publica-
tion, success was defined as survival, clinical cure or
improvement and a documented clearance of bacteremia
[14]. Patients who had premature discontinuation of
therapy, who received potentially effective non-study anti-
biotics, or who did not have blood cultures taken 6 weeks
following completion of therapy were considered to be
treatment failures. In this analysis, we instead describe a
less regulatory (and more relevant) definition of “clinical
success” based only on survival, clinical outcome of cure or
improved, and resolution of S. aureus infection 6 weeks
following the end of therapy.

Entry and final diagnoses and duration of therapy

Entry diagnoses were determined according to the modified
Duke criteria for infective endocarditis [16]. Final diagnoses
were based on standard clinical definitions as outlined in the
initial publication [14].

Statistical analysis

Given the limited number of patients in each arm,
descriptive statistics were performed for this subgroup
analysis. In addition, differences in clinical characteristics
between patients with and without DM were analyzed using
Fisher’s exact test for categorical data and the Wilcoxon
rank sum test for continuous data; p-values are two-sided.
The 95% confidence interval for the difference in success
rates was calculated using the normal approximation to the
binomial distribution.

Results

Study population

Of the 235 patients included in the MITT population, 86
patients (36.6%) had DM, of whom 68 (79.1%) were
receiving insulin therapy. Forty-four patients with DM were
randomized to daptomycin and 42 were randomized to
standard therapy. As shown in Table 1, compared to patients
without DM, patients with DM were older (median age 59.5
vs. 50.0 years, p=0.007) and more overweight (median
body-mass index [BMI] 28.6 vs. 25.4 kg/m2, p<0.001).
More patients with DM than those without DM presented
with symptoms of systemic inflammatory response syn-
drome (SIRS) (81.4% vs. 71.1%; p=0.088). There was no
difference among the two groups with respect to risk factors
for infection, except for injection drug use which was less
common among diabetic patients (10.5% vs. 27.5%; p=
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0.003). The proportion of infections caused by MRSA
strains was similar in diabetic and non-diabetic patients.
With respect to types of infection, more patients in the DM
group had a final diagnosis of complicated bacteremia
(61.6% vs. 45.6%; p=0.021). Right-sided endocarditis was
more commonly diagnosed in patients without DM (4.7% vs.
20.8%; p=0.001), while LIE was similar in the DM and non-
DM groups (5.8% vs. 8.7%). In the DM subgroup, there
were no major differences between patients on daptomycin
vs. standard therapy with regard to baseline patient character-
istics and final diagnoses.

Outcome at test-of-cure

In the MITT population, clinical success rates were 67.4%
in diabetic patients and 70.5% in non-diabetics (difference
of −3.0; 95% CI around the difference −15.3 to 9.3)
(Table 2).

Mortality rates were significantly higher among patients
with DM (22.1% vs. 11.4%, p=0.038) (Table 2). This
difference was most pronounced in two subgroups of

patients: those with uncomplicated bacteremia (20.8% vs.
5.4%), and those with IE (55.6% vs. 11.4%). There was no
difference in deaths among patients treated with daptomycin
compared to standard therapy. In the DM group, patients
with IE had significantly higher mortality than those with
SAB alone without IE (55.6% vs. 18.2%; p=0.022).

Treatment failure in DM and non-DM patients

Failure rates were comparable in DM and non-DM patients
(Table 3). A major difference between the two groups was
failure due to patient death which was higher in DM
patients (15.1% vs. 8.7%).

Safety

The percentages of patients with drug-related adverse
events were similar in the DM and non-DM groups
(41.9% vs. 36.7%). The percentages of patients with
serious drug-related adverse events were also similar
(5.8% vs. 2.7%).

Table 1 Clinical characteristics of patients with and without diabetes in the modified intent-to-treat population

Clinical characteristics Patients with DM (n=86) Patients without DM (n=149) p-value

Age in years, median (range) 59.5 (25–88) 50.0 (21–91) 0.007a

Male gender, no. (%) 47 (54.7) 94 (63.1) 0.216b

BMI in kg/m2, median (range) 28.6 (19.6–49.7) 25.4 (17.0–44.0) < 0.001a

CrCL in ml/min, median (range) 80.2 (24.3–200.6) 86.8 (17.9–277.0) 0.190a

SIRS, n (%) 70 (81.4) 106 (71.1) 0.088b

Risk factors, n (%)

Injection drug use 9 (10.5) 41 (27.5) 0.003b

HIV infection 2 (2.3) 7 (4.7) 0.492b

Prior endocarditis 2 (2.3) 11 (7.4) 0.141b

Preexisting valvular heart disease 8 (9.3) 17 (11.4) 0.667b

Percutaneous intravascular device 4 (4.7) 6 (4.0) > 0.999b

Permanent intravascular foreign material 12 (14.0) 21 (14.1) > 0.999b

Extravascular foreign material 21 (24.4) 36 (24.2) > 0.999b

Surgery within previous 30 days 32 (37.2) 53 (35.6) 0.888b

Trauma within previous 30 days 14 (16.3) 26 (17.4) 0.859b

MRSA infection, n (%) 35 (40.7) 54 (36.2) 0.577b

Final diagnosis, n (%)

Uncomplicated bacteremia 24 (27.9) 37 (24.8) 0.644b

Complicated bacteremia 53 (61.6) 68 (45.6) 0.021b

Right-sided endocarditis 4 (4.7) 31 (20.8) 0.001b

Left-sided endocarditis 5 (5.8) 13 (8.7) 0.611b

DM diabetes mellitus, BMI body mass index, CrCL creatinine clearance, SIRS systemic inflammatory response syndrome, MRSA methicillin-
resistant S. aureus
aWilcoxon rank sum test
b Fisher’s exact test
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Discussion

Diabetic patients constitute a sizable proportion of patients
with SAB and SAIE. Recent data suggest that up to one
third of patients with IE have a diagnosis of DM [9–11]. In
addition, compared to non-diabetic patients, patients with
DM often have worse outcomes [3–5, 9]. In an analysis of a
large cohort of patients with IE included in the International
Collaboration on Endocarditis-Merged Database (ICE-
MD), patients with DM had a 30% in-hospital mortality
rate, compared to 19% in patients without DM [17]. This
and other studies have confirmed that DM is an indepen-
dent predictor of early mortality in patients with IE [17, 18].

S. aureus has become a major cause of bloodstream
infections, both in the hospital and the community settings
[19, 20]. A similar trend is seen in IE where data from
retrospective as well as prospective studies show that
S. aureus is now the leading etiologic agent in IE [21,
22]. Diabetic patients have increased incidence and severity
of a variety of infections [2, 3]. Consequently, the growing

role of S. aureus in endovascular infections is particularly
important to consider in diabetic patients because they are
more likely than non-diabetics to be colonized and
subsequently infected with S. aureus [1, 23–25].

The use of vancomycin in SAB and SAIE has been
hampered by growing concern over its efficacy in treating
serious life-threatening infections. In addition to published
reports on failure of vancomycin treatment in the setting of
MRSA bacteremia [26], there is presently evidence of an
increasing prevalence of S. aureus isolates that exhibit
heteroresistance to vancomycin [27–29]. Given the high
burden of disease that DM represents, there is a need to
evaluate the efficacy of new antimicrobial agents in diabetic
patients.

We found that diabetic patients had more risk factors for
infection at baseline than their non-diabetic counterparts
(older and more obese). In the ICE-MD cohort, IE patients
with DM underwent surgery less frequently for the index IE
episode than patients without DM (32% vs. 45%) [17]. The
authors attributed this finding to the greater underlying

Outcome measure Patients with DM, n/N (%) Patients without DM, n/N (%)

Clinical success

Daptomycin 30/44 (68.2) 54/76 (71.1)

Standard therapy 28/42 (66.7) 51/73 (69.9)

Overall mortalitya 19/86 (22.1) 17/149 (11.4)

Mortality by treatment assignment

Daptomycin 10/44 (22.7) 8/76 (10.5)

Standard therapy 9/42 (21.4) 9/73 (12.3)

Mortality by organism

MRSA 11/35 (31.4) 9/54 (16.7)

MSSA 8/51 (15.7) 8/95 (8.4)

Mortality by type of infection

S. aureus bacteremia 14/77 (18.2) 12/105 (11.4)

Uncomplicated bacteremia 5/24 (20.8) 2/37 (5.4)

Complicated bacteremia 9/53 (17.0) 10/68 (14.7)

Endocarditis 5/9 (55.6) 5/44 (11.4)

Right-sided endocarditis 1/4 (25.0) 1/31 (3.2)

Left-sided endocarditis 4/5 (80.0) 4/13 (30.8)

Table 2 Outcomes 6 weeks
after completion of study
medication in the MITT
population

MITT modified-intent-to-treat,
DM diabetes mellitus, MRSA
methicillin-resistant S. aureus;
MSSA methicillin-susceptible
S. aureus
a Six DM and four non-DM
patients died after the test of
cure assessment

Table 3 Reasons for treatment failure in patients with DM vs. patients without DM according to the adjudication committee

Reason for failurea Patients with DM,
no. (%) (n=86)

Patients without DM,
no. (%) (n=149)

Persisting or relapsing S. aureus infection and/or clinical failure 15 (17.4) 23 (15.4)

Clinical failure without persisting or relapsing S. aureus infection 4 (4.7) 4 (2.7)

Patient died 13 (15.1) 13 (8.7)

Treatment discontinued due to adverse event 9 (10.5) 16 (10.7)

DM diabetes mellitus
aMore than one reason may be indicated for each patient
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comorbid conditions among diabetic patients rather than to
the absence of indications for surgery. An important finding
in our analysis was that diabetic patients were more likely
to have complicated SAB compared to non-diabetics. On
the other hand, patients in the DM group had significantly
less rates of injection drug use and right-sided endocarditis,
which are conditions usually associated with better clinical
outcomes than left-sided endocarditis [30].

Significantly more patients with DM had a fatal outcome
from SAB or SAIE (22.1% vs. 11.4%), which is in
agreement with previous studies showing that DM is an
independent predictor of in-hospital mortality in patients
with IE [17, 18]. DM patients with SAIE were at greatest
risk of death, followed by DM patients with SAB alone
without IE, then by non-DM patients regardless of the
presence of IE. Although mortality rates were higher in the
diabetic population across all types of infections, the largest
differences in mortality between diabetics and non-diabetics
were observed in patients with IE and those with
uncomplicated bacteremia. Such high mortality rates in
the setting of complex as well as relatively simple
infections substantiate the independent contribution of
diabetes as a comorbid condition to the poor outcome of
patients with S. aureus infections.

We found no differences in clinical success at test-of-cure
between patients with DM who received daptomycin and
those who received standard therapy (68.2% and 66.7%,
respectively). Daptomycin is therefore an alternative agent for
use in diabetic patients having SAB with or without IE. The
availability of new therapies is of great importance, since
vancomycin failures are increasingly being reported [26].

This analysis has several limitations. First, it is a subgroup
analysis, where the potential for over-interpretation exists
[31]. Because of this, the results have been presented with no
inference of statistical significance between the treatment
arms. Second, the open-label nature of the trial constitutes a
source of bias since investigators may have been influenced
by knowledge of treatment assignment when deciding to
initiate and discontinue treatment according to their clinical
judgment [32]. However, the potential for bias was lessened
by utilizing blood culture data in the endpoint and by
employing an independent adjudication committee whose
members were blinded to treatment assignment. Finally, DM
was defined clinically by reviewing medical records rather
than through the use of diagnostic criteria based on the
glycometabolic state of patients.

In conclusion, this study has highlighted the worse
outcome of diabetic patients with SAB and SAIE compared
to non-diabetics, as evidenced by significantly higher
mortality rates. Future research should be geared towards
understanding the specific causes of the observed increased
mortality risk in diabetics and ways to prevent such a poor
outcome in this growing patient population (e.g. earlier

surgical intervention, more aggressive attempts at earlier
diagnosis of metastatic foci of infection, etc.) The results of
this subgroup analysis also demonstrate that daptomycin at
6 mg/kg/day is an effective alternative to standard therapy
for SAB and SAIE in patients with DM.
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