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Purpose: Daptomycin-approved dosing is based on actual body weight (ABW). However, the pharmacokinetics and pharmacody
namics of daptomycin are altered in obese patients, leading to increased daptomycin exposure owing to incomplete distribution into 
excess body tissues. Data regarding the use of alternative weight descriptors for daptomycin dosing are limited. This study aimed to 
investigate the effectiveness and safety of daptomycin in obese patients by using adjusted body weight (AdjBW).
Methods: This retrospective multicenter cohort study in Saudi Arabia compared the outcomes of obese patients who received 
daptomycin based on AdjBW with those of obese and non-obese patients who received daptomycin based on ABW. The main 
outcomes included clinical cure, overall in-hospital mortality, and 30-day mortality. The safety outcomes were evaluated. Multivariate 
logistic regression was used to control for confounding variables.
Results: A total of 293 patients met the inclusion: 43 patients in AdjBW group, 54 in the ABW group, and 196 in the non-obese group. 
When comparing the AdjBW and ABW obese groups, no statistically significant difference was observed in clinical cure (83.7% vs 
77.8%; p = 0.461; OR, 0.1.47; 95% CI, 0.52–4.12), overall in-hospital mortality (23.3% vs 35.2%; p = 0.200; OR, 0.56; 95% CI, 
0.23–1.37), or 30-day mortality (16.3% vs 27.8%; p = 0.174; OR, 0.51; 95% CI, 0.19–1.38). Creatine phosphokinase elevation (8.6% vs 
6%; p = 0.651) was similar between the two groups. Similar outcomes were observed when comparing the AdjBW and non-obese groups.
Conclusion: Treatment with daptomycin based on AdjBW in obese patients had similar effectiveness and safety outcomes as 
treatment with daptomycin based on ABW in obese and non-obese patients. Therefore, future prospective studies are warranted.
Keywords: daptomycin, obese, adjusted body weight, dosing

Background
According to the World Health Organization, 16% of adults aged 18 years and over were living with obesity.1 In Saudi 
Arabia, 20.2% of adults 18 years and older were classified as obese according to the Ministry of Health.2 The physiology in 
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obese individuals is different from that in non-obese individuals, which creates a considerable alteration in the pharmaco
kinetics and dosing approach of antimicrobial agents.3 Daptomycin is an antibiotic that is affected by these alterations. 
Since approval, daptomycin was administered based on the actual body weight (ABW). Increased body weight does not 
always lead to a proportional increase in the volume of distribution and clearance, particularly for hydrophilic antibiotics. 
For daptomycin, the absolute volume of distribution and clearance were higher in obese patients than in non-obese patients. 
However, the increments in these parameters are not proportional to the increment in body weight which increases the 
exposure to daptomycin.4 In a pharmacokinetic analysis comparing morbidly obese to non-obese subjects, 6 mg/kg was 
associated with a 2-fold higher area under the curve (AUC), Cmax, and Cmin in morbidly obese patients.5

Daptomycin dosing in individuals with obesity has also been associated with musculoskeletal toxicity. Pharmacokinetic 
modeling in a post hoc analysis showed that daptomycin Cmin of 24.3 mg/L or more was associated with an increased 
probability of creatine phosphokinase (CPK) elevation.6 When patients who weighed < 111 kg versus ≥ 111 kg received 
daptomycin 6 mg/kg daily were examined using Monte Carlo simulation, the probability of exceeding a daptomycin Cmin 
target of 24.3 mg/L was 6.5% versus 19.4%, respectively.6 In another pharmacokinetic analysis using 6 mg/kg in morbidly 
obese and non-obese subjects, the probabilities of exceeding a daptomycin Cmin target of 24.3 mg/L were 10.8% and 0.2%, 
respectively.5 In a retrospective, matched case-control risk factor analysis which reviewed 3042 individuals from 2004 to 
2015 found that obesity (odds ratio, 3.28; P = 0.03) is a significant risk factor for daptomycin-associated rhabdomyolysis.7

The standard doses of daptomycin approved by the US Food and Drug Administration are 4 mg/kg for skin and skin 
structure infections as well as 6 mg/kg for bacteremia and right-sided infective endocarditis. However, daptomycin is 
concentration-dependent, and data suggest that higher doses may be required, especially for deep-seated and enterococcal 
infections.8 These data further complicates the dosing for obese patients and justifies the need to explore more appropriate 
dosing approaches for safety and effectiveness. The adjusted body weight (AdjBW) has been proposed as a weight descriptor 
for obese patients. In an unpublished pharmacodynamic study using Monte Carlo simulations, dosing based on AdjBW using 
a correction factor of 0.4 produced similar AUC0-24 of non-obese individuals receiving 6 mg/kg as seen in clinical trials.9

Obese patients were underrepresented in the clinical trials, and pharmacokinetic alteration in obese individuals 
justifies more investigation.3 Clinical outcome data to support the best dosing approach for the safety and effectiveness 
of daptomycin in obese patients are very limited. Earlier observational studies showed no difference in clinical and safety 
outcomes when daptomycin was dosed as 4–6 mg/kg/day using different weight descriptors.10,11 More recently, 
a retrospective study compared the use of AdjBW to ABW for daptomycin dosing in obese patients.12 This study 
showed no difference in clinical failure and 90-day mortality. However, this study has several limitations. It was 
conducted at a single center; most of the dosing regimens were ≤ 8 mg/kg, did not conduct stratification analysis, and 
did not compare the outcomes to those of non-obese individuals.

This study aimed to investigate the effectiveness and safety of daptomycin in obese patients using AdjBW compared 
with those in obese and non-obese patients using ABW.

Materials and Methods
Study Design and Setting
This retrospective multicenter cohort study included adult patients treated with daptomycin for infections caused by 
gram-positive pathogens. The study was conducted at seven hospitals in Saudi Arabia: King Saud University Medical 
City (KSUMC), a 1500-bed academic teaching hospital in Riyadh; King Faisal Specialist Hospital and Research Center 
(KFSHRC), a 1600-bed specialist hospital in Riyadh; King Fahad Medical City (KFMC), a 1200-bed hospital in Riyadh; 
King Abdulaziz Medical City (KAMC)/National Guard Health Affairs, a 1973-bed hospital in Riyadh; King Faisal 
Specialist Hospital and Research Center (KFSHRC), a 388-bed specialist hospital in Jeddah; King Abdulaziz Medical 
City (KAMC)/National Guard Health Affairs, a 750-bed hospital in Jeddah; and Saudi German Hospital, a 150-bed 
hospital in Hail. Adult patients admitted to the hospital between January 2016 and December 2023 and treated with 
daptomycin for infection due to a gram-positive pathogen for ≥48 hours were eligible for inclusion. Among patients with 
multiple episodes of infection treated with daptomycin, only the first episode was included. Given the retrospective 
observational design of the study, no sample size calculation was conducted, as all eligible patients within the predefined 
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study period were included. This study included three groups: 1. AdjBW, the investigation group, included obese patients 
who received daptomycin based on AdjBW, 2. ABW, the control group, included obese patients who received 
daptomycin based on ABW, and 3. Non-obese patients, another control group, included non-obese patients who received 
daptomycin based on the ABW. Patients were excluded if the isolate was confirmed as not susceptible to daptomycin, 
including E. faecium isolates, not in the susceptible-dose dependent (SDD) interpretive category (MIC > 4 mcg/mL), 
allergy to daptomycin, creatinine clearance ≤ 30 mL/min, intermittent hemodialysis, continuous renal replacement 
therapy, or peritoneal dialysis. Clinical cure, overall in-hospital mortality, and 30-day mortality were the main outcomes 
of this study. Other outcomes included microbiological eradication, days to negative culture, infection-related mortality, 
length of hospital stay (LOS) from the start of daptomycin treatment, days to death from the index culture, and 60-day 
recurrence. We evaluated the safety outcomes, including CPK elevation, by assessing the levels at baseline and during 
treatment when available, as well as myopathy, rhabdomyolysis, and acute kidney injury (AKI). The daptomycin dose 
(mg/kg) and weight descriptor used were in accordance with each hospital’s protocol. The weight descriptor (ABW vs 
AdjBW) used for daptomycin dosing was specified in electronic medical records. This study was reviewed and approved 
by the Institutional Review Boards of the participating centers.

Microbiologic Testing
Identification and antimicrobial susceptibility testing of the bacterial isolates were conducted using automated systems 
based on each hospital’s protocol: MicroScan WalkAway 96 plus (Beckman Coulter, Inc., Brea, CA, USA), BD Phoenix 
M50 (Becton Dickinson Diagnostic Systems, Sparks, MD, USA) or VITEK 2 system (bioMérieux, Marcy-l’Étoile, France). 
Daptomycin E-test strips (BioMérieux SA) were used. Breakpoints used to determine the microbial susceptibility were 
according to the Clinical and Laboratory Standards Institute (CLSI).13 Microbiology laboratories were consistent with 2019 
revisions to daptomycin breakpoints that were published in CLSI document M100 for Enterococcus species.

Definition
Time to active therapy was defined as the number of hours from the time the first index cultures were collected to the 
administration of any active antibiotic. Time to the study drug was defined as the number of hours from the time the first 
index cultures were collected to the initiation of daptomycin. Polymicrobial infection was defined as the microbial 
growth of at least one concomitant pathogenic microorganism during the same episode of index infection.

A number of endpoints used in this study were defined according to the criteria described in our previous studies.14,15 

Clinical cure was defined as the resolution of the clinical manifestations associated with the infection, such that no 
additional therapeutic management for gram-positive infections was needed because of failure or modification due to 
adverse effects by the end of therapy.14,15 For the evaluation of clinical cure, progress reports documented by the treating 
clinicians were used in addition to an assessment of vital signs, laboratory data, and radiographic findings, when 
applicable. Throughout the data collection process, difficult cases or cases with disagreement were resolved by an 
open discussion between the center’s representatives and the principal investigator to develop a consensus.

In-hospital mortality was defined as death due to any reason during the current admission. The 30-day mortality was 
defined as death occurring within 30 days of index culture. This mortality was considered infection-related if the patients had 
ongoing unequivocal clinical and/or biochemical signs of infection at the time of death.14,15 Death notes were also reviewed 
when possible, and difficult cases or cases with disagreement were resolved through open discussion to develop a consensus.

Microbiological eradication was defined as a subsequent negative culture that showed elimination of the causative 
organism if repeated cultures were ordered. Persistence was defined as a positive repeat culture result for the same 
causative pathogen at the same infection site.

60-day infection recurrence was defined as the presence of clinical signs and symptoms of infection with repeated 
isolation of the same pathogen after evidence of at least one negative culture within 60 days of the primary infection.14,15

As a safety outcome, the RIFLE (Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease) criteria 
were used to evaluate renal function. AKI was considered if any of the aforementioned categories occurred during 
therapy.16 The incidences of CPK elevation, myopathy, and rhabdomyolysis were retrospectively evaluated from the 
medical records. The normal reference range for CPK is 0–175 U/L. CPK was considered elevated if one of the following 
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criteria was met up to 3 days after the last dose of daptomycin: ≥ 3 times the upper limit of normal if baseline CPK was 
within the normal reference range or not checked; ≥ 5 times the upper limit of normal if baseline CPK was greater than 
the upper limit of normal.6,10 If CPK was considered elevated, the medical records were reviewed for patient-reported 
symptoms of myopathy. We considered rhabdomyolysis if the patient had a CPK elevation as defined above, plus 
a positive urine myoglobin or AKI per the RIFLE criterion, or if the diagnosis was reported by the treating clinician in 
the medical record.

Obesity was defined as a body mass index of ≥ 30. In obese patients, AdjBW was computed as ideal body weight 
(IBW) + 0.4 x (ABW - IBW). To the best of our knowledge, the ABW closest to the daptomycin dose was used.

Statistical Analysis
Descriptive statistics were used to summarize the data. Categorical variables were expressed as counts and percentages 
and compared using the χ2 test. Continuous variables were presented as mean ± standard deviation (SD) or median and 
interquartile range (IQR) and compared using an independent t-test or Wilcoxon rank-sum test, as appropriate. Statistical 
significance was set at p < 0.05. Multivariate logistic regression analysis was used to minimize the effect of confounding 
baseline covariates on potential outcomes of interest.

Along with the treatment groups, covariates identified through clinical considerations, relevant demographics, and 
baseline clinical characteristics associated with a difference (p-value < 0.20) were eligible for inclusion in the model. 
Odds ratios/adjusted odds ratios from logistic regression and 95% confidence intervals (CI) were used to quantify group 
comparisons of the outcomes of interest. STATA 18 (StataCorp LP, College Station, Texas, USA) was used for all the 
analyses.

Results
A total of 1057 patients who received daptomycin were identified from the medical records and screened for eligibility. 
Of these, 293 patients met the inclusion criteria: 43 patients in the AdjBW group, 54 patients in the ABW group, and 196 
patients in the non-obese group (Figure 1). Among the included cohort, 147 (50%) were male and the average age was 56 
± 19 years. Approximately 75% of the patients presented with bacteremia. Polymicrobial infections occurred in 129 
(44%) patients. Concurrent antibiotics were administered to 58 (20%) patients. The median (IQR) time to active therapy 
and the duration of therapy were 24 (5–72) hours and 10.5 (7–15) days, respectively. Half of the etiological pathogens 
were E. faecium.

Demographics and baseline characteristics were comparable between AdjBW and ABW groups. However, more 
patients with class III obesity (≥40.0 kg/m2) were in the AdjBW group (30.2% vs 9.3%; p = 0.008). Moreover, the 
demographic and baseline characteristics were comparable between the AdjBW and non-obese groups. However, 
significantly more patients with diabetes mellitus (60.5% vs 36.7%; p = 0.004), hypertension (62.8% vs 39.8%; p = 
0.006), presented with endocarditis (16.3% vs 5.1%; p = 0.010), received concurrent antibiotics (30.2% vs 16.3%; p = 
0.035), and statin therapy (41.9% vs 18.4%; p = 0.001) were in the AdjBW. In contrast, more male patients (56.7% vs 
34.9%; p = 0.010) and longer median hospital LOS before index culture (13 (3–34) vs 4 (1–21) days; p = 0.026) were 
observed in the non-obese group. The additional details are presented in Table 1.

When comparing the AdjBW and ABW groups, no statistically significant difference was observed in clinical 
cure (83.7% vs 77.8%; OR, 1.47; 95% CI, 0.52–4.12), overall in-hospital mortality (23.3% vs 35.2%; OR, 0.56; 
95% CI, 0.23–1.37), 30-day mortality (16.3% vs 27.8%; OR, 0.51; 95% CI, 0.19–1.38), or infection-related 
mortality (16.3% vs 16.7%; OR, 0.97; 95% CI, 0.33–2.86). After adjusting for differences between the two groups 
(adjusted for age, intensive care unit admission, presence of bacteremia, polymicrobial infections, time to study 
drug, concurrent antibiotic therapy, duration of therapy, and chronic heart failure), these outcomes remained 
statistically insignificant (Table 2). The differences between the two groups in the median days to death and median 
days to negative culture were not statistically significant (Table 3). The survival probability after the index culture 
and time to bacterial eradication after the start of therapy in the AdjBW and ABW groups are presented in Figure 2a 
and b. The safety outcomes, including CPK elevation (8.6% vs 6%; p = 0.651), myopathy (4.7% vs 3.7%; p = 
0.816), rhabdomyolysis (2.3% vs 1.9%; p = 0.871), and AKI (16.3% vs 14.8%; p = 0.651), were similar between the 
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AdjBW and ABW groups. The rate of evaluable patients in terms of CPK elevation was lower in AdjBW (81.4 vs 
92.6%; p = 0.096); however, the difference was not statistically significant. The differences between the two groups 
in all other outcomes, including microbiological eradication, 60-day recurrence, and LOS from the start of 
daptomycin treatment, were not statistically significant (Table 2).

When comparing AdjBW to non-obese groups, no statistically significant difference was observed in clinical cure 
(83.7% vs 73%; OR, 1.91; 95% CI, 0.80–4.54), overall in-hospital mortality (23.3% vs 36.2%; OR, 0.53; 95% CI, 
0.25–1.15), 30-day mortality (16.3% vs 24.5%; OR, 0.60; 95% CI, 0.25–1.43), or infection-related mortality (16.3% vs 
20.9%; OR, 0.74; 95% CI, 0.30–1.77). After adjusting for differences between the two groups (adjusted for age, gender, 
intensive care unit admission, presence of bacteremia, polymicrobial infections, time to active therapy, concurrent 
antibiotic therapy, duration of therapy, hospital LOS in days prior to index culture, chronic heart failure, diabetes 
mellitus, history of myocardial infarction, and hypertension), these outcomes remained statistically insignificant 
(Table 3). The differences between the two groups in the median days to death and median days to negative culture 
were not statistically significant (Table 3). The survival probability after the index culture and time to bacterial 
eradication after the start of therapy in the AdjBW and non-obese groups are presented in Figure 2c and d. The safety 
outcomes, including CPK elevation (8.6% vs 2.5%; p = 0.120), myopathy (4.7% vs 1.5%; p = 0.244), rhabdomyolysis 

Pa ents received daptomycin ini ally retrieved from the 
medical records

n = 1057

Excluded pa ents: n = 764

Age < 18 years = 37
Empirical (no posi ve culture) = 146
Received daptomycin for < 48 hours = 199
Crea nine clearance < 30 ml/min = 163
On renal replacement therapy = 214
Missing data = 3
Resistant isolate = 1
Allergy = 1

Obese pa ents received 
daptomycin based on 

AdjBW

n = 43

Non-obese pa ents 
received daptomycin 

n = 196

Obese pa ents received 
daptomycin based on 

ABW

n = 54

Figure 1 Patient enrollment and screening for eligibility.
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Table 1 Demographic and Baseline Characteristics of Included Patients*

Characteristic Obese on AdjBW 
n = 43

Obese on ABW 
n = 54

P valuec Non-Obese 
n = 196

P valued

Demographic

Age in yearsa 58.4 ± 16.2 57.1 ± 16.7 0.706 54.7 ± 20.2 0.259

Male 15 (34.9) 21 (38.9) 0.685 111 (56.6) 0.010
Comorbidity

Cerebrovascular disease 5 (11.6) 6 (11.1) 0.936 16 (8.2) 0.467

Chronic heart failure 8 (18.6) 5 (9.3) 0.180 18 (9.2) 0.072
Chronic obstructive pulmonary disease 1 (2.3) 3 (5.6) 0.427 3 (1.5) 0.713

Connective tissue disease 2 (4.7) 2 (3.7) 0.816 5 (2.6) 0.460
Dementia 1 (2.3) 3 (5.6) 0.427 6 (3.1) 0.796

Diabetes mellitus 26 (60.5) 26 (48.1) 0.227 72 (36.7) 0.004

Hemiplegia or paraplegia 0 1 (1.9) 0.370 2 (1) 0.506
History of myocardial infarction 6 (14) 6 (11.1) 0.673 13 (6.6) 0.108

Hypertension 27 (62.8) 31 (57.4) 0.591 78 (39.8) 0.006

Liver disease 3 (7) 5 (9.3) 0.658 24 (12.2) 0.323
Neurological disease 6 (14) 12 (22.2) 0.298 35 (17.9) 0.539

Peptic ulcer disease 0 1 (1.9) 0.370 3 (1.5) 0.414

Peripheral vascular disease 1 (2.3) 2 (3.7) 0.697 6 (3.1) 0.796
BMI category

Class I: (30.0–34.9 kg/m2) 19 (44.2) 37 (68.5) 0.008 - -

Class II: (35.0–39.9 kg/m2) 11 (25.6) 12 (22.2) 0.699 - -
Class III: (≥40.0 kg/m2) 13 (30.2) 5 (9.3) 0.008 - -

Charlson comorbidity indexb 4 (2–5) 3.5 (2–6) 0.872 3 (2–6) 0.674

Baseline serum creatinine in µmol/Lb 68 (52–100) 77.5 (53–108) 0.711 62 (44–89) 0.100
Indwelling invasive devices 22 (51.2) 33 (61.1) 0.326 116 (59.2) 0.335

Mechanical ventilation 12 (27.9) 10 (18.5) 0.273 52 (26.5) 0.854

Severity of illness
Intensive care unit at infection onset 16 (37.2) 24 (44.4) 0.472 82 (41.8) 0.576

Sepsis 7 (16.3) 14 (25.9) 0.252 28 14.3) 0.738

Septic shock 9 (20.9) 10 (18.5) 0.766 41 (20.9) 0.989
Immunosuppression 12 (27.9) 14 (25.9) 0.827 73 (37.2) 0.247

Neutropenic (ANC < 500 cells/mm3) 1 (2.3) 5 (9.3) - 12 (6.1) -

Active chemotherapy 5 (11.6) 4 (7.4) - 29 (14.8) -
Transplant patient on immunosuppressant 1 (2.3) 4 (7.4) - 19 (9.7) -

Chronic treatment with corticosteroids 5 (11.6) 1 (1.9) - 13 (6.6) -

Site of infection
CRBSI 12 (27.9) 15 (27.8) 0.989 53 (27) 0.908

ABSSSI 7 (16.3) 9 (16.7) 0.959 35 (17.9) 0.806

Bacteremia with unknown origin 6 (14) 9 (16.7) 0.714 29 (14.8) 0.887
Intraabdominal infections 3 (7) 4 (7.4) 0.935 35 (17.9) 0.077

Urinary tract infections 4 (9.3) 6 (11.1) 0.771 20 (10.2) 0.859

Endocarditis 7 (16.3) 6 (11.1) 0.458 10 (5.1) 0.010
Osteomyelitis 3 (7) 5 (9.3) 0.658 14 (7.1) 0.969

Others# 1 (2.3) 0 - 0 -

Presence of bacteremia 33 (76.7) 42 (77.8) 0.904 147 (75) 0.893
Causative pathogen

E. faecium 19 (44.2) 28 (51.9) 0.453 100 (51) 0.417

MRSA 11 (25.6) 12 (22.2) 0.699 56 (28.6) 0.693
CoNS 5 (11.6) 6 (11.1) 0.904 14 (7.1) 0.325

MSSA 5 (11.6) 4 (7.4) 0.477 14 (7.1) 0.325

E. faecalis 3 (7) 4 (7.4) 0.935 12 (6.1) 0.834

(Continued)
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(2.3% vs 1%; p = 0.522), and AKI (16.3% vs 8.7%; p = 0.156), were similar between the two groups. The rate of 
evaluable patients in terms of CPK elevation was similar between the two groups (81.4 vs 80.6%; p = 0.906). The 
differences between the two groups in all other outcomes, including microbiological eradication, 60-day recurrence, and 
LOS from the start of daptomycin treatment, were not statistically significant (Table 3).

MIC data were available for 32, 26, and 103 patients in the ABW, AdjBW, and non-obese groups, respectively. The 
distributions of the isolates and MIC range are as follow: 53 were S. aureus with MIC ranging between 0.125–1 mcg/mL, 
80 were E. faecium with MIC raging between 0.5–4 mcg/mL, 18 were coagulase-negative staphylococcus with MIC 
ranging between 0.5–1 mcg/mL, and 10 were E. faecalis with MIC ranging between 0.5–2 mcg/mL.

Subgroup analyses of the outcomes in obese patients who received daptomycin based on AdjBW versus obese 
patients who received daptomycin based on ABW and non-obese patients are shown in Figure 3 and Table 4.

Table 1 (Continued). 

Characteristic Obese on AdjBW 
n = 43

Obese on ABW 
n = 54

P valuec Non-Obese 
n = 196

P valued

Polymicrobial infection 16 (37.2) 22 (40.7) 0.723 91 (46.4) 0.271
Infectious diseases consultation 42 (97.7) 51 (94.4) 0.427 192 (98) 0.906

Time to active therapy in hoursb 24 (2–60) 24 (4–72) 0.822 24 (6–70) 0.488

Time to study drugb 120 (49–192) 86 (51–160) 0.116 96 (48–200) 0.434
Concurrent antibiotic+ 13 (30.2) 13 (24.1) 0.496 32 (16.3) 0.035

Vancomycin 3 (7) 5 (9.3) - 14 (7.1) -

Linezolid 3 (7) 4 (7.4) - 7 (3.6) -
Ceftaroline 2 (4.7) 1 (1.9) - 3 (1.5) -

Piperacillin/tazobactam 1 (2.3) 1 (1.9) - 1 (0.5) -

Cefazolin 1 (2.3) 0 - 1 (0.5) -
Tigecycline 1 (2.3) 0 - 1 (0.5) -

Teicoplanin 0 0 - 2 (1) -

Rifampin 1 (2.3) 1 (1.9) - 0 -
Imipenem 0 0 - 2 (1) -

Others++ 1 (2.3) 1 (1.9) - 1 (0.5) -

Concurrent statin used 18 (41.9) 20 (37) 0.629 36 (18.4) 0.001
Prior antibiotic used‡ 29 (67.4) 31 (57.4) 0.312 128 (65.3) 0.789

Reason prior antibiotic not continued

Clinical failure 13 (30.2) 10 (18.5) - 43 (21.9) -
Resistance 5 (11.6) 11 (20.4) - 36 (18.4) -

Intolerance 7 (16.3) 5 (9.3) - 38 (19.4) -
Out of stock 3 (7) 3 (5.6) - 8 (4.1) -

Allergy 1 (2.3) 2 (3.7) - 3 (1.5) -

Duration of therapy in daysb 10 (7–14) 12 (6–16) 0.566 11 (7–16) 0.250
Overall duration of hospitalization in daysb 59 (28–88) 56 (24–75) 0.332 55 (29–89) 0.631

Hospital length of stay in days prior to index cultureb 4 (1–21) 5 (1–26) 0.550 13 (3–34) 0.026

Total daily dose (mg)b 700 (500–750) 800 (700–1000) - 500 (400–600) -
Dose category prescribed (mg/kg)&

Low ≤ 6 mg/kg 6 (14) 11 (20.4) 0.409 46 (23.5) 0.171

Medium 6.1–8 mg/kg 9 (21) 10 (18.5) 0.766 54 (27.6) 0.327
High > 8 mg/kg 28 (65) 33 (61.1) 0.685 96 (49) 0.055

Notes: aMean ± standard deviation. bMedian (interquartile range) otherwise data are presented as n (%). cP values for the differences between AdjBW and ABW groups. 
dP values for the differences between AdjBW and non-obese groups. *The χ2 test was used to compare categorical variables, whereas the independent t test or Wilcoxon 
rank-sum test was used to compare continuous variables. #Ventriculitis. + With activity against the causative pathogen and administered concurrently with daptomycin for > 
48h. ++One patient in the AdjBW group received vancomycin + linezolid, one in the ABW group received linezolid + clindamycin; 1 patient in the non-obese group received 
trimethoprim-sulfamethoxazole. ‡With activity against the isolated pathogen. & In the adjusted body weight group, mg/kg was based on the adjusted body weight. 
Abbreviations: ABSSSI, acute bacterial skin and skin structure infections; ABW, actual body weight; AdjBW, adjusted body weight; ANC, absolute neutrophil count; BMI, 
body mass index; CoNS, coagulase-negative Staphylococcus; CRBSI, catheter-related bloodstream infection; MSSA, methicillin-susceptible S. aureus; MRSA, methicillin- 
resistant S. aureus.
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Discussion
This study showed that daptomycin treatment based on AdjBW in obese patients had similar clinical outcomes to 
daptomycin treatment based on ABW in obese and non-obese patients with infections caused by gram-positive 

Table 2 Outcomes in Obese Patients Receiving Daptomycin Based on AdjBW versus ABW

Outcomea Obese on AdjBW 
n = 43

Obese on ABW 
n = 54

P value Odds Ratio 
(95% CI)

Adjusted Odds*  
Ratio (95% CI)

Clinical cure 36 (83.7) 42 (77.8) 0.461 1.47 (0.52–4.12) 1.35 (0.35–5.03)

In-hospital mortality 10 (23.3) 19 (35.2) 0.200 0.56 (0.23–1.37) 0.61 (0.20–1.86)

30-day mortality 7 (16.3) 15 (27.8) 0.174 0.51 (0.19–1.38) 0.53 (0.15–1.83)
Infection-related mortality 7 (16.3) 9 (16.7) 0.959 0.97 (0.33–2.86) 1.17 (0.33–4.16)

Microbiologic outcomeb

Eradication 31 (91.2) 37 (86) 0.481 1.68 (0.39–7.26) -
Persistence 3 (8.8) 6 (14) - - -

60-day recurrencec 2 (6.1) 1 (2.9) 0.517 2.19 (0.19–25.4) -
Length of stay from start of daptomycin (days) 28 (11–57) 24 (9–61) 0.603 - -

Days to death from index culture 31 (14–56) 20 (12–33) 0.462 - -

Days to negative cultured 3 (2–5) 4 (3–5) 0.131 - -
CPK elevatione 3 (8.6) 3 (6) 0.651 1.47 (0.28–7.74) -

Myopathy 2 (4.7) 2 (3.7) 0.816 1.27 (0.17–9.39) -

Rhabdomyolysis 1 (2.3) 1 (1.9) 0.871 1.26 (0.77–20.78) -
Acute kidney injury 7 (16.3) 8 (14.8) 0.843 1.12 (0.37–3.37) -

Notes: aData are presented as n (%) or median (IQR); the χ2 test or Fisher’s exact test was used to compare categorical variables, whereas the independent t-test or Wilcoxon 
rank-sum test was used to compare continuous variables. bIncluded Patients who underwent repeated cultures (n = 34 in the AdjBW group and 43 in the ABW group). 
cIncluded patients who survived (n = 33 in the AdjBW group and 35 in the ABW arm). dIncluded patients with repeated negative cultures (n = 31 in the AdjBW group and 37 in 
the ABW group). eIncluded patients with at least one CPK level during treatment (n = 35 in the AdjBW group and 50 in the ABW group). *Adjusted for age, intensive care unit 
admission, presence of bacteremia, polymicrobial infections, time to study drug, concurrent antibiotic therapy, duration of therapy, and chronic heart failure. 
Abbreviations: ABW, actual body weight; AdjBW, adjusted body weight; CI, confidence interval; CPK, creatinine phosphokinase.

Table 3 Outcomes in Obese Patients Receiving Daptomycin Based on AdjBW versus Non-Obese

Outcomea Obese on AdjBW 
n = 43

Non-Obese 
n = 196

P value Odds Ratio 
(95% CI)

Adjusted Odds*  
Ratio (95% CI)

Clinical cure 36 (83.7) 143 (73) 0.126 1.91 (0.80–4.54) 2.53 (0.74–8.65)

In-hospital mortality 10 (23.3) 71 (36.2) 0.100 0.53 (0.25–1.15) 0.35 (0.12–1.05)

30-day mortality 7 (16.3) 48 (24.5) 0.232 0.60 (0.25–1.43) 0.35 (0.10–1.28)
Infection-related mortality 7 (16.3) 41 (20.9) 0.483 0.74 (0.30–1.77) 0.61 (0.19–1.98)

Microbiologic outcomeb

Eradication 31 (91.2) 144 (91.7) 0.918 0.93 (0.25–3.47) -
Persistence 3 (8.8) 13 (8.3) - - -

60-day recurrencec 2 (6.1) 8 (6.4) 0.943 0.94 (0.19–4.67) -

Length of stay from start of daptomycin (days) 28 (11–57) 23 (11–45) 0.650 - -
Days to death from index culture 31 (14–56) 24 (14–42) 0.890 - -

Days to negative cultured 3 (2–5) 4 (3–5) 0.370 - -

CPK elevatione 3 (8.6) 4 (2.5) 0.120 3.63 (0.78–17.02) -
Myopathy 2 (4.7) 3 (1.5) 0.244 3.14 (0.51–19.4) -

Rhabdomyolysis 1 (2.3) 2 (1) 0.522 2.31 (0.20–26.1) -

Acute kidney injury 7 (16.3) 17 (8.7) 0.156 2.05 (0.79–5.30) -

Notes: aData are presented as n (%) or median (IQR); the χ2 test or Fisher’s exact test was used to compare categorical variables, whereas the independent t-test or 
Wilcoxon rank-sum test was used to compare continuous variables. bIncluded patients who had repeated cultures (n = 34 in the AdjBW group and 157 in the non-obese 
group). cIncluded patients who survived (n = 33 in the AdjBW group and n = 125 in the non-obese group). dIncluded patients with repeated negative cultures (n = 31 in the 
AdjBW group and 144 in the non-obese group). eIncluded patients with at least one CPK level during treatment (n = 35 in the AdjBW group and 159 in the non-obese 
group). *Adjusted for age, gender, intensive care unit admission, presence of bacteremia, polymicrobial infections, time to active therapy, concurrent antibiotic therapy, 
duration of therapy, length of hospital stay in days prior to index culture, chronic heart failure, diabetes mellitus, history of myocardial infarction, and hypertension. 
Abbreviations: AdjBW, adjusted body weight; CI, confidence interval; CPK, creatinine phosphokinase.
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a.

b.

c.

d.

Figure 2 (a and b) Kaplan-Meier survival estimates by treatment. No statistically significant difference between the two groups in time to death at 90 days after the index 
culture. (a) AdjBW vs ABW (p = 0.242), (b) AdjBW vs non-obese (p = 0.183). (c and d) Time to bacterial eradication illustrated by Kaplan-Meier survival plot. No 
statistically significant difference between the two groups in time to negative culture at 21 days after start of therapy (c). AdjBW vs ABW (p = 0.264), (d) AdjBW vs non- 
obese (p = 0.728). Patients with repeated cultures were included in these plots (34, 43, and 157 patients in AdjBW, ABW, and non-obese groups, respectively).
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pathogens. Clinical cure, in-hospital mortality, 30-day mortality, and infection-related mortality remained similar, even 
after adjusting for differences between the groups. Similar outcomes were observed after subgroup analyses for patients 
with monomicrobial infections and those who received daptomycin monotherapy. Safety outcomes were comparable 
between the two groups, including the rates of CPK elevation, myopathy, and AKI. No significant differences between 

a.

Favors AdjBW Favors ABW

b.

Favors AdjBW Favors non-obese

0 1 2 3 4

Daptomycin as initial therapy

Bacteremia

Monomicrobial infections

Enterococcal infections

Daptomycin as Monotherapy

0 1 2 3 4

Daptomycin as initial therapy

Bacteremia

Monomicrobial infections

Enterococcal infections

Daptomycin as Monotherapy

Figure 3 Odds ratios of 30-day mortality for (a) AdjBW versus ABW; (b) AdjBW vs non-obese among subpopulation of interest. Forest plot of boxes depicting odds ratio 
with 95% confidence intervals shown as horizontal lines.
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the groups were observed in other outcomes, including bacterial eradication, 60-day recurrence, hospital LOS, days to 
death from the index culture, and days to negative culture. Although in-hospital mortality was numerically lower in the 
AdjBW group than in the ABW and non-obese groups, these differences were not statistically significant, possibly 
because the study was underpowered.

To the best of our knowledge, two studies are currently available that compared the clinical outcomes of daptomycin 
dose based on AdjBW versus ABW in obese patients are currently available. A single published abstract poster of 92 
patients showed no statistically significant differences between daptomycin dosing based on AdjBW and ABW in terms 
of clinical effectiveness, microbiological success, in-hospital length of stay, mortality, or adverse effects. Although the 
results of this study were generally congruent with our findings, we could not further compare and contrast the outcomes 
given the limited available data in the poster abstract.11 The more recent retrospective study of 101 obese patients showed 
that daptomycin dosed based on AdjBW and ABW were statistically equivalent in clinical failure and 90-day mortality. 
The CPK elevation, however, was higher in AdjBW group.12 The results of this study were consistent with our findings 
but the CPK elevation in our study, although numerically higher in AdjBW group (n=3; 8.6%) versus ABW (n=3; 6%) 
and non-obese (n=4; 2.5%) groups, the differences did not reach the statistical significance. In our study, a justification 
could be the use of concurrent statins, which occurred in 2/3 of patients who had CPK elevation in the AdjBW group 
versus only 1/3 and 1/4 in the ABW and non-obese groups, respectively. All obese patients with elevated CPK levels in 
our study had class I obesity, and none exceeded the 10 mg/kg dose. In our study, we attempted to address and overcome 
the limitations of the previous study by including a higher daptomycin dosing, a non-obese arm, and stratification 
analysis.12 Lastly, the rate of evaluable patients in terms of CPK elevation was numerically higher in ABW group 

Table 4 Subgroup Analysis of the Outcomes in Obese Patients Who Received Daptomycin Based on AdjBW versus Obese Patients 
Who Received Daptomycin Based on ABW and Non-Obese Patients

Type of Infection (No. of Patients in AdjBW, ABW, and 
Non-Obese Groups, Respectively)

Obese on 
AdjBW (%)

Obese on 
ABW (%)

P valuea Non-Obese 
(%)

P valueb

Monomicrobial infection (27, 32, and 105 patients)

Clinical cure 88.9 87.5 0.869 81.9 0.385
In-hospital mortality 18.5 28.1 0.388 24.8 0.495

30-day mortality 11.1 25 0.127 14.3 0.668

Monotherapy (30, 41, and 164 patients)
Clinical cure 83.3 80.5 0.759 73.2 0.239

In-hospital mortality 23.3 39 0.163 36.6 0.160
30-day mortality 16.7 31.7 0.150 24.4 0.357

Bacteremia (33, 42, and 147 patients)

Clinical cure 81.8 76.2 0.555 72.8 0.283
In-hospital mortality 24.2 40.4 0.139 38.8 0.116

30-day mortality 15.2 31 0.112 27.2 0.148

No IE and OM (33, 43, and 172 patients)
Clinical cure 84.8 79.1 0.519 72.7 0.141

In-hospital mortality 24.2 37.2 0.225 38.5 0.096

30-day mortality 18.2 27.9 0.323 27.3 0.272
Daptomycin as initial therapy (14, 23, and 68 patients)

Clinical cure 71.4 78.3 0.639 73.5 0.872

In-hospital mortality 28.6 39.1 0.514 41.2 0.379
30-day mortality 28.6 30.4 0.904 27.9 0.962

Enterococcal infection (22, 32, and 112 patients)

Clinical cure 81.8 75 0.554 65.2 0.126
In-hospital mortality 27.3 37.5 0.433 52.7 0.029

30-day mortality 22.7 28.1 0.657 33.9 0.304

Notes: aP values for the differences between AdjBW and ABW groups. bP values for the differences between AdjBW and non-obese groups. 
Abbreviations: ABW, actual body weight; AdjBW, adjusted body weight; IE, endocarditis; OM, osteomyelitis.
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compared to AdjBW group. This is not surprising as obese patients on ABW are expected to have closer monitoring. We 
did not identify any trend toward fewer CPK monitoring in specific hospital in our study.

Daptomycin doses higher than those currently approved to achieve more appropriate target attainment and clinical 
outcomes have been suggested in several studies. An earlier in vivo pharmacodynamic study suggested that the AUC/ 
MIC of daptomycin to achieve a 1 log-kill is ≥666.17 Pharmacokinetic/pharmacodynamic analyses showed that 
daptomycin doses ≥ 8 mg/kg are required to achieve this target, especially with MIC = 1 for Staphylococcus aureus 
infections.18–20 Furthermore, several observation studies,21–24 and current guidelines,25,26 recommended higher dap
tomycin doses. In a recent meta-analysis,8 the treatment success rate with daptomycin doses ≥ 8 mg/kg was higher in 
patients with complicated bacteremia and endocarditis. These studies did not address obese patients, and data on the 
optimal daptomycin dosing strategy in obese patients in light of these recommendations are lacking. Unlike the 
previous study, in which < 20% of patients received doses ≥ 8 mg/kg,12 approximately two-thirds of the obese patients 
in our study received this high-dose regimen which increases the generalizability of our study. In addition, the overall 
mean doses of daptomycin in the present study were 9±2, 9±2, and 8.3±1.8 in the AdjBW, ABW, and non-obese 
groups, respectively. After adjusting the absolute doses of daptomycin in the AdjBW group based on ABW, the overall 
mean dose was 7±1.6 mg/kg. Despite the lower overall exposure to daptomycin in the AdjBW group, clinical 
outcomes were comparable to those in the ABW and non-obese groups. The mean weight-based doses in our study 
were higher than the FDA-approved dosing of 4–6 mg/kg as well as higher than the mean doses of 5.6 mg/kg and 
5.5 mg/kg in the ABW and AdjBW groups, respectively, as described in a previous study.12 It should be considered 
that more morbidly obese patients received daptomycin based on AdjBW, potentially due to concern for overdosing in 
those patients when ABW was used. This is consistent with the findings of Fox et al, who showed that more patients 
received daptomycin based on ABW in class I and II obesity, while more patients received daptomycin based on 
AdjBW in class III.12 This could affect the validity of the outcome in this obesity category, given that only a few 
patients were tested using ABW.

The MIC data were available for 161 patients. Although the MIC for the remaining isolates was not available or could 
not be obtained, the available 2023 antibiogram in our hospitals demonstrated 97–100% susceptibility to daptomycin, 
including SDD, to E. faecium. In a national antimicrobial surveillance study conducted in the Kingdom of Saudi Arabia 
and analyzed the data between 2013–2023, susceptibility of S. aureus to daptomycin was > 97%.27 Further, in 
a retrospective study, conducted in the Kingdom of Saudi Arabia and analyzed the data between 2012–2021, suscept
ibility of Enterococcus species from clinical samples to daptomycin was > 99%.28 In 2019, revisions to the daptomycin 
breakpoints were published in CLSI document M100 in which SDD interpretive category was implemented for 
E. faecium. This breakpoint was based on a dosage regimen of 8–12 mg/kg. The overall mean doses of daptomycin 
in mg/kg to treat E. faecium infections in our study were 8.5±1.7, 9.3±1.8, and 8.3±1.7 in AdjBW, ABW, and non-obese 
groups, respectively.

The limitations of this study include the retrospective nature of the design, which may introduce selection bias, 
inclusion bias, and inability to account for unmeasured residual confounding variables despite our attempts to minimize 
them using multivariable logistic regression. The sample size was relatively small in the obese versus non-obese groups, 
which may have affected the outcomes. Data on source control measures were not documented, which may have 
influenced the results. In addition, data on specific MICs were not documented for all isolates; however, 2023 available 
antibiograms from our hospitals showed that the susceptibility rate of gram-positive pathogens to daptomycin, including 
SDD, for E. faecium was 97–100%. Although assessing one microbe and one infection site might be better, we preferred 
to include multiple microbes and infection sites to increase the sample size and mimic a real-life population. However, 
we conducted a subgroup analysis to improve the internal validity of the study. For safety assessment, the frequency of 
CPK monitoring was not standard between different institutions and depended on the institution’s own protocol. 
However, we included patients with at least one CPK level checked during treatment. Despite these limitations, our 
study was conducted in seven centers across the kingdom, including a non-obese control. Multiple outcomes were 
assessed, subgroups were analyzed, and most patients in the obese groups received high-dose daptomycin.

In conclusion, treatment with daptomycin based on AdjBW in obese patients had similar effectiveness and safety 
outcomes as treatment with daptomycin based on ABW in obese and non-obese patients with infections caused by gram- 
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positive pathogens. Based on the outcomes of our study, which is in line with the previously published pharmacokinetic 
and pharmacodynamic findings, AdjBW is a reasonable alternative weight descriptor for daptomycin dosing in obese 
patients, especially those at risk of CPK elevation and needed higher daptomycin doses such as those with complicated 
bacteremia or endocarditis. These findings may inform clinical decision-making in selecting dosing strategies for 
morbidly obese patients and in developing institutional protocols. However, our findings should be interpreted carefully 
in the context of small sample sizes, limited generalizability, and retrospective study design. Moreover, AdjBW as 
a weight descriptor in obese patients was proposed by a single unpublished pharmacodynamic study. Therefore, more 
pharmacokinetic/pharmacodynamic data especially with higher daptomycin dosing and clinical studies with larger 
sample sizes are needed to validate these findings.

Abbreviation
ABW, Actual body weight; AKI, Acute kidney injury; AdjBW, Adjusted body weight; AUC, Area under the curve; CPK, 
Creatine phosphokinase; IQR, Interquartile range; LOS, Length of hospital stay; SD, Standard deviation (SD).
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