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Take home message: 

Exposure to moxifloxacin is low in patients with tuberculosis and diabetes comorbidity, due to an 

increased clearance of the drug. As low exposure may result in poor treatment outcomes, higher 

moxifloxacin doses may be required for treatment success. 

  



To the Editor, 

  

Prevalence of diabetes mellitus (DM) in patients with tuberculosis is increasing and may negatively 

impact outcome in patients with active disease [1]. Gastrointestinal problems, including 

gastroparesis, may result in delayed drug absorption or malabsorption in patients with DM, which 

may cause suboptimal drug exposure and poor outcome [2]. Studies on the pharmacokinetics of the 

first-line anti-tuberculosis drugs in patients with DM yielded conflicting results on low drug exposure 

[3–7]. Moxifloxacin is a potent bactericidal drug against Mycobacterium tuberculosis and is key for 

the treatment of multidrug-resistant tuberculosis (MDR-TB)[8]. Moreover, moxifloxacin can be 

recommended for tuberculosis treatment in patients with monoresistance or intolerance to first-line 

drugs [9]. Recently, we reported on a patient with tuberculosis and DM in which moxifloxacin 

exposure was reduced [10].  

In this study we aimed to evaluate moxifloxacin drug exposure in patients with tuberculosis and DM. 

We retrospectively identified all patients, aged ≥16 years and who underwent routine therapeutic 

drug monitoring (TDM) using at least 3 time points for moxifloxacin as part of their tuberculosis 

treatment at our center in the period of 2006-2018. For this study, the Medical Ethical Committee of 

the UMCG waived the need for written informed consent due to the retrospective nature of the 

study (reference 2013/492). Patient data were processed according to the Declaration of Helsinki. 

Controls were tuberculosis patients without DM, matched on age, sex and rifampicin use 

(cases:controls 1:1). Patient characteristics were extracted from the electronic health record. 

Diabetes was excluded from control patients by routine blood glucose measurements once weekly, 

according to national guidelines. Moxifloxacin plasma concentrations were determined using a 

validated liquid-chromatography tandem mass-spectrometry method [11]. Pharmacokinetic 

parameters were calculated using two models for moxifloxacin (in the absence and presence of 

rifampicin)[12]. For continuous variables, data are expressed as medians plus interquartile range 



(IQR). For categorical variables, percentages of the relative to the total group were described. 

Comparisons between both groups were performed using a Mann-Whitney U test and differences 

were considered statistically significant at P<0.05. All statistical evaluations were performed using 

SPSS version 23.0 (IBM SPSS, USA). 

In total, 126 tuberculosis patients having been subjected to moxifloxacin TDM were eligible for 

evaluation. For the diabetes group, sixteen patients with DM treated orally with moxifloxacin 400 

mg once daily were identified and selected, of which 69% was male. One of whom had DM type 1, 

twelve had DM type 2, and three had steroid-induced DM. HbA1c results were available for nine 

patients and was median 8.3% (IQR: 6.2%-11.3%). Fourteen patients were treated with insulin, three 

patients were treated with metformin and three patients were treated with sulfonylurea derivatives. 

Fasting blood glucose results, determined within one week of TDM sampling were available for 

twelve patients and was median 8.2 (IQR: 6.1-10.9) mmol/l. Median age of the patients with DM was 

52 (IQR: 42-55) years and median body mass index (BMI) was 21.9 (IQR: 20.1-25.5) kg/m2. Eight 

patients (50%) were diagnosed with pulmonary TB. Five patients were diagnosed with MDR-TB, 

seven patients with drug-susceptible TB, two patients with mono-resistant TB, and for two patients 

susceptibility data were not available. Nine patients (56%) used rifampicin. For the control group 

sixteen matched patients were selected of which 63% was male, median age was 49 (IQR: 40-62) 

years and median BMI was 20.7 (IQR: 18.2-23.3) kg/m2. In the control group, pulmonary TB was the 

most common diagnosis (75%). Six patients were diagnosed with MDR-TB, six patients with drug-

susceptible TB and four patients with mono-resistant TB. Seven patients (44%) used rifampicin. No 

differences in creatinine or estimated glomerular filtration (eGFR) rate were observed between DM 

and control patients (data not shown). No differences for demographics were observed either. 

Median moxifloxacin dose was 6.6 (IQR: 4.7-7.2) mg/kg for patients with DM and 6.5 (IQR: 5.1-7.2) 

mg/kg for control patients (P>0.05). Median time between start of treatment and TDM was 17 (IQR: 

7-38) days and 22 (IQR: 10-35) days, respectively. Median number of samples was 6 (IQR: 6-7) for 



the DM group and 7 (IQR: 6-7) for the control group. Most frequently used time points (>90%) 

included t=0, t=1, t=2, t=3 and t=4 hours. In addition, at least one sample was obtained between t=4 

and t=8 hours. 

Exposure to moxifloxacin, expressed as the area under the concentration-time curve from 0 to 

24 hours (AUC0–24), was significantly lower in patients with DM compared to control patients (17.4 

(IQR: 12.5-21.8) versus 23.2 (IQR: 16.8-32.1) mg*h/l, respectively, P˂0.05, Figure 1A). In line with the 

exposure, the maximum concentration (Cmax) (1.7 (IQR: 1.3-2.6) versus 2.4 (IQR: 2.0-3.0) mg/l, 

respectively, P˂0.05, Figure 1B) and trough concentration (Cmin)(0.13 (IQR: 0.04-0.24) versus 0.30 

(IQR: 0.10-0.51) mg/l, respectively, P˂0.05, Figure 1C) were also lower in patients with DM. Notably, 

only seven patients (three DM and four controls) had Cmax concentrations within the expected range 

[10]. Clearance (CL/F) of moxifloxacin was increased in DM patients (25.2 (IQR: 20.9-32.5) versus 

18.3 (IQR: 13.3-26.4) l/h/1,85 m2, respectively, P˂0.05, Figure 1D). Due to the limited number of 

patients with HbA1c values no correlation could be performed between moxifloxacin clearance and 

HbA1c. No differences were observed between both groups for time to Cmax (Tmax), lag time (Tlag), 

volume of distribution (VD) or absorption rate constant (ka)(data not shown).  

In line with previous studies [12], rifampicin significantly reduced moxifloxacin exposure (23,8 (17,8-

27,6) versus 16,9 (12,5-20,7), P<0.01). Conversely, aminoglycosides (kanamycin and amikacin) 

appeared to significantly increase exposure (15,7 (12,7-17,6) versus 23,8 (18,4-27,6), P<0.05) which 

is in line with the fact that these patients were not treated with rifampicin. No apparent interactions 

were observed with other co-medication. When considering only the patients treated with regimens 

without rifampicin, diabetes co-morbidity still reduced moxifloxacin exposure via an increased 

clearance of the drug (data not shown). Collectively, these data indicate that in addition to 

rifampicin, diabetes co-morbidity may increase moxifloxacin clearance in patients with tuberculosis. 

To establish clinical relevance of the reduced exposure, fAUC0-24h/minimal inhibitory concentration 

(MIC) ratios were calculated. From hollow fiber models mimicking human pharmacokinetics, a fAUC0-



24h/MIC ratio >53 has been suggested to be optimal for treatment efficacy [13]. MICs were available 

for twelve control patients (0.125 mg/l: 9 patients; 0.25 mg/l: 3 patients) and seven patients with 

DM (0.125 mg/l: 3 patients; 0.25 mg/l: 3 patients; 0.5 mg/l: 1 patient) resulting in adequate 

fAUC/MIC ratios for 10 control patients (77%) and 2 patients with DM (29%). When the breakpoint 

(0.25 mg/l)[14] was used for all patients, fAUC/MIC ratios were adequate for 7 (44%) control 

patients, whereas no adequate exposure was observed in patients with DM (P=0.007 Fisher’s exact 

test). 

Our study showed that patients with tuberculosis and DM comorbidity have a lower exposure of 

moxifloxacin compared to matched controls. Previous studies already established that 

pharmacokinetics of moxifloxacin are highly variable and that reduced exposure may contribute to 

poor patient outcomes [9]. Reduced exposure to first-line anti-tuberculosis drugs in patients with 

DM has been attributed to gastro-intestinal problems [3, 4]. Although not routinely reported, no 

absorption problems were found. Moreover, no effect was observed on the lag time or absorption 

rate constant for moxifloxacin suggesting that the reduced exposure was independent of absorption 

problems. Indeed, moxifloxacin clearance was found to be increased in DM patients. Moxifloxacin is 

metabolized by uridine diphosphate-glucuronosyltransferase (UGT)1A1, UGT1A3 and UGT1A9. Of 

these, genetic variants of UGT1A1 with increased activity are positively associated with DM, 

providing a potential explanation for the increased clearance observed [15]. 

There are limitations to this study, including the retrospective nature and small number of patients. 

The analysis was complicated due to potential differences caused by co-treatment with rifampicin in 

part of the patients. Moreover, no matching was performed on kidney function or weight. Although 

TDM has become standard practice for moxifloxacin at our center, this was not the case at the 

beginning of the analysis period and cases may have been missed. The patients included in this study 

had a relatively normal BMI; whether these results also apply to overweight or obese patients with 



DM remains to be determined. Data on the pharmacokinetics of moxifloxacin in patients with DM 

without tuberculosis compared to control patients is lacking.  

In conclusion, our results indicate that exposure to moxifloxacin is reduced in patients with 

tuberculosis and DM. This reduction is clinically relevant, suggesting that, as for MDR-TB, higher 

doses of 600-800 mg may be necessary to improve treatment outcomes. Whether these doses result 

in adequate exposure and are safe, especially in the light of the recent EMA and FDA warnings for 

this drug, should be addressed in future studies. 
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Figure Legend 

Figure 1 Moxifloxacin exposure is reduced in tuberculosis patients with diabetes mellitus 

(DM). (A) Exposure, expressed as area under the concentration-time curve from 0 to 24 h (AUC0–24), 

to moxifloxacin in tuberculosis patients without (control) and with DM. (B) Observed maximum 

concentrations (Cmax) and (C) observed through concentrations (Cmin) for tuberculosis patients 

without (control) and with DM. (D) Clearance (CL/F) of moxifloxacin in tuberculosis patients without 

(cotrol) and with DM. *P˂0.05, **P˂0.01 compared to control patients. 



 


