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Abstract: Rifapentine is a rifamycin derivate approved by the US Food and Drug Administration 

in 1998 for the treatment of active, drug-susceptible tuberculosis (TB). In 2014, rifapentine 

was approved for the treatment of latent TB infection in patients at high risk of progression to 

active disease and is currently under evaluation by the European Medicines Agency. Expanding 

indications of rifapentine largely affect diabetes patients, since about one-third of them harbor 

latent TB. Clinical consequences of rifapentine use in this population and potentially harmful 

interactions with hypoglycemic agents are widely underexplored and generally considered 

similar to the ones of rifampicin. Indeed, rifapentine too may decrease blood levels of many oral 

antidiabetics and compete with them for protein-binding sites and/or transporters. However, the 

two drugs differ in protein-binding degree, the magnitude of cytochrome P450 induction and 

auto-induction, the degree of renal elimination, and so on. Rifapentine seems to be more suitable 

for use in diabetes patients with renal impairment, owing to the fact that it does not cause renal 

toxicity, and it is eliminated via kidneys in smaller proportions than rifampicin. On the other 

hand, there are no data related to rifapentine use in patients .65 years, and hypoalbuminemia 

associated with diabetic kidney disease may affect a free fraction of rifapentine to a greater 

extent than that of rifampicin. Until more pharmacokinetic information and information on the 

safety of rifapentine use in diabetic patients and drug–drug interactions are available, diabetes 

in TB patients treated with rifapentine should be managed with insulin analogs, and glucose 

and rifapentine plasma levels should be closely monitored.
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Introduction
In recent years, a large body of evidence that diabetes mellitus (DM) affects the 

natural history of tuberculosis (TB) has emerged.1–4 DM triples the risk of developing 

active TB, and 15%–25% of active TB cases globally are attributable to this disease.5,6 

Additionally, according to a recent meta-analysis conducted by Lee et al, there is also 

a small, but the statistically significant positive causal association between DM and 

latent TB infection (LTBI) (adjusted OR 1.18, 95% CI: 1.07–1.29 across 12 cross-

sectional studies).7

After almost half a century, anti-TB drug development is emerging again, mainly 

through expanding indications and reengineering of existing anti-TB compounds and 

discovery of new compounds.8 However, the anti-TB treatment in diabetes patients 

remains an issue of great complexity for several disquieting reasons: first, both DM 

and active TB infection may affect the pharmacokinetics of drugs (owing to changes in 

subcutaneous adipose tissue and muscle blood flow, nonenzymatic albumin glycation, 

Correspondence: Feng Gao
Department of endocrinology, Union 
Hospital, Tongji Medical College, 
Huazhong University of Science and 
Technology, 1277 Jiefang Avenue, wuhan 
430022, People’s Republic of China
email gaofengwh@aliyun.com 

Journal name: Drug Design, Development and Therapy
Article Designation: Review
Year: 2017
Volume: 11
Running head verso: Zheng et al
Running head recto: Rifapentine in diabetes patients with active and latent tuberculosis
DOI: http://dx.doi.org/10.2147/DDDT.S146506

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S146506
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:gaofengwh@aliyun.com


Drug Design, Development and Therapy 2017:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2958

Zheng et al

renal and hepatic impairment, etc.),9 possibly lessening their 

efficacy (impaired bactericidal activity of anti-TB drugs or 

hyperglycemia due to noneffectiveness of antidiabetics) 

or causing toxicity;10 second, as evidenced in in vivo and 

in vitro studies, DM affects the innate and adaptive immune 

responses necessary to control TB infection, leading to 

higher rates of treatment failure, death, and relapse of TB in 

diabetes patients as compared to nondiabetes ones;11 third, 

commonly used anti-TB drugs are inhibitors (isoniazid) or 

inducers (rifampicin) of the cytochrome (CYP) P450 which 

can provoke changes in the plasma concentrations of hypo-

glycemic and other anti-TB drugs.12,13

Lately, several novel pipelines to anti-TB treatment have 

been introduced: bedaquiline and delamanid, novel anti-TB 

agents approved by the US Food and Drug Administration 

(FDA) in 2012 and the European Medicines Agency in 2014, 

respectively, for the treatment of multidrug-resistant TB 

(MDR-TB);14,15 clofazimine, linezolid, and carbapenems, 

repurposed drugs showing promising results in MDR- and 

extensively drug-resistant-TB cases;16 and a number of 

newly proposed regimens.17 While the focus is placed on 

the development of anti-MDR-TB therapies, drug-sensitive 

anti-TB treatment research, not surprisingly, progresses at 

a much slower rate and often lacks attention of scientific 

community.16,17

Rifapentine is an antimicrobial rifamycin derivative and 

has a similar profile of microbiological activity to rifampicin.18 

It was initially approved by the FDA in 1998 for treatment of 

active, drug-sensitive TB caused by Mycobacterium tuber-

culosis in adults and children aged $12 years. In 2014, the 

FDA approved the combination of rifapentine and isoniazid 

for the treatment of LTBI in patients aged $2 years at high 

risk of progression to TB disease.18 This regimen is included 

in the WHO’s first-ever Guidelines on the Management of 

Latent Tuberculosis Infection, released in 2015.19 In the 

People’s Republic of China, rifapentine has been widely 

used in clinical settings since the 1996 version of the Chinese 

National Essential Medicine List was published, and there 

has been a growing tendency for clinicians to use rifapentine 

instead of rifampicin.20 Rifapentine is a potent inducer of 

several CYP450 enzymes and may influence the kinetics of 

many drugs at different levels. It may reduce the hypogly-

cemic effects of hypoglycemic agents and other drugs, and 

its use in special populations is widely unexplored.18 While 

the potential for these effects is largely unknown for rifap-

entine, rifampicin, also a potent inducer of CYP450, was 

found to enhance the glucose-lowering action of metformin 

and decrease the plasma concentrations of nateglinide and 

glyburide.21–23 Knowing that around 25% of diabetes patients 

harbor LTBI and that DM triples the risk of active TB,5,24 the 

expanding use of rifapentine creates a need for clarifying the 

efficacy and safety profile of this drug when it comes to a 

vulnerable population such as diabetes patients. Therefore, 

in this paper, we aimed to review all clinical and pharma-

cological data relevant for the concurrent use of rifapentine 

and oral hypoglycemic agents/insulin, to compare them 

with those of rifampicin, and to potentially identify optimal 

combinations of rifapentine and hypoglycemic drugs in terms 

of patient’s safety.

Search methodology
We searched PubMed/MEDLINE, EMBASE, Google Scholar, 

and Scopus for studies of all designs using the following key 

words: “hypoglycemic”, “antidiabetic”, “glucose-lowering”, 

“rifapentine”, “rifampicin”, and “rifamycin” without apply-

ing any language or other restrictive criteria. The WHO 

Guidelines on the Management of Latent Tuberculosis Infec-

tion and Summaries of Product Characteristics (SmPCs) of 

all drugs mentioned in this review were referred to obtain 

the most actualized data on the management of latent TB 

and additional information regarding safety profiles of the 

included drugs.

Pharmacokinetic hallmarks of 
rifapentine and possible interactions 
with hypoglycemic agents
Pharmacokinetics of rifapentine
While pharmacokinetic and pharmacodynamic properties of 

rifampicin and their clinical significance are widely known,13 

clinical repercussions of pharmacological differences 

between rifampicin and rifapentine are largely unexplored.

In the initial phase of active TB (2 months), rifapentine 

tablets should be administered at a dose of 600 mg twice 

weekly for 2 months as directly observed therapy (DOT), 

with an interval of no less than 72 h between doses, with daily 

administration of isoniazid, ethambutol, or pyrazinamide. In 

the continuation phase (4 months), the drug should be given 

at a dose of 600 mg once per week with DOT of isoniazid or 

an appropriate agent for susceptible organisms.18 For LTBI, 

the dose of rifapentine should be determined based on the 

weight of the patient (up to a maximum of 900 mg once 

weekly for 12 weeks), and the drug should be accompanied 

by isoniazid.18 The absolute bioavailability of rifapentine 

after a single 600 mg dose in healthy adult volunteers is 

70%.18,25 Unlike rifampicin that shows supraproportional 

increase in exposure with increasing doses,26 increases in 
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the dose of rifapentine result in less-than-dose-proportional 

increases in exposures.27 Similarly, while absorption of 

rifampicin decreases when taken with food,13 administra-

tion of rifapentine with a high fat meal (850 total calories) 

increases the area under the curve (AUC) (0–∞) and maximal 

concentration (Cmax) by 43% and 44%, respectively, over 

that observed when administered under fasting conditions.18,25 

As recently shown by Savic et al, although the bioavailability 

of rifapentine decreased with increasing dose as compared 

with the lowest dose administered (450 mg), high expo-

sures could be achieved when rifapentine was given daily 

at high doses with food. In this study, target rifapentine 

AUC0–24 $350 μg⋅h/mL (AUC95) was achieved with a 

daily dose of 1,200 mg in $87% of participants who took the 

drug with high-fat foods, and when compared with control 

group treated with rifampicin, these patients were estimated 

to take 3.7 weeks less to develop stable culture conversion to 

negative in liquid media.28 While both rifampicin and rifap-

entine are substrates for p-glycoprotein (ABCB1), it seems 

that only rifampicin has the potential to induce it.13,18,25,29 The 

Cmax is normally achieved from 5 to 6 h after administration 

of the 600 mg dose of rifapentine.18 In healthy volunteers, 

rifapentine and its active metabolite, 25-desacetyl rifapentine, 

are 99% and 93.2% bound to plasma proteins, respectively, 

mainly to albumin.18 Rifampicin protein binding is about 

80%, but the clinical impact of higher protein binding of 

rifapentine remains unclear.13 Both drugs are deacetylated 

by liver esterase.25,29 Rifapentine has a much longer half-life 

than rifampicin (10–15 h compared to 2–5 h, respectively). 

Around 15% of rifapentine is eliminated by urine, whereas in 

case of rifampicin, renal elimination reaches 30%.13,18,25,29

Similar to rifampicin, rifapentine induces microsomal 

enzymes of the liver, mainly CYP3A4 and CYP2C8/9, and 

therefore accelerates the metabolism of some drugs.18,25 

Induction of enzyme activities occurs within 4 days after 

taking the first dose of rifapentine and within 2 days after 

taking the first dose of rifampicin, and enzyme activities 

return to baseline levels 14 days after discontinuing both 

drugs.13,18,25,29 The magnitude of enzyme induction of rifa-

pentine is smaller than the one of rifampicin.25,29 However, 

while rifampicin has a strong potential of auto-induction, rifa-

pentine shows no such effect.25,29 The SmPCs of rifampicin 

and rifapentine provide a list of drugs, the concomitant use 

of which should be monitored. Among antidiabetic agents, 

only sulfonylureas are mentioned as potentially dangerous 

when combined with the rifamycin group.13,18 Pharmacoki-

netic characteristics of rifapentine and rifampicin after oral 

administration are shown in Table 1.

interactions between rifapentine and oral 
hypoglycemic agents
The use of rifapentine in diabetes patients has not been 

studied, although studies suggest that exposure to rifampicin 

is strongly reduced in patients with TB and DM as compared 

to nondiabetic TB patients.30 In spite of the pharmacological 

differences between rifampicin and rifapentine, and the very 

likely potential for pharmacokinetic drug–drug interac-

tions of rifapentine, surprisingly small number of studies 

performed on humans addressed this topic.30–34 Although it 

has been shown that the magnitude of enzyme induction of 

rifapentine is smaller than that of rifampicin,25,29 the study 

of Dooley et al found that the mean AUC0–12 of oral mida-

zolam, a CYP3A probe drug, was reduced by 93% with 

the coadministration of rifapentine and by 74% with the 

coadministration of rifampicin (p,0.01).35 Therefore, the 

potential for drug interaction of the two drugs may not be 

entirely comparable.

The parallel use of rifapentine and sulfonylureas is rec-

ognized as potentially dangerous in terms of lack of efficacy 

of the hypoglycemic agents due to induction of CYP3A4.18 

However, this type of interaction may be expected with 

many other oral antidiabetics, like repaglinide, pioglitazone, 

glibenclamide, sitagliptin, bromocriptine mesylate, and 

others, which also use this metabolic pathway. By inducing 

CYP2C8, rifapentine may decrease serum concentrations 

of gliclazide and rosiglitazone, and additionally modulate 

the kinetics of pioglitazone and sitagliptin.36 In the study 

of Zheng et al, multiple oral rifampicin doses lowered gly-

buride’s AUC and Cmax by 63% and 48%, respectively, and 

Table 1 Pharmacokinetic characteristics of rifapentine and 
rifampicin after oral administration

PK properties Rifapentine Rifampicin

intestinal absorption increases with food Decreases with food
Substrate of ABCB1 Yes Yes
inducer of ABCB1 No Yes
Bioavailability after 
administration per os (%)

~70 ~90

Cmax (h) 2.5–5.5 2–4
Plasma protein binding (%) ~99 ~80
Biotransformation Hepatic esterase Hepatic esterase
CYP450 induction 3A4, 2C8/9 1A2, 3A4, 2C8/9/19
Magnitude of CYP450 
induction

++ +++

Auto-induction No Yes
Half-life (h) ~10–15 ~2–5
Main elimination route Hepatic Hepatic
Renal elimination (%) ~15 ~30

Abbreviations: PK, pharmacokinetic; Cmax, maximal concentration; CYP, cyto-
chrome P.
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increased blood glucose levels compared to control.37 The fact 

that both drugs share the potential to induce CYP3A4 and 

CYP2C8/9 leads to the conclusion that the effect observed 

by Zheng et al may indeed be expected in case of rifapentine 

as well. However, it is important to take into account that 

the effect of rifampicin on AUC and Cmax of glyburide is 

probably due to both p-glycoprotein and CYP3A4 induction, 

and OATP1B1 inhibition, which does not make the two drugs 

entirely comparable. In vitro studies suggest that, unlike 

rifampicin, rifapentine does not induce p-glycoprotein.25,29 

Nevertheless, since this transporter becomes saturated by 

high concentrations of drug in the intestinal lumen, rifap-

entine may compete with drugs that are also substrate of 

this transporter, like sulfonylureas and/or SGLT-2 agents.38 

Since sulfonylureas are also largely affected by the CYP3A4 

or CYP2C8 induction,36 this may be of particular clinical 

importance. Crossed metabolic pathways between different 

oral antidiabetics and rifapentine/rifampicin are shown 

in Table 2.

Interferons and pro-inflammatory cytokines can down-

regulate CYP450 expression in vivo and in hepatocyte 

cultures, leading to an effect opposite to the one observed 

with rifamycin agents – decreased metabolism of oral antidi-

abetic drugs.39–41 Therefore, pharmacokinetic studies com-

paring diabetes patients with TB on different antidiabetic 

regimens with nondiabetes TB patients must be performed 

to explain the clinical significance of the opposite effects 

that rifamycin drugs and infection/inflammation have on 

CYP450 expression.

Rifapentine is highly bound (~99%) to plasma proteins;18 

hence, coadministered drugs may compete for the same 

plasma protein-binding sites and affect the free drug 

concentration. This may be the case with their concur-

rent use with sulfonylureas (protein binding .99%), 

glinides (protein binding .98%), or SGLT-2 inhibitors 

(protein binding .98%).36 The pharmacokinetic and clini-

cal consequences of potential protein-binding displacement 

remain to be elucidated.

Metformin suppresses the inflammatory response by 

nuclear factor κB inhibition via adenosine monophosphate-

activated protein kinase-dependent and kinase-independent 

pathways, and its anti-inflammatory properties are inde-

pendent of patient’s DM status.42 Also, it does not use the 

CYP450 metabolic pathway, its transport is p-glycoprotein-

independent, and it does not bind to plasma proteins.43 For 

its favorable pharmacokinetic and anti-inflammatory profile, 

metformin could be a key compound for combination with 

rifamycin drugs. However, Cho et al found that rifampicin 

enhances the glucose-lowering effect of metformin and 

increases the OCT1 mRNA levels in healthy participants.21 

Williamson et al showed that rifapentine does not affect the 

expression of ABCB1, ABCC2, OATP1B1, or OATP1B3,44 

but currently no preclinical or clinical studies explain its 

influence on OCTs.

interactions between rifapentine and 
insulin analogs
The hyperglycemia associated with TB may complicate the 

management of diabetes.45 An optimal glycemic control results 

in a better patient outcome, so management of DM in TB 

should be aggressive.45 The American Association of Clinical 

Endocrinologists discourages the use of traditional human 

insulins, recommending modern insulins or insulin analogs 

instead, as they are more predictable in action and cause less 

hypoglycaemia.46 A limited amount of exogenous insulin 

is metabolized by the liver in its first pass; the main organ 

responsible for metabolizing exogenous insulin administered 

to diabetes patients (~80%) is the kidney. Approximately 

65% of insulin is filtered in the glomerulus and metabolized 

in the cells of the proximal tubule. The remaining insulin 

(~35%) diffuses from post-glomerular peritubular ves-

sels to the contraluminal cell membrane of the proximal 

tubular cell, where it is also degraded.47–50 Although insulin 

analogs are also metabolized in the liver,51 they do not 

share metabolic pathways with rifapentine, so the hepatic 

alteration of the pharmacokinetic parameters of these drugs is  

not expected.

Although the SmPCs of the insulin analogs do not 

include specific drug interactions, it is generally thought 

that several drugs potentially increase the hypoglycemic 

Table 2 Crossed metabolic pathways of rifapentine/rifampicin 
and oral antidiabetics

Oral hypoglycemic agent Antituberculosis drug

Rifapentine Rifampicin

Meglitinides
Nateglinide (Starlix®) 3A4/2C9 3A4/2C9
Repaglinide (Prandin®) 3A4/2C8 3A4/2C8
Thiazolidinediones
Pioglitazone (Actos®) 3A4/2C8 3A4/2C8
Rosiglitazone (Avandia®) 2C8/9 2C8/9
Sulfonylureas
Glibenclamide (Glyburide®) 3A4 3A4
Gliclazide (Diamicron®) 2C8/9 2C8/9/19
Gliquidone (Glurenorm®) 3A4/2C9 3A4/2C9/19/1A2
DPP-IV inhibitors
Sitagliptin (Januvia®) 3A4/2C8 3A4/2C8
Saxagliptin (Onglyza®) 3A4 3A4
Other
Bromocriptine mesylate (Cycloset®) 3A4 3A4

Abbreviation: DPP-iv, dipeptidyl peptidase iv.
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effect of insulin (oral antidiabetic products, pramlintide, 

angiotensin-converting enzyme inhibitors, fibrates, fluoxetine,  

mono-amine oxidase inhibitors, propoxyphene, pentoxifyl-

line, salicylates, somatostatin analogs, sulfonamide anti-

biotics) and reduce it (corticosteroids, niacin, diuretics, 

sympathomimetic agents, glucagon, isoniazid, phenothiazine 

derivatives, thyroid hormones, estrogens, progestogens, 

protease inhibitors, atypical antipsychotic medications).52–57 

Nevertheless, currently, there are no data related to poten-

tial hypoglycemic or hyperglycemic properties of rifap-

entine, which may affect the hypoglycemic potential of 

insulin analogs.

Following subcutaneous injection, insulin detemir and 

degludec extensively bind to albumin. The prolonged action 

of detemir and degludec, achieved by slow absorption from 

the subcutaneous depot, appears to be partially mediated 

by binding to albumin via a fatty acid chain.56,57 Clinical 

data on the relationship between the pharmacodynamic 

and pharmacokinetic properties of detemir and degludec, 

and the plasma level of albumin are very scarce. However, 

due to their high-level protein-binding, potential interac-

tions of detemir and degludec with rifapentine should be 

considered.

interactions between rifapentine and 
GLP-1 receptor agonists/pramlintide
Liraglutide is the only drug from this group which may pos-

sibly interact with rifapentine at the protein-binding level, as 

it is highly protein-bound (.98%).58 Pramlintide is metabo-

lized primarily by the kidneys, while the GLP-1 receptor 

agonists undergo minimal systemic metabolism or they are 

endogenously metabolized by dipeptidyl peptidase IV and 

endogenous endopeptidases.59 Hence, other pharmacokinetic 

interactions are not expected with rifapentine. Slower gastric 

emptying induced by GLP-1 receptor agonists may reduce 

the extent and rate of absorption of both rifapentine and 

rifampicin and affect their efficacy, as it at least partially 

depends on the blood concentrations of drugs.25,29,59 Possible 

pharmacokinetic interactions between rifapentine/rifampicin 

and hypoglycemic agents and their expected clinical effects 

are shown in Table 3.

Pharmacodynamic hallmarks of 
rifapentine and possible interactions 
with hypoglycemic agents
Mechanism of action and 
pharmacodynamic interactions 
of rifapentine
Rifapentine inhibits DNA-dependent RNA polymerase in 

susceptible strains of both intracellular and extracellular 

M. tuberculosis organisms, but not in mammalian cells.18,25 

Rifapentine and the 25-desacetyl metabolite accumulate in 

human monocyte-derived macrophages with intracellular/

extracellular ratios of approximately 24:1 and 7:1, respectively. 

Interpretive minimal inhibitory concentration (MIC) criteria/

Table 3 Possible PK interactions between rifapentine/rifampicin and hypoglycemic agents and their expected clinical effects

Interaction level Possible PK interaction Expected clinical effect

Transporter level 
(ABCB1)

Rifapentine: competition with SU and SGLT-2 inhibitors. Decreased levels of SU 
and SGLT-2 inhibitors

Lack of hypoglycemic efficacy, possibly greater 
with rifampicin

Rifampicin: competition with SU and SGLT-2 inhibitors and induction of ABCB1. 
Decreased levels of SU and SGLT-2 inhibitors

Protein-binding 
level

Rifapentine: competition for protein-binding sites with SU, glinides, SGLT-2 
inhibitors, detemir, degludec, and liraglutide. increased levels of oral antidiabetic 
drugs and/or rifapentine

Possible potentiation of hypoglycemic 
and/or antituberculosis effects, and increased 
risk of dose-dependent adverse effects. 
The interaction may be stronger with 
rifapentine than with rifampicin

Rifampicin: competition for protein-binding sites with SU, glinides, SGLT-2 
inhibitors, detemir, degludec, and liraglutide. increased levels of oral antidiabetic 
drugs and/or rifampicin

Hepatic 
metabolism level

Rifapentine: induction of CYP3A4 and CYP2C8/9 and decreased levels of 
nateglinide, repaglinide, pioglitazone, rosiglitazone, glibenclamide, gliquidone, 
gliclazide, sitagliptin, and saxagliptin

Rifapentine: hyperglycemia

Rifampicin: induction of CYP3A4, CYP2C8/9/19, CYP1A2, and auto-induction. 
Decreased levels of nateglinide, repaglinide, pioglitazone, rosiglitazone, 
glibenclamide, gliquidone, gliclazide, sitagliptin, saxagliptin, and rifampicin itself

Rifampicin: hyperglycemia and diminished 
antituberculosis efficacy over time

Rifapentine/rifampicin: induction by antidiabetics with CYP3A4-inducing 
potential, like bromocriptine. Decreased levels of both rifapentine and rifampicin

Lack of antituberculosis efficacy, possibly 
greater with rifampicin owing to auto-induction

Rifapentine/rifampicin/antidiabetics: inhibition of CYP450 in severe infection. 
increased levels of oral antidiabetic drugs and/or rifapentine/rifampicin

Possible potentiation of hypoglycemic and/or 
antituberculosis effects, and increased risk of 
dose-dependent adverse effects

Abbreviations: PK, pharmacokinetic; SU, sulfonylureas; CYP, cytochrome P.
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breakpoints to determine the susceptibility of M. tuberculosis 

to rifapentine have not been established.18,25 However, in 

vitro preclinical studies showed that M. tuberculosis complex 

strains are more susceptible to rifapentine than to rifampicin, 

irrespective of the testing method.60

Clinical studies exploring the effect of DM on the phar-

macodynamics of drugs are very scarce. Several studies 

have reported the effects of DM on the drug dose response 

of certain cardiovascular drugs,61–63 but it is unclear whether 

these studies show true pharmacodynamic changes or merely 

pharmacokinetic changes.

Clinical studies performed with rifapentine did not spe-

cifically address the dose/concentration–effect relationship 

between rifapentine and other drugs at the receptor, signaling, 

or effector level. However, both rifapentine and rifampicin 

may provoke alterations in glucose metabolism (hypo- and 

hyperglycemia)13,18 and potentially interfere with the hypo-

glycemic effect of antidiabetic drugs. Therefore, combining 

these drugs requires caution.

Mechanisms of resistance
The incidence of rifapentine-resistant organisms associated 

with spontaneous mutations in an otherwise susceptible 

population of M. tuberculosis strains is approximately one in 

107–108 bacilli.25 Although there is evidence of complete 

cross-resistance between rifampicin and rifapentine,64 some 

authors demonstrated that rifampicin-resistant strains still 

preserved susceptibility to rifapentine.65 Nevertheless, resis-

tance to both rifapentine and rifampicin normally develops 

quickly when exposed to a single drug,13,18 so they should 

only be used in combination with other drugs when treating 

active TB. Single-base-pair mutations in the β subunit of the 

RNA polymerase gene (rpoB) are responsible for the devel-

opment of cross-resistance to all rifamycin drugs.64

Clinical efficacy and safety
Rifapentine was studied in two randomized, open-label 

controlled clinical trials in the treatment of active pulmonary 

TB and one multicenter, open-label, randomized, active-

controlled trial in latent pulmonary TB. The first trial included 

722 HIV-negative patients with active pulmonary TB treated 

with rifapentine 600 mg twice a week in combination with 

daily isoniazid, pyrazinamide, and ethambutol (n=361) and 

rifampicin 600 mg in the same combination administered 

daily in the initial 2-month phase of treatment.18 During the 

4-month continuation phase, 317 patients in the rifapentine 

group continued to receive rifapentine 600 mg dose once 

weekly with isoniazid and 304 patients in the rifampicin 

group received rifampicin and isoniazid twice weekly.18 

At the end of 6 months of treatment, more patients from 

rifapentine group reached conversion (87% from rifapentine 

compared to 80% from rifampicin group). However, through 

24-month follow-up period, the risk of relapse was greater 

in the group treated with the rifapentine combination.18 

The second trial was performed in 1,075 HIV-negative 

and HIV-positive patients with active pulmonary TB who 

had completed the initial 2-month phase of treatment with 

rifampicin, isoniazid, pyrazinamide, and either ethambutol or 

streptomycin. The patients were randomly assigned to receive 

either rifapentine 600 mg and isoniazid 15 mg/kg once 

weekly (502 HIV-negative and 36 HIV-positive patients) or 

rifampicin 10 mg/kg and isoniazid 15 mg/kg twice weekly 

(502 HIV-negative and 35 HIV-positive patients) for the 

4-month continuation phase. Around 94% of patients from 

rifapentine group reached conversion after 6 months of 

therapy compared to 91% from rifampicin group. Both HIV-

positive and HIV-negative patients had higher rates of relapse 

with rifapentine than with rifampicin after 24 months.18

The effectiveness of 12 weekly doses of rifapentine in 

combination with isoniazid (n=3,074) compared to 9 months 

of self-administered daily isoniazid (n=3,074) was studied 

in patients with positive tuberculin skin test and at high risk 

of progression to TB disease. Active TB developed in 5 of 

3,074 randomized patients in the rifapentine + isoniazid 

group (0.16%) versus 10 of 3,074 patients in isoniazid-only 

group (0.32%), for a difference in cumulative rates of 0.17% 

(95% CI: -0.43 to 0.09).18

Most frequently reported side effects of rifapentine (.1% 

of patients) were hyperuricemia (most likely due to pyrazin-

amide from the initiation phase), pyuria, hematuria, urinary 

tract infection, neutropenia, lymphocytopenia, anemia, chest 

pain, edema, headache, diaphoresis, skin rash, hypoglycemia, 

hyperglycemia, anorexia, nausea and vomiting, constipa-

tion, dyspepsia, abdominal pain, diarrhea, hypertransami-

nasemia, arth ralgia, hemoptysis, and cough.18

Clinical considerations related to 
the use of rifapentine in diabetes 
patients
Aging
Patients affected by type 2 DM are predominantly over 

60 years of age. Aging is associated with structural and 

functional changes that affect the metabolism and pharma-

codynamics of drugs.66,67 Thus, the therapeutic effects and 

safety profiles of antidiabetic and other drugs used in the 
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elderly may change. Impaired renal and hepatic functions, 

reduced gastric acid secretion and gastric emptying, reduced 

splanchnic blood flow and absorptive capacity of the small 

intestine, reduction in liver mass and blood flow, changes 

in body composition, and increased sensitivity to drugs may 

lead to important changes in plasma concentrations.66,67

Premarketing clinical studies of rifapentine did not 

include sufficient numbers of subjects aged $65 years to 

determine whether they respond differently from younger 

subjects.18 Other reported clinical experience, on the other 

hand, has not found differences in responses between the 

elderly and younger patients.68 According to the rifap-

entine’s SmPC, 

dose selection for an elderly patient should be cautious, 

usually starting at the low end of the dosing range, reflect-

ing the greater frequency of decreased hepatic, renal, or 

cardiac function and of concomitant disease or other drug 

therapy.18

In elderly patients treated with rifampicin, the renal elimina-

tion of rifampicin was decreased proportionally to decrease 

of renal function; due to compensatory increase of liver 

elimination, the terminal half-life in serum was similar to that 

of younger patients.13 Nonetheless, the rifampicin’s SmPC 

states that “caution should be exercised in using rifampicin 

in such patients, especially if there is evidence of impaired 

liver function”.13 Although rifampicin and rifapentine share 

similar metabolic pathways,25,29 there are no pharmacokinetic 

studies performed so far that would explain the behavior of 

rifapentine in patients with impaired renal, hepatic, or cardiac 

function. These functions may be additionally compromised 

in the elderly with type 2 DM. Thus, the pharmacokinetic 

behavior of rifapentine in this population must be explored 

before its widespread use.

Bladder dysfunction in diabetes, often pathophysi-

ologically overlapped with the physiological deterioration 

of bladder function in the elderly, should be evaluated when 

the use of rifamycins is considered because urination disor-

ders, including infections, have been reported with this drug 

group.13,18 Rifapentine seems to have a slightly more advanta-

geous urinary profile as compared to rifampicin; nonetheless, 

a synergistically induced increased risk of urinary disorders 

is most probably possible with both drugs when used in 

diabetes patients.

Renal impairment
About 30%–35% of patients with type 1 DM and 10%–40% 

of those with type 2 DM will at some point develop 

renal failure.69 Only about 17% of an administered dose of 

rifapentine is excreted via the kidneys,18,25 so renal impair-

ment should not have a substantial influence on the blood 

levels of the drug. However, to date, the pharmacokinetics 

of rifapentine have not been evaluated in renal-impaired 

patients, and the clinical significance of impaired renal func-

tion on the disposition of rifapentine and its 25-desacetyl 

metabolite is not known. The SmPC of rifampicin, the renal 

excretion of which accounts for about one-third of the admin-

istered dose, states that “cautions should be taken in case 

of renal impairment if dose .600 mg/day”.13 Following a 

single 900 mg oral dose of rifampicin in patients with varying 

degrees of renal insufficiency, the mean half-life increased 

from 3.6 h in healthy adults to 5.0, 7.3, and 11.0 h in patients 

with glomerular filtration rates of 30–50 mL/min, in patients 

with ,30 mL/min, and in anuric patients, respectively.29 

Moreover, acute renal failure usually due to acute tubular 

necrosis or acute interstitial nephritis has been reported 

with rifampicin, while with rifapentine no such effect has 

been observed.13,18 Due to a more favorable renal profile of 

rifapentine (a smaller proportion of renal excretion and no 

renal toxicity) than the one of rifampicin, rifapentine may be 

more suitable for use in patients with impaired renal func-

tion, including diabetes patients. This, however, has to be 

confirmed in pharmacokinetic studies.

Since rifapentine and related compounds excreted in 

urine account for only 17% of the administered dose, neither 

hemodialysis nor forced diuresis is expected to enhance the 

systemic elimination of unchanged rifapentine from the 

patient’s circulation.18 While no pharmacokinetic data are 

available for rifapentine, the SmPC of rifampicin suggests 

that hemodialysis may cause a significant decrease in the 

blood levels of the drug.13 Woo et al found that patients with 

TB on maintenance dialysis had suboptimal blood concentra-

tions of rifampicin, suggesting that treatment should be either 

with higher doses of the drug or with additional replacement 

doses given after each dialysis.70 On the other hand, Malone 

et al found that rifampicin was not significantly removed 

by hemodialysis.71 Overall, guides on the use of rifampicin 

in dialysis suggest that no rifampicin dose adjustments are 

required,13 but neither for this drug nor for rifapentine there 

are randomized controlled trials that provide evidence to 

guide TB treatment in renal failure/dialysis.

Diabetic kidney disease (DKD) associated with micro- 

or macroalbuminuria represents another significant chal-

lenge, especially in case of rifapentine (~99% protein 

binding), although rifampicin is also highly protein-bound. 

Hypoalbuminemia, as a consequence of DKD or severe 
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illness in TB patients, may lead to increased blood concen-

trations of the drug, an effect followed by dilution of drug’s 

free fraction in an increased volume of distribution (Vd) and 

rapid clearance.25

Hepatic impairment
Broad spectrum of liver disease (alteration of liver enzymes, 

nonalcoholic fatty liver disease, cirrhosis, hepatocellular 

carcinoma, acute liver failure) can be associated with type 

2 DM.72 Type 1 DM is not associated with hepatic fat accu-

mulation if glycemia is well controlled, but type 2 DM may 

have a 70% correlation, regardless of glycemic control.72 

Nonalcoholic fatty liver disease-associated alterations of 

liver function and transporter expression can lead to dramatic 

changes in drug disposition, whereas acute hepatic insuffi-

ciency influences drug’s pharmacokinetics through changes 

in hepatic blood flow, liver enzyme activity, and the binding 

of drugs to plasma proteins.73,74

Following oral administration of a single 600 mg dose 

of rifapentine to mild-to-severe hepatic impaired patients 

(n=15), the PK parameters of rifapentine and 25-desacetyl 

metabolite were similar among patients with different levels 

of hepatic impairment. The obtained PK parameters were 

also similar to those observed in another study in healthy 

volunteers (n=12).18 However, the SmPC of rifapentine 

concludes that the clinical significance of impaired hepatic 

function on the disposition of rifapentine and its 25-desacetyl 

metabolite is not known.18 The SmPC of rifampicin, on the 

other hand, warns that a daily dose of 8 mg/kg should not be 

exceeded in patients with impaired liver function.13 Competi-

tion between rifampicin and bilirubin for hepatic excretion 

may cause hyperbilirubinemia in the early days of treatment.13 

Cases of hyperbilirubinemia have been observed in patients 

treated with rifapentine as well, but their pathogenesis and 

frequency still remain unclear.

The rifamycin class is associated with serious hepatic 

events, and patients with abnormal liver tests and/or liver dis-

ease, including diabetic patients, should only be given rifapen-

tine in cases of necessity with caution and under strict medical 

supervision.18 In premarketing clinical studies, hypertransami-

nasemia was observed more frequently in the rifampicin than 

in the rifapentine group,13,18 but it is still not clear whether 

rifapentine is safer than rifampicin for use in liver failure.

Adrenal insufficiency
Patients with the impaired glucose tolerance induced by 

adrenal disorders may benefit more of the treatment with rifa-

pentine than with rifampicin. Cases of adrenal insufficiency 

caused by rifampicin have been observed among patients 

with compromised adrenal function, but rifapentine does not 

seem to exert the same effect.13,18

Metabolic imbalances
Diabetes patients often present electrolyte disturbances, includ-

ing hyperkalemia. In the diabetic with ketoacidosis, hyper-

kalemia is attributable to reduced renal function, acidosis, the 

release of potassium from cells due to glycogenolysis, and lack 

of insulin, whereas chronic hyperkalemia in diabetics is most 

often attributable to hyporeninemic hypoaldosteronism.75 

The SmPC of rifapentine states that during both initial and 

continuation phases of clinical studies, cases of hyperkalemia 

have been observed in $1% of TB patients.18 Contrast-

ingly, although there are reports of hyperkalemia in patients 

treated with rifampicin, it is always associated with previ-

ous adrenal insufficiency.13 Until more data are collected, 

special cautions should be taken when rifapentine is admin-

istered to diabetes patients with hyperkalemia or adrenal  

insufficiency.

Cases of both hyper- and hypoglycemia have been 

observed during clinical trials with rifapentine (.1%),18 

while the early use of rifampicin may be associated with 

hyperglycemia, as reported by several authors.76,77 Rifampicin 

is thought to boost glucose intestinal absorption leading to 

this effect.76,77 Although this adverse effect is not included in 

the SmPC of rifampicin, strict controls of glycemia may be 

required in patients receiving either of these drugs.

infections
The greater frequency and severity of infections in diabetic 

patients is caused by the immune dysfunction, micro- and 

macro-angiopathies, neuropathy, decrease in the antibac-

terial activity of urine, and gastrointestinal and urinary 

dysmotility.10 In premarketing clinical trials with rifap-

entine, .10% of treated patients reported urinary infections, 

which may represent an important downside of this drug’s 

use in the diabetic population.18 Urinary tract infections have 

been reported with rifampicin as well, but again, its SmPC 

does not provide data on this side effect. Both antibiotics 

should be used with special caution in immunocompromised 

patients, including those with DM, due to increased risk of 

Clostridium difficile infection.13,18

Adverse drug reactions
Hepatic and gastrointestinal reactions
Drugs from the rifamycin class are associated with serious 

hepatocellular damage, and it is generally accepted that 
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patients with abnormal liver tests and/or liver disease should 

only be given these drugs in cases of necessity. Hypetransam-

inasemia was the most commonly observed hepatic event in 

premarketing clinical trials with rifapentine (.1%), and it 

was slightly less frequent than that observed in studies with 

rifampicin.13,18 Lower doses and/or careful monitoring of liver 

function may be necessary when rifamycins are combined 

with thiazolidinediones and acarbose, also known for their 

hepatotoxic potential.

Dyspepsia, nausea, vomiting, constipation, and diarrhea 

have been observed in .1% of the patients treated with rifap-

entine.18 Gastrointestinal side effects observed with rifampicin 

include nausea and dyspepsia (2% of patients), while heart-

burn, anorexia, vomiting, flatulence, cramps, and diarrhea 

occur less frequently.13 Biguanides, alpha-glucosidase 

inhibitors, bromocriptine, glinides, SGLT-2 inhibitors, insu-

lin analogs, GLP-1 receptor agonists, and pramlintide may 

cause gastrointestinal disturbances as well; thus, clinicians 

must take this into consideration when treating diabetes 

patients with TB.

Hematologic reactions
In addition to nephropathy and neuropathy, certain oral 

antidiabetes drugs can increase the risk of developing ane-

mia in diabetes patients. While rifapentine carries the risk of 

normocytic hypochromic anemia (.10% of treated patients), 

episodes of acute hemolytic anemia have been described with 

rifampicin.13,18 Therefore, combining either of these drugs 

with metformin and the thiazolidinediones, also known to 

cause anemia, may potentiate the risk of this side effect.

Cardiovascular reactions
Hypertension has been reported in .1% of the patients 

treated with rifapentine.18 Patients treated concomitantly 

with this drug and insulin glargine should be monitored for 

hypertension, since glargine has been related to hypertensive 

episodes as well.55 In contrast, exposure to rifampicin has 

been associated with decreased blood pressure, especially 

when rifampicin dosages were administered intermittently.13 

Bromocriptine is a hypoglycemic agent that causes hypoten-

sion in about one-third of treated patients;78 thus, rifampicin 

may enhance the possibility of hypotension when combined 

with this drug.

Neurological interactions
Both rifampicin and rifapentine were associated with periph-

eral neuropathy in clinical trials. Although this side effect 

was rare (,1% of treated patients),13,18 diabetes patients 

should be monitored for it, especially those who achieved 

rapid improvement in glycemic control with detemir, shown 

to induce acute painful peripheral neuropathy in these 

circumstances.56

Therapeutic drug monitoring
In patients with TB and comorbidities such as DM, the 

pharmacological profile of drugs changes owing to altered 

food intake, malabsorption, altered metabolism, drug–drug 

interactions, or adverse events.79,80 About 75% of diabetes 

patients were shown to have subtherapeutic levels of isoni-

azid or rifampicin or both at 2 weeks of anti-TB therapy.81 

Nondiabetic TB patients show subtherapeutic isoniazid levels 

in 50% of the cases, and subtherapeutic rifampicin drug lev-

els in 41% of the cases, according to Heysell et al.82 Several 

studies showed that the AUC over 24 h in the steady state 

divided by the MIC (AUC/MIC ratio) is the best predictive 

pharmacokinetic/pharmacodynamic parameter for determi-

nation of the efficacy of rifampicin.83,84 Although its kinetics 

is essentially time-dependent, because of the presence of a 

post-antibiotic effect, it also has concentration-dependent 

features.83,84 Available data for rifapentine are scarce, but 

suggestive of 24 h AUC/MIC-dependent response as well.85 

Therefore, in cases of rifampicin and rifapentine, therapeutic 

drug monitoring (TDM) has a potential to prevent subinhibi-

tory drug concentrations, improve sputum conversion and 

diminish the slow response rates.

Although there is evidence that diabetes is associated with 

slow response and lower anti-TB drugs levels as compared 

to nondiabetes individuals,86 and that blood concentration 

of rifamycin shows substantial interindividual variability,87 

TDM is currently recommended in TB treatment guidelines 

as optional. Obstacles to TDM implementation were summa-

rized in a recent meta-analysis performed by Mota et al.88

Alkabab et al showed that TDM at 2 weeks after rifamycin 

treatment initiation in patients with diabetes shortened mean 

time to sputum culture conversion (p=0.01) and increased 

rates of culture conversion by 2 months (p=0.04), compared 

to diabetic patients who did not undergo TDM.89 However, 

TDM has not yet become standard in daily clinical practice. 

Further pharmacokinetic studies that would explore poten-

tial differences in bioavailability of these drugs in diabetes 

patients, as well as pharmacogenomic studies that would 

identify polymorphisms associated with different exposures 

and responses to rifamycin drug class, are urgently needed.

Conclusion and future directions
Expanding use of rifapentine heightens the clinicians’ need 

for information relative to its efficacy and safety, especially 
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in vulnerable populations such as diabetics. Overall, there is 

very little clinical evidence on rifapentine use, and in many 

cases, the characteristics of other drugs from the rifamycin 

class, mainly rifampicin, are simply attributed to rifapentine. 

However, differences between pharmacokinetic and safety 

profiles of these two drugs may lead to important contrasts 

with regard to their suitability for use in different populations. 

The complexity of anti-TB treatment in diabetes patients 

is reflected through pharmacokinetic alterations due to the 

infection itself and alterations in glucose metabolism, and 

through drug–drug interactions, but also in the peculiar 

characteristics of certain drugs, such as auto-induction and 

strong CYP450-inducing potential in case of rifampicin. 

Therefore, predicting pharmacokinetic behavior and effi-

cacy of drugs used for TB treatment in diabetes patients is 

very hard. Rifapentine seems to be more suitable for use in 

diabetes patients with renal impairment, owing to the fact 

that it does not cause renal toxicity and it is eliminated via 

kidneys in smaller proportions than rifampicin. Nonethe-

less, hypoalbuminemia associated with DKD may interfere 

more with free blood fraction of rifapentine than with that of 

rifampicin. The number of patients aged $65 years included 

in clinical trials with rifapentine was insufficient to determine 

whether they respond differently from younger subjects; 

thus, rifampicin may be safer for use in these cases. On the 

other hand, owing to ABCB1 induction and a higher degree 

of CYP450 induction as compared to rifapentine, rifampicin 

may more significantly diminish the efficacy of oral antidi-

abetics and cause hyperglycemia. At the moment, it seems 

that rifapentine and rifampicin have a very similar palette of 

adverse effects that could be potentiated by their concomi-

tant use with oral antidiabetics. Unlike oral antidiabetics, 

GLP-1 receptor agonists, and pramlintide, insulin analogs do 

not seem to affect the metabolism of rifamycin drug class. 

While the scientific community is waiting for the results 

from pharmacokinetic studies with diabetes patients treated 

with both rifapentine and rifampicin, studies addressing the 

safety of metformin use in patients treated with rifapentine, 

and spontaneous and clinical trials- proceeding reports on 

rifapentine side effects, DM in TB patients treated with either 

rifapentine or rifampicin should be managed with insulin 

analogs. Blood glucose levels in diabetes patients treated 

with rifapentine/rifampicin and oral antidiabetics should be 

closely monitored, and doses of the drugs adjusted in accor-

dance with the observed results. Therapeutic monitoring of 

rifapentine/rifampicin should be performed in all diabetes 

patients whenever possible. Due to a number of unknowns 

related to rifapentine’s pharmacology and clinical effects in 

diabetes patients, its use should be carefully considered and 

closely supervised at all times.
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